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About the Author

Richard Lance Christie, known to his friends as "Lance",
has spent much of his adult life working quietly, skillfully,
and with astonishing proficiency, to protect the wildlands
and living environment of the American Southwest.

Lance joined the Sierra Club in 1973 and was a founding
member of the Natural Resources Defense Council. He
was one of the incorporators of the Earth First!
Foundation, and served three terms as the Secretary of the
Earth First! Board of Directors. He also served three terms
as Secretary of the Southern Utah Wilderness Alliance
Board during six years' Board service.

Lance was one of the incorporators of the environmental
nonprofit, Association for the Tree of Life in 1988, has
served on its Board of Trustees to the current time, and is
currently President. ATL pursues ecological preservation
and restoration projects, and was one of the original
member organizations of the Utah Wilderness Coalition.
It is currently leading a project to develop a
comprehensive ecological preservation plan for the entire
Colorado Plateau region.

Lance's academic training was in social psychology. He did psychoacoustical research for the
U.S. Air Force, then psychopharmacological research at the UCLA Neuropsychiatric Institute
while doing doctoral work at UCLA.

After graduate school he served as Planner Director with the New Mexico Health and
Environment Department for nine years, then administered a $14 million annual budget as state
alcoholism program director.

Since 1985 Christie has done environmental and civic volunteer work from half to full time. He is a
coauthor of Wilderness At the Edge, the Utah Wilderness Coalition's first published BLM wilderness
proposal, the basis for H.R. 1500 "America's Redrock Wilderness Act." That original proposal has
since been revised and greatly enlarged, but the 400-page document that presented the initial vision for
wildlands preservation on BLM lands throughout Utah, continues to serve as a conceptual blueprint. 

In addition to his public service as an environmental advocate, Lance has extensive experience in local
government. He served for 9 years on the Grand County Planning and Zoning Commission, on both the

The Renewable Deal – Edition 2  – April 2010 Page 5



Lance and LaRue Christie

Grand County and Moab City Board of Adjustment, has directed several environmental and land use
task forces for local and regional government in Southeast Utah, is currently Grand County Regional
Water Planning Administrator, and represents the Colorado Plateau physiograpic province in the Spine
of the Continent Collaboration's continental ecological restoration initiative.

Lance has lived in or near Moab, Utah, for
over 30 years. His commitment to the
preservation of Utah's world-renowed
natural wonders has been unflagging
throughout three decades, and he has time
and again shown himself to be a skilled
diplomat and savvy negotiator in the
labyrinthine world of local politics.

Those who delve deeper into Lance's
Renewable Deal proposal, will soon
recognize that it is the product of an
exceptionally fertile, powerful, agile, lucid
and articulate mind. He is an archetypal
Rennaissance man, but with an overlay of
quintessentially American can-do optimism
and ingenuity. He is as knowledgeable and

skilled in home construction, home repair, electronics, plumbing and auto repair, as he is in thinking
and writing prolifically on a vast range of subjects. He is a polymath, a sage, one of the very few people
for whom wrestling with fantastically complex problems of global scale is as natural as breathing.

In addition to all this, Lance is warm, kind, fun-loving
teddy-bear of a guy, with a sparkling joie de vivre.   While
composing the first edition of The Renewable Deal, Lance
was also coping, with extraordinary courage and grace,
with great personal loss--the decline and 2008 death of his
beloved wife LaRue, a victim of Alzheimer’s disease.
Four days after his wife died Lance was diagnosed with
pancreatic cancer.   Imaging and surgery revealed a 1.5 cm
tumor and the presence of cancer cells in several lymph
nodes.

Lance calmly reviewed the treatment options and the
harrowing survival statistics:
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“In the European study,” he reported to family and friends,  the three-year survival rate for the
Gemcitabine group was 36.5% versus 21% for the monitored group; the five-year survival rate for
Gemcitabine Ss was 19.5% versus 9% for the monitored group.  At three years 23.5% of the
Gemcitabine group had had no recurrence of cancer; at five years 16% had had no recurrence of
cancer.  The average length of time Gemcitabine Ss remained cancer-free after surgery before a new
cancer appeared was 13.4 months; for the monitored group it was only 6.9 months.  These are not
encouraging odds, but with my strong constitution and smarts I should be able to elbow my way into
the top ten percent of patient outcomes.

After choosing his dueling weapon from among the array offered by the U. S. medical establishment,
Lance then did what any good polymath would do:  he dove into his copious files on medical science
and to his own “proto-book” about non-traditional cancer treatments—a treatise of about 60 pages in
draft form.

“As I understand it,” Lance explained on November 8, 2008, “the key with adenocarcinomas is to get
to that five-year cancer-free survival benchmark.  Adenocarcinomas are very aggressive about
recurring.  If you can thwart them from doing so for three years, then the probability of recurrence in
the next two years drops to about 12% for the pancreatic cancer form I have, if I read the research
literature right.  If you can thwart them from recurring for five years, then the odds are overwhelmingly
in your favor that you can continue to thwart them until you die of something else.”

“From my research review,” he continued on December 8 2008, “it appears to me that I can increase
my statistical probability of five-year survival to about 85% from 36% with chemotherapy only through
use of the appropriate supplements (e.g., Avemar pulvis to prevent recurrence; Graviola to starve a
recurrent tumor if one appears).  Since I am in much better health (normal weight, no chronic diseases,
unusually vigorous immune system) than most cancer patients whose average outcomes the statistics
represent, I should be able to occupy the upper end of the statistical distribution of probable outcomes
and achieve survival at five years.  That’s my objective.  I am not afraid of dying, but I have a gaes on
me to pursue my “Great Work” body of writing and its dissemination, to which mission’s
accomplishment death from cancer would be singularly inconvenient.”

There is no telling what this gifted, prolific man may accomplish during the remainder of his life,
however long it may be. What is certain is that his Renewable Deal is the masterwork of a lifetime and
a major contribution to America and the world. With the help of many partners in the emergent Earth
Restoration Community it will continue growing richer and deeper with each day, week, month and
year.

--Ray Wheeler
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Introduction and Overview

(Revised 21 Nov 09)

“You never change things by fighting the existing reality.  To change something, build a new model that
makes the existing model obsolete.”  -Buckminster Fuller

“The ultimate test of a moral society is the kind of world it leaves to its children.”  -Dietrich
Bonhoeffer, German theologican

“Be ashamed to die until you have won some victory for humanity.”  -Horace Mann

“We have an economy that tells us that it is cheaper to destroy earth in real time than to renew, restore,
and sustain it.  You can print money to bail out a bank but you can’t print life to bail out a planet.  At
present we are stealing the future, selling it in the present, and calling it gross domestic product.

We can just as easily have an economy that is based on healing the future instead of stealing it.  We can
either create assets for the future or take the assets of the future.  One is called restoration and the other
exploitation.”  -Paul Hawken

Climate change, energy security, and economic development should be viewed as “breathtaking
opportunities disguised as insoluble problems.”  -Common Cause founder John Gardner

“A reversion to the normal pattern of human existence, based on village life, extended families, and
local production for local consumption - especially if it were augmented by a few of the frills of the late
industrial period such as global communications - could provide future generations with the kind of
existence that many modern urbanites dream of wistfully.” -Richard Heinberg, Peak Everything

“...we don’t know everything...natural systems are astonishingly intricate, reciprocal, creative and self-

organizing as they emerge and evolve all around us.  We can learn to dance with those systems but not
drive them.”  -Chip Ward, The Geography of Hope

“There are a thousand hacking at the branches of evil to one who is striking at the root.” -Henry David
Thoreau

“Do that which consists in taking no action, and order will prevail.”  -Lao Tzu, Tao Te Ching, Book
One, III: 10

The Renewable Deal is a program with two aspects which are necessary to each other’s successful
implementation.
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Aspect One:  Restore ecological integrity in ecosystems:  One aspect is an ongoing initiative to restore
ecological integrity within the physiographic provinces of the North American continent.  This initiative
is already underway, sponsored and performed by a broad mix of non-governmental, governmental, and
business organizations in Canada, the United States, and Mexico.  Based in the principles of
conservation biology, restoration of ecological integrity is typically achieved by removing
anthropogenic “wounding” influences on natural systems.  When human activities damaging to an
ecosystem cease and humans “clean up their mess,” nature has been shown to have great capacity to
restore ecological integrity if native species “stock” is still available to repopulate the ecosystem. 
Human restoration activity is best confined to removing damaging influences which human activity
introduced to the detriment of an ecosystem, and restoring keystone species to an ecosystem when they
have previously been extirpated from it by human action.  Human attempts to actively manipulate
ecosystems in the name of ecological restoration typically provide case studies in the law of unintended
consequences.

“Restoration of ecological integrity” represents the restoration of Wildeor-ness: Wilderness comes from
the Old English: Wil: willful + Deor: beast, animal + Ness: place; thus, self-willed animal place.  As
Disney cinematographer Lois Crisler said, “Wilderness without animals is dead - dead scenery. 
Animals without wilderness are a closed book.”

Aspect Two: Adopt technologies, practices and policies to produce a human civilization compatible
with ecological integrity: The “planks” of the Renewable Deal describe the public policies, energy and
food production technologies, and management practices which are capable of producing a zero-net-
carbon, non-nuclear high-tech human civilization by the year 2050.  The means to this end are all
current Best Available Technology and Best Available Management Practices.  In a universally-applied
system, they are capable to producing more quads of energy and calories of food than the current fossil
and nuclear fuel-based energy production and agricultural systems, without increasing greenhouse gas
loading of the Earth’s atmosphere or producing fugitive chemical toxins into the environment.  In fact
the evidence suggests that universal application of these technics would sequester carbon, restore
hydrologic function in watersheds, and encourage natural restoration of biodiversity in agricultural
lands.

The two aspects are mutually necessary because restoration of environmental integrity must be achieved
to restore the “ecosystem services” which constitute our “life support system” in the long run. Our
current technologies and management practices have been “mining” topsoils, vegetation, and other
resources, diminishing overall biological productivity, resilience, waste recycling, and hydrologic
functions of the planetary toposphere.  In order to pursue ecological restoration, we must embrace a
system of technologies and management practices that ceases our net consumption of “natural capital.” 
The components needed for that system of technologies and management practices already exist, as do
the management practices needed to facilitate restoration of ecological integrity in natural ecosystems. 
The Renewable Deal planks serve as a “blueprint” for how to apply these components on a nationwide,
systemic way.
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Adopting the system of “green” technologies and management practices by itself will not adequately
facilitate necessary ecological restoration to occur.  Pursuing ecological restoration projects without
abating the competition of the industrial growth culture seeking to consume the last natural capital
available is inefficient if not futile.  The Renewable Deal calls for the simultaneous pursuit of installing
the suite of “post carbon” technics which allow our society to “make other arrangements” for meeting
human needs, and of implementing continental-scale connectivity for all the life-forms with which we
share the planet.  As the classic metaphor puts it, “One hand washes the other.”

The Earth Restoration Projects under way are described in the subdivision of the Renewable Deal under
the Aspect One heading.  Projects are organized into Chapter One, terrestrial wildlands
network/ecological integrity restoration; Chapter Two, terrestrial rangeland restoration involving
domestic livestock production; Chapter Three, aquatic ecosystem restoration and conservation; and
Chapter Four, brownfield restoration.  Each description contains contact information through which the
organizations conducting the project can be contacted for further information or offers of reader
support.

The Renewable Deal Planks are described in the Aspect Two subdivision of the Renewable Deal. The
planks are presented in an outline form.  Within each plank links direct the reader to the “white papers”
which contain detailed information concerning how the objectives of the plank can be accomplished. 
The white papers synthesize information about the technologies, practices, or policies which the
Renewable Deal advocates be adopted on a continental scale. Within the white papers, hot links or
other references direct the reader to source material contributing to or supporting the white paper’s
descriptions of Best Available Technology and Best Available Management Practices..

The Renewable Deal is keyed to the United States of America’s legal and regulatory system.  The
Renewable Deal is applicable to other nations and regions in principle.  However, a Renewable Deal
proposal for the European Economic Union would differ from that of the United States in some respects
because the EEU has already adopted several of its planks, and operates under a different legal and
regulatory system than does the United States.  Some variations in the expression of a Renewable Deal
would occur if the nation it was applied to had a legal system based on the Napoleonic Code instead of
English Common Law, or contained tropical ecosystems instead of temperate ones.  We are hopeful
such applications will occur in various ecoregions around the world, and we will be pleased to
recognize such efforts and provide contact links to them in the Earth Restoration Portal.

The Renewable Deal is an “open source” effort at defining a plan for ecological restoration of both the
natural environment and of human socioeconomic systems.  On the Renewable Deal Planks aspect,
reader constructive criticism is solicited to either identify errors and misleading language, or to draw
our attention to additional source materials which are not included.  On the Earth Restoration Projects
aspect, reader comments concerning errors or omissions in our descriptions of these initiatives are
welcome. Aspect One and Two of the Renewable Deal report and synthesize the thinking and
successful efforts of others.  Our reportage must be factually accurate and the language of our
presentation must not mislead the reader as to the character of the project we are describing.  Readers

The Renewable Deal – Edition 2  – April 2010 Page 10



with interest in or issues with individual earth restoration projects being described should contact the
project itself through our link to it to pursue such issues with the project’s principals.

Production Efficiency  versus Conservation: Understanding the Design Parameters of the Renewable
Deal: The reader will note that the Renewable Deal takes official agency projections of the amount of
energy needed by 2040, for example, and then describes a feasible renewable energy system that can
account for that number of quads of energy in 2040.  The Renewable Deal’s authors choose not to
preach the virtues of customers demanding and using less energy, buying less “stuff,” instead seeking
gratification from community involvement, skills development, and pursuit of intellectual curiosity,
although we personally agree with this idea on moral, philosophical and practical psychological
grounds.  Instead, we accept the challenge of whether or not we can produce a costed-out blueprint for a
renewables-based, ecologically compatible system capable of providing for human survival needs and
material comfort without having to assume a radical change in what the mass of human consumers
choose to use.  We believe we have met that challenge.

In the Renewable Deal planks and chapters, we do describe to an extent the effect of changes in
consumer demand, and in human population, on the cost and feasibility of sustainable production
systems.  We also describe the evidence that changes in the technics (“infrastructure”)  used by a
civilization leads to changes in the cultural norms of that civilization, and to changes in human
reproductive decisions by individuals within that civilization.

In the end, we confine ourselves here to describing how we can obtain the same number of lumens from
a light source while using less energy to produce the light; we do not preach the virtues of turning off
the light, or question why someone would want to have a light there in the first place.  We leave that
moral debate to others.  The Renewable Deal is a technological blueprint which describes how it is
feasible to supply our existing civilization with energy, food, water, transportation, communication,
health, and education within the context of an “Ecozoic” (ecological-systems based) paradigm, without
having to resort to further consumption of non-renewable natural resources and enabling a deliberate
program of restoring ecosystem integrity throughout the world including reducing the atmospheric load
of greenhouse gases to within a “safe” limit which prevents run-away secondary global warming
effects.

A Historical Note: Writing the Renewable Deal was initiated in April, 2004, at a meeting of
conservation biologists and ecologists which launched what is now called the “Spine of the Continent
Ecological Restoration Initiative.”  The Spine Initiative seeks to connect the wildlands network
conservation plans for the various ecosystems along the Rocky Mountain cordillera from the southern
tip of the Sierra Madre in Mexico to the Brooks Range in Alaska into a continental-scale ecological
restoration program which identifies fractures in the landscape which block the movement of wildlife
and removes these fractures, making the landscape transparent to the movement of wild germ plasm
from one end of the North American continent to the other.  The participants, which included the
authors of Conservation Biology, Continental Conservation, and Rewilding North America, realized
that a continental-scale program of ecological restoration and conservation that was in competition with
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the industrial growth culture for the last scraps of “natural capital” in wildlife core habitat and
connectivity corridor areas was not likely to achieve much progress.

The Renewable Deal therefore describes how to build a renewables-based, materials-efficient human
economy in North America that can meet human needs without having to compete with a continental-
scale ecological restoration program which conserves and creates wild ecosystems.  The Renewable
Deal links ecological restoration with transformation of the human economy: they are of one piece as
the formula for repairing the life-support system for all organisms for whom Holocene epoch conditions
are suitable habitat.

A Background Note: Thomas Berry’s concept of “The Ecozoic Society”: The ecophilosopher Thomas
Berry sees contemporary humanity at the beginning of the 21  century as living in the “terminalst

Cenozoic” epoch.  The next epoch needs to be the “Ecozoic,” which Berry describes as a “communion
of subjects, not a collection of objects.”  The authors of The Renewable Deal refer to the paradigm in
which reality is viewed and dealt with as a “communion of subjects” as the “ecological paradigm,”
because ecology is a systems approach to understanding and working with the exchange of energy and
information in living systems of “subjects.”  We refer to the current paradigm, which is the root of the
globalizing industrial growth culture, as the “reductionist paradigm,” because reductionism sees the
world as a collection of objects which can be isolated from the natural systems in which they are
embedded and their interactions with other subjects studied one variable at a time.

Berry says the desolation of the Earth is becoming the destiny of the human.  To counter that desolation
requires developing a new human culture, the Ecozoic culture, in four realms: the political-social, the
educational, the economic, and the religious orders.  These are the four realms, says Berry, that define
the relationship between humans and the natural world.  The Renewable Deal, as a technical
compilation of Best Available Management Practices and Best Available Technology, describes how to
constitute the socio-political, educational, and economic orders of an Ecozoic human civilization. 
Information about contemporary religious initiatives to define the relationship between humans and the
natural world may be found in the “Religion and Ecology” white paper which is a companion document
to The Renewable Deal on the Earth Restoration Network.

In speaking of “nature deficit disorder” in children, Berry sees the consequence of lack of interaction
with nature in childhood to be isolation from the ability to sense the functional balance between humans
and their natural environment.

Berry argues that the Ecozoic human culture must recognize the rights of all living entities, not ascribe
rights only to human beings.  However, the rights of other subjects in nature with whom we are in
communion through the interactions of the web of life don’t have “human rights;” human rights are of
no use to a tree, which needs to have “tree rights.”  The rights which all subjects need to be recognized
to enjoy is the right to exist and fulfill the entity’s role in the direct community of existence.  Our
concept of rights in an Ecozoic culture must recognize “diversity within continuity.”
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A Background Note: The three basic elements of human society: According to anthropologist Marvin
Harris, they are:

infrastructure - the means of obtaining and processing necessary energy and materials from
nature, e.g., the “means of production”

structure - human-to-human decision-making and resource-allocating activities

superstructure - ideas, rituals, myths and ethics that serve to explain the universe and coordinate
human behavior.

According to Harris, fundamental changes occur in cultures due to changes in infrastructure.  When
infrastructure changes, structure and superstructure (politics and religion) change to deal with changed
ways of processing energy and materials to meet human needs.

The Renewable Deal prescribes a paradigm shift in the infrastructure of human society.

A Background Note: The evolutionary drive for social status through accumulation of wealth:

In World Watch magazine, July/August 2009, Craig Strong writes: “Wild dog, primate, dolphin, and
even bird societies offer abundant examples of the selective benefits of high social as well as physical
status.  For social, communal species such as ourselves, with the ability to store social status and
wealth, there is a selected-for drive to have ever more of these things.”

“This explains why we continue to over-exploit, pollute unnecessarily, and degrade natural ecosystems
even when aware of the long-term degradation of the planet.  This is not just selfishness, it is
genetically selected-for selfishness.  How does one turn the tide on that?  One doesn’t.”

Instead, Strong recommends an adjustment to our culture so that it promotes and rewards, by conferring
higher social standing, “the culture of taking care of our planet.”

The Renewable Deal prescribes a cultural policy and values framework which makes such cultural
reward of planetary stewardship more feasible.

A Background Note: The value of having an alternative plan to a fossil-fueled economy:

Agro-economists in Cuban universities had been advocating a national transition to a localized, labor-
intensive, organic agricultural system for some time before the collapse of the Soviet Union cut off
Cuba’s supply of subsidized petroleum.  When the Soviet Union’s collapse in the early 1990's produced
national shortages of fuel and agricultural chemicals from petroleum, Cuba’s agro-economists were
given free rein to implement their system to replace the fossil-fuel and petrochemical-input-based
industrial agricultural system in Cuba.  To produce more farmers and get farmers on the land, Cuba’s
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colleges and universities added organic agronomy courses.  The state adjusted wages so that farmers
earned as much as engineers, medical doctors and other professionals.  Today over 400,000 Cubans
make their living just from urban agriculture, in which a majority of the produce, eggs, milk and meat
consumed by a Cuban city is grown within the boundaries of the city on small, labor-intensive plots of
land.

As a matter of perspective, at the peak of World War II, U.S. Victory Gardens produced 40 percent of
the vegetable supply of the nation.

If Cuban agro-economists had not had a plan for conversion from petrochemical-input farms to
localized organic agriculture as a way of meeting Cuba’s food supply needs, with analysis of the
economic and nutritional advantages to be gained from that conversion, then Cuba might have suffered
a severe food security crisis when the national supply of low-cost petroleum was lost.  In a similar way,
we hope that the Renewable Deal will serve to guide the conversion of our fossil-fueled, unsustainable
industrial growth consumerist economy into a sustainable, ecologically-restorative economy which
affords superior opportunities for individuals to pursue “life, liberty, and happiness.”

A Background Note: Living Earth Ethical Principles: consumerist versus “Ecozoic” culture:

Writing on “The Living Earth Ethical Principles” in the July/August 2009 Worldwatch, Erik
Assadourian said: “According to a growing body of psychological research, we derive much of our
‘subjective wellbeing,’ or happiness, from good health, robust social networks, basic economic security,
and a purposeful life.  But the consumer dream often cuts us off from these roots of happiness.

For example, suburban living, through its design, promotes a sedentary lifestyle, longer
commutes, car dependency, and separation from neighbors; it thereby also increases obesity, ill-health
and social isolation, and disrupts civil engagement..

...these and other choices are shaped by a cultural system in which the acquisition and use of
goods and services has become ‘the surest perceived route to personal happiness, social status, and
national success,’ as ecological economist Paul Ekins has put it.”

Assadourian advocates “allowing your religious values to bubble up through the ever-present swamp of
consumerism.  Most established religions have clear admonitions against excessive materialsim and
direct life towards a set of higher ideals - charity, thrift, moral living, and, increasingly,
sustainability....many religions are starting to voice their recognition that caring for Creation is at the
center of their doctrine....Instead of defining personal happiness through how much I consume, I now
ask how much am I helping to redirect humanity toward a sustainable path, and how little direct
ecological impact am I having.”  Assadourian admonishes that we are not entitled to the consumer
lifestyle - we don’t “deserve it” - despite advertising’s clamour to convince us we do deserve to
consume heroically.

“The only way I will be able to preserve a high-quality life for myself and my family....will be to
renounce my role as a consumer and help build a new culture reaffirming that wellbeing is not sold at
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the mall but can only be found through a healthy life, focused on family, friends, and service to the
Earth.”

Assadourian perceives that the change from a consumerist to a healthy cultural life full of purpose and
subjective wellbeing requires change in our political systems.  “Political systems (whether referring to
the rules governing one’s office place or the laws of nations) are a leading tool to orient how large
groups of people live.  Consciously shaping these rules with the Earth’s natural limits in mind will be
essential for putting humanity on a sustainable path.”  In respect to political involvement by each of us,
Assadourian notes: “...by staying silent, you’re handing the victory to those who currently control the
system...”

A Background Note: Worldwatch’s prescription for a “sustainability revolution” which we submit the
Renewable Deal fills:

In the January/February 2009 World Watch magazine, Gary Gardner and Michael Renner editorialize
that “Regulating urgent needs to the sidelines until the economic crisis is resolved is a luxury we cannot
afford.  The perfect storm of today’s economic, environmental, and social ravages requires a robuts,
multi-pronged response.  Indeed, the challenge for global political leadership, including U.S. President-
elect Obama, is not merely to kick-start the global economy, but to do so in a way that creates jobs and
stabilizes climate, increases food output using less water and pesticides, and generates prosperity with
greater equality of incomes.”

“This broad approach will require a conceptual blueprint evocative of America’s 1930s New Deal - but
more audacious in scope and vision.” ...”a Global Green Deal that shifts the focus from growth to
development, geared less to providing consumerist superfluities than to ensuring that nobody’s true
needs go unmet.”

Worldwatch’s Global Green Deal has several strategic objectives:

• Transition to a renewable energy economy: “Make renewable energy sources the dominant
feature of the world’s energy system, and systematically phase out reliance on fossil fuels.”

• Launch an efficiency revolution: “Doing more with less is one of the surest paths to wealth
creation, and environmentalists have a great many ideas to raise energy and materials efficiency. 
Indeed, some European analysts have asserted that a tenfold increase in resource productivity is
possible.”

• Invest in green infrastructure: “Revolutionizing the electrical grid, creating transportation
systems that are less reliant on automobiles and embrace rail and mass transit, and encouraging
settlement structures that are compact, not sprawling, will stimulate economic activity, create
millions of jobs, and free us of unnecessarily high levels of energy and materials use.”
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• Make materials circulate: “Analyst Walter Stahel of the Product Life Institute has pointed out
that the front end of an economy - extractive activities such as mining, logging, oil drilling, and
fishing - tends to use less labor and create more pollution than manufacturing and maintenance
activities.  A circular economy emphasizes durability, repairability, recycling, and
remanufacturing, squeezing more value out of the resource base and generating greater
employment.”

• Work for a fairer distribution of wealth within and across borders: “According to the
International Labour Organization, two-thirds of countries for which data are available
underwent an increase in income inequality in 1990-2005 between the top and bottom 10
percent of wage earners.”

“Translating these goals into reality will require smart regulations, tax shifts, subsidy reforms,
mandates, incentives, and an ecologically inspired industrial policy.  A powerful first step is for
governments to ensure that prices ‘tell the ecological truth’...”

“Carbon taxes and similar measures accomplish this goal.  Governments can use the resulting revenues
to lighten the tax burden falling on labor in the form of payroll taxes.  Such an ecological tax shift,
which has been carried out on a limited basis in Europe, would encourage job creation.”

“A second idea is to use government procurement power to create large-scale markets for green
technologies and employment generation.”  Government procurement has played a critical role in
ramping up economies of scale that have rendered innovations cost-competitive, e.g., transistors,
computers, lasers.

“Public works programs, a third tool in government’s tool-box, may be useful in both urban and rural
settings, at least on a temporary basis.  In rural areas, they could focus on reforestation and measures to
halt soil erosion and adapt to climate change.  Coupled with promotion of organic agriculture as well as
land reform, such programs can help create more resilient rural economies.  In urban areas, they could
focus on efforts to establish green belts, rehabilitate park and other green areas, modernize
infrastructure, and build or expand pedestrian zones and biking lanes.”

“Fourth, retrofitting existing buildings will slash heating and cooling needs and would be a boon for the
world’s 111 million construction industry jobs.  Germany’s experience - government and private
investments to weatherize apartments created or saved 140,000 jobs for a five-year span - is
instructive.”

“Governments could inject resources into the [auto] industry under the condition that R&D and
commercialization efforts are unequivocally devoted to developing high-efficiency vehicles, while
mandating that new models achieve fuel efficiency on an ambitious upward sliding scale.  In
recognition of the ‘built in’ consumption levels of existing inefficient fleets and the normally slow
turnover rate, governments could pair such efforts with programs that buy up inefficient vehicles.”
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Finally, Worldwatch advocates for development of “...sustainable credit programs.  In a greening
economy, advantageous credit terms would be made available for weatherizing houses, installing solar
panels, purchasing more durable and efficient goods, and other transactions that promise green
dividends.”
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A Statement of the Problem

THE GLOBAL ECOLOGICAL SYSTEMS CRISIS
TO WHICH

THE RENEWABLE DEAL IS THE ECOLOGICAL SYSTEMS SOLUTION

(Revised 17 Feb 10)

Summary

Since 1986, humanity’s consumption has overshot the Earth’s sustainable ecosystem yield.  We have
made up the difference by “mining” groundwater and fossil fuels.  Both fossil fuels and groundwater
are being exhausted, so that production of both will drop in absolute terms and even more steeply in per
capita terms, inevitably leading to increasing shortfall in food, energy, and fresh water availability if
current technological systems continue in use.

At the same time, ecological systems collapse due to over-exploitation by human beings and global
climate change are reducing ecosystem yield capacities, widening the gap between human consumption
needs for food, water, energy, and raw materials and the amount of these which can be produced to
meet human needs.  The mneumonic for threat to ecosystem integrity, alias biodiversity, is HIPPO:
Habitat Destruction, Invasive Species, Pollution, Population, Overharvesting.  As Biologist E.O.
Wilson wrote in The Future of Life, 2002: “The prime mover of the incursive forces around the world is
the second P in HIPPO - too many people consuming too much of the land and sea space and the
resources they contain.”

The Renewable Deal is a comprehensive plan for how to create what Thomas Berry calls the “Ecozoic
society” which applies current, proven Best Available Technology and Best Available Management
Practices in renewable energy, organic agriculture, silviculture, and fresh water use-efficiency and
management of watersheds to maximize precipitation capture and natural storage which by 2050 can (1)
attain a renewables-based energy system that produces more quads of energy at lower cost per quad
than the current energy portfolio can, with no fossil fuel or nuclear inputs, while emitting no net
greenhouse gases; and (2) attain an agricultural system which produces 20 percent more calories from
the same acreage worldwide than today’s chemical input agricultural system, with no fossil fuel inputs,
and sequester 60 percent more carbon per farmed acre than today’s chemical input agriculture system. 
Aspect One of The Renewable Deal prescribes a worldwide program to restore the integrity of earth’s
ecosystems through application of continental-scale conservation biology principles already being used
in various locales, and describes these ecological restoration projects, called “Earth restoration projects”
for short.  The Renewable Deal Aspect Two contains Planks which are blueprints for how to build the
renewable, sustainable energy, agricultural, silvicultural, and fresh water systems, and other Planks
detail how to apply ecological economics, the precautionary principle, tax policy, election finance
policy, and restoration of ecological integrity as the core of public land management policy to create a
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coherent national policy framework supporting a sustainable society.  Other planks describe how to
attain the health care, educational, and other components of the Ecozoic Society.

Thus, the Renewable Deal is an ecological systems solution to the ecological systems crisis which
confronts humanity today.  If such a solution is not immediately implemented, we face collapse of
current human economies and ability to sustain current human populations, and fail in our moral
obligation to bequeath a liveable planet to those who come after us.

We Need Another Planet in Addition to This One: Humanity’s Overshoot

The foundation of the global ecological systems crisis we confront is humanity’s overshoot of
sustainable ecosystem yield: our “ecological footprint” exceeds the ability of the Earth’s ecosystems to
absorb our wastes and generate food, clean water, and other “ecosystem services” adequate to meet our
collective needs.

-In 1961, the world population of 3 billion used half the Earth’s sustainable ecosystem yield.
-In 1986, the world population of 5 billion used all the Earth’s sustainable ecosystem yield.
-In 2001, the world population of 6 billion used 20 percent more than the Earth’s ecosystems
could provide on a sustainable basis.
-In 2005, the world population used 31 percent more than the Earth’s ecosystems could provide
on a sustainable basis, according to the Global Footprint Network’s The Living Planet Report
2008 <www.footprintnetwork.org> produced in conjunction with the World Wildlife Fund and
the Zoological Society of London.  According to this report, in 2005 three quarters of the human
population live in countries that are “ecological debtors,” demanding more biocapacity than they
have within their borders.

The conservatively-calculated Ecological Footprint indicator suggests that the Earth can sustain about
2.1 billion high-income individuals or 6.2 billion middle-income individuals or 13.6 billion low-income
individuals if one assumes all of Earth’s biocapacity is used for humans.

Grain and farmland: World grain production peaked in 1997, followed by lower yields until a
higher peak in 2004, after which yields have declined and must continue to do so for a variety of
reasons spelled out by Lester Brown (1995).  Per capita grain production peaked in 1984 at 342
kilograms per person, dropping at an average rate of 0.7 percent a year to 1998's 312 kg per person. 
The number of acres of irrigated farm land per person on Earth has been in decline since 1978,
declining 4 percent by 1996.  In seven out of the past eight years, world grain production fell short of
consumption; the exception was 2004's extraordinarily high yield.  As a result, the world grain
inventory is at its lowest point in 34 years.

Fish yield: Total world yield of fish has increased slightly each year through 2006, the last year
for which complete figures are available.  However, population has increased faster, so that fish yield
per capita has been dropping steadily since the 1988 peak of 17 kilograms per person; by 1997 yield is
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down 4 percent to 16 kg per person.  According to the United Nations Food and Agricultural
Organization, three quarters of the world’s fisheries are overfished.  Overfished fisheries are in decline
or have collapsed.  The Newfoundland cod fishery collapsed and was closed to fishing in 19, and has
showed no sign of recovery to date.  Ninety percent of the ocean’s large predatory fish, such as salmon,
tuna, and halibut, are gone.

“Mining” fossil water and fuels to make up the ecological deficit: 

Petroleum/natural gas:  The current chemical-input industrial agricultural system has been
described as a device for converting petroleum into food.  Studies of that system conclude that it takes
10 fossil fuel calories of energy to create and deliver one calorie of food to a consumer’s plate in the
United States.  World petroleum production figures show a peak in production in November, 2006, with
consistent decline since.  It appears we are past the “Hubbert Peak” of world oil production, when half
of recoverable petroleum reserves have been produced and half remain.  The half that remain are more
remote, are of poorer quality, and otherwise present a lower “energy profit” to recover in addition to the
problem that maximum world production of petroleum, regardless of demand, must decline.  If world
demand for petroleum does not decline with total available supply, then demand will cause petroleum
price inflation on top of the rise in cost of petroleum due to higher cost of production per barrel.  In
2000, the cost of developing a new barrel of oil was $30; in 2008, the cost had risen to $64 a barrel. 
Due to low demand because of the world recession in 2009, the market price of oil has been below $64
a barrel, resulting in almost complete abandonment of world investment in developing additional oil
production capacity.  The bottom line: the cost of food from an agricultural system dependent on
petroleum-based fertilizer and pest control inputs; farm traction, processing, and transportation-to-
market fuels must rise, and the volume of food produced and delivered to market by a petrochemical-
input agricultural system will decline in rough proportionality to the volume of petroleum produced
around the globe.  (See Plank Two of Aspect Two of the Renewable Deal for a description of a feasible
world agricultural production system which would produce more calories than the current fossil-fueled
industrial one while consuming no fossil fuel-based inputs.)

Water: water tables are dropping worldwide due to pumping of aquifers for irrigation of crops. 
Sixty percent of Chinese and 80 percent of India’s grain harvest is dependent on irrigation.  It takes
1,000 gallons of fresh water to produce one ton of grain.  The amount of fresh water per capita was
projected to drop by 73 percent from 1950 to 2050 without factoring in changes in rainfall due to global
warming.  The International Water Management Institute predicts a billion people will face absolute
water scarcity by 2025.  (See Plank 4 of Aspect Two of the Renewable Deal for descriptions of how to
attain efficiencies in agricultural water use and how to restore/manage watersheds to maximize their
hydrologic function in capturing and storing precipitation in the face of the challenges posed by global
warming.  Aspect One of the Renewable Deal will contain descriptions of actual watershed restoration
projects.)

Unsurprisingly, the number of malnourished people on Earth has been increasing since 1996.  The
number of people in hunger is projected by the U.N. to increase by 45 percent by the year 2025, in
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direct opposition to the U.N.’s millenial goals of reducing the numbers of the world’s hungry by that
date.

Moving Up the Food Chain: Global Prosperity Worsens the Ecological Deficit:

As incomes have risen among portions of the population of China, India, and other developing countries
which have developed industrial bases producing products which are sold in the world market, more
prosperous families purchase more eggs and meat.  This increases the grain and water shortage, and
accelerates the rate of draw-down on fossil petroleum reserves.  The conversion ratio of plant to animal
calories ranges from 7 to 1 for the most efficient livestock (e.g., turkeys) to over 10 to 1 for less
efficient livestock (e.g., cattle).  Thus, the water and crop acreage embodied in animal protein products
is seven to ten times the water and crop acreage embodied in plant foods.

One escapes this conversion problem if the food animals are not fed on grain or forage grown on land
which can be used to produce plant foods directly edible by humans.  See Plank Two of Aspect Two of
the Renewable Deal for descriptions of successful animal husbandry systems which do not compete
with humans for plant food calories.

The average U.S. family has 2.1 children.  From a global resource perspective, each of these children
uses the resources of 9.4 children in a low-income country.

Amplifying Overshoot

There are three major emergent factors which will shrink the planet’s sustainable ecosystem yield and
diminish human ability to make up the increasing ecological deficit by consuming fossil resources:

The first and most important of these is global climate change due to accumulation of
greenhouse gases in the atmosphere.  This is the most urgent ecological crisis confronting
humanity, and the one which humanity can most successfully mitigate through application of
existing Best Available Technology and Management Practices.  Aspect Two of the Renewable
Deal describes how these Best Available technics can be applied systematically to successfully
mitigate global warming by both stopping additional net production of greenhouse gases and
accelerating the sequestration of carbon dioxide from the atmosphere.

The second is ecosystem collapse induced by human over-exploitation.  Such ecosystem
collapse from over-exploitation is exacerbated by global warming effects.  Humanity can, over a
long time scale, induce recovery in ecosystems which have not been pushed past the point of no
return.  This requires that over-exploitation cease, then that the ecosystem be assisted in its
recovery through application of the insights and methods of conservation biology.  Aspect One
of the Renewable Deal describes both the general methodology which facilitates ecosystem
restoration, and projects which are applying that methodology in ecosystems around the world.
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The third is the looming exhaustion of all the fossil resources humanity has been drawing upon
to make up the ecosystem yield deficit.  Human beings cannot change the stocks of fossil
resources available; we can only adopt alternative technologies which do not require drawing
down depleted stocks of fossil resources.  Plank One of Aspect Two of the Renewable Deal
describes a system of such alternative technologies.

Amplifying Factor One: Global Warming from Greenhouse Gas Accumulation

The 2007 Fourth Technical Report of the International Panel on Climate Change (IPCC) analyzed all
the natural and anthropogenic (human-caused) global warming and cooling effects which, in
combination, have produced global climate change observed to date.  The IPCC found that 95.5 percent
of all net global warming effects since 1750 are due to the greenhouse gases carbon dioxide, methane,
nitrous oxide, hydrofluorocarbons, perfluorocarbons, and sulfur hexfluoride pumped into the
atmosphere by human activity; and 4.5 percent is due to increased solar output.

Methane concentrations in the atmosphere are up 152 percent since 1750.  Carbon dioxide
concentrations have risen 35 percent since 1990 alone.  According to the Worldwatch Institute, as of
2004, the share of global emissions with global warming effect expressed in carbon-dioxide equivalent
terms for these gases, by source, were: 56.6 percent carbon dioxide from fossil fuel use; 17.3 percent
carbon dioxide from deforestation, biomass decay, etc.; 2.8 percent carbon dioxide from cement
production and gas flaring; 14.3 percent methane; 7.9 percent nitrous oxide; and 1.1 percent from the
three fluorocarbon greenhouse gases.

Research has now established that, past a trigger point of average global temperature increase of 2
degrees Centigrade, each one degree Centigrade rise in temperature due to increased carbon dioxide
triggers another one degree Centigrade rise from secondary effects.  Such secondary effects (e.g.,
release of carbon from drought-induced wildfires; release of methane from melting permafrost) now
constitute 18 percent of the total global warming effects seen.  To hold global temperature increase in
the “trigger point” range and prevent reaching the “tipping point” in which run-away secondary global
warming effects escape human ability to control requires no more than 350 parts per million (ppm) of
carbon dioxide in the atmosphere.  At the end of 2008, we reached 387 ppm.

To prevent run-away global warming, we must immediately achieve a global cut of 100 percent in
greenhouse gas emissions and adopt agricultural and forestry practices which will pull carbon dioxide
levels in the atmosphere down through sequestering carbon in plant and soil biomass.  The energy,
agricultural and silvicultural practices which can accomplish this are all available and proven.  Planks
One and Two, Aspect Two, of the Renewable Deal describe how they can be applied systematically, at
what cost.  Application of these technics in the time scale required requires a “wartime” conversion of
our economy.  However, I will demonstrate that our economy will be destroyed by global warming
effects if we do nothing, followed by destruction of the livability of equatorial and temperate zones of
our planet for plants and animals whose enzymal systems are adapted to the temperature ranges of the
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Holocene epoch, which includes human beings and all our food sources. We confront a “do or die”
scenario.  Here are the details which support this conclusion:

Food Production Drops: Each rise in temperature of one degree Centigrade, up to a limit, lowers
wheat, rice, and corn yields 10 percent.  A two degree Celsius rise in temperature one year in India’s
wheat-growing season lowered yields 38 percent.

Above 95 degrees Fahrenheit (35 degrees C), three things happen that cause total crop failure in all our
food crops whose enzymal systems, like ours, are adapted to Holocene epoch climate conditions. 
Enzymes are complex mostly-proteins expressed by genes which induce or speed chemical reactions
involving proteins, hormones and carbohydrates in plants and animals without being consumed in these
chemical reactions, thus directing tissue growth, repair, and reproduction.  The enzymes an organisms
uses are matched to the environmental temperatures that organism faced during evolution because
enzymes operate in a narrow temperature range.  If temperatures are too low, a plant’s enzymes remain
tightly bound and ineffective, keeping a plant or seed dormant under winter conditions too cold for its
growth.  If temperatures are too high, the plant’s enzymes break apart and dissolve into the aqueous
contents of the cells.

First, photosynthesis declines as temperature gets hotter than 95 degrees F, ceasing at 104 degrees F (40
degrees C).  Second, pollination declines with increasing temperatures - the trigger point is different for
different crops.  Rice enjoys 100 percent pollination at 95 degrees F and ceases to pollinate at 104
degrees F.  Third, above 95 degrees F, nitrogen becomes less bioavailable in the plant.  Without
nitrogen being bioavailable, plant cells cannot reproduce and thus no new tissue can form, even if there
was energy available to support growth from continuing photosynthesis.

Under the pre-2008 climate models - since proven to be far too conservative in their predictions of
average temperature rise - North American crop yields were predicted to decline 5-20 percent.  African
yields of food were predicted to drop by 50 percent by 2020.

Increase in drought, water shortages in dry temperate and tropic regions: In the United States,
drought areas are predicted to expand 11 percent for each one degree Centigrade rise in temperature. 
River run-off is predicted to decrease 10-30 percent.  Worldwide, the IPCC predicted under their old,
conservative temperature increase models that there would be 20 percent less precipitation in arid areas,
with more of total rainfall coming in fewer, more concentrated episodes.  The U.S. Center for
Atmospheric Research reports that the land mass affected by drought is up to nearly 11 billion acres in
2002 from about 5 billion in the early 1970's.

A 50-year decline in snowpack has been observed in North and South America.  Disappearance of
glaciers and earlier melting of snowpack means that streams that now run perennially and are diverted
for irrigation during the summer growing season are predicted to run dry in summer as the melting ice
that used to feed them through the year is exhausted in early summer.
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Sea levels rise from ice melting: Ice in polar regions has melted three times faster than pre-2008
climate change models predicted in their “worst case” scenarios.  The rate of melt-off from the
Greenland ice sheet doubled between 2004 and 2006.  Antarctica lost 152 cubic kilometers of ice in 3
years from its Western ice shelf.  Glaciers are melting worldwide, and will be gone altogether in the last
half of this century even if melting does not accelerate further.

If the Greenland ice sheet melts completely, it will raise world sea levels by 23 feet.  If the West
Antarctic ice shelf melts completely, it will raise world sea levels by 16 feet.  The last time global
temperatures were 3 degrees Fahrenheit warmer on global average than today, global sea levels were 82
feet higher than in 1900.  The last time the planet was ice free during a global warming event due to
high carbon dioxide levels due to subduction of a carbon-rich continental plate, global sea levels
reached 300 feet higher than in 1900.  The difference in average global temperature during the 16
million years the planet was ice free versus 1750 A.D. was 6 degrees Centigrade at the equator and 9
degrees Centigrade in the polar regions.

In March, 2007, the IPCC corrected its climate models to conform to observed events.  The revised
models which correctly “predict” actual global warming events observed to date predict a median rise
of 7.2 degrees Fahrenheit by 2100 if greenhouse gas emssions are not abated.  The prior model, results
of which were published in February, 2007, predicted the worst case temperature rise would be 7.1
degrees Fahrenheit by 2100 if no greenhouse gas abatement is accomplished.  This illustrates the
extreme change in median and worst case predictions as to total global warming: the median projections
are now worse than the worst-case projections from climate models developed before early 2007.

With just a one meter (three feet) rise in global sea levels, half of Bangladesh’s rice-growing lands
would be flooded, as would 2,000 islands and part of major cities worldwide.  In the U.S., Times
Square in New York City and Washington’s National Mall would be flooded with sea water during
storm surges.

Worldwide, 634 million people live 32 feet or less above current sea level.  In the U.S., the state of
Florida would be lost to the sea except for a few small islands, as would most coastal cities.

Forest ecosystems collapse: 42 percent of the Amazonian rainforest is logged to an extent that
exposes the forest floor to drying from sun penetration.  Ecological models of the rainforest say that
when this exposure reaches 50 percent it triggers a die-off of the rainforest ecosystem as a whole.  If the
90 billion tons of carbon still sequestered in the Amazon rainforest is released when the dried-out forest
burns, it will increase global-warming carbon dioxide levels by 50 percent over current atmospheric
load.

In eleven western U.S. states, forest fires in 2006 are four times as frequent as in 1987.  Worldwide, six
times more land acreage burned in wildfires in 1987-2005 than burned in 1970-1986.
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There are 1.2 million square miles of boreal forests in the northern latitudes.  These and their pet bogs
are the greatest carbon sink on earth.  If these dry out so that they can be set afire by lightning, as has
already happened in some areas affected by drought, they could release 55 quintillion tons of carbon
into the atmosphere, 61,000 times more than would be released by burning the Amazon rainforest.

Ocean ecosystems collapse: Ocean water is predicted to be 3 times as acidic than now in 90
years if we do nothing to abate carbon dioxide emissions from human activity.  Corals and shellfish
cannot form shells if calcium carbonate is not super-saturated, which requires alkaline seawater.  The
ice-free interval peaking 55 million years ago due to high carbon dioxide levels from tectonic
subduction of the Indian continental plate under the Tibetan corresponded to a mass extinction of sea
life due to ocean acidification as carbon dioxide dissolved in seawater, forming carbonic acid.

Fifty percent of krill have been lost from subarctic seas due to loss of sea ice.  This has led to a
population crash among fish and mammals in the polar food chains that depend on krill: penguins,
seals, whales and polar bears.  Various species of penguins have suffered population crashes between
50 and 70 percent.

2,000 billion tons of methane is trapped in hydrates on cold ocean floors.  Some of this methane is
already being released in the Arctic as ocean waters warm.  If all the trapped methane on polar ocean
floors is released, as happened 55 million years ago during that global warming event, then it will cause
13 degrees Fahrenheit increase in average global temperature by itself.

Warmer water doesn’t hold oxygen as well as colder water.  Consequently, the hypoxic zones off the
continents are thickening.  Some have risen to engulf continental shelf fisheries, killing them.  This is in
addition to the 200 hypoxic “dead zones” created close to the surface at river outlets by algal blooms
caused by farm fertilizer and human sewage nutrient runoff.  251 million years ago a global warming
event turned most of the planet’s oceans hypoxic, killing off almost all oxygen-breathing forms of sea
life.  During this great Permian mass extinction, 95 percent of all land species also went extinct. 
Scientists have finally arrived at a theory of why, based on observation of the ancient microbes which
have re-appeared in contemporary hypoxic ocean areas, ready to re-create an oxygenated environment
as they did 500 and 250 million years ago.  These microbes emit hydrogen sulfide as a waste respiratory
gas.  Hydrogen sulfide gas is deadly to oxygen-breathing land life when the concentrations of it rise as
massive microbial blooms in hypoxic oceans would produce.

James Lovelock predicts that runaway global warming he thinks is already triggered will result in
humanity becoming a remnant of 200 million living in polar regions where Holocene climactic
conditions will still exist.  The rest of the planet will be too hot for survival of organisms whose
enzymal systems are suited to Holocene temperature ranges and quit working at 104 degrees
Fahrenheit.  However, even the polar regions may not be habitable to oxygen-breathers if microbial
blooms in hypoxic oceans again flood the atmosphere with hydrogen sulfide.
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Weather-related disasters increase: One third of the U.S. economy is tied to weather in some
way.  The Stern Report by Britain’s chief economist predicted “business as usual” - failing to abate the
rise in greenhouse gas emissions from human activity - would lead to an annual cost equivalent to 20
percent of the gross world product by mid-century, while an investment of less than 2 percent of gross
world product annually would be needed to halt greenhouse gas accumulation in the atmosphere.

The number of people worldwide affected by weather-related disasters between 1982-1986 was circa
200 million.  In 2002-2006 it was more than 800 million.  Of 2.3 billion people physically or financially
injured by natural hazard events in the 21  century, 84.2 percent were victims of weather-relatedst

flooding (52.2%) or drought (32%).

Since 1974 the number of category 4 and 5 hurricanes worldwide has almost doubled in association
with an average global sea temperature increase of one degree Centigrade.  Massacusetts Institute of
Technology researchers found the total energy released by hurricanes worldwide increased 60 percent in
the past 30 years.  During the last 50 years, tropical storms have lasted 60 percent longer and have had
50 percent more powerful winds, on average.

The Rate of Extinction Increases: Extinctions are now proceeding at 1,000 times the rate at
which new species evolve.  “Earth’s ecosystems are responding in a rapid, profound and potentially
disastrous way to a warming atmosphere.”  -Brenda Ekwurzel, Union of Concerned Scientists, in
testimony before the House, February 2009.

The 2009 update of the International Union for Conservation of Nature Red List of Endangered Species
shows that 17,291 species out of the 47,677 assessed species are threatened with extinction.  This
includes 21 percent of all known mammals, 30 percent of all known amphibians, 12 percent of all
known birds, 28 percent of reptiles, 37 percent of freshwater fishes, 70 percent of plants, and 35 percent
of invertebrates assessed so far are under threat <www.iucnredlist.org>.  Conservation International
calculates that species are headed towards extinction at a rate of about one every 20 minutes - a pace a
thousand times faster than the norm during the Earth’s history.

Since 1950, animal and plant species have shifted northward four miles per decade, or gone uphill 20
feet per decade, seeking cooler weather.  Many confront running out of anywhere they can go which is
cool enough to meet their habitat requirements.  Climate modeling by Dr. Hilly Hamilton at the
California Institute of Sciences shows many species topping out on mountains or falling into the Arctic
Ocean before they can find suitable habitat under the higher planetary climate change estimates.

Sixty-three percent of the habitat types in the Nature Conservancy’s portfolio will be gone by the end of
the century if global greenhouse gas emissions continue to rise as they have.  Each rise of one degree
Centigrade puts 30 percent of the species the Nature Conservancy is attempting to conserve in its
preserves at risk of extinction.

Alaska’s average temperature has risen 7 degrees Fahrenheit since 1980.
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Amplifying Factor Two: Fossil Fuel Exhaustion

Peak Oil: An analysis of world petroleum production figures by a German group found world oil
production peaked in November, 2006, and has declined steadily since.  The cost to develop a new
barrel of oil production reached $64 in 2008, up from $30 in 2000.

Peak Coal: In energy terms, the Hubbert peak for world coal production calculates to occur in
2012, under current demand scenarios.  Attempts to substitute coal for other fossil energy sources, e.g.,
conversion of coal to diesel fuel, will cause the peak to occur sooner.  Worldwide the highest quality
anthracite coal deposits have been used, and most of the bituminous coal has been consumed, causing
us to turn to lignite coal with lower heat content, and higher contaminant content and ash residue per
ton.

Peak Uranium: The WNA calculates that there are 4,743,000 metric tons (tonnes) of uranium oil
remaining worldwide which could be extracted profitably at a yellowcake price of $80 per pound.  It
requires 70,000 tonnes per year to supply the existing world stock of operating nuclear power reactors. 
In 2004, 36,263 tonnes of yellowcake were produced from ore; the rest of world demand was satisfied
from stockpiles and from conversion of nuclear-weapons-grade uranium to fuel-grade.  The
Massachusetts Institute of Technology calculates that 1000-1500 new nuclear reactors would be needed
worldwide to significantly affect substitution for coal, natural gas, and existing retiring nuclear reactors,
much less address any additional energy demands.  MIT estimates reactor costs could be brought down
from their current $8 billion plus to about $5 billion each if mass-produced modular designs were used;
1,500 plants would cost $7.5 trillion, and the earliest date when nuclear power would start to produce
an offset in carbon emissions from power generation would be 2030 if construction of these plants had
begun in 2007.  Thus, world uranium ore reserves plus nuclear weapons plus waste reprocessing would
provide fuel for 2,500 nuclear reactors of 1,500 megawatts each for about 28 years, at which point all
sources of nuclear energy - which is a fossil fuel - would be exhausted.  An investment of $7.5 trillion
to get 28 years’ of electric generation does not make economic sense.

Energy profit: The Massachusetts Institute of Technology developed a method of calculating
“energy profit” for any proposed energy production source, permitting comparison of all sources with
each other in the same metric.  In simple terms, the method calculates the energy derived from the
source less the energy costs of exploring for, producing, and transporting that energy to the user in its
marketable form.  When this energy profit methodology was applied to existing energy production
sources, nuclear power came out with the lowest energy profit, with oil shale coming in second worst
among all.  In general, all renewable sources of energy, even at current infrastructure investment prices
per installed million units of energy, came out with superior energy profits to fossil fuels.  This is
largely due to the high fuel cycle costs of fossil-fueled energy sources and the cost of dealing with
wastes produced by the fuel cycle.

Investment needed to continue fossil fuel use: The International Energy Agency’s 2008 World
Energy Report estimated it will take a $26 trillion investment in 2003 constant dollars to explore and
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produce fossil fuels needed to meet world energy demands to the year 2030.  The report estimates that
burning the fossil fuels produced through this investment in production would cause an average 5
degree Fahrenheit rise in global temperature.

A simple rhetorical question: Which makes more sense in economic and survival terms:

To invest $26 trillion in fossil fuel production and $7.5 trillion in nuclear power plant
construction by 2030, both of which depend on depleting sources of energy which have steeply
declining energy profitability, and where burning the carbon fossil fuels will push our planet into run-
away global warming which will effectively wipe out human economies, the majority of the human
population, and the habitability of most if not all of planet Earth for Holocene-adapted species of plants
and animals including us, or

To invest $33.5 trillion in renewable sources which emit no net greenhouse gases, are
inexhaustible as long as the sun continues to fission, and which the Department of Energy and
International Energy Agency calculate can produce more power than humanity can consume under a no-
conservation growth scenario?

This is a species IQ test.  The survival of our species and the rest of the organisms with which we share
our ecological systems depends on our passing it.  Do we choose to pass or fail?  If we choose to pass,
the Renewable Deal is an evolving, “open source” blueprint for how to do it.
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Aspect 1: Ecological Restoration of Terrestrial Ecosystems

Volume 1:  Restoration and Conservation of Wildlands Networks: Core Habitats and
Connectivity Corridors

(Revised 02 Dec 09)

Ecological Restoration Based in Conservation Biology

The concept of ecosystem restoration based on a scientific analysis of core habitat and connectivity
corridor requirements of various species of interest within an ecosystem was introduced by Michael
Soulé and Bruce A. Wilcox in Conservation Biology: An Evolutionary-Ecological Perspective in 1980. 
Dr. Soulè edited Conservation Biology: The Science of Scarcity and Diversity in 1986.  Dr. Soulé and
John Terborgh edited Continental Conservation: Scientific Foundations of Regional Reserve Networks
published in 1999, in which an array of leading ecological scientists advocated that wildlands network
analysis and restoration be done on the continental scale.  Dave Foreman says “This is the
comprehensive resource for understanding and practicing science-based conservation.”  In this
advocacy, the contributing ecological scientists recognized that the traditional conservation approach of
attempting to preserve isolated, wild natural areas through protective designation as National Parks and
Monuments or wilderness areas within the national Wilderness Preservation System was failing due to
the “island effect” (Diamond, 1975; MacArthur et al, 1967; Quammen, 1996).  Islands of natural habitat
of delimited size lose biological diversity over time; the smaller the area of the “island,”  the larger the
habitat requirements of a species, or the further the “island” is from other areas in the same ecosystem,
the more extensive the biological impoverishment that occurs over time within the protected island of
wilderness (Soulè, et al, 1979; Wilcox et al 1995).  Dave Foreman applied the principles of Continental
Conservation in his book, Rewilding North America: A vision for Conservation in the 21  Century,st

published in 2004.

The essence of wildlands network analysis and ecological restoration based in conservation biology is:
(1) identify the core habitats for the species of interest in the ecosystem; keystone species are the most
important to identify and analyze as to their habitat requirements; (2) identify the connectivity corridors
which permit germ plasm to move between these core habitat areas for the index species; (3) identify
the “fractures” in the landscape which prevent this movement of genetic material through the landscape
and the fragmentation within core habitat areas which reduces their habitat value; and (4) act to remove
these fractures and otherwise act to end fragmentation, restoring “transparency” to the movement of
wildlife genetic material through the landscape and full utility to the needs of wildlife within the core
habitat areas..
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According to Dave Foreman, the “lines of scientific inquiry” which come together in production of
wildlands networks plans for ecological restoration consist of extinction dynamics, island
biogeography, metapopulation theory, natural disturbance ecology, large carnivore ecology, and
landscape-scale ecological restoration.  “Biologists and conservationists all began to understand that
species can not be brought back from the brink of extinction one by one.  Nature reserves have to
protect entire ecosystems, guarding the flow and dance of evolution.  We have finally learned that
wilderness is the arena of evolution.” (Foreman, 2004, p. 114)

The U.S. Environmental Protection Agency report, Global Change Research Program, Science in
Action: Building a Scientific Foundation for Sound Environmental Decisions, recommends protecting
large blocks of public land from human development to give ecosystems a better chance of survival in
the face of the stressors of climate change.

Conservation-Biology-Based Restoration of Ecological Integrity in Ecosystems
The Next Evolutionary Step in Conservation

Keiter: Saving Special Places: Robert B. Keiter of the Stegner Center at the S.J. Quinney College of
Law of the University of Utah published “Saving Special Places: Trends and Challenges in Protecting
Public Lands” in Sarah Bates and larry McDonnell, eds, The Evolution of Natural Resources Law and
Policy, ABA Press, 2009.

Keiter notes, “Though the primary motivations for public land preservation have long been aesthetics
and recreation, public concern over the environment has elevated biodiversity and ecosystem
conservation on the preservation agenda.  This new emphasis on ecological science, however, has
called into question the original enclave theory of nature conservation, which held that setting aside
designated national parks, refuges, and wilderness areas was sufficient to protect the biological and
other resources found within those areas.  But we now understand that the linear boundaries used to
define these sanctuaries do not adequately safeguard them from such natural forces as wildfires or from
external influences, such as adjacent logging or residential development.  Because nature regularly
ignores the legal boundary lines we have drawn on maps, we must begin to plan and manage across
jurisdictional boundaries in order to achieve lasting conservation objectives.”

Keiter then observes that the “island metaphor” for creating natural sanctuaries has resulted in the
“island effect” - gradual loss of species diversity within these sanctuaries if they are not connected to
other natural areas.  “Our protected areas, in short, are becoming isolated islands amidst human-
dominated landscapes.”

“B.  Thinking on a Large Scale”

“With public land preservation efforts increasingly linked with biodiversity and ecosystem conservation
goals, there is a gathering consensus that protected areas must be both large and interconnected to
provide adequate habitat and migration corridors.  Most scientists now agree that current national parks
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and other nature reserves are too small to sufficiently protect many species or to allow historical
evolutionary processes to operate unimpeded.  Not only have native species been extirpated from
national parks over the past century, but others are imperiled, as reflected by the many endangered
species listings and the growing impact of climate change.  The answer, according to conservation
biologists, is to expand and connect protected areas in order to facilitate migration, dispersal, and gene
exchange, and to provide protection against catastrophic events like runaway wildfires, flooding, and
earthquakes.”

Keiter then lists instances of projects pursuing large-scale ecological preservation goals, including
“...the expansive Wildlands Project with its regional nature reserve and connective corridor proposals.”

“The common thread uniting these large-scale conservation initiatives is recognition of the need to
stitch the fragmented landscape together.  Effective preservation efforts focused on biodiversity and
ecosystem conservation must integrate publicly and privately owned lands into a functional system of
interconnected nature reserves.  The traditional strategies for doing this include land exchanges,
conservation easements, coordinated management, targeted fiscal incentives, and regulatory constraints. 
This could also include fusing natural and cultural preservation objectives, with a view toward
preserving (and perhaps restoring) the landscape while incorporating local residents and communities
into the reconfigured landscape.

One way to expand and connect protected areas is to create new ecosystem or biodiversity reserve
designations based on the principle of sustainability.”

“With the ubiquitous and growing presence of people and homes on the landscape, an expanded
ecological conservation agenda will have to accommodate (or at least tolerate) a greater human
presence either in or immediately adjacent to protected areas.  This marks a significant departure from
the original goal of the Yellowstone legislation and the Wilderness Act, which sought to preserve
natural areas free from any permanent human presence.  But it does not diminish the need to increase
and enlarge protected areas on the public lands to provide adequate sanctuary for at-risk species and to
allow basic ecological processes to operate without regular disruption.  The challenge is to stitch the
landscape together into a sustainable whole, and thus meet human needs and ensure the long term
viability of our natural heritage.  Put simply, an expanded nature reserve system must be both
ecologically and politically tenable.”

“C.  Preservation and Restoration”

“The traditional view of wilderness and other protected area designations has been to preserve relatively
undisturbed landscapes, but there is no reason why future nature reserves could not be fashioned from
once-harvested timber lands and other disturbed landscapes.  During the early twentieth century, under
the Weeks Act of 1911, the federal government reacquired depleted eastern and midwestern forest lands
and then spent the next several decades restoring these cutover landscapes.  Today these national forest
lands provide valuable open space, wildlife habitat, recreational opportunities, and wilderness retreats
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for a large segment of the public.  Similarly, the Great Smoky Mountains and Shenandoah national
parks were each cobbled together with depleted private lands that were eventually restored to a more
natural condition.

Drawing upon the field of restoration ecology, we might consider creating new restoration reserves to
extend and diversify the preservation effort across the landscape.  Over recent years, restoration
ecologists have gained significant insights into how to restore damaged landscapes, while conservation
biologists now have much greater understanding of the value of particular landscapes for biodiversity
and other ecological purposes.  New restoration reserves could provide an opportunity to expand the
effective boundaries of existing national parks and wilderness areas, and it would lay the groundwork
for an entirely new network of protected areas that would realize their full potential over time.  Given
that many of our logged-out timber lands or overgrazed range lands are located at low elevations where
few protected areas have been established, this restoration reserve strategy could provide important
ecological diversity to the suite of preserved federal lands, many of which are located at higher
elevations.  It could also provide local employment opportunities for displaced loggers and other
workers, and help address local fire management concerns.  And with proper planning, this approach
could serve as a proactive response to the potential impact of global warming on the public lands and
native biodiversity...”

In his conclusion, Keiter writes: “Federal land protection efforts have expanded dramatically over the
past century and show no signs of abating.  The general public plainly supports the notion of preserving
our shared natural heritage, a sentiment that is only growing stronger as natural landscapes continue to
disappear at an alarming rate.  The rising concern over biodiversity and ecosystem conservation is
forcing us to rethink our preservation efforts, drawing upon the compelling scientific evidence that we
need larger and more interconnected nature reserves to ensure this precious heritage.  In response, we
have seen Congress, the President, and the responsible agencies take some initial steps toward new
landscape-scale conservation initiatives and hybrid protective designations.  As we enter this new era in
land conservation, these efforts might include new ecosystem or biodiversity reserves, as well as
restoration reserves to remediate our past excesses.”

Trophic cascades and keystone species

Trophic cascades:  Ecological cascades involve a relationship among members of a biotic community:
predators, prey, and vegetation.  In 1980 Bob Paine coined the term trophic cascades to describe this
interaction web.  Cascading, top-down, species interactions have been reported in all ecosystems, from
the Bering Sea to African savanna.  Trophic cascades involve the passage of energy and matter from
one species to another. 

Paine first tested this hypothesis on Washington’s Olympic Peninsula, by removing sea stars from the
intertidal zone.  Within a year, where sea stars were removed, mussels took over, crowding out other
species such as kelp, algae, and all the creatures that ate kelp and algae or used the kelp as protective
habitat.
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Keystone species and maintenance of trophic cascades in ecosystems:  Back in 1935 Aldo Leopold
noted how predators help increase species diversity and how their presence affects everything from prey
to plant communites.  The term “keystone species” was created by Bob Paine in 1969.  The
metaphorical term refers to species that function similarly to the keystone in an arch; if you remove the
keystone, the arch collapses.

To deal with criticism that “keystone species” suggested an artificial dichotomy between species and
thus provoked focus on individual species rather than ecosystems, Michael Soulé created the term
“strongly interacting species” to describe the relationships involved.  Strongly interacting species are
those whose disappearances are likely to trigger ecological cascades of species loss and whose return
can restore critical interactions and processes to ecosystems.  Strongly interacting species include
“ecological engineers” such as beaver, bison, and prairie dogs as well as predators.

One reason for the degenerative ecological cascades of species loss when strongly interactive top
predators are lost from an ecosystem is the explosion that then occurs in the number of mesopredators
(middle-sized predators such as cats, raccoons and foxes).  Kevin Crooks and Soulé studied the effects
of exclusion of coyotes in San Diego County canyons in California, finding that absence of coyotes led
to an increase in house cat activity, decimating shrub-dwelling bird species in the canyons.  Cristina
Eisenberg measured aspen vegetation production and songbird diversity in areas of high, medium, and
low wolf density in northwest Montana, finding that both songbird diversity and aspen growth increased
with wolf density.  The reason is clear: high wolf density reduces mesopredator numbers (coyotes by
some 40 percent) and thus predation rates on songbirds, and makes the elk nervous so they don’t loll
about eating the aspen shoots down to the ground.  Researchers Bill Ripple and Robert Beschta study
willow, cottonwood and aspen that provide nutrition for ungulates and essential habitat for songbirds,
beaver, butterflies, amphibians and fish throughout the West, confirming in studies in seven national
parks that return of wolves enables recovery of stands of this riparian vegetation by making elk stop
acting like feedlot animals and resume their natural browsing patterns of predator-avoiding herd
movement behavior.  Having something to eat again, beavers return and build ponds.  The riparian-
vegetation-shaded streams gain perennial water flow and water temperature conditions again become
right for fish and amphibians, whose populations recover.

The definitive study of the effects of loss of predator keystone species on whole, tropical ecosystems
was done in Venezuela by John Terborgh starting in 1986 when the giant reservoir, Lago Guri, flooded
a vast area of hilly terrain, creating hundreds of islands of varying size and separation in the lake. 
Islands large enough to support large predators like jaguars and eagles remained lush and green with
thriving bird populations.   Keystone-predator-free islands suffered denuded forest understory and had
few birds.

Producing Resilience in the Face of Global Climate Change

Since the introduction of the global warming hypothesis at the Goddard Space Center, NASA, by Dr.
James Hansen in 1988, all predictions about global warming effects have included de-stabilization of
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the world’s climate.  This de-stabilization in temperate latitudes manifests in the form of increases in
meteorological extremes: more and longer droughts, more floods when precipitation does come, more
heat waves and unseasonable warmth and cold events.

To restore or maintain habitat for native species of plants and animals in the wild in the face of global
climate change requires thinking in terms of how to build resilience in ecosystems.

As Dr. Jim Catlin writes in the Winter 2009 Utah Sierran: “Today, most of our desert habitat is
significantly degraded, especially streams and springs.  When you compare today’s conditions to what
should be there, typically one third to half of the expected species of plants are missing, native grass
productivity is one fourth or less of its potential, and erosion is much more than it should be.”

How do healthy wild lands fare in drought?  Two examples of similar habitat, one impaired and
the other in good shape, help answer this question.  We begin in The Gulch, a perennial stream that
crosses the Burr Trail inside the Grand Staircase National Monument.  This stream has almost no
shading, mostly bare banks, and water temperatures are so hot that fish and amphibians die.

Just five miles away is another perennial stream, Nazer Draw.  The cross section of this stream
channel resembles the bottom of an hour glass, narrow at the top and wide at the bottom.  Mostly
shaded, this stream is a year around home to fish and frogs.  The streams are similar in many ways.  The
geology, soils, elevation, and climate are all similar.”

Catlin presented comparative photographs of the two streams during a D1 severity drought.  Nazer
Draw, near its ecological potential, showed few impacts - it has resilience.

As Catlin remarks, the good news is that we know how to restore streams that lack their natural riparian
vegetation and faunal communities.  Perennial streams lose their riparian vegetative communities
primarily to overgrazing by either domestic or wild ungulates.  In the case of wild ungulates, balance is
restored, as in Yellowstone National Park, by re-introducing keystone predators which keep the grazing
animals wary and moving, rather than lounging about near streams and eating the vegetation to the
ground.  In the case of domestic livestock, change in range management practices have stopped
overgrazing of riparian areas, allowing them to recover from the conditions of a The Gulch to the
conditions of a Nazer Draw (these practices are described in Volume Two of this Aspect of The
Renewable Deal)..

The Power of Natural Restoration

Case History:  Krakatoa:  Six years after the eruption of Krakatoa sterilized nearby islands, the island of
Rakata had spiders, flies, beetles, and butterflies among the pioneering flora.  Within two decades, a
woodland had returned, with trees more than 40 feet tall draped in vines.  As of 2002 there are 400
vascular plant, 54 butterfly, 30 bird, 18 land mollusk, 17 bat, and 9 reptile species on Rakata.  One
vascular species is a fig tree which requires a particular bird to disperse its seeds and a tiny wasp to
pollinate its flowers; nobody knows how the fig tree seed, the bird, and the wasp arrived on the island in
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synchrony to cause propagation of the fig.  Rakata is currently protected as a nature preserve within a
World Heritage Site.

Problem Statement: Why Wildlands Network Restoration Is Needed

The Loss of Core Habitat is Harming Wildlife: All species require intact core habitat of adequate size
to survive and evolve in adaptation to changing environmental conditions.

Case Study: The North American “Sagebrush Sea:” Historically, the sagebrush steppe
ecosystem covered more than 150 million acres in western North America, spanning parts of what have
become sixteen U.S. states and three Canadian provinces.  It has been reduced in size by more than 50
percent since European settlement.

The sagebrush steppe’s signature species is the sage-grouse, which numbered an estimated 16 million
prior to the arrival of Europeans.  Greater sage-grouse populations have declined by as much as 93
percent from these historic levels, and now occupy less than 10 percent of their pre-Columbian range. 
Only about 4,000 breeding individuals remain.  Sage-grouse use every part of the Sagebrush Sea.  In the
spring, wildflowers provide essential nutrition to egg-carrying hens.  Newly hatched chicks feed on
insects found in the grasses, and later feed on wildflowers.  In the summer sage-grouse utilize areas
with sagebrush combined with density of wildflowers, often wet meadows and streamsides.  In the
winter, sage-grouse eat only sagebrush.

In the U.S., the Bureau of Land Management controls approximately half of the remaining sagebrush
steppe.  The U.S. Forest Service manages 8 percent and western states own 5 percent of the sagebrush
steppe lands; the remainder is privately owned.

Livestock grazing, oil and gas development, agricultural conversion, roads, fences, powerline and
pipeline right-of-ways, off-road vehicles, urban sprawl, mining, unnatural fire, and invasive exotic
weeds have degraded or destroyed the sagebrush steppe as sage-grouse habitat.  In the 21  century, oilst

and gas exploration and production, off-road vehicle use, and domestic livestock grazing are the major
causes of fragmentation of sagebrush steppe habitat values.  Overgrazing of or mechanical damage to
native grasses diminishes their allopathic effect which prevents invasive exotics from sprouting.  Chit
grass, a highly flammable and fire-adapted species, invades and results in frequent, hot, unnatural range
fires which wipe out native grasses allowing further spread of chit grass.

The Fragmentation of Wildlife Corridors is Harming Wildlife: Large species need intact migratory
corridors.  The size of the Wyoming herd of pronghorn antelope has declined 40 percent since 1984,
according to Brian Maffly in National Wildlife.  This appears to be due to herd migration paths being
“fractured” (the conservation biology term) by roads and fences.  Season’s End, a report sponsored by a
consortium of hunting and fishing groups, projects that mule deer and elk will eventually disappear
from the intermountain West because of loss of habitat including migration corridors.
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Valuable wildlife habitat is under threat from energy development.  The Bureau of Land Management
issued 1,803 permits for drilling on public lands, but by 2007 that number had more than tripled to
6,399, most in Colorado, Montana, New Mexico, Utah, and Wyoming.  The area targeted for oil shale
development, the Green River Formation, is one of the most valuable areas of wildlife habitat in the
Rocky Mountain region.

Depletion of Biodiversity Is a Loss of an Aspect of Our Extended Selves as Human Beings:

In Soil and Soul, a book sponsored by the Christendom Trust containing a paper commissioned by the
United Nations Biodiversity Proceedings: Cultural and Spiritual Values of Biodiversity (Cambridge
University Press, 1998), Alastair McIntosh writes:

Liberation theologians of Christian and other traditions, and humanistic psychologists alike,
recognise self-realisation as being the foundation of authentic human development. In
predominantly Christian cultures like Scotland and Ireland, this is founded on texts like John
l0:10, where Jesus promises "life, and life abundant", and Luke 4:16-24, where he launches his
ministry with a manifesto echoing the call to social justice of Isaiah 61, including the ecological
justice of the "Jubilee" land restoration ethic of Leviticus 25...

Humanistic views often overlap with religious ones in seeing "development" primarily as a
process of establishing full "authenticity" (self-authorship) and "humanisation", as the Brazilian
educator Paulo Freire would put it; "becoming a person" as the humanist psychotherapist Carl
Rogers calls it; "self-actualisation" to the American psychologist Abraham Maslow, and
"individuation" to the Swiss psychologist Carl Jung. These different names all refer to much the
same process of becoming deeply oneself in a grounded reality.

The etymology of "development" derives from de - (to undo) and the Old French, "voloper" - to
envelop, as in our word, "envelope". To develop is therefore "to unfold, unroll to unfurl." The
biological application, as in "foetal development", accurately captures correct usage.
Accordingly, "development" is "a gradual unfolding; a fuller working out of the details of
anything; growth from within" (OED). The Norwegian philosopher, Arne Naess, has pointed out
that, consistent with many indigenous and Eastern philosophies, becoming fully ourselves
entails recognition that the human psyche extends into nature - what he calls the "ecological
self'. Such "deep ecology" finds fullest expression in an ethics inspired less by duty than by the
joy of engaging in "beautiful actions". Central to such approaches is the rediscovery and
expression of our creativity, amongst other insights of the emerging discipline of ''ecopsychology''.

It is from the standpoint of this framework of interconnection with all that the loss of the wolf,
or any other depletion of biodiversity, can be seen to be a loss of an aspect of our extended
selves.
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McIntosh argues that it was the role of bards to maintain cultural and ecological awareness.  “As in so
many colonised traditional societies around the world, poetic power, by which the deep Spirit was
expressed through socio-political structures, was replaced by the power of money and money as
power.”

The loss of the shamanic role and technique in maintaining a human consciousness integrated with the
natural and non-rational resulted in a “cauterisation of the heart” according to McIntosh:

The evidence I have touched upon from the bardic record that suggests that the human heart
became cauterised by historical vicissitudes - broken and sealed off from its cause of suffering.
Could it be that, at an unconscious level, most of us still carry such echoes of that painful past?
Could it be that we accumulate the effects of bygone extinctions, degradations and
colonisations, and these inhibit our ability to act; they bind us in our apparent powerlessness to
resolve the major issues of our times. Is there a parallel here with other forms of
"intergenerational trauma" such as sexual abuse, addiction and violence that can be handed
down from generation to generation
within families?

Thus, McIntosh argues the recovery of lost aspects of cultural communal history is a form of cultural
psychotherapy:

If, as US Vice-president Al Gore concurs, the whole of western culture has become a
"dysfunctional civilisation" which is in the psychopathological grip of "a new kind of addiction
... the consumption of the Earth itself (which) distracts us from the pain of what we have lost",
then the question arises as to whether whole cultures and subcultures can be healed.

In my own work this is what I think of as being, in effect, a "cultural psychotherapy". Just as in
personal psychotherapy the recovery of lost aspects of a person's individual history can help the
psyche to reconstellate into a more functional (i.e., developed - sufficient, rhythmic and
beautiful) orientation, so at the cultural level, the recovery of communal history is central to
understanding past conditioning and re-connecting with the taproot (as distinct from the mere
grassroots) of personal and community empowerment....my work with communities involves a
three-part process of re-membering what has been lost, re-visioning how we could live, and re-
claiming what is needed to achieve that vision. To avoid destructive or exclusive aspects of
ethnocentricity it is paramount that this be undertaken in a profound spirit of inclusivity and
forgiveness - something, fortunately, which the Christian theology of the region in which I work
lends itself to admirably.

I consider that renewal of community and the cultural spirit comes about in considerable degree
through re-connection with the deep poetics of place - that is, with the totems, and their
expression of underlying psychospiritual dynamics. This is broadly what the Scots poet,
Kenneth White, calls, "Poetry, geography - and a higher unity: geopoetics..." Such a
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mythopoetic underpinning represents uninhibited rehabilitation, after four centuries, of the
repressed bardic tradition. So can it be effective as a change agent?

McIntosh then provides examples from his own history of how this “cultural psychotherapy” of re-
connecting the human sense of self with the natural and the geopoetics of place has served as a change
enabler.

I submit that engaging in a conscious program of ecological restoration serves as a psychotherapeutic
practice to the same end as McIntosh’s techniques, both individually and communally.

References:

Bates, Sarah & McDonnell, Larry, eds.  The Evolution of Natural Resources Law and Policy.  ABA
Press, 2009.

Diamond, Jared.  The Island Dilemma: Lessons of Modern Biogeographic Studies for the Design of
Natural Reserves.  Biological Conservation 1975;7:129-146.

Eisenberg, Christina.  Landscapes of Hope: Trophic Cascades and Biodiversity.  Washington, D.C.:
Island Press, in press.

Foreman, Dave.  Rewilding North America: A Vision for Conservation in the 21  Century.  Washington,st

D.C.: Island Press, 2004.

MacArthur, Robert H. & Wilson, Edward O.  The Theory of Island Biogeography.  Princeton, N.J.:
Princeton University Press, 1967.

Pyne, Stephen J.  Smokechasing.  University of Arizona Press, 2003.

Quammen, David.  The Song of the Dodo: Island Biogeography in an Age of Extinctions.  New York:
Scribner, 1996.

Soulè, Michael E., B.A. Wilcox, & C. Holtby.  Benign Neglect: A Model of Faunal Collapse in the
Game Reserves of East Africa.  Biological Conservation, 1979;15:259-272.

Soulè, Michael E. & Wilcox, Bruce E., Eds.  Conservation Biology: An Evolutionary-Ecological
Perspective.  Sunderland, Mass.: Sinauer Associates, 1980.

Soulè, Michael E., Ed.  Conservation Biology: The Science of Scarcity and Diversity.  Sunderland,
Mass.: Sinauer Associates, 1986.

The Renewable Deal – Edition 2  – April 2010 Page 38



Soulè, Michael E. & Terborgh, John, Eds.  Continental Conservation: Scientific Foundations of
Regional Reserve Networks.  Washington, D.C.: Island Press, 1999.

Wilcox, Bruce A. & Murphy, Dennis D.  Conservation Strategy: The Effects of Fragmentation on
Extinction.  American Naturalist 1985;125:879-887.

The First Continental-Scale Ecological Initiative:
The Spine of the Continent Ecological Restoration Initiative

Wildlands Network staff has prepared a multi-layered GIS “conservation status map” which provides an
overview of conservation projects underway from Sonora to Alaska in the Spine of the Continent or
“Western Wildway” initiative, including prioritized targets in need of future attention.

Central America Region

Costa Rica:

The Natural Resources Defense Council (NRDC), in partnership with Tropical Agricultural Research
and Higher Education Center (CATIE), has launched its Revive a Rainforest campaign in 2008.  NRDC
members can plant a tree in the Costa Rican Turrialba region for a $10 donation.  The target area was
formerly a biologically rich rainforest which provided crucial habitat for a variety of rare and threatened
Costa Rican wildlife species including spider monkeys, jaguars, ocelots, and blue and gold macaws. 
The rainforest was cleared for agriculture.  The foresters of CATIE, one of the world’s leading
institutions on tropical resource management, are dedicated to restoring the tropical forest as an intact
restored ecosystem.  The Revive a Rainforest campaign is in part a demonstration project to develop the
protocol for how to ecologically restore tropical rainforest habitats elsewhere.
<www.savebiogems.org/costarica>

North America Region

New Mexico

The New Mexico Environment Department and Los Amigos de Valles Caldera received a grant from
the U.S. EPA to do restoration work on San Antonio Creek and Alamo Canyon within the Valles
Caldera National Preserve in the Jemez Mountains.  The restoration abates erosion and preserves
habitat for the rare bog birch.  Los Amigos de Valles Caldera also received a $116,000 grant from the
State of New Mexico’s River Ecosystem Restoration Initiative to work on San Antonio Creek.
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Volume 2:  Restoration of Rangelands Using Domestic Livestock 

By Richard Lance Christie
(Revised 10 Feb 10)

Case Examples of Ranch-Driven Restorations

High Lonesome Ranch, northwest Colorado, owned privately by Paul R. Vahldiek, Jr., who began
acquiring neighboring ranches in 1994 and has assembled over 300 square miles of holdings.  His
primary objective in ranch management is ecological restoration, as determined by restoration of
biodiversity.  The ranch has replanted native species of grass, reduced the number of cattle, limited
hunting to correct for past over-harvesting, and moves the cattle frequently between grazing paddocks
to emulate natural ungulate grazing successions with which forage species co-evolved.  Wolves are re-
colonizing the area; in 2008 a wolf was observed on Kimball Mountain in the ranch’s northern portion. 
The ranch has measured ecosystem function without wolves and is set to measure what cascade reversal
occurs when they return.

The O X Ranch, owned by John and Joan Murphy north of Wickenburg, Arizona, operates on 70,000
acres of state, federal and private land plus a 40,000-acre USFS grazing lease near Flagstaff.  The
rugged, rocky ranch consists of high desert vegetation at elevations ranging from 3000-6000 feet, with
three perennial streams and over 100 miles of fence.  The ranch’s 120 acres of irrigated fields and 20
acres of dryland fields grow alfalfa, oats, wheat, rye, barley and bermuda grass.  The ranch sells some
steers and heifers as yearlings, while others are retained, fed out on grass, and sold over the internet as
grass-fed beef.  The various desert pastures provide browse year-around.  The ranch has approximately
120 watering facilities including 18 wells, three perennial creeks, more than a dozen dirt tanks,
pipelines that fill drinkers, and a 12-acre lake.  The ranch practices constant oversight of its grazing
impact, with pasture rotation overseen and range condition evaluated annually by a team of government
agencies, scientists, and ranch personnel.

Custom cattle tracking software utilized includes a map showing the pasures.  The ranch manager
records pasture movements of cattle each day using this software by simply clicking and dragging from
one pasture to another.  At any given time, the system shows the number of animals in each pasture,
field, or corral.  The program computes the number of cumulative animal days in a pasture with the
push of a button.

The O X Ranch uses solar powered well pumps; the ranch house is also solar-powered.  The Ranch has
carried out programs to eradicate invasive species, control erosion, planted trees for migratory birds,
fenced riparian areas to control grazing, introduced beaver to the streams, and utilizes no-till seeding of
pastures.  It has created quail habitat and built water facilities for wildlife.  Recognizing the Ranch’s
accomplishments in resource conservation, awards have been received from the Yavapai Cattle
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Growers Association, The Arizona Cattle Growers Association, the Arizona Game and Fish
Commission and The Garden Club of America.

Theodore Roosevelt Memorial Ranch, 6,000 acres southeast of Glacier National Park in Montana on the
transition between the Great Plains and Rocky Mountains, was purchased by the Boone and Crockett
Club in 1986 and is operated as an environmental education center and University of Montana research
station.  Grizzly bears and wolves already live on the ranch, as does a large migratory elk herd.  Ranch
management has achieved co-existence between cattle ranching and large carnivores while improving
overall range condition and productivity.  The ranch limits the number of cattle to match overall range
productivity of forage with the amount needed by both domestic and wild grazing animals living on the
ranch, and the cattle operation breaks even despite the fact that it is not certified organic in the current
dismal cattle market for non-organic beef.
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Volume 3: Restoration of Aquatic Ecosystems

(Revised 25 Jun 09)

According to the World Conservation Union, more than one-third of marine ecosystems is seriously
threatened by human activities.  45 percent of the world’s ocean area is the “high seas” which belong to
no single nation.

Currently only some 0.08 percent of the world’s oceans are protected, and 0.2 percent of the total
marine area within national jurisdictions (55 percent of world ocean area) prohibits extractive activities.

In 2003, the Pew Oceans Commission released the first comprehensive report on U.S. oceans in more
than 30 years.  The report recommends that the United States fundamentally alter the way it manages
the seas and the life within them.  Jane Lubchenco, professor of marine biology at Oregon State
University and one of the 18-member Pew Commission summarizes: “We need to reorient our thinking
toward protecting and restoring healthy ecosystems.”  James Wilson observes that “Nature is a messy
place.  We can’t predict what an ecosystem is going to do in any sort of precise way, any more than
economists can predict what will happen next year.  We need to focus on creating the right conditions,
and that means doing the least damage to the ecosystems that the fisheries depend on.”

Every eight months, nearly 11 million gallons of oil travels from paved roadways and driveways into
U.S. oceans.

Some Cautionary Tales

Southeastern Asian turtles:  The United Nations Convention on International Trade in
Endangered Species has imposed a ban on the sale of 67 of 90 Southeast Asian species of turtle because
the species are so depleted.

The Antarctic toothfish, Dissostichus mawsoni; and Patagonian toothfish, Dissostichus
eleginoides: The toothfish is adapted to life in waters colder than 32 degrees Fahrenheit and can live at
depths of more than a mile.  It manufactures glycoprotein, a natural antifreeze, in its liver, and
conserves energy over its 80-year life by growing slowly; it reaches reproductive age at 8-9 years.  It
maintains buoyancy through the high oil content of its flesh and having light bones.  Because of the oil
content, the flesh is mild, succulent, slightly sweet, and moist.

After wiping out stocks of cod and pollack, Austral hake and golden kingclip in the waters off Chile and
Argentina, fishing ships from Japan, Spain and Russia discovered the Patagonian toothfish.  By the
mid-1990s, toothfish was fetching $6,000 a ton and stocks off Chile and Argentina were wiped out
within two years.  The fishing fleets then pursued toothfish stocks around the Falkland Islands, the
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southern Atlantic below South Africa, the southern Indian Ocean, and the waters between Australia and
Antarctica.  Between 1996 and 1997, the average size of a toothfish specimen caught around Prince
Edward and Marion Islands which lie between Antarctica and South Africa, dropped from three feet to
less than two feet and only 10 percent of the original population is estimated to remain.  Off the Crozet
Islands, in the southern Indian Ocean, toothfish numbers declined by 75 percent.

Maintaining healthy stocks of toothfish falls to the Commission for the Conservation of Antarctic
Marine Living Resources, an international body that is supposed to set catch quotas south of the
Antarctic Convergence.  Commission membership is voluntary, and only 24 of the 56 nations fishing
toothfish belong.  The Commission can only approve catch regulations by consensus; if all members
can’t agree on a quota for an area, then none is set.  In 2002, the Commission set a toothfish quota of
18,500 tons.  In 2001, pirate ships around the world illegally harvested at least 60,000 tons of toothfish.

The Antarctic and Patagonian toothfish are now nominated for protection under the Convention on
International Trade in Endangered Species treaty, which would force all 162 signatory nations to the
treaty to follow strict trade regulations.

Some Success Stories

Swordfish: In 1999, after surveys indicated the swordfish was in danger of extinction, a
coalition of environmental groups launched the “Give Swordfish a Break” campaign.  This led to three
years of stringent international quotas, enforced by an international fishing committee.  The quotas had
restored swordfish to 94 percent of sustainable levels by 2003, with full recovery predicted for 2009 or
sooner.  A federal court upheld the U.S. rule, critical to enforcement of the quota system for swordfish,
that longline fishing vessels operating in swordfish habitat be equipped with satellite monitoring
devices so the feds could keep track of who was catching what, where.

Indonesia

Roti Island Snake-Necked Turtle and others: The last remaining habitat of the Roti Island
Snake-Necked turtle comprises three freshwater pond systems on the island.  12 of these yellow-eyed
Chelodina mccordi are being grown out along with some 1,000 other turtle species in “assurance
colonies” organized by the Turtle Survival Alliance.  New York State-licensed wildlife rehabilitator
Richard Ogust, who is caretaker for the Roti Island turtle in his Manhattan assurance colony, says
“We’re in this so that 50 to 75 years from now there will actually be colonies of turtles to repatriate.” 
Pond habitats which mimic the natural habitat of Southeast Asian aquatic turtles are being developed at
the Tewksbury Institute of Herpetology in New Jersey to which the turtles from assurance colonies are
to be transferred for acclimation before being returned to the wild in restored habitat.
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Volume 4:  Industrial Brownfield Restorations

(Revised 25 Jun 09)

United States

United States Chemical Site Restorations

Bridgeport Rental and Oil Services, Logan Township, New Jersey: In 1969 Bridgeport began taking in
used industrial oils for “safe disposal,” which amounted to storing the waste in a hundred tanks and an
unlined gravel pit.  The 30-acre site made the Superfund list in 1982, at which time the gravel pit
contained 5,200 chemical drums in millions of gallons of contaminated oil.  It took the U.S. EPA a
dozen years and $200 million to dismantle the tanks, excavate the lagoon, and burn 172,000 tons of
hazardous waste from the site.  Today the site is a bucolic pastureland.  Groundwater clean-up will
continue to between 2013 and 2033.

United States Mine Site Restorations

Pennsylvania, zinc processing: A zinc processing plant at Palmerton, Pennsylvania, emitted thousands
of tons of heavy metals and sulfur dioxide into the air that settled over thousands of acres of
northeastern Pennsylvania, creating a “dead zone.”  When the plant closed in 1980, it left behind one of
the largest Superfund sites east of the Mississippi.

Beginning in 2003, the Lehigh Gap Nature Center planted 400 acres with soil-building, native warm-
season grasses.  Center executive director Dan Kunkle explains: “As the new native grasses die each
year, a humus layer is formed, capping off the harmful metals in the mineral soil.  We’re slowly
replacing the 2 ½ feet of topsoil that eroded into the Aquashicola Creek and Lehigh River.”  As a new
layer of soil forms, the Center is working to establish wildflowers like black-eyed Susans, wild
sunflowers, asters, coneflowers, and nitrogen-fixing legumes with the goal of re-creating a diverse
prairie ecosystem.  As the food chain is restored, wildlife returns.
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Aspect 2: The Renewable Deal

Plank 1: Energy

1. Convert to renewable, zero-carbon, nuclear-free electrical power sources

(wind, wave, solar, biofuels, geothermal, energy conservation

2. Convert the U.S. vehicular fleet to gas-electric hybrid technology

3. Replace petroleum with hydrogen infrastructure powered by alternative

energy

4. Improve agricultural energy resource efficiency (see Plank 2) and promoting

regional production of food consumed.

Chapter 1: Renewable Energy Potential – Wind, Helical Turbine, Solar, Biofuel

and Co-Generation

-A Means of Achieving National Energy and Climate Security-

(updated 08 Mar 10)

Ivan Illich argued in his 1974 book Energy and Equity that inequality increases along with the energy
flow through a society.  However, meta-analysis of available research shows no correlation between
happiness or well-being and energy consumption per capita after basic survival needs are met.  I submit
that Illich’s thesis is true if the sources of energy are centralized, capital-intensive, and under
management by a corporate economic elite representing passive investors who own the capital means of
production.  If the sources of energy flow in a society are decentralized and under management by
members of many local communities, and are inexpensive enough to be acquired and owned by
individuals, small businesses, and local communities within municipal power authorities, then total
energy flow and social and economic inequality should be decoupled.

In the early 1900s, Thomas Edison said in an interview: “The scheme of combustion to get power
makes me sick to think of it, it’s so wasteful.  You see, we should utilize natural forces and thus get all
of our power.  Sunshine is a form of energy, and the winds, and the tides are manifestations of energy. 
Do we use them?  Oh no!  We burn up wood and coal, as renters burn up the front fence for fuel.  We
live like squatters, not as if we owned the property.”
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Chapter 1: Zero-Net-Carbon Renewable Energy System Feasibility

Introduction

Globally, an additional 20 terawatts of energy will be needed by 2050 to meet the demands of billions of
people if they move from “low-impact” to “high-impact” lifestyles.  Producing just 1 terawatt (1 million
megawatts) would require 1,000 large electric power plants of 1,000 megawatts capacity each.  As
illustrated in detail below, a combination of improved energy efficiency and generation of power from
existing, proven, renewable, non-polluting sources is competent to satisfy this energy demand.

Vaclav Smil argues in his books that the minimum energy requirement for a civilized lifestyle is a net 2
kilowatts per person.  Currently, each U.S. citizen uses a net 9 kilowatts.  Two kilowatts apiece for 9
billion people would require world energy production increase 30 percent above that achieved in 2000.

The U.S. DOE Energy Information Administration reports that in 2003, total U.S. energy demand was
about 98 quads, of which 84 quads were supplied from fossil fuel sources. [One quad = 1 quadrillion
British Thermal Units (Btu) = 1.06 exajoules (1x10  joules)]18

In 1987, the World Commission on Environment and Development, Our Common Future, found that
“Properly managed, efficiency measures could allow industrial nations to stabilize their primary energy
consumption by the turn of the century.”  This referred to the year 2000, not 2100.

Bill McKibben writes: “Energy has become, in short order, the central environmental question, the
central foreign policy question, and the central economic question.”

Apollo’s Fire (Island Press, 2007) was written by Representative Jay Inslee (D-WA) and Bracken
Hendricks with a forward by Bill Clinton.  The book advocates making renewable energy our moon
shot and building a new economy around it.  The authors say our real bugaboo in doing it is not
research, money, or special interests, but fear.  Lisa Margonelli writes that, “If we want a green
alternative to black gold, we’ll need to ‘greendy’ the U.S. economy - encouraging the greedy and
virtuous alike to create the best fuels.”  Billionaire investor George Soros has called renewable energy
the “motor” of the new world economy.

Worldwatch reports that as of 2008, rapid growth has turned the new renewable energy industries into
lucrative businesses, with demand outrunning supply and profits soaring.  An estimated $71 billion was
invested in new renewable electric and heating capacity in 2007, up from $20 billion in 2002. 
Corporate research and development investment in clean energy technology reached $9.8 billion in
2007.  Leading corporations making major investments in renewable energy include Applied Materials
(solar PV), BP (wind and solar PV), General Electric (wind), DuPont (biofuels), Goldman Sachs (wind
and concentrating solar), Mitsubishi (wind), Royal Dutch Shell (wind, hydrogen, and solar PV), Sharp
(solar PV), and Siemens (wind).
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Venture capital and private equity investment in clean energy totaled $13.2 billion in 2007, 42 percent
above the 2006 level and 13 times the 2001 level.  By early 2007, these investments had helped create
253 start-up companies with names like Nanosolar, Celunol, SunPower, E3 Biofuels, and Miasole,
most of them working to develop and commercialize new energy technologies.  Venture capitalists
typically make money by investing in technologies with small market share but high growth potential. 
Venture capitalists like the energy sector because of its vast size - larger than the information
technology sector - and the contrast between the sluggish ways of the incumbent energy companies
versus the game-changing innovations being pursued by hundreds of nimble upstart challengers.

In 2008, more renewable energy than fossil and nuclear power plant capacity was added in both the
European Union and the United States, according to the renewable energy policy network REN21.

The economics of renewable energy will improve as the scale of production grows.  This occurred in the
past with televisions, personal computers, and mobile phones, which turned from specialty products for
high-income technology pioneers into mass-market consumer devices.  The Boston Consulting Group’s
analysis of costs in several manufacturing industries found that each time cumulative production of a
manufactured device doubles, production costs fall by 20-30 percent per unit [Boston Consulting
Group, The Experience Curve Reviewed.  Boston, 1972].  Wind turbine production has doubled in the
past three years; photovoltaic solar cell production has doubled in the past two years.

By 2006, the U.S. renewables industry had created 386,000 jobs, compared with 82,000 jobs existing in
the coal industry [Worldwatch, Green Jobs, 2008].  Worldwide, the renewables industry had created 2.3
million jobs by 2006 [ibid].  (See Chapter 2, Green Jobs, of Plank 7 for detailed information on
renewable energy job creation historically and prospectively.)

In early 2006, rising awareness of the myriad benefits of renewable energy led a cross-section of
agriculture and forestry groups to launch “25 x ‘25,” calling for 25 percent of U.S. energy demand to be
met with clean, secure, renewable energy from America’s farms, ranches, and forests by the year 2025. 
By mid-2006, the initiative had received bipartisan endorsement from 13 governors, 4 state legislatures,
32 U.S. Congressman and 19 U.S. Senators.

As Worldwatch reports, “In the summer of 2008, T. Boone Pickens, a prominent Texas oil tycoon,
proposed deploying massive wind farms in the Great Plains to provide at least a fifth of U.S. electricity. 
A couple of weeks later, former vice president Al Gore proposed shutting down all uncontrolled U.S.
coal-fired power plants within a decade and replacing them mainly with renewables.  Then, in early
October, Google proposed ending coal-fired generation in the United States by 2030, spending $4
trillion to replace it with efficiency and renewables, with the goal of making renewables cheaper than
coal....A week later, the International Energy Agency, which has for decades dismissed renewables as
niche sources of energy, called for these sources to supply half of global electricity by 2050.”  In 2008
U.S. billionaire Warren Buffet invested $230 million in BYD, a Chinese battery manufacturer that plans
to mass market a hybrid electric car.
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Zero-Carbon Renewable Energy Production Capacity Assessments
(Using current Best Available Technology)

Section 1:  2006 National Policy Conference Forecast:
Renewable Energy Can Be Fifty Percent of Total U.S. Energy Supply by 2025

According to the U.S. Energy Information Administration (EIA), the U.S. generated more than 55 Mwh
of renewable energy in 2005, or about 1.5 percent of total U.S. energy production.  In 2007, the EIA
reported non-hydro “other renewables” contributed 2 percent of total U.S. energy production.

On November 30, 2006, 450 renewable energy policy, financial, and technology leaders attending the 5th

national policy conference, “Renewable Energy in America: Phase II Market Forecasts and Policy
Requirements” in Washington, D.C., announced their collective future deliverable renewable energy
capacity to be 550 to 700 gigawatts by the year 2025.  This assessment was an evaluative response to
the “25x25" policy goal of producing 25 percent of U.S. energy from renewable sources by the year
2025.  The industry panel projection of an achievable capacity ranging from a low of 550 gigawatts
represents a 50 percent overshoot of the “25x25" policy goal by 2025 as the worst-case scenario.  In
other words, using off-the-shelf and late-stage developing renewable energy technologies, the U.S. can
certainly generate 25 percent, and possibly as much as 40 percent of all its energy needs from
renewables by 2025 if the investment is made to install this generating capacity.  Conference
presentations may be accessed at <www.acore.org/programs/06policy.php>.

Section 2:  2004 Pacala and Socolow:
Greenhouse Gas Emissions Can Be Stabilized Now with “Silver Buckshot” Portfolio

Princton’s Dr. Stephen Pacala and colleage Dr. Robert Socolow demonstrated in a 2004 Science article
that it is possible to stabilize greenhouse gas emissions now with what they called “silver buckshot:” a
portfolio of existing technologies such as solar and wind energy, along with reduced deforestation and
increased energy efficiency.  To compare options, Pacala and Socolow created a common unit called a
“stabilization wedge” which represents 25 billion tons of greenhouse gas emissions avoided over 50
years.  They identify 15 such wedges among which policymakers can choose to achieve a given total of
greenhouse gas emission reductions; wedges include 

Section 3:  2007 American Solar Energy Society Report

The Phase II conference forecasts are consistent with the American Solar Energy Society’s projection
that renewable energy can more than offset the 1.1 to 1.3 billion tons of carbon emissions required per
year by 2030 in order to limit the effects of solar warming.  The ASES’s report can be accessed at
<www.ases.org>.  The report is entitled Tackling Climate Change in the U.S.: Potential Carbon
Emissions Reductions from Energy Efficiency and Renewable Energy by 2030.

Terawatt Hours and Percentage of Grid Energy by Renewable Source
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Carbon Dioxide Reduction in Tons and for Each Terawatt of Renewable Production

Technology Terawatt
Hours Total

2030

% Grid
Energy
2030

2CO
Reduction

Million T/Yr

2-Tons CO
per terawatt

produced

Concentrating Solar Power 301 7.0 63 209,302

Photovoltaic Solar Power 298 7.0 63 211,409

Wind 860 20.0 181 21,046

Biomass 355 8.3 75 211,268

Geothermal 394 9.2 83 244,188

Energy Efficiency 688

TOTAL 2,208 51.3 1,211 210,598 avg

2Of the total 1,211 million tons of CO  reduction per year from the ASES 2030 energy scenario, 465

2million tons or 43 percent are from renewable energy production technologies displacing CO -emitting
energy production sources, and 688 million tons or 57 percent is from energy efficiency (obtaining the

2same work from less energy consumed) displacing CO -emitting energy sources.  Among renewable

2energy sources, wind accounts for about a third of CO  displacement and all other sources account for
11 to 16 percent each.

The study did not include any electrical storage for solar or wind energy sources.   Current concentrating
solar plants under construction include hot salt storage of thermal energy to generate steam for around-
the-clock electrical generation, thus making concentrating solar facilities base rather than intermittent-
load energy sources.

The study did not include offshore wind or open-water and ocean water generating technologies already
installed and in use in other countries but not being pursued in the U.S. at the time the analysis was
done.

In September, 2006, the Worldwatch Institute and the Center for American Progress co-published
American Energy: The Renewable Path to Energy Security.  Its findings echo and confirm the larger
ASES study published the following year.

Section 4:  2007 European Renewable Energy Council Study

Greenpeace and the European Renewable Energy Council commissioned a study by German Aerospace:
Energy Revolution: A Blueprint for Solving Global Warming.  The study concludes that 80 percent of
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the world’s energy can be produced from renewable sources with currently available energy technology,
resulting in a 50 percent reduction of carbon dioxide emissions globally and a 72 percent reduction in
the United States.

The report concludes that renewable energy sources could generate at least 40 percent of the electricity
in most of the world’s 20 largest economies by 2030.

Section 5:  2007 Institute for Energy and Environmental Research Study:
A zero-carbon dioxide U.S. economy can be achieved in 50 years without nuclear power

In August 2007 the Institute for Energy and Environmental Research (IEER) published their executive
summary of a study to be published as a book in October, 2007, as a special issue of Science and
Democratic Action, Volume 15(1) <www.ieer.org/sdafiles/15-1.pdf>.  The central finding of Carbon-

2Free and Nuclear-Free: A Roadmap for U.S. Energy Policy is “...that a zero-CO  U.S. economy can be
achieved within the next thirty to fifty years without the use of nuclear power and without acquiring

2carbon credits from other countries.  In other words, actual physical emissions of CO  from the energy
sector can be eliminated with technologies that are now available or foreseeable.  This can be done at
reasonable cost while creating a much more secure energy supply than at present.  Net U.S. oil imports
can be eliminated in about 25 years.  All three insecurities - severe climate disruption, oil supply and
price insecurity, and nuclear proliferation via commercial nuclear energy - will thereby be addressed.  In
addition, there will be large ancillary health benefits from the elimination of most regional and local air
pollution, such as high ozone and particulate levels in cities, which is due to fossil fuel combustion.”

2IEER director Dr. Arjun Makhijani observes that reducing U.S. CO  emissions by 80 percent from 2000
levels by 2050 would still leave U.S. emissions at about 2.8 metric tons per person.  If other nations

2were able to increase their CO  emissions per person to match this 80-percent-reduced U.S. level, the

2 2total world CO  emissions would be roughly the same as in 2000.  Thus, “A U.S. goal of zero-CO ,
defined as being a few percent on either side of zero relative to 2000, is both necessary and prudent for
the protection of global climate.  It is also achievable at reasonable cost.”

The IEER report contains two novel sections which make it a working “blueprint” for achieving a zero-

2CO  economy without nuclear power.  The first is a set of twelve policy recommendations for the U.S.,
and the second is a detailed description of all the energy production and storage elements of the national

2zero-CO  energy grid and how much each would contribute towards meeting total U.S. energy needs.

The “clean dozen” recommendations are:

21. Enact a physical limit of CO  emissions for all large users of fossil fuels (a “hard cap”) that
steadily declines to zero prior to 2060, with the time schedule being assessed periodically for
tightening according to climate, technological, and economic developments.  The cap should be

2set at the level of some year prior to 2007 so that early implementers of CO  reductions benefit
from the setting of the cap.  Emission allowances would be sold by the U.S. government for use
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in the U.S. only.  There would be no free allowances, no offsets and no international sale or

2purchase of CO  allowances.  The estimated government revenues of $30-50 billion a year
would be used for demonstration projects, research and development, and worker and
community transition.  IEER defines “large user” as one who uses more than 100 billion Btu per
annum; this would cover about two-thirds of total U.S. fossil fuel use.

2. Eliminate all subsidies and tax breaks for fossil fuels and nuclear power, including guarantees
for nuclear waste disposal from new nuclear plants, loan guarantees, and subsidized insurance.

3. Elminate subsidies for biofuels from food crops.
4. Build demonstration plants for key supply technologies, including central station solar thermal

2with heat storage, large- and intermediate-scale solar photovoltaics, and CO  capture in
microalgae for liquid fuel production.

5. Leverage federal, state and local purchasing power to create markets for critical advanced
technologies, including plug-in hybrids.

6. Ban new coal-fired power plants that do not have carbon storage.
7. Enact at the federal level high efficiency standards for appliances.
8. Enact stringent building efficiency standards at the state and local levels, with federal incentives

to adopt them.
9. Enact stringent efficiency standards for vehicles and make plug-in hybrids the standard U.S.

government vehicle by 2015.

210. Put in place federal contracting procedures to reward early adoptors of CO  reductions.
11. Adopt rigorous research, development, and pilot plant construction programs for technologies

2that could accelerate the elimination of CO , such as direct solar hydrogen production
(photosynthetic, photoelectrochemical, and other approaches), hot rock geothermal power, and
integrated gasification combined cycle plants using biomass with a capacity to sequester the

2CO .
12. Establish a standing committee on Energy and Climate under the U.S. Environmental Protection

Agency’s Science Advisory Board.

IEER notes that “The U.S. renewable energy resource base is vast and practically untapped.  Available
wind energy resources in 12 Midwestern and Rocky Mountain states equal about 2.5 times the entire
electricity production of the United States.  North Dakota, Texas, Kansas, South Dakota, Montana, and
Nebraska each have wind energy potential greater than the electricity produced by all 103 U.S. nuclear
power plants.  Solar energy resources on just one percent of the area of the United States are about three
times as large as wind energy, if production is focused in the high insolation areas in the Southwest and
West.”  Citing the U.S. Navy’s 750 kW installation on the roof over one of its parking lots in San
Diego, IEER says “Just the parking lots and rooftops in the United States could provide most of the
U.S. electricity supply [from photovoltaics].” 

To deal with the problem of renewable energy intermittency, IEER first talks about integration of
different forms of production (e.g., solar, wind, hydroelectric, geothermal, natural gas as standby), then
about storage - which is where the IEER report gets creative relative to previous efforts.  Surplus
renewable energy production could be stored in (1) compressed air; (2) solar thermal energy storage; (3)
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nanotechnology-based lithium ion batteries now being produced commercially by Altairnano which can
be deep discharged 10,000-15,000 times versus the 2,000 deep dischage capacity needed over the life of
a plug-in hybrid.  IEER proposes that hybrid cars be used as the electrical storage medium in a vehicle-
to-grid system (V2G): parked cars would be connected to the grid and charged and discharged
according to the state of requirements of the grid and the charge of the vehicle battery. 
Communications technology to accomplish this via wires or wireless means is already in the
commercial market.

Thus, standby power to deal with intermittency of renewable sources in the mature renewables-based,

2zero-CO  U.S. energy system would be supplied by stationary storage, the V2G system, combined cycle
power plants fueled by biomass, thermal storage in central station solar thermal power plants,
hydropower, and compressed air storage in the combined cycle power plants.

2According to IEER’s calculations, “Complete elimination of CO  could occur as early as 2040. 
Elimination of nuclear power could also occur in that time frame.”  Such early elimination is contingent
on technological breakthroughs in solar hyrogen production and in rapid implementation of the V2G

2hybrid-car-based storage system.  Otherwise, zero CO  emissions and elimination of nuclear power
from the U.S. energy production system would take until 2060 to achieve.

Energy efficiency plays a major role in the IEER design.  “The use of highly efficient design
technologies and building design, generally available today, can greatly ease the transition to a zero-

2CO  economy and reduce its cost.  A two percent annual increase in efficiency per unit of Gross
Domestic Product relative to recent trends would result in a one percent decline in energy use per year,
while providing three percent GDP annual growth.  This is well within the capacity of available
technological performance....For instance, residential and commercial buildings can be built with just
one-third to one-tenth of the present-day average use per square foot with existing technology.”

Instead of using food crops for biofuel production, “...biomass that has high efficiency solar energy

2capture (~ five percent), such as microalgae grown in a high-CO  environment, can form a large part of
the energy supply both for electricity production and for providing liquid and gaseous fuels for transport

2and industry.  Microalgae have been demonstrated to capture over 80 percent of the daytime CO
emissions from power plants and can be used to produce up to 10,000 gallons of liquid fuel per acre per
year.  Some aquatic plants, such as water hyacinths, have similar efficiency of solar energy capture and
can be grown in wastewater as part of combined water treatment and energy production systems.”  Five
percent solar capture is about ten times that of a corn plant, including both the grain and crop residues.

2The problem with capturing CO  emissions from fossil-fuel-fired power plants with algae and burning
the resulting hydrocarbons as vehicle fuels is that the same quantity of fossil carbon ends up in the

2atmosphere as CO  from burning the power plant carboniferous fuel in the end.  The advantage is that

2half as much CO  from fossil sources ends up being added to the atmospheric greenhouse gas load as
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would have been the case if the vehicle fuels had been made from fossil petroleum rather than from
algal oils.

The IEER list of supply and storage technologies and their probable implementation dates for the U.S.
energy system is:
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• Solar PV - intermediate-scale 2010 to 2015
• Solar PV - large-scale 2015 to 2020
• Concentrating solar thermal power plants 2015 to 2020

2• Microalgae CO  capture and liquid fuel production 2015
• Wind power - large-scale, land-based Already being used
• Solar PV - intermediate storage ~2020
• Solar PV - intermediate scale with vehicle-to-grid ~2020 to 2025
• Biomass IGCC ~2020
• High solar energy capture aquatic biomass ~2020
• Hot rock geothermal energy 2025?
• Wave energy 2020 or 2025?
• Photolytic hydrogen 2020 or 2025?
• Photoelectro-chemical hydrogen 2020 or 2025?
• Advanced batteries (nanotech lithium ion) 2015
• Carbon sequestration Unk: 15-20 years?
• Ultracapacitors (commercial in certain apps now) 2015-2020?
• Nanocapacitors (not developed yet - lab testing) Unknown
• Electrolytic hydrogen production (in certain apps now) Unknown - infrastructure

As illustrated in sections of this paper below, several of these entries are incorrect on the conservative
side.  For example, wave energy is already being captured in commercial-scale installations of helical
turbines in both Europe and Asia.  Photolytic hydrogen panels are already developed and are going into
commercial production in Europe.  Thus, the implementation date should not have a question mark by
it; these technologies can be implemented nationwide on the same timetable as established technologies

2such as microalgae CO  capture and liquid fuel production.

The next table in the IEER report consists of a list of demand side technologies such as plug-in hybrid
vehicles and geothermal heat pumps, with the date IEER estimates they are deployable for large-scale
use.  Deployment of these demand-side technologies increases the efficiency of energy use, and thus
represent components of the national conservation of energy strategy.  The IEER report also provides an

2analysis of the costs of CO  abatement from various energy sources in terms of their cost per metric ton

2of CO  abated from pulverized coal-fired electricity generation.

IEER then demonstrates their “reasonable cost” hypothesis with the following table:

Item IEER Scenario Business-as-Usual

Electricity $326 $442
Fuel $150 $247
Sub-total energy cost $476 $689
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Added annual investment for efficiency $205 $0
Total GDP-basis amount (rounded) $681 $689
GDP in 2050 $40,000 $40,000
GDP fraction: energy services 1.70% 1.72%

All figures combine residential and commercial applications.  Business-as-usual uses fuel and electricity
prices from January 2006 of about $12 per million Btu and 9.6 cents per kWh.  IEER prices are $20 per
million Btu and 14 cents per kWh from its supply and storage technology system, powering the more
efficient national system of deployed demand-side technologies.  Note this is very conservative: the
comparison assumes that energy from current fossil fuel and nuclear sources would cost the same per
Btu and kWh in 2050 as they did in 2006!

Added efficiency estimates: existing residences = $20,000 per residence each time, assumed to occur in
one of every three sales of existing buildings between 2010 and 2050; new = $10 per square foot to
attain Leadership in Energy and Environmental Design (LEED) building certification standards.  Also
included is the cost of replacing appliances every 15 years with then-prevailing advanced appliances. 
Investments for solar thermal heating, combined heat and power, and geothermal heat pumps are added
to the figures in proportion to the residential square footage using them.  Commercial efficiency
investment is estimated at $10 per square foot which is more than the amount needed to attain the
highest LEED “platinum” standards due to additional investments for solar thermal heating, combined
heat and power systems, and geothermal heat pumps being assumed.

GDP is calculated as consumption expenditures + investment + government spending on goods and
services + exports - imports.

The IEER report contains two tables which show the source for delivered energy between 2005 and
2050 (natural gas, petroleum, coal, biofuels, solar thermal, electricity, and efficiency) in Quadrillions of
Btu, and then the source of the electricity component in billions of kWh from coal, natural gas, oil,
nuclear, hydropower, geothermal+wood waste+landfill gas, solid biomass, biomass-derived gas,
geothermal hot rock, wind, solar PV central station and intermediate, solar PV small scale, solar
thermal & other, and combined heat and power systems from 2005 to 2050.  In the former table, natural
gas, petroleum and coal all drop to zero by 2050; in 2050 efficiency accounts for about half of the
delivered Btu, electricity for about 8 percent, solar thermal for about 3 percent, with the rest of
delivered Btu shown as being from biofuels.  In the latter table, coal, natural gas, oil, and nuclear all
drop to zero by 2050; hydropower’s kWh contribution is about constant, geothermal grows only
slightly, while the rest of these sources expand to account for a total production of roughly 3750 billion
kWh among them to meet a total national electricity demand projected at roughly 4300 billion kWh in
2050.

The Cleantech Venture Network reports that venture-capital investment in clean-technology companies
jumped 78 percent to $2.9 billion in 2006 from 2005.
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Section 6: The McKinsey and Company Report

The McKinsey and Company report, “Reducing U.S. Greenhouse Gas Emissions: How Much at What
Cost?” was released in December, 2007.  McKinsey is a private investment analysis firm commissioned
by a coalition of corporations and conservation groups including Royal Dutch Shell, Pacific Gas and
Electric, the Natural Resources Defense Council, and Environmental Defense, to analyze the economic
cost feasibility of attaining various levels of anthropogenic greenhouse gas abatement.  McKinsey found
it will only cost a few billion dollars net to achieve a 3.5-4 gigaton cut in U.S. greenhouse gas emissions
by 2030.  Overall mitigation costs under the most stringent cut scenario still averaged less than $50 per
ton of greenhouse gas emission reduction.  Eighty percent of the greenhouse gas abatement they
describe in their financial models was achieved using technologies available today on a commercial
scale; the other twenty percent was achieved using technologies in late-stage commercial development
such as cellulostic alcohol and plug-in hybrid vehicles.

Under “The Central Conclusion of This Project,” McKinsey states: “The United States could reduce

2greenhouse gas emissions in 2030 by 3.0 to 4.5 gigatons of CO e using tested approaches and high-
potential emerging technologies.  These reductions would involve pursing a wide array of abatement
options available at marginal costs less than $50 per ton, with the average net cost to the economy being
far lower if the nation can capture sizeable gains from energy efficiency.”

If nothing is done, annual greenhouse gas emissions in the U.S. are projected to rise from 7.2 gigatons

2carbon dioxide equivalent (CO e) in 2005 to 9.7 gigatons in 2030, an increase of 35 percent.  McKinsey
used five government reference forecasts to derive this number; one the U.S. energy Information
Administration’s Annual Energy Outlook 2007, supplemented by four EPA and one Forest Service
publication.  These analyses exclude HCFCs on the assumption that they will be phased out per the
Montreal Protocol.  “Growth in emissions would be accompanied by a gradual decrease in the
absorption of carbon by U.S. forests and agricultural lands.  After rising for 50 years, carbon absorption
is forecast to decline from 1.1 gigatons in 2005 to 1.0 gigatons in 2030.”

The McKinsey report warns, “Without a forceful and coordinated set of actions, it is unlikely that even
the most economically beneficial options would materialize at the magnitudes and costs estimated
here.”

In the section which breaks out “clusters of abatement potential,” McKinsey clusters are: buildings and
appliances, transportation, industry, carbon sinks, and power [generation].  

• Improving energy efficiency in buildings and appliances can produce 710 (midrange) to 870
(high-range) megatons of abatement.

• Increasing fuel efficiency in vehicles and reducing the carbon-intensity of transportation fuels
can produce between 340 and 660 megatons (same ranges) abatement.  McKinsey notes that,
“Though the savings from fuel efficiency may offset the incremental cost of the abatement
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option over a vehicle’s 12- to 15-year lifecycle, these options require up-front investment by
automakers and thus higher vehicle costs for consumers.  Lower-carbon fuels, such as
cellulostic biofuels, could abate 100 megatons to 370 megatons of emissions, though this
potential is highly dependent on innovation rates and near-term commercialization of these
technologies.  Plug-in hybrid vehicles offer longer-term potential if vehicle cost/performance
improves and the nation moves to a lower-carbon electricity supply.”

• Pursuing various options across energy-intensive portions of the industrial sector can produce
620 to 770 megatons (mid and high range) abatement.  “Despite offering direct bottom-line
benefit, these options must compete for capital and, without clear incentives to control GHG
emissions, may not receive funding.”

• Expanding and enhancing carbon sinks can abate 440 megatons (mid-range) to 590 megatons
(high-range). “Increasing forest stocks and improving soil management practices are relatively
low-cost options.”

• Reducing the carbon intensity of electric power production can abate 800 megatons (mid-range)
to 1,570 megatons (high-range).  “This potential derives from a shift toward renewable energy
sources (primarily wind and solar), additional nuclear capacity, improved efficiency of power
plants, and eventual use of carbon capture and storage (CSS) technologies on coal-fired
electricity generation.  Options in the power plant sector were among the most capital-intensive
ones evaluated.  These options also tend to have the longest lead times, given bottlenecks in
permitting, materials and equipment manufacturing, and design, engineering, and construction.”

McKinsey points out the theme of greater “energy productivity” that “pervades these clusters.” 
“Improving energy efficiency in the buildings-and-appliances and industrial sectors, for example,
could...offset some 85 percent of the projected incremental demand for energy by 2030, largely negating
the need for the incremental coal-fired power plants assumed in the government reference case. 
Similarly, improved vehicle efficiency could roughly offset the added mobility-related emissions of a
growing population, while providing net economic gains.”

McKinsey advocates that a comprehensive greenhouse gas abatement program for the U.S. should
proceed quickly, using a portfolio of strong, coordinated policies to capture GHG reductions efficiently
across industry sectors and geographies, accelerating development of a low-carbon energy
infrastructure.  Among the portfolio of strong, coordinated policies McKinsey lists:

• Visible, sustained [market] signals to create greater certainty about the price of carbon and/or
required emissions reductions; this will help encourage investment in options with long lead
times and/or lifecycles

• A coordinated economy-wide abatement program or set of programs.  Because abatement
options are highly fragmented and widely distributed across sectors and geographies, any
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approach that does not simultaneously unleash a full range of abatement options risks missing
proposed 2030 reduction targets and/or driving up total cost to the economy.

• Exchange mechanisms (e.g., trading schemes, offsets, tax credits) to create fungibility across
fragmented markets, create greater market transparency, and drive least-cost solutions.

The McKinsey report concludes: “This project evaluated the costs and potentials of more than 250
abatement options available in the U.S.  We did not examine economy-wide effects associated with
abating greenhouse gases, such as shifts in employment, impact on existing or new industries, or
changes in the global competitiveness of U.S. businesses.  The project did not attempt to assess the
benefits to society from reducing global warming.  The report also did not attempt to address other
societal benefits from abatement efforts, such as improved public health from reducing atmospheric
pollution or improving national energy security.”

From other sources, I think the bulk of the evidence supports the expectation that shifting to a
renewables-based, GHG-abating energy economy in the U.S. would create more and better-paying jobs
than were lost, improve global competitiveness of U.S. businesses in an international economic
environment which is scaling back GHG emissions, improve public health due to air and water quality
improvements; and greatly improve national security and the national economy through shift from
imported fossil fuel energy sources which have adverse effect on balance of trade deficits and are
subject to disruption due to international political instability or hostility,  to domestically-produced
renewable sources which are not subject to foreign disruption and recycle dollars spent on them in the
domestic economy.

Section 7: Part A: Earth: The Sequel - Transforming the World Energy Economy

A 2008 book, Earth: The Sequel by Environmental Defense Fund president Fred Krupp and author
Miriam Horn, describes how the $6 trillion world energy economy is being - and can be - transformed. 
Among other initiatives, the book describes advances in electricity generation from ocean waves,
production of biofuel from algae, adaptation of saturated steam turbine technology from the nuclear
industry to solar concentrating electricity plants, and geothermal heating and cooling technologies.

Internet powerhouse Google is investing millions in solar, wind and geothermal technology with the aim
of developing a gigawatt of renewable energy that is cheaper than coal-fired power generation is
currently (without a carbon tax).

Section 7, Part B: Local and Regional Initiatives to Transform the Energy Economy

B.1.  Santa Fe, New Mexico:  WildEarth Guardians, Los Alamos, and Sandia National
Laboratories kicked off a project to develop a 100% renewable energy blueprint for the City of Santa
Fe.  The blueprint is intended to serve as the basis for a clean energy strategy throughout the West.
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Section 8: Zero Carbon Britain Report

The Centre for Alternative Technology in the United Kingdom published its plan for how the U.K. can
eliminate emissions from fossil fuels in 20 years (2027), half through adoption of efficiencies and half
through renewable energy source utilization.  The 105-page report is downloadable from
<zerocarbonbritain.com> at no charge.  The report was published in October, 2007.  It utilizes a new
conceptual analytic scheme called “contraction convergence” to improve on the implementation
timetable of the IEER design, reviewed above.  On the renewable energy side of its prescription, in
2027 45 percent of all electricity would be from wind turbines, 90 percent of which would be located
offshore.  On its heading, the Zero Carbon Britain website bears the name of Sir John Houghton, who
was co-chair of the IPCC.

Section 9: Worldwatch “Low Carbon Energy: A Roadmap”

The Worldwatch Institute Report #178, Low-Carbon Energy: A Roadmap by Christopher Flavin, was
published in late 2008.  The focus of the report is the feasibility of meeting goals for abatement of
greenhouse gases to avoid run-away global warming through installation of renewable energy sources
that do not emit greenhouse gases, replacing the current U.S. energy generation portfolio. 
Worldwatch’s Flavin describes a scenario which can be achieved by 2030 which would lower
greenhouse gas emissions by 90 percent from the 2007 scenario:

2007 U.S. Electricity Generation
4,013 Terawatt Hours capacity

Coal-fired power plants 50 percent
Nuclear power plants 20 percent
Natural gas-fired power plants 12 percent
Hydroelectric power plants   7 percent
Cogeneration   4 percent
Other renewables   2 percent
Oil   1 percent

[Source: U.S. Energy Information Administration
Annual Energy Review, Washington, D.C., 23 June 2008]

2030 Worldwatch Scenario
4,951 Terawatt Hours capacity

Cogeneration 32 percent
Wind 20 percent
Solar photovoltaic 12 percent
Solar concentrating 10 percent
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Hydroelectric power   7 percent
Nuclear power plants   7 percent
Biomass   7 percent
Geothermal power plants   5 percent

Context for these figures may be derived from BP’s data on U.S. energy consumption by source, 2004:
Petroleum 40 percent
Natural Gas 23 percent
Coal 23 percent
Nuclear   8 percent
Renewables   6 percent

The “renewables” category in 2004 is composed of the following sources:
Biomass 47 percent
Hydroelectric 45 percent
Geothermal   6 percent
Wind   2 percent
Solar   1 percent

Cumulative U.S. federal energy research and development funding for 1974-2005 was:

Nuclear $47.93 billion 52 percent
Fossil hydrocarbons $20.05 billion 22 percent
Efficiency $11.71 billion 13 percent
All renewables $12.39 billion 13 percent

According to Worldwatch (2006), the average annual global growth rates for these various energy
sources from 2000-2005 were:

Photovoltaic solar 29.2 percent
Wind 25.4 percent
Biofuels 17.3 percent
Coal   4.4 percent
Natural Gas   2.5 percent
Oil   1.6 percent
Nuclear   1.1 percent

Section 10: Solving the Problem of Renewables Intermittency

Many of the Renewable Energy Sources Are Not Intermittent: using as our point of reference the
fact that the DOE EIA places the duty capacity of coal-fired power plants as 87 percent: a given coal-
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fired power plant, which is considered a “base load” electricity resource, will be available to generate at
its rated capacity 87 percent of the time and will be off-line 13 percent of the time.

The renewable energy source types detailed in the renewable deal that have a duty capacity
equal to or higher than a coal-fired power plant include:
• geothermal electrical plants
• concentrating solar plants with hot salt thermal storage
• any “negawatt” or efficiency resource that offsets load demand on the grid
• most helical and other open-water turbine generating facilities
• biomass-fired generating facilities

The renewable energy source types detailed in the renewable deal that do have a duty capacity
lower than a coal-fired power plant include:
• solar photovoltaic
• wind
• tidal turbine power generating plants that run twice a day with the tide

Bear in mind, as discussed in more detail below, that contemporary U.S. grid control centers which
balance energy source against electrical load in a given block of the electrical grid can handle a mix of
up to 80 percent non-intermittent to 20 percent intermittent electrical source.  Thus, if we have 80
percent of a totally renewables-based U.S. electrical grid powered by renewables in the first non-
intermittent category above and 20 percent from renewables in the second intermittent category, we
don’t confront an unmanageable problem maintaining grid stability even with currently installed,
archaic U.S. grid control systems technology.

Dealing With Renewable Energy Sources That Really Are Intermittent:

Contemporary electrical grid load distribution centers based on 1920's-era electrical grid models  in
Europe routinely handle intermittent energy sources which constitute up to 20 percent of total grid
source capacity, balancing a portfolio of base generation and intermittent energy sources with
fluctuating load on the grid.  This is particularly easy if the intermittent energy source, e.g. photovoltaic
solar electricity, ramps up in synchrony with consumer load, as does in fact occur in daytime versus at
night.  The problem for the grid load distribution controller is when an intermittent energy source such
as wind peaks at a time of low use load, as may occur at night.  Under these latter conditions, the grid
load distribution center must be able to either quickly throttle down input from another electricity
source to balance electricity from the renewable, intermittent source and other generating sources
connected to the grid with load, or the grid load distribution center has to be able to put only part of the
renewable source electricity into the grid and direct the rest to an off-line load, or both.  Danish load
distribution centers have capacity to do the latter with electricity generated from the nation’s vast off-
shore wind farm source capacity.  Denmark generates about 20 percent of its total electricity from wind,
but occasionally wind energy meets more than 100 percent of peak demand on the country’s west coast.
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In Germany, the Combined Power Plant, a project that links 36 wind, solar, biomass, and hydropower
installations throughout Germany, has already demonstrated that a combination of renewable sources
and contemporary, effective grid control systems can provide reliable electricity without any traditional
baseload power plants.  The Combined Power Plant system balances out short-term fluctuations from
its various renewable electricity sources, producing steady match of electricity source to load. [Enercon
GmbH, SolarWorld AG, and Schmack Biogas AG.  Background paper and other information on their
Combined Power Plant at <www.dombikraftwerk.de>]

Four German states produced more than 30 percent of their electricity from wind in 2007.  Utilities in
European regions with high wind energy input balance supply and demand through interconnection of
grid systems over large regions, using hydro reservoirs as temporary energy storage, and increasing the
use of natural-gas-fired turbines to provide backup power for wind energy lulls.  Denmark is retrofitting
its conventional base-load power plants to be more flexible so they can rapidly be turned down, or even
off, to balance electrical source coming from wind and other renewable sources.

Outside the grid load distribution centers, there are three solution pathways available in theory that
would permit current intermittent renewable electricity generation sources to reduce their intermittency
as “seen” from the perspective of the grid load distribution control center.  These represent system
design solutions to the fact that the sun does not always shine and the wind does not always blow in
synchrony with changes in energy demand from the grid’s loads - although both sources of energy are
capable of producing, on a cumulative annual basis, far more quads of energy than are consumed by
total U.S. electricity loads.

Solution Path #1: Establish a superconducting electrical DC grid nationwide, with hydrogen used as
the coolant traveling through the same pipelines that contain the DC busses, thus delivering the energy
stored as hydrogen for combustion fuel nationwide.  This system, which has been engineered and costed
out in a Scientific American article, assumes that the sun will be shining or the wind will be blowing
somewhere in the U.S. at a given time sufficiently to generate power to meet total grid load demands.

Solution Path #2: Establish storage of energy at solar or wind farm sites which can be used to power
electric generation turbines when the primary energy source is absent.  There appear to be four major
schools of thought on how to accomplish this storage:

2.A: Use surplus energy from the solar or wind farm to compress air into underground salt
caverns, then release the air at night through a generating turbine, supplemented with
combustion of natural gas or biomethane as needed. [See D. Marcus, “Moving Wind to the
Mainstream: Leveraging Compressed Air Energy Storage,” Renewable Energy Access, October,
2007]

2.B.  Use surplus energy from the solar or wind farm to catalyze water into hydrogen.  Store the
hydrogen in tanks and burn it at night to drive a generating turbine.  This idea was first advanced
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by former Oak Ridge director S. David Freeman in his book, Winning Our Energy
Independence.  He advocates using natural gas as a backup to locally-produced hydrogen.

This path was rendered far more feasible by the breakthrough discovery at Daniel Nocera’s
Massachusetts Institute of Technology laboratory, announced July 31, 2008, of new catalysts
which, when placed in water, produce either hydrogen or oxygen at room temperature, from pH-
neutral water, when a voltage is applied to the electrode from a renewable energy direct current
source. <www.Sciencemag.org/cgi/content/abstract/
1162018>  Dr. Nocera anticipates that, within ten years, solar or wind electricity generators will
be able to generate hydrogen and oxygen with these catalytic electrodes to store for fuel for
hydrogen fuel cells to generate electricity when sun and wind production are absent.

Hydrolysis of water into oxygen and hydrogen requires two catalytic steps.  The positively
charged anode pulls electrons from the hydrogen atoms in water molecules.  The protons
remaining when hydrogen atoms lose their electrons float away from the oxygen molecules to
which they are no longer bonded.  The anode catalyst then captures the oxygen molecules and

2links them together into O .  The hydrogen protons are attracted to the negatively charged

2cathode where they hook up with new electrons to make molecular hydrogen H .  The difficulty
has been with finding catalysts which will perform these functions at the anode and cathode; the
anode is the largest problem.  Platinum works well as the anode catalyst, but it is too expensive
and rare to be used on a large industrial scale for hydrogen production.  A number of metals and
metal oxides will work as the anode catalyst, but only in high or low pH water solutions. 
Nocera’s team reported in a 2004 Journal of the American Chemical Society that a cobalt-based

2catalyst would produce water from O , protons and electrons, which indicated it could do the
reverse.  Unfortunately, cobalt is water-soluble.  Nocera and Ph.D. student Matthew Kanan went
around this hurdle by starting with a stable electrode material, indium tin oxide, and putting the

2electrode in a solution spiked with cobalt (Co +) and potassium phosphate.  When a positive
charge was applied to the indium tin oxide electrode, apparently electrons were pulled from the

2 3Co + turning it into Co +, which then paired up with negatively charged phosphate ions to form
a rocklike cobalt phosphate crust on top of the indium tin oxide.  The positively charged anode

3 4then pulls another electron from the Co + in the film to form Co +, which then proceeds to grab

2electrons from hydrogen atoms in water and welds oxygen atoms together into O .  In the

4 2process, the Co + turns back into Co + and dissolves in the water solution, and the cycle repeats.

The anode and cathode catalysts used by Nocera’s team work in pH-neutral water and are
indifferent to dissolved solids in the water.  Nocera plans to determine if the catalysts will work
in seawater.  His team is working to engineer the easy-to-make anodes and cathodes to carry
higher levels of current in order to accelerate the rate of hydrogen and oxygen gas production
from each per unit of time.

2.C.  For concentrating solar farms only, use the solar-heated high temperature oils to superheat
salts in a storage tank through which the secondary water circuit is circulated, generating steam
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to drive generating turbines both when the sun is shining and when it is not.  As described in the
chapter on solar energy in this plank, concentrating solar plants are now under construction
utilizing this heat storage technology which permit round-the-clock (“base load”) electrical
generation by them.

2.D.  Store surplus energy in a battery medium which is then fed to the grid when the renewable
energy source is not producing power.  Popular Mechanics August 2009 reports that a sodium-
sulfur battery has been developed which operates at 200 degrees F instead of 600 degrees F. 
The battery is projected to be available commercially for $2,000 per cell within two years.  The
sodium-sulfur battery is ideal for installation in power grids and industrial applications, because
it can store enormous amounts of power to supply peaks in grid power demand (extremely high
energy density and charge/discharge rates).

Solution Path #3: Build low-loss high voltage DC cable systems, which are already in use today, to
distribute power from wind sites in many different places to load centers.  Contemporary high voltage
DC cable technology loses only ten percent of source energy to resistance in each thousand miles of
distribution length.  Linking wind generating facilities in different locations with each other and load
centers lowers the intermittency of a wind generating resource system.  If you have widely separated
wind farms A, B, C, and D, each with 240 megawatts capacity and a duty capacity of 40 percent of
installed generation capacity - which means in effect that the wind farm will generate electricity the 40
percent of the time the wind blows fast enough at the wind farm site to operate the turbines - then the
probability 240 megawatts of wind-generated energy will be fed into the grid by one or more of the
plants rises from 40 percent to whatever the probability is that the wind will be blowing at more than 8
m.p.h. at any one of the four sites on the high-voltage DC distribution network at a given time.  Such a
system begs for installation of the current Best Available Technology grid control system developed by
the German Combined Power Plant project.

The role of the “smart grid” in balancing electrical power distribution: In a Smart Grid, Intelligent Load
Controllers - computer chips built into appliances, motors, and other loads connected to the electrical
grid system in commercial and residential sites - establish two-way communication between “producer”
(the distribution grid controller) and the consumer (load).  Smart Grid designs, which are well-advanced
in Europe in nations such as Denmark and Germany where a high percentage of national power comes
from wind and other intermittent renewable sources, overcome the “system stability problem” which
U.S. engineers fret over when trying to accommodate decentralized power sources on today’s 1920's-
era U.S. energy grid control systems.

Through such Smart Grid systems, various loads such as dishwashers can be programmed to turn on and
loads such as sump pumps to run at full capacity when they receive a signal that the grid has surplus
power at a bargain price available, e.g., because offshore wind turbines are generating at peak.  Non-
essential loads can be programmed to turn off or switch to a low-power, slower mode when the grid
signals them that source supply is dropping.  This adjustment of the grid’s load to match available
megawatts of power coming through the grid in real time gives the system controllers time to ramp up
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other sources to make up for intermittent sources which are declining in power output into the grid
without customers confronting “brownouts” due to insufficient wattage of electricity in the grid to meet
load demands.

As mentioned above, in the case of wind power in Europe, actual intermittency problems have been
largely overcome through distributed site generation, use of accurate forecasting models, use of pumped
hydro as energy storage, use of natural-gas-fired turbines to fill in gaps in renewables generation, and
use of modern grid control equipment and methods in place of the archaic ones currently in use in the
U.S.A.  Use of these grid-source stabilization techniques lowers variability in grid source capacity to a
level where Smart Grid instantaneous controls over grid load can take care of the rest of the source-load
balancing problem in a renewables-based electrical distribution grid.

Kurt Yeager, director of the Galvin Electricity Initiative, which promotes digital grid control
technologies, compares today’s electromechanical power grid control systems in the U.S.A. to a
running a railroad on which it takes 10 days to open or close a rail switch.  “Digital grid” is the “smart
grid” - it is built to operate the way the Internet does - as an electronically controlled network that
responds instantly to decisions made by users, which are communicated to the grid control computers
by the “smart meters” installed at each customer site.  The smart meters in turn communicate with the
intelligent load controllers embedded within the customer’s loads about when electricity on the grid is
abundant and being sold at a discount to the customer.

Pacific Gas and Electric Utility in California is in the process of installing 9 million smart meters for its
customers.  Europe expects to have 80 million smart meters installed by 2013.  Smart grids are cheaper
to install from scratch than conventional grid systems, so digital grid systems are being installed in such
places as sub-Saharan Africa which are being electrified for the first time.

All digital grids allow higher levels of reliance on variable generators.  Digital grids with many
micropower generators connected to them end up being more robust and reliable than grids that are
dependent on electricity transmitted from distant, large-scale power plants.  The digital grids can
quickly instruct the micropower generators to alter output into the grid to respond to changes in grid
demand.

Renewables can improve grid stability in non-digital U.S. electrical grids: Micro power plants with
generating capacities of 5 Megawatts or less are usually sited next to residential, commercial, or public
buildings.  Connected to the existing distribution grid, they do not require extra investment in
transmission or distribution, and they reduce or eliminate line loss.  As Worldwatch (2006) says, “Since
most power outages are caused by weather-related damage to power lines, locally based generators can
dramatically improve reliability.”

The National Electrical Superhighway: Plans have been made to build a new National Electrical
Superhighway using high-voltage, direct-current transmission lines which only suffer 10 percent loss of
electricity per thousand miles of transmission distance.  The Superhighway, which is being promoted by
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everyone from Al Gore to T. Boone Pickens, would connect the nation’s renewable resource base,
which lies mainly in the Great Plains and Desert Southwest, with the nation’s population and industrial
centers.  Building the National Electrical Superhighway will require national legislation to cut through
the thicket of state and federal jurisdictions now in place affecting obtaining the needed right-of-ways,
and will cost over $100 billion to construct.

Section 11: The Problem of Portable Energy Storage

The lithium ion battery: Lithium ion batteries were proposed in the 1970s, developed in the 1980s,
and first marketed by Sony in 1991.  (By comparison, lead-acid batteries were invented in 1859.) 
Lithium ion batteries present enormous difficulties as the electrical energy storage medium for higher
wattage applications such as motor vehicles.

First, lithium is a highly reactive element.  Early batteries in computer laptops had to be recalled
because of their propensity to heat up, catch fire, and explode.  Lithium batteries do not “like” to be
charged or discharged rapidly.  If discharged below about 2.5 volts per cell, the battery can be damaged
so it will not accept a full charge ever again.  If charged above 4 volts per cell, the result is “thermal
instability.”  Lithium ion batteries react badly to being fast charged, yet this is a necessary ability in a
vehicle battery if one is to recapture braking energy as electrical regeneration.

Current lithium ion batteries being used in such vehicles as the Tesla electrical car use nanotechnology
to form the charging surfaces within the lithium ion battery, lowering the amount of heat that is
generated at a given rate of charge or discharge of the battery and thus making the battery stable for a
wider range of vehicular charge and discharge currents.

Engineers are now working on battery management systems which couple electrochemical capacitors,
otherwise known as “ultra capacitors,” with lithium ion battery storage systems in vehicles.  Ultra
capacitors can be designed to receive extremely large currents, and they can be charged and discharged
millions of times without deterioration.  Capacitors hold a charge only as long as there is a potential
across their positive and negative leads, so they cannot be used as an electrical storage medium. 
Designers are attempting to design vehicle power systems in which the ultra capacitors receive large
currents from electrical regeneration or other fast charging, from which electricity is fed through the
battery controller at a controlled rate into the lithium ion battery assembly for long-term storage. 
Conversely, a motor controller system could draw a charge into the ultra capacitors from the lithium ion
battery system so that a burst of current could be fed to the vehicle motors, generating short-term torque
far in excess of what the lithium ion batteries could power at their maximum rate of current delivery. 
Working prototypes of such systems have not been built, and present formidable cost and control
system issues.

Although Toyota’s electrical vehicle research effort is based on developing lithium ion battery
technology, Honda’s management concluded that lithium ion battery technology cannot be cost-
effectively developed as the platform for electrical vehicle power in vehicles to be owned and operated
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by members of the public.  Honda is instead focused on developing a commercially-viable fuel cell
technology to power the electric motors on its electric vehicles.

Section 12: Best to Worst Electric Power Sources

Mark Jacobson, professor of civil and environmental engineering at Stanford University and director of
Stanford’s Atmosphere/Energy Program, assessed energy sources in terms of their impacts on global
warming, human health, energy security, water supply, space requirements, wildlife, water pollution,
reliability and sustainability.  The paper with his findings will be published in the January, 2009,
Energy and Environmental Science; I obtained it online in December 2008.

The electric power sources, ranked from best to worst in terms of these combined criteria, are:
1.  Wind power
2.  Concentrated solar power
3.  Geothermal power
4.  Tidal power
5.  Solar photovoltaics
6.  Wave power
7.  Hydroelectric power
8.  A tie between nuclear power and coal with carbon capture and sequestration
Jacobson recommends against both corn and cellulostic ethanol as an energy source because
both calculated as causing more harm to human health, wildlife, water supply and land use than
current fossil fuels, and non-cellulostic alcohol emits more net global-warming pollutants per
unit of energy in the production, transportation and use cycle than petroleum.

“Coal with carbon sequestration emits 60- to 110-times more carbon and air pollution than wind energy,
and nuclear emits about 25-times more carbon and air pollution than wind energy.”  Carbon-capture
equipment reduces carbon exhaust from a coal-fired power plant by 85-90 percent, but has no impact on
the carbon resulting from mining or transport of the coal or on the exhaust of other air pollutants. 
Because carbon capture requires a roughly 25 percent increase in energy use by a coal-fired power
plant, about 25 percent more coal must be mined, delivered to, and burned at the plant to generate the
same number of kilowatt hours of salable electric power.  Similarly, the mining, milling, transportation,
and enrichment of uranium and manufacturing it into fuel rods for use in nuclear reactors embeds a
large carbon footprint in the uranium fuel even though the actual process of electrical generation from
controlled nuclear fission does not itself emit any greenhouse gases.  The creation of the concrete, steel,
and other materials used to build and supply a nuclear power plant also embeds a large carbon footprint
in these materials.

Space Requirements: In American Energy (2006) the Worldwatch Institute calculated that
various energy production systems consume the following acreage “footprint” per kilowatts of
electricity produced:
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Coal-fired power plants: 900 acres per billion Kilowatt hours generated annually, mostly for
mining and waste disposal.

Concentrating solar power plants: 2,450 acres per billion kWh annually
Wind turbines: 1,400 acres per billion kWh annually
Geothermal: 74 acres per billion kWh annually
Photovoltaic solar: It is estimated that the U.S. has 6,270 square miles of roof area and 2,350

square miles of facades that are suitable for producing photovoltaic solar power.  Mounting solar panels
on just half this area would produce 30 percent of the current U.S. electricity supply.

Water Requirements: The Union of Concerned Scientists calculates that the typical 500
Megawatt coal-fired power plant consumes 2.2 billion gallons of water each year to produce steam to
drive its turbines.  Solar and wind power generating facilities do not consume water to operate.

Section 13: Capitalizing the Construction of the Alternative Energy System

The International Energy Agency’s World Energy Outlook 2008 report published in November, 2008,
estimates that $26 trillion in 2007 constant dollars will have to be invested from 2007-2030 to finance
exploration and implementation of new extraction technologies for fossil energy sources over these next
two decades if the remaining reserves are to be extracted to meet energy demand.  Which makes
investment sense by standard criteria: (A) to invest $26 trillion in developing dead-end carbon energy
sources which will be fully depleted in at best a few decades, and which will cause massive disruption
of the world’s climate and therefore economy if they are burned to create energy, producing greenhouse
gas emissions, or (b) invest $26 trillion in building a renewables-based energy portfolio the “fuel” for
which is provided for free as long as the sun doesn’t burn out, which has far more available energy than
our species can possibly develop and use under any consumption scenario, and which emits no net
greenhouse gases?

Superficially, one could assume that this $26 trillion is available for investment in carbon fossil energy
source development over the next two decades, and therefore could be applied to building a renewables-
based national energy system instead.  However, this assumption is not warranted.  As of late 2008 and
into 2009, investment capital for oilfield development, coal-fired power plant construction, and nuclear
power plant construction has dried up.  How could we hope to come up with $26 trillion dollars in
investment capital through 2030 to build a new post-carbon national energy infrastructure?

Worldwatch identifies a number of large pools of capital that could be tapped to fund construction of
what they call the “Green New Deal.”  Some of their ideas are:

• Divert military spending: The Stockholm International Peace Research Institute reports that
world military spending in 2007 ran to a record $1.3 trillion - 45 percent higher in constant
dollar terms than a decade earlier.  The U.S. alone is spending $700 billion a year on the
Pentagon and the wars in Iraq and Afghanistan.  In a world with no major-power conflicts due to
unification behind the superordinate goal of planetary species survival through maintaining the
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Holocene epoch climate regime, a substantial portion of these military budgets could be spend
on a “Global Green Deal.”

• Tobin tax: Trade in the world’s currencies amounted to $3.7 trillion daily in 2007.  A minimal
tax on foreign exchange transactions (proposed by economist James Tobin) could bring in
billions of dollars to fund the “Global Green Deal” energy matrix conversion, as well as
dampening destabilizing currency speculation.

• Treasury bonds: China’s government has supported hundreds of energy conservation projects
since 2006 in part by issuing treasury bonds.  Issuing revenue bonds to build capital
infrastructures which produce a revenue stream or savings which can be dedicated to paying off
the bonds is the classic way of privately financing construction of capital means of production
worldwide.

• Insurance industry: The cost of weather-related natural disasters is on the rise.  Between 1980
and 2004, the cost of such events totaled $1.4 trillion, of which $340 billion was insured.  With
increasing climate variability, the ability to forecast and set adequate yet affordable premiums to
cover weather-related loss events is being lost.  This increasingly uncertain risk is considered a
“strategic threat” by the insurance industry’s underwriters.  The insurance industry has a strong
incentive to reward climate stabilization activities, e.g., through higher rates to insure climate-
destabilizing and/or energy-inefficient enterprises and lower rates for clients who adopt climate-
stabilizing and weather-damage-resistant practices.

• Fossil fuel subsidies: Currently highly profitable oil companies receive $150-250 billion  a year
in subsidies, e.g., the oil depletion allowance in the U.S.  Their product is toxic to climate
stability.  These subsidies should be re-allocated to “Global Green Deal” capital investment.

• Sovereign wealth funds: Oil-exporting nations and other nations with large trade surpluses
held $2-3 trillion dollars in wealth in 2008.  Incentives can be designed to encourage
government holders of this capital to invest it in “Global Green Deal” capital investments, e.g.,
through feed-in tariffs which guarantee the rate of return on renewable energy facility
construction for a sufficient time to amortize the investment at a fair rate of return.  If a Tobin
Tax on foreign exchange transactions were in place worldwide, an exemption from the Tobin
Tax for investment in renewable energy capital production facilities by foreign nations would
make such investments more profitable for holders of sovereign wealth funds.

In the opinion of the author, the most powerful and effective way of financing the construction of the
renewable energy-based “Green New Deal” is a combination of the two most market-based price-
signaling mechanisms currently available: (1) a tax on each ton of greenhouse gas emissions emitted,
thus re-internalizing the environmental, social and economic costs of global climate change to the cost
of a product giving rise to climate-altering emissions into the atmosphere; (2) implementation of a feed-
in tariff system modeled on the successful one used by Germany, which has proved effective in getting
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private individuals to build renewable energy production facilities with private investment capital.  In
his Economics of Climate Change, Nicholas Stern, former head of the World Bank, wrote
“Comparisons between deployment support through tradable quotas [Renewable Portfolio Standards
(RPS)/Renewable Energy Credits (RECs)] and feed-in tariff price support suggest that feed-in
mechanisms (REPs) achieve larger deployment at lower costs.”  Independent auditors Ernst & Young
state: “...The EEG [Germany’s Renewable Energy Payment] has delivered greater output of renewable
power for less money than the RO [The UK’s Renewable Obligation (RPS/RECs) hence is arguably
better value for money.”

As the Worldwatch Institute (2006) wrote: “The prominent positions that Germany and Spain hold in
wind power, for example, and that Japan and Germany enjoy in solar energy, were achieved thanks to
strong and enduring policies that their legislatures adopted in the 1990s.  These policies created steadily
growing markets for renewable energy technologies, fueling the development of robust new
manufacturing industries....If America is to join the world leaders and achieve the nation’s full potential
for renewable energy, it will need world-class energy policies based on a sustained and consistent
policy framework at the local, state, and national levels.”

Elsewhere, Worldwatch wrote: “The combination of guaranteed demand and long-term minimum
payments has reduced the uncertainties and risks associated with investing in renewable energy, making
it far easier to obtain financing.

While it is often assumed that feed-in laws are inherently more expensive than quota systems,
under the quota system in the United Kingdom, the price paid for wind electricity was similar in 2003
to payments for wind power in Germany.  Over time, feed-in prices can be reduced as technologies
become more economical.”

Greenhouse gas emissions tax: The Earth Policy Institute has recommended phasing in a $200
per ton tax on carbon-dioxide-equivalent greenhouse gas emissions at the rate of $50 per ton per year. 
The Institute has prepared a detailed analysis of the desirable impacts of this tax on the price of a
kilowatt hour of electricity generated by a coal-fired or other fossil-fuel-fired (e.g., natural-gas) power
plant, versus electricity from a wind or solar-powered generation facility.  In brief, institution of this tax
immediately makes wind, solar, geothermal, tidal and other renewable power sources competitive with
electricity from coal.  Since there is no risk associated with future fuel price increases or other costs
associated with solar, geothermal, hydroelectric, or wind-powered electrical generation installations,
investment in building renewable energy generation facilities promises a more secure and equally
profitable rate of return on capital investment as does investment in fossil-fuel-fired electrical
generation facilities.  The capital market will therefore predictably choose to invest in renewable energy
facilities, and not invest in fossil-fuel power generation facilities, because it is in their economic
interest.  No distortions of the free market are needed to affect this.  The institution of a tax on carbon-
dioxide-equivalent emissions in fact removes an artificial distortion in the energy marketplace: the
ability to externalize a cost of doing business on the part of fossil-fuel-burning power generators so that
the price signal of their product does not tell the market truth but in fact is artificially lowered by a de
facto public subsidy.
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The Feed-In Tariff: Under the German lead-in tariff legislation (Stromeinspeiusungsgesetz,
literally “electricity feeding-in law,” of 1990) renewable energy technology installations are guaranteed
interconnection with the national electricity grid, and are paid a premium rate that is designed to
generate a reasonable profit for the investor over the 20-year term of the feed-in contract.  The premium
rates for new renewable energy generation facilities are designed to jump-start new renewable sources
towards cost-competitiveness and to have them quickly make a significant contribution to the national
energy portfolio.  The premium rates also send a price signal as to the social benefit of renewable
energy source development.  Different rates are offered for different renewable energy generation
technologies, representing the different costs per unit of generating capacity of current renewable
technology as determined by government assessment of the current state of the art in renewable energy
technologies.  Each two years, the feed-in contract rate paid to a new generator coming on-grid with a
given type of energy generation drops five percent from the previous contract rate, reflecting the
declining costs of renewable energy generation as technology matures and economies of scale are
realized.

Thus, in 2004 a ground-mounted photovoltaic electrical source received a feed-in tariff contract for 45
euro cents per kilowatt hour of electricity fed into the German electrical grid.  A facade-mounted
photovoltaic generation source got a contract for 62 euro cents per kwh.  All electricity generated by the
photovoltaic array connected to the German grid in 2004 is guaranteed to receive 45 or 62 euro cents
for each kilowatt hour delivered to the grid for the next 20 years.  In 2013, a ground-mounted
photovoltaic array will receive a feed-in tariff 20-year contract for 25 euro cents per kilowatt hour sold
to the German electrical grid.

The German feed-in tariff has caused explosive renewable energy market growth since 1990.  By
international standards Germany has a mediocre endowment of renewable resources, yet it has
increased the renewable share of its electricity supply from just under 5 percent in 1998 to over 14
percent in 2008.  Thus, Germany met its 2010 national target of supplying 12.5 percent of its total
electrical grid energy from renewable source three years ahead of schedule.  The European Commission
determined in 2005 that feed-in tariffs are more effective and efficient than tradable renewable energy
credit systems, largely because feed-in tariffs provide greater investor security.  As of 2006, 41
countries, states and provinces have adopted feed-in laws.  The majority of European Union countries
have adopted a feed-in tariff.

In the United States as of 2008, six states have introduced feed-in tariff bills into their legislatures, and
eight other states are considering introducing such bills; none have passed into law.  In the United
States, feed-in tariffs are being considered as a means of insuring that the 26 states that have enacted
renewable energy portfolio standards can attain the specified proportion of total state electricity supply
from renewable sources by the target dates in their portfolio standard.

It has been assumed that feed-in tariffs are inherently more expensive to the electrical ratepayer in a
nation than a quota system associated with a renewable energy portfolio standard.  This did not prove to
be true when the cost paid for wind electricity under the quota system in the United Kingdom was
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compared to the feed-in tariff rates paid for wind-generated energy in Germany in 2003 - the cost to
customers of the national electrical grids was approximately the same.  In November, 2008, the British
government passed an energy bill which included a feed-in tariff scheme for renewable energy.

It appears to this author that a successful feed-in tariff system has to have four basic features which are
present in the German model:

1.  When the source is connected to the national electrical energy grid, the feed-in tariff rate paid
per kilowatt hour produced must be a fixed, premium amount that makes investment of private
investment capital in the generation facility predictably secure and profitable.

2. The term of the feed-in tariff contract must be long enough, e.g., the German contracts are for
20 years, to fully amortize the capital investment in the generation facility from electricity sale
revenues.

3.  The feed-in tariff law must oblige the electrical utility to which the source facility is
connected to buy all electricity generated by the renewable energy facility at the specified feed-
in tariff rate per kwh.

4.  The premium amount paid per kilowatt hour from the new renewable electricity generation
facility connected to the electric grid must be set at a rate that makes it profitable for private
investors to build the renewable energy facility in a given year, yet does not produce windfall
profits for such investors at the expense of the national energy grid customer who is buying the
electricity generated from that renewable generation source as part of the portfolio of electricity
sources bundled in his electric bill.  As it becomes less expensive to install a kilowatt-hour of
generating capacity from a given renewable energy source, e.g., photovoltaic solar because the
cost of photovoltaic panels is dropping due to advances in technology and higher volumes of
production, the feed-in tariff contract amount must be dropped to conform to the investor’s cost
of renewable source construction.

A feed-in tariff is the least intrusive, most free-market-based mechanism by which governments can
facilitate construction and installation of renewable energy source generation capacity by private
investors.  The feed-in tariff sends a clear market signal to investors as to what energy source generation
investments are most profitable and least risky.

No further government regulation besides a feed-in tariff and a carbon-dioxide-equivalent emissions tax
are needed to achieve rapid transformation of investments in the national energy grid from fossil-fueled
to renewable energy source generation.  The market signals tell investors it is in their interest to invest
in renewable energy source generation.  Governments may, and I think should, set renewable energy
portfolio goals as national policy expression, e.g., 50 percent of projected national energy demand from
renewable sources or energy efficiency gains by 2030.  Setting such benchmarks allow continuing
evaluation of progress towards cutting greenhouse gas emissions and conversion of the national energy
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system.  By use of greenhouse gas emissions taxation and a feed-in tariff, governments are relieved of
instituting any other bureaucratic controls such as emissions quotas, prescriptive regulations concerning
exhaust gas scrubbing, and the like.  Emissions taxation and the feed-in tariff in combination send the
strong market signals that marshal the invisible hand of the market to making appropriate decisions
about allocations of capital to the benefit of the environment and society.

Governments may have to be involved to deal with the problem of unamortized investor capital
embedded in existing fossil-fuel-fired power plants.  Many coal-fired power plants, particularly in the
Midwestern U.S., are fully depreciated and due for decommissioning but continue to be operated
because it is cheaper to generate electricity with these inefficient, polluting, obsolete units than to

2service the capital required to build replacements.  A carbon tax on emissions of $200 per CO -
equivalent ton would make electricity from these obsolete, highly-polluting plants much more
expensive per kilowatt hour, and encourage investors to replace them.  With coal-fired power plants
built in the last ten years, the majority of construction capital has not been depreciated and paid off
through electricity sales.  The cost of that construction capital is included in rates charged the utility’s
electric customers.  Shutting down undepreciated coal-fired power plants presents the same problem
confronted in the 1980s when unfinished or undepreciated nuclear power plants were abandoned by
utilities, “islanding” the capital invested in them as a non-performing asset which ratepayers were held
accountable for through their utility bills.  At that time, government intervention worked out a
compromise through which ratepayers’ utility rate burdens for these facilities was reduced and utilities
were able to write off or divest nuclear non-performing capital assets.  A similar intervention will
probably be required mid-way in the conversion of the U.S. energy grid from 50% to zero percent coal
power

Tapping the Conventional Equity Capital Market: Section 1.H. of Chapter 2, Wind Energy, of
this plank describes the agenda of a wind project development tutorial in July, 2009, which illustrates
how renewable energy projects are being rationalized and packaged to appeal to the risk-adverse
institutional capital market in the United States.  As described in the feed-in tariff exposition above, in
Europe the majority of the funding for renewable energy production facilities has come from private
investment capital because the feed-in tariff creates a low-risk, guaranteed good-return-on-private-
capital-investment environment.

Property Assessed Clean Energy (PACE) and similar local government private equity capital
schemes: PACE became a key component of Vice President Joe Biden’s “Recovery Through Retrofit”
plan in October 2009.  So far, 14 states have changed their tax laws to provide for PACE programs. 
The capital is raised in various ways: some municipalities issue bonds, some secure financing from
investment banks or other lending partners, and some tap into special government funds under the
Recovery and Reinvestment Act or similar federal initiatives.  PACE financing is attractive to lenders
because of its low risk structure: in the event of a foreclosure, proceeds from sale of the property would
first be used to make good on delinquent PACE payments before satisfying mortgage debts.
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In the fall of 2009, Western Colorado voters authorized their local governments to create programs so
that businesses and homeowners can apply for long-term, affordable loans that pay the upfront capital
costs of renewable energy source installation and efficiency improvement projects.  The loans are paid
back through a special assessment on the property tax of property owners choosing to increase the
equity value of their property through investment in the program.  The loans are tied to the capital value
of the property and transfer to new owners with title.  The terms of these types of loans are such that the
energy bill savings from the energy infrastructure investment by the property owner amortizes the cost
of the loan.

Boulder County, CO, got approval from voters in 2008 for the $40 million “Climate Smart” program. 
Boulder County issued $6 million in clean energy improvement loans during the project’s first phase. 
During the summer of 2009, local contractors and solar installers got 400 energy projects off the
ground.

The Long Island Green Homes program of Babylon, New York, offers a similar system for financing
home energy retrofits.  The town covers the cost of the work and the homeowner pays it back in
monthly installments which are structured to be less than the projected savings in energy costs.  “If you
move, the remaining payments fall to the next owner, who also inherits the lower cost and greater
comfort of a more efficient, less drafty home.”  Babylon retrofitted nearly 300 homes in 2009, cutting
annual energy bills and greenhouse gas emissions by circa $1,020 and 4 tons of carbon dioxide per
house.

Section 14: Why Build the Alternative Energy System Now?

Robert Kaufmann said in WorldWatch January/February 2006: “If the infrastructure for the alternative
energy source is put in place before the peak arrives, the energy used to do so will have a relatively
small impact on non-energy sectors.  Conversely, if society waits until the peak, constructing the large
infrastructure for the alternative fuel will siphon large amounts of energy from the non-energy sectors of
the economy at the very time that the total supply and energy surplus from oil is shrinking.  In short,
society has to pay the costs for the transition.  We can pay them now, while we have oil in the bank, or
we can pay them later, when our oil bank account is emptying.”

In Peaking of World Oil Production: Impacts, Mitigation, & Risk Management, prepared for the U.S.
Department of Energy by Hirsch, R. (SAIC) et al, February, 2005: “The peaking of world oil production
presents the U.S. and the world with an unprecedented risk management problem.  As peaking is
approached, liquid fuel prices and price volatility will increase dramatically, and, without timely
mitigation, the economic social and political costs will be unprecedented.  Viable mitigation options
exist on both the supply and demand sides, but to have substantial impact they must be initiated more
than a decade in advance of peaking.”

An economic analysis by the Rand Corporation for the Future Energy Coalition concludes that if the
United States were to get 25 percent of its electric power and transportation fuels from renewable
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energy by 2025, the country’s energy costs would be reduced, with large savings occurring by 2015. 
National carbon dioxide emissions would fall by one billion tons per year [Worldwatch, 2006, p. 7].

In a December 4, 2007 article in the U.K. Guardian, George Monbiot illustrated why much larger cuts
in greenhouse gas emissions than had been discussed would be necessary to prevent global warming
from exceeding 2 degrees Centigrade.  He starts with the IPCC table that shows the world needs to cut
total emissions of greenhouse gases to roughly 15 percent of the volume emitted in 2000 by the year
2050 to prevent warming exceeding 2 degrees Celsius.  Monbiot looked up the global figure for carbon
dioxide production in 2000 and divided it by the current population, resulting in a “baseline” figure of

23.58 tonnes of CO  per person.  An 85 percent cut if population remained constant results in a global
output per person budget of 0.537 tonnes by 2050.  The UK currently produces 9.6 tonnes and the US
23.6 tonnes per person.  Reducing these figures to 0.537 tonnes by 2050 requires a 94.4 percent cut in
the UK and a 97.7 percent cut in the US.  If world population rises to 9 billion in 2050 as UN
projections assert, the cuts needed to reach total emissions goals rise to 95.9 percent in the UK and 98.3
percent in the US.  Monbiot then points out that 18 percent of global warming currently is accounted for
by greenhouse gas emitted by “feedbacks” - warming accelerating natural release of greenhouse gases
from forests, peat bogs, and the like.  In order to compensate for these emissions which are not subject
to human control, “to stabilise temperatures at 1.5 degrees above the pre-industrial level requires a
global cut of 100%.  The diplomats who started talks at Bali yesterday should be discussing the
complete decarbonisation of the global economy.”  Monbiot goes on to demonstrate why this is not
impossible, since you can run almost the entire energy system on renewable power that does not emit
greenhouse gases [as demonstrated in multiple studies reviewed above].

A different cut through the same topic was provided by the Union of Concerned Scientists when
addressing the question, “What factor is the source of the most uncertainty in climate projections?” in
their Winter 2008-2009 Earthwise.  Their answer was that “the most significant variable is always how
much energy will be used over the course of this century” and from what sources, based on the
decisions made by governments, businesses, and individual citizens.  The various IPCC “scenarios”
approximate the impact that different degrees of fossil-fuel energy use will have on emissions of carbon
dioxide and other greenhouse gases over time.  In its Fourth Technical Assessment Report, the IPCC
evaluates six scenarios ranging from the B1 “low emissions” scenario to the A1F1 highest emissions
scenario, in which F1 represents fossil-fuel-intensive energy use and the A1 term represents total energy
used.  The difference in outcomes is enormous between these two scenarios.  The B1 scenario predicts a
temperature rise of between 2.7 and 5.2 degrees Fahrenheit over the 1980-2000 average global
temperature; while the A1F1 scenario predicts a temperature rise of 6.1 and 11 degrees Fahrenheit over
that average by the end of the 21  century.st

This uncertainty in climate projection can be eliminated if the energy used, in whatever amount, is all
generated from sources that emit no net greenhouse gases per Btu of energy generated.

Section 15: Reconceptualizing/Decentralizing the Energy Grid to Maximize Resilience
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As of 2009 a lot of the discussion of immediate steps which the nation must take to realize a high
percentage of total energy source from renewables by 2030, 2050, etc., focus on the need to build new
high-voltage transmission lines to connect large centralized renewable power sources such as wind
turbine farms in the midwest or concentrating solar thermal plants in the deserts of the southwest to the
residential and industrial load centers in urban areas.  The tenor of the discussion reveals that
policymakers and industry are continuing to think in terms of using renewables as a substitute for the
large, centralized coal-, natural gas-, and nuclear-fired power plants which provide over 90 percent of
the electricity in the U.S. as of 2009.  As Jim Hightower put it in his August, 2009, Lowdown:
“Everyone from T. Boone Pickens to the communist leaders of China are viewing green energy in terms
of the same old massive, centralized, corporatized structural model....Huge, centralized projects require
equally huge corporations, owned by faraway speculators, to run them.  This means that unaccountable,
unreachable corporate giants would continue to control our essential sources of energy.  That’s not
green...or smart.”

Amory Lovins notes that having elephant-sized power plants as electricity sources for an energy grid
presents a resilience problem.  If an elephant dies, you have to have a second elephant available to drag
it from the room.  In other words, you have to have backup power plants with the capacity to replace the
primary power plants on-line so you can continue to provide sufficient grid electricity to prevent
expensive power outages when a primary power plant goes down because of equipment failure or for
maintenance.

The European smart grid system in which an increasingly large percentage of total grid energy comes
from widely distributed, small-scale renewables teaches us that an interconnected system of widely
dispersed renewable energy sources - largely small-scale facilities owned by private individuals and
businesses, mounted on their homes or business buildings - costs equivalent capital to build, but in
small investment packages over time, and is far more resilient.  As Jim Hightower says, “For roughly
the same price per kilowatt, you can produce renewable electricity with solar panels on your roof and
wind generators in your community.  Instead of building another centralized energy system that puts a
handful of Exxons or Excelons in charge, the switch to green gives Americans a rare opportunity to
restructure and democratize the energy economy so that ownership is localized, and economic power is
decentralized.”  Bigger has not been better for America, and the energy revolution enables us to break
with an anti-democratic, centralized model of ownership and control of the capital means of production
in our society.  As Representative Mike Honda (D-CA) says: “[We must] democratize energy through
the creation of a radically different energy infrastructure and market where supply is not controlled by a
handful of utilities, but by every individual household.”
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Chapter 2:  Wind Energy Capture

(Revised 08 Mar 10)

Wind is a great renewable energy success story.  In 2007, wind power represented 40 percent of new
generating capacity installations in Europe and 35 percent in the United States.  Costs of wind-
generated electricity have dropped from 40 cents per kilowatt-hour in 1981 to about 4-6 cents per
kilowatt hour at the best sites today.  As of 2008, the average cost of new U.S. wind power installations
- slightly under six cents per kilowatt-hour - is less than natural gas- and roughly even with coal-fired
electrical power.  The U.S. National Renewable Energy Laboratory (NREL) states: “The challenge for
wind energy today is transmission.  Most of the nation’s population doesn’t live in the windiest places.” 
Another challenge, addressed in more detail below, is intermittency: the wind doesn’t blow at a faster
speed than the threshold of turbine power generation at any given site all the time, much less
conveniently start blowing in synchrony with utility peak electricity loads.  (See Chapter 1 of this Plank
One for grid control solutions which have been achieved, or are proposed, to resolve this intermittency
problem.)

Various studies of wind power potential using contemporary wind turbine technology in the models
have found that tapping the on-land wind resources of the United States in the best wind sites only can
generate far more quads of energy per year than are projected to be needed by under any demand
scenario through the end of the 21  century.  China’s on-land wind resources are similarly capable ofst

providing more electricity than the nation currently consumes.  In northern Europe, off-shore wind
resources are capable of generating more electricity than is needed by nations such as the Netherlands
and the United Kingdom.

The U.S. Department of Energy’s research and development program is focusing on two approaches
which would permit using the wind resource closer to population centers:
• Develop low-speed wind turbines that will produce power at about 3.5 cents per kilowatt-hour

at sites were the average wind speed in 13.5 miles per hour versus the 15 miles an hour the DOE
cites as its referent for current turbines.  The DOE says this would increase the land in the U.S.
with cost-effective access to wind power more than twentyfold.  (The specifications on the
newest generation of 240-foot-sweep Danish wind turbines is that the wind speed threshold at
which they start generating power is 8 mph.)

• Researchers at the National Wind Technology Center are looking at how to put wind turbines
offshore in ocean water deeper than 30 meters.  Much of the U.S. population lives near the
coasts and average wind speeds are higher over ocean than land.

Wind turbines occupy a very small land footprint: 3 acres per Megawatt nameplate capacity, or 1,400
acres per billion kWh generated per year.  Turbines consume no water to operate.  A General Electric
1.5 megawatt wind turbine in 2010 is 380 feet tall from base to rotor blade tip.  Each rotor blade is 122
feet long.  Each turbine weighs 450,000 pounds.
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The effect of intermittency is determined by the ratio between the output of a widely-spread group of
wind turbines and their peak output.  For wind turbines, the ratio translates into wind being able to
supply 36 percent of that block of electricity which is determined by the turbines’ collective peak
output.  Thus, a 2-megawatt wind turbine with duty factor of 36 percent will deliver 6.3 million
kilowatt-hours of electricity per year, according to the National Renewable Energy Laboratory’s Power
Technologies Energy Data Book.  For comparison, according to NREL a coal-fired power plant has a
72 percent duty factor - only twice that of a wind turbine; a 500-megawatt coal plant will generate 3.15
billion kilowatt-hours of electricity a year.

Section 1:  The United States as a “Saudi Arabia” of Wind Energy

DOE’s 1991 study of wind energy potential:  In 1991 the U.S. Department of Energy’s (DOE) Pacific
Northwest Regional Laboratory published a national wind resource inventory.  Based on then-current
wind turbine technology, the DOE found the three most wind-rich states of North Dakota, Kansas, and
Texas had enough harnessable wind energy to generate the total amount of power currently consumed
by the nation.  Advances in wind turbine design in Europe since 1991 allow turbines to operate at lower
wind speeds, with increased efficiency at converting wind energy to electricity, and harvest the wind at
greater heights.  In 1991, wind turbines averaged scarcely 40 meters in height; in 2004, turbines are 100
meters tall with much longer blades, tripling their capture of available wind energy.  The longer blades
rotate at slower speeds, posing reduced risk to birds and other wildlife.  A team of engineers at Stanford
University re-did the DOE assessment and discovered that current generation wind turbines installed at
the good wind sites in these three states alone could generate the total quads of energy needed by the
United States.  Assuming the use of contemporary wind turbines that can capture the energy of higher-
altitude winds, Stanford researchers estimated global wind energy potential at 72,000 gigawatts, or 10
times as much energy as the world now uses.

As of 2009 30 U.S. states have utility-scale wind farms feeding electricity into the local grid.  The U.S.
has a total of 6,300 megawatts of installed wind-generating capacity.  From 2005-2007, U.S. additions
to its wind energy generating capacity exceeded additions to either its coal-fired or nuclear capacity. 
Texas has nearly 6,000 megawatts of wind-generated capacity online and 39,000 megawatts in the
construction and planning stages.

Offshore wind:  More recently, the DOE estimated that offshore U.S. wind potential (within 5 -
50 nautical miles) is 900 gigawatts, equal to 92 percent of current U.S. generating capacity.  Offshore
turbines are more difficult to maintain, costing 8-12 cents per kilowatthour, compared to 5-8 cents for
onshore turbines.  However, strong offshore winds allow off-shore turbines to generate substantially
more power in a year than an equivalent turbine located on land.  If the offshore wind farm is located
close to a coastal city, the wind energy can be delivered to load without dedicating land to new
transmission lines.

Denmark built the first offshore wind farm in 1991.  More than 1 gigawatt of off-shore wind turbine
capacity has been installed worldwide by 2008, mostly in the North Sea, according to the European
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Wind Energy Association.  A British energy firm projects that annual installations of off-shore wind
turbines will increase from 419 megawatts in 2008 to 1,238 MW in 2012, with the United Kingdom,
Belgium, Denmark, Germany, and China leading the way.

In the United States as of February 1, 2009, there are five identified offshore wind development projects
underway.  The developers are listed as: Blue H USA, Inc.; Cape Wind Association; Grays Harbor
Ocean Energy Company, L.L.C.; PSEG Global, Inc.; and Wind Energy Systems Technology.  The
“PPA” for one offshore wind turbine installation has been signed, and Cape Wind is expected to receive
its final permitting shortly.

DOE’s 2008 plan for producing 20 percent of U.S. electricity from wind by 2030:  In 2008, the
Department of Energy published a new 226-page report, 20% Wind Energy by 2030: Increasing Wind
Energy’s Contribution to U.S. Electricity Supply, available online at <www.20percentwind.org>.  The
report states that, in 2006, the U.S. produced 12 gigawatts of electricity from wind.  At the end of 2008,
the U.S. has roughly 25 gigawatts of installed wind generation capacity.  To reach 20 percent of the
2030 projected electricity demand - which DOE estimates will be 39 percent higher than in 2006 -
would require generation of 305 gigawatts of power from wind.  The DOE model assumes these wind
farms would be spread across the United States, including 54 gigawatts of turbines located offshore. 
The DOE report gives the total potential for wind-generated electricity in the U.S. as 8,000 gigawatts,
assuming all high potential wind sites are utilized with contemporary wind turbines nationwide; the
2030 goal would tap only 3.81 percent of that national capacity.  The DOE report estimates that it will
cost approximately $197 billion in capital costs to build the wind turbines and transmission network to
create a 20 percent wind reality.  The $197 billion in capital costs is largely offset by $155 billion in
savings from decreased fuel expendtures needed to generate the additional 288 gigawatts of electricity
from fuel-fired generating plants instead of wind turbines.  The report concludes that achieving the 20
percent wind scenario by 2030 through this expenditure would add 50 cents per month to the electricity
bill of each U.S. household.  In the process 47,000 wind site construction jobs and 28,000 direct
permanent wind turbine maintenance jobs would be created.  Landowners would benefit from rental
payments of as much as $5,000 per turbine; more if they are allowed to participate in ownership of the
turbines.

As of late 2008, the U.S. wind industry was well ahead of the development pace assumed in the 2008
DOE study.  The rate of annual installations occurring in 2008 would only have to be doubled to
achieve the 16 gigawatts per year installation rate which would meet the DOE scenario by 2022.  The
benefits of achieving the goal of 20 percent of U.S. electricity supply from wind by 2030 include
250,000 new jobs and reduction of carbon dioxide emissions by 825 million tons in 2030

The DOE’s cost-benefit analysis does not ascribe any value to the reduction in greenhouse gases and
other pollutants resulting from generating an additional 288 gigawatts of power from wind rather than
fossil-fuel-burning power plants.  The study also does not examine the relative impact of wind
generation versus fossil-fuel-fired power plant power generation on job creation and other economic
benefits for rural communities.  A number of studies reviewed in this plank have found that wind
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turbine facilities create more high-paying jobs, deliver more wealth effect across rural community
economies, and have more distributed property tax benefits than large centralized coal-fired and other
fossil fuel power plants.  Wind turbines do not confront paying a carbon tax, which the coal power
industry analysts now assume will be imposed on carbon dioxide generators in the near future; e.g.,
Lester R. Brown’s Earth Policy Institute calls for phasing in a $300 per ton carbon emissions tax at $30
per year over ten years, beginning immediately.  Foregone carbon tax easily makes up the remaining
$42 billion between the cost of building 288 gigawatts of wind turbine power capacity and the cost to
the consumer of paying for both fossil fuel to fire fossil-fuel-fired power plants to generate that 288
gigawatts.  If a carbon tax were instituted by 2030, in all likelihood it would be cheaper to the U.S.
electricity consumer to invest $197 billion in building 288 gigawatts of additional wind turbines rather
than spending more than $197 billion on fuel and carbon tax generating those 288 gigawatts with coal.

DOE’s 2009 study of midwest wind energy development economic effects: The U.S. Department of
Energy study found that producing 20 percent of the U.S. energy supply from wind would turn the
nation’s midsection into an electricity exporter, creating roughly 3,000 permanent jobs in each Great
Plains state and many times that number of construction jobs.  In Kansas, for example, the DOE
estimated 3,100 permanent jobs would be created and rental payments of $21 million a year would
accrue to farmers and ranchers.  The income to farmers and ranchers would be higher if they co-
owned the wind turbines on their property. 

Ground lease income to a rancher or farmer hosting a wind turbine site in Wyoming can net $4,000
for every megawatt each year.  For an extremely favorable wind site a section of 640 acres occupied
by wind turbines could net the landowner $55,000.

Beneficial national energy effects also result from manufacture of wind turbines domestically.  For
example, it takes more than 250 tons of steel to make on single 30-meter-hub turbine, a matter of great
interest to the U.S. steel and metalworking industries.

Storing wind energy as hydrogen:  Although wind turbines convert wind to electricity, the electricity can
be used to hydrolize water into oxygen and hydrogen.  The hydrogen can then be transported to a use
site in tanks or pipelines and used as a substitute for fossil fuel.  Hydrogen can power both mobile and
fixed energy generators, and is thus substitutable for petroleum, natural gas, and coal for running
engines and firing boilers and furnaces.  Hydrogen fuel is climate-benign if it is not allowed to leak into
the environment in large quantities.  A group of CalTech scientists recently published a simulation
study which found possible adverse effects on the ozone layer, climate, and soil bacteria if a large
percentage of the hydrogen generated for a “hydrogen economy” escaped into the atmosphere from
leaks.  The scientists favor conversion to a hydrogen economy, but caution against using leaky
distribution and storage.  When hydrogen is burned (oxidized) as fuel, the only combustion product is
water vapor.

The declining cost per kwh of wind energy:  Wind is abundant, inexhaustible, climate-benign, and
clean.  It has no “fuel” cost; the only cost is the capital cost of installing the turbine to harvest it and
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then modest maintainance and operational costs for the turbine during its functional life.  The cost of
wind-generated electricity has dropped from 38 cents a kilowatt-hour (KWH) in 1980 to roughly 4 cents
a KWH today on prime wind sites.  Recently-signed supply contracts for wind-generated electricity in
the U.S. and U.K. are providing electricity at 3 cents per KWH.  The European Wind Energy
Association projects the average cost per KWH will drop to 2.6 cents by 2010 and 2.1 cents by 2020. 
U.S. energy consultant Harry Braun calculated that, if contemporary wind turbines were mass produced
like automobiles, the cost of wind-generated electricity would drop below 2 cents per KWH.  By
contrast, the DOE reports the cost per KWH of new natural gas or coal-fired power plant electricity is
4-6 cents.

A classic study by the Boston Consulting Group found that each time cumulative production of a
manufactured device doubles, production costs fall by between 20 and 30 percent.  The cumulative
production of wind turbines worldwide doubled between mid-2003 and 2007.  Global production of
wind turbines increased 44 percent in 2005 alone.  The economies of scale from increased production of
wind turbines is driving the reduction in cost per kilowatt hour of installed wind turbine capacity.

The problem of intermittency of wind energy:  Critics have pointed to the problem of “intermittency” in
depending on wind generation for national electric energy generation.  At a given site, the wind does
not blow at a high enough velocity to generate power all the time, making energy production by a given
wind farm intermittent.  The times when wind velocity lulls are not at the discretion of the operators,
and may occur at times of peak demand.

The problem of intermittency in wind generation may be minimized by two factors:   First, by locating
wind farms in widely distributed sites (e.g., North Dakota, Kansas, Wyoming, Texas, etc.) linked
through a national energy grid, one lowers the probability that the wind will not be blowing at most
generating sites at a given time.  Second, high-potential wind generation sites are by definition ones
where the wind is blowing at the minimum speed necessary to generate power nearly all the time.  The
scales used to rate site wind generation potential rate a site where the wind is strong part of the time and
still part of the time much lower than a site with the same average wind speed but almost constant
moderate wind velocities.  Some critics of the potential of wind generation as the mainstay national
energy source have incorrectly assumed that average wind velocity is used to rate site potential; the
actual primary rating criterion is the percentage of time wind is blowing at the site at more than 8 miles
per hour.

The problem of intermittency of wind generation, and of solar generation, can be overcome by storing
surplus energy generated by wind in a form which can be used to generate electricity when the wind is
not blowing or the sun is not shining at the energy campus site.  There are two proposals for how to do
this.  Former Oak Ridge National Laboratories Director S. David Freeman proposes in Winning Our
Energy Independence that surplus renewable energy be used to generate hydrogen on site which would
be stored in a tank to burn at night to drive a gas turbine of the type which uses natural gas to generate
electricity.  The authors of an article in Scientific American proposing a concentrating solar generation
system in the southwest which could provide 30 percent of U.S. electricity propose using surplus
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electricity to compress air into underground caverns which could be released at night to drive a turbine,
supplemented with combustion of natural gas as needed.

The problem of impacts of wind turbines on wildlife: In October 2008 the American Wind Wildlife
Institute was launched with representation from nonprofit, governmental and industry sectors.  The
group’s goal is to promote the responsible development of wind energy while ensuring that decisions on
specific projects are based on the best available science about the likely effects on local wildlife and the
options for mitigating these effects. <www.awwi.org>

In general, wind turbine farms utilizing 30-meter and taller hub turbines do not pose any signficant
mortality risk to flying animals in their vicinity.  The blades move slowly enough to be visible to, and
avoidable by, approaching birds.  The exception is in migratory pathways where there are high
concentrations of birds or bats swarming.  In such cases, courts have ordered that permittees identify the
low-risk sites for turbines and confine the turbines to those sites, leaving the righ-risk central flyways
clear of turbines.  For example, in West Virginia in 2009, a federal judge stopped expansion of a wind
farm due to risk to endangered Indiana bats.  Chicago-based invenergy was allowed to finish
construction of 40 turbines on an Appalachian ridge in Greenbrier County, but cannot move forward on
building 122 more turbines in a 23-mile stretch without a special permit from the U.S. Fish and
Wildlife Service approving the siting and design as mitigating the risk of takings of the endangered bat.

A gas well permanently disrupts two to five times as much land as a wind turbine.  Wind power takes
about four times as much land to produce the same amount of electricity as natural gas according to an
August 2009 Nature Conservancy study, but this does not include road infrastructure, only the
wellhead.  Gas fields are much noisier: a single well puts out 50 percent more decibels than a wind
turbine.  Trucks visit gas wellheads as often as every day for maintenance and operations, while wind
turbines may go for weeks or months without visitation by service vehicles.  Thus total land disturbance
and disturbance from noise, air emissions, and traffic to the immediate environment are much less for
wind turbines than for methane gas production fields, and thus impact on wildlife habitat is much less.

The problem of neighbor resistance to wind farms: In 2007, a National Academy of Sciences report
found that wind energy had become “surprisingly controversial.”  Its benefits are regional and global,
but impacts - real or imagined - are local.  There is a proliferation of anti-wind Web sites which
challenge the cost-benefits and reliability of wind energy generation, and complain about deteriorating
views, falling property values, adverse health effects, noise and light pollution, et cetera.  Among the
less hysterical objections to having a wind turbine as a neighbor are: shadow flicker, vibration, noise,
lighted towers at night, and the fear that a turbine blade will break off or fling ice.  Pediatrician Nina
Pierpont is publishing an anecdotal study of 10 families, mostly in the Eastern U.S., who report
suffering dizziness, nausea, insomnia and other ailments after industrial wind turbines were sited near
their homes.  I note that these are all symptoms inducible by fear of nearby turbines.

Dr. Pierpont recommends a one- to two-mile setback between the nearest turbine and an inhabited
residence that’s a non-participant in the wind farm.  Most jurisdictions in the United States require
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1,000-to-1,500-foot setbacks.  Many require a setback of 1.5 times blade height, which is 600 feet with
current 30-meter-hub turbines.  In November 2008, the Washington State Supreme Court overruled
Kittitas County’s denial of a permit to Horizon Wind Energy to build a wind farm because Horizon
could not feasibly provide 2,500 foot setbacks from residences at the site as the local land use code
required.  The court ruled that the setback requirement was arbitrary and unduly restrictive, causing
harm to wind projects.

To deal with Department of Defense concerns about wind turbines interfering with radar and practice
flights from air force bases, in California Kern County has developed a color-coded map system to aid
developers in siting.  Within a red zone, the DoD has to sign off on any turbine over 80 feet tall; in a
yellow area towers over 500 feet require sign-off, and in uncolored areas there are no height limits.

A.  Domestic “wind farm” developments:  

California: Tehachapi Mountains: The Tehachapi Mountain wind farm is being expanded to
4,500 megawatts.

Delaware: An offshore wind farm of 600 megawatts is planned as of 2009, equal to half of the
state’s current electricity consumption

Kansas: with Oklahoma, is looking to build a transmission line to the east coast to export wind-
generated electricity from the states’ rich resource.

Massachusetts:  Cape Wind:  Cape Wind is a proposed wind power facility to be located five
miles off the coast of Cape Cod, Massachusetts.  It has been opposed by people concerned with the
impact of the wind farm on views, property values, and migrating birds.  The U.S. Army Corps of
Engineers was asked to do an Environmental Impact Statement to address alleged environmental
impacts.  The draft 3,800-page EIS was released in November, 2004, representing three years’ work by
17 federal and state agencies.  The EIS concluded that Cape Wind would create significant economic,
public health, and environmental benefits, and that the majorty of potential negative consequences
would be minor and mitigated.  As the first offshore wind power facility in the United States, Cape
Wind sets an important precedent for siting similar facilities.  The opposition viewpoint was expressed
by Richard Barth: “Imagine a 410-foot tower (the size of a 40-story building) with three 100-foot blades
rotating at almost 200 mph that sound like a loud washing machine in your front yard.  Now imagine 60
of these machines within a few square miles of relatively heavily populated, pristine dairy country in the
eastern migratory flyway of the United States.  Wind power is not the magic bullet many hope will slay
the energy dragon.”

Missouri:  Rock Port, population 1,403, became the first 100-percent wind-powered city in the
U.S. in 2008 with the establishment of the Loess Hill Wind Farm that has four 1.25 megawatt turbines. 
The turbines are projected to generate 16 gigawatt hours of electricity annually, which is beyond the 13
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gigawatts the town consumes each year.  John Deere Wind Energy played a role in financing the
project.

New Jersey: Garden State Offshore Energy, a joint venture between PSEG Renewable
Generation and Deepwater Wind, is developing a 350 megawatt wind farm approximately 20 miles off
the southern coast of New Jersey.

New Mexico: Aragonne Mesa Wind Farm contains 90 1 MW wind turbines on top of the
Aragonne Mesa in eastern NM.

New York: Maple Ridge:  In New York, the Maple Ridge wind farm was dedicated in 2006,
making New York State home to the largest wind power operation east of the Mississippi.  The farm is
fruit of New York’s state utility commission adopting a requirement that 25 percent of the state’s
energy come from renewable sources by 2013.

New York has 700 megawatts of wind-generating capacity on-line as of 2009, with another 8,000 to be
added, most of it generated by winds coming off Lake Erie and Lake Ontario.

Ohio: The Great Lakes Energy Development Task Force of Cleveland, Ohio, recently completed
a feasibility study for a demonstration offshore wind generator in Lake Erie, as a precursor to
developing an offshore wind energy system in the Great Lakes.

Oregon:  Columbia River Gorge: The Oregon state panel has approved a 909 megawatt wind
farm to be located in the Columbia River Gorge.  The construction phase of the project is projected to
employ 300 people, with 25 full-time jobs created to operate the facility when on line.

South Dakota: Titan Wind Farm: The 5,050 megawatt Titan Wind Farm is being built in eastern
South Dakota by Clipper Windpower and BP.  The project will generate five times more electricity than
the state’s residents currently use.  The project includes building a transmission line across an
abandoned rail line across Iowa to feed electricity into Illinois and the nation’s industrial heartland.

Texas: Galveston-Offshore Wind: The W.E.S.T. Company has acquired five leases in Texas
territorial waters, one directly off Galveston, where they plan to build offshore wind farms.

Texas: Llano Estacado Wind Ranch: located near White Deer, Texas in the panhandle, has 80
wind turbines with towers 226 feet tall, with three blade rotors sweeping 180 feet, with a nameplate
generating capacity of 80 megawatts.  The farm occupies 5760 acres, but each turbine only occupies a
footprint of 300 square feet, with the area between these footprints used for agriculture.  The
maximum speed of rotation of the wind rotors on the turbines is 21 revolutions per minute.  The
wind ranch is operated by Cielo Wind and Power.
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Texas:  Pampa Wind Project: Billionaire T. Boone Pickens’ renewable energy company Mesa
Power has ordered 667 1,000 megawatt wind turbines from General Electric to install in their Pampa
Wind Project in the Texas panhandle.  The Pampa Wind Project is to be installed in four phases; the
first is $2 billion.  When completed in 2014, the Pampas Wind farm will have five times the capacity
of the nation’s largest wind project as of 2008, which has a capacity of 736 megawatts.

As of 2009, Texas has nearly 6,000 megawatts of wind-generating capacity online and 39,000
megawatts in the construction and planning stages.  45,000 megawatts of wind-generating capacity, the
equivalent of 45 coal-fired power plants, exceeds Texas customers’ electricity use, so export of wind-
generated electric power to Louisiana and Mississippi is expected.

Utah:  Milford Wind Corridor Project: A $400 million 203.5 megawatt wild facility is being
built in the Milford valley of Beaver County, extending north into Millard County with construction
commencing in October of 2008, by First Wind, LLC, of San Diego.  The wind power generated from
97 turbines (58 Clipper Liberty 2.5 MW with 130-foot blades and 39 GE 1.5 MW with 90-foot blades)
would be transmitted to the Intermountain Power Project substation in Delta, which supplies power to
the Southern California Public Power Authority.  The project includes installation of four permanent
meteorological towers and a 34.5 kilovolt underground collection system linking the turbines and the
facility collector substation.  The BLM held hearings on its DEIS finding No Significant Impact on the
environment from the project in mid-September, 2008, and received no negative feedback on issuance
of the construction permits; this is the first wind project permitted under the BLM Wind Energy
Programmatic Environmental Impact Statement for western U.S. states.  The project includes
construction of a 300 MW transmission line from the wind farm 85 miles to the Delta transmission line
hub.  The project is projected to provide 225 construction and 15 full-time jobs and to generate $1
million in tax revenues per year to the local tax base.  As of 2009 the project, now a 97-turbine, 203-
megawatt wind farm located about 10 miles northeast of Milford, Utah, is in full-field construction
phase.

Utah:  Spanish Fork Canyon: Nine 2.1 megawatt Suzlon turbines are being installed at the
mouth of Spanish Fork Canyon south of Springville, Utah.  The 18.9 MW of installed wind capacity is
expected to be operational by summer 2008.  Rocky Mountain Power will purchase the output from the
turbines for its Blue Sky renewables program.

Just before passage of the 2006 Department of Defense spending bill in January, 2006, Senator John
Warner (R-Va) added an amendment requiring a study of the effect of wind turbines on military radar. 
While it was being completed, the Federal Aviation Administration send “notices of perceived hazard”
to applicants for new wind turbines, effectively shutting down the permitting process for 16 new wind
power campuses.  In June, 2006, the Sierra Club sued the DOD after it missed a deadline to complete
the report; the report was finally released in September.  It maintains that turbines can sometimes
interfere with radar, and applications for projects need to be evaluated on a case-by-case basis for such
interference potential.  The need for the study was not clear: many military installations with radar
already have wind turbines next to them, and the U.S. Navy erected four turbines at Guantanamo Bay
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next to their radar facility.  The British military researched the issue and found that wind power “isn’t a
problem for the air defense community.”  The motive for Warner’s amendment appears to lie in his
long-standing opposition to the Cape Wind project at Cape Cod where both his daughters own property
and object to the turbines being erected in their viewshed.

Resistance to offshore wind farms in the U.S. on environmental grounds ignores the positive evaluation
by the International Advisory Panel of Experts on Marine Ecology, and now the Danish energy and
environmental agencies (see below), which find no adverse environmental impacts from wind farm
operation after eight years’ study.

Utah:  Wasatch Wind, Harmony Mountains, Iron County: west of Cedar City

Western Region: Rocky Mountain Power: Rocky Mountain Power offers its customers the
“Blue Sky” program in which customers can pay a surcharge premium of $5.00 for a “block” of 

West Virginia, Coal River Mountain: Seeking to rescind Massey Energy’s blasting permits to
remove the top of Coal River Mountain to mine coal, the Coal River Wind Project
<www.coalriverwind.org> commissioned an economic study of the costs and benefits to using Coal
River Mountain as a wind farm site instead.  The Downsteam Strategies, LLC
<www.downstreamstrategies.org> report found that annual county tax revenues from the wind farm
would be nearly 50 times greater than the coal severance taxes that Raleigh County would receive from
the Coal River Mountain mountaintop removal coal production.  In addition, the Downstream
Strategies report compares the direct economic costs and benefits of wind turbine electricity production
versus mountaintop coal production, including the health and environmental costs of mountaintop
removal coal production on nearby communities.  The study even includes an analysis of what would
happen if a wind turbine manufacturing plant was sited in Raleigh County to supply turbines to
numerous favorable wind sites in West Virginia.

Wyoming: Colorado billionaire Philip Anschutz is developing a 2,000-megawatt wind farm in
south central Wyoming.  He secured the rights to build at 900-mile high-voltage power line to
California which can carry power from additional Wyoming wind farms to this market.  Another
transmission line under development will run north-south, linking eastern Wyoming wind farms with
the Colorado markets in Fort Collins, Denver, and Colorado Springs.

B.  Wind power from residential installations: Southwest Windpower company of Arizona won a
2006 Best of What’s New Award from Popular Science for its Skystream 3.7 wind turbine.  The turbine
was developed in collaboration with the U.S. Department of Energy’s National Renewable Energy
Laboratory.  The Skystream is reportedly the first compact, user-friendly wind generator which has
built-in controls and inverter that is designed to provide grid-intertie electricity at low wind speeds. 
The built-in controller and inverter feed 120 volt AC to the house when the turbine is running,
displacing utility electricity proportional to load and the turbine’s output.  If the turbine produces more
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electricity than the house is using at the time, it feeds the excess electricity back into the power grid for
the utility to buy. <www.skystreamenergy.com>

C.  Wind power from tethered kite turbines: One concept for realizing near-constant wind power
generation is to float an inflatable kite-like device upwards of 600 feet to capture wind at this greater
height where wind is stronger and more constant.

D.  Wind power from vertical axis monopole turbines: Mariah Power <mariahpower.com> is now
shipping its WindSpire 1.2 kilowatt vertical axis wind turbine.  The unit is 30 feet tall and two feet
wide.  The unit begins generating power at 8 mph wind speed and will withstand winds up to 100 mph
without damage.  It has a low tip speed ratio: the three vertical blades only move about 2-3 times faster
than the wind and are thus almost silent.  The WindSpire is sold as a kit, which includes the rotor,
generator, an inverter, the hinged monopole, 100 feet of wiring for house connection, a five-year
warranty against more than 5% loss of generation efficiency, and a wireless modem which transmits
generation information to a home computer.  The kit price is $4,995, FOB Reno, Nevada.  The only
item provided by the buyer is the concrete foundation into which the monopole is set.  It is designed to
plug into an outlet or be hard-wired into the home electrical system; the internal modem produces 120
volt alternating current synchronized with grid power.

The company produced 30 units sold to customers in July and has 30 more to be produced in August,
2008.  It has a backlog of 2,500 orders as of August 3, 2008.  The company is planning to build a larger
facility in Youngstown, Ohio, which will produce 18,000 units the first year, contingent on gaining $7-
10 million in financing now  in the works.  Ted Batchman of the renewable energy engineering program
at the University of Nevada’s Reno Redfield campus is using the turbine to teach engineering students,
and is also working with Atairnano Reno to develop a super-lithium battery to store wind power, and
couple the wind turbine with solar generation to create a renewables-powered charging station for
electric vehicles.

A WindSpire turbine is on display at the U.S. Botanic Gardens in Washington, D.C. from May to
October of 2008.

E.  Wind power from Maglev vertical-axis turbines: The Maglev wind turbine design was introduced
recently in a wind turbine show in China.  The turbine looks like a rectangular lampshade with vanes
running down the sides, connected to a bulbous hub on the top center.  The vanes and their hub are
suspended from direct contact with the rotor column in the center by permanent magnets.  There is no
power required to maintain the frictionless suspension of the moving parts of the turbine.  Zhongke
Hengyuan Energy Technologies is reportedly investing 400 million yuan to build a factory to make
units of 400-5000 watts capacity in China.  A firm in Arizona, Maglev Wind Turbine Technologies, has
licensed rights to manufacture Maglev wind turbines in the United States and projects they can achieve
generating costs of less than one cent per kilowatt hour with the units.  The proponents of the
technology claim that the wind turbines begin generating power at a wind speed of 1.5 meters a second
and operate in winds up to 40 meters a second velocity, generating 20 percent more power at a given
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wind site than any existing turbine design.  The estimate operating costs 50 percent lower than other
turbine designs and a possible turbine operating life of 500 years.  They have designed units up to one
gigawatt power capacity; the one gigawatt unit on a 100-acre site would generate as much power as
1000 standard turbines on 64,000 acres, they claim.  [Reported in architectural magazine
<www.inhabitat.com>]

F.  Wind power from FloDesign “jet engine” turbines: The FloDesign wind turbine has a rotor in the
center which looks like the intake of a jet engine.  The short blades are fastened to the hub in the center,
and to a ring on the outside circumference - a “hoop rotor.”  The rotor is mounted inside a cowling
which slopes back from the rotor opening to a series of openings around the cowl, with a vertical face
going to the larger diameter cowling behind the openings.  A fin stands on this largest-diameter cowl
portion, acting as a wind vane to face the turbine into the wind.  The electric generator is direct-
mounted on the rotor shaft behind the rotor; there is no transmission or other moving parts.  The turbine
is about four times as efficient at capturing energy from the wind as the propeller-type wind turbine, the
current generation of which has three blades 170 feet long which are fragile, driving a shaft at low prop
speed which then steps up the speed of rotation through a transmission to drive the electrical generator.

The reason for the efficiency lies in the inventor’s observation that the prop-type wind turbine
represents a barrier to wind movement.  Part of the wind energy goes through the propeller blades,
causing them to turn, but half the wind energy is deflected around the tips of the blades.  The FloDesign
cowl and intakes are designed so that this deflected wind energy flows into the openings outside and
back of the rotor.  The wind then hits a set of stators inside the cowl, which cause this wind energy to
join with the wind coming through the rotor blades into a “rapid mixing vortex.”  In technospeak, the
FloDesign turbine uses “axial vorticity” - it is an Archimedes screw for air.  The vortex immediately
behind the rotor creates a vacuum which pulls air through the rotor, thus transferring to the rotor the
energy of the wind which was originally deflected around the rotor blades.

Because the axial turbulence from the rotor is captured within the turbine, the turbines can be spaced
three times closer together than traditional propeller-type wind turbines which must be ten times their
rotor circumference apart to avoid energy loss due to turbulence from the neighboring turbine’s blades. 
Because of the design, the FloDesign turbine starts generating power at only 4 mph wind speed, and is
untroubled by hurricane-force winds because the hoop rotor, like a jet engine compressor turbine, can
spin at thousands of revolutions per minute without distress.  And, the FloDesign turbine is designed to
be shipped disassembled in one standard 18-wheeler freight truck instead of requiring specialized
transport like conventional wind turbines do.

The Massachusetts Technology Collaborative has invested $500,000 in FloDesign, reportedly to fund
building a commercial-scale prototype towards producing FloDesign turbines for commercial
installation.  A video by FloDesign and third-party review of the technology can be found at
<www.ecogeek.org/content/view/1476/86>.
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G  Wind power from freeway traffic capture: Students in a contest designed a wind turbine system
mounted on the existing arches that are used to support highway signs over freeways.  Over the fast lane
in each direction, there is a horizontally-mounted eggbeater-like set of three twisted blades, which are
moved by the wind generated from cars passing beneath.  Each turbine is estimated to generate 9,600
kwh a year. [Reported in architectural magazine <www.inhabitat.com>]

H.  Wind power from “windbelts”: The windbelt is a piece of Mylar-coated taffeta that flutters in the
breeze.  Its principle is “aeroelastic flutter,” the same force that makes straps flutter on a speeding truck. 
A meter-long belt or two generates enough power to light a room.

I. Economic impact of wind turbine ownership: According to a Government Accountability Office
report, locally-owned wind turbines in Minnesota generate five times more economic impact to the state
economy than out-of-state-owned wind turbine units.

The U.S. Department of Energy’s “Small Wind Electric Systems” is available at
<www.eere.energy.gov/regions> and Windustry of Minneapolis, NM can be contacted through
<www.windustry.org>.  The Iowa energy site has wind turbine performance comparison and cost data
<www.energy.iastate.edu>.  The Nebraska Energy Office has a Wind Resource site,
<www.neo.ne.gov/renew/wind-renewables.htm>.  The DOE’s Wind Powering America site is
<www.eere.energy.gov/windandhydro/windpoweringamerica>.

H.R. 1424, The Emergency Economic Stabilization Act of 2008 (the financial institutions “bailout”
package or T.A.R.P. bill) extended and stabilized the federal investment tax credit for small wind
turbine system for the next eight years.  Starting immediately, a tax credit of 30 percent - not to exceed
$4,000 - is available for new owners of small wind systems, defined as units of 100 kilowatts of
capacity or less.  The tax credit for turbines designed for home use is limited to the lesser of $4,000 or
$1,000 per kilowatt of installed capacity.  H.R. 1424 also contained a one-year extension of the current
Production Tax Credit provisions for utility-scale units.

Kern County, California, projects that wind turbine development there will be worth $4.5 billion within
the next 10 years, producing $45 million in new property tax assessments to the county.

J.  “Mainstreaming” of the financing of wind turbine energy production facilities:  The agenda for
the Wind Power Development Tutorial being offered July 8-10, 2009 in San Diego, CA ($1,495
registration fee), illustrates the maturity of the wind farm development process: design, financing,
permitting, and marketing.  The titles of the tutorial workshops tell the story:
• How New Federal Support Changes Wind Development and Finance: analyzes the American

Recovery and Reinvestment Act (ARRA - the $787 billion “stimulus package”) and pending
energy policy legislation impacts on project financeability and permitting, site acquisition, and
transmission interconnection.

• Wind Power Business Models: Deal Structures, Economics and Overview of Wind Power
Project Financing: sample project pro formas for wind power projects illustrating the key
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economic factors given a range of financing structures including use of DOE loan guarantees
and debt vs. equity financing.  Emphasizes how to create a sound legal structure of contracts
for financing a wind project.

• Wind and Project Performance Risk Assessment: assessing variability, shear and turbulence
characteristics of the wind resource; assessing how to maximize access to the wind resource
on the site; and estimating gross and net energy production and the uncertainty factor for
energy production from the wind farm.

• Turbine Selection
• Financing the Purchase of Wind Turbine Generators
• Successfully Permitting Wind Energy Facilities
• Transmission Access and Interconnection Related Issues
• Pricing Strategies and Negotiating Power Purchase Agreements
• Estimating Costs: capital and operational costs and “feasibility” - revenue, IRR, and cost of

funds
• Tools and Techniques for Asset Valuation of Wind Plants
• Wind Development Case Study One: 800 MW Cross Timbers Wind Farm Development (West

Texas)
• Wind Development Case Study Two: 103 MW Hatchet Ridge Wind Project
• Structuring and Financing a Wind Project After the Stimulus Bill
• Panel Discussion: The Evolution of Wind Project Finance: ARRA Provisions, Risk Stuctures, and

Financing Vehicles

What I see in these workshops is the mainstreaming of renewable energy projects to provide
acceptable analysis of risk and the financial transparency necessary to attract capital investment from
investment banks and other mainstream capital investors, instead of renewable energy projects
being the province of high-risk private venture capitalists and hedge funds.  Investments seen as high
risk demand high rates of return for their capital.  Mainstreaming the finance of renewable energy
projects as low risk enterprises will both massively increase the amount of capital available to
construct renewable energy production facilities, and will lower the cost of that capital, thus lowering
the overhead costs of renewable energy projects and thus the break-even point where energy sales
cover that overhead and the project starts producing a net profit from its operations.

Section 2: The International Initiative to Develop Wind Energy

In a joint assessment of global wind resources called Wind Force 12, the European Wind Energy
Association and Greenpeace concluded that development of an average of 10% of the world’s windy
land areas with current wind turbine technology could produce twice the projected world electricity
demand as of 2020.  The report noted that a number of the best wind sites are sparsely populated - the
Great Plains of North America, northwest China, eastern Siberia, and the Patagonian region of
Argentina - allowing far more than 10% coverage of land areas by turbines, whose base footprint takes
only about 5% of wind farm land area out of crop or pasture production.  The report did not assess the
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huge offshore wind site potential which is currently the main focus of development by European
countries.  It seems that wind power could satisfy total world energy needs given this potential. 
Renewable energy system planners propose wind power as the generating source for grid electricity and
hydrogen fuel, with solar cells used to power off-grid electric applications.

Denmark leads the world in the share of its electricity from wind: 20%.  It is also the world’s leading
manufacturer and exporter of wind turbines.  In December, 2006, the Danish energy and environmental
agencies reported the results of their eight-year study of the Horns Rev and Nysted offshore wind
farms’ impacts on the aquatic ecosystem including birds, fish, seals and life found on the seabed.  The
study found the projects “operate in harmony with the surrounding environment,” and the Danish
government announced plans to double the size of both wind farms.  Denmark expects to increase the
share of renewable energy in the national energy portfolio to 50 percent by 2025, with the majority from
wind turbines.

At 12,000 megawatts Germany had the world’s greatest wind-generation capacity as of 2003.  By the
end of 2003 Germany surpassed its goal of 12,500 megawatts of wind-generation capacity it had
planned to reach by 2010.  For Germany and other European countries, development of wind power is a
national priority in order to meet national carbon emission reduction goals.  Germany’s goal is to reduce
its carbon emissions 40% by 2020.

The United Kingdom accepted bids for sites to develop 1,500 megawatts in April, 2001, and an
additional 7,000 megawatts of wind-generating capacity in December, 2003. $15 billion will be
invested in these wind farms off the east and northwest coasts of England, the north coast of Wales, and
in the shallow waters of the Thames estuary.  When built, one-sixth of residential electricity in the U.K.
will be generated by wind.  The 1,000 megawatt London Array will supply a quarter of London’s
energy needs, and cost $2.7 billion to install - almost the same as the cost the nuclear energy industry
claims each 1,000 megawatt nuclear reactor would cost in the U.S. with a non-existent “standardized
design” (actual costs always come in far higher for nuclear plants built here), without any of the nuclear
waste stream costs or problems.  As of 2009 the U.K. leads the world in installed wind turbine capacity. 
The U.K. government states the offshore wind power potential of the country is sufficient to meet the
nation’s total electricity needs.  The French are developing 4,000 megawatts of wind production
capacity, following major investments by the Netherlands and Belgium.

Spain, with Germany and Denmark, is one of the three largest producers of wind power in the 27-nation
European Union.  In early April, 2008, on a windy weekend Spanish wind parks generated 9,862
megawatts of power or 40.8 of Spanish consumption at the time.  Between Friday and Sunday on the
weekend wind power accounted for 28 percent of all electricity delivered in Spain.  Spain’s installed
wind power generation capacity equaled that of hydropower for the first time in 2007.  Nine percent of
total Spanish power production was from wind in the first nine months of 2009, going up to 14 percent
in October 2009.  In July, 2007, the Spanish government approved legislation that will allow offshore
wind parks to be set up along Spain’s extensive coastline to take advantage of stronger, steadier breezes
there.
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Overall Europe’s wind-generating capacity is planned to expand from 28,400 megawatts in 2003 to
75,000 megawatts in 2010 and 180,000 megawatts in 2020.  By 2020 wind energy will be satisfying the
electrical needs of 195 million Europeans, half the European Economic Union’s total population.  A
2004 assessment of Europe’s offshore wind-generation capacity by Garrad Hassan wind energy
consulting group concluded that aggressive development of vast offshore resources could supply all of
Europe’s residential electricity needs by 2020.

In fact, global wind electricity-generating capacity increased by 24 percent in 2005 to 59,100
megawatts.  In 1995, world wind-generating capacity stood at less than 5,000 megawatts.  Wind is the
fastest-growing energy source with an average annual growth rate of 29 percent from 1995 to 2005.  In
the same ten years, coal use grew 2.5 percent, nuclear power by 1.8 percent, natural gas by 2.5 percent,
and oil by 1.7 percent average per year.

Section 3: Carbon Offsets from Wind Generation of Electricity

The current U.S. electricity generation portfolio (50% coal, 20% nuclear, most of the rest natural gas)
generates 160 million tons of carbon dioxide for each gigawatt-hour of electricity generated. 
According to the National Renewable Energy Laboratory, coal-fired power plants have a duty of 72
percent, while wind has a duty of 36 percent.  Thus, for each 10,000 kilowatts of installed generating
nameplate capacity, wind turbines will offset:

Carbon dioxide = 120 metric tons
Nitrous oxide = 2 million kilograms
Sulfur dioxides = 5.5 million kilograms

The American Solar Energy Society’s 2007 Tackling Climate Change in the U.S. calculates that 860
terawatt hours of electricity per year from wind energy can be on-line in the U.S. energy grid by 2030. 
Generating this amount of power from wind would prevent release of 181 million Tons of carbon
dioxide into the atmosphere in a year from the current U.S. energy portfolio, or 21,146 Tons of
carbon dioxide per year for every terawatt of wind electricity produced.
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Chapter 3: Electricity Generation from Open Water

(Revised 11 Oct 09)

Section 1: Electricity Generation Using Helical Turbines in Open Water

Alexander Gorlov’s patented “Gorlov Helical Turbine” received the 2001 Thomas A. Edison Patent
Award, given each year by the American Society of Mechanical Engineers.  The Society hailed the
potential of the Gorlov turbine to “alleviate the world-wide crisis in energy.”  Gorlov’s turbine design
is based on the 1931 invention of a turbine whose blades were modeled after the wings of birds by
French engineer George Jean-Marie Darrieus.  This permitted the blades to turn faster than the wind or
water striking them.  Darrieus’ invention suffered from vibration which destroyed his turbines; Gorlov
twisted the blades a bit like a strand of DNA, eliminating the vibration.  The twist also improved the
capacity of the turbine to spin in water; when put into a current of water it starts spinning instantly and
within seconds is turning faster than the current of water hitting it.  Gorlov received his first patent for
his helical turbine in 1994.  In 1998-99 studies at the Marine Hydrodynamics Laboratories at the
University of Michigan found the Gorlov Helical Turbine will generate in water moving as slowly as
two knots and captures about 35 percent of the kinetic energy of the current.

Gorlov’s Helical Turbine can harness the kinetic energy of slow-moving currents in open water.  It
does not require a dam; some refer to this form of electric generation as “free-flow hydropower.”  The
Gorlov turbine looks like an oversized eggbeater: a “cross-flow” turbine.  (The type of turbine used in
wind installations that looks like a boat propeller is an “axial flow” turbine.)  Unlike axial-flow
turbines, a cross-flow turbine can be mounted either horizontally or vertically, stacked in rows like
spools on a string, in as little as three feet of water.  Cross-flow  turbines will turn equally well in
current flows from any direction, making them ideal for tidal current hydropower.  The capacity of a
water turbine to generate electricity is due to the fact that water is some 850 times denser than air;
wind turbines work best in humid conditions for this reason.  William Taylor of Verdant Power in
Virginia estimates that helical turbine installations will ultimately deliver hydropower for $1,500 per
kilowatt, about the same price as current Danish wind turbines.

Seawater is about 800 times as dense per unit of volume as air, so even slow velocities of moving
water contain enormous amounts of energy relative to wind.

According to the United Kingdom’s Department of Trade and Industry, global potential for power
generation from ocean currents is 3,000 gigawatts, of which 90 gigawatts is economically recoverable
using current technologies.  The currents flowing through San Francisco’s Golden Gate could produce
2 gigawatts per day, more than twice what the city consumes at times of peak demand.  In September,
2003, the first commercial free-flow ocean turbine began operation in Hammerfest, Norway.  The
United Kingdom has plans for many installations, and is currently installing its first free-flow turbine
complex at Devon.  On March 19, 2002, the Korean Ocean Research and Development Institute
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lowered its first experimental Gorlov turbine into the Uldolmok Strait between the Korean Peninsula
and Jindo Island, which has tidal currents of 12 knots.  In the fall of 2004, South Korea installed a
second 15-foot Gorlov turbine, with the goal of generating 1,000 kilowatts of power for the 40,000
people of Jindo Island.  If these installations go well, the Koran government plans thousands of ocean
Gorlov turbine installations to harvest 3,600 megawatts of power - the equivalent to the output of four
nuclear power plants.

In a report issued in April, 2003, the U.S. Department of Energy assessed the amount of electricity that
turbines could generate from America’s rivers and streams.  Excluding waters running through
national parks and other off-limits sites like wilderness, the DOE estimated 170 gigawatts capacity,
more than four times the average amount now generated per year by all U.S. hydroelectric facilities. 
Not all that 170 gigawatts would be economically recoverable.  Verdant Power is currently installing
six Gorlov turbines in New York City’s East River.

Gorlov insists his turbines generate a pressure barrier which will repel fish from being caught and
killed in his turbine blades, but this has not been proven.  Monitoring of a single Gorlov turbine in a
freshwater stream showed fish swimming around it rather than being sucked into it.  No one has
evaluated what happens when fish encounter a field of spinning Gorlov turbines.

The commercial future of Gorlov Helical Turbines will also depend on what these pioneering
installations experience by way of maintenance and interruptions in service due to damage.  The
underwater environment is harsh, full of sediments, corrosive agents, and debris.  Joseph Sayer, project
manager at the New York State Energy Research and Development Association, asks: “What happens
if there’s a storm?  What about a log?”

In November, 2006, Crest Energy, Ltd., applied to build a 200-megawatt tidal power plant just north of
Auckland in the mouth of Kaipara Harbour.  The generating facility would consist of 200 marine
turbines on two 20-mile DC cables, sited 15 feet below the ocean surface - the harbour has no
commercial ship traffic.  The facility would generate power from the four tides each day, with eight
hours of non-generation.  The DC turbines (selected because high-voltage DC produces 5 percent of
the electromagnetic emissions of AC, which minimizes disturbance to sea creatures) will feed by cable
to a DC-AC converter and substation on land at the Hoteo River.  When completed in 2011, the $400
million project would generate 4 percent of New Zealand’s annual energy supply.

The Electric Power Research Institute estimates that U.S. near-shore wave resources alone could
generate some 2.3 trillion kWh of electricity annually, or more than eight times the yearly output from
U.S. hydropower dams.  The Institute predicts that electricity generation from wave power will be
economically feasible in the near future.  Ocean Power Technologies, the world’s first publically-
traded open-water hydropower company, projects total costs of production will be 3-4 cents per kWh
for its planned 100 Megawatt open-water wave power systems.
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In Florida, six ocean power projects using turbines to capture energy from the strong currents along
Florida’s long coastline are now being planned.

Another approach to capturing the kinetic energy of ocean water: in Hawaii, a power generator uses a
pump driven by the bobbing motion of waves.  This demonstration system has not been expanded to
commercial scale yet.

Section 2: Ocean Thermal Energy Generation

In Hawaii, researchers have used the large difference in temperature between cold, deep water and
warm surface water to generate electricity in a demonstration project; a second facility is operating in
Japan.  These systems ha not been upsized for commercial application yet.  Warm water vaporizes a
working fluid, which expands through a turbine and is then condensed by the cold water.  In the
tropics, the required temperature difference between surface and deep waters is nearly constant, so
Ocean Thermal Energy Conversion plants can theoretically provide base-load power.

Section 3: Acceleration Tube Energy Generation from Ocean Waves

Alla Weinstein’s start-up company proposes mooring a cluster of buoys to the seafloor three miles
offshore in Washington State’s Makah Bay.  Suspended from each buoy would be an 80-foot steel
cylinder, an “acceleration tube” open at both ends.  Two hose pumps inside the cylinder contract with
wave pulses like a cow’s udder, pumping water at high pressure into a turbine which drives an
electrical generator.  The company has the nation’s first preliminary permit for an off-shore energy
wave plant.  Their proposed 80 MW plant would occupy only a tiny portion of the bay.

A second type of generating device uses a floating buoy or hinged-raft that converts the movement of
waves into movement of pistons that pump fluid through hydraulic motors.

Oscillating water column devices use the up-and-down motion of the water surface in a “capture
chamber” to alternatively force air in and out through a pneumatic turbine.

Only a few prototype wave energy devices of the above types have been demonstrated in the ocean for
more than a few months, principally in Europe and Japan.  Wave energy devices have their greatest
grid contribution potential just offshore of large urban centers at the edge of the sea.

Section 4: Rocker-Arm and Piston Ocean Wave Generation

In the Union of Concerned Scientists’ Spring 2009 Catalyst, Philip R. Pryde asks about the feasibility
of using existing oil rigs in the ocean as platforms for rocker-arm and piston wave-generation energy
installations.  John Rogers, Senior energy analyst of the UCS Clean Energy Program, replies that
Roger Bedard, an expert in wave energy technology with the Electric Power Research Institute in Palo
Alto, CA, believes using some offshore oil rigs for wave power generation platforms is possible.  Most
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U.S. oil rigs are located in waters not suited to power generation.  However, Bedard says Platform
Irene, off the coast of Santa Barbara, CA, is located in ideal wave-generating waters and has an
underwater electrical transmission cable connecting to an onshore electrical substation.

Section 5: Carbon Offsets from Open Water Electricity Generation

The current U.S. electricity generation portfolio (50% coal, 20% nuclear, most of the rest natural gas)
generates 160 million tons of carbon dioxide for each gigawatt-hour of electricity generated. 
According to the National Renewable Energy Laboratory, coal-fired power plants have a duty of 72
percent.  Open water turbine technologies have varying duties (percentage of the time they generate
electricity), so a summary offset estimate cannot be made for this renewable electricity source class as
a whole.  If a given water turbine installation has a duty of 72 percent or greater, then for each 10,000
kilowatts of installed generating nameplate capacity, the water turbine will offset:

Carbon dioxide = 240 metric tons
Nitrous oxide = 4 million kilograms
Sulfur dioxides = 11 million kilograms

If the water turbine has a duty lower than 72 percent, divide the duty by 72 and multiply the percent
times the above figures to calculate offset of pollutant gases emitted.

Section 6: Hydroelectric Generation from Water Impoundments

Fresh-water systems:  As of 2006, hydropower generated from dam impoundments provided
about one fifth of the global electricity supply and about 7 percent of U.S. power.  In 2004,
hydropower generated 270 billion Kilowatt hours of electricity in the U.S., a figure which has been
relatively constant for three decades.

Impoundment-based hydropower has a relatively long project life.  Turbines and associated generating
equipment lasts 20-30 years and the concrete civil works of the dam can last a century or more - often
longer than it requires to fill up the impoundment with silt.  The U.S. Department of Energy calculates
that 21,000 Megawatts of hydropower capacity could be added to existing impoundments in the U.S.
by upgrading existing generating equipment or installing generators on dams that do not have them. 
Of the 80,000-some dams in the U.S., only 3 percent are used to generate electricity.

Tidal systems: Existing tidal power technologies capture high tide water inside a bay or
estuary.  When the ocean level outside the dam has fallen enough to create a substantial pressure
difference, the trapped water is released through conventional hydroelectric turbines.  Plants of this
sort have been operating for decades in Canada, China, Russia and France, where the largest such
system of 240 Megawatts capacity is operating.

References:
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National Hydropower Association <www.hydro.org>

Ocean Energy Resources <www.his.com/~israel/loce/ocean.html>
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Chapter 4: Solar Energy Capture

(Revised 06 Mar 10)

“I’d put my money on the sun and solar energy.  What a source of power!  I hope we don’t have to wait
until oil and coal run out before we tackle that.”  -Thomas Edison, 1931

The potential for solar energy generation in the U.S. is tremendous (see solar photovoltaic and solar
concentrating electric sections below for generation capacity estimates by type of solar capture
technology).  According to the National Renewable Energy Laboratory (NREL), the solar resource of
Alaska is equivalent to that of Germany, which is the largest installed solar market in the world today
with 40 percent of world installed solar capacity.  The solar resource in Maine for photovoltaic
electrical generation is about 75 percent of that in Los Angeles.  Worldwide, scientists estimate that
600 terawatts of solar energy could be captured worldwide through passive solar heating and cooling
of buildings, solar hot water heating, and solar electricity generation.

Faced with a surge of applications for location of solar power plants on public lands, the BLM
announced in June 2008 it was putting a moratorium on accepting new applications until it does an
Environmental Impact Statement on the effect of such facilities on millions of acres it oversees in the
six Western states of Arizona, California, Colorado, Nevada, New Mexico and Utah.  The BLM says it
will continue work on the 130+ applications for solar power plant siting on public lands already
received from 2005 until May 29, 2008.  These applications involve more than one million acres of
solar plant footprint.

Much of the 119 million acres the BLM oversees in these six Western states shows as having high
solar energy production potential on the DOE’s maps.  All the proposed plants in the 130+
applications are either concentrating solar or photovoltaic solar facilities which would sell electricity
generated from the sun to utilities.

Section 1: Photovoltaic Electricity Generation

Solar Cell Energy-Generation Potential: The International Energy Agency calculates that installing
very large scale solar photovoltaic systems on 4 percent of the world’s desert land areas would
generate enough electricity annually to meet world energy demand.  According to the U.S. Department
of Energy’s 2007 Annual Energy Review, mounting solar photovoltaic panels on half of the U.S.’s
suitable rooftop area could provide 25 percent of the nation’s electricity.  Worldwatch estimates there
are 6,270 square miles of roof area and 2,350 square miles of building facades in the U.S. which are
suitable for producing photovoltaic solar power; mounting solar panels on half this area would produce
the equivalent of 30 percent of U.S. electricity production as of 2006.  The International Energy
Agency estimated in 2005 that installation of photovoltaics on all suitable U.S. rooftops, facades, and
building envelopes could meet 55 percent of U.S. electricity demand.  Dr. Arjun Makhijani has a
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bumper sticker: “Parking lots are the answer.”  “There are so many parking lots and roof tops in this
country that we can actually generate enough electricity [from photovoltaics] without requiring any
new land.”

Solar Cell Technology:  Modern solar cell technology was developed at Bell Laboratories in the U.S. in
the 1950s. Research and development has greatly reduced the cost of solar photovoltaic electricity
from several dollars per kilowatt-hour in 1980 to less than 25 cents currently.  From 1992 to 2004 the
cost of generating electricity with photovoltaics dropped an average of 58 percent.

By developing better manufacturing techniques: fabrication techniques which use polysilicon more
efficiently, developing thin film cells that can be made from amorphous silicon and other low-cost
materials such as copper indium gallium arsenide, achieving manufacturing economies of scale,
developing higher efficiency solar devices (see below for examples) and new solar nanomaterials (see
below for descriptions), the National Renewable Energy Laboratories (NREL) and the industry project
that the cost of producing solar photovoltaic electricity will be down to 4-6 per kilowatt-hour by 2025. 

In 2006, researchers at the University of Johannesburg and at Nanosolar, a private Palo Alto company,
announced their major breakthrough in production costs for solar cells.  Their technology reduces solar
cell production costs by a factor of 4-5 times <www.energybulletin.net/19262.html>.  In 2007 over a
dozen companies including Miasole, Nanosolar, and Ovonics are scaling up production of thin-film-
based low-cost solar modules which can be churned out on mile-long rolls in machines resembling
newspaper printing presses using a form of inkjet printing technology which prints the semiconductor
photovoltaic matrix onto a flexible thin-film substrate.

In December, 2007, Nanosolar shipped their first thin film photovoltaics to Beck Energy for
installation at an East German 1 megawatt solar electric plant.  In May 2007 Popular Science awarded
the Nanosolar “PowerSheet” product line their Top Innovation of the Year award for 2007.  In the
award, they predicted the cost of the Nanosolar PowerSheet thin film photovoltaics would drop to
$0.99 an installed watt, 3.3 percent of the cost per installed photovoltaic watt in 1975.

Solar Cell Duty Capacity:  For photovoltaics as an electricity source on the national energy grid, he
effect of intermittency is determined by the ratio between the output of a widely-spread group of
photovoltaic installations and their peak output.  With average insolation over the United States,
photovoltaics can supply 14 percent of the block of electricity determined by their collective peak
output.

Solar Cell Production:  In 2007 the Prometheus Institute of Cambridge, MA, and Worldwatch Institute
published a study which predicted the rapid decline in photovoltaic costs they predicted would make
solar electricity a mainstream power option in the next few years. They projected that installed system
prices for large photovoltaic projects will fall 50 percent by 2010, to $4 per installed watt of
photovoltaic panel in the best solar locations. The growth of photovoltaic manufacturing has been
constrained by a worldwide shortage of manufacturing capacity for purified polysilicon.  Within the
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next two years over a dozen companies in Europe, Japan, China and the U.S. will bring unprecedented
levels of polysilicon production capacity.  Prometheus estimates this increase in polysilicon supply will
bring photovoltaic costs down by 40 percent.  In addition, development of copper indium gallium
arsenide-based solar cells which are printed onto a flexible substrate by presses resembling those used
by newspapers will more than double U.S. production of photovoltaic cells in the first decade of the
21  Century independent of purified polysilicon availability.st

Global production of photovoltaic cells reached an estimated 1,200 megawatts in 2004, representing a
58 percent increase over 2004 levels and a doubling of production in two years.  In 2006, global
production of photovoltaic cells grew 41 percent and manufacture of photovoltaics accounted for over
half of the world use of polysilicon for the first time.  Production of photovoltaics jumped to 3,800
megawatts in 2007, an increase of 51 percent over 2006. 

In 1996, U.S. producers of photovoltaic panels held 44 percent of the global solar cell market.  By 2005
that figure had fallen to below 9 percent.

Production growth rates have averaged 48 percent per year since 2000, driven by strong pro-solar
policies in a handful of industrial countries.  Cumulative production of photovoltaic cells worldwide
since 2000 total 12,400 megawatts as of the end of 2007, an average increase of megawatt capacity of
48 percent from 2002-2007, or roughly doubling every two years,  making photovoltaics the world’s
fastest-growing energy source.  The photovoltaic industry supports more than 25,000 jobs worldwide;
2005 sales were $11.5 billion.  Analysts expect PV sales to reach $30 billion by 2010.  The consulting
firm Clean Edge projects $51 billion in sales by 2015. Globally, module costs have dropped from
about $30 per watt in 1975 to close to $3 per watt in 2004.  Advanced photovoltaic technologies under
development are expected to cut costs further, making PV-generated power fully competitive with
fossil and nuclear fuel-generated power.  The U.S. Department of Energy has launched the Solar
America Initiative which aims to bring solar energy systems to cost-competitiveness by 2015 for
residential, commercial, and utility applications.  The Initiative will focus on improving installed cost
and performance of solar systems through refinements in technology and manufacturing processes.

Initiatives to Reduce Photovoltaic Installed and Production Costs

H.R. 1424, The Emergency Economic Stabilization Act of 2008 (the financial institutions “bailout”
package or T.A.R.P. bill) provides a five-year extension of the tax credit for residential and
commercial solar photovoltaic installations.

Flat-screen TV maker Applied Materials is applying the technology it used to bring the cost of
manufacturing flat-screen TV displays to photovoltaic production.  Growth in Applied Materials’ core
business, chip manufacturing, has slowed, and the flat-screen TV market has plateaued.  Defining their
core technology as “We apply nanomanufacturing technology to improve the way people live” and “we
deposit very thin films,” Applied Materials entered the solar market in 2006 and has already developed
a process of layering thin film photovoltaic silicon onto glass or other low-cost support material.  The
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company’s business plan is to bring solar photovoltaic costs down from $4 to $1 per watt by 2009, and
then down to 70 cents by 2010.

Nanosolar is building the world’s largest photovoltaic power plant near Silicon Valley.  With financing
from Google founders Larry Page and Sergey Brin and other venture capitalists, the plant will have
430 megawatts per year production (total existing U.S. production is 153 megawatts per year).  The
new technology used prints a copper-based medium of copper indium gallium arsenide (CIGA) on
flexible plastic or foil sheets in a process much like printing newspapers.  The printed sheets are then
cut up into cells approximately 6 inches square for wiring into arrays.  The prototypes developed over
four years are as efficient as silicon-based photovoltaic cells and cost one-fifth as much to
manufacture.  The copper-based cells are flexible and can be formed into shapes to fit on building
surfaces including roofs and arches.  As of 2008, Nanosolar has begun production, with the entire first
year of solar production contracted to East Germany for installation in wholesale distributed generation
photovoltaic power farms.  Nanosolar projects that the retail price per watt for its CIGA panels when
the factory achieves full planned production will be 99 cents charged by the installer to the customer
(the wholesale price to the installer will be lower to provide mark-up profit margin).   The April, 2009,
Sandia Laboratories news described how German solar manufacturer Schott Solar is building a thin
film photovoltaic manufacturing plant in Mesa del Sol south of the Albuquerque airport.

In December, 2006, Boeing-Spectrolab announced they have created a solar cell with 40.7% sunlight-
to-energy conversion efficiency.  The multiple-junction solar cell (0.26685 square centimeters)
consists of germanium and several layers of gallium arsenide; each of the 20-30 layers responds to
different wavelengths of light in sunlight concentrated by lenses or mirrors on the cell, producing an
output of 2.6 watts.  The maximum concentrated solar output in watts from these cells is 24 watts per
square centimeter.  The cell was developed with Department of Energy grant funding, and the
efficiency of the cell was independently confirmed by the DOE’s National Renewable Energy
Laboratory in Golden, Colorado.  In 1954, 4% efficiency was state of the art; contemporary
commercial photovoltaic cells range from 12-18% efficient, with high cost units used in satellites
attaining 28% efficiency.  Spectrolab believes the new cell can be mass produced at a cost comparable
to contemporary commercial photovoltaics, which would make solar power from it at 8-10 cents per
kilowatt hour cost-competitive with off-peak grid electricity in all markets.

Ted Sargent, Professor of Electrical and Computer Engineering at the University of Toronto has
developed a solar cell technology based on “quantum dots.”  The quantum dots are made from
semiconductor crystals only a few nanometers in size.  They can be tuned to absorb particular
frequencies of light and then stacked together to capture the broadest possible spectrum of sunlight. 
Current solar cells capture light only in the visible spectrum, while half of solar energy is in the
infrared.  By capturing energy across the solar spectrum, Sargent’s quantum dots can achieve 30
percent sunlight-to-energy conversion efficiency while being dispersed in a solvent and painted onto
some backing like clothing or a house wall.
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Already available commercially from Open Energy Corp. is the SolarSave Roofing Membrane that
features high-efficiency monocrystalline PV cells mounted in a completely waterproof base which
requires no roof penetrations.  They also make SolarSave Roofing Tiles which incorporate the same
cells into a roofing material designed to match commonly used cement tiles.  Finally, SolarSave makes
Architectural PV Glass in different sizes, shapes and power configurations where the photovoltaic cells
are built into the glass itself and capture some of the sun energy coming through, acting as a shading
medium in certain light wavelengths.

In July 2008, the Massachusetts Institute of Technology News Office announced the development of
solar cells that are attached around the outside edge of a flat glass panel, such as a building window. 
The window acts to concentrate solar energy to the solar cells at his periphery, increasing output of the
cells by up to a factor of 40, matching the day-long efficiency that can be achieved with track-mounted
concentrating mirror arrays that follow the sun’s orb.  The MIT solar concentrator involves a mixture
of two or more dyes that are applied to a pane of glass or plastic.  The dyes work together to absorb
light across a range of wavelengths, which is then re-emitted at a different wavelength and transported
across the pane between its surfaces to the solar cells at the edge.  The MIT team solved the problem
with earlier efforts to use coatings on glass to move light energy through the glass sideways to solar
cells, where much of the photon energy was lost before striking the emitters.  They applied optical
techniques developed for lasers and light-emitting organic diodes to achieve control over light
absorption and emission so light can travel a longer distance, increasing the power generated by the
solar cells tenfold.  The work was supported by the National Science Foundation.  Principals Jon
Mapel, Michael Currie and Shalom Goffri have started a company, Covalent Solar, to commercialize
the technology.  Covalent has won two prizes already in the MIT Entrepreneurship Competition.

International Trends in Photovoltaic Installation

Japan is the world leader in PV, accounting for over 50 percent of 2004 PV production.  A six-year
government initiative there has encouraged the installation of 1,000 megawatts of capacity, and
160,000 Japanese homes are now PV-powered.  The Japanese government’s policy is to install 4,820
megawatts of PV capacity by 2010 and produce 10 percent of Japan’s total electricity from
photovoltaic solar by 2030.  The average price for Japanese residential PV systems has declined by
more than 80 percent since 1993.

In 2006 China’s production of photovoltaic cells passed that in the U.S., making China the world’s
third-largest producer of solar cells after Germany and Japan.  China’s leading PV manufacturer,
Suntech Power, climbed from the world’s eighth largest producer in 2005 to fourth in 2006.  In May
2009 the Chinese government announced it is on track to exceed its 2020 target for installed solar
power capacity by a factor of 500 to 1000 percent.  In 2008, grid-tied photovoltaic solar accounted for
0.01 percent of installed capacity.

Europe produced 27 percent of new solar cells in 2004 and passed Japan in annual installations that
year.  Germany installed 300 megawatts of new solar capacity, bringing the nation’s total to 700
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megawatts.  Spain is the first nation to require installation of photovoltaic capacity in all new and
renovated buildings.

The United States is a declining solar producer in the world economy, going from 44 percent in 1996 to
11 percent in 2004.  U.S. cumulative installed solar capacity reached 277 megawatts at the end of
2003.

An estimated 62 percent of new photovoltaic installations in 2004 were grid-connected, versus just 3
percent in 1994.  System costs are now low enough that photovoltaic electricity cost per watt is
competitive at peak demand times in California and at all times in Japan.  In 2006, grid-connected
photovoltaic capacity increased 50 percent to 5,000 megawatts.

The Las Vegas-based Powered by Renewables Corporation and a Baltimore firm are building a $115
million 18-megawatt photovoltaic plant in southern Nevada to sell power to the military.  The largest
existing photovoltaic plant in the world is a 10-megawatt facility in Germany.

A.  Examples of Installed Photovoltaic Generation:

1. In 2006 the tenth Utah state park installed a solar energy system.  Goblin Valley, Cleveland
Lloyd Dinosaur Quarry, and Yuba State Parks are 100 percent solar-powered.  In the other
seven parks small systems power picnic areas, restrooms, shade areas and sheds which are
remote from power grid connections.

2. Brockton Brightfield is a 425-kilowatt photovoltaic system located on 3.7 acres in Brockton,
Mass.  A “brightfield” is a rehabilitated “brownfield” transformed into a solar-energy-
generating station.  The system comprises 1,395 SCHOTT ASE 300 modules and generates an
estimated 535 megawatt-hours of electricity annually.  The City of Brockton expects the system
to pay for itself in 15-20 years, in addition to the value of having a contaminated, abandoned
industrial site put back into taxbase economic productivity.

3. Google  installed 9,200 solar photovoltaic panels at its Mountain View headquarters in 2007. 
These 12.8% efficient panels, made by Sharp, are projected to meet 30% of Google’s peak
energy needs in summer.

4. In 2007 department store chain Macy’s installed 8 MW of solar power capacity in its California
stores, one of the largest commitments to solar energy by a U.S. retailer to date.  Combined
with energy-efficiency efforts, Macy’s aims to reduce its consumption of utility-supplied
electricity by 40 percent.

5. On December 5, 2008, KZMU public radio in Moab, Utah, celebrated the installation of their
12-kilowatt grid-tied PV system.  The system will provide the radio station with all its power
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needs with some left over to sell to Rocky Mountain Power.  The system is expected to last 45
years and save $170,000 in power bills in its first 25 years of use.

6. The Barefoot College in northern India, established by Bunker Roy, trains village women to
install and maintain photovoltaic village power systems.  The women are often illiterate and
many do not speak languages or dialects which are spoken by the instructors and staff. 
Instructors use body language, teaching key English words for things, and hands-on
experiential instruction.  Graduates of the Barefoot College have electrified over 300 villages in
India and many more in Afghanistan and North Africa.  The Barefoot College is powered by a
student-installed 50 kilowatt solar array on the roof which powers the college’s computers and
lighting.

7. In Salt Lake County in 2008, a private firm has arranged to build photovoltaic power arrays on
the roofs of 50 county-owned buildings.  The photovoltaic power panel arrays will be
connected to the Rocky Mountain Electric grid.  Power from them will offset billed power use
from the grid, and when they generate a surplus of electricity over what the county building
is using, the excess photovoltaic power will be sold to the utility.  The panel installation is
being paid for with private capital.  When the panels are installed, the company will sell the
panels to Salt Lake County on an installment payment plan based on the electrical bill savings
resulting from the renewable power source generated on the county building roof.  The net
impact on the Salt Lake City taxpayer will be zero dollars out of pocket.  After a number of
years, the taxpayers will own the photovoltaic arrays outright, having purchased them from
electric bill savings, after which the tax outlay to provide the county buildings with electricity
from the utility will drop by the amount of grid electricity replaced by panel output, plus any
excess electricity sold back to the utility.

8. An article in the Sandia Laboratories newsletter in April, 2009, announced Tempe-based First
Solar is adding 48 megawatts of photovoltaic capacity to its existing 10 megawatt El Dorado
solar power plant located near Boulder City, Nevada.

9. Environment Texas and Vote Solar, a nationwide group, calculated that Texas could create as
many as 21,500 jobs by 2020 with a solar power program that generates 2,000 megawatts of
distributed solar energy - approximately 500,000 rooftop solar systems.  This installation would
prevent emissions of 29 million tons of carbon dioxide each year.  A January 2007 poll by
Baselice & Associates found 84 percent of Texas voters think the Legislature should encourage
investment in solar power, and 81 percent of Texas voters are willing to pay more than a dollar
per month to encourage solar development.  On March 5, 2009, the Austin, Texas City Council
approved development of a 30 megawatt photovoltaic array, the largest so far in the U.S., to
power local utility Austin Energy.

10. Certified organic Lundberg Family Farms was awarded a Green Power Leadership Award by
the U.S. EPA in October, 2008.  Lundberg was one of two organizations in the U.S. to receive
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the Leadership award for their generation of on-site green power.  Lundberg has a solar array
covering an acre in addition to two solar photovoltaic arrays on the company warehouses,
generating up to 15 percent of total power needed.  The rest of the company’s electricity
requirements are offset through purchase of Renewable Energy Credits.

11. Certified organic processor Traditional Medicinals completed the largest solar-powered tea
factory on the planet in September, 2008, in Sebastopol, CA.  The installation of 1,450 solar
panels will generate 430,000 kWh per year of renewable energy, enough to cover 75 percent
of the 70,000 square foot tea factory’s requirements.  The remaining energy needs of the
factory will be offset through continuing purchase of wind energy credits, which previously
were purchased to offset all the factory’s energy usage.  In addition, the company uses
recycled and recyclable packaging, conducts extensive on-site recycling, runs a hybrid vehicle
fleet, has a self-sustained water source and wastewater disposal system, has drought-
resistant landscaping, and a fish pond for fire suppression.

12. As of 2009, PG&E has entered into two solar cell power contracts for photovoltaic plants
which will cover 12 square miles of the Mojave desert with solar cells totaling 800 megawatts
capacity, equivalent to a large coal-fired power plant.

13. Pharmacy chain Walgreens is installing photovoltaics on 112 of its stores, to meet 20-50
percent of their power needs on site.

14. The Dallas/Fort Worth airport uses solar energy for air conditioning, reducing cooling costs by
91 percent at times of peak demand.

15. The __ watt photovoltaic array installed on the roof of the Moab Arts and Recreation Center
had generated ~7,000 kilowatts of power in the first 145 days of its operation, as of 11 Nov
09.  The MARC consumes an average of 200 kilowatts a day in summer; the array generates
an average of 45 kw on those summer days.

B.  Examples of increased cost-efficiencies in technology in photovoltaics:

1. SunPower introduced its new high-power, high-efficiency solar panel on October 16, 2006. 
The SPR-15 utilizes 22 percent efficient Gen 2 solar cells.  With a rated output of 315 watts, it
permits customers to generate up to 50 percent more power per square foot of roof area with
half as many panels, says SunPower <www.sunpowercorp.com>.    The company plans to
market a 23.4% efficient panel by 2010.  SunPower’s corporate vision is to cut solar power
system costs in half by 2012.  2,288 SunPower sleek black solar panels are on the roofs of four
buildings at Microsoft’s Mountain View campus.  The panels, completed in 2006, save the
Microsoft complex 6% of its electricity usage from the grid, and 15% at peak use times when
grid electricity is most expensive.  A system of 72,000 SunPower panels provides 25% of the
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electricity needs at Nellis Air Force Base in Nevada.  SunPower is building the nation’s largest
photovoltaic power plant east of Sarasota, FL, as of 2008.  

2.

Carbon Offsets from Photovoltaic Electricity Generation

The current U.S. electricity generation portfolio (50% coal, 20% nuclear, most of the rest natural gas)
generates 160 million tons of carbon dioxide for each gigawatt-hour of electricity generated. 
According to the National Renewable Energy Laboratory, coal-fired power plants have a duty of 72
percent.  At the average insolation site in the U.S., solar photovoltaics have a duty of 14 percent. For
each 10,000 kilowatts of installed generating nameplate capacity, photovoltaics will offset:

Carbon dioxide = 33.6 metric tons
Nitrous oxide = 560,000 kilograms
Sulfur dioxides = 1.54 million kilograms

The American Solar Energy Society’s 2007 Tackling Climate Change in the U.S. calculates that 298
terawatt hours of electricity per year from photovoltaic solar energy can be on-line in the U.S.
energy grid by 2030.  Generating this amount of power from photovoltaics would prevent release of
63 million Tons of carbon dioxide into the atmosphere in a year from the current U.S. energy
portfolio, or 211,409 Tons of carbon dioxide per year for every terawatt of photovoltaic electricity
produced.

Section 2: Concentrating solar electricity generation

Concentrating solar electrical generation technology:  Concentrating solar power plants use mirrors to
concentrate radiant heat energy from the solar orb through a relatively large area of curved mirror onto
a focal point.  The original concentrating solar plants used arrays of caternary mirrors to focus sun heat
energy onto a tube at the caternary focal point which is filled with high temperature oil.  The heated oil
(to 750 degrees Fahrenheit) flows to a heat exchanger in which water in a secondary circuit is boiled to
produce steam which is then used to drive a generating turbine.  This form of concentrating solar plant
essentially uses the same technology for power generation as a coal- or natural gas-fired power plant or
nuclear plant, but substitutes solar heat energy for heat energy released through combustion of a
carbiniferous fossil fuel or a controlled nuclear reaction as the means of generating steam.

Three later alternative technologies now installed and working are: (1) a caternary mirror design in
which the hot oil goes into a  storage tank filled with liquid salts which store the heat energy from the
oil.  The secondary water circuit goes through the hot salt tank, which boils water for steam at night
when the sun is not in the sky.  On National Public Radio in April 2008, a project by Rocketdyne
funded by the U.S. Renewables Group of venture capitalists was described.  This project uses
“fertilizer-like” salts as the medium heated by concentrated solar energy to around 1,000 degrees.  The
very hot liquid salts can be stored in tanks for use as a heat source when there is no solar gain.
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Worldwatch estimates this type of concentrating solar electrical power plant has a footprint of 2,540
acres consumed per the production of each billion Kilowatt-hours of electrical production annually.  A
little over 4,000 square miles, equivalent to 3.4 percent of the land area of New Mexico, would be
sufficient to produce the equivalent of 30 percent of U.S. electricity generated in 2006.

(2) a “tower of power” design in which multiple mirrors are computer-controlled to focus on an
opening in a tower, focusing more heat energy per square meter on the receiving heat medium tubes in
the tower than is possible with a caternary design.

(3) a 37-foot dish design that concentrates heat energy on a Stirling heat engine, which then turns the
power-generating drive train by direct drive.  Each dish in current installations has a generating
capacity of 25 kilowatts.  The machines are circa 30 percent efficient in capturing solar energy into
electricity.

All concentrating solar power plants require a clear solar orb in the sky as the source of infrared heat
energy reflected and focused by the plant’s mirrors.  Concentrating solar plants do not work if the solar
energy is diffused by clouds or other pollutants in the atmosphere between the sun and the receiving
mirror, unlike photovoltaics which are indifferent as to the angle of incidence of photons striking them
to excite electron release.  Suitable sites for cost-effective concentrating solar power plant installations
are therefore found in desert locations with an average of 300 or more cloudless days and low levels of
photon-diffusing air pollutants in the sky above them.

Concentrating solar power (CSP) currently costs about 11 cents per kilowatt-hour to produce and is
becoming less expensive.  Recently installed and the dozen CSP plants under contract as of 2008 to be
installed in the U.S. with a combined capacity of over 4 gigawatts (see below) are going in with a
projected cost of $4 per watt installed capacity at 14 percent efficiency.  The industry projection is that
costs will drop to $2 per installed watt of capacity when the technology reaches full-scale use and 
enjoys available economies of scale.

As of June, 2008, eleven concentrating solar electric plants were operational in the United States, with
20 more in various stages of planning or permitting, according to the Solar Energy Industries
Association.

Deployed in utility-scale steam plants in the Southwest, CSP power plants can provide dispatchable
electricity by virtue of their ability to utilize low-cost hot salt thermal storage or make use of natural
gas to heat steam when sun is not available.  Former Oak Ridge National Laboratories Director S.
David Freeman, in Winning Our Energy Independence, advocates using electricity production from the
solar plant which is surplus to grid load demand to catalyze water into hydrogen and oxygen, storing
the hydrogen on site for use as an alternative fuel to natural gas for heating steam to generate electricity
through an on-site turbine at night.
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Demonstration plants utilizing concentrated solar-thermal technology were originally created by the
Department of Energy and National Renewable Energy Laboratories in California.  In 2000, the
National Research Council concluded that these solar-thermal power plants worked as commercially-
competitive grid electric generating facilities.  A DOE-funded cost analysis by a commercial
consulting firm found that, produced in quantity, solar-thermal plants would be profitable without
subsidy at about 6 cents per kilowatt-hour grid electricity market price.  In 2002, the National Research
Council concluded that with further government funding, solar-thermal power generation could be
brought to market.  As California, Nevada, and other states began to adopt renewable energy portfolios
requiring a certain percentage of all electricity sold by utilities come from renewable sources,
commercial power producers finally began to show interest in building concentrating solar power
plants.

CSP plants totaling 354 megawatts capacity have been reliably operating in the Mohave Desert in
California for 20 years, and a new 64-MW plant is under construction in Nevada, with many more CSP
plants planned around the world.  Solar thermal electric generation can exceed 35 percent efficiency in
converting solar radiation to electric power.

Concentrating solar electrical plant potential: A study by the National Renewable Energy Laboratory
identified 159,000 square kilometers of land in seven southwest states that are suitable for CSP.  This
represents nearly 7,000 gigawatts of generating capacity, or nearly seven times the U.S. existing
electrical generation capacity from all sources.  One-fifth of U.S. electricity could be produced on a
1,500 square-kilometer plot of desert land with a CSP; this is roughly the land area occupied by greater
metropolitan Phoenix, AZ.

As of September 2008 there are 10 large solar thermal power plants under construction or in
development in the U.S., ranging in size from 180 to 550 megawatts.  Eight will be built in California,
one in Arizona, and one in Florida.  By 2011, the U.S. solar thermal electrical generation capacity is
projected to rise from the current 420 megawatts to close to 3,500 megawatts, an eightfold jump.

There are plans afoot to build CSPs in North Africa to transmit electricity to Europe.  An area covering
less than 4 percent of the Sahara Desert could produce enough solar power to equal 2008 global
electricity demand.

2.A.  Examples of concentrating solar plant installations:

1.  Abengoa in Arizona:  At Gila Bend 70 miles southwest of Phoenix, the 1900 Solana
concentrating solar 280 megawatt power plant is planned to be up and running in 2011 if U.S. solar tax
credits are extended.  Abengoa of Spain, which operates the world’s currently-largest concentrating
solar power plant there, is a partner.  The plant will mainly use parabolic trough technology, but will
also have some disk Stirling and solar tower generating installations.  The plant includes hot salt heat
storage capable of running the facility’s turbines at full capacity for six hours without sun energy input.
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2.  Ausra in California:  Ausra of Sydney, Australia is a company organized in 2002 by physics
professor David Mills and industrial designer Peter Le Lievre.  Their goal was to build a solar power
plant that is as big and produces electricity as cheaply as current coal-fired power plants.  Ausra has
contracts with Pacific Gas and Electric and is building its first 177 MW plant on a California ranch as
of April, 2008.  Ausra has found a way around the problem of producing solar steam at the high
pressure required to power high pressure turbines used in coal-fired and other fossil-fueled power
plants.  Instead, they have adapted saturated steam turbine technology from the nuclear energy
industry.  Saturated steam technology can tolerate fluctuations in heat input when the sun comes and
goes on cloudy days.  The projected cost per watt of installed capacity for the Ausra plant is $3 per
watt.

3.  Solar One in Nevada: has built a 64 MW CSP one half square mile in size south of Las
Vegas.  The CSP began producing power for the grid in June 2007.  As of 2009, the facility generates
80 MW of power from 400 acres of parabolic solar mirrors.

4.  Abengoa in Spain: operates two 2 MW solar trough CSPs, and 11, 50, and 20 MW power
towers.

5.  Bright Source and PG&E in California: are planning to have 400 MW of CSPs installed by
2012.

6.  Other California: 500 MW and 300 MW plants are planned to be built in California utilizing
the solar disks driving Stirling heat engines.  Eight disks will be sited per acre.

Carbon Offsets from Concentrating Solar Electrical Generation

The current U.S. electricity generation portfolio (50% coal, 20% nuclear, most of the rest natural gas)
generates 160 million tons of carbon dioxide for each gigawatt-hour of electricity generated. 
According to the National Renewable Energy Laboratory, coal-fired power plants have a duty of 72
percent.  A concentrating solar power plant with hot salt storage should achieve the same duty.  For
each 10,000 kilowatts of installed generating nameplate capacity in a concentrating solar plant with
a duty of 72 percent or greater, the offset in polluting gas emissions will be:

Carbon dioxide = 240 metric tons
Nitrous oxide = 4 million kilograms
Sulfur dioxides = 11 million kilograms

The American Solar Energy Society’s 2007 Tackling Climate Change in the U.S. calculates that 301
terawatt hours of electricity per year from concentrating solar energy can be on-line in the U.S.
energy grid by 2030.  Generating this amount of power from concentrating solar would prevent
release of 63 million Tons of carbon dioxide into the atmosphere in a year from the current U.S.
energy portfolio, or 209,302 Tons of carbon dioxide per year for every terawatt of concentrating
solar electricity produced.
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Section 3: Solar Heat Generation

The global market for solar thermal collectors grew some 50 percent between 2001 and 2004.  About
18 million square meters of capacity were added in 2004, bringing estimated global installation to 150
million square meters of collector.  About 73 percent of this total heats water and building space,
meeting the needs of more than 32 million households worldwide.  The remaining capacity heats
swimming pools.

China accounts for 55 percent of world solar collector installations, when pool installations are
excluded, or 52 million square meters of collectors.  The Chinese government target call for four times
that area installed by 2015.  Japan, Europe, and Turkey each account for 10 percent of installed
collector capacity.

Despite the fact that a home solar hot water heating system will pay for itself in the United States
through fuel savings in four to eight years, 98 percent of U.S. solar collector systems heat swimming
pools, not building space or culinary hot water.

3.A.  Examples of solar heating installations:

1.  In South Africa, total demand for energy is increasing faster than supply, and total demand
for energy is projected to double in 10 years.  Eskom, the national utility, pledged US $200 million in
2007 to be spent over the next five years in subsidies for solar heating equipment for installation of
solar heating in its customers buildings as an energy-saving initiative.  This is considered one of the
first instances in the world where a utility company funded renewable energy installation as a result of
a supply problem instead of a need to meet government-mandated targets.

2.  As of 2009 Hawaii requires all new construction to include domestic solar hot water
heating.  The American Solar Energy Association (ASEA) says a complete DSHW system installed is
$3,000-20,000 depending on its size and complexity.  DSHW system costs are eligible for a 30%
federal tax credit in 2010.  According to ASEA statistics the average DSHW system’s operation will
cost the customer 20% less than a gas-fired non-solar system and 40% less than an electric-only
domestic hot water system.

Section 4: Combined Solar Electric and Heat Production

Conserval Systems, Inc., had developed the SolarWall transpired solar heat collector.  They now sell
the SolarWall PV/T  photovoltaic thermal system which delivers both heat and electricity to a building
on which it is installed by installing PV modules over transpired solar collectors.  In the winter, the
excess heat from the PV modules is drawn through the transpired collector into a space between the
building and the SolarWall and is used to warm ventilation air.  In the summer, the air used to cool the
PV modules is directed by dampers outside the building while only ambient-temperature air is allowed
into the ventilation intakes.  Conserval claims the combined system is 50 percent efficient.
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Section 5: Photocatalytic Hydrogen Production

Al Herring writes that elemental hydrogen, which is not found in nature, should be classified as a
storage medium for energy, not as an energy source.  Herring says it takes 1.4 units of energy to
produce one unit of hydrogen energy; he is obviously assuming the hydrogen is being produced by
electrolysis of water by direct current, where this is the energy value of the electricity used to the
energy value of the hydrogen generated.  However, if the energy used to generate the hydrogen is
captured directly from solar photons, the hydrogen becomes an energy source since to energy which
could be applied to other loads was used to generate it.  If hydrogen is generated by electrolysis
powered by wind- or photovoltaic-generated electricity, then a forty percent loss of generated energy is
sustained in converting that electricity to a storable fuel form: hydrogen.  If the hydrogen is generated
directly in a device by energy transfer directly from photons, then hydrogen becomes a solar energy
source which is a storable, transportable fuel, and there is no energy efficiency cost consideration. 
Happily, three different technologies which generate hydrogen directly from energy from solar
radiation in nanotubes, solar cells, or ceramic heat exchangers are under development.

A.  Using nanotubes of titanium dioxide

Scientists have turned to nanotubes of titanium dioxide to address the efficiency problem with prior
photocatalysts which split water into hydrogen and oxygen with the energy of solar radiation striking
the catalyst.  Existing photocatalysts can only use ultraviolet light which comprises about 4 percent of
total sunlight energy.  Materials that can photocatalyze using the visible spectrum of light tend to break
down in water.  The tube form of titanium dioxide is five times more efficient than film forms in
splitting water molecules because the tubular shape permits electrons to stay free longer after being
“knocked loose” by photons, increasing the probability the electron will split a water molecule. 
Pennsylvania State University researchers have pushed ultraviolet-to-hydrogen efficiencies beyond 12
percent using six-micron-long titanium dioxide nanotubes, generating 80 milliliters of hydrogen per
hour per watt of ultraviolet light.

University of Texas at Austin researchers have found how to add carbon to the titanium dioxide
nanotubes to shift the spectrum of light they absorb to the visible spectrum.  Under an artificial mix of
ultraviolet and visible light spectra these modified nanotubes were twice as efficient at splitting water. 
The researchers are now working on how to shift the nanotubes’ sensitivity entirely into the pure
visible light spectrum.

The teams are aiming to boost the nanotubes’ water-splitting efficiency in visible light above the
Department of Energy’s 2010 goal of 10 percent.  If the average U.S. rooftop was covered with a
visible-light, 12 percent-efficient photocatalyst, it would generate the hydrogen energy equivalent of
about 11 liters of gasoline a day.

B.  Using doped iron oxide with cobalt
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Michael Grätzel, chemistry professor at the Ecole Polytechnique Fédérale de Lausanne in Switzerland
has grown nanostructured thin films of iron oxide that convert sunlight into the electrons needed to
form hydrogen from water in a solar cell.  Iron oxide has long been an appealing material for hydrogen
generation in solar panels because it holds up well in water and emits electrons when struck by
photons.  In ordinary iron oxide, the resulting charge carriers do not escape the material and so
recombine, canceling each other out before electrolyzing water.  Grätzel and his colleagues discovered
that, by doping the rust with silicon, the material could be coaxed to form cauliflower-like structures
with extremely high surface area, ensuring that a large part of the atoms in the material were in contact
with water molecules.  They also discovered that doping with cobalt catalyzes the electrolysis reaction. 
In trials, the new iron-oxide films converted 42 percent of ultraviolet photons in sunlight to electrons
and holes.  The system’s overall efficiency is so far only 4 percent because iron oxide does not absorb
all parts of the solar spectrum.  However, Grätzel’s careful observations of the results of iron oxide
film variations (published in the Journal of the American Chemical Society)  have led Hydrogen Solar
of the U.K. to work on developing mass-produced panels, aiming at reaching a 10 percent solar
efficiency level (20 percent efficiency with iron oxide is theoretically possible) by adjusting the
amount and arrangement of silicon and cobalt to improve the functional structure of the films.

If consumers and businesses were able to use solar panels on site to generate hydrogen, rather than
getting hydrogen shipped in from a large facility, it would cut out the cost of shipping hydrogen. 
Solar-to-hydrogen panels would be more efficient than small electrolysis machines.

C.  Thermochemical cycle using ceramic heat exchangers

Sandia National Laboratories is working on the high-temperature decomposition of sulfuric acid in
ceramic heat exchangers heated by concentrated solar energy (or other heat source, e.g., nuclear).  The
technology developed in 2006 is now being used in international sulfur-iodine experiments.  A scale-
up demonstration of hydrogen production using the technology is proposed for Sandia’s Solar Tower
facility.

Section 6: Solar Refrigeration

Michigan State University engineers have designed a solar refrigeration unit for use in tropical off-grid
areas.  It uses activated charcoal made from coconuts and ethanol as the refrigerant medium.  Units
should be buildable for about $400 and operate three to five years without maintenance.  The reason
for inventing the unit was to prevent vaccine spoilage.

Section 7: Thermoacoustic electricity generation

Prototypes have been built for thermoacoustic engines.  By applying heat to a room-temperature
cylinder, sound waves are generated whose pressure generates electricity.
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Chapter 5:  Biofuels (Biomass)

(Updated 08 Mar 10)

The three major biofuel types are: methane gas, alcohols (e.g. ethanol), and light oils (biodiesel). 
When “biofuels” are under discussion, only ethanol and biodiesel are referred to.  Methane gas
collected from biomass is typically used on site for generation of power or heat through combustion,
or, as in Germany, is added to the country’s natural gas pipelines.

Dr. Arjun Makhijani has a bumper sticker for liquid and gaseous fuels: “Weeds are the answer.”  He
also points to making biofuels from microalgae.

Biofuel development trends:

Global biofuel production has more than tripled since 2000, increasing from 4.8 billion gallons in 2000
to 16 billion gallons in 2007.  In 2007 biofuels account for 3 percent of global transportation fuel
supply.

The WorldWatch Institute, together with the German Ministry of Agriculture, released a landmark
study in the spring of 2006 entitled Biofuels for Transportation: Global Potential and Implications for
Sustainable Agriculture and Energy in the 21  Century.  It is a comprehensive assessment of thest

opportunities and risks associated with large-scale development of biofuels, particularly those which
utilize farmed food crops as feedstock.  An updated and expanded version of the study is to be
published as a book by the same title by Earthscan in May, 2007.  Worldwatch Paper #174: Are
Biofuels Sustainable? was published in July, 2007.

In October, 2007, Worldwatch and the Sierra Club collaboratively published Destination Iowa: Getting
to a Sustainable Biofuels Future.  The work argues that under the right circumstances, biofuels could
make a needed contribution to U.S. energy and climate policy while improving income for farmers and
helping to sustain the natural environment.  However, as Christopher Flavin, Worldwatch Institute
President, wrote: “Evidence is building that the rapid growth in production of corn-based ethanol has
helped to drive up the price of food and contributed to a range of environmental problems, while
failing to deliver the reduction in greenhouse gas emissions that was promised.”  “It is time to reform
the large federal subsidies to biofuels.  These subsidies should support only biofuels that reduce
emissions of carbon dioxide to less than half the emissions from gasoline.  Such a reform would
eliminate the subsidy to corn-based ethanol and speed the transition to second-generation biofuel
technologies.”

<http://www.25x25.org> is a national organization whose mission it is to have America’s farms,
forests and ranches provide 25 percent of the total energy consumed in the United States by 2025,
while continuing to produce safe, abundant and affordable food, feed, and fiber.  25 x ‘25 was
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conceived by a group of volunteer farm leaders, soon gaining the support of a broad cross-section of
agricultural and forestry entities.  Leaders from business, labor, conservation and religious groups are
now signing on as supporters.

The U.N. Food and Agriculture Organization, Agricultural Outlook 2007-2015, predicts annual output
of maize-based ethanol to double between 2006 and 2015.  In Brazil, annual ethanol production is
projected to reach some 44 billion liters in 2015 from 21 billion today.  Chinese ethanol output is
expected to rise to an annual 3.8 billion liters from 1.8 billion liters today.  In the European Union, the
amount of oilseeds (mainly rapeseed) used for biofuels is set to grow from just over 10 million metric
tons to 21 million MT over the same period.

In the 1980's, the U.S. Department of Energy Aquatic Species Program funded research into turning
algal oil into biodiesel.  One funded study was by Keith Cooksey at Montana State University. 
Although promising results were obtained, the research initiative was abandoned by the government. 
Cooksey says, “Rumor had it that big oil got in the way.  They didn’t want competition so the project
was dropped.”  Cooksey’s project developed a stain, Nile Red, which fluoresces in proportion to the
oil content of algae, making it easier to measure.  While soybeans produce about 50 gallons of oil per
acre a year, and canola produces about 130 gallons, the biodiesel demonstration algal ponds got about
4,000 gallons of oil per acre per year.  Firms have now revived and are refining biodiesel algal
technology, and predict oil yield per acre can be raised much higher than this.  Green Star Products of
San Diego, CA, built a demonstration algal oil-production pond in Hamilton, Montana, in the spring of
2006.  Advocates point out that algae can be grown especially well in desert states that have plenty of
sunshine, and grow better in saline, non-potable water unusable for traditional agriculture or drinking. 
Biodiesel algal production would be particularly suited to desert state locations with saline aquifers. 
Solarzyme of San Francisco is producing biodiesel from algae; they were interviewed in a National
Public Radio show on renewable energy emerging technologies on February 8, 2008.

At Arizona Public Service’s natural-gas-fired Redhawk power plant, the top of one smokestack runs

2into a greenhouse where the CO -rich gases are fed to algae.  Isaac Berzin, the chemical engineer who
co-founded GreenFuel Technologies which built the demonstration algae plant, observes that algae are
the fastest-growing plants on earth, capable of doubling their mass in a few hours.  While an acre of
soybeans produces about 60 gallons of biodiesel, an acre of algae can yield 5,000 gallons of biodiesel.

The moral and political instability issues with biofuels from food crops:

The ethical problem central to biofuels was stated by Doris O’Brien’s letter in the June 25, 2007, U.S.
News and World Report: “Even if scarcity of water were not an issue, with millions of people on Earth
starving or malnourished, can anyone in conscience justify growing food to feed cars?”

Lester R. Brown’s briefing before the U.S. Senate Committee on Environment and Public Works on
June 13, 2007, was entitled “Biofuels Blunder: Massive Diversion of U.S. Grain to Fuel Cars is
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Raising World Food Prices, Risking Political Instability.” <www.earth-
policy.org/Transcripts/SenateEPW07.htm>  His testimony included:

“The U.S. corn crop, accounting for 40 percent of the global harvest and supplying nearly 70 percent of
the world’s corn imports, looms large in the world food economy.  Annual U.S. corn exports of some
55 million tons account for nearly one fourth of world grain exports.  The corn harvest of Iowa alone
exceeds the entire grain harvest of Canada....In six of the last seven years, total world grain production
has fallen short of use.  As a result, world carryover stocks of grain have been drawn down to 57 days
of consumption, the lowest level in 34 years.  The last time they were this low wheat and rice prices
doubled.

Already corn prices have doubled over the last year, wheat futures are trading at their highest
level in 10 years, and rice prices are rising.  Soybean prices are up by half.”

...”In Mexico, one of more than 20 countries with a corn-based diet, the price of tortillas is up
by 60 percent....The milk, eggs, cheese, chicken, ham, ground beef, ice cream and yoghurt in the
typical refrigerator are all produced with corn....Rising grain and soybean prices are driving up meat
and egg prices in China.  January pork prices were up 20 percent above a year earlier, eggs were up 16
percent, while beef, which is less dependent on grain, was up 6 percent....In India, the overall food
price index in January 2007 was 10 percent higher than a year earlier.  The price of wheat, the staple
food in northern India, has jumped 11 percent....

In the United States, the U.S. Department of Agriculture projects that the wholesale price of
chicken in 2007 will be 10 percent higher on average than in 2006, the price of a dozen eggs will be up
a whopping 21 percent, and milk will be 14 percent higher.  And this is only the beginning.”

“The grain it takes to fill a 25-gallon tank with ethanol just once will feed one person for a
whole year.  Converting the entire U.S. grain harvest to ethanol would satisfy only 16 percent of U.S.
auto fuel needs.

Since the United States is the leading exporter of grain, shipping more than Canada, Australia,
and Argentina combined, what happens to the U.S. grain crop affects the entire world.”

“The stage is now set for direct competition for grain between the 800 million people who own
automobiles, and the world’s 2 billion poorest people.”

“There are alternatives to this grim scenario.  A rise in auto fuel efficiency standards of 20
percent, phased in over the next decade would save as much oil as converting the entire U.S. grain
harvest into ethanol.”

Brown talks about the need to shift to plug-in hybrid cars as the mainstay of the U.S. transportation
fleet.  “If this shift were accompanied by investment in hundreds of wind farms that could feed cheap
electricity into the grid, then cars could run largely on electricity for the equivalent cost of less than $1
per gallon gasoline.”

The 2008 WorldWatch Vital Signs reported that the 2007 grain harvest of 2.3 billion tons fell short of
global demand, further depressing cereal stocks from 2006 levels.  Ethanol and other fuels now
consume 17 percent of the world’s grain harvest.  In 2007 the amount of course grains (a group that
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includes corn, barley, sorghum, and other grains fed mainly to animals) converted to energy jumped 15
percent to 255 million tons.  627 million tons of course grains were used for livestock feed.

Biofuels from crop residues or cellulostic crops and carbon debt:

Using crop residues as feedstock for cellulostic alcohol production does not free us to problems with
agricultural food supply due to fuel production from biomass.  George Monbiot observes “According
to a letter published in Science last year, removing crop residues can increase the rate of soil erosion
100-fold.  Our addiction to the car, in other words, could lead to peak soil as well as peak oil.” [David
Pimentel and Rattan Lal.  Biofuels and the Environment.  Science, 17 Aug 07.  Alice Friedemann. 
Peak Soil: Why cellulostic ethanol, biofuels are unsustainable and a treat to America.  10 Apr 07
<www.culturechange.org/cms/index.php?option=
com_content&task=view&id=107&Itemid=1>.]

A paper commissioned by the U.S. government proposes to use 75 percent of annual crop residues to
make cellulostic alcohol to meet government biofuel targets. Aside from the soil erosion effects of
denying this biomass return to the soil, thus maintaining its structure and water-holding capacity (each
pound of carboniferous material in the soil holds 40 pounds more water), a recent paper by Nobel
laureate Paul Crutzen suggests that removing crop wastes will require replacing the lost nutrients with
fertilizers.  Synthetic nitrogen fertilizer manufacture and use increases emissions of nitrous oxide gas,
which is 296 times more powerful than carbon dioxide as a greenhouse gas per molecule.  Any
diversion of biomass from crop nutrient cycling that results in an increase in synthetic nitrogen
fertilizer use will wipe out any carbon savings the biofuels might produce.  [US Department of Energy
and US Department of Agriculture, April 2005.  Biomass as Feedstock for a Bioenergy and
Bioproducts Industry: the Technical Feasibility of a Billion-Ton Annual Supply.
<www1.eere.energy.gov/biomass/pdfs/
final_billionton_vision_report2.pdf> PJ Crutzen, AR Mosier, KA Smith & W Winiwarter.  N20
release from agro-biofuel production negates global warming reduction by replacing fossil fuels.  
Atmospheric Chemistry and Physics Discussions 1 Aug 07;(7):11191-11205. <www.-atmos-
chem-phys-discuss.net/7/11191/2007/acpd-7-11191-2007.pdf>]

Biofuels and net greenhouse gas emissions from their use:

Two different studies by research teams at Princeton and Iowa State Universities published in the 7 Feb
08 Science calculated the total carbon costs of biofuel production, taking into account the costs of land
clearance - either removal of native vegetation or displacement of food crops.  As the major carbon
reductions must be made between now and 2050 to stabilize world climate, reductions in carbon
dioxide emissions must be made immediately.  Any fuel source which produces a carbon debt from its
institution which cannot be paid off from emissions savings quickly is not a means of mitigating global
climate change.
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The most productive source, ethanol from sugarcane grown on the scrub savannahs of central Brazil,
creates a carbon debt it takes 17 years to repay.  Ethanol from corn grown on “rested” arable land in
the United States (such land is called “set-aside” in the EU and is part of the “conservation reserve
program” in the US) takes 48 years to amortize the carbon debt which results from plowing under the
perennial grass and forb cover crop on those lands to plant corn.  The worst source, palm oil
plantations displacing intact tropical rainforest growing in its accumulated peat - invokes a carbon debt
which takes some 840 years to amortize.

Oil palm plantations have replaced more than 10 million hectares of native vegetation, mostly lowland
tropical forests, in Southeast Asia.  When each hectare of carbon-rich tropical peatland is drained for
oil palm production, an estimated 3,750-5,400 tons of carbon dioxide are released into the atmosphere,
according to peatland ecologist Jack Rieley.  Clearing a hectare of tropical forest for palm oil
production releases 500-900 tons of carbon dioxide into the atmosphere.  Once planted, oil palms can
produce fruit for more than 30 years, and produce more oil per hectare than any other oilseed crop. 
The market for palm oil increases an average of 2.2 million tons a year; the oil is used in margarine,
frying oil, soap, lipstick, and increasingly as the source of biofuel diesel.

These papers evaluate the effects of growing second generation crops, such as trees or switchgrass. 
Such cultivation is found to displace both food production and carbon emission gains.  For example,
growing switchgrass produces a carbon debt which requires 52 years to amortize.

[Joseph Fargione, Jason Hill, David Tilman, Stephen Polasky, Peter Hawthorne.  Land Clearing and
the Biofuel Carbon Debt.  Science, 7 Feb 08: Doi 10.1126/science.11152747.  Timothy Searchinger,
Ralph Heimlich, R.A. Houghton, Fengxia Dong, Amani Elobeid, Jacinto Fabiosa, Simla Tokgoz,
Dermot Hayes, Tun-Hsiang Yu.  Use of U.S. Croplands for Biofuels Increases Greenhouse Gases
Through Emissions from Land Use Change.  Science, 7 Feb 08: Doi 10.1126/science.1151861.]

Biofuel subsidy and incentive proposals:

Venture capitalist Vinod Khosla has designed an alternative subsidy scheme for biofuels which would
cost $30 billion over the next 15-20 years instead of the $80 billion in current federal tax policy. 
Khosla creates a variable subsidy that is countercyclical with oil.  If the price of oil goes down, the
biofuel subsidy goes up.  He points out that this scheme not only saves the federal taxpayer a lot of
money, but “from a capital-formation perspective, it dramatically reduces the risk.  If you reduce the
subsidy but provide more downside protection, the safety for new capital coming in goes up
dramatically.”

British Petroleum has funded an Energy Biosciences Institute for $500 million over the next ten years,
with a focus on developing ecologically-sound, renewable biofuels production for road transport.  The
Institute will be housed on the University of Illinois-Champaign and Lawrence Berkeley National
Laboratory campuses.  As of December, 2008, the institute has 49 research projects on biofuels going
forward.
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The Centia biofuels technology has been developed by a collaboration between North Carolina State
University and Diversified Energy Corporation.  This technology uses any lipid-based feedstock,
including all edible and inedible vegetable or animal oils and fats and lipid-containing waste oils, to
produce hydrocarbon fuels.  A Centia demonstration plant is under construction.  The Centia process at
industrial scale is predicted to require one half the fossil fuel energy input of other biofuels
technologies, have an end-to-end energy efficiency of 85 percent, and the product will reportedly have
energy density and cold flow properties which meet aviation fuel specifications.

Section 1.  Ethanol Fuel

Henry Ford designed the Model T to run on ethanol.  Up until about 1940, John Deere tractors came
with two fuel tanks: a small one containing gasoline used to start the tractor (which was done by hand-
spinning a huge iron flywheel which also served as a belt power takeoff pulley), and a large tank filled
with “farmer’s alcohol” or ethanol to which the tractor was switched when the engine was running.

Problems have been found with use of ethanol-gasoline blend fuel use in vehicles designed to run on
gasoline fuel.  In Australia, high-mileage tests using E-20 fuel blends in gasoline vehicles (that’s 20%
ethanol and 80% gasoline) revealed a number of serious vehicle durability problems, including exhaust
catalyst damage from higher internal temperatures.  An Oak Ridge National Laboratories report
released in Oct 08 found that E-20 fuel got 7.7% lower fuel economy than straight gasoline.

Premier oil and energy analyst Charley Maxwell, who coined the term “energy crisis” in the 1970's,
observes that “Ethanol, for the moment - meaning ethanol from corn - is a stupid investment, as people
are discovering.  Pretty close to 100 percent of the savings [in oil consumption] that you get on ethanol
is consumed by the hydrocarbons fuel that has to be used to grow the corn.  You do save something in
national security terms - it’s not from the Middle East, and you’re not putting dollars out into the wider
world.  But if they can convert cellulose to sugar, and sugar to alcohol, then we will really have
something.”

The Union of Concerned Scientists estimates that, at 2007 production levels, corn-based ethanol offers
only a 10-25 percent reduction in total global warming emissions from the total fuel production cycle,
compared to gasoline.  UCS writes “...using all our corn to make ethanol (with nothing left for food or
animal feed) would only displace perhaps 15 percent of our gasoline demand by 2025.”  In addition, to
make a single gallon of ethanol requires three to six gallons of water be used.

In the U.S. News and World Report feature “Is Ethanol the Answer,” February 12, 2007, reports “In
2006, production skyrocketed, and Washington is posed to push it still higher.  What’s not to like? 
Every gallon theoretically means more money for the iconic American farmer and less cash lining the
pockets of foreign sheiks.  ‘There’s almost a sense,’ says Iowa State University political scientist
Steffen Schmidt, ‘that ethanol is morally better than oil.’” Nearly half of the gasoline produced in the
United States now contains 10 percent ethanol.
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The ten largest ethanol producers and their trade groups have handed out $4.7 million in federal
campaign contributions since 2000, according to the Center for Responsive Politics.  The Renewable
Fuels Association has increased its lobbying spending 60 percent in the past seven years.  Former
Senator and Presidential candidate Bob Dole of Kansas and former Senator and Minority Leader Tom
Daschle of South Dakota lobby for ethanol’s national security benefits on behalf of the 21  Centuryst

Agriculture Policy Project, which represents a consortium of farm and energy interests.

According to this U.S. News article, ethanol started “gaining traction” around 2000 when it emerged as
the oxygenate alternative to methyl teriary butyl ether (MTBE), which had been found to have leaked
into and contaminated groundwater to potentially dangerous levels.  At the same time, start-up
businesses like VeraSun developed more efficient production processes, lowering costs.  When the
Iraq war and high oil prices came along, ethanol refiners could sell their product to the big oil
companies for far more than production cost.  Because of long-standing ethanol tax breaks, currently
51 cents per gallon, oil companies received $2.5 billion in 2006 for blending ethanol into petroleum
fuel, even as buying ethanol for blending saved them money in outlay for fuel source material.  The
Center for Rural Affairs recommends affording the 51 cents per gallon ethanol tax credit only to plants
that are majority locally owned and provide assistance to workers and small farmers who buy in.

As of 2006, 60 percent of ethanol production is in the hands of small producers, often farmer-owned
cooperatives.  Ethanol’s profitability is attracting new, big players.  The number 2 producer, VeraSun,
is now owned by venture capital firm Bluestem, founded by Steve Kirby, former lieutenant governor of
South Dakota and a big Republican donor.  Microsoft founder Bill Gates and the politically connected
international capital venture firm Carlyle Group are major ethanol investors now.

F.M. Tishkevich warns that there are under-reported consequences of using ethanol as fuel in passenger
vehicles.  “As a highly detergent fuel, ethanol will loosen the sludge that has built up in engines,
clogging the fuel filter and fuel delivery systems....Ethanol will also pull water out of the air, creating
an ethanol-water mix that separates from gas, resulting in a rough-running engine.  The electrical
conductivity in ethanol can corrosion in aluminum gas tanks.”

A. Cellulostic Alcohol

In 2005 the U.S. Departments of Agriculture and Energy calculated that the U.S. has enough biomass
resources to sustainably meet well over one-third of current U.S. petroleum needs through cellulostic
alcohol technology application.

Any cellulose-containing waste can be used to make cellulostic alcohol.  Cellulose is a long-chain
sugar whose molecular bonds cannot be broken by digestive enzymes produced by vertebrate
herbivores.  However, various bacteria have developed digestive enzymes that can break the cellulose
chain into fructose and glucose sugar compounds which can be digested by the various yeasts and
enzymes which can convert sugar cane and corn sugars into food energy.  Termites have developed a
symbiotic relationship with one strain of such cellulose-digesting bacteria, providing the bacteria a

The Renewable Deal – Edition 2  – April 2010 Page 123



home in the termite hindgut where the bacteria break down the cellulose particles ingested by the
termite.  Elephants also have a symbiotic relationship with a cellulose-digesting bacteria in their gut. 
Biochemist Pat Foody in Canada figured out how to synthesize this cellulose-digesting enzyme, and
two cellulostic alcohol manufacturing plants are being built in Alberta by a partnership between
Foody’s firm Iogen and Shell Oil which utilize this enzyme to break down cellulose into a sugar slurry
which then has the same yeast added to it as corn mash for production of ethanol. 

At the biofuel research institute at the University of California at Berkeley, Jay Keasling has been using
a form of genetic engineering to produce enzymes capable of breaking down cellulose into fermentable
short-chain sugars for ethanol production.

In Japan, Honda is collaborating with a research institute to make cellulostic fuel alcohol from inedible
parts of the rice plant.

Fast-growing grass crops like switchgrass, native from Florida to Saskatchewan, requires less fossil
fuels to cultivate than corn, and yields three to five times as many gallons of ethanol per acre than
corn.  As a result, the Union of Concerned Scientists says the production and burning of cellulostic
alcohol generates 70 to 90 percent less carbon dioxide than corn-based ethanol.

Woody tissues consist of cellulose fibers, hemicelluloses, and lignins.  Cellulose polymers are
composed of glucose molecules linked end to end; the polymers bond together to form tough fibers. 
Hemicelluloses are complex carbohydrates which contain glucose as well as other sugars.  Lignins are
complex polyphenols.  Both hemicelluloses and lignins contribute to making wood hard as well as
strong.

Production of cellulostic alcohol would be far superior environmentally and in terms of net energy
produced versus consumed in production because:
• Enzymes rather than heat produced by natural gas or coal combustion as used in corn ethanol

manufacture break down the carbohydrate feedstock into ethanol.
• Little or no fuel or fertilizer would be utilized in producing cellulostic alcohol feedstock.
• Cellulostic alcohol feedstock is essentially waste material.  After processing for production of

ethanol, the slurry remains a good organic soil supplement without having intensive nutrient
contents which exceed the ability of natural soil processes to recycle.

Although crop residues can be used as feedstock for production of cellulostic alcohol, removal of crop
residues from the land precludes plowing this material back into the soil to decompose, where it serves
to feed the beneficial soil biota and recycle nutrients back to the next crop.  Soil scientist Wally
Wilhelm of the USDA Agricultural Research Service Laboratory in Lincoln, Nebraska, says his review
of all research on the question of what portion of crop residues can be removed for ethanol production
without reducing soil organic matter levels indicates in most instances we need to leave between one
half and two thirds of crop residues to be incorporated back into the soil if soil fertility is to be
maintained.
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The Union of Concerned Scientists estimates that cellulostic ethanol offers a 70-90 percent reduction
in total global warming emissions from the total fuel production cycle, compared to gasoline.

The U.S. government currently estimates the capital cost of cellulostic alcohol at five times that of
corn.  However, I see this as a reflection of the fact that development of industrial processes to produce
cellulostic alcohol efficiently are in a very early stage, equivalent to that for industrial ethanol
production circa 1980.  The cost of production of ethanol in 2007 is far lower than in 1980 due to high-
efficiency industrial processes developed by VeraSun circa 2001.

Senator Tom Harkin pledges to “jump start” cellulostic ethanol demand and supply with research
money and loan guarantees in the 2007 Farm Bill.  He sees a “chicken and egg” problem in scaling up
industrial cellulostic alcohol production to bring production costs down.  “Investors are not investing
in cellulostic plants because there’s no supply,” he says.  “And farmers are not planting switch grass or
other energy crops because there’s no market.”  According to the Atlanta Journal Constitution in early
2007, “Ga. Plant to Turn Pine Waste Into Ethanol,” Georgia is already well along on the course of
building a cellulostic alcohol plant to make ethanol from pine tree processing byproducts.  Venture
capitalist Vinod Khosla reported in December, 2006, that his firm has four cellulostic ethanol
investments: one is the Georgia facility, another is in Louisiana to turn sugar cane waste to make
ethanol.

The Center for Rural Affairs argues that “We should condition tax credits on leaving sufficient crop
residue to maintain organic matter and prevent erosion....we should develop new approaches to the
Conservation Reserve Program (CRP) that allow grass to be harvested for ethanol production only if
timed to maintain wildlife and erosion control benefits.”

Environmental Defense’s national climate campaign coordinator Steve Cochran says, “With the correct
incentives, lower carbon cellulostic ethanol could be brought to market very quickly.  Flawed policy is
the [current] problem.”

Cellulostic alcohol production: (1)  As of 2006, Iogen Corporation based in Ottawa, Canada, was
operating a small cellulostic alcohol facility with a capacity of 793,000 gallons per year, and was
working on upscaling production to permit construction of full-scale commercial cellulostic alcohol
plants.

(2) In August, 2008, Fulcrum BioEnergy, Inc., announced plans to build a $120 million plant to
convert organic garbage into ethanol at the Tahoe-Reno Industrial Center in Storey County, Nevada.

(3) A 20,000-gallon plant is being built in Scotland, South Dakota, by the ethanol company
POET, to be operational by the end of 2008.  POET CEO Jeff Broin says the plant will use fibers from
corn kernels and cobs as feedstock.

B.  Alcohol from Food Crops
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In 2006 about 16 percent of U.S. corn production was diverted to make ethanol.  Thanks to a liberal
sprinkling of federal subsidies, as of early 2007 112 ethanol plants are producing ethanol along the
Farm Belt, and 76 are under construction.  According to some counts, as many as 200 more have been
proposed.  Lester Brown projects a third of the U.S. corn harvest will be used to make ethanol in 2008,
given the number of ethanol plants that will then be operating.

Of the new ethanol plants coming on line in 2003, more than 60 percent were farmer-owned.  From
2006-2009 90 percent of the plants coming on line are non-farmer owned.  According to the Center for
Rural Affairs in January 2007, as long as oil prices remain at then-current levels, ethanol plants could
buy corn at nearly double the price seen in recent years and remain profitable.  The Center reports that
the ethanol plants operating, under construction, and under consideration in Nebraska would use the
entire corn production of the state and leave nothing for livestock production.

In the 1990's, Minnesota passed legislation providing incentives for smaller-scale, farmer-owned
ethanol-producing facilities.  The state found that each new 40 million gallon plant, if locally owned,
resulted in:
• A one-time boost of about $142 million to the local host economy
• Creation of about 42 full-time jobs
• Increased annual direct spending in the host community by approximately $56 million
• An average annual return on investment of about 13.3 percent over a ten year period to farmers

and other local investors.

According to a legislative audit of Minnesota’s ethanol incentive program, in addition to the job
creation and boost to rural economies, the program also resulted in a higher return in state taxes than it
cost the state in subsidy expenditures.  Minnesota’s farmers have responded enthusiastically to the
program, with over 20 percent of Minnesota corn growers now investors in ethanol cooperatives.  In
the case of absentee and foreign-owned ethanol plants, the larger scale of these facilities dilutes the
beneficial local impact of job creation, exports the profits from operation, and increases negative
impacts associated with longer transportation distances of corn to the plants and concentrated
production issues, such as waste disposal, air emissions, and the like.

Analysis of the energy benefits of ethanol from corn typically externalize the environmental and energy
costs associated with the fact that existing ethanol plants use natural gas or coal as the energy source
for heat used in processing and distillation.  The new ethanol plant that opened in Richardton, N.D., in
January 2007 is coal-powered, for example.  25 percent of ethanol produced moves by diesel tanker
truck and the remainder by tank car on rail, pulled by diesel locomotives.  Unlike oil and gas, there is
no ethanol pipeline infrastructure for product movement to the customer.  Some propose co-locating
ethnanol plants with big feedlots and using methane generated from the manure to power the ethanol
plant, while feeding the byproducts to the animals in the feedlot.  The byproduct of grain-based ethanol
production is distillers grain, which is suitable for livestock feed since it still has most of the protein
and minerals contained in the original grain.
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In late 2006, Royal Dutch Shell, the world’s largest biofuel marketer, announced that it considers food-
based fuel “morally inappropriate.”  “People are starving, and because we are more wealthy, we use
food and turn it into fuel,” said Eric Holthusen, a fuels-technology manager for Shell’s Asia-Pacific
region.  In 2006, ethanol production consumed 16 percent of the U.S. corn crop, consuming more corn
than was used to produce foods or food additives (such as corn syrup and starch) for human
consumption.  Since corn’s primary U.S. use is as animal feed for dairy and beef cattle, pigs, and
chickens, meat and dairy producers are reeling from corn prices that have doubled in a year.  Corn is
now trading above $4 a bushel for the first time in a decade; corn prices are trading in 2007 for double
the price in 2006 on U.S. exchanges.  Lester Brown of the Earth Policy Institute warns that ethanol is
on track to consume a third of the U.S. corn crop in 2008, and half the crop not long after.  Brown is
calling for a moratorium on new ethanol refineries, similar to the one the world’s number 3 ethanol
producer, China, announced in December 2006.  This prediction takes into account the fact that
farmers are on track to plant 88 million acres of corn in 2007, more acreage than at any time since the
1940's, when yields were a fraction per acre of those obtained today.  This gain in corn acreage is
coming at the expense of rotating corn into soybeans, which threatens problems maintaining soil
fertility and disrupting pest and disease cycles on land planted to successive monoculture crops of
hybrid, genetically-engineered corn.

In November, 2006, USDA Chief Economist Keith Collins issued an analysis of future growth of
ethanol production from corn and its impacts.  The USDA projected the share of the U.S. corn crop
committed to ethanol would triple from 6 percent in 2000 to nearly 20 percent for the 2006 crop.  Corn
prices could set new record highs over the next 5-6 years in response to demand from ethanol
production.  USDA predicts a shift from export of corn to domestic ethanol production.  Corn stocks
will be tight and markets volatile; a drought or increased demand from China could cause dramatic
corn price increases.  Corn ethanol alone cannot greatly reduce U.S. dependence on crude oil imports;
despite consuming 20 percent of the U.S. corn drop, ethanol fuel will account for the equivalent of just
1.5 percent of U.S. crude oil imports in 2006.  Oil prices have a greater effect on the profitability of
ethanol production than corn prices.  Crude oil prices would have to fall below $35/barrel for ethanol
to no longer be competitive with gasoline.  Collins states: “US farmers need to plant 90 million acres
to corn by 2010, 10 million more than 2006.”

Citigroup bank of New York City issued an analysis at the same time as the USDA’s.  Citigroup
projects ethanol profit margins of over 20 percent for the next 10 years with a tripling of ethanol
production.  This increased production is projected by Citigroup to consume 31 percent of the U.S.
corn crop and push corn prices to $2.90 a bushel or higher.  High price and demand for corn will cause
shifts from soybean acreage and lead to big increases in yield-enhancing seeds and chemicals in corn
growing.

Lester Brown observes, “With the massive diversion of grain to produce fuel for cars, [US] exports
will drop.  The world’s breadbasket is fast becoming the U.S. fuel tank..”  “The stage is now set for
direct competition for grain between the 800 million people who own automobiles, and the world’s 2
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billion poorest people.  The risk is that millions of those onthe lower rungs of the global economic
ladder will start falling off as higher food prices drop their consumption below the survival level.”

Despite claims that ethanol plants have created over 200,000 jobs, Iowa State University economist
Dave Swensen found Iowa ethanol plants created fewer than 1,000 jobs in 2006.  The real reason for
the explosion in ethanol production can be found in lobbying and its legislative fruit: In 2006, Archer
Daniels Midland Company (ADM), which controls 22 percent of the ethanol market, claimed it did no
lobbying at all in mid-2006 when Public Citizen filed a complaint that ethanol industries were under-
reporting their lobbying costs.  By February 2007 ADM reported a $300,000 lobbying tab in six
months.  The Renewable Fuels Association reports spending $500,000 on lobbyists from 2000 to 2005,
while lobbying firms report they were paid $1.7 million by the Association during the same time. 
Whatever the truth of the investment in influencing Congress, Congress has implemented and
sustained tax credits, tax exemptions, direct payments, and research grants for the ethanol industry that
total between $5.1 billion and $6.8 billion a year.

As of October 1, 2007, the spot price for fuel ethanol has dropped 30% since May.  From 2005 to 2007
the price of ethanol went from circa $2 to $1.55 per gallon, while the price of a bushel of corn went
from $1.60 to $3.25.  The reason for this lies in the rapid speculative development of ethanol plants in
response to the 2005 Energy Act’s requirement that ethanol be blended in gasoline fuels, creating a
demand of 7.5 billion gallons by 2012 versus 3.5 billion gallons ethanol production in 2004.  Existing
plants and those under construction will be able to deliver 7.8 billion gallons by the end of 2007 and
11.5 billion gallons in 2009.  There are currently 129 ethanol plants operating, with 80 under
construction or expanding existing plant capacity.

The clog in the system currently is due to two problems.  First, ethanol distribution capacity has not
kept up with ethanol production expansion.  Because of its oxidative characteristics (which is
beneficial to lowering emissions from burning gasoline), ethanol absorbs water and corrodes pipelines
when put through pipelines built to carry petroleum hydrocarbons.  Therefore ethanol must be shipped
in truck or rail-carried tanks designed to carry it.  There is a backlog of 36,166 ethanol rail cars on
order as of the end of the first quarter of 2007.  A number of the ethanol plants have failed to build
adequate loading facilities to deliver ethanol into the transport tanks efficiently.  At the receiving end,
a program on NPR showed how oil companies increase their profits displacing petroleum fuel with
cheaper-per-gallon ethanol in blends.  Despite this inducement, refineries - mostly located far from
corn-producing regions and the ethanol plants - have been investing in equipment to meet new diesel
fuel and other standards instead of in ethanol-blending equipment, so the demand for all 7.5 billion
gallons per year of ethanol for the U.S. fuel supply isn’t there even if the means of transporting it to the
refineries was in hand.

Section 2.  Biodiesel Fuel

2Oilseed plants used for making biodiesel draw CO  from the atmosphere to build stems, leaves, seeds
and roots.  At the end of the year, the oil extracted from the seeds to make biodiesel is burned and the
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leftover plant material decomposes, returning the carbon from the fuel and most of the plant matter to

2 2the atmosphere as CO .  This results in no net accumulation of CO  in the atmosphere from this fuel
cycle.  If petroleum fuels are used for fertilizer, farm machinery, and transportation during biodiesel

2production, then fossil carbon is added to the CO  load in the atmosphere.  The net is that petroleum-

2derived diesel fuel produces 12,360 grams per gallon of CO  into the atmosphere, while biodiesel
produces 2,661 grams.  If the biodiesel is produced using organic farming techniques using farm
machinery powered by biofuels or renewably-generated electricity, and is transported to market using

2machinery similarly powered, then burning a gallon of biodiesel would add zero grams of CO  to the
atmospheric load and have no net global warming effect.

Biodiesel contains an almost unmeasurably low level of sulfur, versus over 2,000 ppm in petrodiesel
(which is being removed as of 2007 to lower sulfur dioxide diesel emissions, at the cost of additional
fuel refining expense and a loss of petrodiesel lubricity).  Biodiesel is highly detergent by comparison
to diesel refined from petroleum.  If introduced into a diesel vehicle which has been running on
petroleum diesel for a long time, biodiesel will liberate coatings from the fuel tank, lines, and injector
system which can cause clogging problems while the crud is cleaned out of the fuel system. 
Thereafter, biodiesel’s superior lubricity and detergent action results in vastly extended engine and fuel
injector life relative to petrodiesel.  Emissions of most pollutants are lower from biodiesel than
petrodiesel.  The following table illustrates 100% biodiesel (B100) and 20% biodiesel/petrodiesel mix
(B20) emissions:

B100 B20
Carbon monoxide -43.2% -12.6%
Hydrocarbons -56.3% -11.0%
Particulates -55.4% -18.0%
Nitrous oxides   +5.8%   +1.2%
Air toxins -60 to 90% -12 to 20%
Mutagenicity -80 to 90% -20%

Michikazu Hara of the Tokyo Institute of Technology and his colleagues have demonstrated that a
charred mixture of inexpensive sugars, starches or cellulose can be treated to formulate an effective
solid-acid catalyst for making biodiesel that is insoluble, cheap to prepare, and easy to recycle.

In the United States, the most promising source overall for biodiesel oil is soybeans, followed by
canola/rapeseed and sunflowers.  Iowa State University lists soy oil, palm oil, tallow, animal fats,
yellow grease, and waste vegetable oil as probable sources, along with brown mustard, sunflower oil,
canola, and certain algae that can be grown in ponds in warm climates.

According to the U.S. Department of Energy, biodiesel from virgin soybean oil yields 3.2 units of fuel
energy for each fossil fuel energy unit required to produce it, reducing lifecycle carbon dioxide
emissions by 78 percent relative to petroleum-derived diesel fuel.  Soybean crops on average yeild 50
gallons of fuel oil per acre of crop.  Palm oil delivers 650 gallons of fuel oil per acre; rainforests are
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being cut to grow palm oil plantations.  Analysts report this loss of forest carbon sink is so large that it
will require 100 years of production of biodiesel from oil palms planted on an acre of cleared rainforest

2land to achieve carbon neutrality in release of CO  into the atmosphere.  The Sustainable Biodiesel
Alliance has been formed to address such issues.

Worldwatch reports that as of 2006, half of U.S. soybean farmers were using biodiesel fuel.

The best source of biodiesel is algae, which as shown elsewhere in this article can be produced while

2scrubbing CO  and other pollutants from coal-fired power plant emissions.  This source of biodiesel
does not require clearing rainforest or consuming edible crop production.  PetroSun’s Algae Biofuels
division is in its final stage of development of commercial-scale production techniques for producing
adequate quantities of algae paste before constructing its first commercial algae-to-biodiesel
production facility.  PetroSun’s business plan is to locate algae ponds and refining facilities for algae-
derived biodiesel along major truck routes.  PetroSun aims to capture the 39 billion gallon-per-year
market for on-highway diesel fuel use; on-highway diesel fuel consumption is increasing 3 percent per
year.

A biodiesel mix of 20 percent food oils and 80 percent petroleum diesel has performed well in over 7
million miles of tests in the U.S. and is widely used in Europe.  Tests by the U.S. Departments of
Defense and Agriculture, and the Southwest Research Institute, confirmed that biodiesel produces less
air pollution than all-petroleum diesel while being equally energy-efficient.

At “Sunshine Farm” on Wes Jackson’s Land Institute in Kansas, they are determining how to farm
with zero energy input: the farm internally produces all the energy consumed in its operations.  The
Sunshine farm’s diesel-powered machinery is powered with sunflower and soy oil-derived diesel fuel
made from crops grown on the farm.  The goal of Sunflower farm is to export enough energy from the
farm to offset the embodied energy in the equipment and supplies imported to the farm, while meeting
the operating energy needs of the farm with fuels grown and electricity generated on the farm.

Biodiesel from sunflowers: San Juan Biodiesel is moving foward with plans to construct a biodiesel
facility in Southwest Colorado.  Test plots of sunflowers grown in San Juan County, UT, and Dolores
County, CO, in the summer of 2006 produced 735 pounds per acre of 3,300 acres planted by 23
farmers in dryland crop and 2,000 pounds per acre irrigated.  The oil from the sunflower seeds is
converted to diesel methyl-ester fuel.

Biodiesel from fallow cover crops: University of Nebraska-Lincoln researchers tested growing cool-
season oil crops such as brown mustard and camelina during the fallow period in wheat systems,
successfully producing biofuel while still conserving soil moisture for the next wheat crop.  This and
other innovative farm water management research and conservation measures can be found in a SARE
report at <www.sare.org/publications/water.htm>.
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Biodiesel from topical palm oil: Palm oil is among the cheapest and easiest biofuel material for
processing into biodiesel.  An acre of oil palms will produce 650 gallons of methyl-esters (diesel fuel)
per acre, versus 50 gallons per acre by soybeans.  However, increased production and export to the
U.S. and Asian Rim markets will likely come at the expense of biodiverse tropical rain forests, which
are already being cleared to make room for palm plantations in some areas.

Section 3.  Biomass

Biogas power generation:  Central Vermont Public Service now offers a new variation on “green
power.”  Their Cow Power program allows customers to buy electricity generated from methane
produced from digesters fed by the manure from four (as of 2008) large dairies.  More than 3,700
customers have enrolled.  Customers pay a 4 cents per kilowatt hour premium for this biogas-
generated power.  Most of the premium fee goes to farmers to defray the cost of buying the equipment
required for the manure biogas digesters and collection equipment, which can cost up to $2 million per
dairy.  The equipment scrapes the manure waste into a drain, from which it is pumped into a sealed
container where it is kept at a temperature of 101 degrees Fahrenheit.  Anaerobic bacteria break down
the organic matter into methane and other gases which are burnt in a motor which drives an electric
generator.

Landfill biogas: More than 400 landfills around the U.S. have made deals with alternative-
energy companies to capture methane generated by anaerobic decomposition of organic materials in
the landfill to burn for power generation.

The Ada County landfill outside Boise, Idaho, collects methane gas through a network of 88
wells and several miles of pipes, which carry it to two generators of 1.6 megawatts capacity each. 
Over the past two years, Ada County has received $600,000 from Fortistar, the power plant operator,
in payment for the methane fuel.

Kalispell, Montana, has a contract for the methane from its Flathead County Landfill.  Billings
has a contract to sell its landfill methane to Montana-Dakota Utilities for an income of $20 million
over 40 years; the utility expects to generate $130 million in profits from the electricity generated from
the Billings landfill over 40 years.

Biomass power generation:

Biomass-fired power plants can be located close to loads, avoiding expensive upgrades to the electrical
transmission grid and avoiding transmission losses.  Worldwatch estimates biopower generates up to
20 times more jobs than an equivalent-capacity natural-gas-fired power plant does.

1. As of 2006, over 100 U.S. coal-fired power plants were burning biomass together with coal. 
Experience has shown that biomass can be substituted for up to 2-5 percent of coal at very low
incremental cost.  Higher rates of up to 15 percent biomass are possible with moderate plant
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upgrades.  When burned with coal, biomass can significantly reduce total sulfur dioxide,
carbon dioxide, and other net greenhouse gas emissions.  Burning biomass destined for
landfills reduces the amount of organic waste that will decompose anaerobically in landfills,
releasing the potent greenhouse gas methane.

2. Organically-certified Dixon Ridge Farms in California has plans to achieve full off-grid energy
self-sufficiency by 2012.  Their plans include installing a 50 kilowatt generator that burns
walnut shell wastes to produce electricity.

Biomass as the front end on carbon sequestration:  Dan Reicher proposes sequestering atmospheric

2carbon through a biomass-based energy generation system.  The plant removes CO  from the
atmosphere during photosynthesis.  When the plant biomass is used to produce energy - electricity or

2biofuels - if the resulting CO  is captured and sequestered, one gets a net reduction in atmospheric

2CO .

Biomass as feedstock for plastic manufacture:  Venture capitalist Vinod Khosla advocates making
plastics out of biomass.  He sees cost estimates for what he describes as a “relatively modest
technology” that are 20-50 percent below petroleum-based plastics when petroleum costs $60 per
barrel.

Section 4.  Bacterial fuel cells

Claire Reimers, professor of chemical oceanography at Oregon State University, has developed
bacterially-powered fuel cells for her deep-sea sensors.  The seabed is full of bacteria which release
electrons when they break down molecules of organic and inorganic matter.  Reimers put a 19"
graphite plate onto the seabed to attract the electrons freed by bacterial metabolism, with a cathode in
the water above the seabed to provide a current path.  The microbial fuel cells on the ocean floor
produced power without interruption for a year.

Observers note that wastewater treatment plants make use of bacteria to metabolize organic waste.  If
harnessed in a series of bacterial fuel cells, the bacteria might produce enough electricity to provide for
part or all of the treatment plant’s needs.

Section 5: Carbon Offsets from Biomass Electricity Generation

The current U.S. electricity generation portfolio (50% coal, 20% nuclear, most of the rest natural gas)
generates 160 million tons of carbon dioxide for each gigawatt-hour of electricity generated. 
According to the National Renewable Energy Laboratory, coal-fired power plants have a duty of 72
percent.  A biofuel-fired power plant should achieve the same duty.  For each 10,000 kilowatts of
installed generating nameplate capacity in a concentrating solar plant with a duty of 72 percent or
greater, the offset in polluting gas emissions will be:

Carbon dioxide = 240 metric tons
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Nitrous oxide = 4 million kilograms
Sulfur dioxides = 11 million kilograms

Although generation of electricity from combustion of biofuels produces emissions of carbon dioxide
as does combustion of fossil carbon fuels, there is no net greenhouse gas loading of the atmosphere
from burning biomass fuels.  The carbon in the biomass fuels was recently extracted from the carbon
dioxide in the atmosphere by plants.  Thus, combustion of biofuels returns to the atmosphere carbon
dioxide which was recently extracted from it, producing a closed cycle with no net carbon dioxide
increases in atmospheric loading.

The American Solar Energy Society’s 2007 Tackling Climate Change in the U.S. calculates that 355
terawatt hours of electricity per year from biomass energy can be on-line in the U.S. energy grid by
2030.  Generating this amount of power from biomass would prevent release of 75 million Tons of
carbon dioxide from fossil carbon sources into the atmosphere in a year from the current U.S. energy
portfolio, or 211,268 Tons of carbon dioxide per year for every terawatt of biomass electricity
produced.

References:

Biomass Council <www.biomasscouncil.org>
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Chapter 6: Geothermal Energy

(Revised 11 Oct 09)

The heat in the upper six miles of the earth’s crust contains 50,000 times as much energy as is found in
all the world’s oil and gas resources combined. [Gawell, et al, 2003]

Production of Electricity

Heat from the earth is used to produce significant amounts of base load electricity.  As of 2008 five
countries use geothermal to generate 15 percent or more of their total electricity and 24 countries have
installed capacity.  In the first half of 2088, total world installed geothermal power capacity passed
10,000 megawatts.  By 2010, capacity could increase to 13,500 megawatts across 46 countries.

As of 2008, the U.S. has nearly 3,000 megawatts of geothermal generating capacity on line.  96 new
geothermal power plants now under development in 12 western states are expected to double this
capacity by 2011.  The Geothermal Energy Association estimated in 2005 that by 2025, U.S.
geothermal resources could provide more than 30,000 Megawatts of power, or 6 percent of then-
current national electricity demand.  Construction of this capacity would create 130,000 new jobs and
add more than $70 billion in investment to the economy.

The American Solar Energy Society reports: “Geothermal plant economics favor steady-state operation
at near-full load.”  Geothermal plants have a 24-7 duty cycle, and can play the same role as base load
electric generators as coal-fired and nuclear power plants in powering the U.S. electric grid. 
According to the DOE’s Energy Information Administration, the “capacity factor” (percent of time the
facility can produce power to the grid) is 90 percent, while a coal plant’s capacity factor is 67 percent. 
Geothermal plants have larger capacity factors than either coal-fired or nuclear power plants because
they are simpler mechanically and do not have fuel-related downtime issues.

Current geothermal electricity-generating installations utilize hydrothermal convective reservoirs, 
which have relatively high permeability and contain water at shallow depths which can be tapped to
produce steam or hot water.  The majority of thermal resources are in reservoirs that are at greater
depths, or lack permeability, or do not contain water.

Over the past 20 years, the costs of geothermal power systems have come down more than 50 percent,
with current costs about 5-7 cents per kilowatt-hour.  Major research and development is underway to
deal with both “wet” sites where steam and geyser activity is naturally present, and at dry sites where
water is introduced through bore holes into hot rock to turn to steam which returns via other bore holes
to drive turbines.  According to NREL, “Major research thrusts are aimed at reducing up-front
resource-discovery risk and reducing costs through innovative drilling techniques and advanced
technologies for power plant and reservoir engineering.”
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Power generation utilizing the earth’s heat used to require access to pockets of rock near the earth’s
surface hot enough to boil water, producing steam which was vented to the surface to drive a power-
generating turbine.  The world’s first geothermal power plant in Larderello, Italy, in 1904 was such a
type.  This type of geothermal plant is the choice where the rock is 200 degrees Centigrade or hotter.
New technologies use liquids with low boiling points in closed-loop heat exchange systems, allowing
electricity to be generated from deposits of rock with temperatures below 200 degrees Centigrade. 
Current “binary systems” circulate water into the rock, then feed the heated geothermal brine into a
heat exchanger in which a “working fluid” with a lower evaporation temperature is converted from
liquid to gaseous state to turn a power train, then converted back to liquid state in a cooling tower. 
The working fluids used are homologous series of hydrocarbons including butanes through heptanes. 
Ammonia also works as the working fluid.  Research is being done on use of supercritical carbon
dioxide as the “fluid” injected into the hot rock to collect heat in the primary of the binary geothermal
plant.

Using binary technologies, the U.S. Department of Energy estimates that 260,000 megawatts of U.S.
geothermal resources can be developed for electricity generation.  A 2006 study led by the
Massachusetts Institute of Technology found an investment of roughly $1 billion in geothermal
research and development (roughly the capital cost of building one coal-fired power plant) over 15
years could lead to commercial deployment of 100,000 megawatts of geothermal electrical generation
by 2050.

Such an investment may prove unnecessary, since America’s garage inventors have been at work on
low-temperature geothermal electricity generation.  United Technologies is mass-producing a low-
temperature geothermal power plant for global sale, based on Bernie Karl’s invention of a power plant
that would work using water from his 165 degree Fahrenheit hot spring in Alaska.  The U.S.
Department of Energy has called this low-temperature geothermal electric plant one of the “top 100
R&D projects” in the U.S.

On 10 October 2007 the Energy Information Agency calculated that the U.S. and Japan can have
200,000 megawatts of geothermal electricity generation capacity installed by the year 2020.

Worldwatch estimates that geothermal plants have a land footprint of 74 acres consumed per billion
Kilowatts of electricity generated annually.

Examples of National Installations and Geothermal Power Plans:

1.  United States: The Energy Policy Act of 2005 made geothermal power generation eligible to receive
the federal renewable energy production tax credit.  Electricity generated from geothermal resources
now costs the same as fossil-fuel-based electricity in many markets in the western United States.  As of
August 2008, installed geothermal capacity in the U.S. totaled nearly 2,960 megawatts, more than any
other country in the world, from installations in Alaska, California, Hawaii, Idaho, Nevada, New
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Mexico, and Utah.  California produces almost 5 percent of its total grid electricity from geothermal,
most capacity being in the area called “the Geysers” north of San Francisco.

As of August 2008, 97 new geothermal power projects with up to 4,000 megawatts of capacity were
confirmed to be under development in 13 states, with construction having commenced on 550
megawatts.  These geothermal power plants are projected to create 7,000 new full-time jobs.  Two of
the larger-scale projects are the 350-megawatt Vulcan Power near Salt Wells and Aurora in Nevada,
the 155-megawatt project by CalEnergy near the Salton Sea in southern California, and the 120-watt
Davenport Power project near Newberry Volcano in Oregon.

Raser Technologies has joined forces with UTC Power in producing a modular design for binary
geothermal plants, enabling them to be built in months, not years, at much lower cost per nameplate
kilowatt capacity.  Raser uses mass-produced air-conditioning components from UTC, arraying the
units side-by-side like computers linked in a network to achieve the total generating capacity desired in
a given plant.  A 10 megawatt plant was recently completed in Utah’s west desert which will provide
power to Anaheim, CA; the companies have broken ground on another binary plant in New Mexico
which is contracted to provide power to Phoenix, AZ.

2.  Europe: Italy currently has 810 megawatts installed capacity and plans to nearly double this by
2020.  Iceland meets 27 percent of its electricity needs from geothermal, the largest percentage among
the world’s nations.  Five geothermal plants near Reykjavik with a total capacity of 225 megawatts are
due for completion by 2012 to provide electricity to new aluminum refineries.  Germany has only 8
megawatts installed capacity, but its feed-in tariff of 0.15 marks (US $0.23) per kilowatt-hour
implemented in 2004 has resulted in 150 geothermal power plants being under development in 2008,
centered in Bavaria, utilizing low-temperature emergent heat exchange technology.

3.  Japan: A decade-old estimate for Japan found that country could develop 69,000 megawatts of
geothermal generating capacity.  With current lower-temperature technologies that estimate rises to
140,000 megawatts. [DOE, 2004]

4.  Philippines: 23 percent of Philippines electricity is generated by geothermal as of 2008, making the
Philippines the world’s second-largest geothermal producer.  The Philippines aims to increase its
installed geothermal capacity to 3,130 megawatts by 2013, an increase of 60 percent.

5.  Indonesia: is the world’s third-largest geothermal electricity producer.  It plans to install 6,870
megawatts of new geothermal capacity over the next 10 years, equal to 30 percent of its current
electrical generation from all sources.  Most of this capacity will be built by the Indonesian state
petroleum company, Pertamina, illustrating the increasing diversification of conventional energy
companies into the renewable energy market.

6.  Africa: The geothermal development potential of the Great Rift Valley in Africa is enormous. 
Kenya is the forerunner in developing this potential.  In late June 2008, President Mwai Kibaki
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announced a plan to install some 1,700 megawatts of new geothermal capacity within 10 years, 13
times greater than current installed capacity and 1.5 times the current national generating capacity from
all sources.  Djibouti, aided by Reykjavik Energy Invest’s commitment to provide $150 million for
geothermal projects in Africa, aims to have almost all its grid energy from geothermal in a few years. 
The African Rift Geothermal Development Facility is an international organization partially funded by
the World Bank which seeks to increase use of geothermal energy in the Great Rift Valley by
protecting investors in facilities from losses during early stages of development.

7.  Papua, New Guinea: Lihir Gold Limited operates a 56-megawatt geothermal power plant that meets
75% of corporate power at far lower cost than oil-fired power production.

Geothermal Energy for Heating

Space Heating and Culinary Hot Water Systems:  Worldwide at the current time an estimated
100,000 thermal megawatts of geothermal energy, roughly 10 times the amount converted to
electricity, is used directly to heat houses, greenhouses, water for bathing, and for process heat in
industry.

Iceland and France are among the leaders in use of geothermal heat for space heating.  Iceland uses
geothermal energy to heat 90 percent of its houses.  In the 1970's, France built some 70 geothermal
heating facilities, providing both space heating and hot water for some 200,000 residences.

In the United States, individual homes are supplied directly with geothermal heat in Reno, Nevada and
Klamath Falls, Oregon.  Other countries that have extensive geothermally-based direct-heating systems
include China, Japan, and Turkey.

Worldwatch reported in 2006 that “All areas of the United States have nearly constant ground
temperatures suitable for geothermal heat pumps, which use the earth or groundwater as a heat source
in winter and a heat sink in summer to regulate indoor temperatures.  More than 600,000 geothermal
heat pumps are operating today, and the market is growing at an annual rate of 15 percent.”

Aquaculture: Among the 16 countries using geothermal energy for aquaculture are China, Israel, and
the United States.  In California 15 fish farms annually produce some 10 million pounds of tilapia,
striped bass and catfish using warm water from underground.

Bathing and swimming: Japan has 2,800 spas, 5,500 public bathhouses, and 15,600 hotels and inns
that use geothermal hot water.  Iceland uses geothermal energy to heat some 100 public swimming
pools.  Hungary heats 1,200 swimming pools with geothermal energy.

Production of Space Heating and Cooling from the Ground Effect
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In most areas of the United States, the ground temperature at a depth of 8 feet is over 50 degrees. 
Placing tubes at such depth and circulating air through them causes the circulated air to be either
warmed or cooled towards the temperature of the earth surrounding the tubes.

Examples of Installations:

1.  Oranges in the Snow Greenhouses in Alliance, Nebraska, have 1,100 feet of 6 inch tubes buried in
the earth through which air is circulated by a three-quarter horsepower blower.  The ground-effect-
heated air from the tubes keeps a 85-by-16-foot greenhouse above freezing at a cost of less than $500
per year for energy.  The ground-effect air is also used to cool the greenhouse in summer.  The
greenhouse has been in operation growing citrus for 15 years, producing 120 pounds of top-quality
fruit each year.

The housing for the operation uses the same ground-effect air to flow through a room that contains the
outdoor unit of a standard heat pump.  The air warmed by the earth “fools” the heat pump into thinking
it is in a warmer climate than is the case, so the unit runs on its compressor heat exchange mode year-
around rather than engaging its energy-hogging high resistive heat mode.

Production of Cooling from Geothermal Heat

Bernie Karl, former Alaskan pipeline mechanic, has built a hotel out of ice that is maintained through a
cooling system powered by a 165-degree F hot spring.  The spring water heats an ammonia solution,
which is fed into a condenser which turnings it into a pressurized vapor at 40 degrees which evaporates
rapidly, pulling heat out of a circulating salt brine which travels through the ice walls of the hotel,
preventing them from melting.  The heat is removed from the ammonia by circulating it through coils
immersed in Monument Creek.

Reduction of Carbon Dioxide and Other Emissions

The geothermal reduction in emissions per 10,000 kilowatts installed capacity for a live steam type of
geothermal electric plant is:

Carbon Dioxide = 230 metric tons
Nitrous Oxides = 3,999,000 kilograms
Sulfur Dioxides = 10,999,000 kilograms

Because binary systems are closed systems, there are no emissions to the atmosphere.  Therefore the
reduction in emissions per 10,000 kilowatts installed capacity for a binary geothermal electrical
generating system is:

Carbon Dioxide = 240 metric tons
Nitrous Oxides = 4 million kilograms
Sulfur Dioxides = 11 million kilograms
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In terms of gigawatt hours of electricity produced, the average coal plant emits 260 metric tons of
carbon dioxide for each gigawatt-hour of electricity produced.  The average emissions from today’s
U.S. electric generating mix (coal, natural gas, hydroelectric, nuclear and some non-hydro renewables)
is 160 metric tons of carbon dioxide for each gigawatt-hour of electricity produced.

The total life cycle carbon emissions from renewable power technologies including geothermal is 1 to
2 tons of carbon dioxide per gigawatt-hour of electricity produced.  If the manufacturing system which
produces the components of a geothermal power plant, and the transportation system which is involved
in its construction and operation, were converted to renewable energy for their operation, this total life
cycle carbon emissions per gigawatt-hour of electricity produced would drop to zero.

The American Solar Energy Society’s 2007 Tackling Climate Change in the U.S. calculates that 394
terawatt hours of electricity per year from geothermal energy can be on-line in the U.S. energy grid by
2030.  Generating this amount of power from geothermal would prevent release of 83 million Tons of
carbon dioxide into the atmosphere in a year from the current U.S. energy portfolio, or 244,188 Tons
of carbon dioxide per year for every terawatt of geothermal electricity produced.
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Chapter 7:  “NEGAWATTS”

(Revised 19 Feb 10)

Negawatts is a term coined by Dr. Amory Lovins of the Rocky Mounain Institute to describe energy
gained by conservation.  He explored the potential for negawatts as a means of meeting national energy
needs in his book The Soft Path published in the 1980's.

As of 2008, according to Worldwatch over half the energy harnessed worldwide is converted to waste
heat rather than being used to meet energy needs.  Preventing energy from being converted to waste
heat by an application, or using the waste heat from one application as heat energy input to another, is
how gains in energy efficiency - the creation of “negawatts” - is achieved.

In the past, the biggest efficiency gains in the U.S. system followed adoption of new federal standards,
regulations, tax incentives, and research funding.  The U.S. economy has grown 165 percent since
1973, while energy use rose 34 percent; U.S. energy productivity increased 206 percent from 1973 to
2008.

As of 2008, for every dollar of economic product, the United States produces more carbon dioxide
emissions than 75 of the 107 countries tracked on the measure by the International Energy Agency. 
Since carbon dioxide emissions are related to the total amount of carbon-based fuel energy used to
produce the product, this means that U.S. products have more energy costs embedded in them per unit
of production than products produced by all other industrialized countries on Earth, and most
industrializing countries, including Thailand and Mexico.

According to the American Council for an Energy-Efficient Economy (ACEEE), feasible steps to
increase efficiency can reduce U.S. energy use, and related greenhouse-gas emissions, by 30 percent. 
The Council says this would save the typical American family $650 per year in energy costs.  The
“2,000-Watt Society” program promoted by the Swiss Federal Institute of Technology claims it is
feasible to reduce per-capita energy use in industrialized countries to 2,000 watts per day - a two-thirds
energy reduction for Europeans and a five-sixth decrease for spendthrift Americans - without crimping
anyone’s standard of living.

Duke Energy has calculated that utility efficiency programs will be 10 percent less expensive than
building any new source of electricity supply for the utility company.  It has petitioned the North
Carolina Utility Commission to allow it to earn a return on 90 percent of the costs avoided via the
utility’s efficiency investments.

David B. Goldstein, director of energy programs at the Natural Resources Defense Council and a
recipient of a MacArthur Foundation award for his work on appliance-efficiency standards, says:  “We
haven’t found a major use of electricity for which there aren’t great opportunities for savings.”  He has
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written a book, Saving Energy, Growing Jobs which explains the social and economic benefits of a
more efficient, sustainable economy that rewards energy efficiency and competition.  Princeton
professor Dr. Stephen Pacala estimates that it costs 8 to 12 cents to generate and deliver a kilowatt-
hour from a new coal-fired power plant, while freeing up that same amount of energy through
efficiency costs just 3 cents.  Venture capitalist Dan Reicher asks, “Why is it that an energy source that
can be deployed at two to four cents a kilowatt-hour isn’t being deployed - when some of the other
things we’re excited about...cost ten times as much?”  For example, today’s typical refrigerator uses
about one-fourth the energy of a 1972 model to cool a cubic foot of space, but still accounts for 20
percent of total household electricity use.  Efficiency standards for appliances generally save
consumers $2 to $3 in utility costs for every dollar increase in purchase price.

The Swedish energy utility Vattenfall pointed out in a now-famous chart that energy users would
benefit from a net gain of up to 150 Kronen per ton (U.S. $205) of carbon dioxide reduced through
energy efficiency, while they would benefit at 70 Kronen per ton of carbon dioxide reduced through
investment in renewable energy, nuclear, or biofuel source development.

Early in 2008, the McKinsey Global Institute found that investments to save energy were the “most
cost-effective way to reduce global emissions of greenhouse gases” and that “the economics of such
investments are very attractive.  With an average internal rte of return of 17 percent, they would
collectively generate annual energy savings ramping up to $900 billion annually by 2020.”

Without more efficient use of energy, in 2006 the U.S. Energy Information Administration forecast that
by 2025 annual energy use in the U.S. will hit 134 trillion megajoules (127 quadrillion BTUs), over a
quarter greater than it was in 2005.

According to the International Energy Agency in 2007, energy use in manufacturing industries alone
could be reduced by another quarter to a third worldwide, or 600-900 million tons of oil equivalent per
year, which is 1-1.5 times Japan’s current total energy consumption.

Former UC - Berkeley efficiency expert Art Rosenfeld says that if the United States were working at
the energy-efficiency level of the early 1970s, we would be spending $700 billion a year more on
energy than we are.  Investment in energy efficiency has already reduced energy demand and costs. 
Carl Pope of the Sierra Club estimates that failure to modernize the electricity distribution grid is
costing ratepayers $150 billion a year; they are paying to generate electricity that is lost in the grid
instead of reaching customers.

Dan Reicher points out that “More than 30 million U.S. homes are currently eligible for the home-
weatherization program, which insulates people’s dwellings and can, for a modest investment, reduce
home energy use by more than 30 percent....The budget last year for the home weatherization program
was $228 million.  We’ve done 5.5 million homes in the U.S. in the last 30 years, but we have 25
million more that are eligible for federal and state help.  By upgrading a home’s furnace, sealing leaky
ducts, fixing windows, and adding insulation, we can cut energy bills by up to 40 percent.  By adding
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energy-efficient appliances and lighting, the savings are even greater.  Replacing a 1970s-vintage
refrigerator with a new energy-efficient model will cut an average home electricity bill by 10 to 15
percent.”

According to a study by Lawrence Berkeley National Laboratory, energy lost through inefficient
residential windows accounts for 2 percent of total U.S. energy consumption.  Low-emissivity coatings
made from tin or silver oxide reduce winter heat loss and also block entry of summer heat, because
they do not allow infrared radiation to pass from whichever side of the film is warmer.  Computer-
controlled occupancy sensors automatically adjust building lighting based on the amount of natural
light available, and adjusts the flow of outside air into the building based on sensing carbon dioxide
levels indoors.

The Small Farm Energy Project in the late 1970's sponsored by the Iowa Center for Rural Affairs
demonstrated that 24 farmers in northeast Nebraska reduced their energy use by an average of 19
percent by adopting behavioral changes and using farm-based technologies to save and capture energy.

In the May/June 2006 WorldWatch, page 5, Jim Williams observes, “Only a government whose
citizens are personally committed to living sustainably will have the moral authority to demand this
behavior of the rest of the world.”  He and his family rebuilt their house for energy efficiency, changed
jobs so they can walk to work, installed solar hot water heating, fly only for family emergency, and
reduced their purchases of “useless material goods.”  “We have reduced our energy consumption, not
just for heating and transportation, but for all the indirect costs of goods and services we receive, to a
third of the average American’s, a level that can easily be provided by domestic sources of energy.”

Numerous research studies show individual homeowners are simply unaware of their energy use, and
respond immediately by reducing energy use when meters are placed where they can be readily
observed.  In Plan C: Community Survival Strategies for Peak Oil and Climate ChangeI by Pat
Murphy (New Society Publishers, July 2008), Murphy demonstrates that 67 percent of all the oil used
annually per person in the United States is under each person’s direct control in terms of their
decisions regarding personal housing, personal travel, and food purchases.

Section 1: Government/Utility Energy Conservation Programs

A. California’s Energy Conservation Program

In 2000, California - the world’s sixth largest economy - used 40 percent less energy per capita than the
average for Americans.  After the Enron-induced energy crisis ended in 2001, California has fashioned
a new framework of utility regulations that places even greater emphasis on energy use efficiency. 
Through 2008, utility companies plan to spend $2 billion - a record for any state - to help California
utility customers save energy.  According to studies by the California Public Utilities Commission
(CPUC), this investment will yield a net gain of $3 billion in economic benefits for the state by
producing energy bills.  Brian Prusnek of CPUC observes: “In terms of greenhouse gas emissions,
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that’s the equivalent of taking 650,000 cars off the road.  How many other investments yield a 50
percent financial return and reduce pollution?”  Under the new “loading order” scheme, when utilities
plan for how to meet long-term growth in energy demand, the resource of first resort is efficiency, with
renewable energy generating sources next in line.  Only if a utility can demonstrate that they cannot
meet long-term demand with efficiency and renewable source measures are they allowed to turn to
fossil-fuel and nuclear-generated power, and any new plants from which they buy new power must be
no dirtier than a combined-cycle natural gas generating plant is currently.

Half the region’s load growth since 1980 has been met with energy efficiency measures.

California also developed a strategy for cutting electricity demand known as “demand side
management.”   Through use of DSM California was able to reduce its energy demand circa 2000 by
nearly 5,000 megawatts, equivalent to the output of 10 large power plants.  In addition, California
decoupled the tie between a utility’s financial health and increases in electricity sales.
Every few years regulators determine how much revenue utilities need to cover authorized costs.  They
then set electricity rates at a level that allows utilities to recover those costs, based on a forecast of
sales.  If actual sales are above or below that forecats, then revenues are “trued up” at the next
regulatory cycle: over-collections are given back to customers in the form of reduced rates, and under-
collections are eliminated with modest rate increases.  The utility companies like the scheme because it
stabilizes them financially.

California was the first state to adopt energy standards for appliances.  These went into effect in 1977
and were upgraded throughout the 1980s.  Florida, Massachusetts, Connecticut, New York, and other
states followed suit, sometimes copying the California code verbatim.  This shift at the state level led
appliance manufacturers to lobby for a national appliance efficiency standard, which President Reagan
signed into law in 1987.  National refrigerator standards, based on California’s, are today saving more
than 130,000 megawatts of electrical generating capacity, a savings of about $17 billion a year in
utility costs to users.

California’s efficiency standards for new buildings, introduced in 1978 and known as Title 24, have
been replicated all over the world.  The code governing new construction in Russia, for example, is
modeled on California’s Title 24 and is cutting energy use in new buildings by an estimated 40
percent.  China is currently working on instituting California-code-based energy efficiency standards
for new construction.  California’s efficiency standards resulted from Art Rosenfeld’s work with a
team at Lawrence Berkeley National Laboratory which created a computer program that modeled the
energy performance of buildings, which they released into the public domain in 1976.  Originally
known as “Two-Zone,” the current edition is called DOE-2.  The work on energy efficiency in
buildings led to formation of the LBL’s Center for Building Science, which Rosenfeld headed from
1974 to 1994.  In addition to the “Two Zone” building energy efficiency modeling program, the Center
developed the low-emissivity window and championed the fluorescent ballast light. The DOE-2's use
in building standards are today saving the U.S., conservatively, $10 billion a year in electricity and
natural-gas costs.  High-frequency ballasts for fluorescent lamps are saving the U.S. around $5 billion
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worth of electricity a year.  Low-emissivity windows are probably saving between $5 and $10 billion a
year.  The center also led to cities and towns installing thousands of light-emitting diode traffic lights,
which use less than half as much electricity as the incandescent lamps they replaced.

When the OPEC oil embargo hit in October, 1973, particle physicist Art Rosenfeld at the Radiation
Laboratory of the University of California (now the Lawrence Berkeley National Laboratory)
calculated that, if Americans used energy as efficiently as the Japanese or Europeans, the U.S. would
have been exporting oil in 1973.  Rosenfeld reasoned that the solution to U.S. oil dependence was not
to bend Arab regimes to America’s will but to end America’s thralldom by wasting less energy.  In
1974, Rosenfeld and like-minded physicists organized a monthlong workshop at Princeton to look at
energy savings potentials in building design, transportation, the manufacturing sector, and gas and
electric utilities.  “By the end of the first week, we realized that we had blundered into one of the
world’s largest oil and gas fields.  The energy was buried, in effect, in the buildings of our cities, the
vehicles on our roads, and the machines in our factories.”

Cynthia Mitchell, Reuben Deumling, and Gill Court of Energy Economics, Inc., of Reno, NV, provide
a critique of the thesis that California’s low per-capita electricity use is largely due to efficiency-
promoting utility programs and adoption of state appliance and building efficiency standards. “...the
rising price of electricity is also a significant, and likely much greater, factor.  Less than 20 percent of
the annual variation in per-capita consumption can be explained by changes in the level of efficiency
savings, while energy prices explain 40 percent of the annual variation.”  Weather explained 20
percent of the variation in per-capita energy use in California.  Energy Economics analysis found
“those states with higher energy prices have lower per-capita consumption and vice versa.”  

“...over the last 30 years, California’s residential per-capita consumption has in fact increased
steadily, by 15 percent from 1973 through 2006.”  “...building and appliance standards apparently
register the lion’s share of continued savings growth.”

Energy Economics warns that California utilities are likely “treading water” when it comes to
growing cumulative energy-efficiency savings.  If the 2006-2008 trend they observe continues, “there
will be little if any new or incremental energy savings towards California’s aggressive targets.”  They
report that the utilities’ reported energy savings, ex ante, proved 50 percent higher than later
independent audit verified.

Finally, “about 10 percent of the Gwh and megawatt savings are ascribed to utility transmission
and distribution conservation voltage reduction measures implemented from 1975 to 1980.  Such
utility system efficiency savings, while beneficial, are not generally classified as consumer energy
efficiency.”  [World Watch, March/April 2009].

B.  New York State energy conservation

In 2004 New York passed energy efficiency standards for products that the federal government did not
then regulate, such as ceiling fans and commercial freezers.  This was part of an eight-state effort to
transform the appliance industry.  It worked.  Once the standards passed, manufacturers lobbied
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Congress for national standards because it was cheaper to make a single product that could be sold
anywhere than to revamp products to meet different requirements in different states.

C.  Juneau, Alaska (involuntary) energy conservation

In April of 2008, an avalanche took down the transmission towers carrying electricity to Juneau,
Alaska, from the hydroelectric facility on a lake 30 miles south of the city.  The electric utility
estimated it would take at least three months to repair the towers.  In the meanwhile, the utility
announced a 500 percent rise in electric rates due to having to generate all power with diesel back-up
generators.

Seven days after the avalanche, Juneau was using 30 percent less electricity than it was the day before
the avalanche.

D.  Bonneville Power Administration: In the 1960s, the federally owned Bonneville Power
Administration decided to underwrite the construction of several nuclear plants because the new-
hydropower potential of the Colombia River was running out.  Bad management and flawed
forecasting led to the construction of five nuclear plants that were never completed, a disaster that the
utilities will not pay off until 2024.  As a result, the Northwest Power Act of 1980 obliged the utilities
to put energy conservation first when considering how to meet future demand.  “It has become
increasingly apparent that conservation/energy efficiency is the lowest-cost and lowest-risk option.”  -
Tom Eckman, conservation resources manager, Northwest Power and Conservation Council, Portland,
Oregon.

E.  Best-in-class utilities: Innovest rates Pacific Gas & Electric, the FPL Group in Florida, Pinnacle
West in Arizona, and Centrica in the United Kingdom as the best utilities in terms of implementing
programs which reduce demand at a superior rate of return than selling more kilowatthours requiring
building more capital source capacity.  Demand-side management (DSM) programs are being put in
place worldwide in dozens of U.S. states and European countries, Australia, South Africa, and some
Southeast Asian countries.  In China, an environmental group-government partnership has created a
$11 million DSM program centered in the eastern province of Jiangsu that is now spreading to other
parts of the country.  The partnership’s goal is to sharply cut the energy use of a thousand
manufacturing facilities by 2010.

F.  China.  The 11  Chinese Five-Year Plan, adopted in 2006, calls for a 4 percent annual increase inth

the country’s energy productivity; new efficiency standards have been adopted and energy subsidies
reduced.  The Chinese Ministry of Housing and Urban-Rural Development has established a goal of
making new city buildings 65 percent more efficient than existing buildings are - Chinese buildings
already account for 23 percent of national energy use.  The Chinese State Council has established a tax
and freebate system for energy hookups that encourages better efficiency.
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G.  European Parliament: In 2008 the European Parliament called for “all new buildings needing to
be heated and/or cooled be constructed to passive house or equivalent non-residential standards from
2011 onwards, and a requirement to use passive heating and cooling solutions from 2008.”

As of April, 2008, the state government of Baden-Wurttemberg, Germany, requires that 20 percent of
new buildings’ heating requirements be met with renewable energy.

The average auto efficiency standards for Europe have recently been increased to 49 mpg.

H.  Japan: Average auto efficiency standards for Japan were recently increased to 47 mpg.

I.  United Kingdom: has mandated that all new homes built after 2016 and all commercial buildings
built after 2019 be zero-carbon.  This means the buildings will have to have an energy supply built into
them which produces as much energy as the building consumes over the course of a year.

Section 2: Energy Efficiency in Transportation

Transportation accounts for one third of all U.S. greenhouse gas emissions.  A 60 percent improvement
in vehicle efficiency by 2020 would cut fuel demand by 2.3 million barrels a day, as much as we now
import from the Persian Gulf.  Reducing traffic congestion with tolls and improved transit systems
could save $63 billion a year in time and fuel conserved.

In Setting the Standard: How Cost-Effective Technology Can Increase Vehicle Fuel Economy, the
Union of Concerned Scientists found that automakers can cost-effectively use conventional and
advanced technologies to boost the average fuel economy of the U.S. car and light truck fleet to
approximately 42 mpg by 2020, and to more than 50 mpg by 2030.

California-based ZAP (Zero Air Pollution) introduced its first production electric vehicle that
incorporates solar power source, the XEBRA XERO, on November 18, 2006.  While electric cars are
90 percent less polluting than standard gasoline cars, the XERO has solar panels mounted on its top so
that a customer with a short commute can achieve zero air pollution emissions from the energy he
drives on by allowing the car to recharge itself while parked in a sunny place.

DaimlerChrysler recently introduced its modular exhaust treatment system - “BLUETEC technology” -
which cuts nitrogen oxide and soot output significantly, enabling cars to meet the most stringent U.S.
emission standards.

Sandia National Laboratories is working with U.S. engine manufacturers on a new engine combustion
process called “homogeneous charge compression ignition.”    In theory HCCI can provide both high
fuel economy and ultra-low emissions of nitric oxides and particulates.  In practice a problem with
narrow load range was encountered in engines using the technology, which Sandia reports is being
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overcome by stratifying the temperature and/or mixture of fuel and air in the combustion chamber. 
Sandia received a patent on this mixture-stratification technique.

A. Comparing transportation energy efficiencies

Internal combustion engines are only about 10-15% efficient at moving a typical 2-ton vehicle, and less
than 1% efficient at moving the mass of the human passenger in that vehicle.  However, these figures
assume that the fuel for the vehicle magically appears in the tank.  In fact, it takes a lot of energy to
pump, refine, and transport the fuel, so vehicle efficiency is more accurately measured from oil well or
other source to the vehicle drive wheel.  As oil becomes increasingly scarce and the environmental
costs of burning it are becoming known, we need to develop a means of measuring efficiency that
considers the finite nature of earth’s stored energy resources and the effects of fuel burning on the
planet’s ability to support life.

Ultimately almost all energy used on earth came from the sun.  How about measuring vehicle
efficiency from sun to wheel?  This gives us a universal standard by which to compare different
vehicular technologies in terms of “true” efficiency measured in the same terms.

About 350,000,000 trillion watt-hours of solar energy strike the Earth’s surface annually.  It took 3.5
billion years of photosynthesis to create the world oil reserves that contain about 1,000,000 trillion
watt-hours of energy.  Using direct solar radiation is therefore about 1 quadrillion times more efficient
than burning fossil fuel.

Biofuels depend on photosynthetic capture of solar energy by plants to power the synthesis of
hydrocarbons.  Photosynthesis by plants is at most 1 percent efficient at converting solar energy into
carbohydrates when adequate water and nutrients are available.  The efficiency of producing biofuels
from carbohydrates and then getting the biodiesel fuel into the vehicle tank varies from 10 to 35
percent depending on the process and the distance from manufacture to point of use.  Since the vehicle
engine and drive train have an efficiency of about 10-15 percent turning fuel energy into torque, the
overall efficiency from sun to wheel for biofuels is about 0.01-0.05 percent.

Photovoltaic panels are about 8-16 percent efficient currently in converting solar energy into electricity. 
The efficiency of solar thermal electric generation can exceed 35 percent.  Current battery charge-
discharge efficiency varies from 80-95 percent.  Electric motors are more than 90 percent efficient at
converting electric power energy into torque energy.  That results in an overall efficiency from sun to
wheel for solar-charged electric vehicles of 3-30 percent.  When efficiency is measured from sun to
wheel, solar-charged Evs are 60 to 3,000 times more efficient than internal combustion engines
burning biofuels.

Section 3: Energy efficiency in buildings
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Worldwatch states: “The greatest potential for energy savings lies in the most basic element of the
energy economy - buildings - which consume about 40 percent of global energy and emit a comparable

2share of CO  emissions.  About half this energy use is for space and water heating, and the rest is
associated with the production of electricity for lighting, space cooling, and powering appliances and
office equipment.  With technologies available today, such as better insulation, more-efficient lighting
and appliances, improved doors and windows, and heat recovery ventilators, the fossil energy needs of
buildings can be reduced by 70 percent or more, with the additional investment paid for via lower
energy bills.  Further gains can be achieved by designing and orienting buildings so that they can
benefit from natural heating, cooling, and daylighting.”

This concept is nothing new.  From the 1930's until the end of his career, Frank Lloyd Wright, a leader
of the “Prairie School” movement in American architecture, advocated “organic architecture” which
promotes harmony between human habitation through design that is integrated with the landscape.

An Australian firm, Davis Langdon, notes there is a growing sense of “the looming obsolescence of
non-green buildings” in the architectural, construction, and real estate industries.  “Going green is
future-proofing your asset.”

In Plan B 3.0, Lester Brown observes that, “An energy retrofit of an older inefficient building can cut
energy use by 20-50 percent.  The next step, shifting entirely to carbon-free electricity, either generated
onsite or purchased, to heat, cool and light the building completes the job.  Presto!  A zero-carbon
building.”

Richard Heinberg wrote in the Post Carbon Institute’s The Real New Deal in 2008 that: “The
technology already exists to increase energy efficiency in both new and existing buildings.  Germany
has successfully pioneered the ‘Passive House’ standard that dramatically reduces the energy required
for heating and cooling; the European Union is considering adopting it as a building standard by
2012.”  In the United States, organizations like Affordable Comfort Incorporated “have been doing
important work along similar lines for decades.”

In the March/April 2009 Sierran, Sierra Club executive director Carl Pope editorialized that in
September, 2008, the International Code Council, which develops the construction rules used by most
U.S. municipalities, came within a few votes of adopting a bold new set of energy-efficient building
standards.  The building industry, which doesn’t pay owners’ utility bills, opposed and beat back the
package.  However, the Council did endorse code standards that will reduce energy use in new
buildings by about 20 percent.

“Most older buildings could have their energy consumption with improvements that pay for
themselves.  Homeowners and small-business owners ought to be able to call a toll-free number to
arrange for an energy audit and the necessary retrofit work.  Their utility bills would decrease, and half
the savings could go to repaying their loans.  GreenSaver, a nonprofit in Toronto, has embraced this
concept and is already making money.  Berkeley, California, is letting citizens who install solar power
system pay for them over 20 years through their property taxes.”
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Pope adds that local and state governments which retrofit buildings for energy-efficiency “will
see their operating costs plummet (utility bills are often their second-biggest expense after salaries).”

A study by the California Sustainable Building Task Force found that an upfront investment of 2
percent (the average cost premium at the time) in green-building design results in average savings of at
least 10 times the initial investment over a 20-year period.  Green buildings also tend to have higher
occupancy rates and rents, and therefore better return on investment.

A climate-conscious architect from New Mexico, Edward Mazria, launched the 2030 Challenge.  The
challenge is for the nation’s architects to be designing buildings in 2030 that use no net fossil fuels. 
Mazria organized a coalition which includes the U.S. Conference of Mayors, the U.S. Green Building
Council, and the American Institute of Architects which have adopted the 2030 Challenge to establish
a nationwide carbon-neutral standard for all new buildings by 2030
<www.architecture2030.org/2030_challenge>.  Part of accomplishing this challenge is retraining
faculty in the United States’ 124 schools of architecture to “transform architecture from its mindless
and passive reliance on fossil fuels to an architecture intimately linked to the natural world in which
we live.”

The design technologies used to achieve carbon-neutral buildings include natural day-lighting, rooftop
solar-electric cells, natural ventilation, low-E glazed windows, reduced water use, more-efficient
lighting technologies, and motion sensors to control lighting.

According to Alexis Karolides, built-environment specialist with the Rocky Mountain Institute,
architects and engineers get paid more to put more equipment into a new building.  “There’s no
incentive to make it more efficient.  Fees need to be based on energy efficiency performance.” 
Elsewhere in the Renewable Deal energy plank, I argue that all construction bidding should be based
on the cumulative life-cycle cost of a building, not on initial construction capital cost.

Despite these disincentives, developers built the world’s first “green high-rise” in Battery Park in New
York.  The “Solitare” apartments use 35 percent less energy and 65 percent less electricity than an
average building, with solar photovoltaics meeting 5 percent of demand.  By 2009, the developers state
their entire 92-acre Battery Park development will be LEED certified and equipped with solar panels.

The office tower at 4 Times Square, headquarters of Condé Nast, is powered by fuel cells and has a PV
facade; recycled materials make up 20 percent of the building.

Pittsburgh’s David L. Lawrence Convention Center includes numerous features that reduce its energy
bill by one-third.  Its curved roof allows hot air to escape through vents and cool breezes to blow in
from the river.  Construction costs were comparable to or lower than similar non-green convention
centers built during the same period of time.

Zero Net Energy Buildings:  
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Case Study #1:  The Natural Energy Laboratory’s new building in Hawaii achieves “net zero
energy” consumption from the electrical grid.  Seawater is piped in for space cooling, and
condensation from the cooling pipes is captured for landscape irrigation.

Case Study #2: Union of Concerned Scientists member Jane Bindley renovated a home in
Holderness, NH, to zero net energy.  The home was designed to generate more energy in a year than it
would consume for space heating, hot water, and electricity.  Heating demands were reduced by super-
insulating the walls, attic, and basement foundation floors, resulting in R-values two to three times
higher than typical new homes.  Energy Star appliances, triple-glazed windows, and LED lighting
reduced electricity demand.  Low-flow toilets and bath fixtures were installed; a vegetated “green” roof
was installed over the garage to minimize stormwater runoff, and Forest Stewardship Council-certified
wood was used for construction.  Electricity is generated from 36 solar panels mounted on the roof
connected to the grid through a net metering system.  A ground-source heat pump generates heated
water for a radiant-floor heating system.  The renovation took a year to complete on April 22, 2008. 
Meter readings a year later showed no net electricity usage by the house during its first year of
occupancy.

A.  Space heating

A.1.  Whole house systems: Dr. Arjun Makhijani of the Institute for Energy and
Environmental Research describes the Hanover House in New Hampshire which uses 8,300 btu per
square foot per year of energy, while the average U.S. house uses 58,000 btu per square foot.  “What is
so special about Hanover house, and what did it cost?  Only one thing is special about Hanover house:
it has a large solar water heater and a 1000-gallon underground storage tank for hot water.  For the
most part this provides for their hot water and space heating needs.  Everything else comes from
elecvtricity sold at the grid.  It doesn’t have anything special other than thoughtful building design,
such as south-facing windows.  It was constructed using good building practices and cost $111 per
square foot.”

A.2.  Floor radiant heating:  The Union of Concerned Scientists’ Stephen Young reports the
results of converting from a steam boiler suppling radiators to a 92.5 percent-efficient new boiler
connected to a radiant floor heating system in his 1860-vintage Washington, D.C. row house. 
Previously, he faced $500 heating bills with his thermostat set at 59 degrees during the comparatively
mild Washington winters.  With the floor radiant heating system he used 60 percent less gas with his
thermostat set at 69 degrees.  The 92.5 percent-efficient boiler cost about a third more than less
efficient new boilers, but he calculates he will recover the difference in capital expense in four years
from fuel savings.

A.3.  Ground-effect heating and cooling: (See Chapter 6 of Plank 1, Geothermal energy, for
more detail on this technic and examples of installations.)  In most areas of the United States, the
ground temperature at a depth of 8 feet is over 50 degrees.  Placing tubes at such depth and circulating
air through them causes the circulated air to be either warmed or cooled towards the temperature of the
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earth surrounding the tubes.  This greatly reduces the amount of energy required to heat or cool the
ground-effect air to the comfort target of the building climate control system.

A.4.  Wood pellets from waste for heating: In October 2006 U.S. Rep. John Salazar (D-CO)
opened the first bag of a new type of wood pellets manufactured from slash piles produced by forest
thinning and fire-mitigation projects in the forest.  The pellets were used to heat the 2,500-square-foot
first floor of the Mountain Studies Institute, saving an estimated $1,500 over propane.  Forest Energy
Corp. of Show Low, AZ, processes pine bark, needles, and core wood together to form a wood pellet
suitable for many existing pellet stoves and most new pellet boilers.  Conventional wood pellets are
made from residue sawdust from lumber mills and furniture factories.  The company plans to deliver
most of its slash-derived pellets in bulk by truck, eliminating the cost of bags, into a customer’s
storage bin or silo from which the pellets would be fed into a modern pellet stove or boiler.

B.  Green construction certification schemes

B.1.  Energy Star certification

B.2.  (LEED) certification

The certification and rating program “Leadership in Energy and Environmental Design” (LEED)
developed by the private U.S. Green Building Council (USGBC) <www.usgbc.org> leads the field in
the United States.  The original LEED certification standards for construction of buildings were issued
in 2000.  Under the USGBC system, any builder who wants a building LEED-certified must request
certification and pay for it.  In 2004 USGBC began certifying the interiors of commercial buildings and
tenant improvements to existing buildings.  In 2007 the LEED program was extended to certification
of individual residence buildings.  As of 2006, nearly 500 U.S. buildings were LEED-certified.

In 2001 a global version of the USGBC, the World Green Building Council, was formed.  As of
August, 2007, LEED certification projects were underway in 41 countries including Mexico, Brazil,
Canada, India, and China.

Membership in the USGBC and the number of buildings being submitted for certification under LEED
standards are both growing fast.  Membership has grown 10-fold since 2000 to 10,688 member
organizations as of August, 2007, and includes corporations, government agencies, environmental
groups, and other nonprofits.  As of August, 2007, LEED had certified 748 new buildings in the U.S.,
with 5,200 under construction applying for LEED certification.  This commercial building space either
LEED-certified or in process totaled 2 billion square feet of floor space, or some 46,000 acres.

There are four certification levels available under LEED: Certified, Silver, Gold and Platinum. 
Evaluation for certification is against standards for site selection, energy efficiency, water efficiency,
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materials used in construction (recycled materials are rated highest, then materials with low-embedded
energy and certified sustainably-produced materials), and indoor environmental quality.  In site
selection, certification points are awarded for locating the building close to public transportation;
points are awarded for installing bicycle racks and showers for employees so they can bicycle to work. 
In respect to lighting, a minimum of 75 percent of daytime illumination in the building must be from
natural sunlight admitted into the occupied spaces.  With energy, there is a minimum level of high
efficiency required for certification; beyond that, points are awarded for the installation of renewable
energy sources in the building design such as rooftop photovoltaics to generate electricity and solar
thermal to heat water and space.  Purchase of green power for supplemental power is also awarded
points.

Examples of LEED-certified buildings:

Platinum:  The Chesapeake Bay Foundation’s office building for its 100 staff members near
Annapolis, Maryland, was the first U.S. building to earn Platinum LEED certification.  Among its
features are a ground source heat pump for heating and cooling, a rooftop solar hot water heater, and
composting toilets the humus from which is used to fertilize the building landscaping.

The 54-story Bank of America tower in New York was the first large office building to achieve LEED
platinum certification.  It has its own co-generation power plant, collects rainwater for use in toilets,
reuses its waste water, and used recycled materials in construction.

Genzyme’s headquarters in Cambridge, Massachusetts, has a green roof, uses natural light and
ventilation, is sited on a reclaimed brownfield and close to a subway station, and provides indoor bike
storage, showers, and lockers for employees.

Gold:  The Toyota North American office in Torrance, CA, which houses 2,000 employees,
was one of the first large office buildings to earn a LEED gold rating.  It has a large solar photovoltaic
system which provides most of the building electricity.  The combination of waterless urinals and
rainwater recycling for the toilets enable it to operate with 94 percent less culinary water than a
conventionally-designed building of the same size.

The Kirkland and Ellis 60-story office building in Chicago uses river water to cool the building in
summer, and has a rooftop covered with plants to reduce runoff and limit heat loss.  Energy-conserving
measures built into the building will save the owner $800,000 a year in energy bills.

The complex of buildings being put up in the World Trade Center in New York at the 9/11 site will be
built to LEED Gold certification standards.

LEED-certified buildings are increasingly attractive to buyers and investors because they have proven
to have lower operating costs, higher lease occupancy rates, and happier, healthier, and thus more
stable tenants than conventional buildings do.
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Plan B 3.0: “The state of California commissioned Capital E, a green building consulting firm, to
analyze the economics of 33 LEED-certified buildings in the state.  The study concluded that
certification raised construction costs by $4 per square foot, but because operating costs s well as
employee absenteeism and turnover were lower and productivity was higher than in non-certified
buildings, the standard- and silver-certified buildings earned a profit over the fist 20 years of $49 per
spare foot, and the gold- and platinum-certified buildings earned $67 per square foot.”

Doraville and Chamblee, suburbs of Atlanta, GA, passed building code ordinances that require LEED
certification of new development.

B.3.  Energy Efficiency Building Retrofit Program was launched internationally in May,
2007, by the Clinton Foundation as a project of the Clinton Climate Initiative.  In cooperation with
C40, a large-cities climate leadership group, the program brings together five of the world’s largest
banks with four of the leading energy service companies - Honeywell, Johnson Controls, Siemens, and
Trane - to work with an initial group of 16 cities to retrofit buildings to reduce their energy use by 20-
50 percent.  Banks committed to providing up to $1 billion in this effort are ABN AMRO, Citibank,
Deutsche Bank, JP Morgan Chase, and UBS.  Involved cities include Bangkok, Berlin, Karachi,
London, Mexico City, Mumbai, New York, Rome and Tokyo.  The four service companies do the
retrofitting, accompanied by a “performance guarantee” that each retrofit will be profitable to the
building owner in saved energy costs over a specified amortization period.  At the launch of this
program, former President Bill Clinton pointed out that banks and energy service companies would
make money, building owners would save money, and carbon emissions would fall.

B.4.  Passivhaus Institute, Germany, began developing criteria for highly efficient houses in
1990.  Passivhaus has built more than 1,000 living and commercial units that consume one-tenth the
energy of standard German homes. <www.passivhaustagung.de/Passive_House_E/
passivehouse.html>

C.  Economics of Energy Star and LEED-Certified Buildings

C.1.  Superior rental returns and occupancy rates: In the cited study, Energy Star-rated
residential rental units rented on average for $2.38 more per square foot nd had a 3.6 percent higher
occupancy rate.

LEED certified buildings rented for $11.24 more per square foot and had a 3.8 percent higher
occupancy rate.

<http://www.costar.com/News/Article.aspx?id+D968F1E0DCF73712B02A099E0E99C679>

D.  Lighting
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Compact fluorescents: Between 2001 and 2006, production of compact fluorescent lights
(CFLs) in China, which accounts for 85 percent of global output, tripled from 750 million to 2.4
billion units.  The total number of CFLs in use globally nearly doubled from 1.8 billion in 2001 to 3.5
billion in 2003.  In the U.S., estimated sales of CFLs grew 343 percent from 21 million in 2000 to 93
million in 2004.  In Eastern Europe, CFL sales grew from 23 million units in 2000 to 56 million in
2004.  Globally, electric lighting accounts for more than 1.5 billion tons of carbon dioxide emissions a
year.  Replacing incandescents with CFLs worldwide would reduce lighting energy demand by 40
percent and save 900 million tons of carbon dioxide emissions a year.  The savings from using only

2CFLs in the United States would be 158 million tons of CO  emissions a year from foregone fossil fuel
burning in power plants.

CFLs use 75 percent less electricity to produce the same light output in lumens as an incandescent light
bulb, and last up to ten times longer in service hours.  A single CFL can save about $30 in energy costs
in the U.S. over its lifetime in an area where electricity costs are median for the country in cents per
kilowatt hour.

A large part of CFL use increases are due to government policy actions.  In 2007, Australia became the
first country to ban the sale of incandescent light bulbs.  The European Union, Ireland and Canada
have announced similar plans.  The United States passed legislation increasing the efficiency standards
for light bulbs which effectively eliminates incandescents.  More than 40 other nations have, as of the
end of 2008, announced plans to adopt efficiency standards for lighting which similarly eliminate
incandescent bulbs.

Because of quality control problems at some CFL factories, the International Finance Corporation and
the Global Environment Facility have created the Efficient Lighting Initiative (ELI) which establishes
a certification mechanism for CFLs recognized worldwide.  Manufacturers can volunteer to have their
products tested against the ELI’s technical quality standards.  ELI-certified CFLs qualify for sale in
nations with lighting efficiency standards, and also qualify for government promotions and
procurement programs.

Current CFLs contain about 4 milligrams of mercury, so discarded bulbs need to be recycled.  Nations
requiring their use have established collection and recycling systems for handling spent CFLs.

Light-emitting diodes are the next step in energy-efficient lighting technology, and are expected
to become cost-competitive with CFLs in about 2013 and replace them completely on the market
shortly after that.  LEDs consist of a clustered array of pinpoint semiconductors which emit light when
stimulated by an electric charge.  They are more than twice as efficient in photon emissions per watt of
electricity used than CFLs and last five times as long in service hours.  LED lights currently on the
market have two problems which the industry expects to have solved within five years, given current
development breakthroughs.  The current LEDs are costly (up to $60 per bulb) and emit a harsh white
light which customers find unappealing for home use.  Because of their extreme energy efficiency and
long life, current LEDs are used in such applications as the light source in traffic signals.
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E.  Ventilation Systems

F.  Green Roofing Systems

Green roofing systems are very diverse, but nearly all include a waterproof membrane topped by a root
barrier, a drainage layer, a soil medium, and then plants, according to the Center for Green Roof
Research at Penn State University.

In Pennsylvania, a green roof will store about 50-60 percent of rainfall, reducing the amount entering
the stormwater system.

Green roofs can reduce summer energy costs by 10-30 percent, and, if used extensively in cities, can
lower the ambient air temperature a few degrees in summer, mitigating the “heat island” effect.

Green roofs promote biodiversity by providing food and habitat for beneficial insects and birds.

Reference: Nigel Dunnett and Noël Kingsbury: Planing Green Roofs and Living Walls, Timber Press,
2008.

G.  Usage Patterns: CoHousing

Kathryn McCamant and Charles Durrett introduced the concept of CoHousing to the U.S. in their book
CoHousing: A Contemporary Approach to Housing Ourselves.  CoHousing creates small communities
of separate but independent households, which share facilities in a common house designed to be at the
heart of the grouping.  This allows reduced sizing of individual units and leaving more common green
space in the development.

The degree of sharing of facilities varies among CoHousing communities.  In the U.S., 27 were
completed as of 1996 with 100 in various stages of development.  A fairly standard feature is for the
common house to contain a communal kitchen and laundry equipment, along with guest rooms for
visitors to the various participating households to use.  A repair shop with tools is also a common
feature, as is a child care center.

In general, CoHousing communities banish automobiles to carports or other parking facilities on the
perimeter.   The interior has child-friendly pedestrian walkways and bikeways.  Most CoHousing
ventures use energy-efficient features such as passive solar design, and provide space for gardens and
orchards as well as outdoor spaces for relaxation and for child play.

When CoHousing communities are being formed, it is usual for those interested in participating to
undergo training in the skills of participatory democracy that they will need in planning and operating
the interdependent CoHousing development.
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Section 4: Appliance Efficiency

Beginning in 1976, working for the Natural Resources Defense Council, David B. Goldstein, Ph.D.
(Physics) began developing energy efficiency standards for refrigerators.  These standards were
adopted by California state in 1976 - the first in the nation.  By 1986 Goldstein had negotiated national
energy standards for a wide range of appliances: refrigerators, water heaters, and washing machines
among them.  The energy saved by the tens of millions of appliances built under these efficiency
standards since then is estimated to save as much energy per year as the entire output of the U.S.
nuclear energy program.

Computers: Computer chip makers are achieving higher and higher efficiency in the chips they make. 
For example, the new x86 Atom processor by Intel consumes only 2 watts as opposed to 22 watts for a
Celeron processor in a similar application in 2003.  The x86's performance processing capacity in
transactions per second is almost twice that of the Celeron.

Computer servers:  According to a McKinsey & Company analysis the world’s estimated 30 million
computer servers and other information technology (IT) systems accounted for some 2 percent of
global carbon dioxide emissions.  North American office technology caused one fourth of the world’s
IT-related emissions in 2002, but by 2007 China became the world leader, accounting for 23 percent of
IT emissions.  The amount of electricity consumed by servers doubled between 2000 and 2005
according to a Stanford University study.  The McKinsey report projects the energy required to power
the world’s computers, data storage, and communications networks will double by 2020; with the
world’s emerging economies including India, Brazil, and Indonesia increasing their IT emissions 9
percent each year until then.  McKinsey projects that IT emissions in 2020 will account for 3 percent
of global carbon dioxide emissions, with a carbon footprint equivalent to that of world commercial
aviation.

Refrigerators: As of 2008, EPA Energy-Star-rated refrigerators sold in the U.S.A. use as little as 40
percent of the electricity per day to cool the same cubic foot box capacity as did refrigerators
manufactured in 1988.  The main reason for this improvement in efficiency is routine installation of
“intelligent motor controller” (IMCs) computer chips within the compressor electric motor assembly. 
IMCs adjust power draw by the motor to produce the required torque for the load, while greatly
reducing the power surge draw when the motor starts to turn from a stationary shaft starting position. 
A motor draws many times more watts of electricity during the start-up power surge than when
operating at speed; in applications where motors stop and start frequently as in refrigerator
compressors, this is a significant power sink.

Another reason for greater energy efficiency on the part of Energy Star-rated refrigerator units
manufactured since 2000 is advances in insulation technology, particularly the ability to build vacuum
cells inside the walls of the refrigerator box.  Vacuum has a much higher resistance to heat
transmission than any insulating material.
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Televisions: According to the U.S. Environmental Protection Agency, the 275 million-plus televisions
sets in the U.S. consume over 50 billion kilowatt-hours of electricity each year.  Although screen
display technologies have become more efficient, e.g., liquid crystal display (LCD) uses less energy
per square inch of screen than cathode-ray tube (CRT) display, energy use in any display technology
increases as a function of the square inches of illuminated display surface.

There are three HDTV technologies on the market in 2008: plasma, LCD, and rear-projection
microdisplay, otherwise known as digital light processing (DLP).  Technology reviewer CNET found
that plasma TVs are the least efficient, consuming 0.33 watts of electricity per square inch of display
surface.  LCD TVs are second best at 0.28 watts per square inch.  The DLP consumes only 0.13 watts
per square inch of display.

On November 1, 2008, the U.S. EPA released new Energy Star specifications that set maximum energy
consumption limits for televisions in both standby and active modes.  (Previous specifications applied
only to standby mode.)  Televisions which meet these energy consumption specifications will be up to
30 percent more efficient than non-qualified models.

Section 5: Industrial Process Efficiency

Section 5.1: Combined heat and power (CHP): (Also known as “cogeneration”)

In the U.S., the waste heat exhausted from electric power plants is equivalent to all the energy
consumed in Japan.  If waste heat from power generation is captured and used for industrial or
building heat, total energy efficiency can be increased from 33 percent of fuel energy turned to
commercial use to 80-90 percent efficiency.

By integrating power generation with factory and building heat sources, high-temperature waste heat
from boilers, furnaces, and the like can be used to produce electricity.

Some of the world’s first power plants employed CHP, but such energy efficient engineering has fallen
out of favor in most nations including the U.S.  Some nations have pursued CHP aggressively since the
1980s.  Finland and Denmark obtain 40 and 50 percent of their electricity from CHP, respectively,
rather than from facilities whose primary purpose is electric power generation.  In the United States, 8
percent of electricity comes from CHP and in China and Germany, 12 percent of electricity comes
from CHP.

The United States could get 150 gigawatts, or 15 percent of its current power needs, from the unused
waste heat from heavy industry, manure, food industry waste, landfill gas, wastewater, steam, gas
pipeline pressure differentials, fuel pipeline leakages, and flare gas.  This equals the current amount of
energy produced by U.S. nuclear power plants.
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Section 5.2: Torque; Industrial activity consumes almost 50 percent of the world’s generated
electricity.  In factories, 65 percent of the electricity is consumed by electric motors generating torque. 
Variable speed drives can adjust motor speed to the needs of the load.  Intelligent motor controllers
(IMCs) can adjust power draw by the motor to produce the required torque for the load, while greatly
reducing the power surge draw when the motor starts to turn from a stationary shaft starting position. 
A motor draws many times more watts of electricity during the start-up power surge than when
operating at speed; in applications where motors stop and start frequently, this is a significant power
sink.  IMCs are now available as small, low-power computer chips which are made an integral part of
the electric motor.  If contemporary (2008) IMC-regulated electric motors were universally installed in
the world’s factories, the estimated reduction in power consumption would be 60 percent, or about 13
percent of world electricity usage.

Section 5.3: Materials processing:  

Section 5.4: Recycling to recover embedded energy:

5.4.1: Electronics: Gazelle <gazelle.com>, Flip-swap <flipswap.com>, and TechForward
<techforward.com> are among a spate of new companies buying, then reselling or recycling, used
electronics from the general public.  Venture capitalists seem to think these companies are for real
because they are pouring tens of millions of dollars into them.

Section 6: How to Induce Customer Conservation Behavior

Cass Sunstein and Dr. Richard Thaler of the University of Chicago have written Nudge, which applies
the lessons of social psychology and behavioral economics to everything from health care to climate
change abatement.  They start with an overview of how homo sapiens isn’t good at expending effort,
time and attention today to realize an abstract benefit in the future.  For example, in one study, people
spent less than an hour total on average evaluating and choosing their retirement financial plan, while
spending much more time evaluating and choosing a cell telephone or television purchase.

However, with the right prompting, humans will make breathtaking sacrifices for the common good
and perform “noble” acts of charity.  Humans will reform their behavior strikingly to conform with
social norms.  What Nudge attempts to do is identify how to provide those “right prompts” and change
the perception of social norms to induce pro-ecological behavior.

“Getting the prices right will not create the right behavior if people do not associate their behavior with
the relevant costs,” says Dr. Thayler, a professor of behavioral science and economics.  “When I turn
the thermostat down on my A-C, I only vaguely know how much that costs me.  If the thermostat were
programmed to tell you immediately how much you are spending, the effect would be much more
powerful.”  It would be still more powerful, Sunstein and Thaler say, if you also know how your
energy compared with the social norm.  Their research also shows that you need to reward behavior
deviating from the social norm in the desired conservation direction with cues.
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A study in California showed that when the monthly electric bill listed the average consumption in the
neighborhood, the people with above-average electricity use significantly decreased their consumption. 
However, the people with below-average consumption significantly increased theirs towards the social
norm.  When the bill featured a little drawing along with the numbers, with a smiling face on a below-
average bill and a frowning face on an above-average bill, the above-average electricity users
significantly decreased consumption but the below-average conservative users made even larger cuts in
consumption!

In California some electricity customers have been equipped with a glowing ball called the Ambient
Orb.  It changes colors as the price of electricity changes at peak versus off-peak periods.  Customers
with the Ambient Orb reduced their electricity usage by 40 percent when the ball glowed red during
peak electricity rate periods.  Another gadget, the Wattson, changes colors depending on how much
electricity a house is using.  The Wattson’s data can be displayed on a web site, and proponents
encourage people to display their Wattson data on their Facebook page.  The authors ask, “Why not
reward devout conservationists by letting them display their virtue?”

Section 7: Carbon Offsets from Energy Conservation

The current U.S. electricity generation portfolio (50% coal, 20% nuclear, most of the rest natural gas)
generates 160 million tons of carbon dioxide for each gigawatt-hour of electricity generated.   For each
10,000 kilowatts of power offset from generation by energy efficiency, the offset in polluting gas
emissions will be:

Carbon dioxide = 240 metric tons
Nitrous oxide = 4 million kilograms
Sulfur dioxides = 11 million kilograms

The American Solar Energy Society’s 2007 Tackling Climate Change in the U.S. calculates that 12
quads of energy can be saved through efficiencies in buildings, and 9 quads each through efficiencies
in the vehicles and industrial sectors, for a total energy savings in the U.S. energy grid in 2030 of 30
quads of energy.  Avoiding power generation, industrial and vehicle exhaust emissions through energy
efficiency measures which can be in place by 2030 would prevent release of 688 million Tons of
carbon dioxide from fossil carbon sources into the atmosphere in a year from the current U.S. energy
portfolio.
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Chapter 8: An Assessment of “Cleaner” Fossil Fuel Technology Developments

(Revised 05 Mar 10)

Section 1: Diesel Fuel from Coal Wastes/Low-Grade Coal

In 2006 Waste Management and Processors, Inc. (WMPI) broke ground for the first U.S. coal-to-diesel
production facility in Gilberton, Pa.  The plant will process 1.4 million tons per year of waste coal -
discarded because of its low energy content - to generate approximately 5,000 barrels a day of diesel
fuel at an initial cost of $54 per barrel estimated.  The resultant diesel is cleaner than conventional,
sulfur-free diesel.  Daimler-Chrysler testing found the coal-derived diesel produces only 10 percent of
the carbon monoxide and hydrocarbons and 70 percent of the particulate emissions produced by
conventional diesel fuel.

Illinois, Kentucky, Virginia, Wyoming and West Virginia are also considering coal-to-liquid fuel
facilities.  For every ton of coal mined, about half ends up in reject waste coal piles: 260 million tons
have accumulated in Pennsylvania alone.  This waste coal, along with low-grade coals such as lignite
and bitumen, are not usable in coal-burning power plants and facilities because of the low energy
content relative to high pollution, waste, and handling costs.  The coal-to-diesel process used by
WMPI was pioneered by South African energy giant Sasol to utilize energy-poor lignite coal and
bitumen deposits.  To create the diesel, coal is first mixed with oxygen and steam at high temperature
and pressure to produce carbon monoxide and hydrogen.  The second step is the Fischer-Tropsch
synthesis which uses a catalyst to convert the gas into a liquid synthetic crude (actually, a paraffin)
which is then refined into diesel.  During the process, mercury, sulfur, ammonia and other compounds
are extracted during the gasification phase and collected for sale on the commodities market.  The
diesel produced from waste coal therefore has none of these pollutants in it, which accounts for its
being relatively non-polluting when burned in engines.

The WMPI facility is being subsidized by the Clean Coal Power Intitiative, a $100-million federal loan
guarantee program.  The state of Pennsylvania chipped in with tax credits and a contract to purchase
half the WMPI diesel for use in state vehicles.  Private investors contributed $500 million to build the
plant.

Section 2: Generating Electricity from Coal

Currently the U.S. derives about 52 percent of its electricity from coal combustion, and some 1,500
coal-fired coal-fired generators produce 335,000 megawatts of power and account for 36 percent of all

 2U.S. CO  emissions.  Coal-fired power plants are estimated to contribute to 24,000 premature deaths a

.year from particulate emissions   The majority of coal-fired generators are located east of the
Mississippi River.  Based on today’s combustion rates, we have about 200-250 years’ worth of coal in
the ground in the U.S., about half of which is in Wyoming’s Powder River basin.
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According to the Union of Concerned Scientists, a typical 500-Megawatt coal-fired power plant
consumes 2.2 billion gallons of water a year to generate the steam to drive its turbines.  Coal-fired
power plants consume 900 acres per billion kWh generated annually, most of it for mining and waste
disposal.

“Clean coal” advertisements became pervasive across the United States in 2008, promising an
abundant, cheap, and environmentally-sound solution to climate change.  These advertisements have
been criticized by environmentalists as deceptive because carbon dioxide-sequestering technologies
are not projected to be ready for commercial application until about 2030, if then.  Also, the coal
industry uses a broader definition of “clean coal” than coal combustion from which carbon dioxide
emissions are captured and prevented from entering the atmosphere.  The industry refers to any coal-
fired power plant that features higher energy efficiency and emits less pollutants as “clean.”  The
Center for American Progress found that the American Coalition for Clean Coal Electricity - a
consortium of 48 coal and utility companies - was investing US $3.5 billion into projects that capture
and store carbon dioxide emissions (the coal industry lists more than 80 projects underway) as of 2008,
but the only completed project is a North Dakota natural gas plant that reinjects its emissions to push
Canadian oil out of the ground, and many of the projects on the industry list have yet to begin.  The
Center also compared coal companies’ 2007 profit of $57 billion to their investment in carbon
sequestration technology development, concluding that $1 out of every $17 in profits was being
reinvested by the companies into solving global warming from coal combustion.

NEVCO LLC and Sevier Power Company attempted to build a 270-megawatt coal-fired power plant
near Sigurd in Sevier County, Utah circa 2007.  Sevier Power Company erected signs proclaiming
“Clean Coal Technology” at both the proposed plant’s location and on Main Street in Richfield,
sponsored local radio and newsprint ads claiming that its facility would be the cleanest in the land, and
giving away free guns to local citizens.  The night before a County Planning Commission public
hearing over re-zoning the plant site from agricultural to industrial, the company hosted a free picnic
for local citizens which featured a raffle for a free gun in addition to food.  This public relations effort
did little to affect the 85 percent of Sevier County residents who opposed the plant’s construction. 
Three-fourths of citizens speaking at the rezoning hearing opposed the rezoning of the plant site.

In 2006, approximately 150 new coal-fired power plants were proposed by utilities for construction
over the next decade or so.  Since then, plans for eight of the eleven TXU (Texas) coal plants have
been dropped, with similar abandonment of plans around the country.  By the end of 2008, proposals
for 81 coal-fired power plants which would have pumped an addition 317 million tons of carbon
dioxide into the atmosphere (about 5.3 percent of the nation’s current output) had been abandoned. 
For example, Logan, Utah, dropped a proposed thirty-year contract for 20 megawatts of power from
the proposed Unit #3 at the Intermountain Power Authority’s generating station near Delta, Utah.  As
Logan Councilmember Laraine Swenson said, “All around, putting our eggs in the coal basket is a
poor choice environmentally and a risky choice financially.”  The city is instead pursuing a geothermal
energy project to supply electricity to meet its growth demands.
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In Kansas, a $1.2 billion, 790-megawatt expansion of the Council Bluffs Energy Center at Holcomb
was proposed which would produce 6.2 million additional metric tons of carbon dioxide emissions a
year.  After the Supreme Court overruled the EPA on April 2, 2007, by declaring greenhouse gases
including carbon dioxide pollutants subject to control under the Clean Air Act, Kansas Department of
Health and Environment head Roderick Bremby denied the Holcomb expansion air permit.  Bremby
had a legal opinion from the state attorney general that he had the authority to declare unregulated
carbon dioxide an environmental hazard.  In announcing his decision, Bremby said, “It would be
irresponsible to ignore emerging information about the contribution of carbon dioxide and other
greenhouse gases to climate change, and the potential harm to our environment and health if we do
nothing.”  Opponents of the Holcomb expansion had advocated for expansion of wind power - wind is
a rich resource in Kansas - instead of coal generation.

A Google map of proposed coal-fired power plants is accessible at <sierraclub.org/maps/
coal.asp>.  A state-by-state coal-fired power plant tracker is at <sierraclub.org/environmentallaw/
coal/plantlist.asp>, and a global carbon dioxide monitor at <carma.org>.

A.  Supercritical plants:  Ninety percent of all coal-fired plants in the world are “subcritical”
pulverized coal plants.  “Supercritical plants” are the next step up, producing less pollution and
running more efficiently so less coal is needed to generate the same number of kwh of electricity. 
Only Japan and Europe have installed top-of-the-line, “supercritical” plants; China’s first is under
construction and is due to begin operations in 2007.  Integrated Gasification Combined Cycle coal-
fired power plants mix crushed coal with oxygen and water in a high-pressure gasifier to make
“syngas,” which produces extremely low emissions of sulfur dioxide, nitrogen oxides, mercury, and
particulates when burned since those materials are separated out during the gasification process.

A National Energy Technology Laboratory analysis found that supercritical pulverized coal power
plants shift from being the least expensive to the most expensive of fossil-fueled generating options
once the cost of carbon capture is included.  Plant capital costs rise by 82 percent to $2,870 per
kilowatt of nameplate capacity, and electricity production costs rise by 81 percent to 11.48 cents per
kilowatt-hour.

In The Wall Street Journal, J. Wayne Leonard, CEO of Entergy, contends that electric utilities that
continue to build new plants heedless of their carbon dioxide emissions are “putting all mankind at
risk.”  In February, 2007, Solar Today reported that multinational corporations like Peabody Coal and
E.ON are pushing for construction of new coal-fired power plants; and that large power companies are
taking advantage of well-intentioned but inexperienced municipal or rural cooperative utilities that do
not have the perspective to ask, “What is the carbon risk?” in investing in a new pulverized coal-
burning electric power generating facility.

B.  The Integrated Gasification Combined Cycle coal-fired power plant has been designed to
permit, in theory, cost-effective separation of all coal combustion exhaust components and capture of
these so they do not enter the atmosphere.  There are about 100 IGCC power plants currently operating
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worldwide, including two in the U.S.A.  None of these currently capture their carbon dioxide
emissions, but the plant design makes this possible.  Schemes such as “geological sequestration,”
where carbon dioxide is injected into oil fields to improve oil recovery, are being explored for
adoption on a large scale to receive CO2 from IGCC power plants.  British Petroleum is sequestering
the carbon from a new IGCC plant in Carson City, CA, in order to develop safety protocols for the
process.

In an Integrated Gasification Combined Cycle plant, pure oxygen is injected into a retort containing
coal, causing a high-temperature combustion which gasifies most of the coal.  This raw synthesis gas
goes into a separator where mercury, sulfur, and other byproducts are separated and turned into solids
which then become industrial feedstock.  The purified synthesis gas fromthe separator goes to a gas
turbine where it is burned, driving one power generator.  The hot exhaust gas from the gas turbine goes
to heat exchanger where it generates steam which drives a second steam turbine which turns a second
electricity generator.  The cooled exhaust gas then goes to the separator for capture of the carbon
dioxide in it.  Cost to produce electricity is 15-20 percent higher using the gasifier IGCC technology. 
American Electric Power, the largest coal-consuming utility in the U.S., says it will build at least two
600-megawatt IGCC plants.  Two first-generation IGCC plants are currently operating in the U.S.

An IGCC plant can burn any carbiniferous material, not just coal.  In theory, if IGCC plants burned
crop waste, then the carbon recently captured from the atmosphere by the crop would be returned to
the atmosphere if carbon dioxide from combustion was not sequestered, and carbon dioxide from the
atmosphere would be removed if the CO2 from burning crop wastes was sequestered rather than
returning to the atmosphere.

In response to advocates of clean energy saying that all of the 150 new proposed coal-fired power
plants promoted by the industry in 2002-2005 be IGCC plants which would permit carbon
sequestration if coal plants lacking carbon sequestration were to be permitted at all, the industry
pushed back claiming the process was too expensive, unproven, and saddled rate payers with too much
risk.  The Department of Energy forged ahead with its “FutureGen” power plant in Illinois, which was
to serve as a prototype. The plant’s construction was cancelled in the spring of 2008 due to concerns
about rising construction costs and uncertainties about the prototype’s technology.

C.  Carbon sequestration: As of September of 2008, the Department of Energy website still states
that carbon sequestration technology for coal-fired electrical power plants will not be on-line for
routine use until the year 2050.  On April 16, 2007, the director of the U.S. Geological Survey, Dr.
Mark Myers, testified to the Senate Energy and Natural Resources Committee the following timeline
for carbon sequestration from power generation: workable sequestration after 2012, the first
commercial development by 2020, and widespread use of carbon capture and sequestration in the
“2045 time frame.”

2In a 2008 issue of Nature [453 (154)], V. Smil wrote: “[T]o sequester just 25% of the CO  emitted in
2005 by large stationary sources of the gas...we would have to create a system whose annual
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throughput (by volume) would be slightly more than twice that of the world’s crude-oil industry, an
undertaking that would take many decades to accomplish.”

The Union of Concerned Scientists’ Coal Power in a Warming World: A Sensible Transition to
Cleaner Energy Options explores the benefits and challenges of using carbon capture and storage
(CCS) pollution control technology.  UCS supports federal funding for 5 to 10 CCS demonstration
projects while putting an immediate end to the construction of new coal plants that lack this
technology.  The UCS report also describes other policies needed to reduce the dangers posed by coal
use, as exemplified by the coal ash spill in Tennessee in December 2008.

Carbon capture and storage is estimated to add 40-90 percent to the cost of coal-based electricity
generation.  However, if coal plants had to pay a tax of $100 per ton of carbon emitted, sequestration
becomes economically attractive.  Norway and Sweden instituted carbon taxes in 1991.  In the U.S.,
Duke Energy has announced it supports “mandatory federal action” with regard to a carbon tax.

Ecos Consulting’s analysis of the corresponding costs and returns of building a supercritical pulverized
coal power plant at Desert Rock on the Navajo Reservation in New Mexico, versus delivering the
equivalent amount of energy services from a combination of wind, concentrating solar power, and
natural gas facilities on the Navajo Nation, illustrates the cost of carbon sequestration and the relative
costs and returns of these two modalities of power production:

Desert Rock and Alternative Scenario Economic Factors

Economic Factor Desert Rock Coal Alternative

Short Term Construction Jobs 1,000 2,016

Long Term Operations & Maintenance Jobs 200 534

Coal Taxes & Coal Royalties $29,900,000/year -0-

Water Fees $5,200,000/year $5,649,172/year

Negotiated Taxes $16,200,000/year $19,346,363/year

Sales Taxes During Construction Phase $832,000/year $1,677,549/year

Sales Taxes During O&M Phase $166,400/year $444,285/year

Total Tax Revenue/Year Generated,
Construction Phase

$832,000 $1,677,549

Total Tax Revenue/Year
Generated, O&M Phase

$51,466,400 $25,439,821

Green Power Premium -0- $67-133 million/year
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Carbon Capture or Offset Costs -$63 to -$292
million a year

-$11 to -$50
million a year

Fuel Price Volatility Moderate Low

NET ECONOMIC BENEFIT, Construction
Phase

$832,000/year $1,677,549/year

NET ECONOMIC BENEFIT, O&M Phase -$12 to -$240
million a year

$81 to $108
million a year

Pilot carbon sequestration coal power plant demonstration projects:

Southern California Edison plant near Woodside, Emery County, Utah: This project was
unveiled in a January 14, 2009, meeting in Price, Utah.  The pilot plant would generate 500 megawatts
from an integrated combined cycle coal gasification process, in which the hydrogen gas extracted from
gasification of coal would power integrated combined cycle turbines like those currently used in
natural gas-fired power plants.  Carbon dioxide from the combustion process would be injected into a
saline aquifer at the site, which is located on Utah School and Institutional Trust Lands property.  The
company says studies show the aquifer can hold 500 million tons of carbon dioxide, while the
demonstration plant will generate 4 million tons of carbon dioxide a year.  The plant is expected to
employ 1,000 people during construction and 100 people during operation.  Southern California
Edison has partnered with the University of Utah in the coal-fired power carbon dioxide sequestration
project.  The power plant itself would be located on Bureau of Land Management property under
federal permit.  Working out commercial ways to use or sequester the mercury, fly ash, slag, and other
waste products from a goal gasification plant is part of the demonstration research project involving
the University of Utah.

If the demonstration plant is successful, other coal-fired integrated combined cycle plants may be
located nearby to utilize the saline aquifer for carbon sequestration.

Depending on the outcome of funding and further studies, the demonstration plant could be in
operation by 2017 or 2018.  The power that comes out of the plant will be 20-40 percent more
expensive per kilowatt hour than conventional coal-fired power plants due to the cost of building and
operating the plant’s carbon sequestration technology.  Power produced by the plant is intended to
meet California’s new standards concerning clean energy generation and could therefore be sold to the
California electricity energy market.  Gasification of coal requires a great deal of water, and California
Edison has not yet acquired the water required for the project.

D.  The Coal Combustion Waste Problem
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No matter how you oxidize the carbon in coal to generate heat for power, you end up with coal
combustion residue: “fly ash.”  This is what is left over after the coal has been burned, plus what is
cleaned out of the pollution control equipment.  Over 120 million tons of coal combustion waste
(CCW) are generated in the United States annually: enough to fill a million railcars a year which
would constitute a train 9,600 miles long.  Federal regulations for household garbage disposal are
tougher than for coal fly ash from burning coal to generate energy.  Coal ash is packed with heavy
metals and toxic substances, e.g.: molybdenum, cadmium, boron, beryllium, arsenic, lead, cobalt,
mercury, thallium, sulfur, chromium.

In 1999, there were an estimated 600 CCW storage facilities located at the 450 coal-fired power plants
around the U.S.  Some of these have some type of protective layer underneath them to prevent the
leaching of toxins from the wastes into underground aquifers.  Some do not.  There are few regulations
or restrictions on CCW piles, so little monitoring of what they are leaching is occurring.  The 1,700
megawatt Intermountain Power Plant north of Delta maintains a CCW pile fifty feet high and over four
miles long to date.  The proposed Sevier Power Company coal-fired power plant near Sigurd is said in
its environmental impact statement to generate 30 tons of fly and bottom ash per hour, which totals
over 262,000 tons a year from burning 950,000 tons of coal a year.

The National Academy of Sciences stated, “Thus the committee concludes that the presence of high
contaminant levels in many CCR [coal combustion residue] leachates may create human health and
ecological concerns at or near some mine sites over the long term.”  CCW contains high
concentrations of selenium, lead, cadmium, chromium, sulfate, arsenic, iron, manganese and other
minerals which can leach into underground water supplies and contaminate them.

E.  The Coal Combustion Particulate Emissions Problem

Fine particulate pollution from U.S. power plants cuts short the lives of approximately 24,000 people
each year - 50 percent more than died of homicide in 2004.

Section 3.  The Issue of “Peak Coal”

Justification for massive investment in developing and installing “clean coal” technologies which
capture and sequester toxic and greenhouse gas emissions from coal combustion is a function of how
much coal actually remains to be consumed, and the cost of delivery of coal for combustion per energy
unit realized.  A recent study by the Energy Watch Group in Germany on the quantity and quality of
coal actually remaining in reserves that can be cost-effectively mined and delivered to market calls into
question the wisdom of “clean coal” and petroleum-substitute technology investments.

The World Energy Council (WEC) estimate of total world coal resources has declined 50 percent since
1980.  Since 1987 India has raised its estimate of proven recoverable hard coal reserves from 21 billion
to 90 billion tons, and Australia has also increased its estimates.  Otherwise, revisions have been
downwards: Germany lowered its hard coal reserve estimates to near zero and its sub-bituminous and
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lignite reserves from 31 to 6.6 billion tons; Poland cut its hard coal reserve estimates in half and
dropped soft coal reserve figures to zero.

Currently, some 85 percent of coal reserves are believed to exist in six countries, that between them
produce 80 percent of world coal output: the United States, Russia, India, China, Australia and South
Africa.

The World Energy Council concluded that “in the best case scenario, world coal production will peak
around 2025 at 30 percent above present production.”  However, average energy content and cost per
unit of energy of each future ton of coal production is likely to be inferior to those in the past.  “Hard
coal,” includes anthracite and bituminous coal, has an energy range of 18.8 to 30 MJ/kg.  “Soft coal”
includes sub-bituminous coal types with an energy range of 8.3-25 MJ/kg.  Lignite is marginal, and
reserves are limited.  Lignite has an energy range of 5.5-14.3 MJ/kg, and is not usually transported any
distance because its energy content does not justify the cost.

In the United States as elsewhere in the developed world, the location of hard coal deposits has long
been known and these high-energy-return deposits were the first mined and burned for energy.  As a
consequence, in the U.S. the volume of coal production has been rising but average energy content has
been dropping as high-energy bituminous coal deposits in the Appalachians dwindle and lower grade
deposits in Wyoming have been increasingly utilized.  Spot prices for Powder River Basin soft coal
have averaged about one-fifth the price of a ton of Appalachian hard coal, reflecting this energy
differential and the remoteness of Wyoming coal production from major U.S. coal markets.  The U.S.
production peak in terms of energy content of coal produced in a year was 1998.

The Energy Watch Group, using U.S. official figures for estimated recoverable coal reserves, projected
that U.S. production by weight would peak about 2070 at 60 percent above present levels, but
production in terms of energy content would increase only about 45-50 percent due to the increased
prevalence of low-energy coal.  The Group noted that 60 percent of U.S. coal reserves are located in
Montana, Wyoming and Illinois.  Although production in Wyoming has been increasing, in Illinois
production has been decreasing and in Montana production has been flat at a very low level despite the
huge reported potential.  The Group found low coal quality, high sodium and sulfur content, threat to
water resources, and soil and water contamination issues to be limiting exploitation of remaining
western coal reserves in the U.S., and found evidence that recoverable reserves may be greatly
overstated.  Adjusting recoverable coal reserves with these factors in mind, the Group concluded that,
“it is very likely that bituminous coal production in the U.S. has already peaked, and that total
(volumetric) coal production will peak between 2020 and 2030.  The possible growth to arrive at a
peak measured in energy terms will be lower, only about 20 percent above today’s level.”

In consequence, it does not appear that coal can be substituted for petroleum as a fossil fuel input
because of availability and cost per unit of energy.  If demand for coal for traditional combustion
applications in power generation and industry can be held constant in the U.S. from 2008 onward, then
we have about 22 years in which the additional production of coal could be used for non-traditional
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applications like production of transportation fuels and chemical feedstocks in place of petroleum. 
After that, total consumption of coal will have to decline in the U.S. to avoid price peaks and
disruptions due to supply shortages.

The text of Dr. Werner Zittel and Jorg Shindler’s “Coal: Resources and Future Production,” Ludwig
Bolkow Systemtechnik GmbH, Ottobrun, Germany, Final Version 7-10-07, can be found at
<www.energywatchgroup.org> under Publications/Reports.
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Chapter 9:  National Energy Security

(Revised 06 Mar 10)

The Worldwatch Institute with the Center for American Progress produced a forty-page energy primer
titled American Energy: The Renewable Path to Energy Security in 2006.  The report describes a range
of new technologies now available and demonstrates their potential to transform the U.S. energy
economy.  This report was published over a year after the bulk of this chapter was written; it appears to
serve as a confirmation and validation of the information in this chapter.  I could find no information
in the Worldwatch American Energy primer which was not already covered, often in much more
technical detail, in Plank One of The Renewable Deal Aspect Two.  However, the Worldwatch primer
contained a number of summary statements which are quoted in various chapters of Plank One.

Dan Reicher and Carl Pope agreed at the Sierra Club energy roundtable in December, 2006, that
forcing the government to consider lifetime energy costs in evaluating alternatives is crucial.

Worldwatch (2006) observes: “Every oil price spike over the past 30 years has led to an economic
recession in the United States; such price spikes will become more frequent as global competition for
remaining oil supplies intensifies.”  “The centralized and geographically concentrated nature of the
country’s power plants, refineries, pipelines, and other infrastructure leaves it vulnerable to everything
from natural disasters to terrorist attacks.”  “It is estimated that the 2003 Northeast blackout cost
between $4 billion and $10 billion [in lost productivity] over the course of just a few days....an analysis
of the 2003 Northeast blackout suggests that solar power generation representing just a small
percentage of peak load and located at key spots in the region would have significantly reduced the
extent of the power outages.”

“A 2005 study by the U.S. Department of Defense found that renewable energy can enhance the
military’s mission, providing flexible, reliable, and secure energy supplies for many installations and
generating power for perimeter security devices at remote locations.  Renewable energy provided more
than 8 percent of all electricity for U.S. military installations by the end of 2005.”  [Worldwatch, 2006]

Chapter 9, Section 1:  The Costs and Risks of Petroleum Dependence

Asked in a Newsweek interview about whether our energy supply is adequate, Paul Erlich responded
“We’re not running out of fossil fuel, we’re running out of environment.”

Bill McKibben observes that “We’re using oil five times as fast as we’re discovering new reserves.” 
Early in 2006 I predicted that we will look back from the future and see the Hubbert Peak of world oil
production occurred in November, 2006.  The Association for the Study of Peak Oil and Gas in
Denver, Colorado, and Sadad al Husseini, former head of exploration and production for Saudi
Aramco, both predicted in 2005 that world oil production would peak in 2015.  Vaclav Smil’s 2006
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energy book contains an entire chapter documenting how, without exception, all energy forecasts have
been wrong.  On October 22,  2007, the German-based Energy Watch Group released a study saying
that global oil production peaked in 2006. Kenneth Deffeyes in his 2005 book, Beyond Oil, predicted
the oil peak would occur in late 2005 or early in 2006.  U.S. geologist Walter Youngquist and A.M.
Samsam Bakhtiari of the Iranian National Oil Company each projected that world oil production
would peak in 2007.  In November, 2007, Lester R. Brown reviewed data from the International
Energy Agency which showed that, after climbing from 82.90 million barrels per day (mb/d) in 2004
to 84.15 mb/d in 2005, output increased only to 84.80 mb/d in 2006 and declined to 84.62 mb/d in the
first 10 months of 2007.  The IEA reports that in 2006, 31 billion barrels of oil were extracted and 9
billion barrels of oil reserves were discovered.  Despite this, both the IEA and the U.S. Department of
Energy are each projecting world oil output in 2020 at 104 million barrels a day!

The world’s largest 20 oil fields were discovered between 1917 and 1979 (data at <http://www.
earthpolicy.org/Updates/2007/Update67_data.htm>).  Sadad al-Husseini, former senior Saudi oil
official, reports that output from the world’s aging oil fields is falling by 4 mb/d.  The United States
peaked at 9.6 mb/d in 1970, dropping to 5.1 mb/d in 2006.  Venezuela also peaked in 1970.  North Sea
oil producers United Kingdom peaked in 1999 and Norway in 2000.  Saudi oil production data for the
first eight months of 2007 show output of 8.62 mb/d, down from 9.15 mb/d in 2006.  Mexico’s output
peaked in 2006 at 3.4 mb/d.  Pre-peak countries are believed to be China, Kazakhstan, Canada (largely
tar sands), Russia, Algeria, Angola, Brazil, Nigeria, Qatar, and the United Arab Emirates.

A U.S. Department of Energy by Robert L. Hirsch and co-authors published in February, 2005, stated
that “viable mitigation options exist on both the supply and demand sides, but to have substantial
impact, they must be initiated more than a decade in advance of [oil] peaking.”

Citibank released a report, “Industry Focus: Oil Companies - International” on 4 Feb 08 which foresees
“genuine difficulties” in increasing production of crude oil, “particularly after 2012."  Although 175
big drilling projects are projected to start in the next four years worldwide, “the fear remains that most
of this supply [possible from new discoveries] will be offset by high levels of decline [from existing
fields].”  The Citibank report notes that world oil producers have been unable to respond to the
massive rise in oil prices with increased production.  “Total global liquid hydrocarbon production has
essentially flatlined since mid 2005 at just north of 85 million barrels per day.”

Governments have been justifying ignoring the issue of adapting to peak oil based on the 2005
International Energy Agency (IEA) book “Resources to Reserves: Oil & Gas Technologies for the
Energy Markets of the Future,” which I read as a faith-based polemic selectively written to support the
premise that planetary oil and gas reserves are sufficient to sustain economic growth worldwide for the
foreseeable future.  In fact, the IEA has been backtracking on the opinions printed in this book.  In the
U.K., the Financial Times reported that the IEA “has admitted that it has been paying insufficient
attention to supply bottlenecks as evidence mounts that oil is being discovered more slowly than once
expected [by the IEA]...natural decline rates for discovered fields are a closely guarded secret in the oil
industry, and the IEA is concerned that the data it currently holds is not accurate.”
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The exhaustion of fossil energy resources is not unforeseen.  In the February 1973 issue of Organic
Gardening and Farming Robert Rodale editorialized “The amazing expansion of our energy needs is
starting to strain our reserves of fuel.  About 90% of the energy we use comes from fossil fuels - coal,
oil, and gas.”  Rodale cited transportation as the biggest consumer of energy, consuming 25 percent of
the total at that time.  Rodale observed, “A good garden can yield plenty of storable energy with a
moderate amount of work.”  In the last 35 years, U.S. energy consumption has increased 34 percent
and our energy imports by 137 percent.  Transportation now consumes almost 30 percent of the total
national energy budget.

The prospects for United States domestic production:  U.S. oil companies increased drilling 60 percent
in 2001 but achieved only a 2 percent increase in production.

Caren Black of the Titanic Lifeboat Academy of Astoria, Oregon, debunks Red Cavaney’s statement
that undiscovered U.S. petroleum reserves total 131 billion barrels.  First, “Recipe for undiscovered
reserves: Open a 9x12 inch manila envelope.  Grab a handful of paper clips and toss them inside.  Seal
the envelope.  Deliver the sealed envelope to a co-worker on another floor and have her tell you how
many paper clips are inside.”  Second, she notes the United States currently uses 20 million barrels of
oil a day.  Mr. Cavaney’s 131 billion barrels represent a 6,550 day national supply if every drop was
economically recoverable.  As Ms. Black points out, a lot of known discovered deposits of oil would
require more energy/money to extract, transport, and refine than can be recovered from the deposit,
and therefore will never be developed regardless of how high the price of a barrel of oil may rise.

David Hughes of the Geological Survey of Canada critiques Vaclav Smil’s assertion that there are 3
billion barrels of oil remaining that are ultimately recoverable worldwide: “Smil misses the point.  We
don’t have a resource problem, we have a deliverability problem.  We have recovered the cheap, easy
oil.  The remaining oil is more expensive to recover (offshore, polar, and unconventional oil). 
Deliverability from these sources takes much longer and much higher capital investment than previous
sources.  Smil apparently doesn’t look at the forecasts for unconventional oil, even from the optimists
(such as the U.S. Energy Information Administration) of meeting less than 5 percent of projected 2025
demand even with massive growth in production....Smil assumes that liquefied natural gas will create a
world market for gas but ignores the infrastructure implications, in terms of time-to-build, geopolitics,
and capital investment, as well as the full cycle emissions from this source (15-30 percent of the gas
must be burned for liquefaction, transport, and regasification)....Although hydrates are purported as the
panacea, and have been for a long time, they are energy negative and likely will continue to be for the
foreseeable future.”

The United States now imports close to 60% of its oil; about 11 million barrels a day.  According to the
Energy Information Administration, 68 percent of U.S. total supply will be imported in 2025.  About
half of the imported oil now comes from the Middle East.  By 2025, two-thirds of the imported oil will
have to come from the Middle East because other sources we utilize such as Venezuela, Nigeria, and
Mexico will have passed peak production.  These major sources of oil we import from outside the
Persian Gulf region will pass their production peak by no later than 2010.  Their production decline
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and our increasing demand requires turning to the Persian Gulf oil states, whose production peak is not
projected to have been reached by 2010.  53% of the world’s proven oil reserves are in the Persian
Gulf region.

Prospects for oil production from the outer continental shelf: The estimates for deposits in the
outer continental shelf, to which access was granted by Congress in 2008, is that they contain between
42 and 86 billion barrels of oil.  At a consumption rate in 2008 of 20 million barrels of oil each day or
~7 billion barrels a year, 86 billion barrels is a 12-year supply for the U.S. - if consumption did not
increase by the time new wells in the outer continental shelf first came into production in circa 12
years.

Prospects for oil shale production: According to the USGS, there are 16 billion barrels of oil in
the Green River Formation which underlies the area where Colorado, Wyoming, and Utah meet.  Of
this total, between are classified as “recoverable.”  However, there is very little energy “profit” to be
gained from processing oil shale to obtain refinable petroleum for use as fuel.  The hydrocarbon in oil
shale is in the form of kerogen.  The heat content of kerogen is about 10 percent of crude oil: a lower
heat content than municipal garbage and roughly equivalent to that of prunes.  To release the kerogen,
the oil shale must be mined and then heated, or the shale heated in situ to get the kerogen to separate
from the silicates in which it is embedded.  Oil shale expands when heated, producing a massive solid
waste tailings disposal problem.  If mined, the volume of material which has to be moved, retorted,
and then handled as spent waste is enormous.  This poses challenges in terms of the energy required to
move and process the shale and post-extraction tailings, and the containment of those tailings to
protect the environment from them.

In order to make petroleum from kerogen, a hydrogen atom must be added to the kerogen hydrocarbon
chain.  This requires an enormous amount of water, as well as additional energy.

Red Leaf Resources, Inc., based in Salt Lake City, claims to have developed a water-efficient
“EcoShale In-Capsule” process for extracting kerogen from oil shale.  They have purchased an
abandoned refinery in Green River, Utah, in order to haul kerogen from oil shale extraction in Uintah
County to it for refining into petroleum products.

Prospects for tar sand production: Currently one million barrels a day of petroleum is being
extracted from the vast tar sands deposits in Canada.  The Canadian government has named a target of
4 million barrels a day production from the tar sands by 2020.  Tar sands pose the same energy and
materials-handling and disposition challenges as oil shale, and similarly offer little energy “profit” in
the energy value of fuels produced from tar sands versus the energy required to extract petroleum. 
Articles have already been published by the industry questioning whether it is feasible to handle the
wastes from 4 million bbd production from this tar sands deposit.

In addition, water is a major problem.  Existing tar sands plants typically use two to four barrels of
water to extract a barrel of oil.  After use, the water is toxic with contaminants, so it cannot be released
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into the environment or re-used without expensive purification.  Some water is re-used by the
Canadian plants, but most of it is pumped into enormous settlement ponds and retained as toxic waste
because of the hydrocarbon chemical and heavy metal content.  These “ponds” in Canada are large
enough to be seen from space, with miles of surface area.  It is projected to be 200 years before the
smallest particles settle out and sufficiently clean water can be pumped off the top of the ponds into the
environment.

According to a recent joint study by the University of Toronto and the University of Alberta, the
projected expansion of the tar sands projects will kill the Athabasca River, the only abundant source of
water in the tar sands area.  “Projected bitumen extraction in the oil sands will require too much water
to sustain the river and Athabasca Delta, especially with the effects of predicted climate warming,” the
study said.  At one million barrels a day production, water levels in he Athabasca River are already
going down.  The report projects that the amount of water required to attain the target 4 mmbd
production would threaten the water supply of two northern territories, 300,000 aboriginal people, and
Canada’s largest watershed, the Mackenzie River Basin.

In fact, the massive amount of energy needed to extract, upgrade, and refine tar sands oil generates
three times the amount of global warming greenhouse gas pollution as conventional oil production. 
Global warming pollution from tar sands production is projected to quadruple from 25 megatons in
2003 to as much as 126 megatons in 2015.  Currently, tar sands extraction is largely responsible for
Alberta’s rising levels of air pollution and is Canada’s fastest growing source of global warming
emissions.  Alberta, with 10 percent of Canada’s population, already emits 25 percent of the country’s
greenhouse gases thanks to tar sands extraction.

Elizabeth May, former executive director of the Sierra Club in Canada and now leader of Canada’s
Green Party, says “Tar sands oil is to conventional oil what crack cocaine is to ordinary cocaine
powder.”

To support increased tar sands oil production, a consortium of four oil companies is proposing the
Mackenzie Gas Project, a $16 billion pipeline to carry natural gas from Canada’s arctic coast 760 miles
down the east side of the Mackenzie Valley to Alberta.  By 2015, the increased demand for natural gas
to separate sludgy oil from its intermixed sand, clay and water at the tar sands extraction site would
equal the capacity of this proposed Mackenzie gas pipeline.

The prospects for petroleum production from oil-exporting nations:  Net oil exports from top three
exporters Saudia Arabia, Russia, and Norway declined 3.3% from 2005-2006.  The exported
production of OPEC nations, currently 60% of world supply, is projected to fall by 2.5 million barrels
a day by 2010.  Mexico, Saudia Arabia, Venezuela, Nigeria, Algeria and Russia together are projected
to cut oil exports by 2 million barrels a day total by 2012, a cut of 7 percent.  Mexico accounts for
most of this cut; its Cantarell field which produces the majority of the nation’s oil output of 3.5 million
barrels a day is in rapid depletion.  By 2012, projections are that Mexico will consume all the oil
domestically that it can produce, eliminating current net exports of 1.5 million barrels of oil a day.
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Worldwatch (2006) notes: “...an estimated 85 percent of the world’s oil reserves are now either owned
or controlled by national petroleum companies which greatly limits private investment exploration and
infrastructure development.”

By 2020 our continued dependence on oil holds us hostage to a handful of unstable countries located
around the Persian Gulf.  The Institute for the Analysis of Global Security estimates that 22 percent of
the world’s oil is controlled by states that sponsor terrorism and are under U.S./United Nations
sanctions.  As Gal Luft, executive director of the Institute, puts it: “We are, in fact, fighting a war on
terrorism and paying for both sides of the war.  On the one hand, we are sending our troops and dollars
to fight for freedom and democracy all over the world, and on the other hand, we are sending money to
the people who don’t like us.”  Jim Williams notes that the competition to secure future oil deliveries
caused China’s arrangement with the Sudan to buy oil in return for blocking U.N. action on the
genocide in Darfur.  Worldwatch (2006) notes that freeing the U.S. from dependence on imported
petroleum would enable the country “to make diplomatic and security decisions based on American
interests and values rather than the relentless need to protect access to oil.”

The national security threats from U.S. “oil addiction:”  In March, 2005, Robert C. McFarlane, Ronald
Reagan’s national security advisor and Frank Gaffney, Reagan’s assistant secretary of defense for
international security policy, were among 26 former top officials who signed a letter to George W.
Bush arguing that U.S. dependence on foreign oil is a national security threat.

There are three specific categories of “costs” associated with this dependence on imported petroleum:

First, we have what Lester R. Brown describes as the “greatest wealth transfer in history” from the oil-
importing western industrialized nations to the oil-exporting members of OPEC.  At current prices per
barrel, the oil we imported in 2007 to the US would have cost us $500 billion, or $1,700 sent abroad
by every US resident, man, woman, and child.  The US consumes about 20 million barrels a day of
petroleum, of which 14 million barrels is imported. Brown did an analysis of the cost of food imports
by these countries versus inflation-adjusted cost of oil purchased from them from 1950 to 2004.  From
1950 to 1973, the cost of an imported bushel of wheat was the same as the cost for an exported barrel
of oil on the world market.  By 2003, it took 7 bushels of wheat to purchase one barrel of oil.  In 2003,
U.S. grain exports covered only 11% of U.S. oil imports.  At early 2004 prices it takes 9 bushels of
wheat to buy one barrel of oil.  “The two countries most affected by the dramatically shifting terms of
trade between grain and oil are the United States and Saudi Arabia.”  Brown says this results in higher
U.S. gasoline prices, drives the largest U.S. trade deficit in history, and is raising external debt to a
record level.  In 2004 the U.S. spent $179 billion on imported oil, accounting for more than a quarter
of our trade account deficit.  As the dollar’s value continues to drop against other world currencies
because of our federal budget and trade account deficits, and the volume of oil we import increases, the
amount in dollars we spend on imported oil will go up radically, exacerbating this wealth transfer.

Second, financing our federal budget deficit requires that at least 80% of Treasury notes and bonds be
purchased by foreign buyers to avoid consuming the U.S. capital market and driving domestic interest
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rates sky-high.  There are three blocks of nations who accumulate most of the U.S. dollars spent on
imports: the OPEC oil-exporting states, China, and the European Economic Union.  All have been
repatriating U.S. trade surplus dollars by buying U.S. deficit securities.  The bulk of these securities
purchases recently have been by Persian Gulf oil states and China.  The U.S. government cannot afford
to alienate these security-buying interests. Foreign investor blocs have the power to drive interest rates
up to depression-inducing levels by boycotting a quarterly Treasury bond auction, immediately
deflating the U.S. economy.  Consequently the U.S. placates and accomodates the decadent,
undemocratic governments of the oil-producing states of the Persian Gulf, hazarding the ideals,
reputation, and safety of America.

Third, in 1997 the Rand Corporation calculated that routine military expenditures to protect access to
Middle Eastern oil fell between $30 billion and $60 billion per year while the oil imported from the
region during the same period was worth $20 billion.  With the $100 billion plus now being expended
on operations in Iraq, this “access cost” has increased radically relative to the market value of the oil
imported from the Persian Gulf region.  This military access “investment” will only “pay off”
(amortize) if it produces long-term access to Persian Gulf oil with much-reduced annual military
expenditures over the next two decades.  The access cost of this military expenditure is not reflected in
the market cost of petroleum, representing an enormous public subsidy that distorts economic
decisions in the market by conveying false price information to consumers and business.  As of 2007,
sixty-three percent of the remaining world reserves are in nations assessed with medium to high levels
of political risk.

In his 2001 book Hubbert’s Peak: The Impending World Oil Shortage, Kenneth Deffeyes predicted
that in sixty years, conventional oil production will be one-fifth the present volume.  That’s an 80
percent cut in petroleum fuel supplies by 2066 from conventional petroleum extraction.

On October 22,  2007, the German-based Energy Watch Group released a study saying that global oil
production peaked in 2006.  The group predicts production will now fall by 7 percent a year from the
current global production of 81 million barrels a day to 39 million barrels a day by 2030.  The EWG
study relied on actual oil production data rather than estimates of global oil reserves.  The official
industry estimate of global oil reserves is 1.255 gigabarrels but EWG estimates the recoverable
reserves at any oil price are about two thirds (854 gigabarrels) of that figure.  “The world soon will not
be able to produce all the oil it needs as demand is rising while supply is falling.  This is a huge
problem for the world economy,” said Hans-Josef Fell, EWG’s founder and the German MP behind
the country’s successful support system for renewable energy.  Fell criticized the International Energy
Agency for suggesting that “business as usual” can continue in the future, thus sending a diffusing
signal to the markets that blocks investment in already available renewable energy technologies.

Former U.S. Defense Secretary and CIA Director James Schlesinger said at an oil summit in Cork
earlier in 2007: “The battle is over, the oil peakists have won.  Current U.S. energy policy and the
administration’s oil strategy in Iraq and Iran are deluded.”  King Abdullah of Saudi Arabia said, “The
oil boom is over and will not return.  All of us must get used to a different lifestyle.”
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Dr. Amory B. Lovins of the Rocky Mountain Institute refers to Winning the Oil Endgame
<www.oilendgame.com> which describes a Pentagon-cosponsored study that found that half of all
U.S. oil use could be saved by efficiencies and the rest substituted for by saved natural gas and
advanced biofuels.  The peer-reviewed, detailed, transparent, uncontested document is a roadmap for
eliminating U.S. petroleum oil use by the 2040s, led by businesses for profit.  The study finds that
reducing U.S. oil use to zero would cost, as of 2025, $70 billion a year less than buying oil at $26 per
barrel; the saved natural gas cost in 2025 in the same dollars would be $12 and the advanced biofuels
would be $18/barrel.

In WorldWatch May/June 2006 Alice Friedemann writes: “When world oil production declines, all
nations will be affected.  The major likely consequences are global depression and civil disorder as
decline continues, starvation as agriculture is affected, and World War III over the remaining
resources....A project to preserve knowledge may be unable to continue in an unstable society beset
with power outages, hunger, and crime.  Once rationing and shortages begin, agriculture and other
essential services will receive most of the remaining energy....It is very likely that resource wars will
erupt all over the globe, so the military will get a large portion of the dwindling energy as well.”

Chapter 9, Section 2:  Energy-Efficiency of Energy Sources and Economic Consequences

Studies by the United States Department of Agriculture found that the energy required to produce,
transport, and refine gasoline exceeds the energy derived from that gasoline’s use by 25 percent; the
figure for petroleum-diesel is 17 percent net energy loss.

By contrast, the USDA’s study shows a state-of-the-art corn ethanol facility produces 34-67 percent
more energy than is used in producing the feedstock and fuel.  Biodiesel production produces 200-350
percent more energy than is consumed in production.

The USDA estimates that ethanol made from waste cellulostic materials and sustainably grown energy
crops could displace 30 percent of our current gasoline usage.  Canola grown for biodiesel on an area
about one-third the size of New Mexico could displace 100 percent of our diesel fuel demand.

Shell Oil estimates that its process for heating oil shale in situ underground to very high temperatures
for three to four years, converting the kerogen to a vapor for extraction, while freezing the ground
around the site’s perimeter to make an ice wall to keep water out and contaminants in, will produce 3.5
units of energy in fuel product for each unit of energy used.  For comparison, Shell’s Terry O’Connor
says that it took about one unit of energy to produce 100 units of petroleum fuel in the 1930's, and
about 1 unit of energy to produce 20 from today’s oil fields.  The oil shale fields of Colorado, Utah,
and Wyoming are estimated to store an equivalent to 2 trillion barrels of oil, of which 800 million
barrels are recoverable, according to a recent Rand study.  800 million barrels is triple the proven
reserves of Saudi Arabia.
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The cost of production of a barrel of liquid fuel from oil shale by the Shell in-situ-heating method is
$55-70 per barrel.

The cost of production of crude oil by heating, distilling, and other processes applied to bitumen from
oil sands (extracted by open pit mining or by on-site steam injection) is stated as $10-20 per barrel,
based on the experience of the huge and expanding Canadian oil sands open-pit production facility in
Alberta.  Petroleum engineers project a ceiling on the volume of oil that can be produced from mined
tar sands due to the sheer scale of materials that have to be processed to produce salable
petrochemicals.

Conversion of coal to synthetic diesel fuel through gasification into carbon monoxide and hydrogen
which is then synthesized into paraffin wax through the Fischer-Tropsch synthesis, with the wax then
refined into light diesel oil, has an estimated cost of production of $40-45 per barrel.  Paraffin wax can
also be refined into kerosene and other petrochemicals, but it is not cost-effective as a source of
gasoline.  The National Energy Technology Laboratory estimates that from manufacturing process
through tailpipe, diesel from coal produces twice as much pure carbon dioxide emissions as refining
crude oil into diesel.  Some propose capturing the carbon dioxide from coal-to-diesel conversion for
injection into conventional declining oil fields to boost recovery of the remaining oil.

See the above section on comparative vehicular transportation efficiencies for comparison of the sun-
to-wheel torque efficiencies of fossil fuel, biofuel, and solar-generated electric vehicle power.

Mark Jacobson Stanford University vehicular study:  Mark Jacobson, professor of civil and
environmental engineering at Stanford University and director of Stanford’s Atmosphere/Energy
Program, assessed energy sources in terms of their impacts on global warming, human health, energy
security, water supply, space requirements, wildlife, water pollution, reliability and sustainability.  The
paper with his findings will be published in the January, 2009, Energy and Environmental Science; I
obtained it online in December 2008.  Jacobsen then assessed vehicular transportation alternatives
from best to worst against the same criteria by assuming that the entire U.S. vehicular fleet was
powered by each energy source in turn, utilized in battery electric vehicles, hydrogen fuel cell vehicles,
or “flex-fuel” internal combustion vehicles than can run either on petroleum or ethanol E85 fuel.

By Jacobson’s calculations, the best to worst vehicle options are:
1.  Battery electric vehicles charged from wind-generated electric power
2.  Hydrogen fuel cell vehicles fueled from wind-generated hydrogen
3.  Battery electric vehicles charged from concentrating solar power plants
4.  Battery electric vehicles charged from geothermal power plants
5.  Battery electric vehicles charged from tidal power plants
6.  Battery electric vehicles charged from solar photovoltaic panels
7.  Battery electric vehicles charged from wave power plants
8.  Battery electric vehicles charged from hydroelectric power plants
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9.  A tie between battery electric vehicles charged from nuclear or sequestered-carbon coal-
fired power plants.
11.  Flex-fuel vehicles burning E85 ethanol blend derived from corn
12.  Flex-fuel vehicles burning E85 ethanol derived from cellulostic farmed source like
switchgrass.

Jacobson found that battery electric vehicles require one third the energy to travel a mile as do
hydrogen fuel cell vehicles, when all energy consumed in producing, delivering, and utilizing the
traction energy is totaled.

Jacobson notes that hydrogen fuel cell vehicles can be refueled rapidly while battery electric vehicles
cannot, and battery electric vehicles have limited range on each charge.  He recommends a battery/fuel
cell electric hybrid vehicle be developed which could run on battery charge for commuting and
shopping, but utilize hydrogen fuel for long trip power.  He sees hydrogen fuel cell vehicles being
useful for trips of over 250 miles, while battery electric vehicles could be used for local commuting.

Chapter 9, Section 3:  Getting There from Here:

A.  Transportation: 1. Application of Hybrid Car Technology and Renewable Fuel Sources

President Howard Taft was the first U.S. president to drive an automobile during his presidency.  He
drove a Baker Electric.

The Intergovernmental Panel on Climate Change (IPCC) released a report in Bangkok on May 4, 2007,
which highlights transport emissions as particularly important but difficult to reduce in order to
forestall global climate change.  Transport, mostly cars and trucks, accounted for 26 percent of world
energy use in 2004.  The report says that “projections foresee a continued growth in world
transportation energy use by 2 per cent a year, with energy use and carbon emissions about 80 per cent
above 2002 levels by 2030.”  The study projects that biofuels could rise to 3 per cent of total transport
fuel by 2030 or to 10 percent if a penalty for emitting carbon dioxide (a carbon tax) was set at $25 a
tonne.  The report estimates that tighter vehicle efficiency standards, lighter materials, and better
aerodynamics could double the fuel economy of new vehicles by 2030, roughly halving their
emissions.

In the October 13, 2004, Eco-Economy Update 2004-12, Lester R. Brown calculates the impact of
widespread use of current hybrid automobile and passenger bus technology on gasoline demand in the
United States.  Brown first reviews performance data showing that a national fleet of hybrid buses and
automobiles would consume half the gasoline per mile driven as the current fleet.  He then observes
that, “If we add to the gas-electric hybrid a plug-in capacity and a second battery to increase its
electricity storage capacity, motorists could then do their commuting, shopping, and other short-
distance travel largely with electricity, saving gasoline for the occasional long trip.  This could lop
another 20 percent off gasoline use in addition to the initial 50 percent from shifting to gas-electric
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hybrids, for a total reduction in gasoline use of 70 percent.”  In the May/June 2008 issue of Mother
Jones, Paul Roberts’s article “The Seven Myths of Energy Independence” documents that the
maximum replacement rate of the U.S. vehicle fleet is 8 percent a year, requiring 12 years to
completely replace existing petroleum-fueled vehicles with plug-in hybrids.  After that replacement,
petroleum consumption in the U.S. would be reduced by 9 million barrels a day, a 70 percent reduction
in petroleum use because transportation accounts for seven out of every ten barrels of oil burned in the
U.S.

In Freedom From Oil: How the Next President Can End the United States’ Oil Addiction, David
Sandalow says that America needs a Manhattan-Project-type program to develop new technologies to
help kick our oil habit.  Noting that cars run almost exclusively on petroleum and put out 20 pounds of
carbon dioxide for each gallon of gas burned, he advocates plug-in hybrid cars and trucks.  “The most
important point is that even when you connect a car to a coal plant, you’re still producing fewer
greenhouse gases than if you run a conventional car on oil.”  This is due to the higher efficiency of
hybrid car electric motors versus internal combustion engines providing power to a drive train. 
Sandalow drives a Toyota Prius that has been converted to plug-in recharge of its batteries, and is
averaging 120 mpg for all uses of the vehicle.

In the July-August 2007 AARP Bulletin, the article “Quest for 50 mpg” displayed four vehicle
alternatives:
1. The Mercedes Car Group’s “Smart for Two” gasoline car, due to hit U.S. showrooms in 2008

at $12,000-$17,000.  The two-seater is 1,000 pounds lighter and three feet shorter than the
Mini-Cooper, makes 40+ mpg, costs about 8 cents a mile in fuel to operate, and emits 6.5

2ounces of CO  per mile.
2. The Toyota Prius gasoline-electric hybrid, currently selling for a typical price of $22,175, does

45 mpg highway and 48 mpg city (my friend in Salt Lake City whose family has two Prius
vehicles gets 55 mpg when he drives to Moab, and about 48 mpg commuting in the city), costs

26.7 cents per mile to operate, and emits 5.7 ounces of CO  per mile.
3. The Tesla Roadster plug-in electric vehicle is due in showrooms in the fall of 2007.  It will cost

$98,000, accelerates 0 to 60 in 4 seconds, goes 200+ miles per charge at a cost of 2 cents a mile

2(180 mpg cost equivalent) on its advanced design Lithium Ion battery, and emits no CO

2directly - any CO  associated with its operation is emitted generating the grid electricity from
which the vehicle battery is recharged.  The battery recharges fully in four hours.  As of
September, 2008, the first 27 Teslas have been delivered to customers.

4. The hydrogen fuel cell vehicle is estimated to be available in 5 to 8 years, running about 270
miles per refuel of hydrogen at a cost of circa 8 cents per mile.  The emission from fuel
combustion (oxidation) is water.  The article notes that California plans to have 170 hydrogen
distribution stations along highways operational by 2010.

The issue of electromagnetic fields in electric vehicles: An electric vehicle’s onboard electronics and
wiring do generate some vibrating electromagnetic fields (EMFs), but a 1999 U.S. Department of
Transportation study fund that the intensity of the vibrating EMFs in and around electric vehicles was

The Renewable Deal – Edition 2  – April 2010 Page 180



nearly the same as those in conventional fossil-fueled vehicles.  The EMF levels measured in all-
electric vehicles were one thousand times lower than the European Union safety standards for EMF
field strength which pose a health threat to exposed human beings.  The United States has no standards
for EMF field exposure.

Plug-in hybrids and all-electric vehicles:  “The plug-in capacity gives access to the country’s vast,
largely untapped, wind resources....Moving to the highly efficient gas-electric hybrids with a plug-in
capacity, combined with the construction of thousands of wind farms across the country feeding
electricity into a national grid, will give us the energy security that has eluded us for three decades.  It
will also rejuvenate farm and ranch communities and shrink the U.S. balance-of-trade deficit.  Even
more important, it will dramatically cut carbon emissions, making the United States a model that other
countries can emulate.”

ZOOM: THE GLOBAL RACE TO FUEL THE CAR OF THE FUTURE by Economist writers Vijay V.
Vaitheeswaran and Iain Carson (Twelve, 2007) explores what they call a “great awakening” in the
global auto industry that’s propelling advances in clean electric cars.

Prius plug-in conversion kits:  EDrive Systems, a joint venture of EnergyCS and CleanTech in
California, and Hymotion, a Canadian company, each introduced plug-in hybrid update kits for the
Toyota Prius.  This upgrades the Prius so that it can run on stored electrical grid power rather than on
power generated by running its on-board gasoline engine.

In Watertown, MA, A123 Systems charges $10,000 to fit a Toyota Prius with a bigger battery
that allows the vehicle to drive 30 miles on electric power alone after plugging in for an overnight
recharge.  Tennessee Senator Lamar Alexander has one.

Tesla Motors electric car:  In 2007 Tesla Motors will run its first $92,000 Tesla electric sports
car off the assembly line at the U.K.’s Lotus factory.  325 Tesla Roadsters have already been ordered
by the likes of actor George Clooney and Jeff Skoll, the former president of eBay.  The car rockets
from 0 to 60 in four seconds and travels 250 miles between charges.  The lithium ion batteries used to
power the Roadster are the same used in laptop computers; they have high “energy density” so their
size and weight for the amount of charge permits greater range than the nickel metal hydride batteries
that restricted the travel range of the General Motors EV1 electric vehicle to 100-130 miles.  A
network of computers in the Roadster manages the nearly 7,000 “Li-ion” batteries; unlike older
batteries they lack heavy metals and are classified by the U.S. government as “landfill safe” - but since
they’re valuable to recyclers, Tesla will recycle them for customers.  Tesla wraps each Li-ion battery so
if one should ignite, the others would remain safe.  Tesla is planning a four-door sedan which is to be
ready in 2009, and will cost half the price of the Roadster because it will be built in Tesla’s own
factory in Albuquerque, NM.  Tesla CEO Martin Eberhard predicts a Tesla in the $30,000 range is ten
years off, and that lithium ion battery banks will decline in price and improve in performance so that
this future Tesla will go 500 miles between recharges.  As of September, 2008, Tesla has delivered the
first 27 of its cars to customers.
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Renault/Nissan electric car:  In December 2006, Renault is working in collaboration with
Nissan on developing the technology for a lithium-ion-battery electric vehicle to go on the market in
2010.  The collaborators are reportedly working on lithium-ion battery technology, the electric motor
and car managing software, and regenerative recharge of the battery from braking component packages
for the plug-in electric vehicle <www.greencarcongress.com/2006/12/renault-announc.html>.
In August, 2009, Nissan unveiled its plug-in electric vehicle, “The Leaf,” which is scheduled to be
marketed in the U.S., Japan, and the European Union in the 2010 model year.

Karma plug-in hybrid: is made by Fiskar of Palo Alto, CA, and is going on the market in early
2009.  The sleek sports car will go 50 miles on battery power only.  When the battery is exhausted a
gasoline engine propels the car for long trips.  Top speed is 125 mph, and Fiskar claims the average
driver will achieve a mix of driving that gives an effective 100 mpg for gasoline fuel purchases.

F3DM hybrid: This mass-produced plug-in hybrid car, manufactured in China by the BYD
Auto  company partially owned by Warren Buffett, was released for sale in China at the beginning of
2009.  It is scheduled to be for sale in the U.S. in 2011.

The Electric Recharge Grid Operator (ERGO) electric car system: was created by Shai Agassi. 
He conceives of a system where the electric car owner owns the car but not the battery set.  Battery
service is rented on a per-mile basis like cell telephone minutes are leased.  You can buy packages of
so many miles per month with a per mile charge for overage, or just pay by mile used.  The battery
pack is designed to be replaced in minutes at battery pack replacement stations.  The car owner can
recharge the battery pack themselves through plug-in if they make daily commutes from a base such as
home.  If you go on a cross-country trip or any trip that exceeds the battery pack’s range, you pull into
the battery-swapping stations when the existing pack is almost exhausted to replace the battery with a
charged one.

Agassi’s insight is that ERGO is essentially a software company.  The customer’s car needs to “know”
how much charge it has, know where it is located, and know what distance it is to the nearest battery
replacement station en route.

As of the summer of 2008 two countries, Israel and Denmark, have committed to replacing their
vehicle fleets with an ERGO system, and ERGO has received $200 million in financing to build these
national transportation grids.  In Denmark, the ERGO system is being sponsored by DONG,
Denmark’s largest utility; recharging ERGO battery packs solves DONG’s problem with storage of
intermittent wind power.  The Renault Mégane is the first “Better Place” prototype for the electric car
which will receive the ERGO battery sets.

<www.wired.com/cars/futuretransport/magazine/16-09/ff-agassi>

In 2008 the state of Hawaii committed to the Better Place electrical vehicle system, which now has
arrangements with automaker Nissan to manufacture the battery electric vehicles for use in Hawaii. 
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Under the agreement, Better Place is to install thousands of stations throughout Hawaii in 2009, laying
the groundwork for large-scale electric car use by 2012.  Hawaii’s government points to the state’s
high access to wind, ocean, and solar renewable energy resources with which to power an all-electric
vehicle fleet on the islands.

Gasoline-optional (GO) cars:  The University of California at Davis has done much of the
R&D work for plug-ins.  They have converted a Chevy Suburban, Ford Taurus, and Ford Explorer. 
The Explorer, with 325 horsepower, is more powerful than the standard version and has better
acceleration.  Despite this performance, it gets twice the fuel economy of a regular gas-electric hybrid
because part of the stored electricity it uses for traction was not generated by running its gasoline
engine.  Designers point to the potential of the new generation of powerful lithium ion rechargeable
batteries to make plug-in hybrids more cost-effective.  Lithium ion batteries are much lighter and safer
than lead-acid batteries, and will propel an electric vehicle up to 60 miles without recharging.  The
average daily commute for Americans is 20 miles.  Because of this, the moniker “GO cars” (for
gasoline optional) has been attached to these plug-in hybrids.  Studies of GO cars in field test show
that most drivers never visit a gas station to fill up; those that do average six visits for gasoline per
year.

A related initiative is the “Set America Free” coalition of nonprofit organizations and individuals from
across the entire political spectrum which the Institute for the Analysis of Global Security had a hand
in organizing.  The coalition includes such conservative security hawks as Robert McFarlane, Frank
Gaffney, and James Woolsey, and such environmental groups as the Natural Resources Defense
Council.  Set America Free’s blueprint for reducing U.S. dependence on foreign oil is based entirely on
increasing the use of technologies such as hybrid and flexible-fuel vehicles and cheap alcohol-based
fuels which require no additional research and development investment to mass produce.  They
propose a system of governmental incentives and mandates for the mass marketing of these flexible-
fuel, plug-in vehicles.

In 2008, Brazil contracted to purchase 500,000 plug-in electric vehicles made by Renault.  Brazil plans
to  install a nationwide grid of recharging stations for these vehicles.  The vehicles will be available for
public use paid on a per-mile-of-travel basis.

Flexible-fuel, plug-in hybrids:  40 percent of Brazil’s new cars are flexible-fuel vehicles, supplied by
“cellulosic ethanol” produced from distilling plant wastes.  Cellulosic alcohol creates almost no
greenhouse gases during manufacture or when burned as a fuel, earning it a green thumbs-up from
environmental groups.  Biorefineries in Canada and the USA are gearing up for mass production of
cellulosic alcohol.  The mechanical adjustment to gasoline vehicles to turn them into flexible-fuel
vehicles utilizing cellulosic alcohol costs about $100 per vehicle with fuel injection, involving
installation of a different control chip and fittings in the fuel line.  Cellulostic and gasification
technologies now in the prototype stage permit us to make “syngas” and ethanol from just about any
cellulostic or hydrocarbon source.  This means we can heat our homes and run our vehicles on animal
manures, agricultural wastes, municipal solid waste, paper, plastic, old tires and wood chips.
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If you combine these two technologies, you can get a flexible-fuel plug-in hybrid that blends electric
and waste-derived cellulosic alcohol fuels (and when necessary, gasoline) which field tests suggest
would deliver 500 miles per gallon of gasoline used in the national vehicle fleet if it was composed of
such vehicles.  Further, such plug-in hybrids make efficient use of the national electric energy grid,
because most recharging is at night when demand is lowest.  Austin Energy, the publically-owned
Austin, Texas, utility, has calculated that plug-ins would allow greater use of wind power because the
West Texas winds currently supplying 6 percent of the utility’s power blows most productively at
night.  (The Austin City Council just funded $1,000 rebates to the first 1,000 Austin buyers of plug-in
hybrids under their “Gas Optional Vehicle Incentive Program.”)  Because plug-in vehicles would be a
massive new market for their product at the slack demand time, both public and private electric
utilities are enthusiastic hybrid plug-in backers.

Guide to existing hybrids on market: The Union of Concerned Scientists has an award-winning website
<www.hybridcenter.org> which provides accurate assessments of the hybrid cars that are on the U.S.
automotive market.

Single-mode hybrids:  Toyota plans to have hybrid versions of all its vehicles available by 200 .  Jim
Press, Toyota’s top U.S. executive, predicts that within 20 years “virtually everything on the market is
going to be a hydrid.”  Toyota has just introduced a hybrid version of the Highlander SUV, offering the
muscle of a V-8 with the fuel economy of a compact and even lower tailpipe emissions.  Toyota’s
Lexus division began selling the first luxury hybrid, the RX 400h SUV, in April, 2005; buyers snapped
up 1,000 in the first week and ordered 12,000 more.  A feisty Honda Accord hybrid - the fastest sedan
in the Honda lineup - went on sale late in 2004 at a list price of $30,140; Honda has sold 4,500,
accounting for nearly 7 percent of all Accord sales.  Ford has sold 8,000 Ford Escape SUV hybrids,
and announced plans to increase the number of hybrids it sells from 24,000 today to 250,00 by 2010. 
According to J.D. Power and Associates, hybrid sales will top 200,000 in 2005.  Twenty-five hybrids
from a dozen auto manufacturers are due to be in showrooms by 2008.

Toyota hybrid cars utilize nickel metal hydride batteries, which are less hazardous than the lead-acid
type.  Company testing shows the power packs can last for 180,000 miles.  Toyota already has a
recycling program in place for these batteries from its Prius hybrids when the battery packs finally do
wear out.

The two-mode hybrid: In 2006 a consortium of General Motors, DaimlerChrysler and BMW was
working on an alternative hybrid technology called a two-mode hybrid to challenge Toyota’s
supremacy.  Unlike Toyota’s single-mode Hybrid Synergy Drive, the two-mode offers enhanced fuel
efficiency on the highway, instead of only in stop-and-go urban traffic.  Like Toyota’s single-mode
hybrid, the two-mode hybrid marries a gasoline engine with electric motors, recaptures braking energy
as battery power, shuts down the engine at stops instead of idling it, and can operate at slow vehicle
speeds on electricity alone without starting the engine.
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In a typical single-mode hybrid, engine power drives a planetary gear set which multiplies the torque
from the engine.  The planetary gear splits the power between the drive axle and an electric motor
which operates as a generator, sending current either to recharge the batteries or to drive-axle motors to
supplement the engine’s torque, depending on driving conditions at the moment.  Single-mode systems
are efficient at low speeds because they can propel the car without the engine.  At higher velocities,
when gasoline engine power is required, transmitting power through electric motors and a variable
transmission is 25 percent less efficient than sending it through a mechanical drive train with a geared
transmission.

The two-mode system contains two electric motors sandwiching two planetary gear sets, which are
separated by two electric clutches that together form a pair of electric continuously variable
transmissions.  The system thus delivers a continuous spectrum of gear ratios that overlays four fixed
gears sized to provide operating “sweet spots” at which the engine can achieve enhanced fuel economy
or traction power for rapid acceleration, hill climbing, or load pulling.  At high speeds, the two-mode
system improves fuel economy by relying on electric-motor torque assistance and cylinder deactivation
- it shuts down part of the engine when full power is not required.  Real-time computer controls match
the most fuel-efficient operating configuration to each drive situation to produce the torque required
and no more.  The two-mode’s mechanical components are cheap and reliable by comparison to the
one-mode’s electric motors and power electronics, and the two-mode avoids the big, heavy electric
motor of the one-mode system which is required to accelerate a one-mode vehicle to top speed and
compensate for its lack of mechanical gearing in the drive train.  GM plans to have the two-mode
system available in its Chevrolet Tahoe in late 2007 and DaimlerChrysler in its Dodge Durango SUVs
in early 2008; BMW had not revealed its plans as of mid-2006.

Hydrogen fuel cell-driven cars: Even the most efficient automobiles today convert 30-35 percent of
their fuel energy into motion.  Hydrogen fuel-cell hybrids could reach 50 percent efficiencies with
relative ease and eventually achieve 60-65 percent efficiency.

Honda has 20 of its FCX hydrogen-fuel-cell-powered prototype sedans being test-driven on U.S. roads
now.  Drivers report it is peppier around town than a typical economy car, but at highway speeds the
FCX is short on passing power.  The fuel cells are finicky in extreme cold or heat, and the vehicle can
travel about 150 miles between fill-ups.  It averages 57 miles per kilogram of hydrogen, the equivalent
of 57 mpg on gasoline.

In Winning the Oil Endgame, Amory Lovins proposes giving a $1 billion prize to the first American
car company to sell 200,000 cars that get 60 mpg or better.

A recent article in Newsweek noted that, if you add a few more batteries to a Prius and make it a flex-
fuel vehicle that could use 85 percent ethanol (E85), you’d get the equivalent of 300-500 miles per
gallon of gasoline used.  The idea in the article rests on the fact that most auto trips are 20 miles or
less.  If you recharged a Prius’s expanded batteries that can drive 20 miles with wind- or solar-
generated power, you’d eliminate fossil fuel use altogether for the typical commuting trip.
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A breakthrough discovery at Daniel Nocera’s Massachusetts Institute of Technology laboratory,
announced July 31, 2008, makes home production of hydrogen from renewable home power systems
with which to power hydrogen fuel cells in vehicles much more probable.  Nocera’s laboratory
discovered new catalysts which, when placed in water, produce either hydrogen or oxygen at room
temperature, from pH-neutral water, when a voltage is applied to the electrode from a renewable
energy direct current source.  Dr. Nocera anticipates that, within ten years, solar or wind electricity
generators from home to industrial size will be able to generate hydrogen and oxygen with these
catalytic electrodes to store for fuel for hydrogen fuel cells to generate electricity when sun and wind
production are absent.  His discovery was published in the July 31, 2008, issues of Science.

Commercialization of hybrids and car-sharing programs:  Car-sharing programs are membership-based
programs which offer online reservations and keyless access to vehicles parked in locations selected
for their convenience to the largest number of prospective members.  For a list of U.S. car-sharing
programs, visit <www.carsharing.net/where.html>.

Membership costs vary depending on one’s driving needs.  Typically members pay an annual fee and
are also charged by the mile, hour, or day a car is used.  These charges, which cover gas, insurance and
maintenance, typically range from $60-80 per month for two 25-mile trips up to $250 per month for
eight such trips according to Carsharing Portland.  AAA estimates the average U.S. citizen spends
$650 each month to own, operate, and maintain a personal vehicle.

Renting a hybrid vehicle: Alamo, Avis, Budget, Enterprise, and Hertz have all added hybrids to
their fleets.  The Union of Concerned Scientists, of which I am a long-time member, has a Hybrid
Center website directory to these rental options at <www.hybridcenter.org/hybridrentals>.

Taking a hybrid taxi: Boston, Chicago, Los Angeles, New York City, and San Francisco are
replacing the oldest taxicabs in their fleets with hybrids.  Boston and San Francisco’s PlanetTran and
Washington, D.C.’s EnviroCAB operate hybrids exclusively.

A.  Transportation 2.  Using bicycles as part of the transportation system

A human on a bicycle is more efficient, in calories expended per pound/mile traveled, than a train,
truck, airplane, boat, automobile, motorcycle, skateboard, canoe, or jet pack.  Cycling is three times
more efficient than walking in calories consumed per mile traveled. A bicyclist can cover a mile in 4
minutes; a pedestrian requires 20 minutes. Pound for pound, a person riding a bicycle can go further on
a calorie of food energy than a gazelle can running, a salmon swimming, or an eagle flying.

Worldwide, bicycles outnumber automobiles two to one, and their annual production is three times that
of automobiles. In practice, automobiles are used to inhabit “Errandsville,” defined by the commute
distance between home, school, work, and stores.  For most Americans, the radius of Errandsville is
less than 20 miles.
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In the west, the Netherlands, Denmark, and Germany have the highest rates of cycling, accounting for
10 to 27 percent of all trips.  About 1 percent of trips are by bicycle in the United Kingdom, the United
States, and Australia.  There are two obvious factors which strongly influence the use of bicycles for
trips by citizens of western nations:

Safety: Bicycle injuries per kilometer traveled are about 30 times higher in the United States
than in the Netherlands, and cycling deaths per kilometer traveled are 8 times higher.  The sense of
safety in the Netherlands has helped increase ridership there among the elderly: 24 percent of all trips
made by senior Dutch citizens are by bicycle.

This safety in European nations was achieved through public policies that give priority to cycling,
walking, and public transportation over private automobiles.  Bikeways that are separated from traffic,
stoplights timed to the speed of bicycles, shortcuts allowing cyclists to make right-hand turns before
intersections, traffic calming in residential neighborhoods, ample bicycle parking, and coordination
with public transport have all made cycling fast, safe, and convenient in cities where bicycles are
heavily used for trips within “Errandsville.”

Bicycle-sharing programs: Public bicycle rental programs in cities make bicycles available to
subscribers at various locations citywide.  Patrons pay about $50 per year to subscribe, as well as a per-
hour charge when using bicycles.  Users access a bicycle from a parking rack with an electronic card,
use it as needed, and return it to the same or another parking rack when finished.  In many cities, the
programs are paid for through advertising concessions to communications companies, permitting them
to erect new billboards and sell advertising on them in return for funding the bicycle program; or sale
of on-bike advertising.

Copenhagen, Berlin and other European cities have had public bicycle rental programs for many years. 
Paris made 20,600 bicycles available at more than 1,450 rental stations in 2007-08.  Paris has four
times as many bicycle rental stations as subway stops.  Bicycles are now essentially an extension of the
public transportation system in Paris.  Barcelona, and Lyon have started major new public bicycle
rental programs since 2007.  Public bicycle rental programs are planned for installation in Rome,
London, Moscow, Geneva, Beijing, Tel Aviv, Sidney, Washington D.C. and San Francisco..  

Marketing strategist Gil Penalosa who transformed Bogotá, Columbia, with a web of parks and urban
trails that encourage people to walk, bicycle, skate, and play outdoors says, “Governments are facing
the enormous costs produced by the obesity crisis, traffic congestion, global warming, and the need for
recreation.  We must position walking and bicycling as an investment that will alleviate those
problems.”

Electric-assisted bicycles: Pedaling a bicycle is excellent exercise, but for people of limited endurance
or those not yet conditioned to taking longer trips on a bicycle, an ability to complete a trip one is
committed to on a bicycle after one is tired out from pedaling is desirable.  There are numerous electric
assist bicycles on the market.  A typical one is the Rayos, which costs about $1300 in 2008.  It is
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basically a mountain bike with two lead-acid gel batteries in a container mounted on a frame member
running between the front fork and pedal mount, powering an electric motor coupled to the rear tire
with a drive chain on the opposite side from the chain from the pedals.  A switch on the handlebars
engages the electric motor, which is powerful enough to move the bicycle without pedaling.  When the
power is off, the rear wheel connection with the electric motor is not engaged and the bicycle pedals
normally.  Thus, one can get all the exercise one can tolerate and then go home on electric power. 
People who have these in Moab (other models here are the 2001 Currie and 2005 Lashout) have
mounted panniers on the rear frame so they can carry 50 pounds of groceries; others tow bicycle
trailers which can carry children or freight.

Several people who own electric assist bicycles recharge the gel cells with a photovoltaic array, thus
achieving a totally renewables-powered electric vehicle.

Sales of electrically-assisted bicycles in Germany nearly tripled in 2007 over 2006 sales.

A.  Transportation 3.  The problem with aircraft:

No alternative fuel now commercially available has the energy-density of petroleum fuels used in
propeller and jet-powered airplanes.  This means that any other fuel will require larger storage tanks to
produce the same flying range from a load of fuel, given the propulsion systems are of equivalent
efficiency at converting fuel energy into aircraft motion through the air.

In December 2008, Air New Zealand tested a biofuel made from jatropha, a Central American
succulent.  Continental airlines tried an algae-jatropha biofuel blend in January 2009.  Both fuels
reportedly worked fine in fleet jet engines, and have an energy density equivalent to kerosene from
petroleum..

On a volume basis hydrogen gives about one-fourth as much energy as petroleum, so fuel tanks would
have to be four times as large.  If liquid hydrogen is used, thick insulation of the tanks is required. 
However, the mass of the hydrogen is only 40 percent that of petroleum fuel, so there is a
compensating gain in the weight of the fuel medium with a given number of Btu of fuel energy.

The mass of liquid methane is about 80 percent that of jet fuel on a volume basis, and has 80 percent of
the fuel value of jet fuel.  Liquid methane would require about 70 percent as much insulation on tanks
as liquid hydrogen.  When the weight and volume of fuel, tanks and insulation is totaled against energy
density, liquid hydrogen and liquid methane come out about even.

Compared with flying, traveling on a bus generates 55 to 75 percent less global warming pollution per
passenger, depending on the distance traveled.

A.  Transportation 4.  Integrated Maglev solar and hydrogen transportation system: NEWTY
Award-winning designer Justic Eric Sutton has proposed to build the “Maglev Interstate Traveler
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Hudrogen Super Highway.”  He claims the first segment of it will shortly be built between Ann Arbor
and Detroit, Michigan.   Looking at the system in cross-section, one sees an “X” shaped structure
above ground with the foundation underground having pipelines running through it.  I surmise these
buried lines contain liquid hydrogen.  On the top of the X’s two arms are “Y” -shaped structures, each
of which has a two-rail Maglev track on which passenger and cargo shuttles ride.  Between these arms
on top of where the “X” frame comes together are two ranks of continuous photovoltaic solar panels. 
Within the closed center of the X below the panels is a square corridor through which conduits run. 
From the illustration it appears that some of these are electrical and others could be pipelines for gases
or liquids - although if I was designing this system I would put the power conduits up above and any
flammables in pipes in the concrete bunker corridor below ground..  I surmise that the Maglev vehicles
derive their power from the solar arrays built into the highway design, and this design provides that the
“highway” right-of-way is also the energy grid distribution corridor.  [Reported in 13 Feb 08 edition of
architectural magazine <www.inhabitat.com>]

A.  Transportation 5.  People-per-hour per unit of space efficiency of transportation options and
energy required to move each person by modality:

Persons per hour that one meter-width-equivalent right-of-way can carry, by mode:

   170 = Auto in mixed traffic
1,500 = Bicycle
2,700 = Bus in mixed traffic
3,600 = Pedestrian
4,000 = Suburban railway

Energy used per passenger mile in calories for each transportation modality:

1,860 = Automobile
   920 = Bus
   885 = Rail
   100 = Foot
     35 = Bicycle

On average, U.S. passenger trains emit approximately 0.43 pounds of global warming pollution per
passenger mile compared with 1.08 pounds per mile for a passenger car carrying a single person.

A. Transportation 6.  Congestion pricing for urban auto use:

Charging vehicles for entry into the busiest areas of urban centers during peak times has been
successful in London, Singapore and Milan.  In London, traffic is down 21 percent, bus ridership is up
by 43 percent, and cycling is up 83 percent.
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A.  Transportation 7.  The Political Myth of U.S. Energy Independence: a Barrier to Getting
There from Here.

In the May/June 2008 issue of Mother Jones, Paul Roberts’s article on “The Seven Myths of Energy
Independence” raises some powerful, valid points.  “Energy Independence” has become a popular
political slogan.  Nine out of ten voters polled say the U.S. is too dependent on foreign crude.  On
January 31, 2006, President George W. Bush had declared in his State of the Union address that the
U.S. is “addicted to oil, which is often imported from unstable parts of the world.”  In 2007-2008,
every major presidential candidate formulated some kind of strategy for liberation of the U.S. from
dependence on imported oil.  Between 2001 and 2006 the number of media references to “energy
independence” jumped by a factor of eight.

Indeed, the idea of a policy of independence from energy inputs purchased from foreign countries
seems both solid and intuitively attractive to Americans.  The 60 percent of the oil we use which we
import exposes our economy and politics to the stresses in nations all over the world.  Ossama bin
Laden called our oil dependence “the umbilical cord and lifeline of the crusader community.”

Roberts exposes two major problems with the political idea of pursuing “energy independence” as a
policy in practice, because they do not advance us towards the goal we should be seeking: energy
security.  “Energy security is nonnegotiable, a precondition for all security, like water or food or
defense.  Without it, we have no economy, no progress, no future.”  Roberts defines energy security as
“access to energy sources that are reliable and reasonably affordable, that can be deployed quickly and
easily, yet are also safe and politically and environmentally sustainable.”

Maintaining the current energy system paradigm versus creating a new one:  The first problem is that
existing energy interests are thinking in terms of substituting some other product for the oil they sell
us, in order to maintain their profits and market dominance.  They don’t care if they sell us oil, ethanol,
hydrogen produced in nuclear power plants, or pig manure methane from factory farms, as long as they
control a centralized source of supply for the current energy mass market.

Roberts observes, “Thoughtful observers have been trying to debunk energy independence since
Nixon’s time.  And yet the dream refuses to die, in no small part because it offers political cover for a
whole range of controversial initiatives.  Ethanol refineries wave the banner of independence as they
lobby Congress for massive subsidies.  Likewise for electric utilities and coal producers as they push
for clean coal and a nuclear renaissance.  And it shouldn’t surprise that some of the loudest proponents
of energy liberation support plans to open the Arctic National Wildlife Refuge and other off-limits
areas to oil drilling - despite the fact that such moves would, at best, cut imports by a few percentage
points.  In the doublespeak of today’s energy lexicon, says Julia Bovey of the Natural Resources
Defense Council, “‘energy independence’ has become code for ‘drill it all.’”

Roberts reviews the facts that show that we cannot generate enough alternative sources to simply
replace oil within our current national energy budget, e.g. if we distilled our entire corn crop into
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ethanol, the fuel produced would displace less than a sixth of the gasoline we currently guzzle.  To
make enough ethanol to replace all our gasoline, we’d need to plant 71 percent of our farmland with
food crops used to make ethanol.

“To build the energy economy that we want, we’re going to lean heavily on the energy economy that
we have” Roberts explores the scenario of implementing a plug-in hybrid vehicle fleet as fast as
possible.  With a national fleet consisting of plug-in hybrids, “...we could cut our oil demand by a
staggering 9 million barrels a day,” about 70 percent of current consumption because transportation
burns 7 out of 10 barrels of oil we use.  Although one might think charging these vehicles would place
additional demand on our already-overburdened electrical grid, the charging would occur at night
when power demand and prices are lowest, thus resulting in “load balancing” (operation of existing
electric plants around the clock instead of idling them at night) which the Department of Energy says
could charge three-quarters of a national plug-in hybrid fleet without adding any new generation
sources.  In addition, replacing three-quarters of the U.S. vehicle fleet with plug-in hybrids would cut
vehicle-caused carbon dioxide emissions by 27 percent nationwide - 40 percent if the country’s power
generation system was upgraded to match current California standards - because turning fossil fuels
into electricity in power plants and charging car batteries with it is more efficient than burning fossil
fuels directly in internal combustion engines in terms of net carbon dioxide emissions per mile
traveled.

However, the U.S. vehicle fleet can turn over at a maximum of 8 percent a year.  That is as fast as
manufacturers can build new vehicles and customers can afford to acquire them.  Even in a fantasy
scenario where the plug-in hybrids were already designed, the factories retooled and workers retrained
to mass-produce them, and acquisition of them was subsidized or mandated to be sure that all cars
produced were acquired, retiring non-hybrid vehicles, it would take 12 years to deploy a greener
national vehicle fleet.  A more realistic timetable for U.S. fleet conversion to plug-in hybrid is 20
years, if we started immediately with a national conversion initiative.

If over those 20 years global oil demand fell from the current 86 million barrels a day to 40 million
barrels a day, we’d still need an average of 63 million barrels a day or 459 million barrels during a 20-
year world conversion of vehicles from petroleum fuels to plug-in hybrid and/or alternative,
renewable-based fuels.  That is almost half the volume of oil used to date by all mankind on the planet. 
As Roberts cautions, “If we find ourselves in 2028 having backed the wrong clusters of technologies or
policies, and are still too dependent on oil, there may not be enough crude left in the ground to fuel a
second try.”  Also, “...the United States and the world’s other big importers will still need far too much
oil to avoid dealing with countries like Iran, Saudi Arabia, and Russia - no matter how abhorrent we
find their politics.”

Once Bush Is Gone, Change Will Come is the title of one of Roberts’ myths.  “No presidential
candidate has indicated he or she will raise energy taxes or sit down in oil talks with Tehran.  All have
ties to a self-interested energy sector, be it coal, ethanol, or nukes.  And even after the election, energy
security is so complex and requires such hard choices that any president, and most members of
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Congress, will be sorely tempted to skirt the issue in the tried and true manner, by pushing for a far
more palatable ‘energy independence.’”

Savvy Indiana Republican Senator Richard Lugar, long an advocate of a global approach to energy
security, puts it this way: “The president will have advisers who will be whispering cautions about the
risks of committing the prestige of any administration to aggressive energy goals.  Those advisers will
say with some credibility that a president can appear forward-looking on energy with a few carefully
chosen initiatives and occasional optimistic rhetoric promoting alternative sources.  They will say that
the voting public’s overwhelming energy concern is high prices for gasoline and home heating, and
that as long as the president appears attentive to those concerns they can cover their political bases
without asking for sacrifices or risking the possible failure of a more controversial energy policy.”

Roberts reports that “many energy wonks are still bitter that President Bush didn’t advocate for a fuel
tax or other demand-reduction measures in the aftermath of 9/11, when oil prices were relatively low
and Americans were in the mood for sacrifice.  Bush ‘could have gotten any set of energy measures
passed after 9/11 if he had had an open and honest dialogue with America about how bad things were,’
says Edward Morse, an energy market analyst and former State Department energy official.”  Instead,
Bush told Americans to “go shopping.”

That moment is lost.  Roberts hopes that the new administration will be able to read signals from an
overheating energy economy correctly, and have the courage and eloquence to explain the situation to
voters, ask them to make sacrifices, take a genuinely global and sustainable stance regarding energy,
and embark on implementing a “controversial energy policy.”  Otherwise, I fear that if we arrive at
2020 without substantial conversion to energy sources other than oil, we will probably not have
enough oil or other fossil fuel reserves left to power a conversion period to a “soft landing” in a post-
carbon world.

As Roberts writes, the “debate” over energy independence is not only disingenuous, it is also a major
distraction from the crucial question of how we are going to build a secure, sustainable energy system -
a task which requires a wholehearted, well-coordinated national effort starting immediately.  The
conversion to a secure, sustainable energy system in the U.S. must be well advanced by 2030 to hope
to prevent the worst experiences of energy insecurity: disruptions and shortages in energy supply and
the food, water, and housing temperature control that depend on energy inputs.

B.  Creating self-powered cities:  

B.1.  Case study: Malmö, Sweden:  The city of Malmö, Sweden, used to be a shipbuilding
center until the main shipyard closed, causing 35,000 citizens to leave within a few years.  Malmö re-
invented itself as a “sustainable city” in the 1990s, parnering with E.ON Sweden, a subsidiary of
Europe’s largest privately owned energy company to obtain 100 percent of the area’s energy from local
renewable sources: wind, sun, water, and gas from garbage and sewage.  The Swedish government
granted roughly 250 million krona (US $34 million) to offset costs for environmental investments. 
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Wind and solar power provides electricity to homes and powers heat pumps which extract heat from
seawater in the city’s canal to provide for hot water and district heating.  Apartments are equipped with
grinders for organic waste, which is collected to produce biogas for cooking and to fuel vehicles. 
Malmö aims to decrease its carbon dioxide emissions to 10-15 percent below 1990 levels by 2012.

Malmö has joined Dublin in Ireland, Hilleröd in Denmark, and Tallinn in Estonia in a three-year
project for Sustainable Energy Communities and Urban Areas in Europe, or SECURE, to seek good
energy solutions and produce local energy action plans.  For its part, Malmö will extend its renewable-
powered district heating system and educate citizens about their role in climate change.

The city’s environmental initiatives have sparked change.  Malmö University was founded in 1998
with a focus on the environment, conservation, ethnicity, and gender.  Since 1997, many information
technology and telecommunications companies have opened offices, as have new shops.  Malmö hosts
a growing number of cultural activities, sports events, exhibitions and shows.  Housing construction is
steadily increasing, with 1,265 new dwellings built in 2005.  Joblessness among adults has fallen from
16 percent in 1996 to 8.8 percent in 2005.  The city’s population has rebounded to 300,000 and 39
percent of people in Malmö have a university or postgraduate education, double the figure in 1990.

B.2.  Case Study: Rizhao, China: Buildings in Rizhao, a coastal city of nearly 3 million on
northern China’s Shandong Peninsula, have most rooftops and walls covered with small solar heat
collector panels.  99 percent of households in the central districts of Rizhao use solar hot water heaters. 
Most traffic signals and streetlights are powered by photovoltaic cells.  In the suburbs and nearby
villages, about 30 percent of households use solar water heaters, and more than 6,000 households have
solar cooking facilities.  More than 60,000 greenhouses are heated by solar panels, reducing overhead
costs.  In total, Rizhao has over 500,000 square meters of solar water-heating panels, the equivalent of
about 0.5 megawatts of electric water heaters.

The Shandong provincial government induced solar installation by funding the R&D activities of the
solar industry, leading to the cost of a solar water heater falling to the same level as an electric one:
about US$190, or 4-5 percent of the average annual income of a household in town.  Using a solar
water heater for 15 years saves the average Rizhao family US$120 in electric costs.  In addition, the
city of Rizhao mandates all new construction to incorporate solar panels and oversees construction to
insure proper installation of the solar collector systems.  When the solar initiative began, the
government installed panels in the homes of city leaders and in government buildings and ran public
advertising on television.  Some government bodies and businesses provided free solar installation for
employees.  After 15 years, “you don’t need to persuade people anymore to make the choice [of solar
rather than electric],” according to government official Wang Shuguang.

Rizhao is consistently listed among China’s top 10 cities for air quality.  In 2006, the State
Environmental Protection Agency designated it as the Environmental Protection Model City in China. 
The enhanced environment in Rizhao is helping the city’s social, economic, and cultural development. 
The city is attracting rapidly increasing foreign direct investment.  Tourism increased by 48 percent
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and 30 percent in the past two years, respectively.  Prominent universities and professors are relocating
to the city because of its environmental amenities.  Peking University is building a residential complex
in Rizhao and 300 professors have bought second or retirement homes in the city.  Qufu Normal
University and Shandong Institute of Athletics have chosen Rizhao for new campuses, citing the city’s
favorable environmental quality as a key reason.

B.3.  Case Study: Fargo, North Dakota: Fargo has one of the nation’s best air quality index
scores and a commitment to keeping it.  It uses bio-diesel to power its buses, and has made a serious
commitment to incorporate methane-powered generators, solar panels, and wind turbines into the
city’s infrastructure.  The city has even handed out cloth shopping bags to residents.

B.4.  Case Study: Persian Gulf oil states: Saudi Arabia, Qatar, the United Arab Emirates, and
Abu Dhabi are establishing billion-dollar clean-technology investment funds.  They are investing
millions in research projects at universities and setting up green research parks.  They are gaining
patents, manufacturing capacity, and marketing power towards keeping their role as the world’s
dominant energy provider when the petroleum runs out.  It is their announced intent to be the
international Silicon Valley of alternative energy.  In Abu Dhabi alone, the crown prince has invested
$15 billion in renewables - as much as President Obama proposes for the United States in his FY 2010
U.S. budget.

B.5.  Case Study: New York City fuel cell-powered buildings: The New York Power 
Authority (NYPA) has installed natural gas-powered fuel cells with an installed capacity of 3.05
megawatts in the North Central Bronx Hospital, the Central Park police precinct in Manhattan, the
MTA Corona Maintenance Yard in Queens, the Bronx Zoo, the New Ork Aquarium in Coney Island,
Brooklyn, and the State University of New York - Syracuse College of Environmental Science and
Forestry; and eight fuel cells powered by waste gas at four wastewater treatment plants operated by the
New York City Department of Environmental Protection in the Bronx, Brooklyn and Staten Island. 
Emissions savings are significant; the 200 kilowatt Yonkers fuel cell in Westchester County, which
runs on waste gas from a wastewater treatment plant, generates 72 pounds of greenhouse gas emissions
generating 1.6 million kilowatt-hours of electricity a year, while a coal- or oil-fueled power plant
would emit 41,000 pounds of greenhouse gas emissions producing the same amount of power.

C.  Businesses riding the “green wave:” 

C.1.  Panasonic has formed the Panasonic Home and Environment Company, a new US group
that focuses on green technology to improve energy efficiency in homes and the health of the home
dwellers.  This latter is a fairly new wrinkle in corporate energy-saving, carbon-cutting approaches.

C.2.  DuPont recently announced its 2015 Sustainability Goals.  These are meant to increase
revenues by $6 billion or more by 2015, with at least $2 billion of this added revenue to come from
products that improve energy efficiency and/or reduce greenhouse gas emissions.
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C.3.  A World Business Council for Sustainable Development has formed <www.wbcsd.org>. 
One group led by United Technologies Corporation, which makes much of the heating, air
conditioning and elevator equipment found in commercial buildings, and the French-based, global
cement and buildings company Lafarge, has set goals of improving the energy efficiency of buildings
so that all new buildings are carbon and energy neutral - and cost-effective - by 2050.

C.4.  The Norwegian government-appointed Commission on Low Emissions has concluded
that the nation can reduce greenhouse gas emissions by 50-80% by the year 2050 while losing little to
no economic growth.  The panel also reported that “investment in education, research, development,
and testing of climate-friendly technologies will strengthen Norway’s technological expertise.” 
Similarly, research by Shell Springboard in the United Kingdom found that tackling climate change
could create a huge new market for British business over the coming decade.

C.5.  Interface, Inc., the world’s largest modular carpet company, has launched Mission Zero, a
plan to reach zero environmental footprint by the company by 2020.

C.6.  Novo Nordisk, a healthcare company highly dependent on stable energy supplies, aims to
reduce carbon emissions by 10 percent by 2014 relative to 2004 levels.  Without this initiative, carbon
emissions due to company business growth would triple by 2014.  Novo Nordisk has joined with ten
other global businesses to initiate the World Wildlife Fund’s Climate Savers program.

C.7.  Global reinsurer Swiss Re undertook a 10-year plan in 2003 to become “climate neutral,”
reducing the net carbon emissions of its employees and operations to zero.  In 2005 Swiss Re jointed
the Chicago Climate Exchange, a voluntary market for greenhouse gas emissions trading.

C.7.  Amory Lovins has worked with firms such as IBM, British Telecom, Alcan, Norske-
Canada, and Bayer which collectively managed to cut their carbon dioxide emissions by 60 percent in
the past decade, saving $2 billion in the process.  Lovins observes that about 5 percent of U.S.
household electricity 

D.  Building a “supergrid” for power distribution from distributed sources: overcoming the
intermittency problem through non-locality of power delivery:

About a tenth of all electricity currently generated in the U.S.A. is lost to resistance in the transmission
grid.  At the AC frequences used on the current grid, superconductors offer about one two-hundredth
the electrical resistance of copper at the same supercold temperature.  With DC, there is no resistance
loss to current flow in superconductors.

D.1.  The Continental Supergrid proposal: In 1967 IBM physicists Richard L. Garwin and Juri
Matisoo published a design for a 1,000-kilometer transmission cable made of nobium tin, which
superconducts at high currents.  When chilled by liquid helium to a few degrees above absolute zero, a
DC cable made with two conductors would carry 100 gigawatts.
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Ten years after the discovery of high-temperature superconductivity, the Electric Power Research
Institute (EPRI) concluded in a study that with liquid nitrogen as the coolant, a five-gigawatt DC
“electricity pipe” would be cost-competitive with a gas pipeline or conventional overhead high-voltage
lines for transmission distances of 800 kilometers or more.

D.2.  Using supercooled hydrogen in the supergrid:  Paul M. Grant and Chauncey Starr
published papers that explored how ultracold hydrogen - either liquid or supercritical gas - might both
chill the superconducting wires and deliver energy in chemical form within a continental-scale
electricity grid system.  In 2002 and 2004, a plan to build a 50-kilometer intertie between existing
regional grids using the Grant and Starr approach was proposed by Thomas J. Overbye.  The
supercable designed by these three has two DC superconducting wires, each carrying 50,000 amps; one
at -50,000 and one at +50,000 volts.  Every 70-kilometer section of SuperCable containing 40-
centimeter-diameter pipes filled with liquid hydrogen would store 32 gigawatt-hours of energy.

Three pilot superconducting cable projects are underway in the U.S. in New York State on Long Island
and in Albany, and in Columbus, Ohio.  The pilot project cables use copper oxide-based
superconducting tape cooled by liquid nitrogen at 77 kelvins (-196 degrees Celsius).  Grant and Starr
point out that using liquid nitrogen for coolant would drop the temperature to 20 kelvins, into the
superconducting range of new compounds such as magnesium diboride.  They also point out that all
superconducting demonstrations so far have used AC power, although only DC power can travel
without resistance in a superconducting medium.  They also say, “Next-generation nuclear plants can
produce either electricity or hydrogen with almost equal thermal efficiency.”  They also note that
“Renewable power plants could pump hydrogen onto the grid, rather than selling electricity.” 

Grant, et al, note that “...we do not yet have a circuit-breaker design that can cut off the extraordinary
current that would flow over a SuperCable.  That technology will have to evolve.  Grid managers may
need to develop novel techniques for dealing with the substantial disturbance that loss of such a huge
amount of power would cause on the conventional grid.”

“The explosive potential (energy content per unit mass) of hydrogen is about twice that of methane in
natural gas.  But hydrogen leaks more easily and can ignite at lower oxygen concentrations, so the
hydrogen distribution and storage infrastructure will need to be airtight.  Work on hydrogen tanks for
vehicles has already produced coatings that can withstand pressures up to 700 kilograms per square
centimeter....Probably the best way to secure SuperCables is to run them through tunnels deep
underground....The costs of tunneling are high, but they have been falling as underground construction
and microtunneling have made great strides, as demonstrated by New York City’s Water Tunnel
Number 3 and the giant storm sewers in Chicago.  Automated boring machines are now digging a
10.4-kilometer-long, 14.4-meter-diameter hydroelectric tunned beside the Niagra River, at a cost of
$600 million.  Recent studies at Fermilab estimated the price of an 800-kilometer-long, three-meter-
wide, 150-meter deep tunnel at less than $1,000 a meter.”

E.  State and Private Renewable Energy Promotion Schemes
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E(1): California Solar Initiative

The California Solar Initiative (CSI) took effect January 1, 2007.  Consumers in California now have
access to $3.2 billion in financial incentives over the next 10 years for installing solar electric systems,
along with new Web-based tools and resources to assist them.  The goal of CSI is to install 3,000
megawatts of photovoltaic power on the equivalent of one million roofs by 2017.  The 3,000 MW goal
represents 5 percent of the approximate 52,000 MW peak demand California experienced during the
summer of 2006.  Reaching the 3,000 MW goal requires increasing the installed PV capacity of
California by six times its 2006 level.

The CSIU demonstrates a new model for implementing a single energy-conservation program across
multiple utility territories: one statewide online application and database system will be used by all CSI
participants, regardless of what (if any) utility services them.  The online application database will
produce unified reports permitting stakeholders and the public to assess how much in incentive funds
remain uncommitted, and trends in PV prices and installation activity.  This represents a breakthrough
in availability of consumer-friendly, statewide information on utility energy programs.  The CSI also
creates a Solar Forum to facilitate stakeholder involvement in the program’s implementation.  This
forum allows both consumers and industry activists to remain involved in CSI development,
identifying issues and addressing their resolution as they arise.

California’s Million Solar Roofs Bill (SB1) implemented key policies as part of the CSI, including a
requirement that all municipal utilities offer a solar incentive program by 2008, which is assumed to
actualize 800 MW of the 3,000 MW goal.  SB1 also raised the cap on net metering from 0.5 percent of
peak demand up to 2.5 percent.  Finally, SB1 requires new home builders to offer PV as an option to
buyers of new homes by 2010 and directs the California Energy Commission to investigate how to
include solar technology in Title 24, the state energy code.

The financial incentives offered by the state for solar installation will be available as “expected
performance-based incentives,” or EPBI, starting at $2.50 per watt for residential and commercial
systems and at $3.25 per watt for nonprofit/municipal projects of less than 100 kilowatts capacity. 
Larger photovoltaic generators will be paid a straight performance-based incentive, paid monthly over
five years.  The PBI starts at $0.39 per watt for residential and commercial systems and $0.50 per watt
for municipal and nonprofit projects.  For the typical 3 KW residential system, the EPBI payment will
initially amount to approximately 25 percent of the system cost, including federal tax incentives.  The
CSI incentives will be reduced 7 percent per year during the Initiative’s life, which represents an
adjustment for the expected drop in installed capacity cost created by economies of scale due to the
demand for photovoltaic equipment and installation created by the Intiative.

California currently obtains 16 percent of its electricity from coal, which it aspires to drop to zero by
2020.  California currently obtains 12 percent of its electricity from renewable sources, which it hopes
to expand to 20 percent by 2010 and to 33 percent by 2020.
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E(2):  Customer financing of photovoltaic installations

In the January/February 2007 Solar Today, Travis Bradford writes that “Now that the installer network
is becoming more concentrated and professional, what it desperately needs to do is provide access to
adequate financing to its customers.  While the commercial side of the business is developing models
to cost-effectively deploy solar technology using on- and off-balance sheet structures, the residential
market still lags behind.”  Bradford notes that the long live, user ownership, and stable electricity costs
realized from home PV systems are the characteristics of “good financial products.”  He advocates
development of home PV financing that:
• spreads the cost of the PV system over its lifetime
• captures the tax benefits embedded in the deductibility of home mortgage interest
• is based on real (inflation-adjusted), not nominal interest rates so customers pay a flat, real

electricity price over the PV system’s life
• allow lenders to have a second mortgage on the PV customer’s home as security to keep the

interest rate on a PV installation as low as possible.

E(3): German renewable energy portfolio policy

Germany moved from 8 percent renewable energy in 2003 to 9.3 percent in 2004 to 11 percent in 2005. 
In 2008 Germany obtained 14 percent of its electricity from renewable sources and has adopted a
national goal of 45 percent of total national energy from renewable sources by 2030.

In 2005, Germans suffered only 22 minutes of power outages for the entire year.  In the U.S., the cost
of business losses due to outages in 2005 and 2006 are estimated to exceed the projected cost of
outage-preventive investments to the U.S. electricity grid.  The German renewable energy law causes
an increase of about 0.5 euro cents in retail electric prices nationally, but the Germans know the
difference between costs and prices: the more prices rise, the more efficiency and conservation pay for
themselves.  Germans have switched to more efficient appliances and taken conservation measures in
response to this market signal.

Under the 1990 Stromeinspeisungesgesetz “feed-in tariff” (literally, “electricity feeding-in law”)
contained in Germany’s Renewable Energy Act (full title = “Act on Granting Priority to Renewable
Energy Sources”), utilities must purchase energy at the “feed-in rate” from all renewable energy
providers in their areas.  The rates paid for this power under German law in 2004 amounted to 45 euro
cents per kilowatt-hour for ground-mounted PV and more than 62 euro cents per kilowatt-hour for PV
integrated on building facades.  (Higher rates are paid for facade-PV because they take no additional
space and tend to generate peak power around noon, which corresponds to peak demand time.)  The
German PV industry is pressured by the law to cut prices: every two years, the feed-in rate of
compensation for new installations drops by 5 percent, e.g., from a base rate of 45 cents for new
systems in 2004 to 25 cents per kilowatt-hour for new systems in 2013.  The base rate paid for a
system at installation remains constant for 20 years.
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The German Renewable Energy Act designed rates for PV, wind, biomass, and geothermal-generated
electricity so that each is purchased by utilities at a rate they need to be competitive today and are all
under pressure to be more cost-competitive - essentially, to cost half as much to install as new
generation capacity - in 10 years.  Unlike the German scheme, U.S. subsidies for renewable energy are
linked directly to the owner/operator’s current tax liabilities because they take the form of tax credits. 
U.S. subsidies are not based on the level of financial support each renewable energy source needs to be
“jump started” towards cost-competitiveness and significant contribution to the national energy
portfolio.

Craig Morris, author of Energy Switch, says that U.S. renewable energy policy distorts the market more
than German energy policy does.  Contrary to the image of a bloated European bureaucracy
administering the German system, Morris demonstrates that the U.S. regulates the market far more
than the German government does.  For example, the U.S. imposes CAFÉ vehicle efficiency standards
which in effect tell automakers how to build cars; Germany simply raises the cost of vehicle fuel by
adding 11.4 euro cents per gallon to fuel prices every year for five years, resulting in increased use of
public transportation and sale of cars which get 50+ miles per gallon.  Germany’s policy is simply to
grant renewables the same brief respite from market competition that nuclear energy and just about
every emerging technology was initially granted so it could “get up to speed” with economies of scale
and efficiencies based on experience.  After a period of time the new technology either matures to cost-
competitiveness in the market, or it fails to do so and disappears; in any event, the “feed-in” subsidy
for a given renewable source declines to zero over time.  The German government regulates nothing
except for the price signal carried by energy in the marketplace, by imposing prices or taxes that reflect
each energy source’s environmental impacts.

 The U.S. approach is to support renewable energy portfolio standards, which require a certain
percentage of a utility’s power generation come from renewable sources by a given date.  By failing to
distinguish between renewable energy sources, the least expensive one wins.  According to the U.S.
Energy Information Administration, 92 percent of the newly installed capacity in states with a
renewable energy portfolio standard consisted of wind energy in 2004-2005.  Under Germany’s REA,
the rates paid for PV, biogas, waste gas, biomass, wind, and geothermal generation are all tailored to
the amount needed to make each source competitive with conventional grid power.  Utilities are
obliged to buy the power produced by any of these types of energy producer at the REA “feed-in rate”
which applies the year the renewable energy source comes on line.  Small generating systems receive
more compensation than big ones.  Unlike U.S. Renewable Energy Portfolio standars, the “feed-in”
subsidy system does not terminate when renewable portfolio standards are overshot.  For example, the
EU Commission’s White Paper of 1997 set a goal of 40 gigawatts of installed wind capacity by 2010,
which the EU blew past in 2005.  Despite this, France changed their renewable energy policy to a
“feed-in” system based on the German model in 2005, and doubled its installed capacity in 2006 alone
as a consequence.

If the U.S. copied the German approach, then Arizona would have solar, the Dakotas wind, and the
South biomass renewable-energy generation.  Morris also notes that the German renewable power
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subsidy is based only on actual generation achieved, and ignores the cost of installing the generating
capacity to the owner or the owner’s income and tax liability.  Consequently, the owner has a powerful
financial interest in installing renewable capacity to maximize the performance of their renewable
energy system, and which provides the best return on their capital investment - principles of
Capitalism 101.

The “feed-in” system requires double-metering, since the utility buys all power the generator produces
measured on the “power out” meter at the “feed-in” rate.  Morris notes that the U.S. net metering
arrangement links the utility’s compensation for renewable-generated power to the customer’s use of
electricity at the utility’s retail rate, which may underestimate the actual value of the renewable energy.

In his Economics of Climate Change, Nicholas Stern, former head of the World Bank, wrote
“Comparisons between deployment support through tradable quotas [Renewable Portfolio Standards
(RPS)/Renewable Energy Credits (RECs)] and feed-in tariff price support suggest that feed-in
mechanisms (REPs) achieve larger deployment at lower costs.”  Independent auditors Ernst & Young
state: “...The EEG [Germany’s Renewable Energy Payment] has delivered greater output of renewable
power for less money than the RO [The UK’s Renewable Obligation (RPS/RECs) hence is arguably
better value for money.”

E(4): Georgia’s strategic energy plan:  In March 2006 Georgia Gov. Sonny Perdue directed the
Georgia Environmental Facilities Authority, in concert with his appointed Governor’s Energy Policy
Council, to develop a strategic energy plan for Georgia.  Most of the plan’s renewable energy focus is
on biomass, as Georgia is rich in forestry and agricultural resources.  The plan looks to conversion of
cellulostic material to alcohol and the distributed generation of electricity from existing biomass
sources as major opportunities.  Draft plans propose a state-funded loan program and a public benefits
fund generated from consumer utility bills to facilitate construction of these types of renewable energy
facilities.

E(5): USDA Renewable Energy Systems and Energy Efficiency Improvements Program: was
created as part of the 2002 Farm Bill to assist farmers, ranchers, and rural small businesses develop
renewable energy systems and make energy efficiency improvements to their operations.  Applications
can be made for guaranteed loans or a combination of grant and guaranteed loan funding.  Grants can
be used to cover up to 25 percent of a project’s costs.  Guaranteed loans can be issued for up to 50
percent of a project’s costs.  A combination grant and guaranteed loan can be requested for up to 50
percent of a project’s costs.  The minimum project cost to qualify for the program is $10,000 for both
energy efficiency or renewable energy generation projects; the maximum guaranteed loan amount is
$10 million.  Eligible projects fall into two categories.  One category is to finance the installation of
renewable energy systems, such as small and large wind turbines, solar, geothermal, biodiesel, ethanol,
anaerobic digesters or hydrogen.  The other category is energy efficiency projects including installing
new electric motors that are more efficient in equipment, adding insulation, and improving electrical,
heating and cooling systems in agricultural production.  These project funds cannot be used on

The Renewable Deal – Edition 2  – April 2010 Page 200



residential energy or efficiency projects.  Information, applications and forms may be found at
<www.rurdev.usda.gov/rbs/farmbill/index.html>.

E(6): Green-e Energy Certification Program was created by Center for Resource Solutions, a
national non-profit corporation.  Green-e Energy Certified products go through an annual audit to
ensure that customers are helping to expand the production of renewable energy, beyond what is
required by state and federal law.  The audit also confirms renewable energy purchases have not been
double counted. <www.green-e.org>

E.6.: Minnesota’s renewable energy standard: In February 2007 Minnesota passed the most
aggressive renewable energy standard in the U.S.  By 2025, most energy companies in the state must
generate a quarter of their electricity from wind, solar, hydrogen, or other renewable sources.  Xcel,
Minnesota’s largest utility, must reach 30 percent five years earlier.  Today three-fourths of the state’s
electricity comes from coal-burning plants and one-fifth from nuclear power.  On May 20, 2007, the
Minnesota Legislature set the goal of reducing statewide global warming pollution from all sectors to
80 percent below 2005 levels by 2050.  The legislation requires the state to establish a carbon cap and
trade program and implement a regional approach to reducing global warming pollution.  This
legislation increases annual energy savings goals for conservation improvement programs to 1.5
percent a year, which will result in a 25 percent decrease in Minnesota’s electric and natural gas use by
2025.  The law also requires utilities to consider community-based renewable energy sources for the
satisfaction of the standard.

E.7.  New Hampshire’s renewable electricity standard was adopted into law on May 11, 2007 when
it was signed by Governor John Lynch after passing the House by 253-37 and the Senate unanimously. 
The standard requires utilities to produce 23.8 percent of electricity from renewable sources by 2025.

E.8.  Oregon’s renewable electricity standard: On May 23, 2007, the Oregon House passed a 25
percent by 2025 renewable energy standard, making it the 23  state plus the District of Columbia tord

adopt a renewable energy standard.

E.9. Colorado’s renewable energy standard: In 2004, 53.4 percent of Colorado voters approved
Amendment 37, making their state the 18  in the nation to adopt a renewable electricity standard.  Theth

bipartisan ballot initiative calls on utilities to provide 10 percent of the state’s electricity from clean,
renewable energy sources by 2015.  The Union of Concerned Scientists analyzed the impact of passing
Amendment 37 on Colorado’s economy and found that renewable energy generation would create
more consumer savings, job, and rural economic development than fossil fuels.  These findings were
presented to business leaders, university groups, and reporters around the state.  The Republican
Speaker of the House, Lola Spradley, was a vocal supporter of Amendment 37's passage, helping to
generate positive coverage of the economic analysis in newspapers throughout the state.  Proponents
distributed leaflets door-to-door, put “Yes on 37" placards at busy intersections, held rallies, and held
news conferences in different places to engage public awareness and support.
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F.  Stabilizing Utility Infrastructure with Renewable Energy

F.1.  Waste-water treatment facilities: New Jersey’s Atlantic County Utilities Authority is
installing wind and solar power at a waste-water facility to keep the plant operating during grid power
blackouts.

G.  Solving the Problem of Intermittency of Renewable Energy Sources on the Grid

The June 2006 Wyoming Rural Electric News contains an article on “Managing wind resources
sensibly” which explains from a renewables-friendly utility perspective the problems such a utility
confronts in accommodating power from intermittent, renewable sources into the electric grid they
manage.  The problem is that “The electricity system must always be in balance.  There can be no more
electricity supplied than required by load (or generators will be damaged due to high frequency). 
There can be no more load than electricity supplied (or brownouts will occur, motors will grind to a
halt, blackouts will eventually prevail).”

“The electricity system important to this discussion is the ‘control area.’  The western grid is divided
into 14 control areas; SE Idaho, the western half of Wyoming, and all of Utah are in one such control
area.  There may be many different electricity generators in a given control area, but they all must have
a contractural agreement with the control area operator before they can generate and transmit
electricity within that control area.  When it appears that either too much or too little electricity is
being supplied to the load in a control area, dispatchers and plant operators take immediate action to
rectify the imbalance.  Electricity can be moved from one load area to another over the high-voltage
transmission grid, but there are limits on how much can be moved.

If the wind blows and the wind turbines within a control area generate 80 megawatts of electricity,
another generator or source within the control area has to decrease generation by 80 megawatts.  It
would not be unusual for a wind generation resource to generate 80 megawatts, then 80.3 megawatts,
the zero, then 75 megawatts, and so on.  To accommodate this intermittent, variable power source into
the control area and maintain balance between supply and load, the control area operator has to have an
alternative source which can be quickly ramped up and down to keep the total amount of electricity in
the control area in balance with load.  This can be done with a coal-fired power plant by changing the
amount of power the coal-fired generator feeds into the grid, which can be done by throttling steam
away from or into turbines at the plant, altering the amount of electric output they produce.  However,
there is no financial or environmental gain resulting from using a coal-fired power plant as the variable
compensating electric source to a grid to balance intermittent renewable electricity inputs.  The boilers
at the coal-fired plant cannot be fired up and turned off in a short time; if there is any anticipated need
to ramp up electricity output within many hours, coal needs to be continuously burned to keep the
boilers capable to feeding steam at a moment’s notice into turbines to increase the power plant’s
output to compensate for a drop in renewable input elsewhere in the control area.  When the coal plant
is not selling electricity into the control area grid, the plant is spending money burning coal to maintain
steam head while earning nothing from electricity sales to pay for the coal fuel being used.
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The article says that hydropower is ideal to back up wind resources.  Hydropower units can respond
quickly to changes in demand, and hydropower turbines are normally not in constant use at full
capacity to generate electricity.  Thus, using hydropower units more on calm days and less on windy
days to balance wind turbine inputs to the control area grid neither adds to nor detracts from their value
because there are no generating resources used when electricity is not being generated and sold.  The
problem is that the control area contracts currently provide that hydropower resources be scheduled
two days in advance.  One cannot predict how much power will be derived from a wind resource in a
control area two days in advance.

Natural gas turbines can also be used to back up wind resources.  If natural gas turbines are operating
to meet control area load requirements anyway, then it can be very lucrative to use wind as a back-up,
because natural gas fuel is quite expensive.  However, in the Tri-State control area of SE Idaho, Utah,
and Western Wyoming natural gas-fired generators are seldom used.  Further, natural gas deliveries
must be scheduled in advance.  Pipeline-operating companies charge penalties when the actual delivery
of natural gas varies from the schedule.

The operator of a control area ensures that each generator in the control area is motivated to cooperate
in balancing supply with load through use of monetary carrots and sticks.  Charges are assessed for
second-by-second balancing (“regulation”) and for matching load on an hourly basis (“energy
imbalance”).  For example, in a Tri-State control area a generator may contract to serve 400 megawatts
of load.  The generator can under-supply or over-supply the contract by a certain number of megawatts
without incurring “energy imbalance” charges against the amount the generator is contracted to be paid
by the control area for 400 megawatts, e.g., $50,000 per month.  One control area limits its under-and
over-supply to six megawatts either way.  If the generator under-supplies the load contracted, he is
charged $100 per megawatt-hour by the operator for the electricity other generators have to provide to
make up the shortfall.  If the generator over-supplies the load, he is only paid $4 per megawatt hour by
the operator for electricity that exceeds 406 megawatts.  This is less than the cost of electricity
production to the generator.

This system of economic contractural control of generation doesn’t work with private grid-tied wind
turbine systems.  For example, if one percent of Wyoming distribution co-op members each erect a 25-
kilowatt wind turbine and attach it to the grid under the terms of Wyoming’s net metering law, and on
a given windy day all 340 turbines put 18 kW into the Tri-State control area grid, this equals six
megawatts.  Depending on the amount of electricity coming from other sources, this could cause the
Wyoming utility through which these private wind turbine owners are selling their power to the grid to
go into energy imbalance.  If the utility had limited other inputs to allow for input from these 340
private wind turbines, if the day is still the utility may find itself short and having to pay $100 per
megawatt-hour to buy electricity to make up the shortfall.  On the other hand, if the utility is already
slightly over-producing its contracted amount, it could find itself selling the power from the private
turbines at $4 per mwh while paying the producers its normal retail electricity price under the net
metering law.
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This explains why utilities, particularly rural co-ops, are leery of connecting a large number of
individually-owned renewable energy generators to their grid.  However, I suspect that these problems
are an artifact of the control grid contracting and management system in use in the western United
States outside of the coastal states of California, Oregon and Washington; not an inevitable feature of a
control area grid electrical system with multiple renewable intermittent generators attached to it.  The
reason for my suspicion is that there are many control area grids operating in the world, outside the
United States, which do derive a substantial percentage of their grid electrical power from multiple
wind and solar sites which are in both public and private ownership.  If U.S. utilities want to learn how
to incorporate multi-site intermittent renewable electricity generators into a control area grid that
manages to be about ten times more reliable than any electricity grid in the United States at keeping
electricity source and load in balance, they need to consult their colleagues in Germany, Denmark, and
Sweden who accomplish this year after year while steadily increasing the percentage of total grid
power that comes from wind and photovoltaic sources.

H.  Achieving National Energy Security: Political Versus Technological Feasibility

The American public apprehends this peril when they are not distracted by political smoke and mirrors. 
In a poll conducted after the September 11 terrorist attacks, almost 40% said that protecting our
national security is the most important reason for developing a national comprehensive energy plan
which reduces our oil dependency.

Elements in a feasible comprehensive national energy plan which we can implement immediately to
reduce oil dependency and protect national security include massive development of wind generation
capacity similar to that taking place in Europe, a national campaign to replace the current fleet of autos
and buses with hybrid vehicles, and government-sponsored investment in a hydrogen fuel storage and
distribution infrastructure in the United States to support the future fleet of fuel-cell-powered vehicles
to supplement and if necessary follow the transitional hybrid plug-in vehicle fleet in our evolution
towards a non-polluting sustainable energy economy.

Woodrow Wilson said, “If you want to make enemies, try to change something.”  Given the example of
the “Set America Free” coalition and the beginning of auto industry initiatives to market plug-in,
flexible-fuel hybrid vehicles, it appears to me that the compelling task before us is to accelerate the
existing technological evolution at whatever price in “enemies” created by apprehension over change.

References:

Worldwatch Institute and Center for American Progress.  American Energy: The Renewable Path to
Energy Security.  Washington, D.C.: Worldwatch Institute, 2006.
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Chapter 10: Nuclear Power: Economic and Environmental Costs and Benefits

(Revised 01 Mar 10)

Nuclear power has been presented as the solution to meeting global electricity needs while abating
greenhouse gas emissions and thus global warming.  According to an analysis by the Massachusetts
Institute of Technology, between 1,000-1,500 new nuclear power reactors would be needed by 2050
for nuclear to play a meaningful role in reducing global greenhouse gas emissions by replacing fossil-
fuel-fired power generation.  Planning, licensing, and constructing a nuclear plant typically takes 10-15
years, absent any regulatory or legal delays.  Due to the dearth of orders since the 1970s, the world
currently has a limited capacity to manufacture many critical nuclear power plant reactor components. 
If a standardized design for a new-generation nuclear power plant is developed, it will take about a
decade to ramp up the manufacturing infrastructure to produce such plant components with an
economy of scale.  In the United States, pro-nuclear analysts have estimated it will be 2012 at the
earliest before the construction license for a new nuclear power plant is approved, and this first plant
would not begin operating until 2020 at best.  In the 2020s and 2030s, new nuclear power plants would
largely be replacing existing nuclear power plants which will have ended their service lives.  In
summary, a crash program of building new nuclear power plants cannot have any effect on global
greenhouse gas emissions from power generation until after 2030.

The North Anna reactor in the United States is projected to cost $6 billion to construct if construction
delays are not encountered.  For each year of delay, the cost of the reactor increases by $1 billion. 
Even at a cost of $5 billion apiece for a standardized, modularized design of nuclear power plant
produced in quantity, building 1,500 such plants would cost $7.5 trillion dollars.  If that same sum was
invested in a combination of geothermal, solar, wind, biomass, and open-water hydroelectric
generation capacity worldwide, far more generation capacity would be available a generation sooner
from building this renewables-based electrical generation infrastructure than from the nuclear power
alternative.

Free Market v. Subsidized Nuclear Power Economics:

Construction starts for nuclear power plants peaked worldwide in the 1970s with an average of 25
gigawatts annually, falling to an average of less than 5 gigawatts per year from 2003-2008.  Over the
1998-2008 decade, global nuclear capacity has expanded at a rate of less than 1 percent a year.  In
2006 and 2007, the world added 3 gigawatts of nuclear capacity versus 35 gigawatts of wind capacity. 
At the end of 2007, 34 nuclear reactors were under construction worldwide; of these, 12 have been
“under construction” for 20 years or more.  In Western Europe, only Finland and France are building
new nuclear power plants; the Finnish plant broke ground in 2005 and is two years behind schedule
and $2 billion over budget in only three years. Several nuclear plants are under construction in China. 
In the United States, the one problem-plagued nuclear plant under construction has been under
construction for over a quarter of a century.
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In the United States, as of 2008 23 applications have been filed for construction and operating licenses
for new nuclear power plants since 2004.  Only four of these applications included actual plant
designs.  Construction of these four plants is dependent on federal loan guarantees made available
under the 2006 Energy Policy Act.  The $18.5 billion appropriated by Congress for these guarantees is
only enough to support two nuclear power plants.  A study by a Keystone Center panel composed of
academics, energy analysts, and industry representatives estimated the full cost of new nuclear power
at 8-11 cents per kilowatt-hour, which is more than coal, natural gas, biomass, and wind power
currently cost.

A rational policy analyst will evaluate each alternative source of power on the basis of “energy return
on energy invested” (EROEI), otherwise known as the “energy profit ratio.”  The policymaker will
decide to invest, all other things being equal, in the sources of energy that have the highest energy
profit ratio, and will avoid investing in the sources of energy that have the lowest energy profit ratio. 
As shall be demonstrated in detail below, nuclear power has the lowest energy profit ratio of any
source of electric power on the planet, possibly including hiring lawyers at their usual rates to pedal
stationary bicycles driving a generator on the rear wheel hub.

“In a market economy, private investors are the ultimate arbiter of what energy technologies can
compete and yield reliable profits, so to understand nuclear power’s prospects, just follow the money. 
Private investors have flatly rejected nuclear power but enthusiastically bought its main supply-side
competitors - decentralized cogeneration and renewables.  Worldwide, at the end of 2004, these
supposedly inadequate alternatives had more installed capacity than nuclear, produced 92 percent as
much electricity, and were growing 5.9 times faster and accelerating, while nuclear was fading.”  -
Nuclear physicist Amory B. Lovins, PhD in RMI Solutions, Fall, 2005.

In a presentation to the Western Governors’ Association North American Energy Summit, held in
Albuquerque, NM on April 15, 2004, nuclear physicist Thomas B. Cochran, Ph.D., noted that the 103
existing nuclear power plants operating in the U.S. were typically operating at high capacity factors in
a competitive environment.  However, the last unit to enter commercial operation was TVA’s Watts
Bar Unit 1 in June 1996, and the last successful order for a new U.S. nuclear plant was in 1973.  “No
energy generation company in the United States has been willing to order and construct a new nuclear
plant in more than thirty years, and none have taken anything more than preliminary steps towards
purchasing and constructing a new nuclear plant today in the absence of a promise of huge federal
subsidies.  This is not because of public opposition; not for want of a licensed geologic repository for
the disposal of spent fuel; and not because of the proliferation risks associated with commercial
nuclear power.  Rather, it is because new commercial nuclear power plants are uneconomical in the
United States.”

A concrete case in point:  Dominion Energy has applied to build a third nuclear reactor in Mineral, PA,
at its North Anna power plant complex.  Work on the project began in 2000, with Dominion doing
safety and environmental reviews in the interim.  These reviews revealed problems; such as that Lake
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Anna would be heated to 113 degrees F if used as the cooling reservoir for three operating reactors in
the summer, which have delayed construction commencement while solutions are sought.  If solutions
can be found, the Dominion North Anna reactor would become the first new nuclear plant approved
for construction in the U.S. in three decades.  Industry analysts estimate it will cost $6 billion to build
the third reactor, with construction taking at least five years, if everything goes according to plan. 
Each year of delay during construction due to problems will add $1 billion or more to the final cost of
the third reactor.

A May 2003 Congressional Budget Office report found the risk of default on loan guarantees to build
nuclear plants is “very high - above 50 percent.”  However, in early 2010 the Department of Energy is
expected to issue its first set of $18.5 billion in commercial loan guarantees (such guarantees were
authorized by Congress in December 2008) for four utility companies to build seven new reactors in
Georgia, Maryland, Texas and South Carolina.  The DOE refuses to reveal what benchmarks,
guidelines, or even criteria it uses to evaluate applications for the loan guarantee program.  The
Government Accountability Office reported in July 2008 that the internal controls and accountability
systems necessary for the agency to deal with this significant financial risk of default were missing.

Each reactor is budgeted to cost between $9 billion to $15 billion to build, and there are seven.  The
DOE has not indicated how it would spread the loan guarantees of $18.5 billion across circa $70
billion or more in project financing.  Building a nuclear reactor on budget is another issue.  75 of the
nation’s 104 operating reactors ended up costing an average of 207 percent more than their initial cost
projections.

Wenonah Hauter of Public Citizen’s Critical Mass Energy and Environment Program summarizes:
“The bottom line is that nuclear power remains fatally flawed.  Cost, safety, security, waste and
proliferation are all unsolved issues.  Any one of these issues by itself would be reason enough to toss
the nuclear idea out the window.  Considering all five, it’s just loony.”

Economist Lester Thurow of the Massachusetts Institute of Technology said, “Nuclear power is one of
the few examples in which human sociology has completely dominated hard science.”  “Nuclear
Follies,” a February 11, 1985 cover story in Forbes, declared the U.S. experience with nuclear power
“the largest managerial disaster in business history.”   The Natural Resources Defense Council’s
position on energy options, including nuclear, is “Let the marketplace work to address the problems we
face and price energy at its full societal cost by internalizing the cost of environmental pollution.”

In his 2008 book Peak Everything, Richard Heinberg reports that David Fleming calculated that the
energy required to clean up and manage nuclear wastes by the mid-2020's will exceed the energy the
industry can generate from the remaining uranium ore [The Lean Economy Connection, 2006].

In 2007, Warren Buffet canceled plans to build a nuclear reactor in Idaho because he concluded it
would not yield sufficient return on his investment.
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2005-2007 U.S. subsidy program for nuclear power: The 2005 Energy Policy Act provides a form of
public subsidy in the streamlined Early Site Permit (ESP) process for siting nuclear reactors.  When
issued, the permit signifies acceptance of a site’s suitability for building and operating a new nuclear
reactor.  The applicant does not have to specify the reactor design they intend to use; the site is
approved for a range of options, and can be “banked” for 20 years with the option of a 20-year
extension.  Only a very limited range of issues can be raised during the ESP application process, such
as the availability of cooling water.  There is no consideration allowed of whether there is a need for
additional power in the area, and whether other power sources or conservation would be able to supply
a demonstrable need at a lower cost, with environmental impact of operating the plant taken into
account.  In the past, the public had a right to formal hearings, including depositions and cross-
examination of witnesses over specific issues, called “contentions,” in the site licensing process. 
Under the ESP regulations, the Atomic Safety and Licensing Board has complete discretion on
whether there will be formal hearings or informal ones which do not allow even for expert testimony. 
The time scale for public filing of contentions against a siting permit application under ESP has been
shortened considerably, making it difficult to compile a well-documented argument for the hearing
record.  Finally, Exelon, Entergy, and Dominion have filed ESP applications for sites with one or more
currently-operating reactors.  As part of the Department of Energy’s Nuclear Power 2010 program,
half the cost of processing these applications - over $3 million so far - is borne by taxpayers, not the
applicants.

As of January of 2009, Public Citizen reports that there is one new nuclear power plant being proposed
next to two existing reactors at the Calvert Cliffs nuclear power plant in southern Maryland.  Boston-
based Constellation Energy is in partnership with French nuclear company Electricite de France under
the name UniStar Nuclear Energy, the L.L.C. which would own the new reactor.  Critics have
petitioned that the project does not comply with laws prohibiting foreign majority ownership of a U.S.
reactor, that the UniStar L.L.C. does not have the assets to decommission and decontaminate the
reactor, that there is no available repository to receive nuclear waste from the plant, and the license
application did not evaluate the environmental impacts of adding a third reactor to the area’s water. 
Public Citizen also reported on opposition to siting six new nuclear units at three sites in Texas.

The Energy Policy Act of 2005 contains circa $13 billion in new gifts from the taxpayer for nuclear
expansion: 80 percent of reactor cost loan guarantees (if appropriated), circa $3 billion in “research
and development,” 50 percent licensing cost subsidies, $2 billion in public insurance against any legal
or regulatory delays for the first six reactors built (including challenges by the public on safety
grounds, e.g., a whistleblower reported faulty construction and a public-interest group sued), a 1.8 cent
per kWh increase in operating subsidies for the first 8 years and 6 GW (equivalent to a capital subsidy
of ~$842 kWh - roughly two-fifths of likely capital cost), a new $1.3 billion tax break for
decommissioning funds, and liability for mishaps capped at $10.9 billion (and largely avoidable
through shell companies).  The ten companies that own the majority of nuclear plants have set up
individual nuclear plants as limited liability companies, which restricts liability to the assets directly
owned by the LLC.  A 2002 report by Synapse Energy Economics, Inc., says: “the limited liability
structures being utilized are effective mechanisms for transferring profits to the parent/owner while
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avoiding tax payments.  They also provide a financial shield for the parent/owner if an accident,
equipment failure, safety upgrade, or unusual maintenance need at one particular point creates a large,
unanticipated cost.  The parent/owner can walk away by declaring bankruptcy for that separate entity
without jeopardizing its other nuclear and non-nuclear investments.”

A 2001 Congressional Research Service report found total construction costs exceeded US $3,000 per
kilowatt for reactors that were started after 1974, and those completed since the mid- 1980's averaged
US $3,600 per kilowatt.  According to an analysis by the U.S. Energy Information Administration,
plants that began construction between 1966 and 1977 underestimated their actual costs by roughly 14
percent even when the plants were 90 percent complete.  The two new design Advanced Boiling Water
Reactors built by General Electric in Japan came in at $3,236 per kilowatt and $2,800 per kilowatt
after GE estimated they would cost $1,528 per kilowatt to construct.

The U.S. Department of Energy's "Near Term Deployment Group" prepared a report in 2001 on the
relative costs of various forms of electrical energy generation when all the capital and other costs of
the generation facility were taken into account.  Seventy-seven percent of the Deployment Group's
members were employees or consultants for the nuclear energy industry.  They found that the cost to
get a kilowatt hour's generating capacity from a nuclear power plant built with 2001 costs was $2,128
in 2001 dollars.  The cost of a kilowatt-hour's capacity from a natural gas-fired power plant under the
most expensive scenario in their study was $682.  These numbers represent the total outlay of money
to build a power plant divided by its generating capacity in kilowatt hours of electricity.  This report on
the relatively high capital cost to build nuclear power generating capacity was used as the rationale for
the new construction subsidies to the nuclear power industry contained in the 2005 federal Energy
Policy Act.  These subsidies were justified in terms of making building nuclear power plants
competitive with fossil-fuel-fired plants, an expression of the federal energy policy to reduce
greenhouse gas emissions from new power generation.

The Energy Act of 2005 subsidies of nuclear power follow in a proud tradition.  According to energy
economist Doug Koplow, between 1950 and 1993 the U.S. nuclear power industry received nearly 50
percent of the total federal spending on energy research and development - some $51 billion.  Yet
nuclear power currently provides about 20 percent of the United States and 12 percent of the world
energy supply.

The Union of Concerned Scientists’ Nuclear Power Information Tracker at
<www.ucsusa.org/nucleartracker> allows users to search for nuclear reactors by various criteria like
reactor type, operational status, and safety concerns.  Clicking on an individual reactor site provides
information about that particular reactor, e.g., who owns it, when it began operation, residential
population within 10 miles, individual safety issues and what USC is doing to compel the Nuclear
Regulatory Commission to resolve them.

Other U.S. taxpayer subsidies of nuclear power:
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Waste Isolation Pilot Project, Carlsbad, New Mexico: The facility, designed to hold low-level
transuranic wastes, opened on March 26, 1999.  2002-2009 WIPP received $1,353,968,000, nearly $70
million more than its budget requests.  During that period it disposed of 49,083 cubic meters of nuclear
waste, 78 percent of what it said it would dispose.  The cost of disposal of cubic meter of low-level
nuclear waste was therefore $27,585.27.

Public attitudes towards nuclear power:  In February 2006 the Christian Science Monitor reported an
international survey of attitudes towards nuclear generation of electric power conducted by the
International Atomic Energy Agency.  Interestingly, U.S. consumer’s attitudes were the most positive
among all nations surveyed except for South Korea.  40% of Americans were favorable towards
building more nuclear power plants in the U.S., 29% said continuing to operate the existing nuclear
power plants was ok but we should not build more of them, and 20% wanted to close all existing
nuclear power plants and not build any new ones.  Among French respondents, 20% were in favor of
building more, 50% were ok with existing plants continuing but opposed building more, and 30%
wanted to close all existing plants and not build any new ones.  The IAEA reported that there are
currently 443 nuclear power plants operating worldwide.

U.S. state laws concerning nuclear power and 2009 attempts to overturn them: The nuclear industry
lobbied in six states to repeal state laws that impede development of new nuclear reactors.  Among the
six cases decided, the nuclear industry is 0-6 in 2009.

In Missouri, the nuclear industry tried to overturn a ban on “Construction Work in Progress”
assessments on utility ratepayers to finance building new nuclear power plants there, which caused
plans for a new reactor to be mothballed because the industry can’t raise private capital for their high-
cost, high-financial-risk nuclear power plants.  As Mark Haim, chair of Missourians for Safe Energy,
said: “New nuclear plants are far too risky and expensive to attract investor funding.  Utilities will only
build them if they can transfer the risk to the taxpayers or their ratepayers....The patterns is clear,
investors find nuclear too risky and utilities will only go down the nuclear path if their customers or
the taxpayers underwrite the project.”

Efforts by nuclear power lobbyists to get nuclear power included in state definitions of “renewable”
power failed in Indiana and Arizona.  An effort to lift the California law which bans construction of
new nuclear reactors until a high-level waste repository is in place went nowhere.  In 2008 the nuclear
industry had tried to get this ban lifted through the California referendum process, and failed to get
enough citizen signatures to qualify the measure for the ballot.

In Minnesota, a 1994 law provides the state will not approve “the construction of a new nuclear-
powered electric power plant.”  The nuclear industry effort to rescind this law failed on April 30, 2009,
by a vote of 70-62 in the House.  Legislators said they were leaving the moratorium in place until the
“million-year radioactive toxic legacy” issue of waste disposal is solved. Repeal of the ban was sought
by a group calling itself “Sensible Energy Solutions for Minnesota” headed by a retired power
company CEO and the self-proclaimed head of a wildlife group who was last heard from as head of
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“Sportsmen for Bush.”  The St. Paul Pioneer Press found the group was founded by Matt Burns,
spokesman for the 2008 Republican National Convention; Ben Golnick, 2008 midwestern manager for
John McCain’s campaign; and Tom Steward, campaign spokesman for McCain and communications
director for Republican Senator Norm Coleman (just defeated by Democrat Al Franken).  On the other
side, leaving the ban in place was supported by a whole clutch of conservative environmental groups
such as the Izaak Walton League.

In West Virginia, an effort to repeal a 1996 law died in the 2009 Legislature.  The 1996 law provides
that any nuclear facility must be economically feasible for in-state ratepayers and that “a functional and
effective national facility which safely, successfully and permanently disposes of any and all
radioactive wastes associated with operating any such nuclear power plant, nuclear factory or nuclear
electric power generating plant has been developed and that such facility has been proven safe,
functional and effective by a minimum of twenty-four months’ operation or experience.”

In Wisconsin, the law sets two conditions that must be met before new nuclear power plants can be
built in the state.  One is that there must be a “federally licensed facility” for high-level nuclear waste. 
Second, the proposed nuclear plant “must be economically advantageous to ratepayers.”  The Nuclear
Energy Institute has registered four lobbyists in Wisconsin, but so far has made no progress in
changing this state law.

Hawaii’s 1978 Constitutional Convention added Article XI, Section 8 to the State Constitution:  “No
nuclear fission power plant shall be constructed or radioactive material disposed of in the State without
the prior approval by a two-thirds vote in each house of the legislature.”  Industry-supported bills to lift
this constitutional requirement failed in the 2009 Hawaii Legislature.

Illinois’ law requires either a federally-approved waste disposal strategy or the state legislature’s
approval for a new nuclear reactor to be built.  Bills introduced by the nuclear industry in the Illinois
House and Senate to lift these requirements in 2009 died in both chambers.

Kentucky law requires a high-level nuclear waste facility be “in actual operation” by the time a new
nuclear reactor would require it, but also insists on detailing “the cost of [waste] disposal...with
reasonable certainty.”  A combination of industry-backed bills designed to remove these restrictions
died in the 2009 Legislature.

The lone victory for the nuclear industry in 2009 was in Georgia, where the Legislature approved a
“Construction Work in Progress” $2 billion surcharge on ratepayers of the Atlanta-based Southern Co.
to finance two planned nuclear reactors.  This may be a symbolic rather than a substantial victory;
building these two reactors will cost at least $16 billion if everything goes exactly right - which it
never has in building a nuclear power plant, in the U.S. or anywhere else.  The $2 billion in “seed
money” from ratepayers may not be enough to attract the remaining $14+ billion from the private
equity market.
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Comparison of Energy Source Costs: The Concept of “Energy Profit”

The best and most current cost comparison of nuclear, fossil fuel, renewable and cogeneration
production of electricity was done by Paul L. Joskow and his colleagues in the interdisciplinary MIT
study, “The Future of Nuclear Power.”  The MIT study derives a “levelized cost” for the power sources
it compares; “levelized cost is the constant real wholesale price of electricity that meets a private
investor’s financing cost, debt repayment, income tax, and associated cash flow constraints.” (p. 38)
The study found the levelized cost of electricity generated by a new nuclear plant was estimated to be
about 60 percent higher than the cost of electricity from a coal plant or a gas-fueled plant assuming
moderate gas prices.  The cost for nuclear electricity derived in the MIT study was 7 cents per kWh in
2004 dollars; adding the cost of delivery to customers (at least 2.75 cents per kWh) raises the busbar
cost to 9.8 cents per delivered kWh.  The MIT study found that the cost of coal-fired electric power
would be roughly equivalent to this if a $100/TC  carbon tax was assessed.  Natural gas power plant
electricity would also be equivalent in price to nuclear at $4-7 MCF fuel cost with a $100 TC carbon
tax assessed.  Wind-generated electricity with 2003 technology was cheaper per kWh than nuclear,
coal, or natural gas generation if a $100/TC carbon tax is assessed.  The MIT study examined three
forms of cogeneration and end-use efficiency, and found that all were cheaper per kWh derived in
levelized cost than nuclear, coal, and natural gas with a 100/TC carbon tax.  The upper end of the
combined-cycle industrial cogeneration technology levelized cost range per kWh overlapped the cost
of wind power in the model, but did not reach the lower end of the cost estimate range for nuclear,
coal, or natural gas generation.

The cost for coal power in the MIT study was conservative.  A National Energy Technology Laboratory
analysis in 2007 found that supercritical pulverized coal power plants shift from being the least
expensive to the most expensive of fossil-fueled generating options once the cost of carbon capture is
included.  Plant capital costs rise by 82 percent to $2,870 per kilowatt of nameplate capacity, and
electricity production costs rise by 81 percent to 11.48 cents per kilowatt-hour, if the plant is equipped
to sequester the carbon dioxide generated by burning coal in order to be a “clean,” zero-net-carbon-
emissions facility.

In a September 11, 2005, paper Dr. Lovins states, “The claim that ‘we need all energy options’ has no
analytic basis and is clearly not true; nor can we afford all options.  In practice, keeping nuclear power
alive means displacing private and public investment from the cheaper market winners - cogeneration,
renewables, and efficiency - to the costlier market loser.

Nuclear power is an inherently limited way to protect the climate....Its higher cost than
competitors, per unit of net CO2 displaced, means that every dollar invested in nuclear expansion will
worsen climate change by buying less solution per dollar.  Specifically, every $0.10 spent to buy a
single new nuclear kilowatt-hour (roughly its delivered cost, including its 2004 subsidies, according to
the authoritative MIT study’s findings expressed in 2004 dollars) could instead have bought 1.2 to 1.7
kWh of windpower (“firmed” to be available whenever desired), 0.9 to 1.7 kWh of gas-fired industrial
or ~2.2-6.5 kWh of building-scale cogeneration (adjusted for their CO2 emissions), an infinite number
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of kWh from waste-heat cogeneration (since its economic cost is typically negative), or at least several,
perhaps upwards of ten, kWh of electrical savings from more efficient use.  In this sense of
‘opportunity cost’ - any investment foregoes other outcomes that could have been bought with the
same money - nuclear power is far more carbon-intensive than a coal plant.”

“If you are concerned about climate change, it is essential to buy the fastest and most effective
climate solutions.  Nuclear power is just the opposite.”

“Why pay a premium to incur nuclear power’s uniquely disagreeable problems?  No other
energy technology spreads do-it-yourself kits and innocent disguises for making weapons of mass
destruction, nor creates terrorist targets or potential for mishaps that can devastate a region, nor creates
wastes so hazardous, nor is unable to restart for days after an unexpected shutdown.  Why incur the
opportunity cost of buying a nuclear option that both saves less carbon per dollar and is slower per
megawatt to deploy?”

“Lord Keynes said, ‘If a thing is not worth doing, it is not worth doing well.’  Nuclear power
has already died of an incurable attack of market forces, with no credible prospect of revival.  Current
efforts to deny this reality will only waste money, further distort markets, and reduce and retard carbon
dioxide displacement.  The cheaper, faster, abundant alternatives are now empirically at least twice as
big, are being bought an order of magnitude faster in GW/y, and offer far greater ultimate potential. 
Since nuclear power is therefore unnecessary and uneconomic, we needn’t debate whether it’s safe.”

In February 2010, Dr. Lovins summed up - commenting on President Obama’s newly announced
increases in loan guarantees for new nuclear power construction: “If you buy more nuclear plants,
you’re going to get about two to 10 times less climate solution per dollar, and you’ll get it about 20 to
40 times slower, than if you buy instead the cheaper, faster stuff that is walloping nuclear and coal and
gas.”

The Union of Concerned Scientists report Walking a Nuclear Tightrope: Unlearned Lessons from
Year-plus Reactor Outages examined 51 nuclear plant shutdowns in the U.S. that lasted more than a
year, occurring in 41 different plants over the past 40 years.  The report found that the extended
shutdowns cost ratepayers and stockholders in the power companies nearly $82 billion in lost revenue,
and were the result of poor management and ineffective regulatory oversight which led to dangerous
declines in safety maintenance levels, resulting in extended shutdowns to repair problems which had
occurred and grown due to neglect.  For purposes of this essay, I point to the enormous cost of these
shutdowns as a cost of nuclear energy production in practice which is rarely mentioned in analysis of
nuclear power costs.

If one takes only the cost of fuel, plant maintenance and operation for various forms of energy
production, the costs in 2001 dollars with 2001 fuel and labor prices were:  1.83 cents per kilowatt
hour for nuclear, 2.07 cents for coal, 3.52 for natural gas, and 3.8 cents for oil-fired electric power
plants.  In 2004, the U.S. Energy Information Administration published the following comparison
figure ranges (all in cents per kilowatt hour “production” cost): 3.13 cents for energy efficiency, 4.5-
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5.4 cents for coal; 4.8 cents for geothermal, 4.9-8.5 cents for hydroelectric, 5.2-6.5 cents for natural
gas; 5.5-6.4 cents for biomass, and 12.4-26 cents for solar.

Towards identifying actual nuclear power market cost per kwh:  The highest number I have seen cited
by researchers seeking to identify all life cycle costs of nuclear power paid for by both nuclear electric
customers and taxpayers, then dividing it by system lifetime electric output is 30 cents per kilowatt
hour.   The cost model that derived 30 cents per kilowatt hour as an upper limit of estimated “true”
cost of nuclear power was based, of necessity, on some very large and highly arbitrary assumptions. 
However, each one of these assumptions does represent a credible cost to the public of nuclear power. 
One can quarrel with the values assigned to the assumptions, but there is face validity to each of the
cost categories included in the model.  The cost categories the model embraced were:

• the capital cost of construction of all nuclear power plants
• the lifetime cost of fuel, operation and maintenance of nuclear power plants
• the cost of decommissioning nuclear power plants, including stewardship of the radioactive

wastes yielded during decommissioning.
• the costs to the DOE for perpetual ownership and maintenance of reclaimed uranium mill

tailings impoundments when title to them is given to the DOE by the operator in accordance
with Title II of the Uranium Mine Tailings Radiation Control Act.

• the costs of uranium enrichment in the four federal facilities which have done all this work for
the nuclear power industry, including their cleanup and waste disposal cost estimates; and the
cost of long-term high and low-level waste storage from the nuclear energy program in
Carlsbad and Yucca Mountain.

• the costs of external security services which nuclear power plants do not pay for
• estimated costs to society from nuclear accidents which caused damage the taxpayer pays for

above the damages cap provided for in federal law.

I see three features of this model which are the least credible or certain, “true” values for which might
cause major change downward in this “true lifecycle cost” per kWh derived from nuclear power in the
U.S:

(1) The model assumed all currently licensed reactors in the U.S. would be decommissioned when their
initial operating licenses expired.  In fact, nuclear power utilities are applying for license extensions of
20 years.  If these license extensions are granted, as seems likely, and major capital expenditures or
mishap expenses are not encountered by the facilities during their extended operational lifetime, then
the number of kWh generated by the nuclear power system will rise by about 66 percent without a
corresponding rise in system capital and fuel cycle waste costs.

(2) The model assumed that there would be nuclear accidents producing billions in damages which
would be paid for by both the industry and the taxpayer, based on a stochastic risk model.  If no
nuclear mishap occurs during the life of the nuclear power industry in the U.S., then no costs will be
entertained in this category, which cuts billions from the costs totaled by the model.
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(3) The model made a number of assumptions about the cost of spent nuclear fuel waste handling,
disposal, and permanent isolation based on the Yucca Mountain + Carlsbad retrievable storage model
that was on the table at the time the model was constructed in the 1990's.  Nuclear engineer Robert
Pattison and I have had a lively exchange in which he has demonstrated that it is feasible to reprocess
these wastes, greatly reducing the volume and half-life radioactivity of materials which have to be
sequestered as waste.  I recommend the adoption of the solution for long-term storage and isolation of
these nuclear wastes proposed by Robert A. Heinlein: vitrify the wastes into glass bricks as is done in
France, then build replicas of the Great Pyramid of Cheops in dead sea basins remaining from
prehistoric Lake Bonneville in western Utah with them.  The vitrified bricks do not emit enough
ionizing radiation to be hazardous without long-term exposure, and the radionucleides are bound in the
silicon matrix which erodes at the same rate as native uranium ores, thus automatically limiting release
of nucleides into the air and water to a rate undifferentiable from ambient, native sources of these
materials.  If the nuclear energy program in the U.S. would copy the successful features of waste
processing and sequestration used in Europe and Japan, rather than the highly expensive and
technically shaky policy we are pursuing here, it appears possible that the short and long-term costs of
waste handling, processing, and isolation could be greatly reduced from the high figures used in the
model which describe the cost consequences of our current politically-driven approach.

Features of this model which cannot be adequately costed due to uncertainty about what will be
required to deal adequately with certain categories of nuclear waste from commercial nuclear activity:

(1) Greater Than Class C Wastes: The Department of Energy started a multi-year process on July 20,
2007, to determine how to dispose of “Greater Than Class C” (GTCC) wastes that have no designated
disposal site or method.  Less radioactive low-level wastes, Class C or lower, are generally disposed of
by covering them with a few feet of dirt in situ.  GTCC wastes to be dealt with contain 140 million
curies of radioactivity, more than 10 times the radioactivity of the materials slated for disposal at the
Waste Isolation Pilot Project salt cavern near Carlsbad, NM.  GTCC wastes come from commercial
nuclear power plants.  110 million curies of the GTCC wastes result from “activated metals” in the 122
active or decommissioned power plants in the USA - metals in and around the reactors in these plants
become intensely radioactive due to particle bombardment over the decades.  By 2035, the DOE
projects they will have some 1,700 cubic meters of “GTCC-like” wastes containing 2.4 million curies
from “sealed sources” and “other” to dispose of.  “Sealed source” consists mostly of small sealed
radioactive materials containers used in medicine, testing oil and gas pipelines, and the like.  “Other”
constitutes transuranic waste: over 75% of the volume and 90% of the curies of radioactivity from the
nation’s only commercial reprocessing site at West Valley, Nevada, consists of this “other” GTCC-like
waste.  However, more than 60% of the volume and 80% of the radioactivity projected in “GTCC-
like” “other” waste comes from the Radioisotope Power Systems project, which provides electrical
power supplies for space satellites and some weapons.

The cost per kilowatt hour for nuclear energy in 2004 dollars derived from the MIT study which
considered only the first three items above in its “levelized cost” model is 9.8 cents per kilowatt hour
delivered.  Given this, addition of externalized costs for waste handling and fuel enrichment has to
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push this figure up over 10 cents per kilowatt hour.  Fifteen cents may prove to be a credible figure; the
issue needs to be substantially explored by an unbiased and credible body of scientists and economists.

Nuclear Energy As A Cost-Effective Climate Change Abatement Tool

Elsewhere Dr. Lovins stated: “the thousand or so best electricity-saving innovations now on the
market, if fully implemented throughout the United States, would displace over half of all the
electricity the country now uses.”  Since the Arab oil embargo of 1973, about 80 percent of increased
U.S. energy demand has been met with savings, not new generation.

Lovins notes we have been trying to make nuclear power cost-effective for half a century.  Are we
there yet?  How would we know?  He asks “would nuclear advocates simply agree to de-subsidize the
entire energy sector, so all options can compete on a level playing field?”  From my long association
with renewable energy practitioners and advocates, I know that de-subsidizing the energy sector is
their preferred national policy.  Lovins speaks longingly of the prospect that a state government might
create a “subsidy-free zone” in which all ways to save or produce energy could compete fairly and at
honest prices, regardless of what kind they are, what technology they use, or who owns them.  “Who
could be against that?” he asks.

NRDC calculated how many nuclear reactors the world would need to build in lieu of new fossil-fueled
plants to measurably curb the rise in global temperature.  If we added 700 gigawatts of nuclear
capacity, about twice the current world nuclear capacity, by 2050 and continued to operate these plants
through the end of the 21  century, it would prevent a global temperature increase of about 0.36 degreest

Fahrenheit.  Fueling these new facilities would require about 15 new uranium enrichment plants and
another 14 Yucca Mountain-size geologic repositories to dispose of the spent fuel from them.  The
spent fuel rods would contain one million kilograms of plutonium.

According to reports from the Massachusetts Institute of Technology, the Institute for Energy and
Environmental Research, and others, between 1,000 and 2,000 new nuclear power plants would need
to be built worldwide by mid-century to achieve a noticeable reduction in carbon dioxide emissions. 
Given the long construction time and capital intensiveness of nuclear power plants, it is clear that
building this many reactors in that time is not feasible.  Even if it were, this number of reactors would
generate five times as much high-level nuclear waste as currently, requiring the opening of a Yucca
Mountain repository equivalent every three to four years.  Only 9 percent of total annual human
greenhouse gas emissions result from electricity generation.  On the other hand, 93 percent of the more
potent greenhouse chlorofluorocarbon gases are produced from uranium enrichment.

Dr. Arjun Makhijani’s calculations are, that to displace coal plants for electricity generation, we would
have to build about one nuclear power reactor a week for 40-50 years.  The world would have to build
two or three uranium enrichment plants every year to meet the demand for fuel.  And, every nuclear
reactor produces about 250 kilograms of plutonium per year, sufficient to build 30- 50 nuclear bombs
per year per reactor.
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A 2004 analysis in Science by Stephen Pacala and Robert Socolow, co-directors of Princeton
University’s Carbon Mitigation Initiative, says 700 gigawatts of new nuclear generation - roughly
double the output of the world’s 443 current operating reactors - would be needed to achieve just one-
seventh of the greenhouse gas emission reductions (at current emission rates) required to stabilize
atmospheric carbon concentrations at 500 parts per million.  Pacala and Socolow identify 15
technologies or practices now in commercial operation somewhere in the world and say that scaling
any seven of them up could stabilize carbon emissions over the next 50 years.

Proposals to Lower the True Market Cost of Nuclear Power Production

One way of lowering the environmental cost of nuclear power production is to eliminate mining and
milling activity which generate toxic wastes, and reduce both the amount and radioactive half-life of
the post-reactor fuel waste stream.  Phil Carlson, M.D., writes of this potential: “It is highly likely that
through the Global Nuclear Energy Partnership spent fuel will eventually be reprocessed to reclaim 98
percent of the unused fission energy.  The remaining fission byproducts are radioactive for only 200
years.  Reprocessing makes storage and security magnitudes easier by markedly reducing volume and
half-life and by eliminating plutonium and other elements.  It also is highly likely that in the not-too-
distant future we can minimize uranium mining altogether because the spent fuel rods will have ample
energy after reprocessing to keep us supplied for hundreds of years.”

However, a July 2000 report commissioned by the French government concluded that reprocessing of
nuclear fuel rods is uneconomical, costing about $25 billion more than a normal fuel cycle for the
same volume of recovered fissile material.  The report also found that reprocessing did little to reduce
the amount of long-lived radioactive isotopes in the waste that had to be sequestered after reprocessing
was completed.  A separate study concluded that the Rokkasho reprocessing plant in Japan was
uneconomical, costing $20 billion and taking 12 years to build, which investment could not be
amortized within the facility operating lifetime by the value of recovered fissile fuels.  The cost of the
Rokkasho plant adding tons of plutonium to the nation’s waste stockpile was also not included in the
economic analysis which informed the government decision to build the plant.

The Fast Neutron Reactor: use of plutonium as fuel and conversion of nuclear waste from long-
lived to short-lived forms:

Fast neutron reactors are typically high-temperature reactors fueled by a plutonium and uranium blend
and cooled using an inert gas or liquid metal.  The light water reactors in use today in commercial
power generation use water to slow down neutrons and cool the reactor.

The history of fast neutron reactors is filled with safety and economic failures.  Fast neutron reactors
are more prone to safety problems because they operate with faster-moving neutrons at higher
temperatures, presenting control problems.  Since 1951, more than 20 of these reactors have been built
in 7 countries, all funded through government programs.  Only the French Phènix reactor, the Russian
BN-600 reactor, and the small experimental Joyo reactor in Japan still operate.  Both the French and
Russian reactors have leaked highly flammable sodium coolant, and an accident at the fuel fabrication
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plant for the Joyo reactor killed two workers in 1999.  The Phènix and Joyo reactors have operated less
than 50 percent of the time during their service lives due to ongoing safety problems requiring
shutdown.

In theory, fast neutron reactors would transmute long-lived wastes from spent fuel rods in light water
reactors into shorter-lived wastes, thus reducing the length of time that wastes from a nuclear power
program must be kept isolated in a geologic repository.  In practice, the rate of transmutation of these
wastes in existing fast neutron reactors has been low.  In addition, the short-lived wastes generate far
more heat by volume, presenting disposal challenges.  Fabrication of fuel rods for the fast neutron
reactors has remained problematic and dangerous.

Due to the materials and cost of building fast reactors, they would cost significantly more to construct
than light water reactors of the same generating capacity.  Under the partnership plan to address
geologic waste disposal problems, the U.S. would need on fast reactor for every three light water
reactors to reduce the amount of waste that must be stored at a geologic repository.  Public Citizen’s
Energy Program estimates that, “To get 20 to 25 fast reactors built, U.S. taxpayers would have to shell
out $80 billion to $100 billion.”

Writing about reprocessing nuclear fuel rods in the Spring 2006 Union of Concerned Scientists
Catalyst, Edwin Lyman and Lisbeth Gronlund make these points:

1. Because pure plutonium is not highly radioactive it can be handled without serious harm,
making it an attractive target for terrorists.  In contrast, nuclear fuel rods are so radioactive that
exposure of one hour one yard away is lethal.

2. The chemical process (PUREX) currently used to reprocess spent nuclear fuel rods produces
only plutonium.  “The uranium recovered from reprocessing is so impure that it is generally not
suitable for reuse and must be disposed of as low-level waste.”

3. “Used fuel assemblies are reasonably stable when carefully stored.  But in a reprocessing plant,
the spent fuel rods are chopped up and dissolved in hot acid, releasing radioactive gases that
can escape into the environment.  The process also involves solvents and other volatile
materials that, if not handled properly, could explode and disperse radioactive materials over a
wide area.  For these reasons, the risk of a serious release of radiation is much greater at a
reprocessing plant than a well-designed spent-fuel storage facility.”

4. Several foreign reprocessing plants have lost track of enough plutonium to make 10 or more
nuclear weapons, and needed months or even years to detect and then account for the shortfall.

5. The reprocessing plant itself becomes contaminated and must be disposed of as radioactive
waste when decommissioned.

6. “To significantly reduce the amount of waste requiring underground disposal, spent fuel must
be reprocessed and reused many times in an advanced ‘burner’ reactor, which has yet to be
developed and faces serious technical obstacles.”

7. The DOE estimated in 1999 that it would cost more than $310 billion in 2005 dollars - and take
117 years - to repeatedly reprocess and reuse all the spent fuel existing U.S. reactors will have
generated by the end of their lifetimes.
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8. Even if Yucca Mountain’s license is approved, a second repository will be required to
accommodate the waste being generated by existing reactors.

Historic costs of plutonium production and reprocessing efforts: As of 2007 there are an estimated
25,000 nuclear warheads stockpiled worldwide, of which 95 percent belong to the United States and
Russia.

Between 1944 and 1988, the United States built and operated 14 plutonium-production reactors at
Hanford, Washington and Savannah River Site, South Carolina, to produce about 100 metric tons of
plutonium for nuclear weapons.  Through 1994, the DOE estimated that nuclear weapons research,
production, and testing had cost more than $300 billion. Plutonium and uranium for weapons was
extracted from the fuel rods from these reactors through chemical separation reprocessing. 
Reprocessing generated 105 million gallons of highly radioactive chemical waste.  Cleanup at the
Hanford, Savannah River and Idaho reprocessing sites is expected to continue for decades, cost over
$100 billion, and leave significant contamination in some sites so that they will be off-limits for any
agricultural or other human use forever.

The only commercial reprocessing facility in the U.S. operated from 1966 to 1972 at West Valley, New
York.  To reprocess 640 metric tons of uranium, West Valley generated 600,000 gallons of liquid high-
level waste along with spent fuel rods and transuranic and low-level waste.  Groud water and soil was
contaminated at the site.  In 1980, the DOE estimated that cleanup costs for the site would be $285
million, 10 percent to be paid by New York State and the rest by federal taxpayers.  Adjusting for
inflation, this estimate would be $675 million in 2005 dollars.  In fact, New York state has spent
around $200 million and federal taxpayers about $2 billion on cleanup of the West Valley site to date,
with another $550 million more in federal dollars estimated to finish the job.  One wonders about this
estimate since all the high-level and transuranic waste generated from reprocessing is still on site at
West Valley.

Economic and environmental costs of nuclear fuel production alternatives:

A new uranium rush is on in the intermountain west.  More than 8,500 mining claims have been filed
for uranium in 2005, so far, and several uranium mines are re-opening in Colorado and Utah. 
Breathless articles about this new uranium frenzy say that nuclear reactors worldwide need 180 million
pounds of uranium per year and only 100 million is being mined.  In fact, most of that difference was
supplied from reprocessing nuclear wastes, used fuel rods, and atomic bombs, not from reserves.

In 2004, the world production of new uranium yellowcake from mining and milling ore was 36,263
metric tons ("tonnes").  66,658 tonnes were provided to operators of nuclear reactors in the same year. 
The difference was made up by nuclear fuel obtained from down-blending 90% enriched weapons-
grade "high enriched uranium" and from processing of "Uranium enrichment tailings" and used reactor
fuel rods.  In 2005 the World Nuclear Association says approximately 70,000 tonnes of yellowcake
were consumed by the world nuclear industry, 45% from secondary sources; the 2003 projection for
the next 50 years by the WNA was 70,000 tonnes a year; with 35% of the yellowcake production being
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from secondary sources by 2010.  Even at the most optimistic of nuclear power growth projections,
uranium consumption by power plants would top off at 125,000 tonnes per year by 2025.

In the United States alone, we have 686,500 tonnes of Uranium Enrichment Tailings stored in
containers outside nuclear fuel processing facilities.  These tailings are what is left after yellowcake is
turned into uranium hexafluoride gas and a portion of the uranium is concentrated by gaseous diffusion
technology into fuel pellets for fuel rods. The Department of Energy is currently building two
reprocessing plants to convert the uranium in these tailings into nuclear fuel using centrifuge
enrichment technology.  100 tons of Uranium Enrichment Tailings produces as much nuclear fuel as
62 tons of uranium ore when processed.  The amount of Uranium Enrichment Tailings on hand in the
U.S. alone would supply the world's uranium needs for thirteen years at current use levels.

World stockpiles of weapons-grade high-enriched uranium were 1900 tonnes in 2003.  On ton of HEU
yields the same amount of nuclear reactor fuel as 360 tons of uranium yellowcake.

Finally, we have over 90% of the original uranium remaining in used nuclear reactor fuel rods.  France
currently reprocesses their fuel rods to recover the unspent uranium and convert it back to the correct
concentration in new fuel rods. Currently "spent" fuel rods in the United States are stored in water-
filled pools on nuclear reactor campuses around the country awaiting the opening of the Yucca
Mountain repository in which they are to be entombed.  The amount of waste already in storage at
nuclear facilities will fill Yucca Mountain’s 63,000 metric ton capacity if the facility ever actually
opens.  Since each pass through the reactor only depletes about 6-8% of the uranium in a fuel rod
before its concentration becomes too low to sustain a controlled fission reaction in the engineered
reactor environment, in theory we could turn one ton of nuclear fuel originally supplied from a
uranium enrichment facility into 5.5 tons of usable uranium fuel equivalent (this allows for processing
losses and inefficiencies in reprocessing of fuel rods). 

In President Bush’s Global Nuclear Energy Partnership (GNEP) program, the administration proposes
to develop new technologies to extract plutonium, uranium, and other transuranics from these spent
nuclear fuel rods for insertion into a new generation of “burner” reactors which are designed to use the
mixed transuranic + uranium fuel  In its FY 2007 federal budget request, the Bush administration
included $243 million for the Advanced Fuel Cycle Initiative to develop new fuel reprocessing
technologies.  These new technologies would be used to reprocess fuel from existing commercial
reactors and new generation reactors to “support an expanding role for nuclear power in the United
States.”  Of that amount, $155 million is initial funding for a engineering scale Uranium Extraction
(UREX+) demonstration reprocessing plant.  UREX+ is scheduled in the budget request to be
operational by 2011.  GNEP’s rationale states that this reprocessing will yield little waste volume
which requires geologic disposal, and these radioactive wastes from reprocessing will be relatively
short-lived compared to the high-level radioactive “wastes” currently in the fuel rods which are slated
for geologic disposal.

In the case of used fuel rods from commercial nuclear reactors, uranium enrichment tailings, and
weapons-grade high-enriched uranium, human society has already sustained the environmental costs of

The Renewable Deal – Edition 2  – April 2010 Page 220



mining, milling, and concentrating uranium ore to produce enriched uranium.  Human society now has
in hand a radioactive substance produced by the uranium enrichment process which poses ongoing
environmental hazards and containment costs.  An intelligent species might be expected to choose to
first process these wastes and products to remove usable fissionable fuel from them, thus reducing the
containment cost and environmental risk of their continued presence in the environment.  Only when
all the existing products and wastes from uranium enrichment which can yield uranium for fuel rods
are processed and disposed of does it make environmental sense - and probably economic sense in
terms of reduction of containment costs and risk of damage from containment failure or diversion of
fissionables by bad actors - to initiate additional mining and milling of uranium ores.  In situ, the
uranium ore is not an environmental hazard and poses no potential cost to the human economy;
instead, it is natural capital “in the bank” which can be utilized if needed.  Let's deal with the uranium
ore that has already been liberated into the environment and does pose an environmental hazard and
potential cost to the human economy before adding to the inventory of hazardous radioactive uranium
enrichment products and by-products and thus the risk and containment costs which our human
economy must bear.

Let us now review the inventories of known uranium ore reserves, and then the amount of uranium ore
equivalents available from reprocessing uranium enrichment tailings and weapons-grade high-enriched
uranium to derive fuel for commercial nuclear reactors.

Nuclear Fuel Source Available Inventory Uranium Ore Equivalent

Uranium Ore 4,743,000 tonnes of U
(WNA, 2005 - IAEA)

4,743,000 tonnes of yellowcake
extractable at $80 per pound or

less

Uranium Enrichment Tailings 686,500 tonnes; 100 tonnes = 62
tonnes ore uranium yield

425,630 tonnes
(U.S. tailings only)

High-enriched uranium 1,900 tonnes; 1 tonne = 360
tonnes yellowcake

684,000 tonnes
yellowcake equivalent

If one only utilized nuclear fuel derived from reprocessing uranium enrichment tailings in the U.S.
alone and high-enriched weapons-grade uranium worldwide, one would derive 1,109,630 tonnes of
yellowcake equivalent to put into new fuel rods.  At the 50-year WNA projected average consumption
rate of 70,000 tonnes per year to supply nuclear reactors worldwide with fuel, fuel from these two
secondary sources alone would last 15.85 years.  Russia has the equivalent of 300,000 tonnes of
yellowcake available in its un-reprocessed uranium enrichment tailings; Russia has already produced
3,000 tonnes of yellowcake for the world uranium market from reprocessing these tailings in recent
years.
Then we have the feedstock potentially available from reprocessing spent nuclear fuel rods in storage
at nuclear power plants in the United States from past operations, and recovery of transuranic and
uranium fissionables from all fuel rods used in nuclear power plants in the future after reprocessing is
established.  I have to infer the amount of fuel recoverable from spent fuel rods produced in the U.S. to
date: the amount is allegedly enough to fill Yucca Mountain which has a capacity of 63,000 tonnes,
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and you can get an estimated 5.5 tonnes nuclear fuel equivalent by reprocessing each tonne of
yellowcake originally used to make these fuel rods.  Thus, it appears we might derive 346,500 tonnes
of yellowcake equivalent simply from reprocessing existing inventories of U.S. spent fuel rods, which
is enough to supply the entire world with fuel at 70,000 tonnes a year for 4.95 years.

However, if we have a worldwide nuclear fuel reprocessing technology in place by circa 2025 as
aspired to by GNEP, with new burner reactors utilizing reprocessed transuranic + uranium fuel rods,
then four-fifths of the yellowcake equivalent of fissionables put into new fuel rods will be from
reprocessing, and only one-fifth needs to be new yellowcake from either secondary source reprocessing
or from mining, milling, and enriching uranium ore.  If the nuclear nuclear power program aspired to
in GNEP is operating in 2025, consuming 125,000 tonnes of yellowcake fuel input a year, then
100,000 tonnes of that input to new fuel rods would be from reprocessing spent fuel rods and only
25,000 tonnes would need to be “new” yellowcake.  This thumbnail analysis does not take into account
the additional spent fuel rods which will be generated by the world nuclear industry during the interim
before the projected UREX+ reprocessing technology is developed and implemented, which then
become an additional fuel source.  This analysis also does not take into account that reactor operators
had 110,000 tonnes of uranium fuel in inventory at power plants in 2005.  However, assuming that
70,000 tonnes of uranium is put into fuel rods each year from 2007 until 2025, and that 35% of that
uranium will be from secondary sources throughout that 18-year period per the WNA’s projections,
then of the 1,260,000 tonnes of yellowcake needed, 441,000 tonnes would come from secondary
sources, leaving an inventory of 854,630 tonnes of secondary material still available from Russian and
U.S. uranium enrichment tailings and high-enriched weapons uranium sources.  If one then operated
the GNEP world nuclear energy program on four-fifths reprocessed fuel at 100,000 tonnes a year and
uranium from secondary sources at 25,000 tonnes per year, one would be able to support this world
nuclear industry with fuel without mining one pound of uranium ore for a period of 34 years.  This
pattern of supply for nuclear power would steadily decrease inventories of nuclear waste and weapons-
grade uranium worldwide, lowering environmental and economic risk associated with the quarantine
of these materials from escape into the environment and with possible failures of containment.

The historic “finding cost” - the cost of finding and identifying mineable uranium ore deposits - is
estimated at about $0.60/pound or $1.50 per kilogram of Uranium.  The cost of recovery of uranium
oxide have been in the $15-25 per pound ($33-55 per kilogram) range for 20 years.  However, uranium
mining companies in the United States get a “percentage depletion allowance” of 22 percent, the
highest rate of all depletion allowances for minerals.  This gives uranium mining companies a tax
write-off for the market value of what they have extracted - a significant subsidy since it often exceeds
actual investment in the mine’s infrastructure.\
According to the World Nuclear Energy 2005 Symposium held by the International Atomic Energy
Agency, world recoverable (at $80 per kg or less cost) Uranium resources as of 2005 and then revised
in 2007 to accommodate new information were known to be:

Country 2005
Tonnes Uranium

World
 Percent

2007
Tonnes U

World 
Percent
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Australia 1,143,000 24% 1,243,000 23%

Kazakhstan 816,000 17% 817,300 15%

Canada 444,000 9% 423,000 8%

USA 342,000 7% 339,000 6%

South Africa 341,000 7% 435,000 8%

Namibia 282,000 6% 275,000 5%

Brazil 279,000 6% 278,000 5%

Russian Federation 172,000 4% 545,000 10%

Uzbekistan 116,000 2% 111,000 2%

All Other Countries 808,000 18% 1,003,000 18%

WORLD TOTAL 4,743,000 5,469,000

The percent increase in recoverable Uranium reserves known to the WNA at $80/pound between 2003-
2005 was 34 percent, or 1,206,000 tonnes.  Between 2005 and 2007 the increase was 13 percent, or
726,000 tonnes.

Assuming that additional increases in known reserves equal withdrawals from those reserves for
nuclear fuel production between 2007 and 2025, that the reprocessing and burner reactor system of
GNEP is up and running in 2025, and that the world nuclear energy then uses up secondary sources to
supplement reprocessing fuel recovery for 34 years before turning to mining and milling new ore for
nuclear fuel; then mining, milling and enriching uranium would have to resume in 2059.  With
ongoing reprocessing supplying four fifths of each year’s new fuel rod production contents each year,
this 4,743,000 tonnes of recoverable Uranium would last 189.72 years at 25,000 tonnes a year
depletion.

At the 2007 World Nuclear Association symposium, uranium demand was projected through 2030
under medium, low, and high demand scenarios.  The medium demand scenario is 65,000 tonnes a
year consumed.  The high demand scenario is 110,000 tonnes a year consumed, assuming a fleet of
new nuclear reactors is built. <www.world-nuclear.org/sym/subindex.htm>  The 2007 estimated world
recoverable Uranium total of 5,469,000 tonnes would last 49.7 years at 110,000 tonnes a year usage.
Ninety percent of the energy inherent in uranium ore is in the form of Uranium 238, which cannot now
be used.  In order to make it into a fuel, you have to convert it into plutonium in a breeder reactor. 
According to Dr. Arjun Makhijani, the French built a 1,250 Megawatt breeder reactor, but it only
operated for 14 years at an average of 7 percent capacity before they closed it down.

The number of tonnes of uranium ore that can be recovered at a yellowcake price of $18/pound or less,
less than $36/pound, and less than $60/pound by country is estimated to be:
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COUNTRY Resources
Recoverable

at Price

Inferred
Tonnes

Uranium

Percent
Change

2005-2007

Reasonably
Assured

Tonnes U

<$18/pound 487,000 +144 0

Australia <$36/pound 502,000 +142 0

<$60/pound 518,000 +122 725,000

Canada <$18/pound -17 270,000

<$18/pound 282,000 +153 236,000

Kazakhstan <$36/pound 407,000 +153 344,000

<$60/pound 439,000 +137 378,000

<$18/pound 13,000 +13 21,000

Niger <$36/pound 31,000 -14 44,000

<$60/pound 31,000 -14 243,000

<$18/pound 36,000 +14 0

Russia <$36/pound 323,000 +282 48,000

<$60/pound 373,000 +332 172,000

<$18/pound 120,000 +65 115,000

South Africa <$36/pound 137,000 +65 206,000

<$60/pound 151,000 +65 284,000

<$18/pound 0

United States <$36/pound 99,000

<$60/pound 339,000

*Reasonably Assured Resources have sufficient direct measurement to establish a high confidence in
the estimates of grade and tonnage generally compatible with mining decision making.  Inferred
Resources have a lower degree of confidence than RAR and generally require further direct
measurement prior to making a decision to mine.  Source: Uranium Red Book 2008.

This table’s detail illustrates the point that world uranium reserve numbers used by the International
Atomic Energy Agency, Organization for Economic Cooperation and Development - Nuclear Energy
Agency, et al, are a combination of known minable reserves and inferred reserves which have not been
evaluated as to their mine-ability.

Note that the United States has zero uranium resources recoverable at a cost of less than $18 a pound. 
In the cost-of-recovery category of under $36/pound, the U.S. has an estimated 99,000 tonnes, less
than 5 percent of the world total of 2,300,000 tonnes.  The figures for U.S. uranium reserves are from
2003 with no change since.
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Economic and Environmental Costs of Nuclear Power Reactors

On an idyllic country road in Connecticut sits what is left of the Connecticut Yankee nuclear power
plant.  After shutting down in 1996, the 590-megawatt reactor is to complete its decommissioning as
of late 2006.  When decommissioning is complete, over 136,000 metric tons of soil, concrete, metals,
and other materials will have been removed from the site at a cost of more than $400 million to the
area’s electricity consumers.  The last part of the decommissioning was to disassemble the 35,000
metric tons of steel-reinforced concrete forming the containment dome for the reactor.

The directors of the Connecticut Yankee Atomic Power Company had discovered that it was far
cheaper for them to purchase power in the then-newly-deregulated electricity market than to generate it
with the aged nuclear reactor.  If they had waited to shut down the reactor, they might have sold it
instead.  Around 2000 companies such as Exelon Corporation, a merger between Chicago-based
Commonwealth Edison and Pennsylvania-based PECO, and the Louisiana-based Entergy Corporation
emerged.  These companies began buying nuclear reactors.  By 2002, 10 corporations owned all or part
of 70 of the nation’s 103 operating reactors.

According to the International Atomic Energy Agency, nine new nuclear plants have gone online 2004-
2006: three in Japan, two in Ukraine, and one each in South Korea, India, China and Russia.  At the
same time two nuclear plants in Canada were restarted, and Canada is considering building a new
reactor.  In 2006 23 new nuclear plants were under construction around the world, including one in
Finland which is the first in Europe since the Chernobyl disaster in 1986.  France, whose 58 reactors
provide approximately 80 percent of the national electricity supply, is building a new plant at
Flamanville in northern France utilizing the same EPR standardized design as the Finnish plant.  The
British are considering new reactors to replace their aging fleet of 31, most of which are due to retire
by 2020.

Both the EPR plants under construction in Europe are suffering huge cost over-runs and delays in
construction.  The Finnish plant, started in 2005, is $2 billion over-budget, twice its original cost
estimate, and two years behind in its construction schedule.  The cause is discovery of construction
defects: bad concrete castings, bad metal castings and welds.  Parts of the nuclear power plant have
had to be torn down and rebuilt.  The French nuclear power company AREVA initially blamed this
problem on incompetent Finnish contractors, but now is experiencing the same construction flaw
problems in the identical EPR plant under construction in Flamanville, France.  Consequently, the pro-
nuclear European Energy Agency issued an opinion paper estimating that a 1,500 megawatt nuclear
power plant cannot be built for less than $8 billion U.S., instead of the $2 billion cost each AREVA
had been advertising.  In addition, nuclear regulators in France, Finland and the United Kingdom have
raised safety concerns about the EPR plant design, which AREVA was marketing as safer than
previous nuclear power plants.  This fiasco has apparently queered sales of the AREVA nuclear power
plant design to the United Arab Emirates. 

In the United States, the Nuclear Regulatory Commission told Toshiba’s Westinghouse Corporation
that its “standardized” AP-1000 nuclear reactor design might not withstand hurricanes, tornadoes or
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earthquakes.  The nuclear industry had advertised the AP-1000 as a standardized “cookie-cutter”
design that would make reactor permitting, construction, and operation easier to manage.  Regulators
in Florida and Georgia have already approved large electrical rate increases on customers in utility
districts there in order to pay for constructing new AP-1000 nuclear power plants to serve the utility
customers.

There are three major arenas of environmental impact which inevitably result from construction of a
nuclear reactor. 

First, nuclear power is not “carbon free” on a cradle-to-grave basis.  Fossil fuel energy is used
in the entire nuclear fuel chain - mining, milling, and enriching uranium for use as fuel; building of the
plants (particularly in producing the cement used), decommissioning the plants, and construction of
storage facilities for wastes from the plants.  The gaseous diffusion uranium enrichment plant in
Paducah, Kentucky, is one of the largest single consumers of coal-generated electricity in the nation. 
In his 2008 study of the carbon footprint of all electricity sources, Benjamin K. Sovacool concluded
nuclear power plants are responsible for up to 288 grams of carbon dioxide emissions for every
kilowatt-hour of electricity they produce (for comparison, natural-gas-fired power plants produce 443
grams).

Second, as illustrated by Connecticut Yankee, all the nuclear power plants built will eventually
have to be decommissioned, which is an unusually expensive process because of the risks posed by
radioactive contamination of components of the plants.

Third, the water environmental footprint of nuclear power generation is huge.  Depending on
the type of cooling system used, a nuclear reactor consumes between 3.4 and 6.3 million gallons of
water per megawatt of capacity.  The U.S. Department of Energy says that between 445-870 gallons of
water are consumed by a nuclear power plant for every megawatt-hour of energy produced; the nuclear
power plant requires utilization 25,000 to 60,000 gallons of water for every megawatt-hour of energy
produced.  To put this in perspective, the entire 2007 consumptive water use of both the Spanish
Valley, Utah, culinary and irrigation water systems was sufficient to cool 285 megawatts (19 percent)
of a single 1,500 megawatt nuclear reactor using the most water-efficient cooling system type. 
Natural-gas-fired power plants consume 118-201 gallons of water per megawatt-hour of electricity
produced, and coal-fired power plants consume 330-550 gallons per mwh, according to the DOE.

The manufacture of fuel for nuclear reactors has been highly subsidized.  When the nation’s two
uranium enrichment plants were privatized into the U.S. Enrichment Corporation in 1998, the
government retained liability for the waste clean-up associated with operation of uranium enrichment
facilities, an ongoing endeavor with a price tag in the billions at taxpayer expense.

Nuclear plant owners also took advantage of highly accelerated depreciation and investment tax credits
in the early 1980's.  These accounting mechanisms significantly reduced the capital costs of the
reactors to their owners by reducing the tax revenues collected by the government.
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Even so, after states began deregulating electricity markets in the 1990s, utilities with nuclear plants
found they needed to charge much more than the market rate for electricity to pay off their remaining
debt, or “stranded costs,” in nuclear power plants and stay competitive with other electricity sources. 
State after state changed the rules to allow utilities to pass on these stranded costs to ratepayers as a
surcharge on their electric bills, a gift to the nuclear industry that by 1997 was worth $98 billion in
additional revenues.

Before deregulation, nuclear reactors were typically built by investor-owned utilities and operated
under “cost-of-service regulation.”  This enabled the utilities to enjoy stable rates based on their actual
costs of nuclear power production rather than electricity sales at market prices, which fluctuate.  With
these stable rates based on production costs stripped away, the usual risks of operating nuclear plants,
such as unexpected shutdowns for maintenance or because of safety problems, became more severe.  

The ratepaying public is also responsible for the costs of dealing with the spent fuel, estimated to total
$60-100 billion for the current fleet of 103 reactors, and for the cost of decommissioning the plants.

The 1957 Price-Anderson Act, which was renewed, shields nuclear power plant owners from the lion’s
share of accident liability by capping it at $300 million in primary liability plus $95.8 million that the
utility responsible for the accident and the nation’s other nuclear utilities would contribute per reactor
into an insurance pool ($15 million annual installments over six years).  That results in an insurance
pool of approximately $10 billion.  By contrast, the cost of the Chernobyl accident is estimated at circa
US $350 billion, and cost liability from a serious accident at New York’s Indian Point 56 kilometers
north of New York City would be in the trillions.  Costs of clean-up and property loss compensation
above the Price-Anderson Act caps for the individual utility and nuclear industry insurance pool would
be paid for by the U.S. taxpayer.

Wild Card: Health Effects of Living by a Nuclear Reactor: The nuclear industry and
government regulatory agencies have long denied there are any health effects on neighbors of
commercial nuclear power plants.  Their reasoning is that all radiation is contained within the campus
of the power plant, and any escapes would be recorded by radiation monitoring equipment at the
periphery.  However, New York-based investigator Joe Mangano’s longitudinal study of health
statistics downwind or near eight U.S. nuclear reactors that closed in the 1980s and 1990s on the east
coast found “there were immediate and sharp declines in infant deaths, birth defects, and child cancer
incidence age 0-4" when neighboring reactors shut down.  Mangano also observes that “The highest
thyroid cancer rates in the U.S. are in a 90 mile radius of eastern PA/New Jersey/southern NY, an area
with 16 reactors at 7 plants, which is the greatest density in the U.S.”

If Mangano’s claims about increases in morbidity risk for these diseases as a function of proximity to
operating nuclear power plants is confirmed, it would combine with all the other considerations
analyzed in this chapter to further discourage operation of, much less new construction of, nuclear
power plants.

Wild Card: Health Effects of Uranium Production: Studies in India of community health
risks associated with proximity to uranium mines were conducted by Dr. Surendra Gadekar and Dr.
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Sanghamitra Gadekar and more recently by the Indian Doctors for Peace and Development, the Indian
affiliate of the International Physicians for Prevention of Nuclear War.

Health statistics were gathered in villages in the West Singhbuhm District.  One group of villages
sampled were within 2.5 kilometers of operating uranium mines and the others were about 30
kilometers from operating mines.  2,118 households were surveyed for health data in the near-uranium
villages (hereafter “local”), and 1,956 households in the “remote” villages.

1. 9.5% of newborns die of extreme physical deformity in the local villages, 1.7% in remote
2. 9.6% of women are unable to conceive in their first three years of marriage in local villages,

6.3% in remote.
3. 2.87% of people died of cancer in the local villages versus 1.89% in the remote villages during

the study period
4. 68.3% of the people in local villages die before the age of 62, versus 53.9% in remote villages.

Most of the world’s remaining uranium resources are located in third-world countries.  If mining those
resources is demonstrated to increase morbidity and mortality rates in nearby populations, and the cost
of those health effects is internalized to the cost of producing uranium fuel for electric power, it could
raise the cost of nuclear power relative to renewable power sources that have no fuel cycle or fuel
waste byproducts.

Wild Card: The Toshiba Small-Scale Nuclear Reactor: In February 2008 the U.K.
<www.engadget.com>  website that tracks high-tech developments worldwide announced that Toshiba
of Japan is well on its way to commercializing a small-scale nuclear reactor design.  The Toshiba
Micro Nuclear reactor is designed to power a single apartment building or city block; measures 20 by 6
feet, produces 200 kilowatts of power, can last up to 40 years and is targeted to produce electricity for
about 5 cents per kilowatt hour, according to company literature.  The Micro Nuclear reactor uses
liquid lithium-6 reservoirs instead of traditional control rods, and is said to be completely automatic
and fail-safe in its operation.  Toshiba has been testing the reactor design since 2005, and hopes to
install its first reactor in Japan in 2008 with marketing to Europe and America in 2009.

Another Wild Card: Lack of Nuclear Engineers, Nuclear Engineering University Degree
Programs, and University Research Reactors: According to the American Nuclear Society, there
were 65 nuclear engineering programs among higher education institutions in the U.S. in 1980; now
there are fewer than half that.  The Nuclear Regulatory Commission reports that there are only 24
research nuclear reactors on-line at universities today, down more than half from 1980.

The American Nuclear Society (ANS) reports a massive shortage of qualified nuclear power plant
workers if the demand for nuclear power does take off.  The ANS estimates that 700 nuclear engineers
would need to graduate per year to support potential demand.  In 2009, 249 new engineers are
predicted to graduate.  This represents 2-3 times as many nuclear engineering graduates as there were
five years ago.  In the university system there is an overall shortage in lab space, facilities, and
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competent junior faculty.  Without research reactors available, nuclear engineering students cannot
acquire real-life reactor experience.

National Nuclear Initiatives as of 2007

The Bush administration has pursued two nuclear initiatives.  The first aims at developing a whole new
generation of nuclear weapons to replace the current aging U.S. nuclear arsenal.  “Complex 2030",
nicknamed “the Bombplex,” at public hearings around the United States in November and December
2006 held near the sites where components of the program would be performed (see below), among the
hundreds of people who commented a third supported the initiative.  At national laboratory community
sites Livermore, CA, and Albuquerque, NM, nobody spoke in favor of the Bombplex initiative.  At the
four hearings held in New Mexico, most commenters noted that the Bombplex initiative violated the
nation’s Non-Proliferation Treaty obligations and insisted that the government comply with the Non-
Proliferation Treaty through good faith efforts to achieve nuclear disarmament.  Many asked what the
strategic role was for nuclear weapons in an environment in which the enemies the United States is
fighting are not state-based, but are instead terrorists using guerilla tactics, thus presenting no target of
opportunity for high-yield bombs to disrupt.

Currently the National Nuclear Security Administration within the Department of Energy spends $1.8
billion a year on Special Nuclear Materials (SNM) operations.

The second initiative is the “Global Nuclear Energy Partnership,” whose broad aim is to offer
government subsidies to induce a new generation of commercial nuclear power plants to be built in the
United States and elsewhere in the world.  The rationale for the initiative is that nuclear power
produces no greenhouse gases and is therefore the answer to abating global climate change.  The
critique of that rationale’s practicality is spelled out above.

This section presents information on the history and structure of these initiatives to date:

Complex Transformation nee Complex 2030: The semi-autonomous nuclear weapons part of
the Department of Energy, the National Nuclear Security Administration, presented a programmatic
environmental impact statement (PEIS) for the following program in the initial public hearings on the
PEIS held around the United States near the proposed program sites in November-December 2006:

• The Pantex Plant, near Amarillo, Texas would continue to assemble and disassemble all
nuclear weapons

• The Lawrence Livermore (CA) and Los Alamos (NM) National Laboratories are the weapons
design laboratories

• The Sandia National Laboratories (in NM and CA) develop the non-nuclear components of the
weapons

The Renewable Deal – Edition 2  – April 2010 Page 229



• Y-12 in Oak Ridge, Tennessee manufactures the highly-enriched uranium secondaries

• The Savannah River Site extracts tritium and maintains the tritium reservoirs (feedstock for
hydrogen bombs)

• The Nevada Test Site is the underground test site used to test the next-generation nuclear
weapons.

• The PEIS process aims to inform the decision of where to site the “consolidated plutonium
center” which would manufacture 125 new plutonium pits per year for the new weapons the
Bombplex would build and maintain for the rest of the century.  DOE wishes to have this
plutonium center in full operation by 2022.  In the meanwhile, Los Alamos manufactures any
new plutonium pit in its small-capacity facility, the only one in the nation.

The DOE did not issue a new PEIS for this complex.  Instead, the PEIS presented is described as a
“supplement” to the “Stockpile Stewardship and Management” PEIS issued in 1996.  The problem
with this is that the 1996 PEIS was not for a program which included the design, manufacture, and
testing of a new generation of nuclear warheads.

In the hearings concerning the siting of the “consolidated plutonium center” to manufacture 125 new
plutonium pits a year for new warheads, critics cited the unclassified, congressionally-mandated report
issued by the Department of Energy on November 30, 2006, which found that existing plutonium pits
maintain their operational capabilities for at least 100 years.  Obviously, the new pits would be for
different weapons than are now in the U.S. nuclear arsenal, since the pits in existing weapons can be
re-cycled by the Pantex Plant into new weapons assemblies built to maintain existing nuclear arsenal
operability.

In fact the Bush administration had described the new designs and “new missions” for “Reliable
Replacement Warheads” in its Nuclear Posture Review, submitted to Congress on December 31, 2001. 
These new missions included development of the “bunker buster” nuclear bomb and other “more
usable” (read tactical) nuclear weapons.

Critics point out that Article VI of the Non-Proliferation Treaty reads, “Each of the Parties to this
Treaty undertakes to pursue negotiations in good faith on effective measures relating to cessation of
the nuclear arms race at an early date and to nuclear disarmament, and on a treaty in general and
complete disarmament under strict and effective international control.”  Article VI, Clause 2 of the
U.S. Constitution states that treaties ratified by Congress are the “supreme law of the land.”  The U.S.
Senate ratified the Non-Proliferation Treaty on March 13, 1969, and the treaty entered into force as the
supreme law of the United States on March 5, 1970.

Reverend Dr. John Chryssavgis, Theological Advisor to the Ecumenical Patriarch on environmental
issues, Greek Orthodox Archdiocese of America, testified: “The question is not how much more
sophisticated our plants and weapons can become, but how serious we are as a nation to lead the world
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with an alternative vision which interprets power differently and promotes peaceful coexistence
globally.”

In December 2007 the Department of Energy responded to public comments on the Bombplex in its
Draft Complex Transformation Supplemental Programmatic Environmental Impact Statement; a three-
volume work of some 2,000 pages.  Public comments on the draft were accepted until April 10, 2008. 
The name of the project is changed from “Complex 2030" to “Complex Transformation.”  An example
of the kind of lame responses to public issues in the Draft Supplemental EIS is this to public input that
no new plutonium pit production of 50-200 bomb cores a year is needed since existing pits last at least
100 years and there are more than 12,000 pits in storage at the Pantex Plant: “...NNSA cannot be
certain that other issues associated with pits, other than the aging of plutonium materials, would never
arise.  Accordingly, prudent management requires that the NNSA maintain a capacity to produce pits
as long as this nation maintains its nuclear stockpile.”

DOE’s “preferred alternative” in the SPEIS is to:

•
Build a new plutonium pit factory at Los Alamos National Laboratories that could make up to 80 bomb
cores a year.  How much this Chemistry and Metallurgy Research Replacement Nuclear Facility would
cost to build and operate is not stated.
•
Build a new Uranium Processing Facility at the Y-12 plant in Tennessee, which would continue to be
the center of production and storage of highly enriched uranium secondaries.  How much this new
facility would cost is not provided.
•
Maintain the Pantex Plant in Texas as the weapons assembly/disassembly and high explosives
production and manufacturing center.
•
Maintain tritium supply production while consolidating tritium research and development at the
Savannah River Site in South Carolina.  Some tritium activities would continue at Sandia and
Livermore National Laboratories.
•
Maintain the Nevada Test Site for underground nuclear testing and high explosives testing.  A new
“next generation facility” for hydrodynamic testing would be at the Nevada test site when the existing
Dual Axis Radiographic Hydrodynamic Test facility at Los Alamos “approaches the end of life in
approximately 2025."

The SPEIS states the program objectives as being to maintain core competencies in the nuclear
weapons stockpile, maintain a safe and reliable nuclear weapons stockpile, while being cost-effective,
keeping the U.S. nuclear deterrent credible, and reducing the footprint of the weapons complex by
some 20-30 percent in the future.
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I have some problems with the “cost-effective” bit.  The current funding to the National Nuclear
Security Administration is higher than Cold War peak spending when thousands of bombs were being
produced each year.  Additionally, the SPEIS does not discuss the costs of cleaning up after the
Bombplex.  If the past is any guide, the prospects are not encouraging.  In its FY 2009 budget request
to Congress, the DOE dramatically increased its estimates for the life cycle costs of cleaning up the
wastes from the existing nuclear weapons complex to $305 billion.

Global Nuclear Energy Partnership

Spent Nuclear Fuel Reprocessing:  On November 20, 2006, the Department of Energy announced
siting grants totaling up to $16 million, with $4 million in reserve, were available for award to eleven
localities, six owned by DOE and five not owned by DOE.  After the awards are actually made, the
recipients will have 90 days to complete the detailed study of their site.  This information about site
characteristics will be used in its Global Nuclear Energy Partnership Environmental Impact Statement
(GNEP EIS).  The purpose of this exercise is to select a site or sites for the “Advanced Fuel Cycle
Intitative” under GNEP for which Congress appropriated $79.2 million in FY 2006.  Congress
included a “Integrated spent fuel recycling” program in GNEP which had not been included in the
Bush administration’s GNEP budget request.

The GNEP site selected would house the following features:

store virtually all the nation’s commercial spent nuclear fuel rods, perhaps for 100 years or more.  A
threshold test to qualify for consideration as a site is the willingness to receive into interim storage
spent fuel in dry casks that allegedly provide safe storage of the spent fuel for 50-100 years or longer.

! house the “Consolidated Fuel Treatment Center” - the reprocessing plant which extracts
uranium and transuranic elements from the spent fuel rods.

! likely house the “Advanced Burner Reactor,” a new reactor designed to use as fuel
transuranic elements extracted from the spent fuel rods during reprocessing.

! Both the reprocessing plant and Burner Reactor would require use of commercial-scale
technologies that do not currently exist.  Building them will certainly cost more than $100
billion.  Whether future Congresses would appropriate such funding and whether the
technologies could be made to work makes the creation of these facilities as operational entities
highly speculative.

The six DOE-owned sites receiving site characterization funding have all been in existence over 50
years.  Hanford in Washington state, Idaho National Laboratories and the Savannah River Site carried
out reprocessing for plutonium and uranium for nuclear weapons production.  All three sites have
substantial amounts of contaminants left from that reprocessing, cleanup of which is projected to
continue to decades.  The Oak Ridge, TN, Paducah, KY, and Portsmouth, OH sites are currently
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uranium enrichment facilities that also have sizeable amounts of waste and contamination on site that
has not been cleaned up.  The DOE-owned sites and the DOE site characterization award grantees for
each site are:
!
Hanford, WA: Tri-City Industrial Development Council & Columbia Basin Consulting Group in
consortium
!
Idaho National Laboratory: Regional Development Alliance, Inc.
!
Oak Ridge, TN: Community Reuse Organization of East Tennessee
!
Paducah, KY: Paducah Uranium Plant Asset Utilization, Inc.
!
Portsmouth, OH: Piketon Intitiative for Nuclear Independence, LLC
!
Savannah River Site: Economic Development Partnership of Aiken and Edgefield Counties
!
Reading the list of site characterization grantees, I hear a loud chorus of “oinks” from the local
economic development interests lining up at the federal trough.  Of these local economic development
groups, only the Piketon was formed to apply for GNEP funding; the rest were pre-existing.

! Of the five privately-owned sites receiving awards, four are proposed by two multinational
corporations: General Electric and Utah-based Energy Solutions.  The fifth is proposed by a
newly-formed local economic development LLC in Eddy County, New Mexico:

! Morris, IL: this General Electric site was constructed as a reprocessing facility in the 1970s and
is near the Dresden Nuclear Plants site.  The Morris Plant never operated because the pilot
West Valley, NY, reprocessing plant failed to find an economically or environmentally feasible
way to reprocess nuclear fuels, causing the federal government to abandon its reprocessing
initiative at that time.

! The Atomic City, Idaho and Triassic Park (Roswell), New Mexico Energy Solutions sites are
private sites with no known characteristics favorable to housing GNEP, and they haven’t
previously been identified for any nuclear projects.  Triassic Park does contain a New Mexico
state-permitted hazardous waste facility: the Triassic Park Waste Disposal Facility, which has
never operated; the state license prohibits radioactive materials.

! Barnwell, SC: Energy Solutions site contains the Allied General Nuclear Services faciltity
constructed in the 1970s as a reprocessing plant.  Like the Morris site, it never operated.

! Hobbs, NM: The Eddy Lea Energy Alliance site is on private land on which the Alliance got an
option to purchase.  Except for the low-level nuclear waste storage facility at Carlsbad, there is
no nuclear expertise or activity within missile range.

National Nuclear Initiatives as of 2010:
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On June 17, 2009, the Senate Energy Committee approved the “American Clean Energy Leadership
Act” which states:

It is the sense of Congress that the Federal Government should reaffirm the policy of the United
States —

1) to support the use and expansion of nuclear energy technology for —

a) the production of electricity and other industrial applications; and

b) the reduction of greenhouse gas emissions, and

2) to fulfill the obligation of the Federal Government with respect to spent nuclear fuel and high
level radioactive waste.

On June 10, many Republican leaders in the House of Representatives introduced “The American
Energy Act” while stating they support: “domestic exploration of our natural resources, and a renewed
commitment to safe and emissions-free nuclear energy....We lay down a goal of licensing 100 new
nuclear reactors over the next twenty years by streamlining a burdensome regulatory process and
ensuring the recycling and safe storage of spent nuclear fuel.”

A June 2009 study by Dr. Mark Cooper, “The Economics of Nuclear Reactors: Renaissance or
Relapse?”
<www.vermontlaw.edu/Documents/Cooper_Report_on_Nuclear_Economics_FINAL[1].pdf>
concludes:

(a) The low carbon sources that are less costly than nuclear include efficiency, cogeneration,
biomass, geothermal, wind, solar thermal and natural gas.  Solar photovoltaics are currently more
expensive than nuclear, but their price will decline in the next twenty years so that they are also
cheaper than nuclear power, probably by the time a new fleet of nuclear reactors could be built in the
U.S.

(b) Fossil fuels with carbon capture and storage, when they become available, will be more
expensive sources of power than nuclear.

(c) The additional capital cost of building 100 new nuclear reactors instead of pursuing a least
cost efficiency-renewable strategy, would be in the range of $1.9-$4.4 trillion dollars over the life of
the reactors.

In the federal fiscal year 2010 budget released May 7, 2009, President Obama proposes increasing the
funding for [nuclear] Fuel Cycle Research and Development from $145 million to $192 million.  Fuel
Cycle Research and Development had supported research into the development of spent nuclear fuel
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reprocessing under the Global Nuclear Energy Partnership (see above) in the Bush administration.  The
budget document stated:

R&D on separations processes, transmutation, waste forms, and fuels, including the safety, cost
effectiveness and security of these materials and processes, will continue.  However, the
program will be broadened in scope to support R&D on storage technologies, security systems,
alternative disposal pathways (e.g. salt formation and deep borehole, etc.) and will begin
revisiting the scientific considerations of long-term geologic storage in conjunction with the
Office of Civilian Radioactive Waste Management.

The Energy Policy Act of 2005 already streamlined the nuclear reactor licensing process, provided $2
billion in investment risk insurance for the first six new nuclear reactors to be built, extended the
Price-Anderson Act liability-limiting insurance over the nuclear industry for 20 years, established a
production tax credit for the first eight years of a new plant’s operations, authorized loan guarantees
for nuclear facilities, and funded research into “next generation” nuclear reactor technology.  All this is
apparently inadequate to allow the nuclear power industry to attract investment capital and begin their
“nuclear renaissance.”  The fundamental reason: nuclear power is too expensive and too slow to bring
on-line to meet future energy needs while combating global warming.

*********
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Plank 2: Agriculture

Adopt available sustainable, non-polluting, ecologically restorative, productive, profitable
agricultural best management practices.

1. Replace petrochemical-input farming with organic agriculture

2. Improve rangelands by applying best available management practice to
domestic livestock management.

-------------------------------------------------

Chapter 1: Organic Agriculture Productivity and Nutrition

 (Revised 10 Jun 09)

Summary

“Knowledge is the most important input to modern organic farming - knowledge of how to harness free
natural processes instead of expensive chemical ones.”  -Donella H. Meadows in The Global Citizen
Island Press.

Contemporary studies independently confirm that organic producers have equivalent crop yields to
chemical input producers in temperate areas, and much higher crop yields in tropical areas.  Numerous
studies of U.S. organic farmers producing small grains,  soybeans, and tomatoes show they realize
yields equivalent to chemical input farmers.  Studies show poor farmers in developing nations gaining
huge increases in yield using organic agroecological farming techniques; that as farm size increases
total productivity declines; and that organic farms are more capital and resource efficient than chemical
input farms.  Studies of both temperate and tropical farms consistently find organically-managed farms
are far more profitable per acre than their chemical input peers, or than the same farm was prior to its
conversion to organic management.

Numerous studies find that organically grown crops are much higher in polyphenolic compounds
which are potent antioxidants when consumed by humans, while having significantly less chemical
residues than chemical-input agricultural crops.  Organically-grown crops are likely to contain higher
levels of the more complex carbohydrates, proteins, and enzymes which are associated with enhanced
immune system function in both the plants and the animals that consume them.  Organic soils capture
and store carbon dioxide at much higher levels than chemically-farmed soils; if all corn and soybeans
in the U.S. were grown organically, 580 billion pounds of additional carbon dioxide would be
sequestered from the atmosphere <www.climatecrisis.net>

Certified organic farming is not a quaint, romantic return to nineteenth century agricultural techniques. 
All organic certification inspection schemes evaluate what the grower does to increase soil fertility,
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prevent pest and disease outbreaks, and enhance biodiversity in the farm environment.  Vascular food
crop plants co-evolved with the vast community of soil biota with which they are in symbiotic
relationship.  By restoring the soil biotic community to full diversity and function through organic
management, the organic farmer equips food crops to perform at their genetic potential due to efficient
nutrient cycling, pest and disease resistance support.  Chemical input and organic growers of the same
crop in temperate zones are likely to enjoy the same yields per hectare under ideal growing conditions,
if the chemical input grower has employed organic soil fertility maintenance techniques such as green
manure crops and/or crop rotation.  However, adverse crop pressures such as drought, extraordinary
heat or cold, flooding, and pest or disease epidemics will normally lower chemical- input agricultural
yields per hectare more than organic farm yields.  Meta-analysis of studies of farms in transition from
chemical-input to organic agriculture find average yield decline during three-year transitional status is
18 percent, but by the fifth year from the beginning of transition to organic, yields have recovered to
equal those achieved on that farm with chemical input agriculture.

Organic agriculture has many “external” benefits.  WorldWatch, May/June 2006: “Studies have
shown...that the ‘external’ costs of organic farming - erosion, chemical pollution to drinking water,
death of birds and other wildlife - are just one-third those of conventional farming.  Surveys from
every continent show that organic farms support many more species of birds, wild plants, insects, and
other wildlife than conventional farms.  And tests by several governments have show that organic
foods carry just a tiny fraction of the pesticide residues of the nonorganic alternatives, while
completely banning growth hormones, antibiotics, and many additives allowed in many conventional
foods.”

USDA/National Research Council 1980 and 1989 Studies of Organic Agriculture in the U.S.

1980 Report and Recommendations on Organic Farming:  In 1979, at the end of a decade
marked by two oil supply/price crises and amidst growing concern about the side effects of agricultural
chemical use, Agricultural Secretary Bob Bergland decided it was time for the United States
Department of Agriculture (USDA) to take a serious look at organic farming.  Bergland appointed a
ten-member committee of top USDA and land grant university scientists to conduct the assessment. 
The committee compiled case studies on 69 organic farms in their 1980 Report and Recommendations
on Organic Farming.  They also polled 1,100 farmer subscribers to Rodale Press’s New Farm
magazine; visited organic farmers in the U.S., Japan, Germany, Switzerland, and England; reviewed
the scant scientific literature; and spoke with Cooperative Extension agents across the country about
local organic farming and research activities.

The committee described the organic agriculture they encountered: farmers operating 1,000 and 2,000-
acre farms, with sophisticated water and soil conservation practices, certified seed, modern equipment,
and high productivity and profitability.  They concluded with a list of recommendations, the first and
foremost of which was that the USDA conduct more research into organic farming.  The research
questions they identified included:

3. the potential for improving soils with organic wastes

4. the chemical and microbiological interactions at play in organic systems

The Renewable Deal – Edition 2  – April 2010 Page 238



5. why farmers experience a yield reduction when first transitioning to organic

6. the long-term effects of chemical fertilizers and pesticides on soil

7. biological nitrogen fixation

8. the economics of organic farming

9. human health effects of agrichemical residues on foods

10. developing crop varieties adapted to organic systems

11. non-chemical methods of controlling weeds, insects, and plant diseases

12. ways to raise livestock without antibiotic use

The committee called for university courses on self-sustaining farm systems, Cooperative Extension
materials on organic farming, and organic production and labeling standards.  It recommended USDA
establish a permanent organic resources coordinator to foster and oversee organic research and policy. 
The 1980 report is available on mini cd or in .pdf format from the National Agricultural Library at
<nal.usda.gov/afsic/pubs/USDAOrgFarmRpt.pdf>.

The report hit the farming world like a bombshell.  Tens of thousands of copies were distributed and it
was translated into seven languages.  Then, Ronald Reagan entered office as president in 1981 and
appointed John Block as the new Secretary of Agriculture.  A 3,000-acre corn and soybean farmer with
a 6,000-hog operation, Block had little use for organic farming.  In September, 1982, Garth
Youngberg, the lead person in preparing and presenting the committee’s report, was fired when the
USDA organic resources coordinator position he occupied was eliminated as part of a “reduction in
force.”  In an interview with the Des Moines Register published June 10, 1984, Block was quoted as
saying that there would be no follow-up to outgoing Secretary Bergland’s “dead end” research into
organics.

The counter-attack to the report started with the Fertilizer Institute, pesticide companies, and crop
associations demanding to know why the USDA was looking into organic farming.  The Council for
Agricultural Science and Technology (CAST) - whose list of “sustaining members” is a line-up of
fertilizer and agrichemical companies and commodity crop associations - released a counter-report in
October, 1980, titled “Organic and Conventional Farming Compared.”  The conclusion of their report
which facts were marshalled and selected to support was that organic farming is economically
justifiable only when off-farm inputs are not readily available.  The CAST report argued that
widespread adoption of organic farming would raise food prices and require marginal lands be brought
into cultivation.

Here we find the beginnings of the argument that organic farming is less productive than conventional
and that, in the words of Garth Youngberg, “maybe you can farm this way, but you can’t feed the
world this way.  That feeding the world argument really became a big part of the debate.  Think tanks
like the Hudson Institute, agrichemical industry spokesmen, and some university researchers started to
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write papers and make speeches about how organic farming was really kind of unpatriotic, if not
immoral, because Americans should want to feed the world and had a responsibility to feed the world.”

By 1985 the U.S. farm economy was deteriorating.  Synthetic nitrogen prices were still climbing, but
expanding overseas agricultural capacity at the same time a rising U.S. dollar made U.S. crops more
expensive in the export market left U.S. storage silos bulging with grain.  Federal farm support
payments increased from $3.5 billion in 1978 to $25.8 billion in 1986.  Commodity prices fell, as did
the price of farmland, leaving many farmers who went into debt to acquire land bankrupt.  200,000
farms went bankrupt in the first half of the 1980's.

At the same time, the U.S. Environmental Protection Agency (EPA) singled out agriculture as the
largest non-point source of water pollution.  Soil erosion continued at a rapid rate despite 50 years of
federal and state programs to control it.  Studies linked pesticide exposure to the occurrence of cancer
among farmers and farm-workers.  Scientists reported more than 70 fungus and 440 insect species had
developed resistance to one or more pesticides.  In the midst of this agricultural depression, the
National Research Council’s Board on Agriculture, under the leadership of Charles Benbrook, decided
the nation needed to take another look at “sustainable farming” (“sustainable” had been substituted for
“organic” as a more politically palatable term).

Benbrook and the NRC, which is under the umbrella of the National Academy of Sciences, knew this
undertaking would be controversial.  As Benbrook observes, “The National Academy of Sciences is a
quasi-independent organization outside of government that depends on government for most of its
money.  So obviously this sets up an ongoing tension between giving government good scientific
advice which is not welcomed politically, versus maintaining a good ongoing relationship with
government such that it will continue to fund the Academy’s activities.”

1989 Alternative Agriculture report by the National Research Council: A 17-member
NRC committee began to meet in 1985.  Although literature on organic farming remained sparse, there
was an increasingly robust body of science about the detrimental effects of high-input chemical
farming and about on-farm biological and ecological interactions.  Benbrook summarizes: “There was
a lot of work being done on nitrogen at Iowa State.  In the pest management sciences literature, there
was a lot of discussion on resistance to pesticides and the collapse of chemical-intensive management
systems.  The important science that we depended on was science addressing the breakdown in
conventional systems, and this was science compiled without any concern for organic or sustainable
agriculture.”

The NRC researchers looked closely at how “sustainable” farming worked on 11 farms.  For each, the
committee conducted an on-site visit and gathered extensive data regarding the farm’s production
practices, marketing strategies, yields, and finances.  This was put in the context of data about local
climate conditions, county production data, and pest problems.

In her review article for the Organic Farming Research Foundation, Deborah Rich reports:

“...the case-study farms hugely impressed the researchers.  ‘There was just no way to look at
the detailed information that we compiled on those farms and not come to the conclusion that there
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was something going on that was pretty special and that conventional agriculture ought to pay attention
to,’ says Benbrook. The NRC committee’s message to the nation was clear-cut: sustainable farming
could improve the economics of many farms while simultaneously lessening the negative
environmental impacts of agriculture, and it behooved the government to remove the policy barriers
that deterred farmers from switching to sustainable farming methods.

The committee’s 448-page-long Alternative Agriculture report laid-out four central findings:
that some farmers in nearly all sectors of U.S. agriculture were employing sustainable farming methods
and deriving ‘significant sustained economic and environmental benefits’ while doing so; that a host of
federal policies deterred farmers from adopting sustainable farming practices; that a systems approach
to research was necessary to understand and capitalize upon biological and environmental interactions;
and that the wide-spread adoption of sustainable farming practices would require significant outreach
to farmers and technical assistance.”

Copies of the Alternative Agriculture report are available for purchase from the National Academies
press at <nap.edu/catalog.php?record_id+1208>.

When released, the report was widely distributed and publicized in the media.  Pushback was swift. 
The Cotton Council, the Farm Bureau, the Fertilizer Institute, and the pesticide and industry
associations began making calls to top USDA officials, who in turn made calls to the National
Academy of Sciences president.  USDA top officials, according to Benbrook, were not particularly
sympathetic to industry lobbying but understood that the commodity and agri-business organizations
control the budget of USDA, so they did what they were asked to do.

By July, 1990, CAST had assembled another counter-report.  It carefully avoided disagreeing with
most of the conclusions and the sound findings of Alternative Agriculture.  Instead, it focused on the
specter of food shortages if organic/sustainable farming was widely adopted: “Alternative Agriculture
recommends agricultural practices that may significantly reduce food supplies, thus placing a severe
burden upon low income consumers and intensifying world food shortages.”

In the fall of 1990, Benbrook was fired from his position as executive director of the NRC Board of
Agriculture.

Despite agrichemical industry opposition, Alternative Agriculture empowered scientists and politicians
inclined to support organic/sustainable farming.  Among land grant universities, today there are strong
clusters of organic/sustainable agriculture research going on in some 20 of them, while in 1980 there
was only a little such research at two.  Representative Jim Weaver introduced the Organic Farming Act
of 1982 which would have initiated USDA research into organic agriculture on several pilot farms and
would have permitted knowledgeable volunteers to staff Cooperative Extension offices to respond to
inquires about organic agriculture.  Weaver’s legislation did not pass, but three years later Senator
Patrick Leahy’s legislation for a USDA competitive grants program did, leading to the Sustainable
Agriculture Research and Education program which is active today.  Also in 1985, the Alternative
Farming Systems Information Center was established at the National Agriculture Library in Maryland. 
In 1987, the National Sustainable Agriculture Information Service (now known as ATTRA) was
started to respond to requests for information on sustainable farming methods from farmers, Extension
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agents, and educators.  In 1990 the Organic Foods Production Act authorized the national organic
certification and labeling program, which was implemented in 2002.  During the late 1990s, the
Agriculture Management Assistance Act included the provision that organic farming be considered a
“good farming practice” for crop insurance purposes.  Currently, the House Committee on Agriculture
includes a Subcommittee on Horticulture and Organic Agriculture.

In the meanwhile, the forces financially and philosophically committed to high-chemical-input
agriculture have gained strength with the takeover and consolidation of the seed business by the
agrichemical industry and the rollout of genetically engineered crops.  Benbrook says, “There’s this
whole new layer of ideological competition for who gets to craft a vision of a productive, safe,
sustainable future agriculture towards which we design and implement public policies and public
expenditures.  Clearly the biotech vision has dominated over the last 10 to 20 years.”

2008 Update of Alternative Agriculture by National Research Council:  Currently, the National
Research Council has been commissioned by the Gates and Kellogg Foundations to prepare 21st

Century Systems Agriculture: An Update of the 1989 NRC Report ‘Alternative Agriculture.’  Robin
Schoen is currently the director of the Board on Agriculture and Natural Resources at the National
Research Council and is heading the project.  When asked if she is worried about losing her job over
the project as Benbrook did in 1990, Schoen replies: “Hey, if the report got so much attention that it
became the subject of much debate and passion but moved things forward, then what the hell.”

In 2008 the NRC has available solid scientific information on the productivity of organic agricultural
systems (see review below in this chapter) which was not available in 1989 or even in 2000.  As
detailed in the review of U.S. and European meta-studies of organic productivity in this chapter, the
evidence is that conversion of the entire world agriculture system to certified organic, using
contemporary Best Available Management Practices, would produce 40 percent more calories per
capita than the current agricultural system does.  The evidence is clear that organic agriculture can
“feed the world” a lot better than the chemical input biotech agricultural system can.  Presumably the
NRC will review and include this evidence in their 21  Century Agricultural Systems report, directlyst

refuting the agrichemical lobby’s remaining argument against adopting public policy incentivizing
conversion of the world agricultural system to use of organic Best Available Management Practices
and Best Available Technology instead of using genetically engineered organisms and synthetic
chemical inputs.

World Agricultural Productivity If All Agriculture Was Organic:

The University of Michigan School of Natural Resources Meta-Analysis

and the World Bank International Food Policy Research Institute Meta-Analysis

The University of Michigan School of Natural Resources reviewed 293 studies in the published
agricultural literature which measured changes in agricultural crop productivity from chemical input
through organic transition into mature organic production in temperate and tropical food crops.

The model for the current world food production system produced a yield of 2,786 calories per person
per day, somewhat higher than the average caloric requirement for a healthy person of between 2,250
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and 2,500 calories.  This closely corresponds to the WorldWatch estimates of world agricultural
production in their annual Vital Signs assessments done for the United Nations.  A number of these
calories of food produced do not reach consumers due to problems with the food distribution system
and losses to pests, spoilage, and contamination.  Increasingly, food crop calories are being diverted to
biofuels production.

Substituting the meta-analysis mean for organic productivity in each crop in temperate and tropical
agriculture from the studies of attained yield from organic farming, the University of Michigan model
predicted the world agricultural system would produce 4,381 calories per person per day, a 70 percent
increase in caloric production from the same farmed area worldwide.

A second, independent study led by Niels Halberg of the Danish Institute of Agricultural Sciences
evaluated the potential of a global shift to organic farming utilizing a model developed by the World
Bank’s International Food Policy Research Institute.  This model is considered the definitive algorithm
for predicting food output, farm income, and the number of hungry people throughout the world.  The
study was done by economists, agronomists, and international development experts from across the
European Economic Union.  It arrived at the same conclusions as the University of Michigan School of
Natural Resources study in respect to total caloric yield of an organic world agricultural production
system.  The model did not show an impact on world food prices from 100 percent organic conversion. 
Halberg’s team concluded, “Modern non-certified organic farming is a potentially sustainable
approach to agricultural development in areas with low yields due to poor access or inputs or low yield
potential because it involves lower economic risk than comparative interventions based on purchased
inputs and may increase farm level resilience against climactic fluctuations....Organic agriculture could
be an important part of increased food security in sub-Saharan Africa.”

The Michigan study contained what I consider to be an error in their estimates of North American and
European organic farm crop yields, due to equal weighting of all studies regardless of vintage in the
meta-analysis.  If one does a time-series review of studies of temperate-climate organic yield, there is a
clear trend as one goes from the past to the present: the more contemporary the study, the less organic
yields in established organic farms are found to lag those in chemical input farms.  This is a result of
rapid progress in innovation of effective organic cultural techniques.  The University of Michigan
study did not adjust its estimates of yield in temperate climates to take this significant regression
towards higher organic yields over the last two decades into account.  The University of Michigan
estimates of organic yield potential are therefore conservative and probably under-estimate organic
corn yields by 6 percent, organic wheat yields by 3 percent, and organic soybean yields by 6 percent in
the temperate growing areas of the northern and southern hemispheres.

The University of Michigan study evaluated the claims by such parties as Vaclav Smil and the U.S.
Department of Agriculture (USDA) that enough nitrogen cannot be produced in a world organic
agricultural system to support crop production at these needed yield levels. Smil claims in his book
Enriching the Earth: Fritz Haber, Carl Bosch, and the Transformation of World Food Production that
roughly two-thirds of the world food harvest depends on the Haber-Bosch synthesis process that
produces ammonia fertilizer from fossil fuels.  The USDA published a study finding that the total
amount of animal manure available in the U.S. which is not already used as an agricultural fertility
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input would be capable of replacing only about one quarter of the Haber-Bosch synthetic ammonia
fertilizer as a nitrogen input.  These critics and others such as Norman Borlaug and John Emsley do
not comprehend that most nitrogen production in organic systems is accomplished through natural on-
farm nutrient cycles, e.g., combined crop and livestock systems; crop rotation utilizing leguminous
cover crops which fix nitrogen; plowdown of “green manure” cover crops to compost in the soil -
which studies show is eight times more effective per acre at building nitrogen and organic matter
levels than plowing under eight inches of animal manure; and innoculation of healthy organic soils
with Azobacter, Azospirillum, and other free-living nitrogen-fixing bacteria.

The Michigan study reviewed 77 studies from temperate and tropical areas on nitrogen nutrient cycling
in organic agriculture.  They concluded that greater use of nitrogen-fixing crops in the world’s major
agricultural regions could result in 58 million tons more nitrogen being available to crops than the
amount of synthetic nitrogen currently used each year.  Examples of studies reviewed include:

1. Rodale Institute in Pennsylvania used red clover as a winter cover crop in an oat/wheat-corn-
soy rotation.  Yields of oats, wheat, corn and soybeans were equivalent to chemical nitrogen
fertilizer input control plots.

2. In arid and semi-arid tropical regions like East Africa, where water is limited between periods
of crop production, drought-resistant green manure crops like pigeon peas and groundnuts were
effective at fixing nitrogen to support full crop yield levels.

3. In Washington state, organic wheat growers match nitrogen-chemical-input wheat growers
yields using winter field peas for nitrogen fixation in rotation with wheat crops.

4. In Kenya, farmers using leguminous tree crops in the dry season have doubled or tripled their
corn yields, as well as suppressing stubborn weeds and generating additional animal fodder.

In Kenya, farmers in “high potential areas” with above-average rainfall and rich soils got higher maize
yields with chemical-input than organic agricultural techniques.  However, organic farmers in areas
with poorer natural resource endowments consistently outyielded conventional growers.  In both the
“high potential” and lower potential areas for maize yield, Kenyan organic farmers had higher net
profits, return on capital, and return on labor.

In a publication on organic farming and food security in Africa, the United Nations Environmental
Programme concluded: “when sustainable agricultural practices covering a variety of systems and
crops were adopted, average crop yields increased 79 percent.” [United Nations Environmental
Programme, 2008] A later study released October 22, 2008 by the U.N. Environmental Programme
found that 114 organic growing projects in 24 African countries resulted in more than doubling of
yields; in East Africa, yields increased an average of 128 percent.  The research concluded that organic
farming improved soil fertility, water retention and resistance to drought.
<www.peopleandplanet.net/doc.php?id=3419>.

United States Corn and Soybean Production
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Cornell University professor David Pimentel analyzed 20 years’ data from the Rodale Institute Farming
Systems Trial.  Published in the July, 2005, issue of Bioscience, Vol 55:7, Pimentel analyzed the
environmental, energy, and economic costs and benefits of growing corn and soybeans organically
versus using chemical input farming techniques.  Pimentel’s study compared a certified organic farm
using legume-based, rotational systems to maintain soil fertility versus a farm that used recommended
fertilizer and pesticide applications, and an organic farm that applied manure to maintain soil fertility. 
Neither the manure or legume-based organic farms used chemical fertilizers or pesticides.  For all three
classes of farm, the research compared soil fungi activity, crop yields, energy efficiency, costs, organic
matter changes over time, nitrogen accumulation and nitrate leaching into surface and groundwater.

Pimentel found that the organic systems produced higher corn yields than chemical input systems over
time, especially under drought conditions; in two drought years corn yields in the legume-based
organic system were 22 percent higher than in the chemical input system.  In a farm converting to
organic, corn yields would drop about one third initially, but then recover to baseline by the end of four
years and increase above chemical input baseline after that.  Improving corn yield was associated with
organic soil fertility management causing increases in organic content, moisture, microbial activity,
and other soil quality indicators in the organic systems relative to the chemical input systems.

The soil carbon in the organic farm systems increased by 15 to 28 percent relative to the chemical input
systems, which could have major implications for carbon sequestration to stop global warming.  Soil
nitrogen levels in both organic farming systems increased 8 to 15 percent relative to the chemical input
system over time, but total nitrogen lost to nitrate leaching was the same for the organic and chemical
input systems.  This indicates more nitrogen was held in the organically-managed soils in a form
accessible to the crops.

Pimentel concluded that organic farming can compete effectively with chemical input farming in
growing corn, soybeans, wheat, barley and other grains.  His study included a review of the current
literature on organic and conventional agriculture comparisons.  One likely error I detected in his study
is his assertion that organic small grains producers have an average of 15 percent higher labor costs
than chemical input producers.  I believe he has confounded the higher costs of the organic conversion
period with the labor costs associated with a mature organic system of production.  In both my
observation as an inspector and in some published studies, the cost of production including labor for
mature organic systems is equal to or lower than that of chemical input producers in the same area and
cropping system.

Researchers at the Iowa State University Neely-Kinyon Research Farm documented an 18 percent corn
yield drag during the three-year transition from chemical-input to organic farming, but corn yield
differences were insignificant after organic transition compared to pre-conversion yields.  The research
found organically-managed corn crop required 2.5 hours more labor per acre but was still more
profitable per acre than chemical-input corn production.

Iowa State economist Mike Duffy studied profitability of commodity corn and soybean production in
chemical-input farms <http://www.extension.iastate.edu/Publications/FM1712.pdf> while Craig Chase
studied organic farm profitability in commodity corn, soybean, oat + alfalfa, and alfalfa production
systems <http://www.extension.iastate.edu/Publications/FM1876.pdf>.  Including government farm
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program payments, the chemical-input farmer enjoyed an average profit of $20 per acre.  The average
organic farmer enjoyed an average profit of $170 per acre.  In concrete terms, if a farmer has a 600-
arable-acre farm in corn or soybeans, if that farmer is certified organic he will make $102,000 a year
from farming, putting him at about the 85  percentile nationally in annual income.  If that same farmerth

is growing using chemical-input cultural techniques, he will earn $12,000 a year from farming.  To
earn as much as the organic farmer, he would have to farm 5,100 acres of corn or soybeans, or else he
and/or his wife will have to have jobs off the farm to generate a decent annual income.

In a follow-up study reported in January 2008, Dr. Craig Chase, agricultural economist at Iowa State,
calculated a $254 annual per acre return to management (after deducting labor and production
expenses) for a four-year organic crop rotation of corn, soybeans, oats, and alfalfa.  At that rate, only
177 acres are needed to generate $45,000 in net profits to the organic farmer practicing this crop
rotation.  The same rotation in a non-organic farm produces $52 per acre net profit and requires 865
acres be farmed to generate a net income of $45,000.  With a price of $3,500 per acre for farmland, the
non-organic farm requires a capital land investment of $3 million to generate $45,000 per year profit,
while the organic farm requires capital investment of $216,000 to generate $45,000 per year profit, an
annual rate of return of 20.8% on invested land capital.

With average machinery costs of $250 per acre, the 865-acre non-organic commodity farm bears an
annual machinery overhead cost of $216,000, while the organic farm bears a machinery overhead cost
of $44,000.  The organic farm required a total investment of 320 hours labor to produce the $45,000
profit, versus 865 hours invested on the non-organic farm.  Thus, the organic farm required 1.8 hours
of input labor per acre while the non-organic farm required only 1 hour of input labor per acre, but
because of having to pay machinery costs on fewer acres farmed the total input cost for an organic
farm was significantly lower than for a non-organic farm to obtain the same net profit.  Summarizing
the research, Martin Kleinschmit at the Center for Rural Affairs says, “Management skills and crop
rotation compensate for the lack of fertilizer and pesticides [in achieving crop productivity per acre].”

In commenting on the Craig Chase study, the University of Nebraska Center for Rural Affairs notes
that “organic prices have increased to maintain a 100 percent premium [in the 2008 crop year].”  As of
July 2008, the West Plains Company <www.westplainsco.com> reports organic contract prices of $9-
10/bushel for feed-grade yellow corn, $16-20/Bu for soybeans, and $10-12/Bu for wheat, FOB the
farm gate.

Organic superior to no-till: A nine year Agricultural Research Service Sustainable Agricultural
Systems Laboratory study in Beltville, MD, compared organic agricultural management of land using
cultivation with no till, no till plus cover crop, and a no-till vetch living mulch system of agriculture in
growing corn.  The cultivated plots managed in accordance with organic certification standards fixed
higher levels of carbon and nitrogen into the soil, and showed an 18 percent higher yield of corn than
the no-till production plots. <http://agron.scijournals.org/content/vol99/issue5>.

United Nations International Fund for Agricultural Development

In 2005, the Fund reported on organic agricultural production and economics in China and India.  The
report plotted cost of production, yield per acre, and selling price for organic agricultural products
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produced by farmers converting from chemical input to organic farming.

The report found organic farming is expanding rapidly in Asia because organic farmers can make more
money.  The value of organic exports from China, which has more than 1,000 certified organic farms
and companies, grew from under $1 million in the mid-1990's to $142 million in 2003.  In India, 2.5
million hectares were under organic production and 332 organic certifications were issued in 2004.

For the average small farmer converting from “conventional” to certified organic, yield per acre drops
30% in year one of conversion, rises to 20% of baseline in year two, 10% in year three, and returns to
the same yield as before thereafter.  Cost per acre for production rises 10% in year one, returns to
baseline in years two and three, and declines to 10% below the cost of conventional production
thereafter.  Selling price remains flat the first two years of conversion because the crop is still not
certified organic.  In year three selling prices averages 20% higher than conventional because a number
of crops have reached certified organic status 36 months from application of last prohibited input to
the cropland.  Year four and thereafter selling price averages 40% higher for small organic farmers in
China and India than they were receiving for crops as chemical input farmers, with a 10% lower cost
of production, with the same yield per acre as chemical input farming produces.

The 2005 study findings are consistent with an earlier 2001 study of six Latin American countries
which found that farming organically yields better earnings and a higher standard of living for small
farmers.  The 2005 study examined yield, input cost, and sale price to determine the exact source of the
better earnings.

The 2005 fund study found that organic agriculture is no panacea, but “can provide a long-term
solution to poverty, while reducing migration and improving health conditions and the environment for
entire communities.”

Studies by the Indian Council on Agriculture provide context for these findings.  The Council found
that despite heavy pesticide use, pests are now causing damage to some 35 percent of crops, versus 5-
10 percent damage rates before pesticides came into use.  In addition, the number of pests damaging
rice has increased consequent to pesticide use: from 40 species in 1920 to 299 species in 1992.  I
interpret this finding in light of experience with pesticide use in fruit orchards in the U.S., which
suppressed predators, causing numerous pest species which had been held in check by the predators to
multiply and cause damage; when the orchards convert to organic management, eight out of nine pest
species effectively disappeared from the orchards in terms of causing any damage to tree vigor or the
quality of the fruit crop.

The Indian Council studied farms in West Bengal and found that diversified farms that grew 55
different crops returned an income of 227,312 rupees per acre; a farm diversified into 14 crops
returned an income of 94,596 rupees per acre; while a farm planted as a monoculture in one
commodity crop produced an average income of 32,098 rupees per acre.

“The Real Green Revolution”
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Nicolas Parrott at Cardiff University published a report of this title on 14 February 2002 at the Biofach
2002 conference in Nuremburg, Germany.  He reported on the success and extent of organic and
agroecological farming techniques being practiced in the developing world.  His report analyzes the
potential of new techniques and practices that work with the grain of nature, not against it, generating
food security and good yields.  The report was launched by German Agriculture and Environment
Minister Renate Kunast together with the International Federation of Organic Agriculture Movements
(IFOAM) and Greenpeace.  In respect to crop yields, the report cited the following case studies:

In Madhya Pradesh, India, average cotton yields on farms participating in the Maikaal Bio-
Cotton Project are 20 percent higher than on neighbouring conventional farms.

In Madagascar, the SRI (System of Rice Intensification) has increased yields from the usual 2-3
tons per hectare to yields of 6, 8, or 10 tons per hectare.

In Tigray, Ethiopia, the use of compost instead of chemical fertilizers has increased yields and
the range of crops farmers can grow.

In Brazil, the use of green manures and cover crops has increased yields of maize by between
20 and 250 percent.

In the highlands of Bolivia, the use of bonemeal and phosphate rock and intercropping with
nitrogen-fixing Lupin species have significantly contributed to increases in potato yields.

The author concluded: “The Real Green Revolution shows how organic and agroecological farming
can significantly increase yields for resource poor farmers, improve food security and sustain and
enhance the environmental resources on which agriculture in the South depends.”

IFOAM said, “The...report elaborates on an aspect of the organic concept that is less known, i.e., the
wide-spread implementation of organic and agroecological approaches in developing countries, not
targeting a premium market, but local communities.  The report demonstrates in a convincing way how
well adapted organic agriculture is for making a real difference for the poor of the world.”

Back to the Future: The Rediscovery of Char as a Carbon Fertility Agent in Tropical Soils:

Dr. Tsing Zing Ga of the University of Delaware and his collaborators recently published articles on
their “Black Gold Fertilizer” technique, which is a re-creation of the methods the Inca Indians used to
maintain fertility in tropical soils in South America.  Explorers had noted that ancient planting beds in
Inca ruins still had black carbon in them and plant growth in them was far more vigorous than
elsewhere, after 1,500 years.  Researchers found that fine charcoal, created by heating plant residues to
300-400 degrees Fahrenheit but restricting oxygen until all visible smoke stops coming off the reside,
fixes half the total carbon in the plant residues in extremely stable form.  When placed in tropical soil,
the fine-grained carbon is porous, holding air, water and nutrients.  In tropical soils, large amounts of
water leach out nutrients and decomposing organisms are hyperactive in the warm, wet environment,
quickly breaking down dead vegetable matter and releasing its carbon content as carbon dioxide
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through their respiration.  These decomposers cannot digest char, most of which is apparently stable in
soil for over 1,000 years..  The char particles hold onto nutrients by ionic bonding and trap air,
preventing the nutrients from being leached away while providing air to the roots of plants that would
otherwise suffer waterlogging and rot.

Black Gold Fertilizer technique can reduce the carbon dioxide greenhouse gas emissions from tropical
agriculture by two pathways.  First, all carbon in plant residues left to decompose naturally in the
tropical environment end up in the atmosphere within seven years of the tissue dying.  If these residues
are smouldered into char, half the carbon does not re-enter the atmosphere for an unknown but very
long period of time.  Second, because char improves plant vigor, plants growing in char-treated soils
take more carbon dioxide out of the atmosphere with which to build their tissues.  Thus, Black Gold
char soil treatment accelerates the sequestration of carbon dioxide into living plant tissue; and if those
tissue residues are then charred rather than allowed to decompose on or in the soil, half the sequestered
carbon is stabilized in the soil for centuries.

University of Essex, 200 Developing World Agricultural Projects Review

Researchers Jules Pretty and Rachel Hine looked at over 200 agricultural projects in the developing
world that converted to organic and ecological approaches, and found that for all the projects yields
increased an average of 93 percent.  The database involved nearly 9 million farms on 30 million
hectares.

Capital Efficiency and Farm Size

According to the 2002 U.S. Agricultural Census, the smallest category of farm with an average size of
two hectares (4.94 acres), produced $15,104 per hectare gross with a profit of $2,902 per hectare.  The
largest category of farms, averaging 15,581 hectares (38,485 acres), yielded $249 per hectare with a
profit of $52 per hectare.

A policy paper concludes that a large body of evidence indicates that small farms are more productive
than large ones in terms of total food produced per acre, by up to 1,000 times more output per unit of
area.  The productivity advantages of large-scale mechanized farms are based on measures of the yield
of one crop per acre.  A small, complex farm can produce far more food per unit of input cost (capital,
labor).  [Peter Rosset, “The Multiple Functions and Benefits of Small Farm Agriculture,” Policy Brief
No. 4, Institute for Food and Development Policy, September, 1999.]

In Eat Here, WorldWatch’s Brian Halweil observes: “The inverse relationship between farm size and
output can be attributed to the more efficient use of land, water, and other agricultural resources that
small operations afford, including the efficiencies of intercropping various plants in the same field,
planting multiple times during the year, targeting irrigation, and integrating crops and livestock.  So in
terms of converting inputs into outputs, society would be better off with small-scale farmers.  And as
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population continues to grow in many nations, and the amount of farmland and water available to each
person continues to shrink, a small farm structure may become central to feeding the planet.

Organic Farming Research Foundation Literature Summary

In 2001, the Organic Farming Research Foundation’s Bill Liebhardt summarized then-existing
academic studies on organic yield in various crops:

Corn: With 69 total cropping seasons comparing high input and organically grown crops,
organic yields were 94% of the high chemical input corn production systems.

Soybeans: Data from five states with 55 growing seasons of data showed organic yields 94% of
high chemical input soybean production systems.

Wheat: 16 crop year experiments found organic wheat producing 97% of the chemical input
wheat yields.

Tomatoes: At the University of California, 14 years of comparative research on tomatoes
showed no yield differences between chemically-managed and organically grown crops. 
Studies show organic tomatoes have brix (solids) averaging 1-2 points above conventional
tomatoes.  Brix is a quality indicator in tomatoes.

“In summary, for a total of 154 growing seasons for different crops, grown in different parts of this
country and both rain-fed and irrigated land, organic production yielded 95% of crops grown under
conventional high-input conditions.”

Other Organic Research Literature Summary

Productivity and Profitability

USDA Agricultural Research Service’s economist David W. Archer and soil scientist Hillarius Kludze
analyzed both economic risks and transition effects of switching to organic farming at the Swan Lake
Research Farm near Morris, Minnesota.  The 130-acre Swan lake farm is representative of corn-
soybean farms in Minnesota.  Archer and Kludze compared an organic corn-soybean rotation and an
organic corn-soybean-spring wheat/alfalfa rotation, half grown with conventional and half with strip
tillage techniques where only the middle of the seedbed is tilled.  They found that when strip tillage is
used in organic farming, a transition risk is an increase in weeds until farmers learn to manage the
system.  Computer simulations projected costs, yields and risks over a 20-year period, using yield and
economic data from the four-year study and crop price records from recent years.  These records
showed that organic crops had fetched more than chemical-input crops: up to $14 more per bushel for
soybeans, up to $3 per bushel more for corn, and up to $5 more per bushel for wheat.  Lacking a
historical record of organic alfalfa sales in Minnesota, the researchers assumed it would sell for the
same amount as conventional.  The computer model projected that farmers would net an average of
$50 to $60 more per acre a year by going organic, even with the highest transition cost assumptions in

The Renewable Deal – Edition 2  – April 2010 Page 250



the range used in the study. <http://www.ars.usda.gov/is/pr/2006/060725.htm?pf=1>

Alec McErlich, Director of Agricultural Research and Development for Small Planet Foods, reflects
my experience exactly: “...it is the caliber of the grower which has the greatest impact on yield and
quality....So often, university side-by-side comparisons are completed on ground where organic
practices were utilized for just the period of the trial and often by staff with no or limited experience
with organic principles.”

Liebhardt then examines the yields achieved by real-world organic farmers in corn, soybeans, wheat,
and tomato crops.  Examples: average corn yield for Shelby County, Iowa were 130 bushels/acre; the
organic farm did 131 Bu/ac.  Soybean average for Shelby County was 45 Bu/acre, exactly what the
organic farms yielded.  Organic wheat growers in Kent County, Ohio, exactly matched the county
average yield.  Average yield per acre for tomatoes in California is 31 tons/acre; the organic growers
get 30-36 tons/acre with a high of 42 tons/acre.  Liebhardt refers to organic farming’s improvement of
soil quality as measured by soil structure, organic matter, biological activity, water infiltration and
water-holding capacity supporting increased yields, particularly under drought conditions.

A 1987 article in Nature by Reganold, et al, concludes: “the organically-farmed soil had significantly
higher organic matter content, thicker topsoil depth, higher polysaccharide content, lower modulus of
rupture and less soil erosion than the conventional-farmed soil.  This study showed that, in the long
term, the organic farming system was more effective than the conventional farming system in reducing
soil erosion, and therefore, in maintaining soil productivity.”

A Colorado State University bulletin from the Program for Alternatives in Sustainable Agriculture,
February, 1991, addresses “The Myth of Lower Yields.”  The article reports on an agronomic and
economic survey of 20 alternative and conventional producers, dryland and irrigated, in Colorado,
Kansas, and Nebraska.  The study concluded, “Neither the alternative nor the conventional farmer
group maintained consistently higher or lower yields.  This clearly shows that high (or low) yields can
be attained in either system and that alternative farming techniques are neither yield-enhancers nor
yield-breakers.  During the transition from conventional to alternative practices, considerable yield
fluctuations may occur (but not always) as the new system becomes established.”  According to the
study, the factor for success in farming, as measured by yields, is “good management.”  “Being attuned
to the specific agroecosystem and having superb marketing abilities are identified as management
skills that lead to farming success.”

The Long-Term Agroecological Research initiative led by Kathleen Delate of the Iowa State University
agronomy and horiculture departments has been supported by the Leopold Center for Sustainable
Agriculture since 1997.  The project is believed to be the largest randomized, replicated comparison of
organic and conventional crops in the U.S.  Delate says, “We set up the experiment in 1998 to examine
suitable crop rotations that would provide high yields, grain quality and adequate soil fertility during
the three-year transition to organic and following certification.  We replicated conventional and
organic systems, using identical crop varieties, and found that organic crop yields were equal to
conventional acres in the three years of transition.  In the fourth year, organic corn yields in the longest
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rotation outpaced those of conventional corn.  Organic and conventional soybean yields have been
similar every year of the trial.”  The biggest differences reported are in soil and water quality.  Organic
plots infiltrate more water, which reduces soil runoff and more effectively recharges groundwater
supplies.  The organic soils also cycle nutrients more efficient, making them available when and were
the plants need them.  Soil structural stability remained good despite increased tillage due to rotations. 
The bottom line after nine years of comparison: “the longer rotations and careful management of the
organic system show greater yields, increased profitability, and steadily improved soil quality over
conventional practices.”

USDA Agricultural Research Service reported the results of a study comparing the degree of soil-
building from organic versus no-till methods on the Henry A. Wallace Beltsville, Maryland research
center.  Plant physiologist John Teasdale, with the ARS Sustainable Agricultural Systems Laboratory,
compared light-tillage organic corn, soybean and wheat with the same crops grown with no-till plus
pesticides and synthetic fertilizers from 1994 to 2002.  In a three year follow-up study, Teasdale grew
corn with no-till practices on all plots to see which ones had the most productive soils.  He found that
the organic plots had more carbon and nitrogen and yielded 18 percent more corn than the former no-
till chemical-input plots did.  Teasdale concludes that organic farming’s addition of organic matter in
manure and cover crops more than offsets carbon, nutrient, and soil biotic losses from tillage for weed
control. <http://www.ars.usda.gov/is/pr/2007/070710.htm>.

Carbon Sequestration and Carbon Credits

In his article “Organic Farming and Global Climate Change” in The Organic Broadcaster Roger
Blobaum wrote, “almost no one seems to have heard about the important contribution organic farmers
are making to help mitigate the damage [of global warming].”  Blobaum cites the Rodale Institute
research of 2003 which found that organic farmers could sequester as much as 667 pounds per acre per
year under an organic or cover crop.  Blobaum thinks the possibilities are enormous for organic
farmers to not only benefit financially from carbon credit trading but also bring much needed attention
to the larger atmospheric consequences of industrial agriculture.  Blobaum also reports that “the
potential of organic farming for global warming mitigation was a leading topic at the International
Conference on Organic Agriculture and Food Security sponsored by the U.N.’s Food and Agriculture
Organization in May, 2007.

In September, 2006, California Governor Schwarzenegger signed Bill AB 32 into law.  AB 32 requires
the California Air Resources Board to set a statewide cap on greenhouse gas emissions and institute a
cap-and-trade system towards reducing greenhouse gas emissions to 2000 levels by 2010, 1990 levels
by 2020, and 1990 levels by 2050.  The Ecological Farming Association’s 2007 annual newsletter
concludes that nobody knows exactly how much carbon credits for organic farming might be worth on
the carbon credit market, but looks at the Chicago Climate Exchange’s existing literature to find
credits for no-till land trading for about $1 per acre and $3 per acre for pasture.  CCX’s on-line
literature quotes a range of $1-5 per metric ton of sequestered soil carbon as the current price range
<www.chicagoclimatex.com>.

Biodiversity
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English Nature and the Royal Society for the Protection of Birds did a meta-analysis of studies
comparing organic to conventional agriculture.  They concluded that organic agriculture increases
biodiversity at every level, from bacteria through birds to mammals.  Of particular note to the Royal
birders was the flourishing on organic farms of lapwings, a bird species that has declined by 80 percent
in the U.K.  The biodiversity increase associated with organic farming was attributed to two factors:
organic farms not using poisonous chemicals deleterious to wildlife species, and managing the
landscape so as to provide for a greater amount of habitat for wildlife.  The study was published in the
journal Biological Conservation Volume 122 and reviewed by James Randerson in the 11 Oct 2004
New Scientist.

The Role of Renewable Energy Technologies on the Farm

Thirty-five years ago, a three-year (1976-1980) research and demonstration project was conducted with
48 farms in Cedar County, Nebraska.  The research and demonstration “Small Farm Energy Project”
was funded by the federal Community Services Administration through the Center for Rural Affairs at
the University of Nebraska.  The results: an average of $1,138 in energy expenses (in 1979 dollars)
was saved for each participating farm through adoption of renewable energy technologies to generate
power to meet farm load demands.

The Naysayers

Alex Avery of the Hudson Institute has delivered a number of screeds against organic agriculture.  He
supports genetically modified organisms in agriculture on the grounds that this is the only means to get
the high yields necessary to feed a growing world population.  He claims that organic agriculture
produces only 55-60 percent of chemical input agriculture yields, and a decision to convert to organic
agriculture in the world agriculture system is a decision to convert 18-20 million square miles of wild
land habitat to agriculture to make up for diminished yields on existing croplands.  He has also claimed
that a shift to organic farming methods would result in an increase in pesticide use of hundreds of
millions of pounds per year.  He further claims that the pesticides used by organic farmers are far more
persistent in and damaging to the environment than the pesticides used by chemical input farmers.

Nobel-Prize-winning plant breeder Norman Borlaug stated at a 2002 conference, “We aren’t going to
feed 6 billion people with organic fertilizer.  If we tried to do it, we would level most of our forest and
many of those lands would be productive for only a short period of time.”  Note the two major fallacies
in Borlaug’s reasoning also present in Avery’s: (1) He assumes that organic agricultural yields on
existing farmland would be very much lower than those achieved with chemical-input agriculture due
to insufficient organic fertility input availability, and (2) He assumes that virtually all uncultivated wild
areas on Earth would have to be converted to farmland to avert massive starvation.  As detailed in the
reviews above, neither assumption is valid.

Operating from the same false premises, Cambridge chemist John Emsley said, “The greatest
catastrophe the human race could face this century is not global warming but a global conversion to
‘organic farming’ - an estimated 2 billion people would perish.”
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Following the money: Ten federal agencies, nine states, and Native American tribes are cooperating to
reduce nitrogen and phosphorous run-off that ends up in the Mississippi and Gulf of Mexico,
producing a huge “dead zone” of oxygen-depleted waters.  The Hudson Institute’s Center for Global
Food Issues says, “There is no water quality crisis in the Gulf.”  Among the top contributors to the
Hudson Institute are Monsanto, Dow, and Lilly, all huge agricultural chemical and pharmaceutical
companies.  The Environmental Protection Agency estimates that, to eliminate the dead zone in the
Gulf of Mexico, nutrient flow into the Mississippi from agricultural chemical run-off must drop by 40
percent.  The necessary reductions in chemical fertilizer applications to achieve this would cut into the
profits of these agribusinesses that support Avery and his Institute.  In short, the Hudson Institute is a
junk science purveyor serving the interests of its corporate sponsors who are threatened by market loss
due to customers converting to organic farming.  Other organic critics innocently or deliberately echo
this corporate-sponsored anti-organic propaganda.

Chapter 2: Why and How Organic Agriculture Works

Part 1:  Natural Systems Enhancement/Restoration of Ecological Integrity

Plant and beneficial insect symbiosis:  Plants and beneficial insects are linked in a complex
symbiosis in which they co-evolved.  Plants release many different volatile compounds into the air as
their way of communicating with their surroundings.  When a plant is attacked by a particular species
of caterpillar, it releases a specific pherome that lures the species of beneficial insect most likely to
prey upon that species of caterpillar.  The plant releases a slightly different pherome depending on the
pest species attacking it, thus sending a S.O.S. to the proper beneficials.  The plant under attack also
releases other compounds to inform neighboring plants know it is time to raise their defenses against
the attacker.

In the organically-managed agricultural system, habitat for beneficials is deliberately enhanced.  Soil
biotic communities are intact and thus maintain the vascular plants in healthy condition with fully-
functional immune systems, so that they are not susceptible to pest or disease attack.  Consequently,
the air around an organic crop is not often filled with distress signals from plants under attack, and
when an attack occurs, there are likely to be beneficials nearby to respond to the pheromonal S.O.S.  In
contrast, in a chemical input agricultural environment, the pesticides used against pest insects have
also killed off the beneficials.  The crop vascular plants themselves are likely to be deficient in
enzymes because of lack of micronutrients and organic compounds ordinarily provided to them by
symbiotic soil biota which have been suppressed by direct chemical toxicity from agricultural
chemicals and their residues.  Such nutrient-deprived plants exhibit chemical signals which attract pest
insects to attack them.

Sequestration of carbon in soils; soil organic content: Large amounts of carbon in inorganic forms
absorb most visible wavelengths of light and give soils their characteristic dark brown shades.  When
carbon content is low, we see the red, yellow or gray hues of the underlying mineral soil.

Soils around the world hold 1,500 to 2,300 pentagrams (two quintillion grams) of carbon.  That is two
to three times the amount of carbon stored in the world’s plant life at a given time.
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Josef Görres, Ph.D., specialist in ecological soil management at the University of Vermont, says
“Gardeners should aim for an organic matter content of 5 to 7 percent.”  Soils with excessive organic
matter tend to stay soggy and leach nutrients.  In my experience in organic farm production, an organic
content of two percent is the minimum which an organic farmer preparing a production plot for
organic production must aim for.  Soil biotic activity depends on soil organic matter as a feed source
and habitat.  Total soil biotic activity is deficient but approaches desired levels as one increases organic
content from zero towards two percent.  At two percent and above, a full spectrum of soil biota appear
to be present and active, so the synergic soil nutrient cycling, water management, and pathogen control
functions of the organic soil system are operative.  As organic soil content increases from 2 to 5-7
percent, the rate of metabolic activity in the soil increases, and therefore all beneficial soil-based
biological services to the crop.

After plants die, decomposers assimilate some of their carbon and respire the remainder as carbon
dioxide.  When the decomposers themselves die, their carbon can also be consumed and respired by
other decomposers.  The decomposers secrete enzymes which break down the tissue organic
compounds into small molecules which the decomposers can then absorb as food.  Decomposers
cannot easily degrade all forms of soil carbon, however.  For example, material from the cell walls of
dead microbes reacts with other carbon compounds in the soil to form complex polymers.  Many of
these polymers are humic compounds which build up in soil because their chemical structures can
withstand enzymatic attacks.  Along with similar molecules called polyphenols, humic compounds can
bind to and inactivate the decomposer’s enzymes which would degrade them.

Other environmental factors diminish the efficiency of microbial enzymes.  If soils are nitrogen-poor,
microbe populations lack the building materials for DNA and RNA required for reproduction.  The
lesser number of microbes means a reduction in decomposing enzymes in the soil.  In addition, some
decomposing enzymes require oxygen as a substrate, so under anoxic conditions, such as a
waterlogged peat bog, carboniferous plant materials accumulate undigested.

Mycorrhizal symbiosis: Arbuscular mycorrhizal fungi live in symbiosis with the root systems of
vascular plants.  The Mycorrhizae receive nutrients from the vascular plant in the form of
carbohydrates secreted out through the root hair membranes into the rhizosphere in the soil.  In return,
the fungi act as extensions of the vascular plant’s root system, effectively doubling the root’s ability to
take up nutrients such as phosphorous and collect water.  USDA soil microbiologist David Douds,
who has studied arbuscular mycorrhizae at the Rodale Institute experimental farm for over 15 years,
found that yields of potatoes and peppers can be boosted as much as 45 percent when naturally-
occurring populations of mycorrhizae are boosted with fungal innoculations.  Innoculations are not
needed to maintain optimal mycorrhizae numbers in the soil if the fungi have living vascular plant
roots present all year around.  Clearing a field of an annual crop, or clear-cutting a forest, decimates
the soil mycorrhizae’s carbohydrate food supply, causing a population crash.  Planting cover crops
(Douds recommends rye and vetch) between cash crops, or practicing selective tree harvesting, so that
the soil remains populated with the roots of living vascular plants in symbiosis with soil mycorrhizae,
maintains effective populations of these beneficial soil fungi and a host of related organisms which
also co-evolved to be symbiotic with vascular plants in the soil ecosystem.

The Renewable Deal – Edition 2  – April 2010 Page 255



Part 2:  Nutritional Content of Organically-Grown Crops

U.S. Organic Center Meta-analysis of nutritional characteristics of organic foods: Charles
Benbrook’s Organic Center of Troy, Oregon recently completed a meta-analysis of 97 published
studies comparing the nutrient content of conventional and organic food.  The analysis matched 236
pairs of measurements for 11 specific nutrients in both organic and non-organic fruit and vegetables. 
The organic produce was nutritionally superior in 61 percent of the cases.

Organic fruits and vegetables were on average 25 percent higher in these 11 key nurients than their
chemical-input-produced counterparts.  Organic fruits and vegetables were on average 30 percent
higher in antioxidants than chemical-input-produced counterparts.  [Benbrook, 2008].  The higher
levels of antioxidants in organic food may also contribute to better taste [Theuer, 2006]. Organic dairy
and meat products benefit children by providing higher levels of essential fatty acids, particularly
conjugated linoleic acid, and other nutrients.  Organic meat and dairy products help lower the risk of
eczema by 30 percent and lower allergy incidence [Rist, 2007].  Mothers eating organic milk and meat
had significantly higher levels of conjugated linoleic acid in their breast milk according to Lukas Rist
from Paracelsus Hospital Richterswil in Switzerland [Rist, 2007].

The study explains that use of synthetic fertilizers causes a nutritional imbalance in the soil. 
Conventional produce is more likely to have higher levels of potassium, phosphorous, and total protein
(due to high nitrogen) than organic.  Non-organic produce typically has lower levels of vitamin C and
higher levels of harmful nitrates (again from high nitrogen).  Organic farming methods create soil
conditions that produce higher levels of “micronutrients” such as polyphenols and antioxidants in
plants.  These micronutrients are consistently found to be higher in organic than non-organic produce. 
Several studies found that application of synthetic chemicals to crops hampers the ability of fruits and
vegetables to produce polyphenolics.

Britain: Mineral Content of Foods:  In the January/March 2006 issue of The Food Magazine, British
nutritionist David Thomas reports that the mineral content of meat and milk products has declined
significantly in the past 60 years.  Analyzing food nutrient data from 1940 and 2002, Thomas found
that the iron content in 15 different meat items fell on average 47%, though some products showed a
decline as high as 80 percent.  Thomas concludes that the transition to high-fat, high-calorie, and
highly processed foods lacking in micronutrients has caused people to be simultaneously overfed and
undernourished.  A 2004 study from London Metropolitan University found that eating the same
weight of chicken today versus 30 years ago yields twice as many calories but one-third to one-eighth
the omega-3 fatty acids.  Earlier U.K. and U.S. analyses found substantial nutritional losses in every
food sub-group investigated.  “Possible reasons for the nutrient declines include mineral depletion of
the soil itself, changes in plant varieties, and loss of soil microorganisms.”  American researcher
Donald R. Davis believes that large-scale industrial farming itself plays a key role through the
application of yield-increasing synthetic fertilizers and irrigation water diluting micronutrient
availability to plants from the soil.

McCance and Widdowson found the following changes in mineral composition of milk in milligrams
from 1940 to 2002 in Britain:
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1940 2002           Change

Sodium   50   43 -14%

Potassium 160 155   -3%

Phosphorous   95   93   -2%

Magnesium   14   11 -21%

Calcium 120 118   -2%

Iron     0.08     0.03 -62%

Copper     0.02   <0.01  gone

What these researchers did not take into account is that synthetic fertilizers, pesticides and herbicides
directly and indirectly suppress species of soil bacteria and fungi, some of which deliver mineral
micronutrients to crop plants by chelating metal ions (embedding them within amino acid chains) so
that they can be absorbed and metabolized by plants.  If the chelating microorganisms are deficient in
soil due to lack of nutrients or suppression by the toxic effects of chemical agricultural inputs, then
existing chelated micronutrients will be exhausted by crops and the food crops will suffer from
micronutrient deficiencies in formation of complex enzymes and polyphenols such as flavonoids, thus
lowering the crop nutritional value relative to its caloric value from simple carbohydrates and proteins
which the micronutrient-stressed plant can still form as long as it has sunlight, water, carbon, nitrogen,
phosporous, and potassium available to it.

U.S.: Nutritional Content of Foods: Dr. Donald Davis et al of the University of Texas, Austin,
analyzed 50 years of USDA nutrition data.  They found that of 13 major nutrients in fruits and
vegetables tracked by USDA from 1950 to 1999, six showed significant declines: protein (-6%),
calcium, phosphorus, iron (-15%), riboflavin (-38%), and vitamin C (-20%) [Davis, 2004].

U.S.: Nutritional Content of Marionberries, Strawberries and Corn:  In a 2003 issue of the
Journal of Agricultural and Food Chemistry, a University of California - Davis team assessed the
nutritional differences in marionberries (a type of blackberry), strawberries, and corn raised by three
different methods:

1. Organically - no pesticides, herbicides, or synthetic fertilizer inputs were used

2. Sustainably - no pesticides or herbicides were used, but synthetic fertilizer was used

3. Conventionally - pesticides, herbicides, and synthetic fertilizers were used

Crops grown organically or sustainable had much higher polyphenolic content than those grown
“conventionally.”
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Wine toxins, antioxidants and polyphenols:  In wines, mycotoxin content was three times higher in
non-organic wine samples on average than in organic.  The organic wines contained higher levels of
antioxidants and polyphenols.

Britain: antioxidant content in fruits and vegetables:  Newcastle University in the United Kingdom
found organic fruits and vegetables contained an average of 40 percent more antioxidants, and organic
milk contained 80 percent more antioxidants in the summer, than non-organic products tested.

Britain: Salicylic acid in soups:  In 2002, British researchers evaluated 35 different brands of
vegetable soup, both organic and non-organic.  They found that on average, organic brands contained
nearly six times as much salicylic acid, a natural anti-inflammatory agent.  Earlier British research
found that blood levels of salicylic acid rose in Ss eating salicylic-rich foods, and higher blood
concentrations of the acid fight certain types of cancer as well as plaque build-up in the arteries.

U.S.: Kiwifruits:  University of California - Davis researchers studied kiwifruits grown organically
versus with chemical pesticide, herbicide, and fertilizer inputs.  The crops were grown at the same
time, in the same soil type, under the same environmental conditions, and were harvested at the same
stage of maturity from the same farm in Marysville, CA.  Researchers assessed the physical
characteristics of the fruit as well as compounds in the fruit associated with flavor and nutrition. 
Sugars and organic acids were the same in kiwifruits from both growing methods.  The Es found:  “All
the main mineral constituents were more concentrated in organic kiwifruits, which also had higher
levels of ascorbic acid and total phenol content, resulting in a higher antioxidant activity.”  [A
Comparative Study of Composition and Postharvest Performance of Organically and Conventionally
Grown Kiwifruits.  Journal of the Science of food Agriculture, 3-27-07 online]

U.S.: Flavonoids in fruits and vegetables:  In a 15-month study of almost 2,000 subjects, those
whose diet included the highest fruit intake had more than 70 percent reduced risk of heart attack and
other cardiac problems compared with those who ate the least amount of fruit.  On average, for each
additional piece of fruit consumed each day, subjects showed a 10 percent reduction in coronary risk. 
Subjects who consumed vegetables three or more times each week had approximately 70 percent lower
heart attack risk than those who ate no vegetables at all.  These benefits of fruits and vegetables are
attributed to flavonoids, which give fruits and vegetables their color.  Flavonoids have both anti-
inflammatory and antioxidant qualities which help curb chronic diseases: heart disease, lung cancer,
stroke, athsma, and type 2 diabetes.  Complex flavonoids are present in higher levels in fruits and
vegetables which have the full array of bioavailable micronutrients available to them from organically-
managed soils.

Over a period of ten years, the University of California - Davis assessed levels of two flavonids,
quercetin and kaempferol, in a large sampling of organic and non-organically-grown tomatoes.  On
average, UCD found that organic tomatoes contained nearly 80 percent more quercetin and more than
95 percent more kaempferol than tomatoes grown with fertilizer and pesticides.  Flavonids have
antioxidant and anti-inflammatory properties, and more of them are produced in plants that are
nutrient-stressed.  A massive study found that subjects who consumed more flavonid-rich foods were
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less likely to suffer from a number of chronic diseases including heart disease, lung cancer, stroke,
athsma, and type 2 diabetes.  For example, subjects who had the highest levels of quercetin and
kaempferol in their diets were found to have a 21 percent lower risk of heart disease than those with
low levels in the diet.  Subjects with high flavonid intake lived longer than those with low flavonid
intake.

U.S.: Red wine polyphenolic compounds, resveratrol, and antioxidants:  A new study published in
mid-2007 on the Organic Center website examined 15 different red wines for polyphenolic
compounds, resveratrol, antioxidant activity, and orthratozin A (OTA) contamination.  Organic wines
had the greatest concentrations of antioxidant activity and of the key antioxidant resveratrol, as well as
the highest levels of polyphenols.  The combination of farming practices used by organic farmers
reduced the risk of mycotoxin formation, through a yet unidentified mechanism.

Britain: nutritional value of organic farm-grown products:  The October 29, 2007 UK Independent
reported the interim findings of a £12 million European Union-funded investigation - the four-year
Quality Low Input Food project - of the nutritional value in organic versus “ordinary” farm-grown
food products.  Led by Newcastle University, 33 academic centers across Europe are analyzing the
project’s data for publication next year.  Among the findings were:

1. organic milk is higher in vitamin E, an antioxidant that “contributes to a healthy circulatory
system”2. potatoes, kiwi fruit, and carrots were among organic produce found to be higher in vitamin
C

3. higher levels of minerals and antioxidants were found in organically-farmed lettuce, spinach and
cabbage

4. milk from organic cattle, as well as having 60 percent more antioxidants, also had far more
beneficial fatty acids.  Professor Carlo Leifert: “We have shown there are more of certain nutritionally
desirable compounds and less of the baddies in organic foods, or improved amounts of the fatty acids
you want and less of those you don’t want.”

Britain: nutritional value of organic milk: “The Nafferton Ecological Farming Group at Newcastle
University in the U.K. has just published the results of a study reporting that organic milk, from cows
left to graze on forage, contains significantly higher beneficial fatty acids, antioxidants and vitamins
than milk produced conventionally.  One beneficial fat in particular, conjugated linoleic acid, or
CLA9, was found to be 60% higher in organic milk during the summer months when the cows are out
in the fields eating fresh grass and clover.  The other nutritionally desirable fatty acids found in higher
levels in the organic milk were omega-3 and linolenic acid.  The study also showed the organic milk to
be higher in antioxidant and vitamins, namely vitamin E and carotenoids, than the conventional milk. 
Consumption of these healthy fats, antioxidants and vitamins has been linked to a reduced risk of
cardiovascular disease suggesting that drinking organic milk is good for your health.” [California
Certified Organic Farmers Magazine, Summer 2008, p. 15]

U.S.: Mineral content of historical wheat varieties v. those bred for high-input chemical
agriculture: Washington State University tested 56 historical and 7 “modern” wheat varieties in trials
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during 2004-2005 at Spillman Farm in Pullman, WA, under an Organic Farming Research Foundation
grant.  The “modern” wheat varieties were all bred to maximize yields under high chemical input
farming conditions.  The study concluded that “[wheat] yield in organic systems has not been
optimized and will not be fully optimized until breeding and selection occurs within these organic
systems.”  Mineral content in mg/kg dry weight (except for Selenium which is in ug/kg) for the
varieties was:

Mineral Historical

1842 - 1965

Modern

2003 - 

%

Change

Grain Yield/

Mineral

Content

Correlation

Ca 421.98 398.49 - 6 -0.41 ***

Cu 4.76 4.10 - 16 *** -0.17 ***

Fe 35.73 32.31 - 11 ** 0.05

Mg 1402.62 1307.6 - 7 *** - 0.35 ***

Mn 49.98 46.75 - 7 * - 0.17 **

P 3797 3492 - 9 *** - 0.25 ***

Se 16.17 10.75 - 50 * - 0.38 ***

Zn 33.85 28.18 - 25 *** - 0.06

Legend: *** p < 0.0001; ** p < 0.01; * p < .05 that difference is due to chance.

Unstarred differences may be due to chance.

Worldwide: International Federation of Organic Agricultural Movements (IFOAM) 2008
General Assembly, Modena, Italy: At the IFOAM assembly, the International Society for Organic
Agriculture Research reported on organic research from universities around the globe, filling 6 out of
16 tracks of workshops at the assembly.  The compilation of abstracts alone runs over 600 pages.  This
Book of Abstracts can be accessed at <www.ifoam.org>.

At the assembly, plenary sessions were devoted to IFOAM’s four principles of organic agriculture:
ecology, care, fairness, and health.  The following definition of “organic agriculture” was presented:

“Organic agriculture is a production system that sustains the health of soils, ecosystems and
people.  It relies on ecological processes, biodiversity and cycles adapted to local conditions,
rather than the use of inputs with adverse effects.  Organic Agriculture combines tradition,
innovation and science to benefit the shared environment and promote fair relationships and a
good quality of life for all involved.”

Part 3: Pesticide residues in organic versus non-organic foods
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C. Lu, et al (2008) published a one-year study comparing conventional versus organic food diets
among school-aged children living near Seattle, WA.  Researchers tested the urine and saliva of 23
school-aged kids who were eating a conventional diet and found residues of organophosphate
insecticides, including malathion and chlorpyrifos.  Within eight to thirty-six hours of switching to an
organic diet, no residues were detected.  “The transformation is extremely rapid,” observed lead author
Dr. Alex Lu, now with the Harvard University School of Public Health, to the Seattle Post
Intelligencer.  “Once you switch from conventional food to organic, the pesticides [...] in the urine
disappear.  The levels return immediately when you go back to the conventional diets.”

A Spanish study found children born to mothers with higher levels of the pesticide hexachlorobenzene
in umbilical cord blood were significantly more likely to be overweight or obese by the age of six
[Smink, 2008].

A number of studies have linked pesticide exposure from food at critical developmental periods with a
significant rise in children suffering from athsma, allergies, autism, attention deficit disorder,
reproductive disorders, childhood cancer, and obesity.

The average chemically-produced apple tested by USDA in 2004 contained 3.5 pesticide residues.  If
apples are peeled before eating to help reduce dietary pesticide exposure, 40 percent of the flavonols,
about 30 percent of the vitamin C and 20 percent of total phenolics are thrown away with the peel
[Lata, 2007].

Endnotes

In this article, I refer to “certified organic agriculture” in order to make clear that I refer to the body of
agricultural practices which would qualify the grower for organic certification under the International
Federation of Organic Agricultural Movements (IFOAM) organic standards which are recognized as
the international trade standard defining “organic” by the World Trade Organization.  I do not mean to
infer that an “organic  grower” described here as such will actually seek or receive formal certification
as an organic grower from an accredited certification body.  Since ideas of what “organic” might mean
vary greatly, I define “organic agriculture” as practices that are consistent with IFOAM organic
standards.  Looking into the future, I see world agriculture increasingly adopting organic cultural
techniques as the cost-effectiveness of chemical inputs continues to decline.  By 2050, I expect the
world agricultural system to be de facto organic, with the bulk of practices and inputs used worldwide
being those developed by certified organic farmers.  However, a majority of the world’s farmers might
still be using one or more techniques or inputs which would disqualify them from being certified as an
organic producer under 2007 IFOAM organic standards.  Agricultural consultant Don Lotter says that,
“...if we do things right, we’ll build a lot of organic into conventional systems.”  Lotter notes that the
“integrated” approach often out-performs both a strictly organic and chemical-intensive approach in
terms of yield, economics, and environmental benefits.

In this article, I do not use the term “conventional” to describe chemical input agriculture.  There is
nothing “conventional” about use of synthetic chemicals in agriculture when you view agricultural
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practices in the context of the history of agriculture.  The use of synthetic pesticides in agriculture
commenced after World War II when chemical companies looked about for some peacetime use for
their capital investment in chemical warfare agent factories and discovered that chemical warfare nerve
agents that worked to paralyze the nervous systems of humans and kill them would do the same to the
nervous systems of insects.  From the perspective of the history of human agriculture, the use of
synthetic fertilizers and pesticides is a 50-year abnormality.  The use of crop rotation, livestock and
human manure as a fertility input, and what we have dubbed “integrated pest management” techniques
is the millenial norm.

Organic certification standards have forced innovation in organics, and continue to do so.  I have
described certified organic agriculture as a game we are playing to force us to discover how we can
produce enough food in the post-carbon future.  Many seemingly intractable problems for which no
organic control was effective, such as the codling moth in stone fruit, have been solved by organic
innovators.  In the case of the codling moth, the organic control technique developed has been
evaluated to be twenty-five times more cost effective than pesticide spray control techniques in
peaches by University of California studies.  

Currently the bane of organic growers in the Intermountain West is control of rhizome-based perennial
weeds such as bindweed (wild morning glory) and Russian knapweed, which are propagated by
mechanical cultivation.  In affected agricultural areas, certified organic farmers who develop
infestations of these noxious perennial weeds in a field will take the field out of organic production,
spray it with Roundup Ultra or other herbicide effective against the weed, and after control is achieved
rotate the field back into their organic farm program through a three-year transition.  This is tolerated
by organic certification agencies because of noxious weed control laws and want of any known
“organic” control technique.  Another problem in organics is maintaining soil fertility in perennial
crops such as alfalfa where large quantities of biomass are removed from the field with each harvest,
depleting the nutrients available to crop from the field nutrient cycle.  In my inspection work
throughout the Intermountain West, I am seeing innovative experimentation on bindweed control and
fertility maintenance with some promising preliminary results.  If innovation in organic agriculture
continues at the same pace it has displayed from 1990 to the present, by the year 2050 we may well
have a full “toolbox” of organically-certifiable cultural techniques and inputs which can deal with any
agricultural fertility, pest, or disease problem more cost-effectively than any synthetic-chemical-based
technique now utilized.

I am in favor of an agricultural future in which no synthetic chemicals are applied to crops or the soil
because of the effects of these applications on soil biota.  For every chemical fertilizer, pesticide, and
herbicide, thus far studied to determine their impact on soil biota, an adverse effect has been found on
some species either from the original chemical or from its metabolites in the soil.  In short, applying
synthetic chemicals appears to always compromise the ecological integrity of the soil biotic
community.  Since vascular food plants and the soil biotic community co-evolved, that chemically-
unaltered natural dynamic represents the ecological system equilibrium point that best supports food
crop growth and health, nutrient cycling, water retention and management in the water column, and
control of pathogens.  If you suppress various species of organisms in the soil through application of
agricultural chemicals, you can safely assume you are damaging natural ecosystem support functions
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that benefit the crop and the continued vitality of the living soil community.  It is not a good idea to do
this, so I favor stopping.

My views of organic agriculture are shaped by my observations as an organic crop and livestock
inspector of producers in Montana, Idaho, Wyoming, Utah, Colorado, New Mexico, and California
since 1999.  While inspecting, I have always gathered data on the quality, price, and yield not only of
the crops grown by the organic applicant for certification, but by their non-organic neighbors.  In small
grain crops, the organic producers get between 10 percent and 500 percent more yield per acre than
their chemical-input neighbors (for a wet versus an extreme drought year, respectively), and get price
premiums for both being certified organic (typically about 20-50 percent premium) and for crop
quality (typically about 10 percent) per bushel.  Once a farmer is through transition and has achieved
good soil tilth and mastery of the organic techniques that work for him or her on their land, total
operational costs per acre of crop are usually lower than for chemical input farmers in the same crop in
the same county.  The combination of lower cost and higher revenue per acre makes certified organic
operations far more profitable.  In the Intermountain West, finding a given organic grower is 2,000
acres larger each year I inspect them, due to having acquired defunct chemical farmers’ fields, is
routine.  Across crop systems west of the Rockies, I have determined that organic growers would be
more profitable than their chemical-input peers if there were no market “organic premium” in the price
they receive for the products they sell.

When you have a system which produces superior products at lower risk, for a higher profit, than its
competitor, guess which system will take over the competitive field according to free market principles
of economics?
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Chapter 2:  Environmentally Compatible Domestic Livestock Production

(Revised 02 Feb 09)

Confined Animal Feeding Operations and their Alternatives

The Pew Commission on Industrial Animal Farm Production report issued in spring 2008 summarizes
a 2 ½ year study of the farm animal industry’s history, current state, and environmental and cultural
impact.  It concludes that “conventional” methods of raising farm animals for food and food
production “poses unacceptable risks to public health, the environment and the welfare of the animals
themselves.”  The report offers recommendations for reformation of the animal food industry.  Not
surprisingly, animals raised in compliance with organic certification standards exceeds or meets most
of the recommendations in the Pew report. <www.pewtrusts.org>

The Union of Concerned Scientists CAFO’s Uncovered: The Untold Costs of Confined Animal
Feeding Operations, examines the governmental policies that have encouraged the growth of CAFOs
and the enormous costs these facilities have imposed on our society as externalities.  The report was
released in April, 2008.  It includes the cost of taxpayer subsidies, and direct and indirect costs to
society such as environmental and health damage.  The UCS report identifies more sophisticated,
efficient alternatives for producing affordable food and the better agricultural policies that would
promote the shift to these alternatives.

CAFOs comprise 5% of U.S. animal operations but now produce more than 50% of our food animals. 
Indirect grain subsidies to CAFOs between 1997 and 2005 amounted to almost $35 billion in taxpayer
dollars.  CAFOs produce some 300 million tons of untreated manure each year, about twice as much
waste as is generated by the human population of the USA.  The UCS report estimates that the cost to
clean up the contaminated soil under every U.S. hog and dairy CAFO would approach $4.1 billion. 
The U.S. Department of Agriculture has estimated that it would cost CAFOs at least $1.16 billion a
year to transport and spread their manure on enough farmland to reduce both water and air pollution. 
Foul odors and contaminated ground and surface water caused by CAFO manure concentrations have
depressed property values of land near U.S. CAFOs by an estimated total of $26 billion, the UCS
estimates.

Livestock operations, especially in CAFOs, account for about 70 percent of U.S. airborne ammonia
emissions.  Ammonia combines with other compounds in the atmosphere to form fine particulate
pollution that exacerbates asthma and other respiratory diseases, and also contributes to acid rain
formation.

The UCS report identifies such techniques as managed rotational grazing and use of mid-size hog hoop
barns in pasture-based operations as being healthier for the animals, avoiding concentrations of manure
beyond natural land nutrient cycling capacities, and can produce comparable or even higher profits per
animal at close to the same production costs to the farmer.
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Chapter 3: Aquaculture

-The Most Efficient Means of Turning Plant Nutrients Into Animal Protein-

-Aquaculture’s Potential Role in Integrated Organic Farming Systems-

-Aquaculture’s Potential Role in Ecological Restoration Initiatives-

by Richard Lance Christie

(Revised 04 Jan 09)

Summary

Low-trophic (vegetarian) fish and shellfish are the most efficient of all human-consumable organisms
at converting plant material into animal protein.  Aquaculture of low-trophic acquatic food animals can
greatly increase organic farm food productivity from a given acreage.  Aquaculture production can be
integrated into organic grain, vegetable, and fruit production systems with synergic effects on the
productivity of each component of agricultural production.  Examples of low-trophic fish currently
produced by fresh-water aquaculture for the food marketplace worldwide include tilapia, catfish, carp,
and shellfish.

High-trophic (carnivorous or predatory) fish and shellfish consume other animals and are therefore not
efficient at converting plant material into animal protein.  High trophic organisms require protein
content in their diets, which is typically supplied by turning smaller fish species such as anchovy,
herring, capelin, and whiting into processed fish feed.  Consequently, aquiculture of high-trophic fish
is a net drain on the world’s seafood supply.  Examples of high-trophic seafood currently produced by
salt-water aquiculture for the food marketplace worldwide include salmon, striped bass, tuna, shrimp,
and Atlantic halibut in salt water, and trout in fresh water.

History and Overview

On average, each person on Earth is eating four times as much seafood per year as they were in 1950. 
The majority of wild fisheries are over-fished and in decline.  Fish farming has become a large-scale
provider of fish and other seafood to the world market, providing 42 percent of the world total in 2006. 
In 2006, fish farmers raised an estimated 66.7 million tons of seafood worth more than $80 billion. 
This was nearly double the production volume achieved in 1996.  Per capita consumption of farmed
seafood has increased nearly tenfold since 1970; it was more than 10 kilograms per capita in 1970. 
Experts predict that farmed seafood will grow an additional 70 percent by 2030.  In the United States,
the Department of Commerce has adopted a policy to increase the value of domestic aquaculture
production fivefold by 2025.

Compared to raising turkeys, chickens, pigs, or cows for meat, aquaculture is remarkably efficient in its
use of feed and water, in part because aquatic creatures burn less energy resisting gravity than
terrestrial animals.
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In Asia, herbivorous fish farming has been integrated with rice farming for thousands of years. 
Vegetable scraps and crop residues are fed to the fish, and the fish’s wastes in the water fertilizes the
rice.  The fish consume larvae (e.g., of mosquitos which carry malaria), weeds and algae, providing
both pesticidal and herbicidal controls.  Fish farming in China accelerated abruptly with the founding
of the People’s Republic in 1949.  As part of the push for self-sufficiency, the Communist Chinese
government constructed some 82,000 artificial water bodies nationwide, providing more than two
million hectares of inland water surface and increasing aquaculture fiftyfold.  Today, China produces
70 percent of global farmed seafood, and the percentage of Chinese food fish consumption from
aquaculture farms is about 75 percent, versus 20 percent for the rest of the world.

It was not until the 1970s that farmers in Norway began to raise salmon entirely in captivity.  Norway’s
production expanded rapidly in the 1980s.  Salmon farming spread to Scotland, Japan, Chile, Canada,
and the United States, Ireland, New Zealand, Australia, and the Faroe Islands.  In 1980, farmed salmon
accounted for about 1 percent of all salmon on the world market.  By the early 1990's, farmed salmon
accounted for almost twice as much of total salmon harvested as did wild-caught salmon.  Farming of
predatory species such as salmon, striped bass, tuna, and shrimp has expanded by nearly 25 percent
each year over the past quarter century.  In regards to the practice of harvesting ocean fish to “reduce”
into fish feed for these predatory farmed fish, the United Nations Food and Agriculture Organization,
in its Code of Conduct for Responsible Fisheries, calls on countries to “encourage the use of fish for
human consumption” and discourage its use for feeding animals or other fish.

The Problems with Factory Farming at Sea

A fish farm with 200,000 salmon releases nutrients and fecal matter roughly equivalent to the raw
sewage from 20,000-60,000 people.  Scotland’s aquaculture industry is estimated to produce the same
amount of nitrogen waste as the untreated sewage of 3.2 million people.

The cramped conditions in salt water factory farms raising high trophic fish encourage the spread of
disease and parasites.  Fish farmers spend nearly $1 billion a year on veterinary products, but still lose
millions of dollars worth of stock to disease.  For example, in recent years, shrimp farmers in China
have lost $120 million to fish bacterial diseases and $420 million to shrimp diseases.  The antibiotics,
de-licing compounds, and other chemicals used to combat pathogens ends up in the water as fugitive
chemicals.

The pathogens causing losses in factory farm aquaculture, such as sea lice, are endemic in wild fish
populations.  However, natural migration patterns typically ensure that schools of wild fish are not
decimated through infestation with these pathogenic organisms.  In the case of wild salmon, hatchlings
come from their spawning grounds out to sea where they grow to be adults separate from adult salmon,
becoming associated with adult salmon with sea lice when they have become adults and resistant to sea
lice damage.  The development of salmon farms in coastal waters has been shown to infect juvenile
salmon with sea lice as they swim through the lice-contaminated plumes in the sea coming from the
farmed adult salmon cages.

As aquaculture becomes increasingly globalized, fish stocks, feeds and other inputs move around the
world, enabling the rapid transmission of disease.  In 1995, a herpes virus erupted near tuna ranches
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off southern Australia and spread through regional waters at 30 kilometers a day.  The epidemic left 75
percent of the native pilchard population dead, triggering a mass starvation of seabirds such as gannets
and penguins.  The virus is believed to have arrived in imported fish feed, which constitutes 30 percent
of Australia’s aquaculture feed input.

Ownership in industrial aquaculture has become highly concentrated.  In 2001, circa 30 companies
control two-thirds of the world’s farmed salmon and trout production.  The larger firms like Marine
Harvest and Panfish operate in multiple countries and are vertically integrated, controlling the entire
production process from feed and hatchery through grow-out, processing and distribution.  More than
two-thirds of global aquafeed production is controlled by Skretting (Nutreco) and Ewos (Cermaq).

According to the University of British Columbia’s Sea Around Us Project, in 1948 only 7.7 percent of
marine fish landings were reduced to fishmeal and fish oil.  Today, that share is about 37 percent. 
Marine shrimp, marine fish, trout and salmon consume more than half of this fishmeal and the vast
majority of this fish oil, despite representing just 7 percent of global aquaculture production and less
than 3 percent of total world seafood production.

Tuna “ranchers” in Australia, Italy, Mexico and Spain rustle up schools of juvenile tuna in the ocean
and tow the fish closer to shore using special nets.  The tuna are then transferred to grow-out pens
where they are fed wild-caught sardines until their fat content is high enough to meet market demand. 
This tuna industry has expanded 40 percent in value and 16 percent in volume in the last decade.  It
generally takes 20 kilograms of feed to produce 1 kilogram of marketable tuna.  There are better ways
to do “tuna ranching.”  Facilities off the coast of Baja California in Mexico produce seasonally, using
fresh, locally-caught Pacific sardine as the main feed source for the tuna.  Monitoring has shown no
detectable impact on either the wild sardine or tuna fishery stocks.

University of Victoria aquaculture specialist John Volpe argues that farmed salmon is inexpensive
because costs are externalized to the environment and society at large.  In the case of salmon farming,
he lists those externalized costs as: (1) heavy usage of clean, oxygenated water provided by nature,
turning it into dirty, de-oxygenated water discharged into the oceanic environment; (2) the “removal”
of organic and other wastes by natural currents into the oceanic environment; (3) the assimilation of
escaped fish into wild populations; and (4) high levels of sea lice in the ecosystem.

The high-trophic fish farming industry has been increasing its efficiency in order to reduce costs.  As
recently as 1997, it took 1.9 kilograms of wild fish to produce 1 kilogram of fed farmed fish on
average.  By 2001, this ratio had dropped to 1.3 to 1.  Farmed fish have been selectively bred to grow
faster on less feed; the production cycle is 20-25 percent shorter today than it was 10 years ago.  The
fishmeal portion of the farmed “Atlantic salmon” diet dropped from about 60 percent in 1985 to some
35 percent today as vegetable protein sources have been identified which work in fishfeed
formulations.  Research evidence indicates predatory fish can be raised on a primarily vegetable-based
diet, and still be more efficient at converting plants to animal protein than pigs and cows.  Improved
pelleting technology allows feed pellets to sink more slowly, enabling nearly all the food put in cages
to be ingested by the fish.  On some Norwegian salmon farms the amount of excess nitrogen in the
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water - in the form of wasted feed and fish manure - has decreased from 180 kilograms per ton of fish
to approximately 30 kilograms per ton of fish.

Several analysts have suggested using terrestrial slaughterhouse wastes, which represent about half the
weight of animals slaughtered for human consumption, as a substitute for fish in fish food.  The
analysts estimate that some 15-30 million tons of animal byproducts are generated each year, about
two to three times the amount of fishmeal and fish oil currently produced.  Something must be done. 
Aquaculture now consumes 40 percent of the world’s fishmeal, up from 10 percent two decades ago. 
It is projected to outstrip the world supply of fishmeal by 2050.  Aquaculture already consumes more
than half of the world fish oil supply and is projected to outstrip world supply by 2015.

Peruvian anchovy accounts for about one-tenth of the wild fishes netted each year.  Currently the
anchovy, chock-full of beneficial omega-3 fatty acids, ends up as fishmeal and fish oil which is fed to
terrestrial animals and fish in their rations.  Dr. Patricia Majluf, a marine mammal expert and
conservationist and a team from the University of Lima launched a campaign to change the image of
the anchoveta to that of a tasty dish for well-heeled sophisticates.  Majluf convinced the chefs of
Lima’s top 30 restaurants to serve newly created anchoveta recipes to an elite audience including
Peru’s president.  Majluf calculates that if the anchoveta catch was used for human consumption in
anchovy in lemon juice and olive oil, anchovy tempura, anchovy soup, and other traditional recipes, it
would generate revenues one order of magnitude higher than those currently gained from the export of
anchovy fishmeal.

Integrated Salt Water Aquaculture Systems

In Back Bay of southwestern New Brunswick, Canada, Cooke Aquaculture’s salmon farms have
dramatically reduced their pollution of the ocean through mimicking some of the functions of a coastal
ecosystem in its fish farming operation, raising three different species of seafood.

At the center of Cooke’s operation is a cluster of 15 large salmon cages, each running 70 meters on
end.  The metal cages are surrounded by four additional units that have been fitted to hold socks of
blue mussels, which drape down the water column.  The shellfish, positioned some 20 meters
“downstream” from the salmon, filter out nutrients flowing out of the fish cages. The mussels grow
faster and yield nearly 40 percent more meat per shell than mussels grown in open water. 
“Downsteam” of the mussels is a flotilla of large rafts from which dangle long ribbons of kelp.  The
seaweed thrives on the dissolved nitrogen, phosphorous, and other nutrients that diffuse into the sea
water from the salmon operation.

In Norway, the salmon farming industry has largely eliminated antibiotic use through a combination of
using vaccines, rotating sites after each harvest of fish (the equivalent of fallowing a field in terrestrial
agriculture), and imposing strict rules for the movement of live fish.  Some salmon farms have
eliminated the use of chemical antifoulants by using frequent “swimthroughs” where fish are shifted
from one place to another.
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A different approach to dispersing nutrient and defecatory wastes from caged high-trophic fish is the
proposal to place juvenile tuna in a cage in Mexico and then tow it across the Pacific to Japan, arriving
with mature fish ready for harvest several months later.  Critics are concerned that waste plumes from
these cages are not harmlessly dispersed in open ocean waters, that massive storms or other events can
lead to escapes of farmed fish, including species that do not naturally inhabit parts of the oceans into
which they could be introduced.  This open-ocean aquaculture also promises to be expensive, and it is
not known if it could be cost-effective.

Another approach advocated by the Pure Salmon Campaign is use of “closed-container” farms.  Fish
are raised in fiberglass or concrete tanks using recirculated water.  These systems require a substantial
amount of energy to pump, oxygenate, and cleanse the water, but make it possible to raise fish in large
urban areas, where the savings in energy transporting the fish to the point of consumption can make up
for the energy overhead of the closed-container production system.

Aquaculture in Integrated Organic Farming Systems

An example of an integrated farming system is Jim Carlberg’s 40-year-old aquaculture operation in
southern California near the Salton Sea.  Carlberg produces fish primarily for nearby restaurants,
cafeterias, and Asian markets; he sells only whole fish.  He raises a domesticated breed of striped bass
in a system of tanks, selling 90 tons of fresh fish a month.  He uses warm geothermal water to help his
fish grow faster.  He uses algae to improve water quality, recirculating water several times through the
tanks before it is discharged as fertilizer to nearby fields of corn, lettuce, and other high-value
vegetables.

“From the Philippines to Bangladesh to the southern United States, small-scale fish farmers often have
higher and more stable incomes than nearby crop farmers.” -Brian Halweil, Worldwatch Report 176. 
In Bangladesh, rice-fish culture increased incomes by 20 percent and rice yields by 8 percent while
reducing pesticide and herbicide use.  Small-scale tilapia farmers in Central Luzon, the Philippines,
showed net annual earnings 50 percent higher than nearby rice farmers.

One study found that producing one kilogram of tilapia in an intensive, cage-farming system required
1.5 times more industrial energy than raising the same fish in semi-intensive, pond-farming system,
even though the cage system was more productive per unit of area.

Raising fish utilizing on-farm feed makes a large difference in the energy costs found in the lifecycle
analysis of the production system.  In rainbow trout production in France, off-farm feed production
accounted for 52 percent of total energy use by the production system, 82 percent of the contributions
to acidification of the atmosphere, 83 percent of greenhouse gas emissions, and 100 percent of “biotic
resource use,” e.g., use of natural resources.  A general rule of thumb according to scientists Malcolm
Beveridge and David Little is, “the more external food that is supplied per ton of production, the
greater the wastes and the greater the demands on the environment to disperse and assimilate these
wastes.”

In an aquaculture component of an organic farm production system, the fish in the system can be fed
from natural production of aquatic organisms, e.g., insects, larvae, algae and weeds, supplemented
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with agricultural wastes from crop systems and value-added processing of commodities on the farm. 
The yield in pounds of fish per acre of pond will not be as high as in an intensive-input, supplemental
feed system, but the fish production unit could be energy, carbon, and environmental footprint neutral,
with almost no cost overhead for the fish production component per se.

Aquaculture in Ecological Restoration Initiatives

Integrated Multitrophic Aquaculture systems (IMTA), otherwise known as ecological aquaculture
systems, are a new concept but are spreading.  In addition to providing profit opportunity to
aquaculture operators because virtually all nutrients in their systems are turned into salable product
tissue instead of becoming fugitive contaminants in the environment, IMTAs can be designed to be
cost-effective ways to recycle and clean water supplies.

Taking as an example the Cooke Aquaculture salmon farm in New Brunswick, Canada, described
above, IMTA designers are looking at adding sea urchins and sea cucumbers into the water column
coming from the salmon cages.  The farm’s existing mussels and kelp do not capture all of the waste
generated by the salmon.  Sea urchins and cucumbers can eat the bigger particles of nutrient-rich
“waste” which the mussels and kelp cannot.

Shellfish, eutrophication, and algal blooms: Mussels, oysters, clams, scallops and other shellfish eat
algae.  One adult oyster can filter nearly 200 liters of water a day.  A healthy shellfish population can
reduce excess nutrients from water, preventing algal blooms from eutrophication and thus reversing
the expansion of the large oxygen-depleted “dead zones” in the world’s oceans, some 200 of which
have developed in recent years due to nutrient run-off from land.

The billions of oysters that once inhabited places like Chesapeake Bay in New England or Puget Sound
in the Northwest can filter the water of the entire bay in a few days.  This allows sunlight to reach the
bay bottom so that grasses and other bases of a marine food chain can thrive.  Rowan Jacobsen wrote
in a 2007 New York Times op-ed that a large-scale return to shellfish farming would yield much more
than just jobs and seafood to eat.  In Spain, mussels account for 80 percent of total aquaculture
production.

In China, seaweeds are placed near finfish cages to absorb nutrients from the fish farming.  The
seaweed is harvested as a crop.

Flows of wastewater from the world’s cities are predicted to increase so greatly in the coming decades
that wastewater treatment investments will not keep nitrogen loadings from increasing dramatically in
coastal oceans.  Outside of Calcutta, India, 8,000 fish farm workers manage 3,500 hectares of
traditional ponds which produce 13,000 tons of fish a year for the city’s 12 million inhabitants.  The
ponds are used as a flyway by migrating birds.  The fish feed on the 600 million liters of raw sewage
flowing from Calcutta each day.  In addition to fish ponds, the water system includes water hyacinth
and algal bloom ponds which dispose of the city’s human waste.

In urban Vietnam, the government is promoting raising carp, catfish, tilapia, barb, and Kissing gourami
in farm ponds to clean the waters of canals contaminated with sewage and the manure from pig and
poultry farms.  In one analysis, the nutrients from pig manure stimulated the growth of phytoplankton,
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zooplankton, and other organisms the fish ate.  This resulted in fish yields and farmer incomes
increasing nearly 20-fold compared to unfertilized pond systems, producing some 8,380 kilograms of
fish per year at a return of 52 million Vietnamese dollars (roughly $3,125 US).  The ponds reduced the
pollution from pig manure by 60 percent.

In Los Angeles County, California, an aquaculture-wetland ecosystem grows Chinese water spinach
and tilapia for food, and water hyacinths for mulch and compost, while removing 97 percent of the
nutrients from untreated wastewater.  The ecosystem provides habitat for threatened bird species.

Such wastewater treatment through use of plant and animal species requires that industrial and
domestic effluent be kept separate in the wastewater treatment flow.  

Fish farming can help to restore degraded coral reefs and wetland ecosystems.  The cages that hold
farmed shellfish often function as artificial reefs around which striped bass, shad, and other marine
species congregate.

In Louisiana, fish farmers have created 68,000 hectares of red swamp crawfish-rice wetlands.  The
crawfish are raised in them from autumn to spring, followed by the rice crop in the summer.  The
habitat created by these farms has encouraged the return of endangered water birds like egrets, herons,
ibis, and spoonbills.  In the Mississippi delta, catfish farm ponds have led to recovery of populations of
double-breasted cormorants.

In Malawi, under a program established by the U.S. Agency for International Development, farmers
now set aside a small amount of their land for fish farming in ponds fed by farm and kitchen wastes,
including maize bran, household leftovers, and animal manure.  Compared to traditional crop farms,
these integrated systems show a sixfold increase in profits, and crop yields are 18 percent higher.  The
ponds help farmers cope with drought and enable them to raise crops like cabbage and tomatoes that
normally require irrigation during the dry season.  In families with aquaculture integrated into their
farm systems, child malnutrition has dropped by circa 15 percent.  Some 5,000 farmers have adopted
aquaculture into their farming systems in Malawi and Zambia.

“Aquaculturists are increasingly aware that it is in their own best interests to adopt sustainable
practices to reduce problems with pollution and disease,” says Daniel Lee, Best Aquaculture Practices
Coordinator with the Global Aquaculture Alliance (GAA).  The group, founded in 1997, now has
1,100 members in 70 countries.  Certification for shrimp is already done by GAA; standards for tilapia,
salmon, pangasius, and catfish are in the works.  The World Wildlife Fund is attempting to establish
internationally-recognized standards for some 11 farmed fish and shellfish.  More recently, the Pew
Environmental Group launched an effort to come up with its own certification standards, in part out of
a concern that both the GAA and WWF efforts were flawed.  The Pew Campaign for Healthy Oceans,
which houses the initiative, is not concerned with coming up with adoptable certification standards,
but with a set of science-based standards representing where aquaculture certification standards should
move the industry to be in terms of environment-compatible practices.

Thus far, certification standards for shrimp farming under GAA are proving to have a market as well as
an environmental consequence.  Shrimp produced by certified farms have been judged to have superior
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taste and texture, introducing the idea that certified aquaculture products can be sold for a market
premium because they are superior to non-certified products.

Chapter 4:  Plant Breeding, Biotechnology, and Genetic Modification Technology

by Richard Lance Christie

(Revised 14 Jun 09)

Summary Introduction

Global climate change threatens to reduce global food production due to increased virulence and/or
spread of pests and diseases, heat stress suppression of pollination and fruit set, and water stress from
increasing periods of drought, reduced irrigation water supplies, and more severe flood events. 
Corporate advocates who hope to profit from patentable genetic modification of seed and planting
stock producing Genetically Modified Organisms (GMOs) argue that they can swiftly produce food
plants that will withstand pests, diseases, heat and water stress with lowered yield losses, thus saving
the world from starvation, by splicing genes from other species into food crop cultivars.  GMO
corporations are currently identifying and patenting genes in various species which serve to make the
species heat or drought tolerant, resistant to pests and diseases, etc.  However, there have been to date
no instances where these patented genes have been spliced into food crop cultivars, much less trials as
to what the results turn out to be.

GMO technology is a prohibited method in all organic agriculture certification standards on Earth,
including the International Federation of Organic Agricultural Movements standards recognized as the
world standard by the World Trade Organization.  There is a good reason for this prohibition, and it is
not the romantic notion that GMO technology is not “natural.”  Existing GMO technology attaches the
gene expressing the desired characteristic to a string of genes for insertion into the target cell’s
chromosomes.  Some of these genes are from viruses, which insert their genetic material into a host
cell where they can reproduce and do the same for the GMO genetic payload they carry.  Other genes
are indicators, so that the GMO operators can detect which cells have and have not had a successful
insertion of genetic material, permitting the operators to propagate the genetically-modified tissues and
discard the failures.  The GMO process has no control on where in the host’s genome the inserted
material is spliced, or what effect the spliced genes will have on the host’s existing genetic expression
- what genes will be turned “on” or “off” under various circumstances.  There is an accumulating body
of evidence of adverse consequences to genetically-modified food cultivars and the creatures to which
they are fed.

Happily, there is no reason to employ the inherently-risky GMO technology in order to rapidly breed
food cultivar strains with desired pest or disease resistance, heat stress, or water stress resistance
characteristics.  This can be done using contemporary biomarker technology to identify plants
expressing the desired genes developed through existing, organically-certifiable, plant hybridization
and selection techniques.

Biomarker technology serves what Robert Rodale said in January 1989 about “Biotech will have to be
a part of that [building a sustainable food system that can feed the world] environmental solution.  And
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it will have to blend into a whole landscape of farm and garden methods that will be asked to
regenerate rather than degrade the environment.  What I call the tricky biotech of today - the search for
ways to fool plans and animals into doing more - will evolve into a much more sensible and high-
quality way to improve plants in the more distant future.”

The first part of this chapter examines the history of food plant breeding through selection and
hybridization techniques.  The second part describes Best Available Technology for accelerating this
plant breeding process through use of biomarkers.  The third part provides more detail on genetic
modification technology’s risks and sorry track record to date.

Cultivar Breeding Through Selection and Hybridization

Case Examples:

African/Asian rice hybrid: West Africans domesticated a native species of rice, Oryza
glaberrima, 3,500 years ago.  450 years ago, Asian species of rice Oryza sativa reached Africa and all
but displaced the native rice because the Asian rice had a thicker head and brought in a larger harvest
per acre.  However, the Asian species of rice had poorer resistance to African drought, disease, and
pest conditions.  In the 1990s, Sierra Leon plant breeder Monty Jones developed a fertile hybrid
between Oryza glaberrima and sativa called Oryza Nerica (from new rice for Africa).  Nerica
produces yields equivalent to sativa but is resistant to African drought, disease, and pest conditions.

Cultivar Breeding Through Marker-Assisted Selection

Many important crop traits are not easy to observe by plant breeders or are controlled by many genes
called “quantitative trait loci” (QTL) that individually contribute only a small amount to the trait but
collectively result in its full expression.

Marker-assisted breeding utilizes the gene scanning techniques developed by geneticists to map the
genomes of various organisms.  In plant breeding, the process begins by identifying several thousand
short, unique stretches of “marker” DNA distributed through a plant’s genome.  These markers are
then observed for their relationship to the presence of the desired gene.  If both a marker and the target
trait are present or absent in offspring plants, then the marker can be used to track the presence or
absence of the desired gene in a given plant’s genome.

Marker-assisted breeding can save valuable time by reducing the number of breeding steps needed to
produce a crop variety that expresses the desired genetic characteristics.  Even easily-observed traits
can take a decade or more to breed into new crop varieties using conventional breeding methods. 
Because only a small portion of a leaf is needed for marker testing, marker-assisted breeding can
identify which newly-propagated seedlings contain the target genetic trait material and which do not
without having to wait to observe whether the desired traits appear in a mature plant.  This is
particularly helpful for long-lived perennial food plants like fruit trees.

The genes detected by marker-assisted breeding are already serving their desired function in individual
plants in a crop or other target species.  It is therefore likely that these genes will continue to perform
their desired function if bred into a crop variety.  Exotic genes spliced into a crop variety through
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GMO techniques from another species, e.g., from bacterium, may not function reliably or at all in
producing the effect in the crop genome that that gene did in the source organism.

The major impediment to wide-scale use of marker-assisted selection in accelerating food crop variety
breeding is that so many crops and their wild relatives do not currently have a sufficient number of
identified markers for breeding purposes.

There is also a problem breeding plants when the target is introducing a quantitative trait loci (QTL)
throughout the members of a new crop cultivar variety.  Many QTL are sensitive to environmental
conditions or are activated by particular combinations of genes in the source plant.  Thus, QTL have
proven to perform unpredictably in different crop varieties and under different environmental
conditions because their interactions with other plant genes and environmental variables are not
accurately understood.  With enough time spent observing and experimenting, plant breeders can
arrive at an accurate understanding of what conditions are required to activate expression of a given
QTL, but this is inconsistent with quickly producing new crop varieties with desired resistance
characteristics controlled by multi-gene quantitative trait loci.

Genetic Modification Technology’s Risks and Record

“We will end up with millions of small farmers all over the world being driven off their land and into
unsustainable, unmanageable, degraded, and dysfunctional conurbations of unmentionable awfulness.” 
-Prince Charles warning against reliance on mass-produced, genetically-modified crops in an interview
with the Daily Telegraph

Bill McKibben tackles the general subject of genetic modification in his book Enough: Staying Human
in an Engineered Age.  McKibben focuses on genetic modification of human beings, calling for a
debate on how society can distinguish between medical breakthroughs that improve health and
technologies that fundamentally and irreversibly alter what it means to be human, while the genie’s
head is poking out of the bottle but her shoulders are stuck.  McKibben distinguishes between
“somatic” gene therapy used to manipulate the genes of a person who is sick, and “germline” genetic
engineering which manipulates the germ plasm of an embryo, resulting in an alteration of the genotype
which can be inherited.  McKibben’s issues with germline genetic engineering in human germ plasm
illuminate the issues with germline genetic engineering in food crops and domestic livestock.

The International Journal of the Sociology of Agriculture and Food recently published Dr. Lotter’s
pape, “The Genetic Engineering of Food and the Failure of Science,” in two parts.  The first part,
entitled “The Development of a Flawed Enterprise,” examines the development of the industry that
created genetically engineered food.  The second part, “Academic Capitalism and the Loss of
Scientific Integrity,” examines the failure of the scientific community to properly oversee genetic
engineering in agriculture.  The papers are available online at <ijsaf.org/contents/16-
1/lotter1/index.html> for the first part; change “lotter1" to “lotter2" to display the second part.

The American Academy of Environmental Medicine has called for a moratorium on genetically
modified foods; the first professional medical association to do so.  AAEM states “GM foods pose a
serious health risk.” <www.aaemonline.org/pressrelease.html>
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In 2008, a CBS and New York Times poll found 53 percent of U.S. respondents would not want to buy
genetically-modified foods, and another CBS poll found 87 percent of Americans wanted such foods to
be labeled.  As of 2008 at least 65 percent of products on grocery store shelves contain genetically
modified ingredients.  Despite continuing consumer demand for labeling, the agritech lobby has been
able to resist imposition of federal GMO labeling requirements for foods sold in the retail food market. 
Customers wishing to avoid GMO food ingredients must buy organically-certified foods, in which
GMOs are prohibited.
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Plank 3: The Precautionary Principle

Plank 3:  Adopt the “precautionary principle” as the national standard for all new drugs and
products

(Revised 23 Jun 09)

The precautionary principle is the moral and political principle that, if an action or policy might cause
severe or irreversible harm to the public or environment, in the absence of scientific consensus that such
harm will not ensue, the burden of proof falls on the advocates of the policy or action to demonstrate
that severe or irreversible harm is unlikely.  If the risk of harm appears high, societal action is to be
taken to prevent or minimize such harm in the absence of scientific certainty.

The precautionary principle represents application of the principle that “an ounce of prevention is worth
a pound of cure.”  The precautionary principle is caution practiced in the context of uncertainty.

Protection against a proposed action or policy is justified when available scientific evidence suggests
that delay in instituting such protection “will prove ultimately most costly to society and nature, and, in
the longer term, selfish and unfair to future generations.”  The precautionary principle inherently
recognizes an ethical responsibility by humankind to maintain the integrity of natural ecosystems.

In economics, the precautionary principle is analyzed in terms of the effect on rational decision-making
of the interaction of irreversibility and uncertainty.  In economic decision-making theory, the more
uncertain one is as to future risk from an action, the stronger the prevention measures which are
justified today.

The term “precautionary principle” appears to have originated in the 1930's German socio-legal
tradition of good household management principles, called “Vorsergeprinzip” literally “precaution
principle.”  The first international endorsement of applying the precautionary principle to decisions
about actions which can affect the environment and human health was in the World Charter for Nature
adopted by the U.N. General Assembly in 1982.  The precautionary principle was again adopted in the
1987 Montreal Protocol treaty, and in the Rio Declaration of Environment and Development resulting
from the Rio Conference or “Earth Summit” held in 1992.

The Rio Declaration Principle #15 states in part: “Where there are threats of serious or irreversible
damage, lack of full scientific certainty shall not be used as a reason for postponing cost-effective
measures to prevent environmental degradation.”  Thus, in the application of the precautionary
principle to decisions about any proposed action or policy which might have severe or irreversible
harmful effects on environmental integrity or human health, the cost of preventative action is a
legitimate factor.  This contrasts the precautionary principle to the “no regrets” principle, in which
preventing harm is the only value considered, regardless of the cost.
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The Cartagena Protocol on Biosafety treaty executed on January 29, 2000, provided that approval of all
products from new technology must be based on application of the precautionary principle.

On February 2, 2000, the European Commission Communication on the Precautionary Principle stated:
“The precautionary principle applies where scientific evidence is insufficient, inconclusive, or uncertain
and preliminary scientific evaluation indicates there are reasonable grounds for concern that the
potentially dangerous side effects on the environment, human, animal or plant health may be
inconsistent with the high level of protection chosen by the EU.”  A procedure for application of the
precautionary principle in the European Union was adopted with this Communication.  Thus, the
precautionary principle has been the legal basis for European Union decisions concerning proposed
actions or policies affecting the environment, human, animal or plant health since February, 2000.

In general, harmful effects which the precautionary principle has justified protective action against fall
into the general categories of global warming and other abrupt climate changes; reduction of
biodiversity in the environment and other compromises of ecological integrity; and public health.

In the United States, the scientific burden of proof is on government regulators to demonstrate why they
have robust scientific reason to believe that a proposed action will cause severe or irreversible harm to
the environment or to health, in order to deny that the action be approved.

The difference between the U.S. system of approval of commercialization of products from new
technology versus the precautionary principle-based system in Europe can be illustrated with this
hypothetical example: The Daddy Warbucks Chemical Works proposes to gain approval for
commercialization of a new chemical.  Warbucks exposes animals to the chemical in short-term trials
and reports no adverse health effects are observed from exposure.  Environmental advocates point out
that the new chemical is similar in structure to others known to be endocrine disruptors which cause
abnormalities in mammal fetus and juvenile development.  Under the precautionary principle,
government approval of release of the chemical would be withheld until and unless the Warbucks
Chemical Works funded studies which found their new chemical did not produce abnormalities in fetal
and juvenile mammal development and did not act as an endocrine disruptor.  In the United States, if
the environmental advocates or government agencies could not produce scientific studies showing that
Warbucks’ new chemical does cause harm to mammal health or does in fact act as an endocrine
disruptor, commercial release of the chemical into the environment could not be denied.

Why the precautionary principle is needed in the United States:

Pesticide effects:  Will Allen’s book, The War on Bugs, exposes how chemical companies
played on post-World War II fears of food shortages with a marketing campaign that pushed toxic
pesticides and fertilizers on farmers in American and around the world.  Allen reveals how chemical
wastes were repackaged as miracle cures for insect infestations; how chemical weapons manufacturers
sought domestic markets for their concoctions after World War II ended, and how the chemical
companies mounted a propaganda campaign to convince farmers and consumers alike that nature was
an enemy to be defeated and subdued in pursuit of modern food production.  The War on Bugs is richly
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illustrated with two centuries’ worth of advertisements.  Allen also documents how farmers, consumers,
and activists pushed back against each new generation of “scientific” promises for better living through
big business chemistry.

Pesticide effects: Case study, Colony Collapse Disorder Among Bees: According to the Apiary
Inspectors of America, commercial beekeepers lost 36 percent of their hives in 2008, up from 4
percent in 2007.  Nearly a third of these losses were attributed to colony collapse disorder, the
most highly suspect contributor to which is a new class of pesticides called neonicotinoids.  In
2003 Bayer Crop Science received EPA registration approval for clothianidin, a neonicotinoid,
with the stimulation that it submit studies on the pesticide’s impact on honeybees.  To date,
neither Bayer nor the FDA have release information about these effects.

Clothianidin, sold as Titan and Poncho, is relatively non-toxic to humans but causes loss of
memory and appetitite, disorientation, paralysis, and eventually death in insects.  Based on
preliminary findings of toxicity to honeybee, clothianidin was banned under the precautionary
principle from use in France, Italy and Germany.  The Natural Resources Defense Council has
sued the EPA to obtain information from what should have been a public file of research
information provided by Bayer to the EPA to justify EPA registration for use of the insecticide. 
NRDC senior attorney Aaron Colangelo states: “Clothianidin was put on the market in 2003
without any public notice, and no public record of the EPA’s decision to approve it.  At the very
least, there should be a public file on record for review.”  The EPA responded with motions to
the court asking additional time to gather the requested information, extending registration for
continued use of clothianidin into another growing season.

Vaccine effects: New vaccines like Menactra (against bacterial meningitis) and Gardasil (against
human papillomavirus which can lead to cervical cancer) need only be tested on a few thousand people
to receive FDA approval.

Menactra was studied in 7,500 people during clinical trials before it was approved in 2005 for adults
and children over age 11.  In February, 2008, after 15 million doses had been administered, it was
discovered that 1 to 2 teens per million who were vaccinated developed Guillain-Barré syndrome, a
temporary but severe paralysis triggered by an overactive immune system.  The bacterial meningitis it
immunizes against is contracted by about 1 per 100,000 people per year and kills one in a million.

Gardasil vaccine has induced severe headaches and debilitation in young teens.  Some were found to
have mitochondrial disease, a nerve disorder causing autism-like symptoms.  Mitochondrial disease
usually appears as a complication in the later stages of a viral infection; mitochondrial disease experts
see vaccines as capable of producing the same reaction as they challenge the immune system to respond
to a viral antigen.

RotaShield was approved by the FDA in 1998 as a vaccine against rotavirus, which causes severe
diahrrea and dehydration in infants, after being tested on fewer than 1,300 children.  After being given
to 1.5 million babies, RotaShield was pulled from the market when 13 infants developed cases of severe
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intestinal blockages caused by the vaccine.

The U.S. government has paid out more than $900 million in compensation for vaccine injuries during
the past two decades.  The government is now funding studies of genetic variations associated with
adverse side effect reactions to vaccines to see if it is possible to screen children before they receive
vaccinations so that vaccines will not be given to the few who have genetic markers for an adverse
reaction.

Darvon: The painkiller Darvon, Propoxyphene, was the 21  most-prescribed generic drug inst

2007 with 21.3 million prescriptions written.  Dr. Sidney Wolfe, director of the Health Research Group
at Public Citizen, says “Propoxyphene has one of the most unfavorable benefit-to-risk ratios I have ever
seen for a drug.”  Double-blind studies show its pain relief capacities are no better than aspirin.  In
excessive doses, either alone or with other central nervous system depressants including alcohol, it has
been associated with over 2,000 accidental deaths since 1981 in the U.S.  Darvon is made more
dangerous by its potential to produce addiction, leading users to overdose, and with the fact it is so
rapidly absorbed from the gastrointestinal tract.  Public Citizen has called for a phased market
withdrawal of propoxyphene.

Case Studies for Why the Precautionary Principle is Needed Elsewhere in the World:

Mining Waste Discharges in Tropical Coral Waters:  In Indonesia, the Newmont Minahasa Raya
gold mine dumped 2,000 tons per day from 1996-2004 into the tropical, coral-rich waters of Buyat Bay
off the island of Sulawesi through a 1 kilometer-long pipeline discharging at 82 meters depth.  The Batu
Hijau copper-gold mine, also operated by Newmont mining, dumps more than 50 million tons of waste
per year through a pipeline ending 2.9 kilometers offshore at 108 meters depth off the island of
Sumbawa.  Nobody knows, because nobody monitors, where these chemical-laden mining wastes from
open-pit mines end up or what effects on marine ecology they have.  A few studies have documented
adverse impacts on marine life from such waste discharges at less than 800 kilometers depth;
oceanographers say 800-1,000 meters is the beginning of “deep” waters.  Impacts on marine life and
humans from mine discharges into ocean waters are the subject of legal disputes in Peru, Chile,
Indonesia, and the Phillipines.  
The impacts of pollution and sedimentation from mine wastes on shallow-water ecosystems, including
coral reefs, below ordinary SCUBA-diver-depths of 30 meters or so remain largely unexplored.  Even
less is known about deep marine communities below 800 meters depth.

Indonesia, the Phillipines, Malasia, Papua New Guinea, the Solomon Islands, and East Timor have
formed the Coral Triangle Initiative to pursue safeguarding the region’s marine environment and coastal
resources.  This “triangle” hosts the highest biodiversity of life on Earth.  Yet mining firms and member
governments consider it acceptable to discharge hundreds of thousands of tons of chemical-laden
mining wastes into these waters.

Studies by Amanda Reichelt-Brushett, marine exotoxicologist at Southern Cross University, Lismore,
Australia, found that critical life stages of coral reproduction are extremely sensitive to elevated loads

The Renewable Deal – Edition 2  – April 2010 Page 280



of trace metals, particularly copper.

Most of the research on waters and communities near individual mines is collected and interpreted by
mining company employees or paid consultants.  Third-party academic and public interest groups
cannot obtain the funding to do the expensive studies of marine sites in these remote locations.  The
goal of mining company studies is to obtain the necessary operating permits, not raise uncomfortable
questions about waste impacts.  These projects can continue for years, providing consultants’ primary
source of income.  Consultant will never be hired again by a mining corporation if their findings in a
given study are unacceptable to the industry.  As U.S. writer Upton Sinclair said, “It is difficult to get a
man to understand something when his salary depends on his not understanding it.”  Further, the
interactions of marine physical, biological, chemical, toxicological, oceanographic and socioeconomic
factors are very complex; whereas industry-sponsored studies present their results in isolation and do
not attempt to integrate findings across disciplines.

With such evidence from limited research that mining waste discharges can harm marine ecosystems,
particularly coral reef ecosystems, the Precautionary Principle dictates that operating permits should be
withheld from mining operations until they conduct research that demonstrates that their waste
discharge methods, e.g., deep points of discharge far offshore where currents do not carry the chemicals
from the wastes up into shallower, biologically-rich waters, will not cause harm.
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Plank 4: Increase Fresh Water Supplies

(Revised 30 Aug 09)

Plank 4:  Institute a national program to reverse the declining quantity and quality of fresh water
supplies

Plank 4 (1):  Improve agricultural water use efficiency
Plank 4 (2):  Improve municipal and industrial water use efficiency
Plank 4 (3):  Desalinization research and development where cost-beneficial

Summary and Overview

There are two ways of reducing the worldwide spread of “water stress” due to the sustainable supply of
fresh water falling short of agricultural, domestic, and industrial use needs:

• You can increase the capture of precipitation into underground aquifers and perennial surface
stream flows through land use management practices.  Best Available Management Practices for
increasing precipitation capture efficiency are described in Section One of Plank Four.

• You can increase the efficiency with which waters diverted from surface streams or
underground aquifers are used.  According to the United Nations, currently 70 percent of all
fresh water diverted on Earth for human use is consumed by agriculture, 20 percent by industrial
uses, and 10 percent by domestic (“culinary”) uses.  Section Two of Plank Four describes water
efficiency Best Available Technology and Best Available Management Practices in these three
sectors in this order: Part One: agricultural water use efficiency; Part Two: industrial water use
efficiency; Part Three: culinary water use efficiency.

The Worldwide Crisis in Availability of Fresh Water

According to the National Aeronautics and Space Administration’s Goddard Center, 326 quintillion
gallons of water is cycling in the Earth’s surface and atmosphere.  Of this, 97 percent is salty.

Each year one hundred and ten thousand cubic kilometers of water falls as precipitation onto the earth’s
land surface, on average.  Fifty-six percent of this total precipitation flows through the landscape, and
36 percent of total precipitation on land ends up in the oceans.  38.8 percent of total precipitation on
land is called “blue water:” this portion falling on or flowing through rivers, lakes, wetlands and
groundwater is in theory available for withdrawal before it reaches the ocean or evaporates.  61.1
percent of the total precipitation on land is called “green water” because it is absorbed by soil and plants
and then released back into the air through evaporation or evapotranspiration.  Of the 56 percent of total
precipitation that flows through the landscape, 5.1 percent is consumed by crops or livestock and
represents use as “natural farm irrigation.”  Of the “blue water,” 1.4 percent is diverted for farm

The Renewable Deal – Edition 2  – April 2010 Page 282



irrigation, 0.1 percent is used by cities and industries (municipal and industrial use), and 1.3 percent
evaporates from open water.  Thus, only 1.5 percent of “blue water” and 5.1 percent of “green water,”
or 6.7 percent of annual precipitation on the land surface of Earth, is used by people.  This volume of
natural precipitation would easily fulfill the water requirements of everyone on the planet if the water
arrived when and where people needed it for use.  It does not.

Scientists have arrived at the standard of 1,000 cubic meters per year as the minimum water each person
requires for drinking, hygiene, and growing food.

Dr. Andrew Hudson of the United Nations Development Programme summarizes: “Obviously there are
many drivers of human development, but water is the most important.”  Dr. Hudson examined the
contribution that various factors make to the Human Development Index, which measures how societies
are doing socially and economically.  “It was striking.  I looked at access to energy, spending on health,
spending on education - and by far the strongest driver of the HDI on a global scale was access to water
and sanitation.”

According to Zurich-based Sustainable Asset Management, use of fresh water by human activities has
doubled since World War II to 4,000 cubic kilometers a year as of 2008, and fresh water use is
projected by the firm to increase 25 percent from 2008 to 2030.  Peter Rogers, Gordon McKay
Professor of Environmental Engineering and professor of city and regional planning at Harvard
University, working with the Global Water Partnership, estimated that worldwide water requirements
would rise from 3.350 cubic kilometers in 2000 to 4,900 km  if income and prices remained as they3

were in 1998.  Demand would grow almost threefold to 9,250 km  if the incomes of the poorest nations3

climbed to levels equivalent to middle-income countries and governments pursued no special policies
to restrict water use.  Rogers’ projections agree fairly well with forecasts made by the International
Water Management Institute in ints 2007 study Water for Food, Water for Life.

In 1997, the UN Commission on Sustainable Development estimated that one-third of the world’s
population then suffered “water stress,” and that the figure would rise to two-thirds of the world
population by 2025.  Recent United Nations reports project as much as three quarters of the world
population could face scarcity of freshwater by 2050.  London-based International Alert has identified
46 countries with a total population of 2.7 billion people where water shortages and disputes create a
“high risk of violent conflict” by 2025.  Lester Brown points out that “Many of the countries high on
the list of failing states are those where populations are outrunning their water supplies, among them
Sudan, Iraq, Somalia, Chad, Afghanistan, Pakistan, and Yemen.”

There is an ideational conflict between viewing fresh water as a human right versus viewing it as a
commodity.  Sahana Singh, editor of Asian Water, says “Water as a human right extends to only the
roughly 25 liters of water that we need for drinking and other essential activities every day.  Water for
swimming pools, golf courses, gardens, etc., cannot be taken as a human right.”

Water scarcity is becoming more common because of a collision of four factors: (1) the world’s
population is rising; (2) many people enjoy rising incomes and thus increase demand for water, largely
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in the form of water embedded in foods which increases as one adds more meat to the diet; (3) global
climate change is exacerbating aridity and reducing freshwater supply in many regions; (4) many water
sources are threatened by faulty waste disposal, releases of industrial pollutants, fertilizer runoff, and
influx of saltwater into aquifers near the seacoast as groundwater is depleted from them.

At the Fifth World Water Forum in Istanbul in March 2009, the United Nations report Water in a
Changing World <www.unesco.org/water/wwap/wwdr/wwdr3> had a section on demographic drivers
of water shortages in which they calculate that an increase of 80 million in population creates an
increased demand for fresh water of 64 billion cubic meters.  In the United States, the Government
Accountability Office found 36 states in danger of water shortages in the near future.  Seven of these
states rely on the Colorado River Basin for all their water needs, and basin flows have been at record
lows since 2000.  The Scripps Institute predicts that Lake Mead has a 50 percent chance of running dry
by 2021; Lake Powell upstream would reach “dead pool” earlier.  Lake Michigan is approximately a
foot below its long-term water level after accounting for seasonal changes in precipitation.

The meeting in Dublin, Ireland, of the Institute of International and European Affairs was told on April
19, 2009, that increasing drought was threatening water supplies for cities in North America, Europe,
Australia, Africa, and Asia, all of which have come within 100 days of going dry - and this is in
advance of loss of water due to the fuller effects of climate change to come in the future.

Dominic Waughray, a senior director and head of environmental initiatives with the World Economic
Forum in Geneva, said that by 2030, some 60 per cent of the world’s population would live in cities
with a hugely increased demand for food, industrial development and power generation, all of which
require additional water.  He reported that 44 percent of the world’s population, 2.8 billion people, live
in water poverty and 70 percent of the world’s rivers were close to running dry: this includes the
Colorado River in the United States, the Ganges in India, the Nile in Africa, the Yellow river in China,
and the Murray-Darling in Australia.  Water shortages already lead to an annual loss to global economic
growth.  Waughray stated water-related food shortages had led to the “breaking down” of the world’s
wheat market in 2008, which in turn had led to some states, particularly in the Persian Gulf, taking long
leases on land in other countries on which to grow food.  By 2030 Waughray predicts 55 percent of the
world’s population will be dependent on food imports.  Governments and industry will have to find
energy sources that are both water- and carbon-neutral, he concluded.

As of 2007 1.1 billion people worldwide lack clean water, 2.6 billion people go without sanitation, and
1.8 million children die every year because of lack of clean drinking water or disease due to lack of
sanitation, or both.  The minimum budget of fresh water per day per person is 20 to 50 liters (5-13
gallons).  In a report issued in November, 2006, the United Nations declared water “a global crisis,”
announcing that 55 member nations are failing to meet their water-related Millennium Development
Goal target, agreed upon in 2000, of halving the proportion of people without clean water and sanitation
by 2015.  Studies have shown that providing clean water and sanitation produces tremendous benefits
in terms of lowering health costs, increasing productivity, and increasing lifespan among adults of
working age, thus amortizing the investment in their education.  But, as Harvard’s Rogers says, “The
problem is [water] yields social benefits, so no one individual can afford to do it.”
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The burgeoning middle class in Southeast Asia, India, and China is causing an increase in per capita
fresh water use as flush toilets and switch from vegetable-based to meat-heavy diets occurs.  The
industries which are creating the wealth in these developing nations also consume water.  In the late
1990s, public spending on water and sanitation was 2 percent of GDP in most countries.  By 2007, it is
less than 1 percent as countries devote more resources to education, roads, and other priorities.  Foreign
aid for water development has stagnated at $15 billion a year, with the World Bank calling for twice
that amount.

The impact of lifestyle on total water consumption per capita is illustrated by the fact that the average
American’s daily water use is 1,500 gallons, about three times the world average.  Annual usage of
water by North Americans averages 1,668 cubic meters per year, versus 178 cubic meters per capita for
Sub-Saharan Africans.  The Pacific Institute of Oakland published a study showing how the state of
California could but its use of water by 20 percent in the next 25 years while meeting the culinary needs
of a growing population, its huge agricultural sector, and a healthy economy.

Robert Glenn, the science advisor for American Rivers, published Unquenchable in 2009, examining
the U.S. fresh water crisis.

Damage to women: A 2004 study by Consumers International found that poor rural women in
developing nations spend eight hours a day collecting and carrying more than 40 pounds of water - a
load that can damage spines and cause other health problems.  Manual flush latrines or caring for a
person with AIDS can quadruple the amount of water a woman has to carry daily.  This has financial
implications: in India, women spend 150 million workdays each year fetching water.  If this time was
spent in paid labor, it would add $227 million to women’s income nationally.  The study also found that
10 percent of girls do not attend school when they’re menstruating and many drop out altogether once
they hit puberty because of lack of sanitation at school.

Fresh Water Crisis Exacerbation by Global Warming

Richard Seager of Columbia University’s Lamont Doherty Earth Observatory’s global-climate change-
induced precipitation modeling predicts that more rain and snow will fall in those regions closer to the
poles.  Many subtropical regions closer to the equator will dry out.  More of annual precipitation will
fall during sporadic, intense storms and less from smaller, more frequent storms.  Climate models are
better at predicting temperature than precipitation.  However, the higher average temperatures from
global warming produce predictable results on fresh water supplies.  Overall snowmelt runoff decreases
and snow melt comes earlier, leaving no perennial water from high-elevation snowmelt in rivers in
summer.  Irrigation water demand increases because plants need to transpire more water to stay cool
enough for their enzymes to function.  More surface water in reservoirs is lost to evaporation.

British journalist Fred Pearce wrote When the Rivers Run Dry.  Paleontologist Tim Flannery wrote The
Weather Makers: The History and Future Impact of Climate Change.  In an interview Flannery said,
“We’re just getting much less usable water than we did a decade or two or three decades ago.  It’s a sort
of thing again that the climate models are predicting.  In terms of the floods, again we see the same
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thing.  You know, a warmer atmosphere is just a more energetic atmosphere.”  The world media tends
to report one flood, heat wave, drought, or wildfire at a time, and report regional events only except for
spectacular international disasters like the huge number of heat deaths during the European heat wave
(with no accompanying information about crop losses in Europe).  Nobody in the mainstream media has
been connecting these events into a bigger picture that shows clearly what is happening to the global
climate and fresh water supply.  Blogs <RealClimate.org> and <ClimateProgress.org> keep up with
drought news, and the National Oceanic and Atmospheric Administration has set up a new website to
encourage drought coverage <www.drought.noaa.gov> and also presents its collection of paleo-drought
data at <www.ncdc.noaa.gov/paleo/drought/drght_home.html>.  A new organization of journalists,
“Circle of Blue,” plan to concentrate on world water issues.

Pat Mulroy, head of the Southern Nevada Water Authority, observes: “We have an exploding human
population, and we have a shrinking clean-water supply.  Those are on colliding paths.”

Aurora, Colorado water manager Peter Binney observes that our desert civilization model cannot last
under these circumstances.  “We’ve decoupled land use from water use.  Water is the limiting resource
in the West.  I think we need to match them back together again.”  Binney thinks we may have already
exceeded the water “carrying capacity” of the Western United States.  He predicts we will soon be
talking about our “water footprint” as we now talk about our carbon footprint.

The World Is Drying Up: Vignettes Across the Globe:

Africa: Some call the violence in Darfur, sparked in part by drought-induced stress and famine,
the first climate-change war.

Australia: Australia’s breadbasket, the Murray-Darling river basin, which has provided 40
percent of Australia’s agricultural production, is in the grip of a six-year drought.  In 2007, all irrigation
of farms in the basin was suspended.  The drought is attributed to the change in the El Niño-La Niña
current cycle in the south Pacific ocean due to global warming, which has increased air temperatures
over Australia so that water in the atmosphere is unable to condense as often into rain.

“Over the last decade, 15-20% decreases in precipitation have been recorded.  These water losses have
been accompanied by record temperatures and increasing wildfires in areas where populations have
been growing rapidly.  A fierce drought has settled in - of the hundred-year variety.  Lawns can be
watered but just for a few hours a day (and only by bucket); four-minute showers are the max allowed. 
Car washes are gone, though you can clean absolutely essential car windows and mirrors by hand.”  -
Australian news item on the “Big Dry”  

China:  Adventure capitalist Jim Rogers was asked, “What’s the biggest domestic risk to
China’s expansion?”  His answer: “It’s their water problem.  In all of northern China, there are
shortages of water developing.”  Industrialization in China is projected to cause a fivefold increase in
water use by 2030.
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Europe: Much of southern Europe suffered record temperatures, exceptionally low precipitation
approaching or exceeding 50 percent of normal, failing farm crops, and spreading wildfires.  After its
100-year record heat wave, Greece lost 10 percent of its forests to wildfire.  Moldova, Albania, Croatia,
Bulgaria and Macedonia are all suffering in this drought.

India: As oceans store more heat, the temperature difference between water and land dissipates,
sapping power from rainmaking monsoons.  Melting of glaciers in the Himalayan highlands are
projected to render the Ganges and Indus Rivers go dry except from runoff during the monsoon rainy
season by 2100.

Mexico: In the Tehuacán Valley where corn was first domesticated, there has not been a good
rain since 2003 and subsistence farming is now not possible.  Mike Davis wrote: “Abandoned ranchitos
and near-ghost towns throughout Coahuila, Chihuahua and Sonora testify to the relentless succession of
dry years - beginning in the 1980s but assuming truly catastrophic intensity in the late 1990s - that has
pushed hundreds of thousands of poor rural people toward the sweatshops of Cuidad Juárez and the
barrios of Los Angeles.”

Turkey: “Water rationing has hit the capital.  Car washing and lawn watering are prohibited
within city limits.  Harvests in the region have dropped by 15-30%.  By the end of summer, local
reservoirs and dams were holding 5% of their capacity.”  -Ankara, Turkey newspaper

United States: U.S. citizens lead the world in consuming 400-600 liters per day, or as much as
158 gallons per capita.

Steven Chu, Nobel laureate, director of the Lawrence Berkeley National Laboratory, and now Secretary
of the Department of Energy under the Obama administration, says that diminished supplies of fresh
water might prove a far more serious problem to human civilization than rising seas due to global
warming.  Chu notes that the most optimistic models for the second half of this century suggest that 30
to 70 percent of the snowpack on the Sierra Nevada range which supplies irrigation water to California
agriculture will disappear.  “There’s a two-thirds chance there will be a disaster,” Chu says, “and that’s
in the best scenario.”

In June, 2007, Bradley Udall, director of the Western Water Assessment Bureau in the National
Oceanographic and Atmospheric Administration, appeared before a Senate subcommittee assessing the
nation’s fresh water problems in an era of global warming.  (Udall’s great-great-grandfather, John D.
Lee, founded Lee’s Ferry on the Colorado River.)  Pointing to increasing demands, warmer
temperatures, the prospect of recurrent droughts, and diminishing snowpack, and the fact that the driest
states in the United States have become some of our fastest-growing, Udall said, “As we move forward,
all water-management actions based on ‘normal’ as defined in the 20  century will increasingly turn outth

to be bad bets.”

According to the National Climate Data Center, 43 percent of the contiguous U.S. was in “moderate to
extreme drought” as of 2007.  Twenty-six percent of the Southeast is rated as being in “exceptional
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drought” by the U.S. Weather Service, and 78 percent is “drought-affected.”  2006-2007 was the driest
year on record for North Carolina and Tennessee, and Georgia’s drought broke every historical record
for soil moisture, river flow, or inches of rain.  Although the water wars in the Southeastern U.S.
between Atlanta, Georgia, and Florida and Alabama over diminishing river flows and empty reservoirs
has been prominent in the news, in fact it is Los Angeles, San Diego, Oxnard, and Riverside California
that top the national drought ratings in 2007; in 2007 Pasadena had its driest year since records have
been kept.  The Southwest is considered to be in the grip of a “mega-drought” which the United States
Geologic Service paleo-precipitation research shows to be the worst in at least 1,400 years.  The upper
Midwest is short of rain, with water levels in the Great Lakes dropping to new lows.

The Colorado River Basin Compact v. Reality

In 2007 the seven western states agreed to a modification of the Colorado River Compact that divides
the river basin’s flow up among the states.  The agreement swapped the historic use-it-or-lose-it system
for a more flexible, market-style approach.  It lets downriver (“lower basin”) states create liquid bank
accounts, allowing them to save up surplus water in wetter years in reservoirs, and then use these
reserves in dry years.  The agreement permits lower basin states to pay for other states to conserve water
in order to bolster the supply available to the state.  This agreement is an improvement over the
preceding status quo, but it fails to address two major problems with the Colorado River Compact: it is
based on a basin flow that was extraordinarily above average under historic climate and precipitation
regimes, and this basin flow is dropping due to precipitation and evapotranspiration changes due to
global climate change.

Over the past centuries there are clumps of a few years in which rainfall is extraordinarily heavy.  These
are called “pluvials.”  The largest pluvial since 1000 AD occurred in 1911-1917.  The Colorado River
Compact flow allocation was based on this pluvial, during which the average precipitation in the
Colorado River watershed was 12.22 inches per annum above average.

The Bureau of Reclamation bases their dam spillway maximum flow-handling capacity on the largest
flood in historic times, which occurred at 125,000 cubic feet a second (cfs) on July 4, 1884.  Studies
done since found evidence of two floods of 371,000 cfs within the past 2100 years.  The 500-year flood
on the Colorado during the last 2000 years is 300,000 cfs.

The National Atmospheric and Oceanographic Administration’s report to Congress says that 75 percent
of all climate modeling agrees that Colorado River basin runoff will decline between 10 to 30 percent
through 2060, largely due to less annual precipitation falling as snow, with snowpack diminishing in
extent and melting earlier.  Overall annual precipitation is not predicted to change to a large degree in
these models.  If runoff in the Colorado is 10 percent below normal through 2060, then Powell
Reservoir ends up 150 feet below full and stays there through 2025.  During the ongoing drought, the
flow of the Colorado at Lee’s Ferry were the lowest since measurement began 85 years ago.  The latest
research into long-term patterns of precipitation in the Colorado River basin identified the existence of
an epochal Southwestern megadrought [May 2007 Geophysical Research Letters].  Drought cycles of
over 60 years of below-average precipitation have recurred, and a couple of these were apparently
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responsible for driving the Anasazi Indians out of the Four Corners region.

The report states that limited Colorado River water supplies, increasing demands, warmer temperatures
and the prospect of recurrent droughts “point to a future in which the potential for conflict” among
those who use the river will be ever-present. The driest Western states are among the fastest-growing in
the U.S.  California’s Department of Finance predicted that there will be 60 million Californians by
midcentury, up from 36 million in 2007.  Colorado projects a population of 8 million by mid-century,
up from 5 million in 2007.  A study by Martin Hoerling and Jon Eischeid found that the western region
is already past “peak water,” meaning that the Colorado River’s supply will now trend downward for
the predictable future.

According to Peter Binney, water manager for Aurora, Colorado, cities in the Denver area which use
only groundwater will exhaust their aquifers by 2050.  Aurora is looking at recycling its treated
wastewater as culinary supplies “to extinction” by pulling water from the South Platte, returning
effluent to the Platte, and then extracting the same water again.  Referring to Richard Seager’s research
at the Lamont Doherty Earth Observatory at Columbia University on future precipitation trends in
response to global warming, Binney remarked that the future predicted by Seager has already set in. 
“You can’t call it drought anymore, because it’s going over to a drier climate.  No one says the Sahara
is in drought.”  Las Vegas is examining a scheme through which Nevada would pay for building a
nuclear desalinization plant in California to supply potable water to California and Mexico in return for
being able to use Colorado River water from Lake Mead.

Roger Pulwarty, a climatologist with the National Oceanographic Atmospheric Administration,
observes that “You don’t need to know all the numbers of the future exactly.  You just need to know
that we’re drying.  It’s irrelevant.  Because in the long run, that decrease, accumulated over time, is
going to dry out the system.”  Pulwarty stated that 20 years of average flow on the Colorado River
would be required to refill Lake Powell, and “Even in normal conditions we don’t get 20 years of
average flow.”

The average winter temperature in the U.S. West has risen about 1.4 degrees Celsius over the last
century.  With this increase, the amount of snow that accumulates on the mountains (the snowpack) has
decreased.  The northern Rockies are seeing 15-30 percent less moisture in the spring snowpack
(measured according to the amount of water that the snow would produce if melted) since the 1950s,
and along the entire range the spring snowmelt is arriving 10-30 days earlier.  The Western Water
Assessment by the Colorado Water Conservation Board reports a “widespread increase” in rain over
snow throughout the U.S. from 1949 to 2004. Agricultural lands in the Colorado River basin produce
about 15 percent of the nation’s crops and 13 percent of its livestock.  The annual flow of the Colorado
River is 90-percent dependent on runoff from high-elevation snowpack in Wyoming, Colorado, and
Utah.  University of Washington researchers predict that as the ambient temperatures in the Colorado
River basin continue to increase, moisture levels in the basin snowpack will drop 30 percent by the end
of the 21  century and total basin runoff will decrease 17 percent.  The University of Washington studyst

finds that under these conditions the water stored throughout the Colorado River basin will drop by
almost half, and the release of water from the upper to the lower basin that is mandated by the Colorado
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River Compact will only be met between 60 and 75 percent of the time by 2025.

Even if climate change produces an increase in total average precipitation per year in the Rocky
Mountain region and/or Colorado River basin, climate models show there will still be a net loss in
runoff because of increased evaporation due to heat.

In 2006, the International Water Management Institute estimated that 1.6 billion people are living in
areas of “physical water scarcity,” where water is not available either because of an arid climate or
because the resources have been overcommitted to multiple users.  These areas include the region south
and west from the central Rockies to central California and Mexico.

In Nation, Mike Davis ponders whether the prolonged drought in the southwest U.S. will turn out to be
“on the scale of the medieval catastrophes that contributed to the notorious collapse of the complex
Anasazi societies at Chaco Canyon and Mesa Verde during the twelfth century?”

Colorado River Open Source Simulator (CROSS): Living Rivers developed this simulation tool
using the same techniques as the Bureau of Reclamation’s forecasters.  It allows members of the public
to explore a more complete range of scenarios for what nature may have in store for Colorado River
water users.  CROSS reportedly validates well against Reclamation’s far more sophisticated and
expensive model.

Niklas Christensen developed CROSS; previously he did a study funded by the Department of Energy
which predicted 10 percent reduction in Colorado River flows by the end of the century.  Martin
Hoerling from the National Oceanic and Atmospheric Administration predicts the change will be
quicker and larger, resulting in 40 percent reduction in Colorado flows by mid-21 -century.  CROSSst

runs show that a reduction of precipitation capture in the basin of 20 percent by 2100 - the middle
between Christensen and Hoerling’s models - leave Lake Mead never filling to full again and possibly
being empty for good by 2050.  If flows continue at the rate seen so far this century, CROSS shows
Lake Powell and Lake Mead becoming operationally empty within the next five years. CROSS requires
the use of Microsoft Excel installed on a Windows operating system. 
<www.onthecolorado.org/cross.cfm>.

The Bureau of Reclamation’s forecasting is based on a Colorado River flow of 15.0 million acre feet per
year, the recorded average streamflow from 1900-2005.  These streamflows are recognized to be the
wettest in 1,200 years.  Current estimates of Colorado annual flow in the future run from 13.0 to 14.7
million acre feet per annum.  Using 15.0 maf, Reclamation’s shortage assumptions and planning have
Lake Mead holding steady throughout 2008-2060.  CROSS illustrates how at 14.0 maf, Reclamation’s
new shortage allocation policy will be taxed, requiring consultation with the Secretary of Interior to
determine who gets what water and when.  At 13.0 maf, the new system collapses altogether; Lake
Mead becomes operationally empty by 2020, and rises for only brief periods through the rest of the
century.

Fresh water crisis exacerbation by urbanization
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America is being paved over at an estimated 365 acres an hour as of 2003, transforming once permeable
ground into impervious surface.  The precipitation that would otherwise go into the ground to recharge
aquifers runs off these surfaces.  The Natural Resources Defense Council, American Rivers, and Smart
Growth America teamed up to produce a comprehensive report on the problem: Paving Our Way to
Water Shortages, which can be found at <www.americanrivers.org>.

The trade in “virtual water”

The water used to grow food is embedded in the food.  For example, each kilogram of grain represents
one ton of water.  If that food is shipped for consumption in an arid area, it relieves demand for
irrigation water to grow the same food in the receiving area.  Thus, trade in food is trade in “virtual
water.”  The magnitude of annual global trade as of 2008 in virtual water exceeds 800 billion m  of3

water a year.  Truly free farm trade by eliminating tariff and other restrictions could increase that trade
delivery of virtual water to 1.7 trillion m , according to Peter Rogers.3

Privatizing Fresh Water: The “New Petroleum” 

The worldwide rush by investors to privatize fresh water source, storage and distribution into a
profitable commodity is described in many articles under the rubric that “water is the new oil” - see 30
May 08 Christian Science Monitor.  According to the 2007 Global Investment Report, the global water
market was $500 billion and growing fast; the global water market assessment included drinking water
systems, agricultural irrigation water systems, and contaminated water recovery for re-use systems such
as wastewater treatment plants.  According to the National Association of Water Companies, 16 percent
of U.S. water systems are currently privately owned by for-profit entities.  World Watch magazine,
March/April 2009, reports 10 percent of water systems worldwide have been privatized.

June 26 Bloomberg News (Saijel Kishan and Madelene Pearson): Jean-Marie Messier lost billions of
euros turning the world’s biggest water company into entertainment conglomerate Vivendi Universal
SA.  He should have stuck with water.  The lack of usable water worldwide has made it more valuable
than oil.  The Bloomberg World Water Index of 11 utilities returned 35 percent annually since 2003,
compared with 29 percent for oil and gas stocks and 10 percent for the S&P 500 index.  From hedge
fund manager Boone Pickens to buyout specialist Guy Hands, the world’s biggest investors are
choosing water as the commodity that may appreciate the most in the next several decades.”

Pressure to privatize water systems in countries outside the U.S. comes primarily from conditions put on
loans by the World Bank, International Monetary Fund, and Inter-American Development Bank.

Many public water systems around the world have been turned over to private water companies on the
theory that private operators could marshal the capital needed to replace aging infrastructure and that
private enterprise is always, as a matter of free-marketeer ideology, more efficient at managing anything
than government, and so should lower overhead costs and thus water use rates to customers.  For the
most part, these privatization experiments have been a dismal failure.  There have been riots abroad and
political turmoil in the U.S. when water rates went up radically without corresponding service or
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investment improvements under private operators.  Many privatized public drinking water systems have
been returned to government ownership and operation.

Early adopters of privatization which experienced rate increases, along with poor maintenance and
repair and a lack of water accessibility, included U.S. cities such as Atlanta, New Orleans, Buffalo, and
Stockton (CA); Dar es Salaam, Tanzania; Guayaquil, Ecuador; Buenos Aires, Argentina; Manila, the
Phillipines; Jakarta, Indonesia; and several cities in South Africa and Namibia.

U.S. and Germany-based Food and Water Watch tracked rate increases after privatization of public
water supply systems.  It compared rates charged by publicly and privately owned utilities in California,
Illinois, Wisconsin, and New York.  It found that privately-owned water utilities charge customers up to
50 percent more than those which are publically-owned.  The Food and Water Watch 2008 report,
Costly Returns, explains this: “Regulators typically set prices so that a water company recovers all its
expenses and a certain percentage of profit [in the United States, usually about 10 percent].  Because its
profits are a percentage of expenditure, a company increases them by spending more money on the
system.  Private companies have a financial incentive to unnecessarily inflate the costs of water and
wastewater systems.”

Activists point to water companies pursuing expensive mechanical water treatment options to increase
profits, when low-cost, natural methods of treating water, such as preserving watersheds to allow water
to filter through the ground or wetlands, will work as well or better.  In 1989, New York City
considered building a US$6 billion water filtration plant.  Instead, the city spent $1.2 billion over 10
years to purchase and restore its watersheds, allowing a 5,000-square-kilometer forest to clean the
water.  Other communities such as Auburn, Maine, have done likewise.

A 2005 poll by an independent research company found that 86 percent of Americans polled supported
a national, long-term trust fund for water infrastructure investment support.

Religious and secular ethical systems generally view access to adequate food and fresh water as basic
human rights.  Certainly, there can be no enjoyment of human rights or the dignity of the human person
in the absence of adequate food and water to sustain life, health, and sufficient vigor so that the person
can “pursue happiness.”  In Blue Covenant, Manda Barlow documents the fledgling worldwide “water
justice” movement that asserts this ethical position.

“The privatization of public wealth is one of the great issues of our time,” says Democratic
Representative Dennis Kucinich of Ohio.  “There’s a systematic attempt to dismantle anything owned
by the public.  What you have is a move from a democracy towards a plutocracy.  This is not just an
academic philosophical exercise.  This has real economic consequences.”

The investment needed in the world water infrastructure

Booz Allen Hamilton has estimated that to provide water needed for all users through 2030, the world
will need to invest as much as $1 trillion a year on applying existing technologies for conserving water,
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maintaining and replacing infrastructure, and constructing sanitation systems.  This sum is about 1.5
percent of world gross national product, or about $120 per capita.

Water investment needs 2005-2030 by area of the world are:
9.0 trillion Asia/Oceania
5.0 trillion South/Latin America
4.5 trillion Europe
3.6 trillion U.S./Canada
0.2 trillion Africa
0.2 trillion Middle East

“Maintenance of the water infrastructure is crucial to prevent deterioration, leaks and outright breaches. 
At the same time, growing populations and those becoming more affluent need new, efficient water-
delivery systems.  To help conserve freshwater supplies, developed nations and some less developed
ones will have to spend trillions of dollar on maintaining and creating efficient infrastructures during
the next quarter of a century.”

Exploiting Advanced Desalination Technology

During reverse osmosis, salty water flows into the first of two chambers that are separated by a
semipermeable membrane through which water molecules can pass but larger molecules cannot pass. 
The second chamber contains freshwater.  When a substantial amount of pressure is applied to the salt
water side, water molecules are forced through the membrane to the freshwater side.  Although
considerable energy is required to produce the pressure on the salt water side, membrane reverse-
osmosis is the most energy-efficient desalinization technology yet developed.

Engineers have already achieved cost savings by implementing a variety of upgrades to membrane
reverse-osmosis technology, such as better membranes that require less pressure to operate, and system
modularization which makes construction easier and cheaper.

Scientists are now working on reverse-osmosis filters composed of carbon nanotubes that offer better
separation efficiencies and the potential of lowering desalination costs by an addition 30 percent.  This
technology has been demonstrated in prototypes and is being engineered for commercial use.

Even with these prospective improvements in the energy-efficiency of reverse osmosis, desalinization
remains an expensive, energy-intensive water production technology.  The cost per acre-foot of
production of fresh water from sea water at the following California facilities illustrates the baseline
costs existing reverse-osmosis desalinization plants have encountered:
• Gaviota oil and gas processing plant: $4,000 per acre-foot
• Santa Catalina Island (built and operated by Southern California Edison): $2,000/AF
• U.S. Navy, San Nicholas Island: $6,000/AF
• PG&E Diablo Canyon Power Plant: $2,000/AF
• City of Moro Bay: $1,750/AF
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The Post Carbon Institute calculated that, as of March 2009, operating the most efficient reverse
osmosis desalinization plant design available and paying the lowest commercial power rates per
kilowatt hour available in California, the electricity bill per acre foot of fresh water delivered would be
about $270 with no other costs of plant operation or capital service taken into account.

The City of Santa Barbara build a desalinization plant in the 1990s but has never operated it because the
cost per acre foot of water produced is not economically feasible.  In Yuma, the Desalting Plant built
there in the 1980s for $245 million was the world’s largest reverse osmosis plant, capable of desalting
72 million gallons per day, lowering the salinity of Colorado River water from 2900 ppm to 115 ppm in
order to attain compliance with the 1944 treaty with Mexico concerning the salinity of Colorado River
water crossing the border out of the U.S.  The estimated cost of operations and management of the
Yuma Desalting Plant was $24-29 million per year in 1980's dollars.  This proved to be wildly
optimistic and the Yuma facility has never operated except for testing runs.

It appears that desalinization will never emerge as a cost-feasible way of meeting demand for fresh
water, even for the highest-value municipal water systems.  Even if advances in reverse osmosis
technology lower energy consumed per acre foot of fresh water delivered by half over those
encountered by existing plants, the cost per acre foot of the resulting water will still be a multiple of the
cost per acre foot of the combination of installing water efficiency measures and of treating and
recycling wastewater.  Part of the reason for this high cost per acre-foot of delivered fresh water is that
use of desalinization technology leaves one with a waste problem: what to do with the concentrated
brine left after water is removed from sea or other salt water through osmosis or evaporation. 
Disposing of the brine without damage to the environment is required to obtain a permit to operate a
desalinization plant, and poses a significant challenge and cost to larger plants.  Food and Water Watch
of the U.S. and Germany says returning the concentrated brine and pollutants from desalinization to the
ocean can harm local marine life.

SECTION ONE

Increasing the Efficiency of Precipitation Capture in Watersheds

SECTION TWO

Part 1: Increase Agricultural Water Use Efficiency

The International Water Management Institute’s 2007 Water for Food, Water for Life report estimates
that meeting world food requirements by 2050 without any technological improvements to irrigated
agriculture methods will require an increase in irrigation water use from the current 2,700 km  to 4,0003

km .  A ten percent increase in irrigation efficiency could be achieved worldwide by stopping up leaks3

in the irrigation-water-delivery infrastructure and by implementing low-mass storage of irrigation water
to limit evaporation losses.  Additional increases in irrigation efficiency can be achieved by using more
efficient ways of delivering irrigation water to the crop.
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The most efficient way to use water in agriculture is to not irrigate in the first place.   Dryland farming is
the technique which has been utilized in areas where annual precipitation is 20 inches or less.  In
California, early Spanish and Italian pioneers brought dryland farming techniques with them to grow
wine grapes.  Successful dryland farming involves cultivating the soil to maximize its retention of water
from natural rainfall - the organic agricultural techniques described below accomplish this most
effectively.  In California, overall yields in wine grapes and vegetables with dry farming are slightly less
than with irrigation, but dry-farmed produce has noticeably richer tastes and better quality.

Irrigation techniques, in order of increased efficiency, are flood irrigation, sprinkler irrigation, surface
drip irrigation systems, and buried drip irrigation systems.  Putting compost or mulch on the surface has
been shown to increase irrigation efficiency by between 25 percent and 40 percent in avocado orchards
by reducing evaporation and creating a moisture layer in the vadose zone.  On average, the highest-
efficiency drip irrigation system will produce the same crop yield with 40 percent of the water applied
through a flood irrigation system.  Surface application of compost both feeds the crop with slow-release
nutrients and increases irrigation efficiency, but there is insufficient data on the additional efficiency
gained by combining compost mulching with high-efficiency drip irrigation to support a summary
statement.

Surface water projects consist of dams that deliver water to farmers through a network of canals. 
Irrigation efficiency of surface water projects is limited because some of the diverted surface water
evaporates before it reaches the crop, some percolates into the ground - particularly from unlined
canals, and some irrigation water applied to the crop field runs off.  Water policy analysts Sandra Postel
and Amy Vickers of the Earth Policy Institute found that “surface water irrigation efficiency ranges
between 25 and 40 percent in India, Mexico, Pakistan, the Phillipines, and Thailand; between 40 and 45
percent in Malaysia and Morocco; and between 50 and 60 percent in Israel, Japan, and Taiwan.”  The
latter three countries make extensive use of high-efficiency mini-sprinkler and drip irrigation
technology.  In 2004, China’s Minister of Water Resources Wang Shucheng outlined plans to raise
China’s overall irrigation efficiency from 43 percent in 2000 to 55 percent in 2030.

Switching from a flood or furrow irrigation system to a low-pressure sprinkler irrigation system reduces
irrigation water use by about 30 percent.  A surface drip irrigation system without mulch uses about 50
percent of the irrigation water that a flood or furrow system does to achieve the same crop yield.

Drip irrigation systems are labor intensive and water efficient, so they are particularly well suited to
countries with plentiful labor and a shortage of irrigation water.  Cyprus, Israel and Jordan rely heavily
on drip irrigation.  Drip irrigation is used on about 3 percent of irrigated land in India and China and
roughly 4 percent in the United States.  For smallholders with family labor, small-scale drip-irrigation
systems have been developed that dramatically raise yields and profitability, paying for themselves in
one year.  The simplest system is in essence a bucket that feeds flexible plastic tubing by gravity,
irrigating roughly 100 plants in 25 square meters.  Larger drum-fed systems irrigate 125 square meters. 
New drip systems have been developed for large-scale applications using plastic lines that are easily
moved.
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Institutional shifts in irrigation management: Experience in several nations demonstrates that
shifting responsibility for managing irrigation systems from distant government agencies to local water
users associations results in more efficient use of irrigation water.  The farmers in the local water user
associations have an economic stake in good water management as well as immediate apprehension of
local conditions.

As of 2002, farmers associations managed more than 80 percent of Mexico’s publically irrigated land. 
The cost of maintaining the irrigation system has been assumed locally by the farmers associations,
reducing the drain on the federal treasury.  The production gains from local management of irrigation
water supplies has exceeded the additional costs the associations have to charge for irrigation water to
cover system maintenance costs.

In Tunisia, water users associations manage both irrigation and residential water systems.  The number
of associations has increased from 340 in 1987 to 2,575 in 1999.  The associations not only manage
publically developed irrigation systems, but also monitor groundwater use in order to stabilize water
tables and thus avoid the disruption resulting from aquifer depletion.

The effects of organic agricultural techniques on water quality and efficiency:  

Farmers who rely on chemical fertilizers often apply the nitrogen for the crop weeks or months before
the crop actually needs it.  The capacity of the soil to absorb and retain nitrogen which is delivered in
one large dose is limited.  Since nitrogen is water soluble, as moisture passes through the root (vadose)
zone into groundwater free nitrogen which has not been bound by soil micro-organisms or absorbed by
plants is carried with it.  This is the source of fugitive nitrogen which then turns up as nitrates in
groundwater and in surface waters where it promotes algal blooms that deplete oxygen, resulting in
giant anerobic “dead zones” in lakes and the oceans at river deltas.

Organic farming techniques build quality soils, mainly by increasing organic matter which in turn feeds
a bloom of useful soil biota.  Organic matter is the chief measure of soil quality, or “tilth.”  It is also the
measure of soil carbon.  As organic material/soil carbon levels increase in the soil, the soil’s moisture
holding capacity increases.  As water is held in the capillaries of organic soil by bacteria and in the
“sponge” of organic material, more of the water applied to the soil by rainfall or irrigation remains in
the vadose zone available to plants instead of percolating through the vadose zone into ground water.

Increasing soil organic matter also increases the moisture infiltration rate.  Water applied to the surface
of the soil by precipitation or irrigation penetrates the surface faster, so less of the applied water runs
off.  The more water than is absorbed, the less run-off to cause erosion and a loss of top soil, lowering
the amount of silt and sediment in rivers and streams.

Thus, organic farming techniques which build soil organic matter result in far more efficient capture and
use of both water and soil nutrients by crops.  Organic matter and the soil biota it feeds hold water and
nutrients efficiently in the root zone for plants to use.  USDA research and numerous university studies
have shown “compost amended soil” retains moisture better and reduces irrigation demands.
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Sustainable rainwater harvesting systems:

<www.indiatogether.org/agriculture/articles/rjndrght.htm> describes a system in India in which
rainwater harvesting has created an oasis with year-around water for culinary and agricultural use.

Farm land management approaches such as creating levies, berms, swales and ditches all effectively
capture rainwater for local recharge of the soil water column.

High-efficiency agricultural irrigation systems:

Sprinkler systems are x times more efficient in water delivery to crop per acre than flood irrigation
systems are.  Drip irrigation systems, invented by an Israeli engineer in the 1950's, are x times more
efficient than flood or furrow irrigation.

Adranga Ranch, California: This organically-certified walnut orchard placed soil moisture
monitors at 18, 36 and 60 inch depths, resulting in a large reduction in total irrigation water use through
the hard line underground pipe delivery system in the orchard.  The monitors enable the operator to
maintain ideal soil moisture levels.  The lack of excess water prevents leaching of nutrients from the
soil.  The monitors also allow the operator to detect pipe leaks.  The hard line underground pipe system
replaced an above-ground, gated pipe flood irrigation system.  The underground pipe system feeds 615
sprinklers which can water the 24 acres of walnut trees in one day.  A dwarf grass cover crop
underneath the walnut trees retains moisture in the soil, as well as providing a cushion when nuts are
harvested.

Negev Desert, Israel: A 150-acre tomato and pepper-growing farm in the Negev Desert of Israel
grows plants in greenhouses with elaborate trellises.  Treated sewage water is pumped through drip
irrigation lines covered tightly with black plastic to prevent evaporation.  A pumping station outside
each greenhouse is equipped with a computer that tracks how much water and fertilizer is used.  These
computers are monitored on a laptop computer in the farm manager’s office.

The Israeli government strictly regulates how much water farmers can use and requires many of them to
irrigate with treated sewage effluent, which is pumped to farms from the treatment plants in purple
pipes.  The Israeli government is building a desalinization plant to provide additional irrigation water. 
Shalom Simhon, Israel’s agriculture minister, says “In the future, another 200 million cubic meters of
marginal water are to be recycled, in addition to promoting the establishment of desalinization plants.” 
Four years of drought 2004-2008 have created what Mr. Simhon calls a “deep water crisis,” forcing the
country to cut farmer’s quotas of irrigation water.

Part Two: Increase Industrial Water Use Efficiency

Part Three: Increase Culinary Water Use Efficiency

Principle One: Use treated, high-quality culinary water indoors, not outdoors.
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Principle Two:  Stop using treated, high-quality culinary water to move wastes.

Principle Three:  Use “gray water” and collected rainwater for outside irrigation.

Principle Four: Reclaim and recycle residential and industrial “black water” for re-use.

Principle Five: Improve maintenance of and thus lower losses from water delivery systems.

All five of these principles are served by appropriate water pricing.  Peter Rogers writes:

 “In the past the cost of freshwater in the U.S. and other economic powers has been too low to
encourage users to save water: as often happens when people exploit a natural resource, few
worry about waste if a commodity is so cheap that it seems almost free.

...Higher water prices can...spur the adoption of measures such as the systematic reuse of used
water (so-called gray water) for nonpotable applications.  It can also encourage water agencies
to build recycling and reclamation systems.

Raising prices can in addition convince municipalities and others to reduce water losses by
improving maintenance of water-delivery systems.  One of the major consequences of pricing
water too low is that insufficient funds are generated for future development and preventive
upkeep.  In 2002 the U.S. Government Accountability Office reported that many domestic water
utilities defer infrastructure maintenance so that they can remain within their limited operating
budgets....The cost of repairing and modernizing the water infrastructure of the U.S. and Canada
to reduce losses and ensure continued operation will be high, however.  The consulting firm
Booz Allen Hamilton has projected that the two countries will need to spend $3.6 trillion
combined on their water systems over the next 25 years.”

Principle One: Use treated, high-quality culinary water indoors, not indoors

Principle One, Part One:  Utilities use untreated “secondary water” systems to supply water for outdoor
irrigation use:

In a secondary water system, a water utility places untreated water of less than 2,000 microSiemens per
centimeter conductance in a storage and distribution system which supplies customers with water for
outside use.  The water is sometimes diverted from surface flows and stored in an irrigation reservoir,
then gravity-fed to the customers.  Some systems use open ditches for part or all of the landscape
watering distribution system, others use pressurized pipes.  Some systems pump irrigation wells to
supply the secondary system water, with or without a storage reservoir or tank being involved in the
system.  Some systems meter the secondary water, but most have not in the past due to the meters then
available clogging on particles and debris in untreated water coming from a storage reservoir filled by
surface water diversion.  Recently, new water meters that measure venturi waveforms induced by water
flowing through an open measurement gap in the meter body have been developed which are accurate
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to 1/100th a gallon and do not clog or require any maintenance.

The Spanish Valley secondary water system being installed by the Grand Water and Sewer Service
Agency (GW&SSA) in Grand County, Utah, in 2008, puts water under gravity pressure through a
closed pipeline system fed by Ken’s Lake irrigation reservoir, into which some Mill Creek and Pack
Creek surface flows are diverted.  For developments with a culinary and secondary water system
installed, the GW&SSA provides water through two separate water pipelines into two separate meter
pits.  The culinary and secondary water meters are read separately and a lower rate per thousand gallons
of irrigation water is charged than for culinary.

Principle Two:  Stop using treated, high-quality culinary water to move wastes

The use of water through flush toilets to move human waste takes nutrients originating in the soil and
typically ends up dumping them either into a body of water, or if treated in a modern wastewater
treatment facility, into a landfill in the form of the solids extracted from the wastewater.  This outdated
“flush and forget” system is outdated, expensive, disrupts the nutrient cycle, and can be a major source
of disease.

The Centre for Science and the Environment in India calculates that an Indian family of five, producing
250 liters of excrement a year and using a flush toilet, contaminates 150,000 liters of water with its
wastes.  As currently designed, India’s sewer system is actually a pathogen-dispersal system.  In the
United States, our sewer systems are turning out to be drug residue dispersal systems.

The low cost alternative is the composting toilet.  This is a simple, waterless toilet linked to a
composting chamber.  Dry composting turns human fecal material into a humus scarcely 10 percent of
the original volume.  Table waste can be incorporated into the compost chamber.  The composting
chamber needs to be emptied every year or so, depending on size, design, and number of people using
it.  In nations using large numbers of these composting toilets, vendors typically collect the humus and
market it as a soil supplement, insuring the organic nutrients in the waste return to the soil nutrient
cycle as the natural fertilizer they are.

In Plan B 3.0, Lester Brown writes:
The U.S. Environmental Protection Agency now lists several brands of dry compost toilets as
approved for use.  Pioneered in Sweden, these toilets work well under the widely varying
conditions in which they are now used, including Swedish apartment buildings, U.S. private
residences, and Chinese villages. 

Interest in ecological sanitation, or ecosan, as it is commonly referred to, is spiraling upwards as
water shortages intensify.  Since 2005, international ecosan conferences have been held in
several countries, including India, South Africa, Syria, Mexico, and China.  The movement, led
by the Swedish International Development Agency, can now point to projects in at least a dozen
countries.  Although ecosan is not yet mainstream, it is fast becoming so.
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The first large community to be built with dry compost toilets in every residence is on the
outskirts of Dongsheng in Nei Monggol (Inner Mongolia).  Designed to house 7,000 people, the
town is scheduled for completion by the end of 2007.  In this system, urine, which contains 80
percent of the nutrients leaving the human body, is diverted into designated container.  It is then
collected and recycled directly onto the land as a fertilizer supplement.  Both human solid waste
and kitchen waste are composted into a rich humus, sanitized, and used as an organic fertilizer. 
For many of the 2.6 billion people who lack sanitation facilities, composting toilets may be the
answer.

China has emerged as the world elader in this field, with some 100,000 urine-diverting, dry
compost toilets now in use.  Mong the other countries with these toilets in the demonstration
stage or beyond are India, Uganda, South Africa, Mexico, Bolivia, and seven countries in West
Africa.  Once a toilet is separated from the water use system, recycling household water
becomes a much simpler process.

Principle Three: Use “gray water” and collected rainwater for outside irrigation

Principle Three, Part One:  Gray water collection and use systems:

Principle Three, Part Two:  Rain water collection and use systems: Rain water collection and storage
systems have been in use for centuries throughout the world.  In these, water that falls on hardened
surfaces such as the roofs of houses is collected in gutters or channels at lower drainage edge of these
surfaces.  The captured precipitation water is usually directed to storage containers such as barrels or
cisterns, from which it is taken as needed for use.  Uses of stored rainwater include watering house and
garden plants, and use as washwater for laundry or other cleaning tasks.

In the desert southwest, the ancestral pueblo Indians, the Anasazi, built low retaining dam structures
across low-pitch areas with soil to capture precipitation runoff in shallow pools.  This captures runoff
into the soil water column where food crops can be planted, as well as preventing erosion of desert
soils.  Two thousand years later, Organic Gardening magazine runs articles advising homeowners how
to build swales and channels in one’s yard to capture precipitation runoff into the soil water column,
direct runoff into densely landscaped areas, and prevent water standing where it can cause
inconvenience or drown the roots of particular landscaping plants.

The problem of U.S. western water laws:  Water laws in some western states interfere with
installation of rainwater collection and use systems by individual homeowners in the state.  For
example, in the Colorado State constitution, all water arriving in the state is allocated to “senior water
right holders” to diversion of surface waters in each state watershed.  Thus, a homeowner who captures
runoff from snowmelt or rainfall from the roofs of his buildings or other property surfaces is illegally
diverting surface water that already belongs to a senior water rights holder downstream in the
watershed.  Since 2007, some western state legislatures have considered legislation to amend their laws
to allow private citizens to legally capture and use precipitation which falls on their residential
improvements located on residentially-zoned parcels of record.  In practice, since no permit is required
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to install a precipitation capture system on the buildings on one’s residential property, citizens install
such systems in ignorance or contempt of the state’s water law, and the state remains blissfully unaware
of these installations.

Examples of household rain water collection and use systems:

Tesuque, NM, system designed by a Santa Fe firm, Design With Nature, Donna Bone, landscape
architect.  Fourteen inches per year average precipitation falling on the house is funneled through
canales into pipes that take the runoff water into a 35,000-gallon concrete cistern. From the cistern,
rainwater is pumped directly to the root zones of the landscaping plants via a drip irrigation system.

Principle Four: Reclaim and recycle residential and industrial “black water” for re-use

According to the Congressional Budget Office, overworked wastewater treatment plants in the U.S.
release 4.5 trillion liters of raw sewage into the nation’s waterways annually.

Wastewater treatment: Best Available Technology:  Louis Moureas invented the septic tank in 1860, but
it was not named until 1895.  The septic tank is equivalent to a clarifier tank unit in a 1950's sewage
treatment plant.  Bacterial action in the low-oxygen environment of the tank causes solids to settle to
the bottom.  Dissolved nutrients flow into the leach field where a biofilm grows around the soil
particles outside the discharge holes, digesting most of the dissolved nutrients from the septic tank
effluent discharge.  In 1868 the trickling filter for wastewater treatment was developed by Edward
Frankland.  The trickling filter sprinkles water over a complex surface medium like rocks on which the
fixed biofilm which consumes dissolved wastes from the wastewater grow.  Because of contact with air,
the water flow has a high oxygen content so the digesting bacteria are largely aerobic.  The first
trickling filter wastewater treatment unit was installed in the U.S. in 1901.  The standard clarifier-and-
trickling-filter type wastewater treatment plant which was the U.S. standard in the 1950s doesn’t de-
nitrify well, produces a “30/30" effluent (Biological Oxygen Demand or BOD = 30 and Total
Suspended Solids or TSS = 30) discharge, and develops anoxic pockets of bacteria that produce
ammonia and other odor compounds.

After fixed film trickling filters, two other types of film-based treatment technologies were developed. 
Integrated Fixed Film Activated Sludge units have a media for the biofilm to grow on which can be
floating, hanging, or supported in the wastewater tank.  Such units have to have a screen to keep the
media in the sludge basin.  Introduced air from coarse bubble diffusers in the bottom plus the complex-
surface media doubles the treatment capacity of the sludge chamber over a fixed film unit.  A typical
unit shown had sponge balls filling half the sludge chamber; the balls bounced around in the air stream,
producing a constant movement of the wastewater over the biofilm on the media in an aerobic
environment.

The other type of film-based treatment technology uses fixed media mounted in frames - membranes or
ropes.  These frames are suspended in the sludge tank, and are aerated with fine bubble diffusers in the
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bottom.  The frames can be removed to clean or repair the media.  Fixed media treatment units can be
colonized by redworms; you lower the oxygen to get rid of them.

New technologies of wastewater treatment have been developed in response to four wastewater
treatment criteria: (1) lower BOD and TSS in effluent being required by changing regulations and the
increasing fresh water shortage motivating re-use of wastewater treatment plant effluent directly into
secondary water systems and the like.  (2) ease of operation, thus lowering labor costs.  (3) operational
cost reduction per 1,000 gallons treated.  (4) wastewater treatment facilities having limited areas for
treatment plant footprints, and sited in inhabited areas with neighbors sensitive to odors.  On 26 Feb 08
engineer Brad Rasmussen discussed four emerging technologies in wastewater treatment at the Utah
Rural Water Conference.

1.  STM Aerotors: is a type of fixed film activated sludge treatment which has a small footprint
and a lower power requirement than the integrated fixed film and fixed media types of fixed film
treatment units.  Invented by a fish farmer in 1964, the first wastewater treatment plant application was
in 1973 and there are now over 1,000 installed worldwide.  Rasmussen showed examples of units
installed to increase the capacity of existing 1950s clarifier-and-trickling-filter wastewater treatment
plants without expanding their footprints.

The Aerotor is a huge wheel mounted on a shaft with a cog wheel on one end over which a chain from
an electric motor turns the wheel.  The wheel is 80 percent submerged in a clarifier or sludge tank. 
Between its stainless steel cage sides, the wheel has two ranks of cylinders with a slot in them, which is
the opening to a spiral interior in each disk of which the cylinders are composed.  As the motor turns
the wheel, the cylinders that rise from the tank full of “mixed liquor” wastewater from the tank pour out
their contents in exchange for air, which is then carried under the surface as they sink.  During the turn
under the surface, the air bubbles out, aerating the tank, and is replaced by more mixed liquor.  The
bacterial biofilms are on the surfaces of the interior of the disks in the cylinders.  This produces much
faster sludge settling than is achieved with an oxidation ditch, and lowers the load on a following
clarifier unit.  The rotation motor uses much less power than the compressors that provide coarse or fine
bubble diffusion in the other fixed film activated sludge treatment techniques, but produces equivalent
aeration of the mixed liquor in the sludge tank.  An installed Aerotor in a Price trickling filter plant built
in 1954 takes wastewater with 200 milligrams/liter of both BOD and TSS coming in, and discharges 15
BOD/10 TSS mg/l effluent.  The 4 million gallon per day unit achieves this with two 80x20x15 foot
Aerotor tanks.  The facility has four 60 horsepower centrifugal blowers for aeration other than the
Aerotor.  A trickling filter plant in Payson was converted, replacing the trickling filters with 8 STM
Aerotor wheels in a basin.  This did as well in lowering BOD, TSS, and nitrates as a covered/heated
trickling filter control.  The control used 47 horsepower in the summer and 94 per million gallons
treated in the winter versus 39 horsepower year-around by the 8 Aerotors.

Spanish Fork has a 4 MGD STM Aerotor assembly, using them as roughing filters on the front end of
the treatment train.  The rule of thumb is that the largest feasible STM Aerotor tank will process 2
MGD.  For larger capacities, do tank increments of 2 MGD in parallel.  The smallest feasible STM
Aerotor is 10,000 gpd.  They are cost-effective over 15,000 gpd plant capacity.  The only weak link
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(pun intended) is the chain drive.  The chains last at most 18 months before having to be replaced. 
Otherwise they are maintenance-free and work indefinitely as long as you keep the biofilms wet by
running them.

2.  Membrane BioReactors: work with a wastewater train starting with a 3 mm screen
followed by reactor basins, the last of which has membranes in it which separate water from wastes. 
The facility we toured in Payson had a screen followed by a de-gritting low-speed centrifuge, then an
anoxic tank for de-nitrification, followed by a mixed liquor tank into which air was bubbled by
diffusers in the bottom to aerate the bacteria in it, followed by a tank full of membranes mounted on
cassettes.  Membrane BioReactors can operate with high mixed liquor concentrations: 8,000 to 18,000
mg/l of BOD and TSS versus 2-4,000 in a trickling filter plant.  Membrane BioReactor plants are very
compact.  A one million gallon per day plant fits into a 70 x 100 foot closed building.  The facility in
Payson we visited was disguised as a horse barn and there was no odor whatsoever inside or out. 
Membrane BioReactors achieve below 8 log removal of bacteria, 3 log removal of viruses, lower
nitrogen (nitrates) below 3 mg/l, and ammonia below 0.1 mg/l.

Door-Oliver invented Membrane BioReactor treatment in 1969.  In the 1980's the Japanese developed
immersed membrane wastewater treatment systems.  Kubota developed a flat plate system which is the
one most widely installed with over 2,000 treatment plants in the U.S. and Japan.  Its current membrane
technology has been installed since 1989 and is very durable.  Kubota membrane plants range from 2 to
20 MGD in size.  2 MGD can be treated in a 1 MGD plant footprint by double-stacking the cassettes
(the EW400 model).  Discharge from Kubota plants meets California Title 22 standards for re-use. The
Payson Kubota membrane plant we visited was discharging both BOD and TSS values too low to
measure with wastewater treatment plant equipment, exceeding drinking water standards by five times.

Zenon, Mitsubishi, Koch/Puron, and Siemens use a hollow fiber membrane system.  Some 1,500
Mitsubishi units are installed; they are described as suitable for wastewater treatment applications of
less than 50,000 gallons flow a day.  Some 400 Zenon units are installed worldwide, 400 in the U.S. 
Zenon uses a ultra-filtration, reinforced, hollow fiber design.  The latest edition of the Zenon
technology is one fifth the cost, handles 10 times the flow, and uses one fifth as much scour air to stay
clean.  A 250,000 gpd Zenon facility in Oakley is inside a closed 70x80 foot building.  Koch fibers are
not fixed at their top.  Air is pumped into each bundle of fibers at their bottom in the Puron system. 
There are 13 Siemens MemJets installed in the U.S.: they feature uniform distribution of flow and
solids by pumping mixed liquor mixed with air into the fiber bundles, with the clean leachate going out
through the fiber into the tank.

All Membrane BioReactor plants are resistant to shock loading, and handle low flows well, making
them particularly good for applications where there are wide variations in wastewater flow in the
collection system.  They are relatively expensive, but becoming cheaper compared to alternatives.  They
use a lot of energy for the compressors which provide the scour air in the mixed liquor and membrane
tanks.  Good front-end screening is critical in MBR plants to protect the membranes from abrasive
suspended solids.
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3.  Textile Filters are for smaller plant and individual home applications as a replacement for
septic tank treatment.  In Utah, the largest flow for which a septic tank is allowed is 15,000 gallons per
day of wastewater.  Textile filters are a late arrival to the packed bed filter method of wastewater
treatment; earlier versions use sand, foam, and peat as the filtering medium.  Textile filters follow a
septic tank, taking the place of the leach field; in textile filters, the biofilm forms on the textile fibers.  It
is a fixed film, not submerged (saturated) treatment technology.  A zoogleal film of aerobic microbes
absorbs nutrients from waste as it flows by.  The trick is to control the flow rate so the bacteria eat each
other as well as the waste nutrients, which lowers the amount of sludge which settles out.  On the textile
filters, the upper areas are aerobic while the lower areas are anoxic and de-nitrify the nitrogenous
wastes.  Textile filter installations can lower BOD and TSS to 5 mg/l, and nitrates to 20 mg/l.  The
engineers showed actual figures on an installation: 248.4 BOD mg/l in, 10.5 mg/l out.

AdvanTex makes filter modules, but they are concerned with lowering BOD and TSS, not nitrates, and
their effluent does not meet mechanical treatment standards for N in effluent although they do lower N
by about 60 percent.  AdvanTex installations size tanks to accomodate 3-5 days HRT.  Their filters like
uniform flow, and it is critical to get the grease out of the wastewater - it will ruin the fiber filters.  One
installation in Weber County serves 30 cabins with a flow of 12,000 gpd, using recirculating filters.

4.  Multi-Stage Activated Biological Process (MSABP) uses multiple biological selectors in
series.  The tanks in series have different submerged media, in which different organisms comprising a
food chain grow.  The result is that no sludge comes out the end of the tank series.  The system was
developed in Russia and first installed in 1997.  Pictures of an installation showed a series of 12
“selectors” or closed tanks, each with different designs of submerged media (made from polyamide and
polypropylene mounted on stainless steel support frames) in it which encourage different organisms to
colonize appropriate to consume from the wastes that reach the tank from the prior one.  Each tropic
level in a tank converts more organic mass from the wastewater stream into metabolic energy, which is
why no organic wastes remain in the effluent or settle out as sludge.

1 millimeter screens are needed to remove inerts and grit from entering the tank train.  Nothing but
organics in the wastewater can break down in the system.  The train adapts to varying loads and de-
nitrifies very well.   Hydraulic retention time is 16-24 hours.  Aeration blowers are needed, as is
monitoring of oxygen in the tank train.  The oxygen level in each tank is supposed to be higher than the
last.  TSS is below 10 mg/l at discharge with no clarifier in the system.  Municipal wastewater
treatment plant installations produce BOD and TSS below 10 mg/l, < 1mg/l of ammonia and <10 mg/l
total N.  One study found input NH3 at 28.3, output from Stage 12 = 0.021 mg/l, with total N going
from 51.2 at input to 9.3 at output.  Most wastewater treatment installations of MSABP are in Israel and
Spain.  The plants offer compact footprints, simple operation, no MSS control or monitoring needed,
and they are load and shock insensitive.  In situations where sludge handling is difficult and expensive,
the MSABP plant will be cheaper to operate overall than its alternatives.

5.  Molecular Separation Technology was developed in 1977 by Dr. Suominen in Finland.  Its
first application was to culinary water purification systems on a Finnish farm in 1990, then to treating
industrial wastes at industrial facilities in Holland in 1997.  The first installation for detoxifying landfill
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waste leachate was in 2005.  The system has also been installed to treat black water on cruise ships,
producing water that exceeds drinking water standards for re-use.

The system works by passing a direct current through a vertical cylinder containing the contaminated
water to be cleaned.  In the bottom is a sacraficial iron cathode.  As the current flows, the cathode
releases ferric ions, hydroxide ions, and hydrogen gas.  The ferric ions group themselves into a
ultrafiltration molecular mesh or net which is pushed upwards through the liquid by the hydrogen gas
bubbles.  As the ferric ion net rises, almost everything except water molecules cannot pass through it
and are lifted to the top of the cylinder where they are extracted into a second, longer cylinder next door
called the “flocculate separator.”  The flocculates containing the contaminants rise to the top of this
cylinder and go into a waste collection tank, while the clean water goes out of the bottom into a buffer
tank.  Water from the buffer tank still contains a substantial number of ferric ions and has a “rusty”
color, so it goes through an iron oxidizer and remover before discharge.

Studies from industrial applications: (1) 2005 industrial potato waste stream cleaning: 30,000 mg/l
solids going in, 512 mg/l solids going out; 635 N going in, 15.6 going out.  324 phosphorous going in, 0
going out. (2) Landfill leachate: molecular separator removed 3.5% salt, heavy metals, over 90% of all
contaminants in leachate.  (3) Salty whey from cheesemaking: removed salt, BOD 63,560 going in and
61.7 going out; other contaminants similarly lowered.  (4) Slaughterhouse wastewater: fecal coliform
going in >1,000, going out <1.  (5) Mine effluent with heavy metal contamination; heavy metals
recovered in flocculant; Total Dissolved Solids 2000 going in, <100 going out, a 95% reduction on
TDS and 99% reduction on all other measured contaminants.

Molecular separation technology is very robust for cleaning culinary water or salt water compared to
reverse osmosis using membranes.  Treating one million gallons per day of contaminated culinary water
would cost $123 for electricity a day.  The technology offers low cost, no consumables used except for
iron cathode replacement, no use of reaction chemicals; it is fully automated, extremely reliable, and
produces water that meets drinking water standards from high BOD waste streams while also lowering
salt, heavy metals, and most pathogens.  A 10 MGD wastewater treatment plant using this technology
could be fitted into a 1,000 square foot footprint, using a large number of these separators running in
parallel.  Each has a very small footprint since it consists of vertical cylinders which can be packed next
to each other.

Examples of wastewater reclamation to drinking water installations:

1.  Orange County, California has built a $490 million wastewater reclamation plant that uses
pressurized micro-filters, hydrogen peroxide and ultraviolet light to remove bacteria, viruses,
carcinogens, hormones, chemicals, heavy metals, fertilizers, pesticides, and dissolved pharmaceuticals
from wastewater.  The result is so close to distilled water that lime has to be added to the effluent to
keep it from corroding water lines.  The cost of producing the better-than-drinking-water effluent is
$550 per acre foot.

Techniques for Removing Specific Hydrocarbon Pollutants
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Beer Bran, or, why drinking beer is good for the planet: Researchers at Kobe Pharmeceutical
University found beer bran, a barley brewing by-product, to be 76.2 percent efficient at absorbing
benzene and 92.5 percent efficient at absorbing trichloroethylene from water.  The effect occurred over
a wide range of pH levels.  The researchers speculate the beer bran absorbs organic pollutants from
water through the action of spherosomes, intracellular particles widely found in plants.

Activated carbon is now used to filter out organic pollutants such as benzene.  It is made by heating coal
to 900E Centigrade.  It is therefore expensive and energy-consuming to produce.  Beer bran is 100 times
cheaper and works about as well.

Principle Five: Improve maintenance of and thus lower losses from water delivery systems

In the United States, one-fifth of drinking water is estimated by the Congressional Budget Office to be
lost to leaks.  The cost of making necessary repairs and upgrades to the U.S. culinary water utility
systems by 2019 is estimated to be $1 trillion.  The federal share of spending on the nation’s water
infrastructure dropped from 78 percent of the total in 1978 to 3 percent in 2008.
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Plank 5: Ecological Integrity and Restoration

(Revised 05 Jan 09)

Plank 5:  Make the preservation and restoration of ecological integrity the primary value in public
land planning and management.

Plank 5 (1):  Order the enforcement of existing USFS and BLM regulations which require that
all public lands planning use maintenance or restoration of organic integrity as the central
land use planning principle in their management plans.  

Plank 5 (2):  Apply Best Available Management Practice to Rangeland Grazing (see Plank
Chapter 2)

-----------------------------------------

Plank 5, Section 1: Organic Integrity as the Central Land Use Planning Principle

Towards the end of the Clinton administration, both the United States Forest Service Committee of
Scientists and the United States Geologic Service Forest and Rangeland Ecosystem Science Center
advised the United States Forest Service and Bureau of Land Management, respectively, to change their
regulations concerning Forest Management Plans and Area Resource Management Plans to make
restoration and conservation of the ecological integrity of the public lands the central criterion around
which land management plans were organized.

In the case of the Forest Service, the recommendations of the Committee of Scientists were incorporated
into regulations which were published in the Federal Register ___.  When the George W. Bush
administration came into office, it promptly put these regulations into abeyance, giving as rationale that
the USFS did not have the technical ability to define and measure “ecosystem integrity” on the basis of
sound science.  Until such capacity was acquired, the application of the new Forest Management Plan
regulations was suspended. [Federal Register ___].

In the case of the Bureau of Land Management, no new regulations have yet been published concerning
use of ecosystem integrity as the central organizing principle for new Area Resource Management
Plans.  However, the practical methods for measuring rangeland ecosystem integrity were published in
Interpreting Indicators of Rangeland Health, Technical Reference 1723-6, in 2000.  TR 1723-3,
produced by the United States Department of the Interior, Bureau of Land Management, National
Science and Technology Center Information and Communications Group based in Denver, Colorado, is
supposed to be the “bible” used by BLM range managers for assessing the condition of public
rangelands, and to guide them in restoring those rangelands towards ecological integrity.  The Technical
Reference defines the attributes of rangeland health, and provides specific methods for measuring
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seventeen indicators of rangeland health on an ongoing basis to determine if range restoration
objectives in a given area of interest are being achieved.

The need for implementation of this plank is illustrated by:

In the December 20, 2005 issue of the Proceedings of the National Academy of Sciences, the Alliance
for Zero Extinctions, a coalition of 52 leading conservation groups, reported as many as 794 species of
mammals, reptiles, amphibians, birds, and conifers are on the brink of extinction.  Nearly half of the
species listed are amphibians and almost one-quarter are birds.  The research team, led by Taylor
Ricketts of the World Wildlife Fund, used data from the World Conservation Union’s Red List of
Threatened Species to identify “centers of imminent exinction” that host species that are both highly
threatened and found in only one remaining place.  The study identifies 595 such sites more than 100 of
which have more than one endangered species living in it.  The study did not analyze threats to
taxonomic groups such as insects or fish for data reasons.

Particular concentrations of sites were found in the South American Andes, Brazil’s Atlantic Forest, the
United States, the Caribbean, and Madagascar.  One Hawaiian site contribued 13 amphibians to the list,
while another contributed five birds.

The study has found that extinctions have now expanded from island regions which are particularly
vulnerable to introduced exotic species, particularly predators like cats, rats, and snakes.  Extinctions
are now expanding to the “continental storehouses of biodiversity” including lowland forests and
mountainous areas.  Extinction risk is highest in developing regions with high human population
densities.

Although extinction is a natural process, the rates of species loss are now 100-1,000 times the
background rate and are predicted to increase another ten times.  The 794 species at risk in this study is
three times the number of recorded extinctions since 1500.

The Myth of the Tragedy of the Commons

Circa the first Earth Day in 1970, Garrett Hardin taught environmentalists to worry about the “tragedy
of the commons..  In writing about “common” or shared pastures in Europe, Hardin argued that
rationally individualistic herders would decide to add a few more sheep or cattle to the pasture, until
they created the collectively irrational tragedy of ruined pastures.

As William Freudenburg wrote in Worldwatch (January/February 2009), Hardin was wrong,
historically.  Most common pastures managed collectively have been managed sustainably for hundreds
of years; far longer than the industrial era has survived to date.  The herders keep each other in check. 
In Europe, the tragedy of the commons - the ruin of the commons pastures - resulted from the enclosure
movement, when lawyers and governments helped aristocratic landlords “enclose” the formerly
common pastures with walls, kicking off the subsistence villager herders who had managed the pastures
sustainably for centuries.  The landlords then introduced the 18  century version of “factory farming,”th
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overstocking the enclosed pastures heavily with sheep which were then exported to supply newly-
industrializing urban areas of England and its colonial navies with meat.  The pastures failed in
productivity because of depletion of calcium, causing acidification of the soil; the calcium was being
exported to England in the bones of the sheep.
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Plank 6: Health Care

Plank Six: Make the national health care system of the United States as cost-effective as that of
twelve other industrialized nations

Plank 6 (1): Institute a single-payer national health care system with rationing based upon the
probability of long-term cost-benefit.

Plank 6 (2): Legitimize the use of herbal and traditional remedies.

Chapter 1:  A Prescription for a Cost-Effective National Health Care System

(Revised 19 Feb 10)

On February 24, 2009, President Oback Obama told Congress that “health care reform cannot wait.” and
that every American “must have quality, affordable health care.”

Senator Tom Harkin observes that reforms that make health insurance more accessible and affordable
only reforms a “sick care system.”  We must promote a “health care system” that creates a healthier
society.

Plank Six (1): Institute a single-payer national health care system with certain rationing
provisions based on the probability of long-term benefit versus cost.  If an individual wants to pay for
treatment that the national health care system will not, that's their prerogative.  (The current Medicare
system already has rationing - there are a large number of procedures it won't pay for, given the patient's
age and prognosis, e.g., heart transplants for octogenarians with artherosclerosis.)

Discussion:  In Critical Condition (Doubleday, 2004) Donald L. Barlett and James B. Steele present an
exhaustive critique of the current U.S. healthcare anarchy, then propose a detailed solution to
establishing a national healthcare policy and financing system.

Their critique can be summarized that Mathematica Policy Research under contract to the State of
Maine in 2002 found that Medicare overhead in that state averaged 2 percent a year, while
administrative overhead of private insurers in Maine ranged from 12-30+ percent a year of the
healthcare dollar spent.  They observe that Medicare enjoys economies of scale and standardized
universal coverage terms, while private insurance is “...built on bewilderingly complex layers of plans
and providers that require a costly bureaucracy to administer, much of which is geared toward denying
claims.”
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Their structural proposal is to establish a “U.S. Council on Health Care” modeled on the Federal
Reserve System.  The Federal Reserve is a quasi-governmental organization which oversees our
nation’s money and banking policies.  Its trustees serve staggered 14-year terms to which they are
appointed by the President with the advice and consent of the Senate.  Barlett and Steele propose that
this Council establish and administer a national single-payer, universal coverage health care system
funded by a gross-receipts tax on businesses and a flat tax on individual income from all sources.  They
project that this health care financing system would cost business and individual taxpayers less than the
current healthcare financing arrangement.  Their remedy has the following policy features:

1. guarantee that all Americans receive a defined level of basic care
2. establish flexible co-payments, with a sliding scale of co-pays based on individual income and

on the nature of healthcare system usage by the patient, including a credit against co-pay which
accrues for people not using health care services.  Use of preventative and chronic disease
management services would be encouraged through lower or no co-payments.

3. pay all costs for catastrophic illness: no copays or deductibles.  My recommendation to
Congress regarding long-term care coverage under Medicare is to establish a deductible for
long-term care equal to 7 percent of gross taxable income, payable once for each episode of
admission to long-term residential health care.

4. freedom of choice of doctors and hospitals restored - the national healthcare system will pay for
services from any provider so patients would not be confined to HMO staff physicians or
“preferred providers” under contract to a health insuror.

5. reallocate health care spending to prevention
6. provide accurate drug information to consumers to counter drug advertising biases
7. concentrate health care spending on areas that prove cost-effective from evaluation of national

health care cost and outcome data analysis
8. control health care costs by getting to the root of irrational disparities in the existing system,

e.g., 48% higher Medicare expenditures on seniors in Mississippi than South Dakota after
adjustment for cost of living

9. stop unrealistically low reimbursement rates to physicians and hospitals
10. stop overdiagnosis and overtreatment by identifying the most cost-effective treatments through

research on health care outcomes
11. establish a single information technology system to reduce medical errors
12. allow supplementation of the government insurance with private health care insurance as the

customer may please
13. decriminalize health care fraud, making it a civil offense with provisions for both financial

recovery and penalty assessment with ability to seize any assets by the offender to satisfy the
judgment.

Plank Six (2): Institute a system equivalent to that already used in the EEU, Japan, and India for
medical recognition and use of herbal and traditional remedies:  A national commission
(Commission S in the EEU, the Kempo Commission in Japan) evaluated them, producing an equivalent
to the Physician's Desk Reference which shows the mode of action, side effects, potential adverse
interactions, dosage, and proven "on label" uses for the substance.  Any health practitioner can prescribe
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these, and the national health care system pays for them exactly as it pays for any other "on label" use of
an approved drug.  In the EEU, almost all M.Ds prescribe non-synthetic drugs for patients, and the
savings to national health care systems for drugs is estimated to be as much as 80% because herbal and
other natural drug compounds are on average even cheaper to produce than generic synthetics in
standardized doses.  Further, the rate of adverse side effects is notably lower with natural than synthetic
pharmeceuticals.

Discussion: Management Theorist Peter Drucker, in his 1968 Age of Discontinuity, predicted that new
technologies would bring the age of dominance of the major industries and corporations of 1968 to an
end.  He was right.  One casualty of this “turbulence” in business and industry dominance was the
healthcare and pension system supported by employers.  After World War II, American workers at big
companies thought they had a deal: in return for loyalty to the companies workers would obtain job
security, health care, and a dignified retirement.  This deal was the basis for America’s postwar social
order.  Americans thought of themselves as rugged entrepreneurial individualists, superior to the
coddled Europeans with their oversized welfare states that provided for healthcare and pensions to all
citizens, however contributive to their societies.  In fact, as Jacob Hacker of Yale points out in his book
The Divided Welfare State, if you add in corporate spending on health care and pensions that is both
regulated by the government and subsidized by tax breaks, the U.S. “welfare state” is about as large
relative to our economy as those of European nations.

This U.S. system was imperfect, because those who don’t work for companies with good
benefits are essentially second-class citizens in respect to health care.  This fact was disguised by the
fact that the vast majority of American workers and their families had health insurance through their
employers until the 1970's.  Now a vast majority of employed people in the U.S. do not get health care
benefits through their employers because they work part time, or their employers don’t offer such
benefits; many more technically have benefits, but with such large deductibles and co-payments that
these “insured” end up unable to pay their portion of health care costs generated by major illness or
injury episodes.  In Grand County, Utah, only about three in ten households has health insurance
coverage through an employer; almost all of these are full-time federal, state, or local government
employees.  About one in ten households is under a public health “insurance” program like Medicare,
Medicaid, or the state CHIPS program for poor children.  The remaining six out of ten households have
no health care coverage at all.

Those who have healthcare benefits through their employers are increasingly unprotected from
bankruptcy due to their share of healthcare costs resulting from severe illness or injury.  About half of
all people who filed for personal backruptcy in 2001 cited medical problems as the cause, and more
than 75 percent of these had health insurance.  Faced with rising premiums, employers continue to shift
healthcare costs onto their employee’s shoulders.  In 2005, health insurance premiums rose 9.5 percent,
more than three times the growth in employee earnings.  Premiums increased 13.9 percent in 2003.  The
Kaiser Family Foundation’s 2005 Employer Health Benefits Survey found workers paid an average of
$2,713 in premiums for family coverage in 2005, up nearly $1,100 from 2000.  Employee premiums
averaged 26 percent of employer health insurance costs.  Twenty percent of employers now make
contributions to an employee HSA account rather than offering health insurance coverage.

Care for people with chronic health conditions such as diabetes, heart failure, asthma and
hypertension accounted for 83 percent of all healthcare spending in 2001, according to Johns Hopkins
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University.  By 2030, the Johns Hopkins study estimates half the adult population will have one or
more of these illnesses.  Almost 30 percent of those belonging to health maintenance organizations and
nearly 25 percent of those in preferred provider organizations say it is difficult for them to obtain the
care they need from the managed-care plan.

Supporting the health care system is a handicap on the competitiveness of U.S. exporters.  In
August, 2004, the Wall Street Journal reported a comparative international health care efficiency study
which found that the U.S. health care system produced half the benefits in terms of lowered morbidity
and mortality from injury and illness that the national health care schemes of the eleven other
industrialized nations do.  The Journal went on to editorialize that the embedded health care costs, e.g.,
$5400 in every vehicle produced by General Motors, in U.S. products and services hurt their cost
competitiveness on the international market.  A study published in the New England Journal of
Medicine found half of the U.S. adults studied failed to receive recommended health care.  A health
care system with high administrative costs and expensive high-tech care which delivers recommended
care to only half of a nation’s adults would predictably do only half as well in cost-effectiveness as a
national health care system with low administrative overhead which delivered mediocre, low-tech
services to the total population of another country.

Economist Paul Krugman editorialized in the November 28, 2005, New York Times: “...instead
of trying to pursue economic security through the back door, via tax breaks designed to encourage
corporations to provide health care and pensions, we should provide it through the front door, starting
with national health insurance.”

Numerous studies show that the portion of the health care dollar consumed by administrative costs is
seven to ten times higher for private health insurance in the U.S. as it is in the national health insurance
systems of other industrialized countries.  As of 2007 consulting firm McKinsey & Co. calculates that
each American spends $728 on average for prescriptions, nearly twice the average for the industrialized
world.  The drug and health products industry has directed $93 million to congressional and presidential
candidates since 2000, according to the Center for Responsive Politics.  An army of 1,100 lawyers and
other lobbyists have spent over $1 billion since 1998 on Congress, more than any other industry, to
influence public officials and shape drug legislation.

Plank Six (3): Offer rewards for healthful behaviors through the workplace.

Discussion: Benefits consultant Mercer reports that more than one third of large employers in the U.S.
plan to offer financial perks for wellness-maintenance behaviors by employees.  Examples of rewarded
behaviors include taking annual physicals, filling out health assessment questionnaires, getting cancer
screenings, eating well, joining wellness or disease-management programs, and engaging in an exercise
program.  Some companies also offer team-based health competititions between groups of employees. 
The rewards come by way of cash payments, gift cards, lower health insurance premiums or copays, or
prefunding of health accounts workers can use to pay deductibles and other health costs.

For example, in 2008 a PepsiCo employee can avoid a $600 surcharge on her health insurance by
completing a smoking cessation program.  She can also pocket $200 by completing a personal health
assessment and entering the smoking cessation program.  PepsiCo also pays employee spouses up to
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$400 per family per year for participating in a variety of wellness programs.  These financial incentives
paid off for PepsiCo.  While most large employers saw health insurance premiums they pay rise 6
percent or more in 2008, premiums for the PepsiCo group policy remained flat.

Plank Six (4): Overhaul the health care delivery system incorporating successful features from
pilot programs.

Case Study #1: Geisinger Health System, Pennsylvania: The Geisinger Health System has
750 physicians serving 2.6 million patients across 43 counties in Pennsylvania.  Geisinger has
developed a system of medical service delivery that provides better care at lower cost through:

1.  A coordinated approach to primary care: a team of doctors, nurses, technicians and a case
manager who coordinates all care using the “patient-centered medical home” model constantly monitors
patients’ needs, particularly those with chronic medical conditions such as heart failure, diabetes, and
respiratory disease.  The team manages transitions of patients in and out of the hospital or nursing
homes and puts them in contact with community social services.  An example of monitoring: patients
with incipient heart failure are given scales that electronically transmit their weight daily to the clinic; a
spike indicating retention of fluid triggers intervention by the medical home team, preventing expensive
hospital emergency admissions.

2.  Financial incentives for quality care to doctors: Geisinger pays primary care doctors half of
any savings they have achieved in their medical home practices through fewer hospital admissions,
unnecessary tests, etc.  Getting the money is contingent on meeting a checklist of quality measures for
preventative care and chronic disease management.  Thus, if a primary care doctor saved $100,000 in
medical costs for his patient caseload relative to actuarial norms for equivalent patients, and achieved
100 percent of quality goals, the physician would receive $50,000; if 50 percent of quality goals were
met, she would receive $25,000.

3.  Hospital surgery that comes with a warranty: Nationally, Medicare patients admitted to the
hospital for a surgery have an 18 percent chance of returning within 30 days.  Under conventional fee-
for-service, the physicians and hospital send in another bill for services rendered during the
readmission, even if it was to correct complications from errors made in the first.  Geisinger has
developed checklists of best surgical practices for various procedures like elective coronary bypass
surgery; every point has to be checked off or the procedure is cancelled.  Geisinger charges a flat fee for
each type of operation, and any further treatment arising from complications that put the patient back in
the hospital within 90 days is not charged for.  This system has lowered the readmission rate by 44
percent and raised net hospital revenue by 7.8 percent.

4.  Electronic health records: All of Geisinger’s health records are on one computerized system
available to each of the 750 doctors in the Geisinger system.  If Geisinger patients are traveling and
need medical care, the attending physician can access the patient’s record from Geisinger with the
release of the patient.
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5.  Engaging patients in their own care:  119,000 of Geisinger’s patients have signed up to
access their own medical records through personal portals.  They can track their medical test results,
monitor their own progress, schedule appointments, and e-mail their doctors through the portal.  The
one thing patients cannot access from their medical record at Geisinger are the physician’s notes.

Geisinger uses the coaching from the medical home staff on preventative self-care and chronic disease
management in combination with the patients’ personal medical portal.  If a measure such as weight
loss is advised, a graphic showing progress is displayed on the portal.

Patients facing hip and knee replacement surgery are offered a two-hour class in which a team of
surgeon, anesthetist, pharmacist, physical therapist and social worker demonstrate what’s in store and
how the patient can act to improve the outcome.  Patients who take the class are ready to leave the
hospital after surgery earlier and are less likely to be readmitted.

Case Study #2: Results of patients taking an active role in managing their chronic health
condition: From “Beyond 50.09: Chronic Care: A Call to Action for Health Reform” by AARP:
<aarp.org/research/health> and click on “Quality of Health Care.”  Health care outcomes for patients
who were more or less involved in an active role in managing their medical situation:

    More involved Less involved
Readmitted to the hospital within 30 days of discharge 12.8% 28%

Experienced a medical error 19.2% 35.8%

Have poor care coordination among health care providers 12.6% 41.8%

Suffer a health consequence because of poor
communication among providers 13.2% 48.6%

Lose confidence in the health care system 15.1% 59.8%

Case Study #3: Results of using checklists in hospital surgical suites before procedures.  In
The Checklist Manifesto, Atul Gawanda M.D. describes how use of checklists in surgical suites lowered
errors and deaths in hospitals of all calibers, ranging from the most reputable leading institutions in the
U.S. to third-world primitive facilities.  Dr. Gawanda’s thesis is that medicine has become so complex
that nobody can do a thorough job of preparation from memory; you need a checklist which you go over
to make sure everything is done and available before beginning a surgical procedure to minimize
medical error and maximize the capacity for appropriate emergency response if something goes wrong.

Case Study #4: Lifestyle coaching to alter the epigenome.  One cannot alter one’s genome,
but one can alter the epigenome - the chemical changes that alter gene expression.
Working with prostate cancer patients, Dean Ornish of the University of California - San Francisco
found men could alter the expression of their cancer-relevant genes with intensive lifestyle changes. 
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PSA scores and tumor activity was diminished by exercising 30 minutes daily, doing yoga or meditating
for an hour daily, boosting their social support networks, and eating a low-fat diet based primarily on
fruits, vegetables, beans, and soy protein.  The 500-odd genes favorably affected were primarily
oncogenes that help drive prostate and breast cancer as well as genes that spur oxidative stress and
inflammation.  “In every case where we could identify the gene change, it went in a healthy direction,”
Ornish says.

The national healthcare system needs to pay physicians or “health coaches” to counsel patients on
exercise, diet, and these other behaviors that are shown to alter the epigenome in support of successful
management of chronic disease conditions.

On the Relationship Between Ecosystem and Human Health

Aspect One of the Renewable Deal describes the need for, and ongoing programs to effect, restoration
of ecological integrity in the Earth’s land and water-based ecosystems.  As described in the Introduction
and Overview to the Renewable Deal, Aspect Two of the Renewable Deal was developed as the
necessary means to enable continental-scale ecological restoration by removing competition with the
fossil-fueled industrial growth economy over remaining natural resources contained in wildlife core
habitat and connectivity corridors.

On December 9, 2005, the World Health Organization published its report, Ecosystems and Human
Well-Being: Health Synthesis.  The report synthesizes the findings from the Millennium Ecosystem
Assessment’s global and sub-global assessments of how ecosystem changes do, or could, affect human
health and well-being.  The report found that, “Over the past 50 years, humans have changed natural
ecosystems more rapidly and extensively than in any comparable period in human history.” 
Approximately 60 percent of the benefits that the global ecosystem provides to support life on Earth
(such as fresh water, clean air and a relatively stable climate) are being degraded or used unsustainably. 
Scientists conclude that harmful consequences of this degradation on human health are already being
felt and could grow significantly worse over the next 50 years.  Some of the most serious problems
named are:

Nutrition: Degradation of fisheries and agro-ecosystems are factors in the malnutrition of some
800 million people around the world.  At least an additional billion people suffer micronutrient
deficiencies.  (See Renewable Deal Aspect Two, Plank Two, Agriculture for solutions to agriculture
and aquaculture food supply problems.)

Safe Drinking Water: Water-associated infectious diseases claim 3.2 million lives,
approximately 6% of all deaths globally.  Over 1 billion people lack access to safe fresh water supplies,
while 2.6 billion lack adequate sanitation.  Fresh water scarcity is increasing, partly due to ecosystem
depletion and contamination, and partly due to climate change effects on precipitation patterns.  (See
Renewable Deal Aspect Two, Plank 2, Fresh Water, for solutions to fresh water supply problems.)

Solid Fuel Dependency: Most of the world’s population uses solid fuels to cook and heat, a
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major factor in deforestation.  About 3 percent of the global burden of disease is attributed to indoor air
pollution from use of these fuels, a major cause of respiratory diseases.  (See Renewable Deal Aspect
Two, Plank One, Energy, for renewable energy alternatives to solid fuel use which can be and are
installed in off-grid, third-world villages.)

Exposure to green spaces and health: The University of Glasgow in the United Kingdom assessed a
large part of the population of England, based upon income and access to green space.  The researchers
concluded that, although there was a substantial health gap between the richest and poorest people
overall, access to open space such as undeveloped land with natural vegetation, parks, forests and river
corridors cut the health gap associated with wealth roughly in half.  Previous studies demonstrated that
contact with nature can reduce blood pressure and stress.  The researchers speculate that access to green
space offers more opportunities for physical activity, reduces stress, and cuts down on exposure to air
pollution.
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Chapter 2: The Causes of the U.S. Health Care System Crisis

(Updated 26 Feb 10)

Sixteen percent of the U.S. economy as of 2006 is consumed by health care costs; in 1960, 5.2 percent
of GDP went to pay for health care.  In 2009 Americans spent more on health care - $2.6 trillion or
around $8,300 per capita - than they did on educating children, building roads, or buying food.  From
1997 to 2003 U.S. health care spending went from 13.1 percent to 15.3 percent of GDP.  In March 2008
the Centers for Medicare and Medicaid Service reported that health care consumed 16.3 percent of the
U.S. GDP in 2007 and was now projected to total $4.3 trillion dollars by 2017.  Consumer health care
insurance premiums increased 66 percent from 2000 to 2004, five times faster than wages.  U.S.
business medical premium costs increased an average of 131% between 1999 and 2009, according to
PBS News on 25 Feb 10. In 1960, the average out-of-pocket share of all national health care costs was
42 percent, amounting to $148.  In 2006, the average out-of-pocket share of all national health care
costs by individual citizens was 12 percent, amounting to $6,697.  Today, the typical patient with
private health insurance is responsible for 23 percent of medical bills, more than twice the co-pay cost
in 1980.  In a poll of over 26,000 people by the AFL-CIO and Working America in 2008, one in three
reported their family had skipped getting medical care because of cost, and one in two respondents said
they had spent between $1,000 and $5,000 out-of-pocket for healthcare in the last year and that their
health insurance does not meet their family needs at an affordable price.  A March 2009 AARP poll
found 42 percent of adults were not confident of the ability to afford health care without financial
hardship.

The National Cost of Health Care
(2008, 2009, and 2018 projected by Office of the Actuary, National Coalition on Health Care)

Year Cost in Billions

1960 28

1970 75

1980 253

1990 714

2000 1,353

2006 2,113

2007 2,241

2008* 2,379

2009* 2,509
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2018* 4,400

On the rationing of health care:  In his Pro/Con piece in the August 2009 U.S. News and World
Report, Cato Institute senior fellow Michael Tanner makes some telling points: “Healthcare is a
commodity - and a finite one at that.  There are only so many doctors, hospitals, and most important,
money to go around....every dollar spent on healthcare is one not spent on education, infrastructure, or
defense.”

“We sepend $2.5 trillion per year for healthcare, 17.5% of the gross domestic product.  Under
current trends, that will increase to 48 percent of GDP by 2050.  At that point, government health-care
programs like Medicare and Medicaid alone will consume 20 percent of GDP.  Quite simply, we cannot
provide all the healthcare everyone might want.”

“Any healthcare reform will have to confront the biggest single costs keep rising: The American
people keep buying more and more healthcare.  At its most basic, no one wants to die.  If a treatment
can save our lives or increase quality of life, we want it.  Therefore, in the long run, the only way to
spend less on healthcare is to consume less healthcare.  Someone, sometime, as to say no.” [Here I
disagree with him, As reviewed in Chapter 3 of Plank 6, Healthcare, of the Renewable Deal, the biggest
cost-drivers for health system expense are institutional embedded in the practice habits of doctors and
hospitals which patients never see nor are asked about.]

Tanner then points out how every governmen-run healthcare system around the world rations
care; for example.  “In Great Britain the National Institute on Clinical Efficacy makes such decisions,
including a controversial determination that certain cancer drugs are ‘too expensive.’  The government
effectively puts a price tag on each citizen’s life - some $44,305 per year, to be exact.”

In 2003, spending in the U.S. on government health programs only reached 7 percent of GDP, which is
equivalent to the cost other nations’ universal coverage health care systems that cover all the nation’s
citizens.  On a per capita basis, the United States spends 55 percent more money on health care than the
next-highest nation on the planet, which is Switzerland.

The cost of private health insurance

According to AARP, in 1999 the average health insurance for family plans cost a premium of $5,790 a
year, of which $1,543 was the worker contribution and $4,247 was the employer contribution.  As of
2009, the average premium was $13,375 of which the worker contribution was $3,515 and the employer
contribution was $9,860.

From 2000 to 2009, health insurance premiums rose 108%.  Worker’s earnings rose 32%, and the
consumer price index rose 24%.

In recent years the average employee health insurance premium rose nearly eight times faster than
average income.  One in five households had problems paying their medical bills in 2007.  In another
2007 poll, 41 percent of working-age adults said they were either paying off medical debt or had
problems paying their medical bills, up from 34 percent in 2005.  More than half of these households
borrowed money with which to pay medical bills, and 20 percent of the households having problems
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paying their medical bills contemplated taking bankruptcy because of their medical debt.  In October
2008 AARP reported a survey in which 2 in 5 adults aged 19 to 64 reported having problems paying
medical bills or accumulating medical debt in 2007.  A Kaiser Family Foundation poll released
February 25, 2009, found more than half of Americans surveyed said they cut back on health care in
2008 because of costs.

Health Care Costs Are Consuming National GDP

The Congressional Budget Office projects that our annual health costs will increase to about $13,000
per capita in 2017, while the number of uninsured will climb to 54 million by 2019.  In October, 2009,
AARP CEO A. Barry Rand noted that: “Health insurance premiums have doubled in eight years. 
Without reform, they’ll rise to 10.5 percent next year and will double again by 2016 to more than
$24,000 per family.  Some 14,000 people lose their health insurance coverage every day.”

The contribution of the obesity epidemic:  The United Health Foundation projects in a 2009
report that obesity will add $344 billion to U.S. health care costs by 2018.  Dr. Read Tuckson, Vice
President of United Health, predicts a “tsunami of preventable chronic illness that will come pouring
into the medical care delivery system.”  According to an Emory University study, the cost of treating
obesity-related conditions will rise from $361 per American in 2009 to $1,425 in 2018.

In the October 20, 2008 U.S. News and World Report, Bernadine Healy, M.D., said: “Healthcare costs
are growing so fast that they are eating up state and federal budgets, overwhelming people’s ability to
afford premiums, and promising to crush families who find they must pay for care on their own.  Some
158 million working Americans are at risk, as their total family insurance premiums have risen in round
numbers from $6,000 in 1999 to $13,000 in 2008.  Of this, the worker contribution is now about
$3,400, a hefty sum, but one that obscures the real five-figure expense - which is even greater of one
adds on the Medicare payroll tax that can run in the thousands.  Overall, healthcare spending has grown
numbingly from almost $700 billion in 1985 to almost $2 trillion in 2005, and common sense says that
is unsustainable.  For reference, the entire federal budget is $3 trillion.”

“According to the Congressional Budget Office, the biggest drivers of growth - accounting for
about half - are new treatments and technologies.”

“Insurers stay solvent as their costs rise by charging higher premiums, increasing copayments
and deductibles, and limiting coverage and denying claims.  But what’s needed is cost reduction, not
cost shifting.”

The contribution of paperwork overhead costs:  According to Physicians for a National Health
Program, 31 cents of every U.S. healthcare dollar is sucked up by bureaucracy and paperwork.  PNHP
advocates switching to a single-payer national health insurance system, which they claim would save
$350 billion a year in administrative overhead costs.  A study by the Commonwealth Fund reported in
2009 estimates that health care reform will cost roughly $600 billion to implement but by 2020 could
save the nation approximately $3 trillion.

Adding to the health care overhead is the fact that the U.S. medical-industrial complex now spends
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more than $110 billion on research and facility construction each year.

A small number of patients consume the majority of health care resources:  According to AARP,
studies show that 10-15% of all workers consume 75-80% of the nation’s health care resources.  In
February 2007, a study found the average cost to employers in lost productivity per employee caring for
aged parents was $2110.  The same study reported that 45 percent of 2005 healthcare costs nationally
were paid for by local, state, or federal government.  In general, it is not the aging U.S. population that
is to blame for rising healthcare costs: the Center for Studying Health System Change found that the
older age of the national population is responsible for 0.4 percent of the growth in health care costs in
the U.S.  

In the health care system as a whole, 80% of costs are entailed providing care to people who prove to be
in the last year of their lives.  Average per capita health spending on those 85 years and older is three
times average annual spending on persons 65-74 years of age.  Each elder citizen consumes an average
of four times more medical services than each young adult, and seven times more medical services, in
cost outlay terms, than each child.  Elders constituting 13 percent of the U.S. population accounted for
40 percent of all medical costs incurred in the nation.

Dr. Sidney Wolfe of Public Citizen has publicized the finding that 50 percent of insured Americans are
taking prescription medications for chronic health problems.

Business research firm McKinsey Global Institute reports that U.S. health and hospital costs are highest
in the world.  Comparing our cost structure with that of other industrialized nations, McKinsey found
that our hospital costs for equivalent services are nearly twice the average for all industrialized
countries.  Costs of levels of hospital staffing, salaries paid to doctors and nurses, insurance and the
costs of equipment and administration are all higher in the U.S. than elsewhere.

Lack of transparency in health care cost information to consumers; you can’t shop to hold costs
down:  Dr. Uwe Reinhardt, Princeton University: “My wife, May, called up the Princeton hospital and
asked what a normal delivery would cost.  She got nowhere.  I called about a colonoscopy and got the
same runaround.  So I asked a guy at New Jersey Blue Cross.  He just roared.  ‘Are you serious.  We
pay 50 prices.  We pay every hospital a different price.  We pay the same hospital five different prices.’

I asked, ‘Are they public?  Can I look them up?’  The answer was, ‘No.  That’s proprietary.’ 
Imagine if a bunch of people were blindfolded, shoved into Macy’s, and asked to shop prudently.” [U.S.
News and World Report, August 2009, p. 28]

Who Is Covered and How Much Is Spent

According to AARP, as of 2009 the percentage of people with health insurance coverage by type in the
United States were:

15.3% 46.3 million uninsured
14.2% 43 million Medicare
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14.1% 42.6 million Medicaid
  8.8% 26.7 million Self-Insured
  3.8% 11.5 million Military
58.4% 176.3 million Employer-sponsored health insurance

According to the Centers for Medicare and Medicaid Services’ National Health Statistics Group, the
total national health bill and who paid it in 1993 versus 2006 (amounts shown are in billions of dollars)
was:

Source of Payment 1993 2006

Out of pocket 145.2 250.6
Private insurance 295.5 727.4
Other private funds   71.8 151.5
Total private funds 512.5          1,129.6

Medicare 150.0 417.6
Medicaid (federal share)   76.8 178.1
Other federal   52.5 129.7
Total federal funds 279.2 725.4
Medicaid (state share)   45.6 135.4
Other state and local   75.2 132.1
Total state and local funds 120.9 267.6
Total public funds 400.1 992.9

TOTAL HEALTH BILL PAID 912.6          2,122.5

This is an increase of 232.6 percent in 13 years, or an average increase of 17.9 percent per year.

*********
In 2009, AARP published the following budget for $2.3 trillion health care dollars:

Where the money came from (in billions of dollars):
Private

815 Employer and individual private insurance
279 Out-of-pocket
163 Other private sources

Public
279 VA, other public programs
349 Medicaid
442 Medicare

Where the money went (in billions of dollars):
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721 Hospitals
489 Physicians and clinics
582 Other (dentists, medical devices and home health care)
140 Nursing home care
163 Administration
233 Prescription drugs

*********
How We got to a For-Profit, Industrialized Medicine System

And How that System is Producing Shortages and Financial Chaos

In A Second Opinion: Rescuing America’s Health Care, Arnold S. Relman, M.D. presents a historical
analysis of how the U.S. healthcare system became a commercialized enterprise.  After World War II,
medical technology advanced and doctors increasingly specialized in different areas of medicine.  New
medical facilities were constructed and new health care services were offered.  Employer-based health
care insurance, established during World War II as a means of competing for workers with benefits
when wages were regulated, expanded and paid for these new services.  This created commercialized
health care, a “medical industrial complex” in which for-profit providers found a promising niche,
bringing a marketplace mentality into the health care system in which business profitability replaced the
service ethic.

In April, 2009, AARP summed up the situation: “There are almost 46 million Americans without health
insurance (compared with 37 million in 1993) despite the nation’s $2.5 trillion health care spending, up
from $912.5 billion in 1993.  That breaks down to $8,160 per person, compared with $3,468 per person
in 1993.  We spend nearly twice as much per capita as the rest of the industrialized world, yet have
lower life expectancy and higher mortality rates among children.  There’s a shortage of nurses and
primary care doctors, and emergency rooms are swamped.”

According to the Bureau of Labor Statistics, more than 1 million new and replacement nurses will be
needed by 2016, and 159,000 doctors by 2025.

According to the Agency for Healthcare Research and Quality, as of 2004 total spending per year for
cancer patients averaged $5,727; for heart disease, $4,506; and for diabetes $1,904.  A nationwide study
published in 2006 in Northwestern University Law Review found that 46 percent of bankruptcy filers
cited a medical reason for their insolvency.  In a study of cancer patients conducted by the Kaiser
Family Foundation and the Harvard School of Public Health, 1 in 4 families affected by cancer used up
all or most of their savings coping with the disease.

In an effort to preserve private sector profits and government funds, health insurance entities have been
keeping reimbursements to physicians for services flat or lowering them (e.g., the Medicare proposal
for FY 2008).  Albert Fuchs, M.D., summarized the results in the April 16, 2007, U.S. News and World
Report: “Physicians are responding to flat or declining reimbursements by squeezing more patients into
their schedules.  Patients are frustrated by longer waits for shorter appointments, which frequently leave
no time for education, counseling, or reassurance.  A small but growing number of doctors have
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responded by severing relationships with third-party payers and are working directly for out patients.”

The Organization for Economic Cooperation and Development reports that per capita health spending in
the United States ($6,102) is about twice as high as in Canada ($3,165), France ($3,159), Australia
($3,120), or Great Britain ($2,508), yet U.S. life expectancy is lower (77.5) and our infant mortality rate
is higher (6.9 per 1,000 births) than in these other four nations.  The United States spent 16 percent of
its Gross Domestic Product on health care as of 2007; the next highest nation, France, spent 11 percent
of GDP.  The implications of this lack of cost-effectiveness of the U.S. healthcare system on our
nation’s international economic competitiveness is addressed in the section on “Big Business Case for
Universal Health Care” below.

The December 2007 AARP Bulletin summarized the health care situation for their United We Fail
campaign: “Health care consumes 16 cents of every dollar, prescription drug prices outpace inflation,
and Medicare premiums have doubled in seven years.

Yet we have lower life expectancy and higher child mortality than other industrialized countries.
Look at the consequences.  There are 47 million uninsured Americans.  Half of Americans with

health insurance say that because of higher prices [co-pays, deductibles] they delayed doctor visits; two-
thirds say they’ve limited them to only serious conditions or symptoms; and 28 percent say they skipped
or did not fill prescribed medications.”

The following table was circulated on the internet following the release of Michael Moore’s film Sicko:

A Tale of Two Countries
Americans pay more for less

United States France

Health Spending 16.5% of GDP 10.7% of GDP

Coverage 43.6 million uninsured universal

Out-of-Pocket Spending Per
Capita

$803 $239

Doctors per 1,000 Population 2.4 3.4

Life Expectancy 75 years for men; 80 for
women

77 years for men; 84 for
women

Infant Deaths Per 1,000 Live
Births

7 4

Data: CDC, Commonwealth Fund; Blue Cross and Blue Shield; OECD Health Data 2006

A Tale of Three Countries
The Health Consequences of Transportation Choices
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   385 = Bicycles per 1,000 people in the U.S. in the mid-1990s
   588 = Bicycles per 1,000 people in Germany
1,000 = Bicycles per 1,000 people in the Netherlands

       1 = Percent of urban travel accounted for by bicycles in the United States in 1995
     12 = Percent of urban travel accounted for by bicycles in Germany
     28 = Percent of urban travel accounted for by bicycles in the Netherlands

  30.6 = Percent of adults who are obese in the United States, 2003
  12.9 = Percent of adults who are obese in Germany
  10.0 = Percent of adults who are obese in the Netherlands

  14.6 = Total spending on health as percent of GNP in the United States (2002) - rank of U.S. among
nations in terms of overall health index = 34th
  10.9 = Total spending on health as percent of GNP in Germany
    8.8 = Total spending on health as percent of GNP in the Netherlands - note both have universal
coverage single-payer national health systems

The following data were prepared by the Organization for Economic Cooperation and Development for
its 2008 report on health care among its member (the industrialized) nations, which found the U.S.
ranked 37  among the OECD member nations on this measure:th

Nation Annual Per Capital
Health Care Spending

Preventable Deaths
per 100,000

United States $7,290 110

Great Britain $2,992 103

Germany $3,588 90

Canada $3,595 77

Japan $2,561 71

************
People over 65 occupy 40 percent of hospitals’ acute care beds, spend 50 percent of U.S. health care
dollars and buy 25 percent of all prescription drugs.  A 2006 study by the Department of Health And
Human Services’ Agency for Healthcare Research and Quality found older adults are five times as
likely to die during hospitalization as younger patients.

Recent estimates by Fidelity Investments show that a 65-year-old couple retiring in 2006 should have at
least $200,000 saved just to cover out-of-pocket medical expenses during their retirement years.  Four
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couples ages 60, 55, and 50 planning to leave the work force at age 65, the numbers jump to $275,000,
$350,000 and $425,000 respectively.

To escape these costs, increasing numbers of people are going abroad as “medical tourists.”  In 2006 an
estimated 500,000 Americans obtained medical and dental care abroad.  A growing number of countries
cater to foreign patients, among them Thailand, India, Singapore, Hungary, South Africa, Dubai, Costa
Rica and Brazil.  Thailand’s Bumrungrad hospital alone treated 64,000 American patients in 2006, up
11 percent from 2005.  A spinal stenosis surgery at Bumrungrad cost Bruce Pearson $4,618.03 versus
$14,000 out-of-pocket at home.  Another U.S. citizen paid $15,000 for hip surgery in New Delhi,
including travel costs, that would have cost $60,000 in the U.S.  The Joint Commission International,
the international arm of the Joint Commission for the Accreditation of Hospitals (JCAH) in the U.S.,
has accredited 130 hospitals serving foreign patients worldwide.

The combined costs of Social Security, Medicare and Medicaid are on track to grow from $1.1 trillion
in 2006 to $2.27 trillion in 2016.  The Centers for Medicare and Medicaid Services projected in 2006
that prescription drug spending will increase from $188 billion in 2005 to $446 billion in 2015.  Health
care costs are rising because of diet-related diseases: The Institute of Medicine estimates that national
health care expenditures related to obesity range from $98 - $117 billion annually.  Due to diet-related
diseases and childhood obesity increasing, the U.S. Surgeon General has predicted that children of this
generation may be the first to be less healthy and have a shorter life span than their parents.

The 1999 Dartmouth Atlas of Health Care found the average inpatient cost per patient during the last six
months of life was $9,943.  

THE PRIVATE HEALTH INSURANCE COVERAGE CRISIS:
The Tradition of Employer-Based Private Health Insurance Coverage in the United States:

The tradition of employer-based health insurance coverage, now unique to the United States among
nations on planet Earth, is rooted in the 1860's practice of railroads, then lumber and mining
corporations, hiring doctors to keep their workers healthy and on the job.  The approach flourished
during World War II when wages were frozen, so companies competed for scarce skilled labor by
offering better benefit packages.  Today, employer-financed insurance covers about 160 million
Americans, receiving $160 billion in tax deductions for health insurance outlays.  Workers save $200
billion a year in income tax because the value of employer-paid health insurance premiums is not taxed
as employee income.  The percentage of Americans covered by employer-provided policies has dropped
from 69 to 59 percent in the past five years alone, according to the Kaiser Family Foundation.  For
retirees, in 1988 two thirds of large companies offered retiree insurance plans; in 2005 one third did.

The Economic Policy Institute studied health coverage through employers trends for the years 1995-
2006.  Nationally, in 2006 48.8 percent of Americans had health care coverage through their employer,
a percentage point below 1995.  In California, the drop was 1.5 percent from 1995 to the 46.2 percent
covered in 2006.  The Economic Policy Institute study’s primary objective was to determine whether
loss of employer-based health insurance coverage was due to “between” losses - where people change
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jobs from working for employers who offer health insurance benefits to employers who do not; or to
“within” job loss of health care insurance benefit coverage where workers continuing to work for the
same employers have the employer drop health care coverage for employees as an employment benefit. 
The study found the loss in coverage was the “within” type; the loss of coverage of U.S. citizens
through employer-based health insurance benefit plans is due to employers dropping such coverage due
to its cost.

The Slow Collapse of Employer-Based Health Insurance Coverage:

According to U.S. Census statistics for 2005, 46.6 million Americans lacked health insurance, up from
40 million in 2000.  In 2006 the number increased to 47 million; the percentage of Americans without
health insurance rose to 15.8% in 2006 from 15.3% in 2005, the second consecutive year of increase. 
In 2007, 42 percent of U.S. adults under age 65 were rated as underinsured or uninsured for health
coverage.  Only 60 percent of Americans had job-based health insurance coverage in 2005, down from
63.6 percent in 2000 - and this after five straight years of robust economic growth.  One in every five
women ages 18-64 is uninsured, and only about 38 percent of working women have job-based health
insurance.  78% of the uninsured are employed, 80% are U.S. citizens, and only 18% receive subsidized
health care benefits.

Uninsured Americans Under 65 in Millions

1987 29.5
1991 33.6
1995 37.3
1999 39.0
2002 43.3
2005 44.8

According to the Kaiser Commission on Medicaid and the Uninsured, 18.6% of the above uninsured
Americans live in a family containing no workers; 12.1% have at least one part-time worker, 55.7%
have one full-time worker, and 13.6% have two full-time workers in the uninsured family.  John
Lumpkin, M.D., M.P.H., director of the Health Care Group for the Robert Wood Johnson Foundation,
says 41 percent of the uninsured have no access to preventative care, so when they go to the Emergency
Room for treatment as the source of last resort, “they are most likely going in at a time when their
illness has progressed significantly and costs more to treat.”

According to Senate Finance Committee chairman Max Baucus, “every American with health insurance
pays an extra $1,100 a year on their premiums to cover those who can’t get health insurance because of
the broken health care system.  That’s basically a hidden tax of $1,100.”

A recent study of the private health insurance industry by the Commonwealth Fund found that if you
have allergies or use popular medications like Prevacid for acid reflux, insurers in most states can turn
you down for coverage or charge a premium price (surcharge) for health insurance coverage.  Pre-
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existing conditions such as athsma, varicose veins, a history of ear infections, or a long-ago cancer are
also grounds for denial as high risk.  Commonwealth found that 21 percent of applicants for individual
health insurance coverage nationally were turned down or charged higher premiums because of their
perceived health risk.  AARP cites the case of the Kelly family, in their late 50's, who were found
completely healthy in comprehensive physicals, yet were refused coverage because Mr. Kelly takes 10
mg daily of the statin Lipitor to lower his cholesterol.  

Another factor in the insurance crisis is that people who do have health insurance coverage through their
employers sense that it is dangling by a fraying thread.  Most everyone is experiencing a yearly rise in
co-pays and deductibles on their employer health policies.  In Pennsylvania, family health premiums
increased by 75.6 percent from 2000 to 2006, compared with a 13.3 percent increase in median wages. 
Paul Ginsburg, president of the Center for Studying Health System Change, says “The core motivation
[for reform] is that for the last few years health insurance premiums have been going up faster than
earnings.  That means there are a lot of people who have insurance who feel vulnerable to losing it.”  In
addition, in 38 states insurance premiums can be pegged to age categories, which means that older
persons in perfect health get charged considerably more for insurance.  My own Blue Cross HSA policy
premium goes up considerably each time a customer ages into the next five-year bracket, e.g., 60-65,
even if Blue Cross has never been paid a medical claim during the customer’s tenure with the company. 
In today’s piecemeal health care insurance system, “we’re all just a pink slip away from being one of
the uninsured,” says Michael Campbell, executive director of the Pennsylvania Health Law Project.

As a case example, in the Jordan School District of central Utah, a full time teacher’s family health
insurance coverage costs $570 per month, or $6,842 per year, a quarter of a beginning teacher’s total
salary.

The Winter 2008 AARP UT reports: “The best indicator that a person will skip preventative care is
having no insurance, or not enough.”  “Since 2001, premiums for family coverage have risen 78 percent
but wages have increased only 19 percent.”  The May 2008 AARP Bulletin reported that more than a
third of U.S. uninsured have incomes over $40,000.  Thirty-five percent of households with incomes
between $50,000 and $75,000 report having trouble paying medical bills and health insurance.  More
than a third who carry both health insurance and medical debt have college or graduate degrees.

The Robert Wood Johnson Foundation reported in April 08 that the amount people pay for health
insurance alone increased 30 percent between 2001 and 2005, while the income of insured people went
up 3 percent.  In May 2008 AARP stated: “Family premiums have increased 87 percent since 2000,
compared to an 18 percent rise in inflation and a 20 percent rise in wages.”

Underinsurance:  is defined as out-of-pocket health care spending that exceeds 10 percent of
family income, or less if family income is below the poverty level.  The Access Project found that over
90 percent of Great Plains and Midwest farm and ranch families have a health insurance policy, but one
in three depend on insurance from the individual market compared to 8 percent of the general
population.  For a great many of these rural insured, the health insurance policy is for bankruptcy
protection, leaving them vulnerable to paying out more than ten percent of family income in deductibles
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and copays in a year when any major medical event occurs.

In 2005, it was estimated that there was a $43 billion “hidden tax” attributable to health care services
provided to those without insurance or without adequate insurance.  Two-thirds of this “hidden tax”
was paid for by those with private insurance through higher premiums and costs.  Nearly 20 percent of
rural counties are at risk of losing their hospital because of financial losses.  The National Rural Health
Association estimates that 15-20 percent of jobs in many rural communities are attributable to health
care.

Rural individual health insurance: In 2009, the University of Nebraska Center for Rural Affairs
reported that, while 9 out of 10 farm and ranch operators have health insurance, 23 percent report that
insurance premiums and other out-of-pocket health care costs are causing financial difficulties for
themselves and their families.  The average income spent on insurance premiums and out-of-pocket
costs by this distressed 23 percent was 42 percent of their income!

In addition, 44 percent of farmers and ranchers report spending at least 10 percent of their annual
income on health insurance premiums, prescriptions, and other out-of-pocket medical costs.

The Conversion of U.S. Private Health Care Insurance to the “Medical Loss” Model:

In addition to rising co-pays and deductibles, there is the problem that 10 to 15 percent of health
insurance claims are denied for various reasons, according to Bernadine Healy, M.D.  Healy reports this
problem is bound to grow as electronic medical records meet sophisticated data tools dubbed “denial
engines” which their vendors claim will reduce health insurance reimbursements from an insurer by 3
to 10 percent.  (Only 1.5% of private hospitals have a comprehensive electronic medical records system
in all clinical units, according to a study published in the New England Journal of Medicine in April
2009.)  Another trend is for insurance companies to outsource claims adjudication to India.  Healy
points out that patients should have the stamina to go through an insuror’s internal appeal process, even
if they will most likely lose, because they then become eligible for the independent external review
available in most states.  Such reviews overturn about half of insurance company denials, and the
external review decision is final.  Nancy Nielsen, president of the American Medical Association and a
former chief medical officer of a nonprofit insurance plan, says, “If health insurers are making coverage
decisions that are fair and compassionate, very few will be overturned by the state’s appeal process.” 
The numbers speak for themselves.  New York Attorney General Andrew Cuomo has launched an
investigation into medical claims denial by insurors, stating: “All too often insurers play a game of
deny, delay, and deceive.”

Health “Insurance” As Misnomer: Health Insurance as Criminal Enterprise:

HEALTH “INSURANCE”: A CRIMINAL ENTERPRISE is the title by Bioethicist Jacob M. Appel,
M.D., in the 6 Nov 09 Huffington Post.  Dr. Appel begins by agreeing that guaranteeing health care to
uninsured Americans is a “moral imperative.”  “However, relying on private insurers to serve these
individuals is about as prudent as hiring a band of pedophiles to run a national childcare program. 
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Anyone who has worked as a healthcare provider long enough, and has been paying attention,
eventually comes to recognize private health ‘insurance’ is a large-scale criminal endeavor - part Ponzi
scheme, part extortion racket - that consistently exploits patients at their most vulnerable moments.  In
short, private health insurance is the sort of predatory enterprise, like payday lending and loan-sharking,
that should be criminalized.”

“Health insurance, as the late political historian Edward Beiser pointed out in his seminal 1994 article
“The Emperor’s New Scrubs,” is a misnomer.  The principle behind traditional insurance is the
distribution of risk.  For example, the odds of my home burning down are quite low.  The odds of any
other home burning in my community are similarly low.  However, the odds of some home in our
community burning are reasonably high, so we all pay into a reserve fund - ‘fire insurance’ - and
whoever suffers the misfortune of a home-burning collects the pot.  This ‘pooling of risk’ is a staple of
most high school economics classes.

However, health ‘insurance’ does not follow this model, because, over the course of time, nearly all of
us will suffer bodily ills that cause us to draw funds from the collective till.  So what we are doing, by
paying for private insurance, is having a third party manage our healthcare dollars for us until we’re
ready to use them.  In return, this third party banks the interest and skims a profit off the top, employing
an army of paper-pushing middlemen to manage our contributions.  The very act of calling these
healthcare middlemen ‘insurers’ buys into the false belief that Aetna and Oxford are protecting us
against rare occurrences, rather than merely serving as money-managers for our healthcare
dollars....once consumers view these corporations merely as money managers, few sane people would
ever invest at interest rates of zero for such low payouts at term.”

“Most people in this country who do have private health insurance are happy with their coverage - until
they actually attempt to use it.  Once they face a medical emergency, however, they soon discover that
the unspoken policy of many insurers is to deny as many claims as possible, often on legally or
medically implausible grounds, until the patient or his family give up.”

“Opponents of a national health care insurance plan often lambaste the straw-man of having public
officials determine which procedures will be available to the sick and dying.  In contrast, they would
have us believe that those determinations are presently made by individual doctors serving the needs of
their patients.  As a physician, I can assure them that those decisions are actually rendered by low-level
employees at large healthcare conglomerates.  None of these ‘no men’ have medical degrees; many lack
a college education or even a basic understanding of human biology.  Their sole job in the world is to
deny coverage until pressured into doing otherwise.”  The ability of insured people to sue their
insurance company over coverage “is about as realistic as telling the passengers aboard the Titanic that
they have a right to sue for more lifeboats.”  “Given the choice between American public servants
determining my coverage or private, box-checking lackeys working out of out-sourced shell offices in
India, I’d side with the shortcomings of American bureaucracy any day.  So would most Americans. 
That is why Medicare, which follows exactly such a public model, remains so popular.”

“From an ethical point of view, the real question is not whether there should be a ‘public option’ but
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whether there should be a ‘private option.’...I have little doubt the day will soon arrive when CEOs of
health ‘insurers’ are dragged before Congress to face the same sort of interrogation at which war
profiteers were grilled by the Truman Commission in the 1940s and to which the Waxman hearings
subjected Big Tobacco in the 1990s....To put it bluntly, private health ‘insurers’ sell an enormous sour
lemon: a product that does not and cannot work.  The best solution - as radical as it may sound - might
be to criminalize such enterprises entirely.”

In fact, T.R. Reid’s study of medical insurance systems around the world, published as X in 2009, found
that many nations such as Germany, France, Switzerland and Japan do not have “single payer” national
health insurance reimbursement systems, instead utilizing non-profit insurance carriers to process
claims for their citizens.  In these systems, the non-profit insurors are required to offer the government-
mandated basic medical insurance coverage package at a standardized premium.  Citizens can switch
from one insuror to another at will, and face no change in premium or denial of coverage because of
pre-existing medical conditions.

Thus, all developed nations except the U.S. have health care cost reimbursement systems regulated by
the government, and have de facto made the decision that private, for-profit health insurance is illegal -
to engage it in is a criminal activity anywhere in a developed nation outside the U.S.

Rural Health Insurance Coverage and Cost:

The Access Project published Who Experiences Financial Hardship Because of Health Care Costs? in
late 2008.  The report shows how farm and ranch families in rural America are dependent on a health
insurance system that is very expensive and provides minimal coverage.  The report is based on a 2007
health insurance survey of over 2,000 non-corporate farm and ranch operators in Iowa, Minnesota,
Missouri, Montana, Nebraska, North Dakota and South Dakota.

The Access Project study identified financial stress from bearing medical costs by two means:
    (1) 10 percent or more of gross household income spent on insurance premiums and out-of-pocket
medical expenses;
    (2) Self-reported perception that health care costs contribute to a household’s financial problems.

The study found:

(1) 44 percent of rural households polled spent more than 10 percent of income on health
insurance and medical expenses.  For those who reported farming or ranching is their principal
occupation, the figure rose to 54 percent.

(2) Families purchasing private, non-group health insurance are more likely to spend 10 percent
or more of household income on health than families who have coverage through an outside employer.

(3) Those who purchase health insurance in the private market spend twice as much on
premiums and out-of-pocket medical costs as those who obtain insurance through off-farm
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employment.

(4) Nearly a quarter of all rural households reported that health care costs contributed to
household financial problems.  This percentage was higher for respondents who derived the majority of
household income from farming or ranching.

(5) The households that reported health care costs contributed to household financial problems
spent an average of 42 percent of household income on health insurance premiums and out-of-pocket
medical costs.  Among these a significant number said paying for health care caused them to delay
making improvements to their farm or ranch, and that health care costs made it harder to pay off farm or
ranch loans.

(6) Over a quarter of all responding households reported they had to draw on family resources
and assets to pay health care costs.  The most common resources used were family savings, credit cards,
and bank loans.  Significant numbers withdrew money from retirement savings or borrowed against
their farm or ranch to pay medical bills.

The report is available at <www.accessproject.org/medical.html>.

The Schneider Institute for Health Policy at Brandeis University released a report in fall 2007 on health
insurance status of non-corporate farm and ranch operators in 7 midwestern states.  90 percent reported
all family members were continuously insured in the past year, versus 72 percent of adults nationally. 
More than half said their household’s health insurance came from off-farm or ranch employment.  Over
one third of farm and ranch families purchase individual health insurance policies, about four times the
national average.  Individual policies typically offer less coverage at higher premium and out-of-pocket
costs than employment-based health insurance.  About 20 percent said a household member delayed
seeking health care, primarily due to cost; 20 percent reported having outstanding medical debt.

The distortion-of-care problem even if you have health insurance:

Aldebra Schroll, M.D., of Chico, California wrote in the October 2008 AARP Bulletin: “I am one of
those primary care doctors, struggling to keep my office open.  The dysfunction of our current health
care system is a social crisis.  The variety of insurance plans, with their byzantine rules, is confusing to
the patients and the providers.  Frequently, patients have little understanding of their plan, often venting
their frustrations over insurance denials at my staff.

The insurance industry is the elephant in the room sitting between my patients and me.  The
companies dictate what can be prescribed, what tests are performed, how much time we spend together,
even where prescriptions can be filled.

In this past year alone three of my partners have left our primary care office for other
opportunities.  The current practice environment has eroded the relationship between physician and
patient.  Isn’t it time we kicked the elephant out of the room?”

Case Study: Utah:  In Utah, the 2005 Utah Health Status Survey by the Utah Department of
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Health found 292,800 uninsured individuals.  Of that number, 59 percent cite the cost of health
insurance as a reason they lack coverage.  There are 45,400 Utah adults working full time who could be
covered under their employer health plans if they felt they could better afford the monthly premium.  A
2004 Medical Expenditure Panel Survey in Utah found that the total monthly insurance premium for
family coverage under Utah employer health plans averaged $721, despite the fact that on average Utah
employers pay 72 percent of health plan premiums.  The Utah Healthcare Access Survey through 2007
reported that the percentage of Utah citizens without health insurance dropped from 11.9 percent in
2006 to 10.6 percent in 2007, or 287,200 individuals.  The drop occurred in a number of demographic
categories: children under 18 showed a 7.8 percent decrease, probably attributable to changes in the
Utah Children’s Health Insurance Program (CHIP) to allow open enrollment without limitation; and 7.2
percent decrease in adults 18 or older, probably due to the boom in energy-related employment in rural
areas of Utah by employers offering health insurance benefits.  In 2007, the medical access survey
found 35 percent of adults under 150 percent of poverty level in income were uninsured, as were 34
percent of Hispanics, 31 percent of adults without a high school diploma, 23 percent of self-employed
Utahns, and 18 percent of adults between 18 and 34 years of age. The percentage of uninsured who
work report a rise in the percentage of their employers who do not offer health insurance benefits at all
from 33.5 percent in 2006 to 37.9 percent in 2007.  Nearly four out of five Utahns with medical
insurance obtained it through a current or former union or employer.  In 2008, the Utah Legislature
passed House Bill 144 which creates a legislative task force to develop and implement changes in the
state healthcare system.

Separate and unequal treatment of the insured and uninsured - why health insurance coverage is
important:  A Families USA study released March 2, 2007, found hospitalized children without health
insurance are twice as likely to die from their injuries as children who are covered by health insurance. 
The study examined 25,000 general injury cases and 6,500 traumatic brain injury cases.  Children
hospitalized with general injuries were twice as likely to die in the hospital if they did not have health
insurance coverage.  Uninsured children with traumatic brain injury were 44% less likely to receive
rehabilitation services than insured children.  Brain-injured uninsured children were 32% less likely to
receive intercranial pressure modeling, an intensive monitoring method which detects cell-damaging
swelling in the injured brain which can be treated before damage is done if it is detected.  Brain-injured
uninsured children were discharged after an average of 5 days in hospital, versus an average of 8 days
for insured children with the same diagnosis.  Children with middle ear infections were 57% less likely
to have drainage tubes surgically installed if they were uninsured than if insured.

This replicated a recent American College of Physicians study which also found higher death rates
among the uninsured of all ages who entered a hospital, compared to insured people with the same
diagnosis.  A preceding Institute of Medicine study of all patients found the uninsured get less treatment
prescribed in hospitals than patients with insurance.  The Institute also observed that the uninsured are
less likely to obtain preventative care and to seek timely treatment.

On December 20, 2007, CBS News reported on a study of cancer patients with and without health
insurance.  Cancer patients without health insurance were twice as likely to die within five years from
their disease.
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Means of ensuring health care coverage preferred by citizens in polls:

In an AARP poll, the following percentages of respondents “strongly favor” these means of ensuring
Americans have access to health insurance:
• 56% - individual tax break for insurance premium expenses
• 48% - business tax break for covering employees’ health costs
• 46% - mandated business coverage for employees
• 44% - expansion of Medicare and/or Medicaid to cover everyone
• 40% - individual option to subscribe to the existing U.S. government employee group health

plan
• 38% - individual option to subscribe to Medicare or Medicaid health programs
• 36% - mandatory enrollment requirement of all citizens

In April, 2007, AARP reported a new New York Times/CBS poll that found that access to affordable
health care was now the public’s top domestic concern.  The poll found that, regardless of political
affiliation, people were willing to make sacrifices in order to ensure that everyone has access to health
insurance.

In a January 2009 CBS News/New York Times poll, 59 percent of respondents said the government
should provide national health insurance.  In a previous poll in the fall of 2008, 50 percent of
respondents said the health care system needs fundamental changes.

Then there’s Senator Ron Wyden (D-OR), who introduced a bill giving all Americans the same private
health insurance coverage that members of Congress receive...

The folly of a “free market” approach to purchase of health insurance:

Princeton health economist Uwe Reinhardt has harsh things to say about the political proposals that put
citizens in charge of choosing their health care on the theory that they will act to minimize costs by
selecting superior values in health care services if they have an allocated amount, such as in a Health
Savings Account, available for them to spend on medical care.  The problem, says Reinhardt, is the lack
of “transparency” on the cost and effectiveness of treatments provided by alternative medical providers. 
Reinhardt likens the current system to thrusting someone blindfolded into Macy’s and saying, “Go
around; shop smartly.”

Runaway prescription drug costs: The cost of prescription drugs has inflated at xx% from 

Pharmaceutical companies claim that high drug costs for patented drugs support research into new life-
saving medicines.  In fact, only xx% of drug company budgets go into research; advertising costs and
distribution of profits to shareholders are larger budget items.  Pharmaceutical companies spend little of
their research budgets on developing new, innovative drugs to treat serious health conditions.  During
the 12 years 1989-2000 65 percent of new-drug applications approved by the FDA contained active
ingredients already on the market in other drug formulations (such as the widely-advertised , which is
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simply a combination of already-approved Norvasc hypertensive and a statin drug), and an additional
11 percent of approved “new” drugs were identical in content to products already approved and on the
market (such as an antacid drug where the “new” formulation was a different color than the old
formulation whose patent had expired, but contained exactly the same proton pump inhibitor active
ingredient).  Of truly new drugs, analysts find that virtually all were originally developed utilizing
government, not private pharmaceutical research funding.  About the only drugs which pharmaceutical
companies are researching with their own money are “lifestyle” drugs such as weight and hair-loss
remedies.

As of 2007 consulting firm McKinsey & Co. calculates that each American spends $728 on average for
prescriptions, nearly twice the average for the industrialized world.  The drug and health products
industry has directed $93 million to congressional and presidential candidates since 2000, according to
the Center for Responsive Politics.  An army of 1,100 lawyers and other lobbyists have spent over $1
billion since 1998 on Congress, more than any other industry, to influence public officials and shape
drug legislation.

Our Daily Meds by Melody Peterson is a 2008 expose of U.S. Big Pharma.  She shows how the
pharmaceutical industry has evolved from focusing on patient health to focusing on the bottom
corporate line.  In the past, CEOs of pharmaceutical companies were often scientists.  Now they are
M.B.A. graduates of what I call “pirate school,” who consider their job to sell as many drugs as possible
at as high a profit as possible in order to maximize “shareholder value.”  Big Pharma companies lust
after developing “blockbuster drugs,” e.g., those that will bring in sales of $1 billion or more a year. 
This directs drug company attention to the maladies for which they can sell the largest amount of drugs
- even if it means making up new diseases.  A case study is incontinence, for which the drug company
Pharmacia created the disease term “overactive bladder,” and launched an advertising campaign
promoting treating it with their drug Detrol.  Now, Detrol is among the top 200 prescription drugs sold
in the U.S.

MEDICARE PART D PRESCRIPTION DRUG COVERAGE: In 2002 a government study of Medicare
beneficiaries found that 86.4% reported “getting the drugs they needed in the past 6 months” “no
problem.”  9.4% reported having a “small problem,” and only 4.2% reported having a “big problem.” 
Then there is the problem of overconsumption: 40% of seniors take 5+ prescription drugs, and 12%
take 10 or more.  According to the American Medical Association in 2003, 200,000 seniors suffered
fatal or life-threatening “adverse drug events” every year dur to drug interaction or mis-dosing
involving prescription drugs. Among Medicare Part D beneficiaries, about 3 million are predicted to hit
the “doughnut hole” gap in coverage in 2007, according to the Kaiser Family Foundation.  Overall, the
Medicare Part D prescription drug program spends most of its money paying for drug costs to people
who don’t need the financial help in the first place, and probably do not need the drugs they are
prescribed in the second.  As noted above, drug costs per capita are much higher in the U.S. than
elsewhere in industrialized nations’ health care systems.  One reason for this is that national health
insurance schemes negotiate bulk drug purchases from pharmaceutical companies to supply the national
system of pharmacies, lowering costs.  The larger reason does is invisible in the U.S. medical dialogue:
in all other nations on earth, official government commissions have reviewed unpatentable herbal and
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traditional drugs to determine which ones work for what, how they work, dosages, counterindications
and adverse interaction potentials, et al.  The results of this review are published in a Physician’s Desk
Reference.  Any physician can prescribe any natural drug from this official PDR as an “on-label” use. 
The patient can take the prescription to any pharmacy and get it filled with the non-synthetic drug,
which the national health insurance scheme pays for just as it does any other on-label prescription.  In
the European Economic Union, studies show 60 percent of prescriptions written are for non-synthetic
drugs which were not developed by pharmaceutical companies.  As a rule, these non-synthetic drugs are
much cheaper (e.g., a month’s supply of Arjuna to control elevated cholesterol and triglycerides in the
blood is $13.60, versus over $85 for most statins - and numerous studies published in medical journals
abroad have consistently found Arjuna is more effective than statins in comparison trials, with no
adverse effects reported during its 2,600 years of medical use.

State Children’s Health Insurance Program (SCHIP): came into being in 1997 when Congress voted to
give federal funds to states that set up health insurance coverage programs for uninsured children who
do not qualify for Medicaid coverage.  SCHIP reduced the overall percentage of uninsured children by a
third: from over 22 percent in 1997 to 15 percent by 2005, in part because SCHIP outreach identified
many children eligible for Medicaid enrollment as well.

SCHIP sunsets on September 30, 2007, unless re-authorized.  The Bush administration proposes
holding federal funding to $5 billion a year, the amount set in 1997, and limiting eligibility to families
earning up to 200 percent of the federal poverty level, $34,340 per year for a family of three as of 2007. 
Under existing rules, 18 states have income cutoffs that exceed 200 percent of federal poverty level. 
The most generous, New Jersey, sets the limit at 350 percent of poverty, or $60,000 for a family of
three.  New Jersey covers 127,500 children under SCHIP, with families paying premiums of $36 - $120
per month and copays of $5 to $35 according to income.  A bill that would give extra federal funds to
states that raise the eligibility limit to 400 percent of federal poverty, or $70,000 for a family of three,
was introduced by Senator Hillary Clinton and Representative John Dingell in the 110  Congress.th

A plan to bring vaccine costs down: Harvard Economist Michael Kremer advocates constructing a kind
of artificial market for a vaccine.  A donor would commit to paying a certain sum, a few hundred
million up to $5 billion, on delivery of a viable new vaccine.  Once a vaccine is manufactured, the
donor would purchase it at a high price per dose until the sum pledged is exhausted.  Thereafter, the
company would be obliged to supply the vaccine to poor countries at a low price.

Gridlock in Emergency Rooms and Hospitals

In June, 2006, the Institute of Medicine released three pessimistic reports.  With more patients but fewer
emergency departments and hospital beds, patients are being “boarded” - held in hallways or wherever
there’s room, sometimes for days, until a bed opens up - and diverted to other hospitals because of
overcrowding.  One of the reports found that, in the event of any calamity, emergency rooms would
quickly be overwhelmed.  In June 2006 the Institute of Medicine released a study which concluded that
hospital emergency care is at the breaking point with 114 million visits a year and growing. The study
found the vast majority of ER patients have medical insurance coverage; only 13 percent of visits are
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non-urgent complaints.

In 2008, 40 percent of ERs are reported to be overcrowded on a daily basis.  In 15 years the number of
emergency department visits increased 25 percent, to 118 million in 2006.  At the same time, the
number of hospital emergency departments shrank from more than 5,100 in 1991 to just under 4,600 in
2006 as hospitals cut costs and insurers slashed reimbursements.

One reason there are more patients is that emergency rooms are the medical treatment source of last and
only resort for those who lack health insurance coverage and cannot afford to pay private doctors and
hospitals out-of-pocket in full for health care.  Increasingly, emergency departments are being used by
people because of lack of access to a primary-care physician.  In a survey in 2006 by the California
HealthCare Foundation, almost half of the patients treated in California emergency rooms could have
been handled by a primary-care physician in their office.  Two thirds of these people said they couldn’t
get an appointment with a primary care doctor. A 2007 survey by the Commonwealth Fund found two-
thirds of Americans say they have a hard time getting medical care on nights, weekends, and holidays. 
30 percent of Americans say they can get in to see their primary care doctor - if they have one - the
same day, putting the U.S. second to last among industrialized countries; only Canada is worse.

Emergency room care is the costliest form of care.  Federal law requires hospitals to accept and care for
all patients presenting with acute injury or symptoms of illness to an emergency room.  They cannot be
turned away because of inability to pay.  When uninsured people are treated, the cost of their care which
cannot be collected from them personally is covered by one of two sources: tax-funded programs, or
through the hospital raising their rates for services to people with insurance coverage to recoup the
losses.

The hospitals are failing to recoup their losses.  Uncompensated care cost U.S. hospitals $31.2 billion in
2006, up from $19 billion in 1998, according to the American Hospital Association, which represents
the nation’s nearly 5,000 community facilities.  Nearly half of all hospitals lose money on patient care;
one in four hospitals ends up operating in the red because they can’t make up the difference from grants
and community donations or subsidies such as “indigent funds” or hospital special service districts’
levies on local properties.  The nation’s 2,919 nonprofit community hospitals also receive some $50
billion in annual tax exemptions and other subsidies. Worse yet, according to the AHA the service that
generates a dollar in income from an insured patient generates 92 cents from Medicare and 87 cents
from Medicaid, on average.

There also appear to be institutional abuses in the community hospital system.  Senator Chuck Grassley,
R-Iowa, has requested a Government Accountability Office report on how nonprofit hospitals are
actually fulfilling their charitable mission while paying executives annual salaries exceeding one
million dollars.

When people lose health insurance coverage from private or public insurance programs, the cost of
providing medical care for them does not disappear from the economy.  The “savings” to the Medicaid
program by lowering the income criteria for eligibility, as states exhausting their Medicaid budgets have

The Renewable Deal – Edition 2  – April 2010 Page 337



been doing to maintain program solvency, appears to me to produce a large net liability economically
for two reasons:

First, people who cannot afford to pay private doctors for outpatient care do not seek medical attention
for problems until they become severe.  A medical condition that has been allowed to progress until it is
too serious to ignore is likely to debilitate the patient, so their economic productivity is impaired or lost. 
If permanently disabled, they will end up on Social Security Disability and Medicaid, supported entirely
at public expense for the remainder of their lives.  Any medical condition is more expensive to treat the
further it has advanced in severity, and the prognosis for recovery from the condition gets poorer.  Thus,
not funding a medical system which provides for preventative and early-stage diagnosis and treatment
of diseases means that the polity is losing income from productive workers on the one hand and
spending far more money treating severely ill workers on the other.

Second, people without wealth or health insurance coverage obtain their health care in extremis from
the most expensive of all sources: the hospital emergency room.

It is no wonder that the U.S. enjoys about half the health improvement per dollar spent on health care
than the other 30 industrialized nations do with their single-payer nationalized healthcare systems. 
Since 45 percent of all our health care costs are already paid for from public tax sources, if our health
care system operated as cost-effectively as that of any other industrialized nation on earth and had
similar overhead expenses (0.5% for public single-payer systems v. an average of 12% for our private
health insurors), we can roughly estimate that we could finance a universal coverage national healthcare
system in the United States, funded entirely by tax dollars, without imposing any new taxes or spending
any more tax money than we do now to completely finance such a system which would cover all
American citizens.  In case you think I am engaging in some sort of socialist fantasy in posing this, I got
the conclusion from a study of various health care financing scenarios done by an official subcommittee
of the American Medical Association.

Retail Medical Clinics: have cropped up in supermarkets and drugstores around the country.  They are
open on weekends and evenings as well as weekdays, typically staffed by nurse practitioners.  They
provide an alternative to emergency rooms or primary care physicians for treatment of a limited range
of acute conditions such as infections.

A couple of new studies published in the September/October 2008 issue of Health Affairs found that
nearly two thirds of 1.33 million retail clinic patients seen between 2000 and 2007 said they didn’t have
a primary care physician; the figure for the general population is 80 percent.  Retail clinic patients are
more likely to be female, between 18-44, and uninsured than patients who visit either primary care
physicians or emergency rooms.  More than 90 percent of the visits were for ten simple conditions, such
as upper respiratory tract infections, sinusitis, and sore throats; these same conditions made up 13
percent of adult visits to primary-care physicians and 30 percent of visits to pediatric primary care
physicians.
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The Causes of the U.S. Health Care System Crisis

Sicko:  In “Sicko,” Michael Moore explains the cause of the U.S. health care system crisis in
these simple terms:
• Insurance companies make their profits by denying coverage.  Health insurance coverage in the

U.S. acts as a “helping hand” for routine medical expenses, but does not offer a “safety net” for
the cost of major health episodes.

• The people who represent us and make our laws receive huge sums of money in campaign
contributions from the drug and insurance industries

• There are four times as many insurance company lobbyists in Washington, D.C., as there are
congressmen.

Health Care Meltdown:  Rocky White, M.D., is a conservative evangelical who practices in
Alamosa, Colorado, and now sits on the board of the nonprofit Health Care for All Colorado.  White
has updated and re-issued Dr. Robert LeBow’s book, Health Care Meltdown: Confronting the Myths
and Fixing Our Failing System.  White reports: “You’re seeing an ever-increasing number of people
starting to support a national health program.  In fact, 59 percent of practicing physicians today believe
that we need to have a national health program.”  White differentiates between the “socialized
medicine” of England where the government owns all the hospitals and clinics and doctors work for the
government, with the Canadian system where doctors are in private practice but medical care for all
Canadians is paid for under the Canadian equivalent of the Medicare program.  White notes the U.S.
healthcare insurance industry is an entrenched $2 trillion industry which resists a single-payer national
health care system being instituted in the U.S., but says, “...until we move to a single-payer system and
get rid of the profit motive in financing health care, we will not be able to fix the problems we have.”

AARP backs up these points with the following statistics: “The drug and health products industry has
directed $93 million to congressional and presidential candidates since 2000, according to the
nonpartisan Center for Responsive Politics.  An army of 1,100 lawyers and arm-twisters has spent over
$1 billion since 1998, more than any other industry, to influence public officials and shape drug
legislation....A recent study by the management consulting firm McKinsey & Co. calculated that each
American pays $728 a year for prescriptions, nearly twice the average cost for the industrial world.  The
pharmaceutical industry is fond of saying that as a share of the total health bill, Americans pay no more
for their drugs than they did in 1960.  That ignores the fact that the cost of health care today is three
times what it was in 1960.”

John Kennedy’s speechwriter, Theodore C. Sorenson, said this in the speech he wants the 2008
Democratic presidential nominee to give: “At home, as health care costs have grown and coverage
disappeared, we have done nothing but coddle the insurance, pharmaceutical, and health care industries
that feed the problem.”

AARP three dominant trends in crisis:  John Rother, policy director of AARP, identifies three
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dominant trends in the U.S. that are creating our health care system crisis:
• increasing fragmentation of our health care system: in the 1950's there was a single private

insurer, the nonprofit Blue Cross, so the well and the sick, young and old, were all in one pool
of risk.  Today the many insurers fighting to make a profit try to avoid insuring sick and other
high-risk people.  The delivery of medicine is also more fragmented.  In the 1950's most people
got all their medical care from a single family doctor; today one frequently has four or five
doctors, none of which know what the others are doing or prescribing.

• employer-based health insurance coverage is declining: there are 46 million Americans without
health insurance today, and their number is growing.  Employer-based health insurance policies
are steadily demanding larger co-pays and deductibles, thus reducing health care cost coverage
for those “with health insurance.”

• health care costs are rising at twice the rate of inflation.
“When you take these costs into account,” Rother says, “most Americans haven’t had a raise in the past
three years.”

Operational failures: The Pricewaterhouse Coopers 2008 study concluded “wasteful spending in
the health system has been calculated at up to $1.2 trillion of the $2.2 trillion spent nationally...”  The
firm points to “operational failures” such an inefficient claims processing and poor quality care, e.g., the
RAND 2003 study found only 55 percent of patients received recommended care for their diagnosis
[McGlynn, et al.  New England Journal of Medicine, 2004].  Pricewaterhouse Coopers presents Johns
Hopkins Health Systems in Baltimore as a case example: the health provider bills 700 different entities
for health care rendered to patients.  Each health insuror has different rules for what’s eligible for
payment, how much they will pay, and when they will pay.  Pricewaterhouse Coopers calculates that
Johns Hopkins Health Systems would save $40 million a year in overhead costs if it dealt with a single
payer national health insurance scheme - as it would if it was doing business in any nation in the known
universe outside the United States.

Nationally, the Leadership Conference for National Health Care is driving public advocacy for a single-
payer solution to national health insurance in the U.S.  Dr. James Floyd of Public Citizen says, “By
eliminating the administrative waste caused by private insurers, the new system would save $350
annually.  That alone would be enough to provide comprehensive coverage to anyone without paying
any more than we already do.”  On January 26, 2009, Representative John Conyers, Jr. (D-MI),
introduced HR 676, The U.S. National Health Care Act/Expanded and Improved Medicare for All.
Twenty-eight cities, 46 local governments, and Public Citizen have endorsed.

Earlier in the National Academies’ National Academy of Engineering and Institute of Medicne: Bulding
a Better Delivery System: A New Engineering/Health Care Partnership, the National Academies of
Science committee authoring the report stated that the U.S. health care industry has neglected
engineering strategies and technologies that have revolutionized safety, quality, productivity, and
performance in many other industries.  Jerome H. Grossman, committee co-chair and a senior fellow
and director of the Health Care Delivery Policy Program at Harvard University, states: “The health care
sector is deeply mired in crises related to safety, quality, cost, and access that pose serious threats to the
health and welfare of many Americans.  Systems-engineering tools, developed for the design, analysis,
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and control of complex systems, could help deliver care that is safe, effective, timely, efficient,
equitable, and patient-centered - the six ‘quality aims’ envisioned in the Institute of Medicine report,
Crossing the Quality Chasm: A New Health System for the 21  Century.”st

The End of Medicine:  Andy Kessler’s new book, The End of Medicine, unabashedly compares
medicine as we know it to witchcraft and looks to a rebirth of medicine under a different paradigm. 
Kessler was led to prepare this book by the question of why a system characterized by bigness - big
pharma, hospital chains, managed care organizations - is not displaying the dramatically reduced costs
other industries enjoy from the phenomenon of “scaling?”  Rapid innovation and adoption of expensive
new technologies is normal within an industry which is big enough to enjoy the economies of scale that
permits the industry to finance new technology, the adoption of which improves productivity so much
that it brings industry costs down per unit of output.  Kessler notes that heart attacks, strokes, and
cancer consume much of the $1.8 trillion spent on medicine in the U.S. annually (15 percent of the
entire economy), yet very little is spent on early detection, much less on health maintenance prevention. 
Kessler sees the medical system as being isolated from normal market forces by near-socialization. 
Kessler believes doctors, nurses, and medical bureaucrats are a significant cause of the problem of high
medical costs because they are participants in a bureaucracy that bogs everything down and limits
expenditures for remedial actions.  Kessler’s vision of a reborn medicine is one in which silicon chips
embed the knowledge of the best doctors and the profession of physician largely disappears, as have
other obsolete professions such as stockbrokers, telephone switchboard operators, draftsmen, film
editors, and postal sorters.  The emphasis in Kessler’s new world of medicine would be on employing
inexpensive technology to keep us healthy by preventing the development of diseases, or detecting and
treating them in their very early stages.

Medical Veritus Association:  Marc Sircus, Ac., OMD, Director of the International Medical Veritas
Association <naturalallopathic.com> declares “The enemy has been and continues to be the terrorism of
the pharmaceutical companies and leagues of card carrying members of the AMA and medical officials
everywhere who endorse a massive effort to impose fascist medical practices on the public from birth to
death.”  “Allopathic medicine allowed itself to be butchered by an industry whose prime interest is to
make scandalous fortunes by poisoning people.”  He cites Dr. Barbara Starfield’s research published in
the Journal of the American Medical Association which reported the following numbers of deaths per
year from iatrogenic causes: 12,000 due to unnecessary surgery, 7,000 from medication errors in
hospitals, 20,000 from other medical errors in hospitals, 80,000 from hospital-acquired infections, and
106,000 from non-error negative effects of prescribed drugs.

The “Natural Allopathic Medicine” advocated and practiced by the Medical Veritus Association relies
primarily on use of iodine, magnesium chloride, and sodium bicarbonate for front-line acute and
chronic care.  They also use many other “ natural non-pharmeceutical medicines that have been
thoroughly investigated by universities around the world” and which are not on the CODEX list of
controlled substances and which lack toxic side effects.  They advocating medicine into our homes
through creation of what they call “Home Hospitals” which would use these iodine, magnesium
chloride, and sodium bicarbonate “emergency room medicines” for both acute and chronic care.
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Other causes of health care cost inflation:

Medical error in hospitals:  In 1999 the Institute of Medicine published To Err Is Human, in
which they estimated 98,000 people die each year from medical errors.  The report prescribed a number
of steps to improve patient safety.  As of 2009, 1 recommendation has no progress made on it
whatsoever, 4 have seen some attention, and 2 have shown substantial progress toward implementation. 
In 2002 the Centers for Disease Control and Prevention report on hospital-acquired infections estimated
that 99,000 patients a year die from these hospital-acquired infections.  In 2008, the Agency for
Healthcare Research and Quality reported to Congress that the death rate from medical errors in
hospitals is increasing at the rate of one percent a year.

Public Citizen estimates that avoidable surgical errors cost $20 billion a year, bed sores $11 billion, and
preventable adverse drug reactions $3.5 billion.  Public Citizen proposes providers use:

• a checklist to reduce avoidable deaths and injuries resulting from surgical procedures, saving
$20 billion a year.

• best practices to prevent ventilator-associated pneumonia, saving 32,000 lives and $900 million
a year.

• best practices to prevent pressure ulcers (bed sores), saving 14,071 lives and $5.5 billion a year.

• safeguards and quality control measures to reduce medication errors, saving 4,620 lives and $2.3
billion.

• best practices to prevent patient falls in health care facilities, saving $1.5 billion a year.

• a checklist to prevent catheter infections, saving 15,680 lives and $1.3 billion a year.

• modestly improve nurse staffing ratios, saving 5,000 lives and $242 million net a year.

• permit standing orders to increase flu and pneumococcal vaccinations in the elderly, saving
9,250 lives and $545 million a year

• beta-blockers after heart attacks, saving 3,600 lives and $900,000 a year.

• increased advanced care planning, saving $3.2 billion a year.

Misdiagnosis: Jerome Groopman, M.D.: “About 15 percent of all patients are misdiagnosed, and
half of those face serious harm, even death, because of the error.”

Most health care expenditures are for chronic diseases which are preventable, and which
patients can be taught to manage:  Bernadine Healy, M.D., observed in the 12 May 08 U.S. News &
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World Report that “70 percent of the healthcare dollar is spent on chronic diseases, probably half of
which are linked to preventable problems like smoking, obesity, and physical inactivity.  Model
programs have shown that health is better and cost falls when patients with chronic illnesses such as
diabetes and athsma get involved in their own care.”

There is nothing new to this view, except the spin and phrasing.  Benjamin Rush, M.D., signer of the
Declaration of Independence and physician to George Washington, wrote in 1789: “Unless we put
medical freedom into the Constitution, the time will come when medicine will organize into an
undercover dictatorship...To restrict the art of healing to one class of men and deny equal privileges to
others will constitute the Bastille of medical science.  All such laws are un-American and despotic and
have no place in a republic...The Constitution of this republic should make a special privilege for
medical freedom...”

Dr. Hyla Cass says, “We are in the middle of a health care revolution, replacing ‘doctor as authority’
with ‘doctor as resource’ in a shift towards self-education, self-care, and shared responsibility.”  She
subscribes to three guiding principles for how medicine should be practiced:

(1) Treat the whole person - mind, body, spirit and environment.
(2) Look first for the deepest root problems beneath any symptoms.
(3) Apply a continuum of treatments, always beginning with the safest, most natural, and most
benign.

Chaotic Medical Records Non-Systems: Currently medical records are kept in a plethora of
formats, some paper-based, some on PCs in individual clinics or hospitals.  There is no centralized data
base, or even a forum for inquiring whether records for a given person (who might have turned up in an
ambulance at an emergency room) exist concerning past medical diagnoses, treatment, and current
pharmaceutical regime provided by health care providers elsewhere.  This situation is said to increase
the cost of health care due to medical error and duplication due to lack of information.  It also makes
possible health care identity theft and various forms of fraud, e.g., against Medicare.

President-elect Obama included several billion in his January 2008 draft economic stimulus package to
subsidize installation of electronic medical record-keeping systems among health providers.  According
to health policy research organization Commonwealth Fund, these improvements in health information
technology will save $88 billion over 10 years, but will produce no savings gains in the first few years
of implementation.

The Collapse of the U.S. Primary Care System: A county-by-county study of patient access to
primary care physicians in their area was conducted by the National Association of Community Health
Centers and the Robert Graham Center.  The study, “Access Denied,” found 56 million Americans,
almost one in five in the population, to be “medically disenfranchised” due to inadequate access to
primary care physicians due to shortages in the area.  Experts say the shortage of primary care
physicians - those trained in general internal, family, or pediatric medicine - is already a crisis.  “To say
that primary care is collapsing is not hyperbole,” says Jeffrey Harris, M.D., president of the American
College of Physicians.
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Harris explains why primary care physicians are retiring early and not being replaced: Primary care
physicians’ earnings are half or a third of those in many specialties, yet their workdays are longer and
their overhead higher.  Hours spent on paperwork and phone calls for prior authorizations demanded by
insurance companies reduce the time spent with individual patients.  Reimbursement rates force
primary care physicians to run “cattle call” practices to move as many patients through in an hour as
possible in order to meet practice expenses.

New medical school graduates, who graduate with an average of $130,000 in educational debt, get the
picture.  The number of new doctors going into family medicine declined by more than half from 1997
to 2005.  By 2006 only 13 percent of first-year residents in internal medicine said they intended to
pursue it in general practice.  A study in 2008 found 2 percent of fourth-year medical students plan to
work in primary care internal medicine, down from 9 percent in 1990.  The number of medical school
graduates taking residencies in family practice, internal medicine, and pediatrics fell 7 percent from
1995 to 2006, according to a report in February 2008 from the Government Accountability Office.

Fred Ralston Jr., M.D., in Fayetteville, Tennessee, explains the changes that push existing primary care
physicians out of practice: His world is totally different now than it was when he started practice in the
1980s.  “There were plenty of primary care physicians, and we had time to see and get good
relationships with patients,” Ralston says.  There was little paperwork, and the practice’s overhead was
“less than 40 percent of every dollar we took in.”  Now, he says, it’s around 65 percent, of which at
least 40 percent is spent dealing with insurance companies.  “It’s a very large part of our expense.”

An American College of Physicians study reported in 2008 compared the U.S. health care system with
that of 12 other countries, analyzing why all had better health care outcomes with less funding.  “The
take-away message,” says Dr. Harris, “is that systems with primary care as a cornerstone are less
expensive and have better quality.”  Dr. Harris advocates reform of U.S. medical school training, which
he says favors overspecialization.  Other reforms under consideration would forgive medical school
debts for graduates who go into primary care, restructuring the way doctors are compensated, and
establishing “patient-centered medical homes.”

Robert H. Potter, Jr., M.D. of Genesis Medical Associates in Pittsburgh notes that “One feature of other
industrialized countries, which do much better statistically on many health parameters, is that they have
an emphasis on the importance of primary care....Our resources in this country would be better spent
emphasizing primary care as opposed to treatment of end-stage diseases.”  Hope Erica Ring, M.D., of
Charlton, Massachusetts, points to the perverse financial incentives in the U.S. healthcare system: “An
invasive cardiologist will be paid more for a half-hour cardiac catherization than a primary-care
physician will be paid for several years of visits to control the blood pressure, high cholesterol, and
diabetes that ultimately lead to heart disease.  An obstetrician who spends 20 hours with a patient in
labor - cancelling appointments and foregoing sleep to do so - will very likely be paid less than the
colleague who schedules an unnecessary C-section and is in and out of the hospital in 90 minutes.” 
Ring concludes: “Attracting young doctors to primary care - with longer hours and much less pay than
their specialist colleagues - is becoming almost impossible.”

The Renewable Deal – Edition 2  – April 2010 Page 344



The loss of general surgeons:  Not only is the medical reimbursement scheme in the United
States discouraging preventative and primary care by primary care-oriented medical practitioners, but it
is also causing loss of general surgeons in favor of surgical specialists who enjoy more regular hours at
higher pay.  The number of general surgeons in the United States declined from 17,394 in 1981 to
16,662 in 2005 as the U.S. population grew by 66 million people, resulting in a 26 percent drop in the
number of general surgeons per 100,000 population in the U.S. from 7.68 in 1981 to 5.69 in 2005, with
an ever-greater proportion over 50 and thus subject to loss from practice due to retirement.  General
surgeons are those who attend accident victims in emergency rooms, repair hernias, remove
gallbladders, appendexes, and most tumors, and are about the only surgical specialists present in rural
hospitals.  The number of general surgeries needed per 100,000 population increases as the average age
of the U.S. population increases.  New graduates of medical school are discouraged from becoming
general surgeons, a study shows, by the combination of having a mountain of debt for their educational
loans to repay and confronting being on call 24/7 every other day for emergency room service.  If the
new doctor specializes in plastic, thoracic or other specialty surgeries, she can earn more while
performing most surgeries on a scheduled basis, thus having a fairly normal and predictable time off
work for family involvement and other activities.

Smoking tobacco: According to the American Cancer Society, smoking causes more than $345
million per year in direct and indirect health care costs in the state of Utah alone.  Smoking-related
health costs to the Medicaid program exceeded $104 million in 2007, or roughly $535 in added state
and federal tax burden per household.  Tobacco-caused health care expenditures and loss of
productivity due to smoking results in a cost of $7.40 per pack of cigarettes sold and consumed.

Periodontal prevention of chronic disease problems:  Speaking of the cost-benefits of
prevention, Japanese researchers investigated the associations between periodontal disease and
increased costs for inpatient, outpatient, and other healthcare services for 4285 civil servants.  The Ss’
dental histories were categorized into severe, moderate, or no periodontal disease.  Health insurance
claims and medical records were then evaluated.  Overall costs were 21% higher for men and women
with severe periodontal disease than for those with none.  Ss with severe PD were more likely to be
admitted to a hospital than those with none, and among men, hospital costs were 75% higher for those
with severe PD than with none [Huggins C.  Preventing gum disease would save teeth and money. 
Reuters Health, July 11, 2006].

In the U.S., research found pregnant women with untreated periodontal disease are several times more
likely to delivery a preterm, low-birth-weight baby because high levels of labor-inducing prostaglandins
are associated with severe gum disease.  Pilot trials suggest deep cleanings in such women reduce
premature birth and low birth weight.  When Aetna offered stepped-up periodontal care for its insured
in a trial at Columbia University College of Dental Medicine, Aetna saw a reduction in total medical
costs of 9 percent for members with diabetes, 16 percent for members with coronary heart disease, and
11 percent for those with stroke or other cerebrovascular disease [Sarah Baldauf, 3 Mar 08 U.S. News].

Ss with periodontal disease were 3.5 times more likely to develop pneumonia following surgery when
compared to someone without the disease [BMC Infect Dis 2009;9:104].  The study was done at the
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University of Debrecen in Hungary.

The waste of medical equipment and supplies:  Each year, operating rooms in U.S. hospitals
throw away about 2,000 tons of perfectly good medical equipment and supplies, much of it unused. 
Hospitals are hostage to their fear of liability; hold on to one item for a day past its expiration date, and
if something goes wrong (regardless of whether that item was to blame) you’re likely to find yourself
facing a crippling lawsuit.  Cognizant of this, manufacturers stamp items with conservative use-by dates
- a very effective marketing technique.  Also, companies compete furiously for lucrative hospital supply
contracts, and Global Links discovered that when a supplier is changed, everything from the old
supplier must be junked.  Parts are not interchangeable, nor are service contracts.  These supply
practices greatly inflate hospital costs.

Inflation of hospital costs by hospital-acquired infection due to poor santitation:  A hidden cost
inflating hospital care outlays is the financial impact of hospital-acquired infections and other liabilities
of patient health due to failures of sanitation and other medical errors.  Each year a company called
HealthGrades assesses admissions to all 5,122 of the nation’s non-federal hospitals and ranks the
institutions based on their mortality and complication rates.  Analysis of these figures shows 158,264
deaths and 12,409 major complication events could have been avoided between 2003-2005 if the
quality of care at all 5,122 hospitals was as good as in the top 5 percent.  The study found that entering
a top-rated hospital increases a patient’s chance of survival by as much as 28 percent compared to
entering other hospitals.

Methicillin-resistant Staphylococcus aureus:  In the 1970's only a tiny percentage of hospital
staph infections were methicillin-resistant.  By 2004 methicillin-resistant Staphylococcus aureus
(MRSA) accounted for two out of three hospital staph infections.  In a recent Johns Hopkins Hospital
study, 26% of supply cabinets in hospitals examined were contaminated with MRSA and 21% with
vancomycin-resistant Enterococcus (VRE).  Keyboards on computers were found to be a particularly
deadly reservoir of bacteria.  A study in the Journal of Hospital Infection found that 76% of various
hospital sites checked had unacceptably high levels of bacteria, but only 18% of the sites looked dirty to
the eye.  The good news is that when Rush University Medical Center in Chicago trained their staff to
soak surfaces with detergent rather than simply spraying and wiping, and to clean common objects such
as telephones, remote controls, and faucets, the spread of VRE to patients was reduced by two thirds. 
The British National Health Service found that by doubling cleaning-staff hours on a hospital ward, a
hospital in Dorchester reduced the spread of MRSA by 90%, saving 3.5 times more than the increased
cleaning cost.

Hospitals once tested surfaces for bacteria, but in 1970, the Centers for Disease Control and the
American Hospital Association advised them to stop, saying such testing was unnecessary and not cost
effective.  MRSA infections have since increased 32-fold, and numerous studies have linked this
increase to unclean hospital equipment and rooms.  Yet the CDC’s newest guidelines still deem routine
testing for bacteria unnecessary.  The Association for Professionals in Infection Control and
Epidemiology, a nursing organization, found that the CDC has consistently underreported MRSA in
hospitals, giving them an excuse to do little. California hospital inspectors, investigating complaints
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from the public, found 25% of hospitals where conditions were unsanitary had been inspected and
accredited by the Joint Commission for the Accreditation of Hospitals within the previous year.

Clostridium difficile is an intestinal bacterium which proliferates when antibiotic use strips the
intestines of flora that hold it in check, producing profuse diarrhea.  A study sponsored by the
Association for Professionals in Infection Control and Epidemiology looked at C. diff cases in nearly
650 U.S. health care facilities on a single day between May and August 2008.  The findings reported in
November 2008 was that C. diff prevalence is as much as 20 times higher than previous estimates.  On
an average day, nearly 7,200 hospitalized patients, or 13 of every 1,000, are infected with C. diff and
about 300 of these patients will not survive it.  Alcohol will not kill C. diff on the hands; a scrubbing
with soap and warm water will.  On surfaces, only bleach will kill C. diff spores, but the study found
that even when there is a C. diff outbreak a third of hospitals do not use bleach for cleaning.

Fortunately, it has proven cost-effective to clean up hospitals.  For example, about 250,000 Americans a
year get a bloodstream infection after having a catheter inserted into a large vein to give fluids or
medications.  A CDC study published February 2009 in Journal of the American Medical Association
found preventive measures in 1,684 ICUs had lowered the rate of MRSA bloodstream infections by
nearly 50 percent from 1997 to 2007.  A group of 32 hospitals in southwestern Pennsylvania adopted a
rigorous protocol which slashed the rate of bloodstream infections in their ICUs by 68 percent from
2001 to 2005.  In Michigan, 108 hospitals adopted a rigorous protocol which virtually wiped out
bloodstream infections.

Ventilator-associated pneumonia (VAP) strikes about 15% of patients who have a breathing tube
inserted.  When hospital workers washed their hands frequently, closely monitored incision sites, and
raised patient beds to at least 30 degrees to prevent stomach fluids from backing up into the lungs, more
than 30 hospitals achieved a zero VAP rate for at least a year.  Allegheny General Hospital reduced the
rate of blood-stream infections caused by large-vein catheters by 90 percent and ventilator pneumonias
by 85% through such measures, saving the hospital $1.2 million over two years.  An article in the
November-December 2006 American Journal of Medical Quality found that eliminating a single blood-
stream infection case pays for nearly a year’s worth of measures taken to stop the infections.  A report
on Pennsylvania’s hospitals found that the average charge for hospital-acquired infection cases was
$185,260 versus $31,389 for noninfection cases.  In 1989, when New York State started publishing
hospitals’ death rates after bypass surgery, the hospitals conducted internal reviews, hired new
personnel and pushed out surgeons with the highest death figures.  Statewide mortality after bypass
surgery dropped 41% in four years.

In March 2008 the U.S. Government Accountability Office reported that the government recommends
1,200 separate practices to prevent infections in hospitals, of which 500 are “strongly recommended.” 
In October 2008 the American Hospital Association and the Joint Commission (on accreditation of
hospitals) published a document boiling these 1,200 practices down into six.  The Michigan hospital
group used a Johns Hopkins University protocol that boiled them down into five: washing hands,
wearing sterile gowns and gloves, protecting the patient with antiseptics and sterile drapes and
dressings.  After 18 months, the median rate of bloodstream infections in the Michigan hospital ICUs
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dropped to zero, saving an estimated 1,500 lives [December 2006 New England Journal of Medicine].

Inflation of hospital costs due to complications from transfusions:  Another major cause of
hospital cost inflation besides failures in sanitation and case management is the use of transfusions. 
According to Dr. David Williams, it is conservatively estimated that 25 percent of all transfusions are
medically unnecessary.  One out of every 10 people admitted to a hospital is given blood.  Yet research
shows the odds of a hospital patient having any kind of infection increases threefold if they receive a
transfusion than if they do not.  A study of 9,218 bypass patients 65 or older by the University of
Michigan found that patients receiving a blood transfusion were five times more likely to die within
100 days of their operation compared to those who received no transfusion.  Dr. Williams points out
that blood contains hundreds of pathogens, allergens, antigens and pollutants which cause an immediate
assault on the transfusion recipient’s immune system - at the worst possible time for a hospitalized
surgery or trauma patient.  The Michigan study found immediate, usually fatal immune system reactions
to transfusions in 9 percent of the women and 6 percent of the men receiving bypasses.  In individuals
undergoing hip replacement surgery, blood transfusion resulted in a 55 percent greater risk of serious
bacterial infection and a 52 percent greater risk of developing pneumonia.  In a European study of lung
cancer surgery outcomes, thirty-day mortality was 2.4 percent in those without transfusion, 10.9 in
those who received 2 units of blood or less, and 21.9 percent in those who received more than 2 units of
blood; taking all aspects of the patient’s medical condition into account, receiving transfusion was the
most powerful predictor of 30-day mortality, respiratory failure, and infectious complications.

Technology can improve care while controlling costs.  The RP-7, a 5-foot robot with a screen for a
head, is now in 21 Michigan hospitals.  It allows stroke specialists to communicate with local doctors
and provide immediate, around-the-clock care to hospital stroke patients from miles away.  The stroke
specialist uses a laptop to control the robot to remotely examine the patient, dowload scans, check
medication charts, and walk local physicians through administration of stroke treatment drugs.  InTouch
Technologies, maker of the RP-7, argues “The local hospital keeps 90 percent of its patients, the expert
bills for his services and a phenomenal amount of money is saved by preventing disability from stroke.” 
From a medical systems point of view, I note that this approach saves vast sums in transporting patients
to hospitals with specialists, or alternatively reduces hospitalization time due to successful treatment
and thus prevention of disability requiring institutional treatment.

Inflation of hospital costs due to unsafe food supply: Each year, 76 million Americans get sick
from food; more than 300,000 end up in the hospital, and 5,000 die, according to the Centers for
Disease Control and Prevention.  In May, 2007, former FDA Commissioner David Kessler told a
Congressional hearing: “Our food-safety system is broken.”  

Inflation of medical costs due to adverse drug reactions: Researchers at the Institute for Safe
Medical Practices analyzed all of the serious adverse drug events and medication errors reported to the
FDA from 1998 through 2005.  Serious adverse drug events increased more than 2.5 times during the
study period, from 34,966 events to more than 89,800 events per year.  Fatal adverse drug events
increased 2.7 times from 5,519 to more than 15,000 per annum.  The authors note these are only
adverse drug events reported to the FDA; the actual number is assumed to be much higher.  Of central
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concern is the finding that the prevalence of adverse drug reactions to prescription medications
increased four times faster during the study period than the number of prescriptions written. [Serious
Adverse Drug Events Reported to the Food and Drug Administration, 1998-2005.  Archives of Internal
Medicine 10 Sep 07;167(16)]

AARP, 2009: The Institute of Medicine found approximately 800,000 preventable “adverse drug
events” occur each year in long-term care facilities.  Over a half million nonhospitalized Medicare
patients suffer similar reactions each year.  Public Citizen reports nearly nine of every ten
hospitalizations due to adverse drug reactions among the elderly are preventable.

The Centers for Disease Control found nearly half of Americans 65 or older are taking three or more
prescription drugs as of 2008.  A 2008 article in the Journal of the American Medical Association says
that almost a third of people 57 through 85 take more than five medications - but this included non-
prescription dietary supplements.

Inflation of medical costs for cancer treatment due to elevated risk from antibiotic use:  A
Finnish study analyzed the health history of over 3,000,000 Ss, tracked their antibiotic use for two
years, and then the incidence of cancer for the next six years.  Those with no antibiotic use were the
reference group.  In the group having 2-5 prescriptions, the relative risk of cancer increased 27 percent. 
Among those having over 6 prescriptions, the risk of cancer increased 37 percent.  The most common
sites for cancers following antibiotic use were the endocrine glands, prostate, lung, breast, and colon
[Int J Cancer 2008;123:2152-2155].

The University of Washington and National Cancer Institute found that women who took antibiotics for
more than 500 dys, or had more than 25 prescriptions, over an average period of 17 years had more than
twice the risk of breast cancer compared to women who had not taken any antibiotics.  Women who had
between one and 25 prescriptions for antibiotics over 17 years had an increased risk of 1.5 times that of
women who took none [JAMA, 2004;291:827-835].  

David Williams, M.D., and others believe this elevation of cancer risk following antibiotic use  is due to
disturbance of the balance of flora in the intestinal tract by antibiotics, on which flora about 80 percent
of immune system function is dependent.

Inflation of medical treatment costs due to failure to invest in prevention:  
1.  Lack of healthy lifestyle incentives: Maxine Allen of Enfield, Connecticut noted in the 10

Dec 07 U.S. News and World Report that “I’ve worked in more than one New England hospital, and
none have offered incentives for healthy lifestyle practices....I believe offering incentives for a healthy
lifestyle will be the standard in the near future.”  There are some healthy lifestyle incentives in place
here and there in the current U.S. economy: health and life insurers offering better premium rates to
people who do not smoke tobacco, and companies offering on-campus fitness facilities and paid time
off for employees to use them, free healthy eating and lifestyle workshops and seminars, or subsidizing
gym memberships for employees.  Some companies offer favorable terms on company health insurance
or other financial bonuses to employees who are enrolled in healthy lifestyle/fitness programs.
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2.  Prevention of spread of AIDS and other sexually-transmitted diseases: A study published in
the first week of December, 2007, in the Journal of the American Medical Association showed the
number of AIDS infections caused by sex between men rose 13 percent from 2001 to 2005.  One in 779
people nationwide in the U.S. have HIV or AIDS; in the District of Columbia it is 1 in 40 residents.

3.  Lack of transportation for medical care: As of November, 2008, some patients who make
frequent trips to doctors or treatment facilities, such as those undergoing chemotherapy or dialysis, are
skipping weekly treatments or discontinuing them to save transportation costs.  There are some
community transportation alternatives.  LogistiCare, a transportation management company with
chapters in 37 states, has seen a 12 percent increase in service requests as of October, 2008, and
projects providing 28 million rides total in 2008.

Failure to Finance Long Term Care: More than 30 million American adults provide care for
others at home.  This caregiving service is estimated by AARP to be worth $150 billion a year if these
services were rendered by hired caregivers or in long term care facilities.  A later study reported in
November 2008 places the value of the care 44 million Americans provide for family members at $350
billion - this includes long-term and acute care.  This gives rise to the question as to whether family
caregivers should be compensated for their financial sacrafices giving up paying work for caregiving at
home, and funding of in-home services by professional caregivers.  In 18.5 million of these households,
the caregiver is caring for a family member who is 50 or older.

According to the Family Caregiver Alliance, the number of “unpaid family caregivers” is set to reach 37
million by 2050, an 85 percent increase from the year 2000. <www.medicare.gov/caregivers> includes
information on navigating through Medicare, health care services, links to partner organizations that
assist caregivers, and caregiver anecdotes.

In a study of the Laguna Honda 1,200-bed nursing home in San Francisco, 80 percent of residents were
assessed as being able to live at home or in community housing with assistance, and all of the residents
wanted to take that option.  Restricting a person who prefers to live in the community, if care or
services would cost the same or less, to a nursing home is isolating and discriminatory; a violation of
federal disability laws.  Nationally, about 70% of Medicaid clients go to nursing homes and 30% to
community-based long-term care facilities.  And it is less expensive to provide care in a community
setting: the average cost for nursing home care is $74,000 per year versus $35,000 for professionally-
assisted living care.  In Florida, the average in 2007 was $65,000 per year per person for nursing home
versus $39,000 per year for assisted living or community-based care, according to the AARP
Foundation.  A pending lawsuit in Florida charges the state with, in effect, unlawfully incarcerating
people with disabilities in nursing homes.  Because Medicaid allows nursing home residents only $35
per month in spending money, disabled but socially functional patients cannot afford transportation or
food which they are able and willing to leave the care facility to get, or to have a personal telephone.

In an AARP poll, 89 percent of respondents over 50 want to stay in their homes, aging independently
and comfortably.   “Poor medication management is the No. 1 reason for leaving an independent living
situation and going into supervised care,” says Elinor Ginzler, coauthor of Caring for Your Parents:

The Renewable Deal – Edition 2  – April 2010 Page 350

http://www.medicare.gov/caregivers>


The Complete AARP Guide.

An elderly lady was observed by customers on a Princess Cruise Ship and they were told she had been
on the last four cruises back-to-back.  She explained “It’s cheaper than a nursing home.”  The average
cost for a nursing home is $200 per day.  Princess offers a long-term discount in addition to a senior
discount resulting in a cost of $135 per day, which buys:
• As many as 10 meals per day, and room service (you can have breakfast in bed)
• Access to three swimming pools, workout room, free laundry facilities, and shows every night.
• Free toothpaste and razors, soap and shampoo.
• T.V. broken?  Light bulb need changing?  Need to have the mattress replaced?  No problem and

an apology for the inconvenience.  You are treated as a customer, not a patient.
• Clean sheets and towels every day, automatically.
• If you fall in a nursing home and break a hip you are on Medicare.  If you fall and break a hip on

the Princess ship they upgrade you to a suite.
• Going to South America, the Panama Canal, Tahiti, Australia, New Zealand and Asia.

Increase in medical costs due to prescription error
Researchers at the Unversity of Arizona discovered that the busier a pharmacist gets, the more likely the
customer is to walk away with medications that will harm the patient.  The Es studied pharmacists at
672 locations in 18 cities, and found pharmacists filled about 14 prescriptions in a typical hour.  With
each additional prescription filled beyond that number, the risk of dispensing a potentially harmful drug
went up by 3 percent.

Inflation of medical demand due to unregulated genetic testing:  According to the Genetics and
Public Policy Center at Johns Hopkins University in Baltimore, there are genetic tests for about 1,500
diseases and conditions.  A study sponsored by the Center, published in Science in April 2008, found
there are no mechanisms in place to ensure that genetic tests are supported by adequate evidence before
they are marketed, or that marketing claims for the tests given to the public are truthful.

Inflation of medical costs due to substitution of expensive new technologies: Judy Feder,
professor of public policy at Georgetown University, notes that doctors routinely prescribe newer and
more expensive medications for high blood pressure when studies show that older medications work as
well or better.  “There is tremendous value in new technology, but in our health care system we don’t
weigh whether those treatments work.  Expensive treatments replace less expensive ones for no
reason.”  Actually, I think I know the reason: the detail men and physician education sessions with
meals which the drug and device companies use to market new drugs and devices, encouraging
physicians to prescribe and use them.

Tort/malpractice costs are not the problem

In search of a scapegoat for rising and increasingly unaffordable health care insurance costs, Bush and
the Republican leadership have fastened upon the story that malpractice lawsuits and damages are
largely responsible.  This suits the Republican partisan cause well because entities in industrialized
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medicine are majority donors to Republicans while trial lawyers are majority donors to Democrats.

Malpractice reform is a hot-button issue.  More than 400 state bills were introduced, and 63 passed, in
2005 alone.  According to the National Conference of State Legislatures, 32 states have passed
malpractice tort reform measures.  Some limit the injured patient’s ability to sue, and some cap damage
awards.  An example is Arkansas’ tort reform law, which limits noneconomic damages that compensate
for pain and suffering to $250,000, and allows such damages to be awarded only if the plaintiff can
prove malicious intent or recklessness by the doctor, which is difficult to do.  Consequently injured
patients in Arkansas have been unable to get attorneys to represent them in suits on contingency
because the opportunity for recovery of contingency fees is so limited and poor.  In 2006, many states
are considering bills that would put limits on doctors’ malpractice premiums or introduce alternatives to
malpractice litigation in court. 

President Bush has called on Congress to tackle tort reform for medical malpractice.  The House has
passed legislation capping pain and suffering damages at $250,000 three times, but the Senate has failed
to enact it.

The facts of the matter are these:

1.  Malpractice lawsuits and awards to patients have increased only slightly over the same years
that health insurance and care costs have skyrocketed.  A survey of 17 states conducted from 1998 to
2002 by the National Center for State Courts found the nationwide number of malpractice suits filed
rose from 12,321 to 13,091 during that time.  A study published in Health Affairs reported that from
1991 to 2003 payments in malpractice suits won by patients grew only 4 percent a year, consistent with
increases in general healthcare spending.

2.  Caps on malpractice pain and suffering awards do not lower the frequency with which
malpractice lawsuits are filed and have had little effect on malpractice insurance premiums in the states
which have enacted such caps, according to a summary of studies done by Harvard University’s School
of Public Health (Dr. David Studdert).

3.  There is no evidence of widespread flight of doctors to other states because of malpractice
insurance rates.  The U.S. Government Accountability Office examined five states claiming a
malpractice “crisis” and found only localized decreases in hospital services, often in rural areas that
have difficulty keeping such services in any event.  The data suggests that doctors cited malpractice
costs as a socially-acceptable excuse for abandoning practices in areas where they were not earning as
much as they desired in order to relocate to greener medical pastures, and/or that malpractice insurance
costs made continuing practice unfeasible only for doctors in low-reimbursement rural areas.

4.  Malpractice insurance premiums do not play a significant role in either overall health care
system costs or in the inflation in these costs over the last 20 years.  According to the GAO, malpractice
premiums account for about 2 percent of total health care system spending, and if caps and other
proposed federal reforms in House legislation were all enacted, national health costs in general would
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drop by only 0.4 to 0.5 percent.

5.  Frivolous medical malpractice lawsuits do not jam the courts and routinely win excessive
jury awards.  The fact is that most suits filed are withdrawn before they get to trial.  In 80 percent of the
cases with a jury verdict, there is no award for damages made to plaintiffs or their families.

6.  Claims that malpractice insurance premium rises reflect investment losses by the insurance
carriers and not underwriting experience from malpractice awards are not true.  A GAO study found
that how aggressive attorneys are in a given region seems to have the most effect on malpractice awards
and hence premiums: the premium rate for general surgeons in Miami is $174,300 per year while in
Minnesota identical practitioners are quoted $10,140.  Health systems studies suggest that income
inequality and lack of community support has a major effect on the rate of medical errors and
malpractice lawsuits in different areas.  In response, the American Medical Association points to the
impact of Texas legislation which allows injured patients unlimited recovery of expenses including
medical costs and lost income, but limits subjective “noneconomic awards” for “pain and suffering.” 
The AMA claims that one medical malpractice insuror reduced premiums by over 20 percent, and the
legislation “halted a serious erosion in access to care for vulnerable patient populations.”

7.  There is not strong evidence that the existing legal system which punishes doctors for
malpractice errors helps make the health care system safer.  In the 1980's, anaesthesiologists, once the
target of frequent malpractice negligence suits, adopted safety standards which have resulted in a
marked drop in both patient deaths and malpractice suits.  No other medical specialty groups has been
moved to adopt safety-enhancing standards of practice to lower or limit medical malpractice risk.  A
recent study by RAND Health found that less than 50 percent of patients studied nationwide in urban
areas received care appropriate to their condition according to accepted standards of care; RAND
attributed these sorry results to a “chaotic and fragmented” U.S.  healthcare system and recommended
adoption of extensive computerized medical record and treatment support technology (already adopted
by the VA medical system with dramatic quality improvement results) to correct the problem. 

8.  There is no evidence that a few bad doctors cause most malpractice suits and getting them
out of practice would case malpractice suit filing rates and awards, and thus overall malpractice
premiums, to fall.  In 1999 the National Institute of Medicine reported that medical mistakes in
hospitals cause as many as 98,000 deaths a year, and most are caused by health care system failures, not
the occasional bad doctor.  The RAND Health study also supports the implication that it is health care
system chaos and dis-integration that results in most sins of omission and commission in medical
practice, and suggests that if everyone who suffered from negligence in the sense of failure to receive
appropriate medical care sued for malpractice, the vast majority of all citizens of the U.S.A. would be
qualified plaintiffs who had suffered injury from this negligence.

AARP policy director John Rother wants to see reform, but not the kind of malpractice lawsuit tort
reform being pursued by states and the Bush administration: “what the country needs is a compensation
system that is speedy, fair, inexpensive and promotes health care quality.  The current system fails on
all those counts.  Caps on awards just make it worse.”  David Studdert at Harvard School of Public
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Health notes, “The vast majority of people who suffer never get compensated for their injuries.”  One
Harvard study of 30,000 hospital discharges in New York state found that only 3 percent of some 300
patients injured because of medical negligence received compensation.  Patients need accountability
and candor from health professionals, but these goals are lost when doctors must play a defensive game
against lawyers.

In summary, what is badly needed is not tort reform for malpractice lawsuits, but (1) reform of the
chaotic, un-integrated health care system so people get accurate diagnosis and appropriate care, with
safeguards against medical error and oversight, which a computer-based medical care system can
largely achieve; and (2) development of a speedy, fair, inexpensive system for compensating
malpractice victims for care costs and income losses suffered due to their being 
victims of medical error.  Scientific American’s editors recommend replicating the combination of
liability limits with a compensation fund provided for in the 1986 National Childhood Vaccine Injury
Act.

On January 31, 2007, President Bush said “We should not have a legal system that’s running good
doctors out of practice and running up the cost of your medicine,” in the State of the Economy Report. 
He claimed that “lawsuits are driving many good doctors out of practice - leaving women in nearly
1,500 American counties without a single [ob-gyn].”  Public Citizen found in two reports that: (1) the
total number and inflation-adjusted value of malpractice payments to patients are almost the same as in
1991; (2) the number of counties without an ob-gyn is actually declining every year while the number of
ob-gyns per woman of childbearing age is growing.  Access to ob-gyn care is, in fact, improving.

Recommendations for Universal Coverage, Citizens’ Health Care Working Group

The Citizens’ Health Care Working Group is an independent committee established by Congress in the
2003 Medicare Modernization Act.  Members of the Committee were appointed by the Comptroller of
the United States to represent a cross-section of health care providers, consumers, and benefit providers. 
The U.S. Secretary of Health and Human Services is a statuatory member.

In the spring of 2006 the Group issued a report, “Health Care that Works for All Americans.”  Finding a
health care system it describes as “unintelligible to most people” and that is “disconnected from the
mission of providing people with humane, respectful, and technically excellent health care,” it
recommended the following to address those deficiencies:

• Make it U.S. public policy that all Americans have access to a “set of core health care services.” 
A related point is defining a “core benefit package” for all Americans.

• Make it U.S. public policy that all Americans have affordable health care available to them, with
financial assistance to those who need it to obtain the core set of health care services.  The group
admits this will “require new revenues” from revenue streams such as enrollee contributions,
income taxes or surcharges, “sin taxes,” business or payroll taxes, or a value-added tax targeted
to funding this healthcare initiative.
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• Guarantee all U.S. citizens financial protection against very high (“catastrophic”) health care
costs through a national program that also ensures universal health care coverage and financial
assistance for low-income Americans healthcare insurance coverage.  This insurance program
might be either public or private.

• Provide a national program of support for community health provider networks which provide
health care services in underserved areas and for vulnerable populations, including rural areas
and rural residents.

• Promote efforts to improve quality of care and efficiency to lower health care system costs (per
unit of health promotion or improvement).

The Group contacted 23,000 U.S. citizens concerning their views of the federal government’s
appropriate role in providing affordable health care coverage.  “...over 90 percent...believed it should be
public policy that all Americans have affordable coverage.”  The Group’s report calls on Congress to
enact this policy by 2012.

The report may be accessed online at <www.CitizensHealthCare.gov> and citizens can register
comments on it there or at the E-mail address <CitizensHealth@ahrq.gov>  until August 31, 2006. 
Five committees in Congress will subsequently hold hearings on the report and citizen review and
comment on it.

Currently a project called the National Health Information Network is aiming to create a complete
record of every American’s health care and link all the records into a giant medical server.  It has a
2014 target date for implementation.  When operational, all the professionals treating a patient
anywhere in the national health care system is supposed to have access to any patient’s file, with
safeguards to protect privacy.

Former Surgeon General Bernadine Healy, M.D. notes that emergency health care is much less
expensive under the Franco-German approach in Europe, where ambulances staffed with doctors and
nurses provide emergency care in the field.  Only patients who need admission are transported to
hospitals.

Recommendations for a National Healthcare System, Critical Condition

In Critical Condition (Doubleday, 2004) Donald L. Barlett and James B. Steele present an exhaustive
critique of the current U.S. healthcare anarchy, then propose a detailed solution to establishing a
national healthcare policy and financing system.

Their critique can be summarized that Mathematica Policy Research under contract to the State of
Maine in 2002 found that Medicare overhead in that state averaged 2 percent a year, while
administrative overhead of private insurers in Maine ranged from 12-30+ percent a year of the
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healthcare dollar spent.  They observe that Medicare enjoys economies of scale and standardized
universal coverage terms, while private insurance is “...built on bewilderingly complex layers of plans
and providers that require a costly bureaucracy to administer, much of which is geared toward denying
claims.”  In Utah, the average private health insurance overhead for all carriers is 15 percent.

Their structural proposal is to establish a “U.S. Council on Health Care” modeled on the Federal
Reserve System.  The Federal Reserve is a quasi-governmental organization which oversees our
nation’s money and banking policies.  Its trustees serve staggered 14-year terms to which they are
appointed by the President with the advice and consent of the Senate.  Barlett and Steele propose that
this Council establish and administer a national single-payer, universal coverage health care system
funded by a gross-receipts tax on businesses and a flat tax on individual income from all sources.  They
project that this health care financing system would cost business and individual taxpayers less than the
current healthcare financing arrangement.  Their remedy has the following policy features:

• guarantee that all Americans receive a defined level of basic care
• establish flexible co-payments, with a sliding scale of co-pays based on individual income and

on the nature of healthcare system usage by the patient, including a credit against co-pay which
accrues for people not using health care services.  Use of preventative and chronic disease
management services would be encouraged through lower or no co-payments.

• pay all costs for catastrophic illness: no copays or deductibles.  My recommendation to
Congress regarding long-term care coverage under Medicare is to establish a deductible for
long-term care equal to 7 percent of gross taxable income, payable once for each episode of
admission to long-term residential health care.

• freedom of choice of doctors and hospitals restored - the national healthcare system will pay for
services from any provider so patients would not be confined to HMO staff physicians or
“preferred providers” under contract to a health insuror.

• reallocate health care spending to prevention
• provide accurate drug information to consumers to counter drug advertising biases
• concentrate health care spending on areas that prove cost-effective from evaluation of national

health care cost and outcome data analysis
• control health care costs by getting to the root of irrational disparities in the existing system,

e.g., 48% higher Medicare expenditures on seniors in Mississippi than South Dakota after
adjustment for cost of living

• stop unrealistically low reimbursement rates to physicians and hospitals
• stop overdiagnosis and overtreatment by identifying the most cost-effective treatments through

research on health care outcomes
• establish a single information technology system to reduce medical errors
• allow supplementation of the government insurance with private health care insurance as the

customer may please
• decriminalize health care fraud, making it a civil offense with provisions for both financial

recovery and penalty assessment with ability to seize any assets by the offender to satisfy the
judgment.
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       Recommendations to Inform Consumer Choice Through “Transparency”

Bush administration Secretary of Health and Human Services Michael Leavitt said the government, as
the largest purchaser of healthcare, can gather information on care quality in a standardized way and
insist on tying payments to performance.  The government can also ensure that this information is made
transparent to consumers.

Bernadine Healy, M.D., illustrates how publishing comparative information can improve health care. 
When New York State started publishing volume and mortality figures for heart surgeons and hospitals
a few years ago, outcomes were unexpectedly spotty.  After publication started, the data quickly
improved.  The poor performing surgeons and hospitals either got better or stopped performing the
cardiovascular procedures being evaluated.  This was good for consumers and the economy because
“botched care is expensive.”

State Initiatives to Provide Universal Health Coverage

There are two outstanding state “experiments” in actualizing the recommendations of the Citizens’
Health Care Working Group: Massachusetts and Vermont.  In both cases, the universal health care
legislation was passed by a Democrat-controlled legislature and signed into law by a Republican
governor.  Both states have smaller uninsured populations than the national average, tight regulations
on health insurors already in place, and sufficient financing in hand (mainly federal) to fund the
experimental programs for a few years.  Both states hope their approach will actually lead to lower total
state health subsidy outlays.  As more residents get coverage, the funds the two states now use to pay
the hospital bills and other health costs of the uninsured can be shifted to paying for the subsidies for
insurance coverage for lower-income families.

Massachusetts: Under its new law, people in Massachusetts who are uninsured must buy coverage by
July 1, 2007, and all businesses with more than 10 employees that do not provide insurance must pay a
“fair share” contribution of up to $295 per year for the state for each worker.  That concept of “shared
responsibility” was reportedly key to the law’s passage; companies that already provide medical
insurance benefits welcomed the opportunity to level the playing field with companies that do not. 
Governor Mitt Romney vetoed the $295 assessment but the legislature overrode his veto.

To implement the law, Massachusetts adopted an idea from the Heritage Foundation, a conservative
think tank: the law sets up a clearinghouse called “The Connector” intended to link uninsured
individuals and companies having fewer than 50 employees to a choice of “affordable” health plans
designed by private insurers and regulated by the state.  As of 2009, The Connector links to six private
insurors, each of which offers four different levels of coverage.  The Connector aims to offer
individuals and small businesses the same advantages large companies are able to command in securing
health care insurance coverage: discounts on plan premiums, premiums paid out of pre-tax dollars, and
an opportunity to change plans each year.  Unlike current employer-based health insurance plans, the
health insurance obtained by individuals or as employees is portable: if they change full-time jobs or are
part-time or temporary employees working several jobs, their health care coverage remains in place. 
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The law offers subsidized insurance coverage (no deductibles, premiums on a sliding scale) to residents
with incomes up to 300 percent of the federal poverty level (in 2009 $32,508 for a single person or
$66,168 for a family of four).  The state is finalizing a plan to totally subsidize health insurance
premiums for anyone whose income is 150 percent or less of the federal poverty level.

Individuals who did not purchase health care coverage by July 1, 2007, lost their personal state income
tax exemption for 2007 and confront fines equal to 50 percent of the monthly cost of health care
insurance up to $1,068 a year for each month they are without it.  But there is a caveat in the law: you
are not required to buy insurance if you can’t find “affordable” coverage.  People who think they cannot
afford a health plan can apply to the Connector Board for a waiver from penalty.  According to the
Health Care Project at the Campaign for America’s Future, about 60,000 citizens have been able to
demonstrate to the Board that the plan choices are not affordable to them and have had penalty waived,
and another 100,000 have chosen to pay the penalty rather than buy insurance.  Among Massachusetts
consumers, the main issue is a fear of being compelled to buy insurance that is not affordable. 
Residents ages 50 to 64 are feeling the pinch of ballooning health insurance premiums most because the
law allows insurers to increase premiums as customers age.

Critic Dr. David Himmelstein, M.D., associate professor of medicine at Harvard Medical School, is co-
founder of a physicians group that promotes a national single-payer healthcare insurance system.  The
Massachusetts law, he says, “will force you to purchase either something you can’t afford or something
you can afford but which will be nearly useless in the actual coverage it offers.”  This latter point bears
on the fact that the Massachusetts law does not prevent private health insurors from developing
“affordable” health policies by limiting coverage benefits: a policy with a $5,000 deductible, 25 percent
co-pays to $100,000 per year outlay, and a $100,000 cap on coverage per year per covered individuals
could have an “affordable” premium, but it would leave a person earning at 301 percent of federal
poverty level prostrate and bankrupt from medical costs if they had a serious illness or accident.  Greg
Marchildon, state director for AARP Vermont, says “Most folks tell us they do not want to be in a high-
deductible health saving account where they’re paying $5,000 out of pocket before they reach some sort
of catastrophic benefit.  They basically describe it as paying to be uninsured.”

By March 2009, Public Citizen evaluates the Massachusetts experiment as having “bombed.”  Dr.
SidneyWolfe writes: “Not only is the new system far more expensive than anticipated, but not everyone
is covered, and $150 million has been siphoned from safety-net providers such as public hospitals and
community clinics.  Many low-income residents face burdensome new costs that prevent them from
getting care.”  In their evaluation of the Massachusetts system, Physicians for a National Health
Program (PNHP) found that about 5 percent of state residents remained without medical insurance, and
coverage for some of the poorest Massachusetts residents has actually worsened.  Rather than
controlling costs, the reform led to $1.1 billion in additional costs in fiscal 2008 and $1.3 billion in
2009.  These budget over-runs have caused the ste to siphon about $150 billion in funds from public
hospital and community clinic budgets.  Ballooning costs to the state for cost-sharing of premiums for
eligible citizens has caused the Urban Institute to doubt in a 2009 report that the Massachusetts program
can survive.
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Vermont: The state’s law is a “carrot” approach versus Massachusetts’ “stick” approach to achieving
universal health care coverage in Vermont by the Legislature’s target date of 2010.  Vermont will offer
a voluntary, standardized plan, called “Catamount Health,” for uninsured residents.  It starts October 1,
2007.  It will be offered by private insurers, with benefits and charges similar to the average BlueCross
BlueShield plan in Vermont.  The Vermont plan has defined costs.  Enrollees will pay $10 for office
visits to a doctor, $20 percent coinsurance for medical services, tiered copays of $10, $30 or $50 for
prescription drugs, and a $250 annual deductible for an individual or $500 for a family for in-network
services (double these amounts for out-of-network).  A very big benefit is that out-of-pocket health
expenses will be capped at $800 a year for an individual and $1,600 per year for a family using in-
network services; the cap for using out-of-network services is about twice this.

Premiums have yet to be determined but are likely to be around $340 per month for an individual.  As in
Massachusetts, people with incomes below 300 percent of the federal poverty level are eligible for
premium subsidies on a sliding scale.

Employers of more than 8 employees are not required to provide health insurance benefits, but those
that do not are required to fund Catamount Health by paying $1 per day for every uninsured worker.

The other centerpiece of the Vermont program is its offering financial incentives such as waived
deductibles and free services and testing to people with chronic illnesses to reward them for proactively
managing their illnesses.  Vermont recognized that about 80 percent of health care dollars are consumed
by people with chronic conditions such as diabetes, high blood pressure, heart disease and
obesity/”metabolic syndrome.”  Many of these patients cannot afford the screening and other services
that prevent expensive complications.  “The last thing you want for those patients is high copays,
deductibles or anything that will deter them from ongoing routine medical management,” says Kenneth
Thorpe, chairman of the health policy department at Emory University and the main architect of the
Vermont legislation.

Laura Tobler, a health policy analyst at the National Conference of State Legislatures, thinks other states
will adopt individual components of the Massachusetts and Vermont healthcare coverage plans.  She
cites as examples Masachusetts’ compulsory health insurance with sliding scale subsidy for those below
300 percent of federal poverty income, and Vermont’s chronic care management program.

Medical Establishment Initiatives to Address the Situation, Sort of

Shared Medical Appointments: allow as many as 15 patients to schedule an appointment with
one doctor for a 90 minute session.  The physician interacts with individual patients as necessary, but
usually addresses questions with the entire group.  The benefit is that patients spend more time with the
doctor and can interact with other patients dealing with the same issues.  The shared appointments are
with patients with similar medical diagnoses.

Federal Initiatives to Address the Situation, Sort of
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President Bush proposed in his 2007 State of the Union message to give every couple paying taxes a
standard $15,000 deduction ($7,500 for individual filers) for the cost of health insurance.  Those with
employer-provided insurance worth more than $15,000 would be taxed on the additional amount as
income in order to discourage expensive policies.  Bush’s initiative does serve to equalize the tax
treatment of health insurance, which has been a deduction against income for employers but not for
individuals, yet has not been taxed as income when provided to employees by employers as part of their
compensation package.

Oregon Democratic Senator Ron Wyden is trying to cut a deal which would provide Republicans with
Bush’s standard deduction and a private insurance market in which consumers would have incentives to
hold down costs; Democrats would get universal coverage, with government subsidies to low wage
earners to pay for policies.  Wyden points out that the voters of his liberal state voted down a universal
single-payer health insurance proposal by a 4-1 margin.  He believes all citizens should be able to buy
health insurance the way members of Congress and federal employees do, from an array of choices
provided by private insurers.

Veterans Affairs Department: A 2004 RAND Corporation report found that VA hospitals outperformed
private hospitals in 294 categories of care.  Fifty-one percent of VA patients are 65 or older.  A study of
1 million VA records by Boston University and the VA found that males 65+ receiving VA care had
about a 40 percent decreased risk of death compared with those enrolled in Medicare Advantage private
health plans or HMOs.  The VA’s cost per patient has remained steady at an average of about $5,000
while private sector average costs have increased 40 percent. VA care is free except for small copays
from higher-income patients.  In the University of Michigan’s 2006 American Customer Satisfaction
Index survey of patients, VA hospitals scored an average of 84 out of 100 points, ten percent higher
than private hospital patients.  The VA expects to care for 5.5 million patients in 2007.

The VA’s current exemplary care was initiated by VA health undersecretary Kenneth W. Kizer, M.D.,
in 1994.  He shook up the cumbersome bureaucracy, closed under-used hospitals and redirected the
funds into opening 300 clinics around the country, and hired former astronaut James Bagian, M.D., to
revamp the patient safety program.  Bagian created a system where staff could report procedures that
could harm VA patients without fear of reprisal.  Kizer set up cost-saving incentives and performance
standards for doctors to keep patients healthy, e.g., end-of-the-year bonuses based on how many of
one’s patients have lowered their blood pressure.  Unlike private hospitals, VA hospitals do not fail to
report close calls or investigate them; medical errors are reported and studied to determine how to
prevent recurrence.

2008 Presidential Candidates’ Healthcare Program Proposals

Joseph Biden: “Develop a comprehensive plan for full coverage of every American within six months
[of assuming office].”

Hillary Clinton: Universal healthcare coverage.  Large insurance pools that offer coverage for
individuals and businesses would be supported.  Medical “homes” would coordinate care for people
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suffering from chronic conditions.  Financial incentives like elimination of copayments would be used
to improve utilization of preventative care.

Christopher Dodd: His “A Secure, Dignified Retirement for Every Senior” plan proposes investment in
community-based alternatives to help people who want to remain at home; support for family
caregivers; one-stop access for long-term care information; and programs to combat elder abuse,
neglect and exploitation.  As Senator, Dodd authored the Family and Medical Leave Act of 1993.

John Edwards: Everyone is required to have health insurance.  “Regional healthcare markets” would
offer public and private plans to individuals and employers.  Employers would make a contribution
towards a comprehensive health plan or pay a percentage of their payrolls to a fund that would help
individuals purchase coverage.  Primary and preventative health care services would be provided at
little or no cost to encourage use.  His “Declaration of Independence for Older Americans” is
committed to helping this group “live independently, with choice over their health care, financial
security, and lifestyle.”  The lengthy proposal includes modifications to Medicare and Medicaid to
allow people to choose care at home, support for adult day care and other less expensive alternatives to
nursing homes, and providing supportive community services and transportation options to help people
continue living at home.

Rudolph Giuliani: says he supports reforms that would increase long-term care options, including in-
home care.  This would be achieved in part by expanding tax-free health savings accounts, broadening
access to them by simplifying rules and regulations so that account holders can use the funds to get
insurance coverage that meets their needs.

Mike Gravel: “Advocates a universal health care voucher program in which the federal government
would issue annual health care vouchers to Americans based on their projected needs...all Americans
would be fully covered and would be free to use their vouchers to choose their own health care
professional.  No one would ever be denied health insurance because of their health, wealth or any other
reason.  A universal health care voucher plan will also relieve American businesses of the financial
repsonsibility of insuring their workers while ensuring that their workers get adequate care.”

Mike Huckabee: “...reforming medical liability, adopting electronic record keeping, making health
insurance more portable from one job to another, expanding health savings accounts for everyone, not
just those with high deductibles,; and making health insurance tax-deductible for individuals and
families, as it now is for businesses.  Low-income families would get tax credits instead of deductions. 
We don’t need the government controls that would inevitably come with universal heath care.” 
Arkansas was the first state to run Project Independent Choices, “where you could live in a facility or
with a relative, and the state would reimburse [the family member] for the cost of care.”  Most people
elected to stay in their homes or move in with a family member.  “That program has a 98 percent
approval rate, and it was actually cheaper to operate” than nursing homes.

Dennis Kucinich: “We will establish a streamlined national health insurance, ‘Enhanced Medicare for
Everyone.’  It would be publicly financed health care, privately delivered, and will put patients and
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doctors back in control of the system.”

Barack Obama: All children must have health insurance.  A “National health insurance exchange”
would offer access to public and private plans for individuals.  “Team care” for treatment coordination
in treating chronic conditions would be encouraged.  Employer health plans would be partially
reimbursed for catastrophic health expenses incurred.  Employers would be required to either make a
contribution towards work-based health plans or pay a percentage of payroll into a fund which would
help individuals purchase coverage.  “My plan begins by covering every American.  No one will be
turned away because of a preexisting condition...Everyone will be able to buy into a new health
insurance plan that’s similar to the one that every federal employee [has].  If you cannot afford this
insurance, you will receive a subsidy to pay for it...If you change jobs, your insurance will go with you.” 
His “Fulfilling Our Covenant With Seniors” plan includes financial security; affordable, quality heath
care; housing, energy, and food assistance; strengthening Medicaid; and protection from abuse and
fraud, particularly regarding long-term health care insurance.  Obama proposes tax code changes to
benefit family caregivers.

Ron Paul: relies on medical savings accounts and legalizing freedom of choice.  “...get people an ability
to put money aside and get it back from their taxes, a tax credit.  If they don’t spend the money, they get
to keep it.  So the incentive is to spend less, not to abuse...”

Bill Richardson: “All Americans will have the choice to keep their current coverage...[but] will have
affordable coverage choices through (1) the same plan as members of Congress; (2) Medicare for those
55-64; (3) Medicaid and SCHIP for lower-income families; (4) existing family coverage for young
adults up to age 25; and (5) a Heroes Health Card and stronger Veterans Administration for veterans...”

Mitt Romney: As Republican governor of Massachusetts, Romney signed a law which offset the cost of
health care by providing support for family members who take older relatives into their homes for care. 
The cost of the seniors health care plan averaged two-thirds the cost of nursing home care.  

Dr. Frank I. Luntz - The Language of Healthcare 2009

Republican pollster and master political semanticist Frank Luntz was circulating a 28-page report
entitled The Language of Healthcare 2009 among Republicans in Congress as of May 2009.  The report
summarizes his poll findings into ten rules for how Republicans can successfully language their
opposition to the Democratic approach to health care reform led by President Obama.  Summaries of
Luntz’s poll findings are informative about public perception of the healthcare crisis, its causes, and
what the public fears about increased federal government involvement.

In response to the question, “How would you define the state of the healthcare system in America
today?”

12.0% It is in crisis and needs a total overhaul
57.5% It is seriously troubled and needs significant revisions
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15.1% It is adequate but still needs tweaks
13.3% It is a good sysem and only needs minor changes
  2.1% It is one of the best systems in the world and doesn’t need to be changed

“Which of the following is the American healthcare system’s biggest single problem?”

59.9% Too profit-driven
38.5% Too bureaucratic
20.5% Too inaccessible
19.3% Too complicated
12.6% Too restrictive
12.4% Too confusing
10.5% Too limited
<10% Too unsafe/intimidating/unpredictable/insensitive

“Which of the following is the greatest short-coming of America’s healthcare system?”

49.8% Not having health insurance
43.0% Dealing with the insurance companies
39.6% The lack of focus on preventative medicine
34.5% That healthcare is not yet universal
30.9% Inflexibility of healthcare plans
30.9% Insurance companies’ refusal to cover preexisting conditions
30.4% Too many frivolous lawsuits
11.3% Too much gov’t regulation/intervention
  5.9% Not enough gov’t regulation/oversight
  5.8% Poor quality of care

“Which healthcare system would you most like to see America adopt in the coming years?”

61.8% Patient-centered Healthcare
20.3% Free Market Healthcare
  9.3% Private Healthcare

“Who or what would you say is most to blame for the high cost of healthcare today?”

47.5% Waste, fraud & abuse
42.5% Insurance companies
31.5% Mal-practice lawsuits
26.3% Pharmaceutical companies
13.8% Lack of regulation & oversight
  6.5% Lack of private competition
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“What would you be most concerned about if the government were to further regulate healthcare?”

33.1% Being denied a procedure or medication because a Washington bureaucrat
says no.

24.6% Quality of care going down
23.4% Putting special interests’ needs before the public’s needs
22.3% Getting in the way of the doctor-patient relationship
20.8% A longer list of regulations will lead to longer lines and longer waits for care

“Which TWO concepts or phrases do you AGREE with the MOST?”

58.3% Decisions about m healthcare should be between me and my doctor and no one
else.

52.5% I should have the right to choose the healthcare that’s right for me.
41.8% Healthcare dollars should follow me, the patient, not lobbyists or special

interests.
26.5% Everybody is different.  My healthcare should reflect those differences.
11.8% The right to spend my own healthcare dollars must be protected and preserved.
  9.3% My healthcare belongs to me.

“Which TWO concepts or phrases would FRIGHTEN you the most?”

43.9% Healthcare Rationing
36.3% One-size-fits-all Healthcare
34.9% Healthcare by Lobbyist
26.4% Socialized Medicine
25.6% Politicized Medicine
17.4% Nationalized Healthcare
10.1% Hilary-Care

“Which consequence of government involvement in healthcare would anger you more?”

44.4% Waiting weeks or even months to get the procedure or treatment you need.
26.3% The rationing of healthcare which limits your choices and options.
19.1% That America’s seniors may be denied some treatments based on their age.
10.3% Interference in the private doctor-patient relationship.

In the Huffington Post, June 2009, Paul Rogat Loeb refers to ”a recent US poll where 49 percent said
our health system needed fundamental changes and 38 percent said it should be completely rebuilt.” 
Loeb also claims that Canadians are more satisfied with their healthcare system than U.S. citizens are
with that of the USA.  He notes that Canadians get a full choice of doctors, unlike the U.S. where
households may have to switch doctors when employers change insurance or insurance companies
change preferred provider lists.  Finally, he notes that “Tommy Douglas, the Canadian New Democratic
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Party leader who pushed through national health care in the mid-60s (replacing a system like ours), was
recently voted Greatest Canadian in a recent contest, beating hockey star Wayne Gretzky and Prime
Minister Pierre Trudeau.”

Workplace Health Maintenance Programs

As the cost of employee healthcare grows by 10 percent or more each year, corporate America is
instituting preventative measures.  In 2005 66 percent of companies surveyed by the Society for Human
Resource Management offered wellness programs, up from 53 percent in 2001.  These include yoga and
workout programs, weight loss programs, and subsidies towards employee memberships in gyms.

These programs appear to be cost-effective.  In the first two years of Discovery Communications’
“Body Challenge,” employees lost a collective 4,600 pounds.  The company says this and other results
from company wellness programs “have had a positive impact on our health insurance costs.” 
Company executives surveyed about the Body Challenge program reported an increase in their work
group’s effectiveness, morale, and motivation.  “Healthier employees are more productive and more
satisfied.”

Clif Bar in Berkeley, California, spends about $1,000 per year per employee providing a free gym, three
personal trainers, 24 classes a week, and a paid 30-minute workout break each day.  The company
estimates the yearly savings in insurance premiums are in the “double digit percents.”  At Florida Power
and Light Company, the fitness programs that cost less than $100 per employee resulted in a drop-off in
insurance claims for cardiovascular disease, cerebral vascular disease, and some cancers during the five
years after fitness program launch.  The company weight management program has also proved
valuable in helping employees manage diabetes and avoid expensive complications.  A 2005 survey by
consulting firm Watson Wyatt Worldwide of more than 500 companies found that those most serious
about prodding workers to get healthy saw healthcare costs rise just 5 percent over two years; at the
other end of the spectrum, increases ran as high as 11.5 percent.

Companies have found offering breaks on health insurance premiums to employees who follow through
on participation in wellness programs to be effective.  Acroprint Time Recorder Co. Of Raleigh, N.C.,
gives employees who complete the company’s “Three Million Step Challenge” a 15 percent break on
their premiums: competitors wear a pedometer and aim for 10,000 steps a day.  This discount can
amount to $260 a year if both employee and spouse participate in wellness programs.  At three million
steps the employee gets the health insurance discount; at 
four million they get an extra paid day off.

The Big Business Case for Universal Health Care

The National Coalition on Health Care (NCHC) is a Washington-based nonprofit alliance of business,
unions, and consumer groups.  NCHC includes large employers like Exelon, General Electric, Duke
Energy and American Water.  In 2004, the NCHC issued a report calling for comprehensive universal
health coverage in the U.S.  The report laid out a range of options, such as expanding government
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programs like Medicare or letting people or businesses buy into the existing federal worker group health
plan.

The reason for NCHC’s corporate members letting go of their reluctance to call for government
intervention in health care coverage for Americans can be detected in the statement by billionaire
Wilbur L. Ross, Jr., number 322 on the Forbes 400 richest, who is former chairman of the International
Steel Group and a major investor in U.S. textile, coal, and auto parts companies.  Ross made much of
his fortune in recent years by restructuring bankrupt industrial companies, many of which were
swamped by the escalating costs of insuring their aging work force.  Ross says, “It’s an outrage that any
American’s life expectancy should be shortened simply because the company they worked for went
backrupt and abrogated health care coverage.  And now we have a company like Ford virtually being
bankrupted by the problem of rising health care costs, and yet you’ve got tens of millions of people with
no health insurance.”  Ross says “We need some form of universal coverage that would be funded
centrally by government, but delivered privately through existing mechanisms like HMOs.”  Ross
suggests funding a universal health care plan through a tax on imports.

The week the CEOs of General Motors, Ford and Chrysler met with President Bush to discuss issues
they faced which threaten U.S. automakers’ viability, including health costs, trade group America’s
Health Insurance Plans released a 10-year $300 billion proposal to provide health insurance for all
children and 95 percent of adults through a combination of tax breaks for individual taxpayers buying
health insurance and the expansion of government programs such as Medicaid.

Wal-Mart CEO Lee Scott said, on an appearance on the Charlie Rose TV show in 2006, “I think we’re
getting to a tipping point where this country is going to be willing to move on health care.  Business and
labor are going to have to participate and probably play even more of a leadership role than
government...and then bring the political side along with them.”

American businessmen today repeat the point made by the Wall Street Journal two years ago:
companies in the U.S. compete against rivals in developed countries where the government funds health
care (e.g., Japan, Germany, France) or where neither business nor society at large is responsible for
funding health care (e.g., China, India).  American companies that provide health insurance are at a
competitive disadvantage.  Large U.S. companies report the average cost of providing health care per
employee is $8,400, according to the National Business Group on Health in a March, 2007 statement.  
It is widely reported that money-losing General Motors spent $5.3 billion in 2005 to cover the health
costs of 1.1 million employees, retirees and dependents.  Wilbur Ross notes that, on a car-by-car basis,
General Motors spent more money on health insurance than on the steel in the car.  U.S. corporate calls
for adoption of a national health insurance universal coverage scheme in the U.S. are simply calls for
the U.S. government to take action to level the economic playing field of international competition for
markets.

Private Christian Group Efforts to Provide “Health Insurance Coverage”

Thousands of Christians have organized themselves in medical sharing ministries through Christian
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nonprofits like Samaritan Ministries of Peoria, Illinois.  Such ministries first appeared in the 1980s,
inspired by biblical teachings that Christians carry each other’s burdens.

Samaritan medical ministry participating families pay monthly “shares” which are used to pay each
other’s medical bills.  Samaritan has 12,800 participating households.  Each household is responsible
for any medical bill under $300, but anything over that amount is 100% covered by the medical
cooperative.  The family monthly share is $285, which is comparable to $273 per month a typical
family pays the local Kaiser HMO for their share of employer-sponsored health insurance.  Every
month the participating families are told where to send their monthly share amount and why, e.g., to
Sally Smith in Nebraska who broke her collarbone.  Sally Smith will have received a list of the names
of members and how much she can expect to receive from each to cover the medical claim she
submitted to Samaritan.  As the checks come in, Sally Smith is to check the names off, and return the
list to Samaritan for follow-up with any members that did not come through.  The group shares about
$2.5 million a month, according to Samaritan VP James Lansberry in June 2008.

The two other big players in Christian self-insurance group management are Christian Share Medi-Care
and Christian Healthcare Ministries.  To join these, one must be a member of a Christian church,
producing a letter from the church minister to prove it.  Members sign a pledge committing to squeaky-
clean, moral living: no tobacco, no excessive drinking, no illegal drugs, no sex outside of marriage.  If
the member does not steer clear of such behaviors, they are held responsible for the medical expenses
that result.

Christian Care Medi-Share has come in for a lot of state insurance regulatory scrutiny because it
operates more like a health insurance company than other Christian medical ministries do.  Medi-
Share’s 45,000 members are charged monthly shares ranging from $53 to $570 depending on family
size and choice of paying $250, $1,000, or $10,000 out-of-pocket towards each eligible “need.” 
Members get access to a network of more than a half million doctors and hospitals who offer
discounted rates of up to 35 percent to members, according to Medi-Share.  Members submit medical
claims to Medi-Share, which processes and pays them.  Applicants for membership go through a
medical underwriting process that evaluates their health.  Those with pre-existing conditions can join,
but medical expenses on those pre-existing conditions are not eligible for reimbursement from Medi-
Share.  Every month Medi-Share “shares” about $3.8 million in medical bills.  Several states challenged
Medi-Share for operating as an unauthorized health insurance company; Medi-Share is forbidden from
doing business in Oklahoma, Montana, and Illinois, but won legal victories in Nevada and South
Dakota.
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Chapter 3: The Crisis in Medicaid and Medicare

(Updated 25 Feb 10)

There is not a solvency crisis in the Social Security retirement system.  In a separate essay, I
demonstrate how making three revenue enhancement and two cost-cutting changes to the system would
produce more revenue than is needed to pay full benefits to all U.S. retirees through 2075 A.D.  There
are far more severe financial crises looming in Medicare and particularly Medicaid.

The Congressional Budget Office’s “intermediate” projections for the share of the federal budget
consumed by Medicare and Medicaid, Social Security, interest on the national debt, defense, and all
other federal budget item spending for 1966 through 2046 is as follows:

Year Medicare +
Medicaid

Social
Security

Interest Defense All
Other

1966 2% 15% 7% 46% 30%

2006 22% 21% 11% 18% 28%

2046 35% 20% 26% 5% 14%

Essentially, spending for healthcare replaces defense spending in the federal budget by 2046 if the
continuing tax and benefit entitlement structure of the federal government continues unchanged. 
Payment of interest on the national debt causes spending on all federal government programs except
Medicare/Medicaid, Social Security, and defense to drop to half the 1966 percentage of the federal
budget.  From 2004-2040 the Government Accounting Office projects that Medicare and Medicaid
account for 55 percent of growth in total federal entitlement spending.  Official projections for
Medicare spending increases are calculated on the assumption of 2% per year annual growth; actual
growth average per year since the Medicare system was instituted under Lyndon Johnson have been 5
percent.

In March 2008 the Centers for Medicare and Medicaid Service reported that health care consumed 16.3
percent of the U.S. GDP in 2007 and was now projected to total $4.3 trillion dollars by 2017.

“This much is now certain: the welfare state as we know it cannot survive.”  -Charles Murray in the
Wall Street Journal in an article on his new book, In Our Hands.  “No serious student of entitlements
thinks that we can let federal spending on Social Security, Medicare, and Medicaid rise from its current
9 percent of gross domestic product to the 28 percent of GDP that it will consume in 2050 if past
growth rates continue.”
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In March of 2009, 1992 independent presidential candidate Ross Perot wrote:  “In 2007, mandatory
payments for Social Security, Medicare, and Medicaid consumed 42 percent of the federal budget,
while other entitlement programs claimed an additional 11 percent.  Interest on the national debt took 9
percent of the budget, bringing the total to 62 percent before a dime could be spent for any other
government programs, all of which had to be paid for with the remaining 38 percent of budget.”  After
2011, 10,000 new retirees from the baby boom generation will be added to the Social Security and
Medicare rolls each day for the next 30 years.  If there are no changes to current tax rates, by 2044 all
taxes collected will be needed to pay for just Medicare and Medicaid.  The Government Accounting
Office has calculated that annual economic growth in excess of 10 percent each year for the next 75
years would be required to generate enough tax revenue at current rates to close this projected shortfall
between obligatory payments and federal tax revenues.  During the 1990s, the U.S. economy grew at an
average rate of 3.2 percent.

Medicaid is now the largest single health program in the United States, providing services to one in six
Americans of all ages each year.  It is especially critical to the almost two thirds of nursing home
residents who depend on it, 90 percent of whom are 65 and older.  Since 1965 when President Lyndon
Johnson signed Medicare into law, the program has grown from $2.7 billion in 1965 to an estimated
$372.3 billion in 2007.  The cost of the monthly premium paid by Medicare retirees has more than
doubled from $43 to $96 in the past decade alone, so that regardless of health, all Medicare
beneficiaries have seen their Medicare health insurance premium skyrocket.  Premiums are projected to
rise another 3.1 percent in 2008.  These increases cumulatively total 106 percent during the time Social
Security cost-of-living increases totaled 21 percent.

In December, 2005, in the budget reconciliation measure, Congress allowed states to limit Medicaid
eligibility or raise recipients’ premiums and copayments to lower expenditures.  The bill also restricted
Medicaid funding for nursing home care for those who have given money to charity or relatives within
five years or who own homes or personal property worth more than $500,000.  The bill waived a 4.4%
cut in physician’s fees, thus raising Part B premiums for Medicare $2.50 per month in 2006.  The bill
also froze Medicare payments to home health providers at 2005 levels.

If the proposed 10 percent cut in Medicare payments to physicians occurs in 2008, 60 percent of
physicians would be forced to limit the number of new Medicare patients they accept, according to a
survey by the American Medical Association.  It is already difficult to find a physician to take a new
Medicare patient.  AARP reports a case where a man moved his 80-year-old mother from the Midwest
to Northern Virginia, and had to contact 16 doctors before he found one who would accept her as a new
Medicare patient.  At the last minute, the cut in Medicare payments to physicians was cancelled because
of the consequences that were evident to voters, who opposed the cuts, but nothing has been done to
address the solvency problems which motivated proposing the cuts.

President Bush’s proposed 2008 federal budget would complicate matters.  He proposes across-the-
board Medicare cuts of 0.4 percent if federal spending reaches more than 45 percent of the program’s
total (state + federal outlays) cost.  In 2007 Medicare beneficiaries were “means tested” for the first
time, with higher-income beneficiaries charged higher Medicare Part B premiums.  Medicare
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beneficiaries with incomes over $80,000 and couples with joint incomes over $160,000 pay higher
premiums as of 2007.  Under the administration’s proposal, these income thresholds would not be
indexed to inflation, so more and more beneficiaries would be charged the higher Medicare premium
each year.

MEDICARE

Medicare benefit payments totaled 0.75 percent of GDP in 1970, 2.6 percent of GDP in 2004, a
projected 4.7 percent of GDP in 2030 and 9 percent of GDP in 2075.  The fastest growth in Medicare
benefit payments since the program’s inception has occurred under Republican administrations. 
Average growth since inception of the program in the Lyndon Johnson administration in benefits per
year per beneficiary is 2.7 percent.  Of the $51 trillion current accounts deficit calculated by professors
Gokhale and Smetters for the U.S. Treasury Department in 2002, Medicare entitlements account for
$43.6 trillion.

Medicare Part B premiums rose from $45.50 per month in 2000 to $96.40 in 2008, an increase of 112%
in eight years.

The 1999 Dartmouth Atlas of Health Care found the average inpatient cost per patient during the last six
months of life was $9,943.  33 percent of all Medicare deaths occurred in hospitals.  However,
Bernadine Healy, M.D., reports 93 percent of Medicare patients re-admitted to inpatient care after an
initial hospital stay - typically for treatment of acute episodes in chronic, incurable conditions - are still
alive one year after the readmission.

Mortimer B. Zuckerman says “expenditures in the final six months of life are nearly twice as high for
Medicare patients at the top academic hospitals, again with no discernably better outcome.”  If the
highest-spending Medicare areas could be smoothed down to the lowest-spending areas (with outcome
held constant), it would in theory save $700 billion a year.

Two-time Pulitzer Prize winner Gilbert M. Gaul describes Medicare as having “upside down
economics:” “Medicare rewards hospitals and doctors based on each activity, each time a patient walks
through a door.  It hands out the same whether you injure a patient or if you help that patient back to
good health.”  Quality of care is poor because: “Medicare almost never kicks anybody out of the
program.  Critical information [about violations and fines] goes missing.  There is not a whole lot of
interest in investigating a complaint.  It’s almost like the patients are secondary; it’s all about the
providers.”

Studies have found Medicare costs and service norms are not related to health care outcomes.  For
example, heart attack patients in Los Angeles spent more days in the hospital and underwent more tests
and procedures on average, with an average Medicare bill of $30,000, than did heart attack patients in
Salt Lake City with an average bill of $23,000.  Yet the patients in Los Angeles died at a higher rate
than the patients in Salt Lake City.
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A study published in the Archives of Internal Medicine by Allison B. Rosen, M.D. and colleagues at the
University of Michigan Medical School found it would make financial sense for Medicare to provide
older Americans with medications for common health problems at little or no cost.  They found that a
50 percent increase in the use of ACE inhibitors, a class of relatively inexpensive drugs now available
as generics, would slightly increase diabetics’ life spans and reduce the need for expensive treatment,
saving the Medicare system an average of $1,606 per beneficiary, totaling billions of dollars over a
decade.  Rosen found that even modest copayments deter people from taking the drugs they need.  Only
about 3 million of 8 million Medicare-eligible diabetics take ACE inhibitors, probably because of the
$233 estimated annual cost.  Rosen is planning a follow-up study on the cost-benefit of providing free
beta-blockers and ACE inhibitors to patients with congestive heart failure, and wishes to see this
analysis extended to a wide range of medications and diagnoses.

David J. Brailer, M.D., is the national coordinator for health information technology at the U.S.
Department of Health and Human Services.  He is on a campaign assigned by President Bush to get
50% of all medical records computerized in eight years.  Currently he says 10-15% of health care
consumers have personal electronic medical records.  He says “Medicare has begun to pay doctors for
performance.”  “...information is better protected electronically than on paper.  When records are
violated electronically, we have a record of it.  You have no idea if your paper records have been lifted
or looked at.”  A recent Annals of Internal Medicine article estimated it would cost $200 billion to build
and operate a 100% electronic medical record system.  Brailer compares that to the trillions of dollars
which will be spent on health care over the next 10 years, predicting that the $200 billion cost would be
recovered in “...savings from reduced medical errors and from duplicative tests and procedures.”

Laurence Kotlikoff’s solution for the Medicare funding crisis is a “Medical Security System” based on
the idea by Dr. John Goodman, director of the conservative National Center for Policy Analysis. 
Kotlikoff would close the fee-for-service Medicare program, replacing it with issuance of vouchers to
each individual Medicare beneficiary based on the estimated cost of their medical care for the upcoming
year given their pre-existing conditions and their age.  Total Medical Security System expenditures
would be allowed to increase only as fast as payroll-taxable real wages.  Kotlikoff would also provide
the same annual voucher to each Medicaid recipient.  According to his model, this change would reduce
the $51 trillion fiscal gap by $10 trillion.

MEDICAID

There is a solvency crisis in the Medicaid health care safety net.  As of 2004 the Medicaid trust fund
began paying out more than it its revenues.  In April, 2005, the House and Senate federal budget
negotiators agreed on a FY 2006 federal budget cut of $10 billion in Medicaid.  

Medicaid was launched in 1965 as part of President Lyndon Johnson’s Great Society.  Initially it paid
medical costs for those who were on Social Security disability or were poor and on welfare.  In the
decades since, it has evolved into a wide and efficient safety net, providing benefits to infants born in
poverty to low-income seniors in long-term nursing care facilities which are not covered by Medicare. 
The Medicare system currently pays for health care services to 53 million poor, older, and disabled
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Americans.  Medicaid’s 6.9 percent administrative costs are lower than private health insurance’s 13.6
percent average.

Medicaid is paid for by a state/federal match of funds: the states pay 40 percent and the federal
government 60 percent.

Total spending on Medicaid increased by a third from 2000 to 2003.  From 1997 to the present
Medicaid spending nearly doubled, and currently totals $300 billion a year.  In 2004 financially-
strapped states began trying to reduce their share of Medicaid funds by restricting eligibility and cutting
programs.  For example, Governor Phil Bredesen of Tennessee announced he was cutting 323,000
people from TennCare because that Medicaid program was consuming a third of the Tennessee state
budget.  Overall, the percentage of total state resources nationwide devoted to Medicaid doubled from
10 percent in 1989 to 20 percent in 2004.

Experts claim that Medicaid costs increased dramatically due to the U.S. economy slumping in 2000,
when people lost jobs with health insurance and distressed employers cut back on offering expensive
health care benefits. According to the Hay Group, the annual premium faced by major companies for
family medical coverage averaged $10,400 in 2004.  Overall premiums are rising about 10% per year. 
General Motors says healthcare accounted for $1,525 of the cost of each vehicle it made in 2004. 
Companies that required co-payment of 20% of health premiums now charge 40%.  Many employees
are shelling out more out-of-pocket because of higher deductibles and copayments.

At the same time, double-digit prescription drug price increases pushed Medicaid costs upward.

From 2000-2003, spending per Medicaid patient increased an average of 6.9 percent, excluding long-
term care in nursing homes.  Spending per privately insured patient increased 9 percent in the same
period, and premiums paid in employer-sponsored plans increased 12.6 percent.  This illustrates the fact
that the problem is overall cost increase in the U.S. health care system, the effect of which were better
contained in Medicaid than in the private health insurance system.  Medicaid payment rates for health
services are lower than payment rates under Medicare, which in turn are an average of 17 percent lower
than private sector rates.  A recent study found that the cost of serving an adult in Medicaid in 2001 was
about 30 percent lower than if that same person was covered by private health insurance for the medical
service.

The challenge to Medicare and Medicaid from prescription drug costs can be seen in the Harvard
School of Public Health and Kaiser Foundation projection that the average cost of prescription drugs for
those over 65 is estimated to be $3,160 in 2006.

The problem with cutting back Medicaid is that the affected people will still consume health care
services.  Hospitals receiving federal funds, which involves all but private for-profit institutions, are
obliged by law to treat all comers in emergency rooms regardless of the ability of the patient to pay. 
Emergency rooms have been overloaded across the country by people using them instead of a private
physician or clinic because it is the only place they can get medical services.  The losses incurred by
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hospitals for services rendered to poor, uninsured patients end up getting paid from local property tax
assessments by the Hospital Special Services District or “Indigent Fund.”  This is a particular problem
for public hospitals in rural areas like Allen Memorial here in Moab, Utah, which have a very limited
tax base and a huge volume of non-resident traffic.

A cheaper public vendor of health care services is the public health clinic, where they exist.  However,
whether care is rendered by a hospital emergency room or a public clinic, the cost of health care
services to the poor and uninsured patient is recovered by driving up private insurance premiums and
state and local taxes.  Cuts in Medicaid don’t “save” any public money.  In fact, because they throw
patients into a more expensive health care regime, they end up costing the public tax money.  Cuts in
Medicaid are therefore a wealth distribution and tax shift scheme, not a savings scheme.

President Bush proposes to pare the projected growth of Medicaid by $60 billion over the next 10 years. 
Under his proposal, federal Medicaid spending would increase by 7 percent over the next 10 years. 
This proposal flies in the face of the reality of the increasing number of seniors entering long-term care,
particularly due to the Alzheimer’s epidemic, and the increasing number of prescriptions on average
written for people over 65 and the increasing average cost of prescription drugs paid for my Medicaid
for low-income beneficiaries.  The Bush plan fantasy is that this savings can be realized by paring
enrollment in Medicaid by middle-income elderly who gave away assets to family members in order to
qualify for Medicaid coverage of long-term care expenses; and by allowing states to buy prescription
drugs at lower rates.  The current Bush proposal has dropped a feature the state governors most feared:
spending caps on what the federal government will give each state in its Medicaid share annually, but
that may change.

Virginia Governor Mark Warner, Chairman of the National Governors’ Association, assailed the Bush
proposal as a “cost shift to the states” so the federal government “can hit a budget deficit reduction
number.”

Sources of cost inflation unrelated to improvement in beneficiary outcomes:

Fraud: Medicare fraud is so lucrative and low-risk that the FBI reports a number of cocaine
dealers in Florida and California have switched from dealing in illicit drugs to pursuing Medicare fraud. 
Attorney General Eric Holder says Medicare loses billions of dollars to fraud each year; the Center for
Medicare & Medicaid Services estimates the losses to total $11 billion and industry expert estimates go
up to $60 billion.  Congress ignored Medicare’s request for $300 million appropriation to fight
Medicare fraud in 2005, despite the agency’s Office of Inspector General demonstrating each dollar
spent protecting the program returns $17 in savings.  Under the Obama administration, anti-fraud
budgets and activities have sharply accelerated.

Since 2007, Medicare fraud strike forces (the first hit the ground in Miami in 2007) have indicted nearly
300 defendants accused of stealing $680 million, according to the U.S. Department of Justice.

Miami is the locus of Medicare fraud.  The average Miami cost per Medicare patient with diabetes and
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related illnesses for home health care runs $11,928 every two months, compared to the national average
of $378.

Over-utilization of more expensive standards of practice: The case study of 

Technology creep:

Spending on new health technology - fancy machines; new drugs, devices and procedures - makes up as
much as two thirds of the more than 6 percent annual increase in healthcare costs; in 2009 $2.5 trillion
total.

Technology creep = a device gets approved for a high-risk population for whom there is a demonstrated
cost-benefit.  Then its use expands to lower-risk groups.  For example, the implantable cardioverter-
defribillator (ICD), a battery-operated device surgically implanted in the chest was originally used for
people who had survived cardiac arrest.  Now they’re being used for primary prevention in people at
some risk of cardiac arrest who haven’t suffered it.  A 2008 paper in Journal of the American College
of Cardiology suggested the benefits of ICDs were overstated - about 90% implanted for primary
prevention will probably never save a life - but each implant carries the same raks such as infection and
unnecessary shocks.  At $30,000 each, ICDs are only cost-effective in patients most likely to suffer
cardiac arrest.

Technology creep is also at work in imaging.  The number of CT and MRI scans charged to Medicare
increased more than 15 percent annually between 2000 and 2004.  CT angiograms which use multiple
X-ray images to form a picture of blokages in arteries can cost more than $1,000.  The most accepted
use is to evaluate patients in the ER with chest paid, but some physicians use them to screen people
with no symptoms.  There is no solid evidence their use prolong or improves the quality of life or that
they are cost-effective.

With MRI imaging, only women with a 20 percent or higher lifetime risk of breast cancer are advised to
get a MRI in addition to a mammogram.  No public-health group recommends screening with
ultrasound.  Women of average risk are getting ultrasound and MRI imaging screening for breast
cancer.

Proton-beam therapy, a kind of radiation requiring an investment of $150 million, has soared in
popularity in recent years.  With the current regulations, it can be offered for use in treating any
malignancy that needs radiation.  However, Michigan Medical School research suggests it is only
needed for certain pediatric cancers and rare tumors.  In practice, it is mostly used for prostate cancer
treatment, where there has never been a head-to-head evaluation of efficacy against conventional
radiation treatments.

Constant electronic fetal monitoring during labor is another overused intervention not supported by
evidence, apparently inspired as an anti-lawsuit device by obstetricians.  Maureen Corry, executive
director of childbirth Connection, says, “When you look at all the systematic reviews and all the
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randomized controlled trials, it has no benefit compared to intermittent monitoring.”  Continuous
monitoring leads to lots of false alarms that lead to unnecessary care, and a less comfortable labor since
women have to lie flat on their backs.

Technology creep is driven by the odd economics of the U.S. health insurance reimbursement system. 
Healthcare providers are paid for each procedure or service rather than for improving the total health of
patients.  This creates an incentive to offer more tests and treatments.  Hospitals, meantime, compete to
attract doctors and patients in part by buying advanced tools, whether or not they can be fully utilized in
the community setting.  Once a piece of expensive equipment is in place, it will be used.

At Massachusetts General Hospital in Boston, researchers studied whether a simple software program
would help cut the number of outpatient CT and MRI scans and ultrasounds ordered.  When a doctor
ordered a test, she’s get a score reflecting the level of evidence supporting its use in that particular
circumstance.  Control to order the test remained in the doctor’s hands, but the annual growth in CT
scans declined by 11 percent.

Wheelchair leasing: In 1997, Medicare and Medicaid beneficiaries paid just over $100 million
to buy or lease power wheelchairs.  By 2009, outlay is over $1 billion per year.  The Office of Inspector
General for the Department of Health and Human Services (DHHS) examined thousands of vouchers to
determine the average annual cost to Medicare in 2007 was $4,018 per power wheelchair, while the
average paid suppliers for the same wheelchairs was $1,048.  For more elaborate power wheelchairs,
Medicare paid an average of $11,507, while suppliers sold the machines for $5,880.  Under Medicare,
several hundred suppliers across the U.S. buy wheelchairs from manufacturers and then lease them to
beneficiaries.  These suppliers argue that maintaining the wheelchairs is expensive and becoming more
so, and their profitability has been hurt by inflation and reduced Medicare rates (a 9.5 percent cut in
wheelchair reimbursements brought the average Medicare expenditure down to $3,641 in 2009, still
three times the price paid to suppliers on average).

Attempts to reform this situation have been blocked by Congress, which prevented competitive bidding
for power wheelchair supply to Medicare.  The medical equipment lobby spent $6.3 million in
presidential and congressional campaign contributions in 2008.  The Centers for Medicare and
Medicaid Services, the oversight authority, has failed to act.

Demonstrated cost-saving options:

Expanding home- and community-based services:  There are sensible cost-cutting reforms to
Medicaid being considered.  For example, in Wisconsin and Ohio, lawmakers are considering
expanding home- and community-based Medicaid programs to reduce the number of residents who
enter more expensive nursing homes.  The federal government has given states the option to develop
services that help people who qualify for long-term care to remain in their homes, as 9 out of 10 prefer
according to AARP polls.  From 1995 to 2007, total Medicaid spending on such services more than
doubled to 41 percent of expenditures, serving some 2.8 million Medicaid clients, according to the
Kaiser Commission on Medicaid and the Uninsured.
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The cost-effectiveness of home- and community-based Medicaid services to prevent institutionalization
of patients in long-term care appears massive.  For example, Florida’s Community Care for the Elderly
spends about $5,000 per year to help one older person remain in her home.  The more expensive
Medicaid home assistance services costs $8,000 per person on average per year.  The average cost to
Florida of having the patient move from home into a nursing home bed averages $65,000 a year.  

Medicare Case Managers:  North Carolina instituted a system of Medicaid Case Management,
having more than 500 Medicaid Case Managers hired around the state.  These individuals are
medically-trained, generally nurses.  Doctors love the system, statistics show the health of Medicaid
recipients is better, and state expenditures on Medicaid patients have dropped by millions.  The
example on PBS of how this works illustrated a case manager working with the wife of a family with
four children; the wife and three of the children have athsma.  The case manager coaches them on how
to manage their athsma to reduce the likelihood of a crisis requiring a visit to the emergency room or
hospitalization.  If the case manager prevents THREE athsma admissions to the hospital in a year from
her entire caseload, she has recovered the cost of her salary.  If she prevents six, she has saved the
Medicaid system an amount equal to her annual salary and paid for herself besides.

State budget shortfalls 2009-2010 and false medical economies: According to the Center on Budget and
Policy Priorities, at least 46 states plus the District of Colombia face shortfalls in 2009 or 2010, totaling
more than $310 billion in the next 30 months.  On average more than 21% of all state spending goes to
Medicaid, making it a prominent target for budget cutters.  Because of the way the system’s rules are set
up, states have no practical option to cut their share of Medicaid payments to indigent patients in long-
term care facilities; to be on Medicaid as a nursing home resident, you have already had to spend down
all assets to the legal exemption minimum and to have demonstrated that long-term residential care is
medically necessary.  The cutting options available to state budget officials, then, are in the Medicaid
programs that are not legally mandated.  

However, cutting these programs is guaranteed to quickly lead to ballooning expenditures in the other
parts of the state-funded medical care system for the sub-rich.  For example, in Florida  for every
Medicaid elder who is forced to move into a nursing home from home-based assisted living received
from Medicaid’s home assistance services due to budget cuts for home assistance, the state will be hit
with $57,000 a year MORE cost for care for that Medicaid client.

At least 22 states and the District of Columbia are cutting or proposing cuts to home and community
services that help keep the elderly and disabled in their homes and out of nursing home placement, or
greatly increasing beneficiary co-pays for such services are if they are to receive them.  A national
survey of state area offices on aging found 70% anticipate “severe” budget cuts to their service
programs.  The $87 billion for state aging and Medicaid programs in the economic stimulus package
passed in February 2009 does not fully protect these home and community long-term care support
services.  The stimulus package money is expected to make cuts less drastic, but the federal funds are
not adequate to make up for state budget shortfalls.

Increased obligations on state Medicaid budgets due to increased institutionalization of elders who
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could have stayed less expensively at home with home-based assistance is not the only place where cuts
in home-based services will increase medical system costs which governments have to pay.  As my case
in point, I take Shirley Miller, an 85-year-old widow living in an apartment building whose health
problems led her to apply to Florida Medicaid for assistance with cleaning, meals, and personal care. 
She is unable to clean her home or bathe herself properly, and eats only when friends bring her food. 
She is wasting away physically from this neglect.  She is very likely going to end up in a hospital stay
for treatment of malnutrition, paid for by Medicare, before being discharged to a nursing home
placement paid for by Medicare, costing the state roughly $100,000 in hospital and nursing home total
expenses for the year when it could have spent $8,000 to keep Ms. Miller out of both the hospital and
nursing home.

In other words, state Medicaid budgets are likely to spiral upwards in 2009-2010 because of this sort of
stupid budget-cutting which causes demand for the most expensive, least cost-effective medical
services to go up because low cost, effective community-based chronic condition management
programs can be axed by state budget officials.

THE CHALLENGE OF PHARMACEUTICAL COSTS

Annual Average Increase in Manufacturer’s Price for Brand-Name Drugs
Verus General Inflation Rate, 2000-2005

Year Drug Cost Inflation

2000 4.1% 3.4%

2001 4.7% 2.8%

2002 6.1% 1.6%

2003 7.0% 2.3%

2004 7.1% 2.7%

2005 6.1% 3.0%

Specialty drugs: Specialty drugs are created to treat specific conditions, e.g., if a disease condition
results from lack of an enzyme, a specialty drug would be one engineered to mimic that specific
enzyme.  Conventional pharmaceuticals are pre-existing compounds for which a medical use is
discovered.

Nearly half of specialty drug spending goes for treatment of rheumatoid arthritis, with multiple sclerosis
making up another 21 percent and the rest divided among cancer, anemia, and other diseases, according
to Medco’s 2005 Drug Trend Report.  The Aon Corp. consulting firm predicts that the cost of specialty
drugs will go up 22.5 percent in 2006, twice the 13.1 percent rate of increase predicted for conventional
drugs.  Medco predicts spending for specialty drugs in the national health care system will rise to $40
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billion in 2006, and increase of 60 percent since 2004.

Medical scientists predict a whole new wave of specialty drugs for rheumatoid arthritis, cancer, and a
whole host of other diseases.  However, the cost of administering these drugs will range from $500,000
a year per patient at the top end to $10,000-100,000 per year in the “middle range.”  These kinds of
prices cannot be borne by the private health insurance system under anything close to current premiums,
much less the federal medical Rx insurance programs in Medicare Part D and Medicaid.  How will
availability of expensive specialty drugs be rationed?  Under the current health care system, both the
private and public health insurance systems can hope to avoid bankruptcy under current revenue
streams - which already have them consuming over a third of GNP for healthcare by 2046 - if they deny
coverage to expensive specialty drugs.  The political equity problem of medical drug treatments only
being available to the rich who can pay for them out-of-pocket, leaving the un-rich to suffer and die, is
immense and threatens the stability of our democratic republic which rests on the constitutional concept
of equality under the law.  Although a national healthcare financing system which refuses to pay for
expensive drugs for anybody treats everybody with equal “depraved indifference” under the law, it will
predictably generate vast resentment and anger among the majority of un-rich citizens.

CHANGES IN LIFE EXPECTANCY AND MORTALITY

Underlying this crisis are the following facts:

Life Expectancy and Mortality at 50 Year Intervals, U.S.

1907 1957 2007

1.  Pneumonia and flu 1.  Heart disease 1.  Heart disease

2.  Tuberculosis 2.  Cancer 2.  Cancer

3.  Heart dsease 3.  Stroke 3.  Stroke

4.  Diarrhea 4.  Accidents 4.  Chronic lower respiratory
disease

5.  Stroke 5.  Early infancy disease 5.  Accidents

6.  Kidney disease 6.  Pneumonia and flu 6.  Diabetes

7.  Accidents 7.  Hardening of the arteries 7.  Alzheimer’s Disease

8.  Cancer 8.  Diabetes 8.  Pneumonia and flu

9.  Premature birth 9.  Birth defects 9.  Kidney disease

10.  Dementia 10.  Cirrhosis of the liver 10.  Blood poisoning

Infant mortality = 9.99% Infant mortality = 2.63% Infant mortality = 0.68%
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Life expectancy
Men = 45.6 years
Women = 49.9 years

Life expectancy
Men = 66.4 years
Women = 72.7 years

Life expectancy
Men = 75.5 years
Women = 80.7 years

THE CHALLENGES OF CHANGES IN MORBIDITY IN AN AGING POPULATION

A 2008 Centers for Disease Control and Prevention study found that each year one in three Americans
65+ falls, and almost a third require medical treatment.  Nearly 16,000 older people died of these falls;
half of the deaths were from traumatic brain injury which happened when the victims hit their heads. 
The CDC predicts the direct medical costs resulting from treating injuries from falls each year in the
USA will escalate from approximately $20 billion in 2008 to $54.9 billion by 2020.  The latter figure is
more than the current budget of the Department of Homeland Security.
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Chapter 4: Pollution Health Costs

(Updated 11 Oct 09)

From an interview with Steve Curwood of PBS’s Living on Earth: “As we understand more about
nanoscale reactions, it becomes clearer why just a few molecules of dioxin or bisphenol-A could change
genetic expression, the ability of people to reproduce, or our immune systems.

EPA/Department of Transportation/OSHA risk assessment protocol: There are many ways of
determining population health risks from emissions of pollutants.  The one most commonly used by the
U.S. Environmental Protection Agency is what might be called the “pure white adult male” risk
assessment and the one most commonly used by the Department of Transportation and Occupational
Health and Safety Administration is the “probability of compatibility” risk assessment.

The “pure white adult male” risk assessment is a complex formula which assumes a person with the
genetic susceptibilities and actuarial characteristics of an adult Caucasian male will be standing, not
sitting or moving, for seventy years in the most exposed area for emissions from a facility.  The formula
does not take into account changes in susceptibility to a pollutant due to the age of the white male, or
because the male has genes from a different ethnic group.  The formula does not take into account
differences in susceptibility to a pollutant between men and women, or because of health conditions.  In
regards to assessing risk to children from pollutant exposure, the formula ignores the proven facts that
children breathe in larger amounts of air per kilogram of body weight than the average middle-aged
white adult male, nor the effects of bioaccumulation of pollutants from respiration and digestion in the
developing body of a child.

The “probability of compatibility” risk assessment addresses risk from handling, shipment, storage, etc.,
of hazardous materials, and are directed for use in fire codes.  This assessment addresses the reaction of
the compound being evaluated to the different media with which the compound may come into contact. 
This includes the development of the compound, the intended use or re-use of the compound, the use of
the compound in laboratories for analytic data processing, and determination of the compatibility of the
compound with other substances in different media, e.g., handling, storage, disposal.  The assessment is
of the possibility of reactions of the compound and release of toxic material into the environment
because of such reactions; e.g., can water be used to fight a fire in which the compound is involved?  Is
special containment needed to prevent the compound from reacting with other substances where it is
stored and used, or to prevent release of toxins which would harm people?  Since protection of adjacent
residences and public facilities is a fire department’s main responsibility, compatibility risk assessment
includes evaluation of a scenario in which 100 percent of a compound is released into the environment
from a facility, determining how fast the compound would travel, in what direction, and in what
concentrations as a function of the distance it travels?  If the compound will react with others upon
release, the same questions are asked concerning the chemical reaction products’ effects in the ambient
environment.
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Athsma

In industrialized countries, athsma is becoming more common and more severe.  17 million people in
the U.S. have athsma; it is the sixth most common chronic disease condition in the nation.  Five
thousand people die of athsma annually in the U.S.  Three times as many people were diagnosed with
athsma as of 2003 than in 1980; some 6 million of them children.  For children, athsma is the most
common chronic disease, the leading cause of missed school days, and the leading cause of
hospitalization.  Anne Wright of the Arizona Respiratory Center at the University of Arizona at Tucson
observes that, “Genetic changes haven’t occurred rapidly enough to account for the global increase in
athsma.  It pretty clearly has something to do with our interaction with the environment.”

Athsma comes in various forms.  Studies in East versus West Germany found that pollutant-caused
athsma rates were much higher in East Germany in high air pollutant areas, while allergy-caused athsma
rates were much lower in East Germany than in Western Germany where population lifestyles are far
more antiseptic.

One theory for the increase in athsma among children is that modern lifestyles are too antiseptic;
exposure to microbes forces children’s immune systems into maturity, which prevents histamatic
response to allergens - a form of autoimmune disorder.  In one study following 1,200 people for more
than two decades, Arizona Respiratory Center researchers found that those who attended day care as
children, or whose family owned a dog when they were growing up, tended to have less athsma than
others.  What dogs and day care have in common, says Wright, is exposure to bacteria, mostly from
feces.

On the environmental side, children and adults who have been frequently exposed to tobacco smoke and
to indoor allergens from cats, cockroaches, and household dust mites have more athsma than those who
haven’t (I think there is a strong association here with outdoors-oriented versus indoors-oriented play by
children).  The disease is more prevalent and more severe among poor people, and among those
dwelling in inner cities (whose living circumstances are more circumscribed towards indoor exposure to
decaying housing with cockroaches, etc.).  Stress, sedentary lifestyles and unhealthy diets are also
associated with increased athsma prevalence.

In February 2002, researchers from the University of Southern California published evidence linking
athsma with air pollution exposure.  The study followed more than 3,500 children from twelve
Southern California communities, six having smog with high ozone levels and six not.   Smog’s
primary ingredient is ozone, which forms when sunlight (heat) acts on nitrogen oxides and hydrocarbon
pollutants in the air.  None of the children had athsma when the study began; 265 were diagnosed with
it during a five-year study period.  Children who lived in high-ozone areas and were involved in several
team sports were three times more likely to develop athsma than sedentary children living in low-ozone
communities.  Children participating in three or more sports outdoors ventilate at high rates and are
therefore more exposed to air pollutants.

When diesel particulate levels in the air (fine and ultrafine particulates) go up, so do the number of
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asthmatics admitted to emergency rooms.  Andrew Saxon, chief of clinical immunology at the
University of California at Los Angeles, exposed volunteers to an allergen they could not encounter in
normal life, derived from a mollusk protein called KLH.  None of the subjects showed any sensitivity to
the protein when exposed to it alone.  When KLH was combined with diesel exhaust particles, subjects
developed an allergic response to the KLH.  In another study, Saxon combined known allergens with
diesel exhaust and exposed allergic subjects to the combination.  The combination produced a fivefold
increase in total allergic protein leels and a fiftyfold increase in allergic antibodies versus exposure to
the allergens alone.  The dosage of diesel particulates used was 0.3 milligrams, equivalent to two days’
exposure in Los Angeles.  Diesel soot is known to step up the body’s production of many of the
immune system cells and antibodies that drive allergies and athsma attacks, including Immunoglobin E
which is a hallmark of allergies and the TH1 immune system cell implicated in atopic athsma,
production of which suppresses the body’s ability to make other cells that work to prevent allergies.

Bisphenol A (BPA)

Bisphenol A is a compound in hard, clear polycarbonate plastics that mimics the effects of estrogen.  It
interferes with hormone levels and cell signaling systems, to which infants are most vulnerable.  In
August 2007, several dozen scientists issued a review of 700 studies on BPA warning that the levels
most people are exposed to put them at elevated risk of uterine fibroids, endometriosis, breast cancer,
decreased sperm counts, and prostate cancer.

“Plastic bottles and plates that are boiled or put in the microwave or dishwasher are especially
problematic because heating them repeatedly causes high amounts of BPA to leach out,” says Retha
Newbold, a developmental and reproductive biologist at the National Institute of Environmental Health
Sciences in Triangle Park, N.C.

Coal-Fired Power Plant Pollution

The European Union found that environmental and health costs associated with conventional energy and
not incorporated into energy prices equal an estimated 1-2 percent of EU gross domestic product.  This
analysis excludes costs associated with greenhouse-gas-induced climate change.

Particulates:  A 2002 study published in the Journal of the American Medical Association
determined that exposure to air pollution poses the same increased risk of dying from lung cancer and
heart disease as does living with a tobacco smoker.  A 2004 study by Abt Associates estimated that fine
particulate pollution from coal-fired power plants causes nearly 24,000 premature deaths annually in the
United States.  Exposure to particulates causes millions of workdays to be lost annually to pollution-
related illnesses such as athsma.  The Abt study estimated the outlay for medical expenses due to
pollution from coal-fired power plants is $160 billion per year.

Researchers at the Harvard University School of Public Health and Brigham and Women’s Hospital in
Boston found that each 1 microgram decrease in soot per cubic meter of air reduces by 3 percent the
U.S. death rates from cardiovascular disease, respiratory illness, and lung cancer; an extension of the
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lives of 75,000 citizens per year.  

Mercury: Coal-fired power plants are the nation’s largest human-caused point source of
mercury pollution, emitting an estimated 48 tons into the atmosphere each year as of 2006.  Coal-fired
power plants are estimated to be responsible for 42 percent of U.S. mercury emissions into the
atmosphere.

Studies show that one in six American women of childbearing age may have blood mercury
concentrations high enough to cause damage to a developing fetus.

A 2005 study by the Mount Sinai School of Medicine’s Center for Children’s Health and the
Environment estimated the cost of lost productivity to the U.S. economy due to mercury’s impact on
childrens’ brain development totaled $8.7 billion per year.

Chloroform

Dr. David Williams: “Chloroform exposure has been shown to practically double the risk of bladder
cancer.”  Chemists at the Virginia Polytechnic Institute checked levels of chloroform exposure from
showering or washing dishes with various antibacterial soaps.  Using triclosan-containing products
increased chloroform exposure to one’s airways and/or skin by as much as 40% over the allowable
concentration in tap water.  Chloroform is formed when chlorine reacts with organic material in water.

Mothers exposed to higher levels of chloroform in drinking water gave birth to babies with lower birth
weights and an increased number of birth defects, particularly congenital heart defects, than mothers
exposed to lower levels.  Anyone with a compromised immune system will be more susceptible to
health problems from chloroform exposure.  Running the bathroom exhaust fan while taking a shower
decreases chloroform inhalation by as much as 30 percent.

Deforestation

Researchers collected mosquitoes at 56 sites in states of deforestation along a new road that cuts
through the Amazon in northeastern Peru.  The scientists counted how often the insects landed on
humans at each site.  The bite rate from Peru’s main malaria-spreading mosquito, Anopheles darlingi,
was nearly 300 times greater in areas cleared for logging, ranching, and other human activities.  Senior
author of the study published in the January, 2006 issue of American Journal of Tropical Medicine and
Hygiene, was Jonathan Patz, a professor at the University of Wisconsin-Madison’s Nelson Institute for
Environmental Studies.

An independent study in Brazil’s Amazon in the February 14, 2006, Proceedings of the National
Academy of Sciences also found increased malaria risk from logging and other ecosystem changes, due
to creation of pools of standing water that are ideal egg-laying environments for A. Darlingi.  Once
agriculture or urban development are well-established, this breeding habitat declines and malaria
transmission rates fall.
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Since 1980, more than 50 million hectares of Amazon forest have been lost, an area roughly the size of
Thailand.

Duchess County, New York, is now home to the highest rate of Lyme disease among U.S. residents. 
Fragmentation of forest land has led to a decline in predators, which in turn has led to a population
boom in white-footed mice, which spread the Lyme disease spirochete via the ticks that feed off of
them.

In Malaysia, clearing forest for large-scale farming operations has caused the previously unknown
Nipah virus to emerge to kill hundreds of people.  The virus is carried by fruit bats.  In traditional
small-scale, scattered agriculture in and near the rain forest, there were not enough pigs to sustain an
epidemic of the virus.  In a farm with 30,000 pigs, there is enough density and number of hosts to
sustain a Nipah virus outbreak once the virus is introduced from fruit bat droppings.

Municipal Water Supply Contaminants

David Williams, M.D.:  “The list of contaminants in our drinking water that destroy the protective
bacterial flora in our gut and invade the body would fill this entire newsletter.  It’s absurd at this point,
but the official word still seems to be that the concentrations of these chemicals in our drinking water
are probably too low to be of any concern.  And no one even mentions the idea that a daily ‘cocktail’
containing dozens of these chemicals could be far more dangerous than just one single chemical on its
own.”

Most municipal water contains, in addition to residues of various pesticides, herbicides, toxic metals,
and industrial/household chemicals, synthetic chemicals from dozens of medications.  “All the blood
pressure, diabetes, antidepressant, hormone, and other medicines that pass through the urinary tracts of
your neighbors eventually end up in the water supply.  If that weren’t enough, consider all the chemicals
from shampoo, body cream, perfume, and household, pet, and toilet cleaners.”

Municipal water treatment plants are not equipped to deal with these thousands of chemicals.  Water
treatment technology eliminates suspended solids (e.g., silt) and sterilizes pathogens; it has no capacity
to reduce the levels of dissolved chemicals in the source water.

“The reproductive problems being seen in men, fish, and wildlife have already been directly linked to
one family of over 120 chemicals called pthalates.  These compounds are commonly used to make
plastics flexible, and at present US manufacturers aren’t required to list pthalates on product labels if
one is used as a component or ingredient.

Fears are that pthalates can now cause developmental problems as well as reproductive
difficulties.  It appears that the use of baby lotion, shampoo, and powder transfers the chemicals into a
baby’s system.  When soiled diapers of 163 infants ages 2 to 28 months were checked, all contained
traces of at least one pthalate, and 81 percent of the samples contained seven or more pthalates”
[Pediatrics online February 2008].
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“Parabens, another chemical family used as preservatives in cosmetics, are known hormone disrupters
and have strong links to breast cancer.”

Natural Gas Development and Delivery

Dr. Mary Bachran of the Endocrine Disruption Exchange evaluated the toxicity of 231 chemicals which
could be identified as used by the natural gas industry in drilling, facturing (“frac’ing”), and recovery of
natural gas.  The components of hundreds of the projects available to and used by the natural gas
production industry are not available to the public because they are “proprietary.”  The Canadian
government, for example, has identified 910 chemicals and products which are used in frac’ing in
Canadian natural gas production alone.

Typical drilling and stimulation activities use150,000 to 500,000 gallons or more of fluid at each
frac’ing.  What chemicals are in these inputs, at what concentrations, is unknown.  Thus, the evaluation
of some of the chemicals known to be used in natural gas production does not provide information
about combinations and permutations of chemical mixtures which may be in use, or the possible
aggregate exposure.

Industry claims that 70 percent of the material it injects underground is retrieved.  The fate of the
remaining 30 percent is unknown.  The recovered product is placed in surface holding pits, where the
fluid is allowed to evaporate.  The chemicals that can vaporize enter the air.  The condensed solid
residues in the pit are usually taken off-site and re-injected into the ground, possibly affecting aquifers. 
After development ceases on the well pad and the well goes into production, the evaporation pits with
their residues are bulldozed over.  Nobody knows if the buried chemicals stay in place or leach out into
groundwater over time.

Of the 231 Chemicals Used in Natural Gas Development which have been identified::
* 64% can cause skin/sensory organ toxicity
* 59% can cause respiratory problems
* 52% are gastro-intestinal/ liver toxicants
* 36% are neurotoxicants
* 30% are kidney toxicants
* 27% are cardio/vascular/blood toxicants
* 24% are carcinogens
* 24% are reproductive toxicants
* 24% are immune system toxicants
* 20% are developmental toxicants
* 20% are wildlife toxicants
* 15% are endocrine disruptors
* 12% cause mutations
* 11% result in other disorders

Of the 59 (25%) of the chemicals on the list that are soluble, or miscible:
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* 86% are skin and sensory organ toxicants
* 81% are respiratory toxicants
* 81% are gastro-intestinal/liver toxicants
* 53% are neurotoxicants
* 46% are cardiovascular toxicants
* 42% are kidney toxicants
* 39% are immune system toxicants
* 32% are wildlife toxicants
* 31% are reproductive toxicants
* 27% are developmental toxicants
* 25% result in other disorder
* 24% cause cancer
* 22% are endocrine disruptors
* 20% cause mutations

Of the 61 (26%) of the chemicals on the list that can vaporize:
* 82% are skin and sensory organ toxicants
* 75% are respiratory toxicants
* 75% are gastro-intestinal/liver toxicants
* 69% are neurotoxicants
* 54% are cardiovascular/blood toxicants
* 54% are kidney toxicants
* 44% are reproductive toxicants
* 43% are developmental toxicants
* 36% are carcinogens
* 33% are immune system toxicants
* 33% are wildlife toxicants
* 23% cause mutations
* 21% are endocrine disruptors
* 14% result in other disorders

Of the chemicals on the list, 7% are contained in specifically designated biocide products.

Many of the chemicals on this list have been tested for lethality and acute toxicity. The majority
have never been tested for low dose, long term effects that may not be expressed until long after
exposure. Nor have adequate ecological studies been done. For example, most of the chemicals
have not been tested for their effects on terrestrial wildlife or fish, birds, and invertebrates. It is
reasonable to assume that the health endpoints listed above could very well be seen in wildlife,
domestic animals, and pets.

The products labeled as biocides are among the most lethal in the spreadsheet, and with good
reason. Bacterial activity in well casings, pipes and joints can be highly corrosive, costly, and
dangerous. Nonetheless, when these products return to the surface through the retrieval process
they pose a significant danger to workers and those living near the well and evaporation ponds.
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The use of respirators, goggles and gloves is advised on many of the MSDSs for the products on
this list. This indicates serious, acute toxicity problems that are not being addressed in the
recovery process when the chemicals come back to the surface. It raises concern over possible
hazards posed to those living in proximity to well pads as the chemicals evaporate or penetrate
water and soil.

Paraben preservatives

Dr. Andrew Weil: “Preservatives called parabens are widely used in personal-care products and
cosmetics to prevent the growth of bacteria and mold.  They’re found in everything from toothpaste to
shaving creams to shampoos.  I’m concerned about their use because animal studies suggest they are
weakly estrogenic and have raised questions about the safety of propyl, butyl, ethyl, and methyl
parabens in topical items.  Research shows that trace amounts of them were present in breast-cancer
tissue and methylparaben may cause dermatitis.  Found in moisturizers and deodorants, methylparabens
have been linked to irritation - especially on skin with a cut or pimple.

Although parabens have long been used and the FDA considers them safe, I think they are
dangerous.  Many skin-care companies are now offering healthier alternatives such as sodium benzoate,
a fruit-derived preservative.  Most health-food stores carry paraben-free products.  For help finding
paraben-free merchandise, see <safecosmetics.org>.

Particulates

The June 2004 issue of National Journal contained a study done by Abt Associates using Environmental
Protection Agency data.  It concluded that air pollution from coal-fired power plants is responsible for
38,200 non-lethal heart attacks and 24,000 premature deaths each year, including 2,800 deaths due to
lung cancer.  The principal coal pollutants in air are particulates, sulfur dioxide, nitrogen oxides, and
mercury.

Researchers in Los Angeles found that, the more air pollution there is around your home, the thicker the
walls of your carotid arteries become.  (Circulation, 2005, 109:71-77).

Fine Particulates:  New England Journal of Medicine, February 1, 2007: Whenever the concentration
of fine particulate air pollution, typically from power plants and vehicle exhausts, increased by 10
micrograms per cubic meter of air, a woman’s risk of dying from heart disease rose by 76% and risk of
cardiovascular problems increased by 24%.

Researchers from Johns Hopkins Bloomberg School of Public Health assessed the relationship between
hospital admission records for more than 11 million Medicare patients with data on PM 2.5
concentrations (particulate matter less than 2.5 microns in diameter) collected by the EPA’s Aerometric
Information Retrieval Service between 1999 and 2002.  Results revealed a short-term increase in
hospital admissions for a variety of cardiovascular and respiratory problems (coronary heart disease,
heart failure, stroke, chronic obstructive pulmonary disease and respiratory infection) on days when
levels of PM 2.5 were elevated.  The most significant association was for heart failure. <airnow.gov>

The Renewable Deal – Edition 2  – April 2010 Page 387



lists the current air quality index information for towns and cities throughout the U.S. [Fine Particulate
Air Pollution and Hospital Admission for Cardiovascular and Respiratory Diseases.  Journal of the
American Medical Association, 295(10), 8 Mar 06]

Ultrafine Particulates:  Ultrafine particulates the size of viruses, 0.1 micrometer in diameter and
smaller, are ubiquitous near roadways and are emerging as one of the most dangerous components of air
pollution.  They tend to be rich in potentially toxic organic compounds and other reactive chemicals,
and because of their size can penetrate deep into the lungs and lodge there for long periods, and slip into
the bloodstream.

In 2007, a study of older women in the New England Journal of Medicine linked a 10-
microgram-per-cubic-meter increase in fine particulate pollution - approximately the difference
between Pittsburg and Anchorage - to a 76 percent increase in cardiovascular death rate.  UCLA
researchers found that mice exposed to ultrafine particles developed more atherosclerotic plaque faster
than mice breathing fine particulates (over 0.1 micrometer in diameter).  HDL cholesterol did not work
as well in the ultrafine-exposed animals [March 14, 2008 Circulation Research].  Recent Taiwanese
research found that inflammation, oxidative stress, and other cardiovascular warning signs are
detectable among urban teens breathing air polluted with ultrafines.

Diesel vehicles are potent sources of both fine and ultrafine particulates.  University of
Edinburgh researchers found that exercising men who inhaled fresh diesel fumes at levels that occur
near major roads experienced rapid reduction in blood flow to the heart and a one-third drop in a
protective protein that prevents clotting; the magnitude of the effect was equivalent to breathing second-
hand tobacco smoke.

Perchlorate

In an FDA study, 75% of nearly 300 commonly consumed foods and beverages were found to be
contaminated with perchlorate.  The FDA study also found perchlorate in the tap water of 28 U.S.
states.  Perchlorate got into the foods from contamination in irrigation water.

Massive release of ammonium perchlorate, a component of the Space Shuttle’s solid rocket booster
fuel, occurred in May, 1988.  After the Challenger disaster in 1986, the shuttle program was put on hold
but the manufacturer in Nevada kept making perchlorate.  They ran out of aluminum storage bins and
started using polyethylene drums.  Sparks from welding ignited one of the polyethylene drums and
started a fire that burned for weeks after a massive explosion that did $75 million in damage to
surrounding property.  Tons of perchlorate was vented into the atmosphere.

Perchlorate lowers women’s thyroid hormone levels.  Children around the age of two are particularly
vulnerable to perchlorate because their bodies are developing rapidly and they eat a large volume of
food relative to their size.  The FDA study found the average two-year-old in the U.S. is exposed to half
the EPA’s safe dose of perchlorate daily - and that’s from food alone.  If the tap water contains
perchlorate, the child ingests more than the safe limit daily.

Polybrominated diphenyl ethers (PBDEs)
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Dr. Weil: are used in mattresses and other household products to slow the spread of fire.  In animal
studies, the chemicals can cause thyroid changes, developmental problems, and cancer.  U.S.
production of two types of PBDEs ended in 2004, but another is stillused.  Trace amounts of PBDEs
have been found in human breast milk, blood, and body fat, but the effect of these on human health has
not been established.

Polychlorinated Biphenyls (PCBs)

The average American’s PCB load is 2 parts per billion.

Anniston, Alabama: Monsanto manufactured PCBs in west Anniston, dumping a reported 10 million
pounds of PCBs into landfills and 1.2 million pounds into streams.  In 1995, soil tests showed PCB
contamination in Anniston to be higher than ever before recorded.  Three out of the fifteen cases
worldwide of holoproscencephaly, a disease which prevents the brain from forming correctly, are in
Calhoun County, Alabama.  Some 3,600 local plaintiffs sued Monsanto in state court for damages to
their health.  In February 2002 the court found for the plaintiffs, awarding damages for the pollution of
Anniston’s land and water and poisoning its residents with PCBs.  The suit was won on the strength of
Monsanto’s internal memos, which showed it suspected PCBs were dangerous to people; 1938 studies
had shown PCBs were toxic to animals.

Diesel exhaust from moving goods

Ninety percent of international trade still moves by ship, as it has since the dawn of the Industrial
Revolution.  Freighters bypically burn “bunker fuel,” a form of low-grade diesel left over from the
refining of gasoline and terrestrial diesel fuel.  Literally the “bottom of the barrel,” bunker fuel has a
sulfur content 3,000 times higher than the fuel used in diesel trucks starting this January, 2007.  One
large freighter burning bunker fuel emits as much pollutants as 12,000 cars.  In port, a freighter
generally spends 3-4 days being unloaded and loaded, idling its auxilliary diesel engines (called
“hoteling”) the entire time.  The port of San Pedro Bay in California alone hosts 5,800 freighters a year,
not to mention all the tugs, barges, and service and passenger vessels associated with servicing them. 
Guess why diesel exhaust is responsible for 71% of the cancer risk from air pollution in the state of
California?  The California Air Resources Board calculated in a 2006 report that the number of
premature deaths attributable to the movement of goods is 2,400 statewide a year or six deaths a day.

94% of diesel exhaust consists of fine particulates.  In addition, diesel exhaust contains volatile organic
compounds like benzene and formaldehyde, as well as nitrogen oxides and sulfur dioxides, arsenic,
cadmium, dioxins, and mercury along with 40 carcinogens.

The Children’s Health Study, conducted by the Keck School of Medicine at the University of Southern
California, followed 1,800 children in 12 Southern California communities for eight years beginning in
1993.  It found that exposure to vehicle exhaust increases the risk for athsma and retards lung
development in children, perhaps permanently.  The worst outcomes were found in areas next to ports,
freeways, and rail yards.  Teenagers in diesel-polluted communities were five times as likely to have
clinically low lung function as those in low-pollution areas.
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There are 86 ports in the U.S.  Trucks hauling freight from them account for 40% of nitrogen oxides and
31% of the particulates at the ports.  Yard equipment and locomotives contribute their share.  Ports can
be cleaned up tremendously by requiring freight vessels to “cold iron:” shut down their engines and
plug into port electric power when in port; and equipping land-based and auxilliary vessel diesel
engines with particle filters and catalytic converters, and putting highway-standard diesel fuel in them. 
Currently the short-haul equipment used in ports is the dirtiest and oldest rolling stock available.

Red imported fire ants and pesticides

Red imported fire ants (RIFA) probably entered the country in cargo shipped through Mobile, Alabama. 
RIFA have a painful sting and produce mounds a foot high that can damage agricultural equipment. 
E.O. Wilson first observed a fire ant colony in 1942 at his home near the Mobile docks.  As the RIFA
spread, the Department of Agriculture embarked on a campaign to eradicate it in 1958, using the
pesticides dieldrin and heptachlor.  Dieldrin is several times more toxic than DDT.  It and heptachlor,
which is similar to chlordane, bioaccumulate in the food chain.  During the RIFA eradication effort,
more than a million acres across the country were sprayed.  The RIFA population fell at first, then
rebounded.  Bird populations crashed.  Opossums and raccoons disappeared.  Farmers in sprayed areas
reported young calves dying and hens stopping laying.

In Silent Spring, Rachel Carson called the attempt to wipe out the RIFA “an outstanding example of an
ill-conceived, badly executed, and thoroughly detrimental experiment in the mass control of insects, an
experiment so expensive in dollars, in destruction of animal life, and in loss of public confidence in the
Agriculture Department that it is incomprehensible that any funds should still be devoted to it.”  E.O.
Wilson called it the “Vietnam of Entomology.”

Small Gasoline Engine Emissions

EPA ADOPTS SMALL ENGINE EMISSION STANDARDS: Under the new rules, manufacturers of
lawn mowers and string trimmers must reduce product emissions by about 35%.  Boats and other
recreational watercraft will have to cut back overall emissions by 70% and carbon dioxide emissions by
20%.  For the first time, small gas engines will be required to use catalytic converters; cars have had to
use them since 1975.  The EPA estimates Americans spend 3 billion hours mowing their lawns every
year.  They estimate the new regulations will save American consumers between $1.6 and $4.4 billion
by 2030 in health-related costs and prevent more than 300 premature deaths, 1,700 hospitalizations, and
23,000 lost workdays annually.

Solastalgia

Solastalgia describes a palpable sense of dislocation and loss that people feel when they perceive
harmful changes to their local environment.  The neologism was coined in 2003 by Glenn Albrecht, an
“environmental philosopher” at the University of Newcastle’s School of Environmental and Life
Sciences in Australia.  Albrecht’s insight from his work with distraught communities adjacent to coal
strip mining in New South Wales’ Upper Hunter Region was that a wide variety of shifts in the health
of one’s landscape could diminish people’s mental health.  A new term was needed to connect the
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experience of ecosystem loss with mental health concerns.  Albrecht combined three Latin roots and
their ideas in the term “solastalgia:” the solace that one’s environment provides, the desolation caused
by that environment’s degradation or loss, and the pain or distress that occurs inside the person as a
result.  “Solastalgia: the distress caused by climate change” was published in the November 2007 issue
of Australian Psychiatry.

Albrecht says solastalgia describes the feelings of melancholia and homesickness which have been
recorded among Aboriginal peoples forcibly moved from their home territories by U.S., Canadian and
Australian governments in the nineteenth and twentieth centuries.  This, says Albrecht, is a
“psychoterratic illness,” the inducement of mental illness by the severing of “healthy” links between a
person and their home or territory.

Albrecht’s work was described by Clive Thompson in an issue of Wired in an article entitled, “Global
Mourning: How the next victim of climate change will be our minds.”  Thompson coined the term
“global mourning” to describe the potential impact of overwhelming environmental transformation
caused by climate change.  Thompson summed up what solastalgia might look like if it were to become
an epidemic of emotional and psychic instability causally linked to changing climates and ecosystems.

Albrecht points to the Inuit coining a new word, uggianaqtuq, which relates to climate change and
connotes the weather as a once reliable and trusted friend that is now acting strangely or unpredictably. 
The Portugese have the word saudade to describe the feeling one has for a loved one who is absent or
has disappeared.  He also points to the fact that until the mid-twentieth century, nostalgia was a
diagnosable psycho-physiological illness, applied to such cases as soldiers fighting in foreign lands
becoming so homesick and melancholic it could kill them.  Today, psychiatrists describe the condition
resulting from rapid and unwelcome severing from home as “Post Traumatic Stress Disorder.”  This
severing can result from warfare, or from a natural disaster such as Hurricane Katrina.  Albrecht says
that “Solastalgia on the other hand is most often the result of chronic environmental stress; it is the
lived experience of gradually losing the solace a once stable home environment provided.  It is therefore
appropriate to diagnose solastalgia in the face of slow and insidious forces such as climate change or
mining.”

Albrecht reports that Nick Higginbotham, a social psychologist colleague at Newcastle, as developed an
environmental distress scale that differentiates environmental stressors from other stressors in a
person’s life.

Interviewer Sanjay Khanna notes that “Some of the solastalgia symptoms you describe are similar to the
loss of cultural identity, including the loss of language and ancestral memory.  Loss of place seems an
extension of this new global experience of weakened cultural identities and Earth-based ethical
moorings.”  Albrecht replied, “I have written on this topic in a professional academic journal and
expressed the idea of having an Earth-based ethical framework that could contribute to maximizing the
creative potential of human cultural and technological complexity and diversity without destroying the
foundational complexity and diversity of natural systems in the process....I’ve suggested to my own
teenagers that what is happening [environmental changes] is unacceptable ethically and practically and
they should be in a state of advanced revolt about the whole deal.”  “As Herman Daly (the ecological
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economist) once said, you can have an economy that develops without growing.” “The next four years
are critical....I believe that we’re right at the leading edge of change research and we are very committed
to supporting the network of ecological and social relationships that promote human health.  There’s
hope in recognizing solastalgia and defeating it by creating ways to reconnect with our local
environment and communities.”

Trichloroethylene

Leaks from military bases into groundwater.

At Hill Air Force Base in Utah, engineers have discovered that they can grind up dummy bomb casings
into metal filings.  These are mixed with sand and put in place as a permeable barrier in the path of the
TCE plume.  The TCE passes through the barrier and reacts with iron filings to create a nontoxic
chemical that readily breaks down [Hilltop Times November 2007].

Uranium, Depleted

“Depleted uranium” is the U-238 left over after the fissionable U-236 fraction of uranium ore is
extracted during the uranium enrichment process.  Bullets and shells made of depleted uranium (DU)
are 1.7 times denser than lead, and actually become sharper as they bore through armor plating.  In
Operation Desert Storm, the 1991 Persian Gulf War, ammunition tipped with DU became the weapon
of choice against enemy armor.  In the Gulf War, more than 860,000 rounds of DU-tipped ammunition
were fired, amounting to about 320 tons.  In the Iraqi invasion, British and U.S. troops fired 1,000 to
2,000 tons of DU munitions from Abrams tanks, Apache attack helicopters, A-10 tank-buster planes,
and other war machines.  DU weapons were also used extensively in Bosnia, Kosovo, and Afghanistan.

A growing body of evidence indicates that DU weapons remain deadly long after the conflict stops.  On
impact, DU munitions produce a quick-burning, finely grained powder that can enter the body through
shrapnel wounds or inhalation.  In April, 2003, the Royal Society, Britain’s premier scientific
institution, found that soldiers from conflicts in which DU weapons were used may suffer from “kidney
damage and an increased risk of lung cancer.”  The Society warned that children that play on former
battlefields where DU weapons were fired are particularly at risk of adverse health effects.  The Royal
Society findings prompted the British government to offer urine tests to its veterans returning from Iraq
to check for DU levels.

In 2003 the U.N. Environment Programme recommended that DU’s effects be studied in Iraq as soon as
possible.  Also in 2003 seven members of the U.S. Congress introduced a bill mandating the study of
DU’s environmental and health effects wherever the substance has been deployed by the U.S. military,
but the bill died.

Vinyl (Polyvinyl Chloride)

U.S. and Canadian PVC resin production rose 8.7 percent in 2004, according to the American Plastics
Council.  Paul W. McRandle, Senior Research Editor of The Green Guide, wrote a review of PVC in
the March/April 2006 World Watch:
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“In the United States, some 250,500 tons of PVC is burned in municipal incinerators each year,
releaseing dioxin into the air and into the groundwater near landfills where the ash is buried.  Dioxins
attach to fat and bio-accumulate in the body, particularly in women’s breast milk.  When fed to nursing
infants, they can pose developmental and cancer risks.  A Dutch study found that children with higher
levels of prenatal dioxin exposure had more ear infections and a reduced response to vaccination.  In
rhesus monkeys, dioxins have been linked to endometriosis, a painful uterine condition.

If that weren’t bad enough, many PVC products contain phthalate plasticizers and lead
stabilizers that make them even more toxic, not to mention difficult to recycle.  A 2003 study of 120
Massachusetts homes by the Silent Spring Institute found that phthalates - in particular di(2-ethylhexyl)
phthalate (DHEP) and butyl benzyl phthalate (BBP) - were the most abundant hormone-disrupting
compounds in household dust.  BBP, used to soften vinyl tiles and children’s toys, has been shown to
harm mouse embryos and, according to the U.S. Centers for Disease Control, is found in higher levels
in children than any other age group.  In July 2005, the European Union banned BBP, DEHP, and DBP
(dibutyl phthalate) from toys and restricted the use of three other phthalates in children’s products.  A
month later, vinyl made U.S. headlines when the Center for Environmental Health reported that 17 of
150 soft plastic lunchboxes tested had lead levels surpassing federal safety standards...”

“In the United States, PVC piping makes up about 40 percent of the vinyl industry, followed by
vinyl siding, windows, cables, flooring, wall covering and roofing.  Vinyl is a common ingredient in
film and sheet packaging, while the auto industry is using more PVC than a decade ago.”

For vinyl handbag alternatives, McRandle recommends Global Exchange’s hemp handbag or
Green Earth Office Supply’s recycled rubber messenger bag.  For flooring, natural linoleum made from
linseed oil and recycled tile are effective alternatives to vinyl.

Wines, Pesticide Residues in

The Pesticide Action Nework-Europe conducted a study of pesticide residues in European wine and
found that on average a conventional bottle of wine contains four pesticides.  One bottle contained
residues of ten pesticides, and all bottles tested contained at least one pesticide residue.  Organic wines
tested all contained no pesticides above the threshold of detection, except for one bottle that had one
detectable pesticide residue.  A 14-year study conducted by the French Ministry of Agriculture found
that pesticides are not fully removed during the wine-making process.  These studies were reported by
California Certified Organic Farmers in their Summer 2008 magazine.
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Plank 7: Ecological Economics

Plank 7: Base all governmental economic policy and measures on the discipline of “ecological
economics”

Chapter 1: Attaining and Measuring Sustainability Through Ecological Economics

(Revised 17 Feb 10)

Plank Seven: Base all governmental economic policy and measures on the discipline of “ecological
economics” in order to identify and measure progress towards sustainable solutions to attaining real
community prosperity and quality of life.

The mneumonic for threat to ecosystem integrity, alias biodiversity, is HIPPO: Habitat Destruction,
Invasive Species, Pollution, Population, Overharvesting.  As Biologist E.O. Wilson wrote in The
Future of Life, 2002: “The prime mover of the incursive forces around the world is the second P in
HIPPO - too many people consuming too much of the land and sea space and the resources they
contain.”  Ecological economics as a discipline seeks to account for and bring into sustainable balance
the threats to ecosystem integrity represented in the HIPPO formula.

Ecological Economics

Herman Daly founded the discipline of ecological economics and coined the term, “steady-state
economics.”  He describes his economic theory in several books: Valuing the Earth, Steady State
Economics, Beyond Growth, with John Cobb, Jr., For the Common Good, and with Joshua Farley in
2004, Ecological Economics: Principles and Applications..

Ecological economics views the human economy as a subset of the larger world ecosystem.  It deals
with three fundamental economic problems: allocation, distribution, and scale.  Neoclassical economics
deals primarily with allocation, somewhat with distribution, and not at all with scale.

Allocation deals with how resources are apportioned to produce different products and services.  The
measure of good allocation is efficiency.  Are the products and services what people want and are
willing to pay for?  Distribution is a measure of how these goods and services are apportioned among
consumers: how many of the products and services go to me, you, or someone else?  The measure of
distribution is justice: is it fair?  Scale deals with how big the human economy is relative to the total
system it is part of.  The measure of scale is sustainability.  Does the scale of the economy impose on
the larger ecosystem a “through-put” or depletion greater than can be regenerated?  A sustainable
economy requires that throughput be “within the regenerative and absorptive capacities of the
ecosystem.”

In economics, “optimal scale” of operations is that at which marginal revenue equals marginal cost - the
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addition to the enterprise’s revenue from the last unit of output produced and sold equals the addition to
cost.  In ecological economics, the economy’s optimal scale is the output level at which marginal gain
from growth (additional utility from manmade capital stock) equals the marginal cost of growth (lost
services from natural capital, pollution, resource depletion, lost carrying capacity due to environmental
degradation, etc.).  Ecological economics evaluates the point at which human economic growth
generates more costs than benefits within its context as a subset of the planetary ecosystem.

Acknowledging the value of liberty, the difficulty and undesirability of micromanagement, and the
market’s effectiveness at resource allocation, Daly advocates that a steady-state economy should rely as
much as possible on macro-level social controls and preserve the maximum possible individual
freedom.  He notes that, the greater the strain on ecosystem resources, the greater the need for intrusive
micromanagement.  He observes that natural and man-made capital are complements, not substitutes:
they must be used together in proportion.  Adding more of one does not compensate for the loss of the
other.

The recent Millennium Ecosystem Assessment, prepared over four years by 1,300 scientists in 95
countries, concludes that humans have changed ecosystems more profoundly in the past 50 years than at
any previous time, but argues that governments and businesses can reverse the trend with policies that
fully value ecosystem services.  The Assessment calls for employing market mechanisms from
ecological economics so nature’s services won’t be seen as “free and limitless.” For example, Dr. Bill
Chameides observes: “The services a forest provides in clean water, watershed management and carbon
storage are worth much more than its lumber.  Yet we cut down our forests for timber, it’s often a poor
economic choice.”  Observing different timber-management practices among nations, it appears that
valuing the watershed and carbon sequestration services of a forest in economic analysis would
economically justify techniques  which do not compromise these values, e.g., low-impact selective
harvest technics like those used in Czechoslovakia and active, consistent vegetative management
techniques such as tree planting, mortality monitoring, thinning, and restoration of natural fire regimes. 
Such techniques would be practiced within the conceptual framework of Plank Five, restoring and
maintaining ecological integrity in the forest ecosystem, but would be evaluated as to their
“profitability” to the human economy under Plank Seven.

Disproportionality between economic benefit and economic harm: Much or most environmental
harm from human economic activity comes from a surprisingly tiny fraction of all economic activity.

Robert Ayers 1993 analysis: Physicist-economist Robert Ayers added up all the numbers on
resource use in the U.S. economy of 1993, when U.S. workers made a larger fraction of the goods that
U.S. consumers bought than was the case in the first decade of the 21  century.st

Excluding water, the total inputs to the U.S. economy in 1993 amounted to roughly 20.8 billion tons of
raw materials.  The outputs of the economy, on the other hand, included only 508 million metric tons
which included 200 million tons each of exports and of food.  The total output of what we would think
of as consumer products, from office paper through kitchen appliances, totaled only 100 million metric
tons.  The U.S. economy also produced 2.8 billion tons of durable goods from that input of raw
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materials, such as factory machinery, refrigerators, and new construction of homes, commercial
buildings, and transportation infrastructure like roads and highways.  18 billion tons or so of the 20.8
billion tons of raw material input, or about 90 percent, got turned into wastes or emissions.

Consequently, if consumers recycled one hundred percent of all consumer goods they purchased, they
would be recycling only 100 million tons or less than one percent of the 20.8 billion tons of raw
materials actually consumed by the U.S. economy.

The current American technology which makes one kilogram of consumer and durable goods out of
natural resources produces 90 kilograms of waste.  That waste represents lost resource value, as well as
a liability for handling and disposal.  Ecological economics demands that one include the losses and
liabilities represented by waste in the cost attributed to consumer and durable goods produced from
natural resources.  Having market cost signals tell the ecological truth about goods motivates industry to
lower that cost through more efficient conversion of natural resources into salable goods, because the
most efficient producer can offer the consumer or durable good produced at the most competitive price
to the buyer.

Disproportionality of toxic emissions by industry versus national economic contribution: Over
half the toxic emissions from the whole U.S. economy come from facilities that produce well under 5
percent of our economic output.  Getting the most heavily-polluting ten percent of the industries in each
sector to reduce their emissions to the median level for the sector would reduce total toxic risks from
the entire industry by 97 percent.

1.  Mining: accounted for 83 percent of all on-site toxic releases in the U.S.  in 2000. 
Mining accounted for 0.86 percent of all U.S. income in 2000.  And less than 1/1000th of one percent
of U.S. jobs.

2.  Chemicals and primary metals: accounted for 60 percent of the 17 percent of on-site
toxic releases not accounted for by mining.  In 1993, the two sectors jointly account for less than
5 percent of U.S. GDP, and employ 1.4 percent of the U.S. workforce.

The primary metals sector includes seven industries.  The “primary nonferrous metals” industry
- metals that do not include iron - are responsible for more than half of the toxic emissions from
the primary metals sector as a whole.  Of the 62 facilities in the primary nonferrous metals
category reporting their emissions to the EPA in 1993, 61 accounted for 5 percent of total
emissions and one, the Magnesium Corporation of America in Rowley, Utah, accounted for 95
percent.

Disproportionality of natural resource use versus national economic contribution:  

1.  Water: In practically every western state, 80 percent of all water diverted from surface
or underground sources is used by agriculture, which generally accounts for 2-3 percent of
Western states’ total GDP (California is higher).  The largest use of water in California
agriculture is not for irrigation of high-value crops such as almonds, vegetables, or wine grapes. 
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It is used for irrigating forage crops such as alfalfa which are fed to livestock.  Thus, Cornell
University researcher David Pimentel calculates that grain-finished beef production takes
100,000 liters of water for every kilogram of beef produced; or 3,000 gallons embedded in a
quarter pound hamburger patty, not counting any water used to produce the lettuce or the grain
in the bun.

Energy Economics:

Example one: Petroleum.  Petroleum dominates the energy economy, as especially the
transportation sector which is 95 percent dependent on petroleum in the U.S., because no other fuel
offers the same combination of massive energy density and ease of handling.  Author Richard Heinberg
has observed that enough energy is contained in a single gallon of gasoline to replace 240 hours of
human labor.  Historically, oil producers burned the energy equivalent of one gallon of oil to produce
20.  Now that we are past the Hubbert Peak of world oil production, this energy return will drop as
more energy investment is required per barrel of oil produced to extract oil from deep or remote
locations, refine more difficult petroleum fractions which are neither “light” (low viscosity) nor “sweet”
(low sulfur), and transport it further distances from source to refinery to market.

Example two: Hydrogen.  Currently hydrogen is tricky to separate and handle, so that, by one
study, a gallon of hydrogen contains 25 percent less energy than was required to produce it.  Production
of hydrogen as a transportable fuel for traction only makes energy-economic sense if the hydrolysis of
water into oxygen and hydrogen through application of direct electric current to water uses electricity
generated from sun or wind.  If the choice is between shutting down a wind turbine whose output is
currently not needed by the electrical grid to which it is connected, or using its output to hydrolyze
water into hydrogen, then there is no “waste” of energy by capturing 75 percent of the wind turbine’s
output in the form of stored hydrogen, rather than turning the turbine off and not producing the energy
at all.

Similarly, at a concentrating solar plant with compressed-air storage for night-time power generation
through the plant’s turbines, supplemental combustion fuel is needed to complement the compressed
air’s energy to maintain turbine speeds during night operation.  If methane that has a lower embedded-
energy cost is not available to serve as this combustion gas, then the solar plant can use part of its
electricity output to hydrolyze water into hydrogen gas which can be burned to supplement compressed
air for night generation.  Surplus heat energy generated from concentrated solar energy on the fluid
medium used to drive the turbines at the concentrating solar electrical plant has to be designed into the
facility to power the compression of air for night generation.  Surplus electrical output can be designed
into the plant to generate hydrogen as well.  This extra capital investment in production capacity
becomes an amortized “cost” overhead item for the plant’s production of electricity at night. 

Example three: making investment decisions based on life-cycle cost, not acquisition price of
capital assets:  As an example of the - perhaps excessive - conservatism of the International Panel on
Climate Change’s (IPCC) assessments, there is a built-in assumption in all the IPCC’s variant scenarios
that greater energy efficiency will be an automatic byproduct of future economic development.  The
IPCC assumes that at least 60 percent of future carbon reduction will occur independently of
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greenhouse gas mitigation measures due to future energy technology applications being more efficient
than current ones.  The Kyoto-type accords and carbon market proposals are designed to bridge the
shortfall between this assumed spontaneous decarbonization of human technology and the emissions
targets required by each IPCC scenario.  This IPCC assumption that decarbonization will occur due to
ever-increasing adoption of energy efficiency rests in turn on the premise that humankind will make
rational choices about investment in energy technology based on life-cycle total cost, not on the “sticker
price” of acquisition, e.g., that investors will reliably choose to spend 20 percent more to build a
building with a 20-year life amortization where the extra 20 percent purchase price is recovered in ten
years of building operation from energy savings, leaving the owners financially ahead for the next ten
years of building operation.

This assumption is not likely to be realized unless government and financial institutions require life-
cycle analysis for all development projects: an application of ecological economics principles.  If the
“low bid” for any capital project is defined as the lowest lifetime cumulative cost for the capital item for
which the bids are solicited, then the IPCC’s assumption can be realized.  Instituting this change, which
I deem as highly desirable, would require a fundamental change in financing models currently in use by
both private and public sectors in the United States.  For example, a homeowner’s ability to pay a
housing payment on a house being acquired with a mortgage loan would have to take into account the
utility costs the homeowner has to pay as well as the interest and principal payments on the acquisition
loan during the term of the loan.

Sustainability

“Sustainable” is defined in the dictionary as “that which can be sustained over time.”

The 1987 Brundtland Report of the World Commission on Environment and Development was the first
to use the term “sustainable development,” defining the term as: “...meets the needs of the present
generation without compromising the ability of future generations to meet their own needs.”

In 1989 Swedish oncologist Dr. Karl-Henrik Robèrt formulated four conditions for sustainability in his
The Natural Step:

1.  “In order for a society to be sustainable, nature’s functions and diversity are not
systematically subject to increasing concentrations of substance extracted from the earth’s crust.

2.  In order for a society to be sustainable, nature’s functions and diversity are not systematically
subject to increasing quantities of substances produced by society.

3.  In order for a society to be sustainable, nature’s functions and diversity are not systematically
impoverished by physical displacement, over-harvesting, or other forms of ecosystem manipulation.

4.  In a sustainable society, people are not subject to conditions that systematically undermine
their capacity to meet their needs.”
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In 1992, Canadian ecologist William Rees introduced the concept of the “ecological footprint” - the
amount of land and water needed by a population to support itself and absorb its wastes, given
prevailing technology.  The Footprint Network calculates the current world population’s footprint is 23
percent larger than what the planet can regenerate.

In 2008 in Peak Everything: Waking Up to the Century of Declines, Richard Heinberg synthesizes all
previous efforts to describe the principles of sustainability into “Five Axioms of Sustainability.”

1.  Tainter’s axiom: Any society that continues to use critical resources unsustainably will
collapse.  Exception: a society can avoid collapse by finding replacement resources; these replacement
resources are finite.  The axiom is named after Joseph Tainter, author of The Collapse of Complex
Societies.  Tainter described “collapse” as a reduction in social complexity: population size drops, as
does technological sophistication, consumption rates per capita, and the diversity of specialized social
roles in the culture.  The critical resources which must be maintained to prevent societal collapse are
food, energy, and water.

2.  Bartlett’s axiom: Population growth and/or growth in the rates of consumption of resources
cannot be sustained.  The axiom is named after Albert A. Bartlett.

3.  To be sustainable, the use of renewable resources must proceed at a rate that is less than or
equal to the rate of natural replenishment.

4.  To be sustainable, the use of non-renewable resources must proceed at a rate that is
declining, and the rate of decline must be greater than or equal to the rate of depletion.

5.  Sustainability requires that substances introduced into the environment from human activities
be minimized and rendered harmless to biosphere functions.  In cases where pollution from the
extraction and consumption of non-renewable resources that have proceeded at expanding rates for
some time threatens the viability of ecosystems, reduction in the rates of extraction and consumption of
these resources may need to occur at a rate greater than the rate of depletion.

Measuring Progress Towards Economic Sustainability

Hayrettin Karaca, cofounder of TEMA, Turkey’s largest environmental organization, argues that “As
we consume the Earth’s natural resources, we need to realize we consume our future lives too....We
must be able to see that eco-logy comes before eco-nomy, as logic comes before nomos (meaning rules
in ancient Greek).  Hence I cannot help thinking how foolish we are in setting economic ‘growth’
targets for each year that comes by.  No one asks at what price that economic growth can be achieved. 
Should growth - sounds to me nearly like greed - be the correct aim in saving our suffering planet or is
it the very reason for its suffering?  And is it the only measure for humankind’s well-being?”

Thinking about the purpose of our social arrangements goes back at least to Aristotle.  The full
development of human beings as the end of all our economic activities was a recurring theme in the
writings of most philosophers from the ancient Greeks to David Hume, Immanuel Kant, and John
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Stewart Mill, and of such political economists as Adam Smith, Karl Marx, Alfred Marshall, and John
Maynard Keynes.

In the 1950's, economic growth was emphasized as the key to poverty eradication.  In 1955 the Nobel
Prize-winning West Indian economist Arthur Lewis defined the purpose of economic development as
widening “the range of human choice.,” exactly has the Human Development Reports since 1990 have
done.  Economic growth per se was seen as the means of expanding the range of human choice and thus
promoting the full development of human beings.

Three justifications were given for the emphasis on economic growth as the principal performance test
of a civilization’s progress towards meeting the human development needs of its citizenry:

The first justification assumes that through market forces - the rising demand for labor, rising
productivity, rising wages resulting from labor demand and rising productivity, and the consequent
lower cost of goods available for purchase by the public - economic growth would spread its benefits
widely and speedily.  This is the underlying premise to “free marketeers” reasoning that the invisible
hand of a free market will best serve the interests of all citizens. Skeptics rejoined that under certain
conditions - increasing returns, restrictions to entry, monopoly power, unequal initial distribution of
income and assets - the benefits of economic growth accrue to those who already have advantages, and
thus tends to concentrate income and wealth in the hands of a few. 

The second justification is based on the premise that governments are concerned with the fate of
the poor.  Therefore through such mechanisms as progressive income taxation, social services, and
other government interventions, governments will act to spread the benefits of economic growth
downwards.  The reduction of poverty would not be automatic, as in the first assumption above, but
would instead result from governments taking action to correct situations where market forces by
themselves concentrated benefits in the hands of an economic elite.  In this justification we see the roots
of Franklin Delano Roosevelt’s “New Deal” policies.

The third justification holds that the fate of the poor should not be a concern in the early stages
of economic development.  Instead, emphasis should be on building up capital, infrastructure, and thus
productive capacity of an economy, so that it can be used to improve the lot of the poor later.  The rich
receiving most of the benefits of economic growth is justified if they are incentivized to innovate, to
save, and to accumulate capital which is invested in means of production.  Classical and neoclassical
economists all agreed on this justification: inequalities are justified if they are a necessary condition for
improving the lot of the poor.  Here we see the origins of the “trickle down” theory of economics
promoted by the Republican party since the advent of the Reagan administration.  Acceptance of the
third justification was promoted by the Kuznets curve, named after Nobel Laureate Simon Kuznets,
which relates average income to an index of equality and suggests that early stages of growth in an
economy are accompanied by growing income inequality among its citizens.  Only when an income per
capita of $1,000 in 1979 dollars is achieved is further economic growth associated with decreased
income inequality.

None of the assumptions underlying these three justifications has turned out to be universally true. 
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Except in countries with special conditions such as radical land reforms or heavy emphasis on mass
education and public health measures, there is no automatic tendency for increasing incomes to be
spread widely.  Governments often did not take corrective action to reduce poverty through income
redistribution, often because governments are often formed of people with close links with the
beneficiaries of concentrated growth.  A period of mass poverty is not needed to accumulate savings,
improve investments, and increase economic productivity: small farmers save at least as high a
proportion of their incomes as big landowners; small farms are more productive in yield and
profitability per acre; entrepreneurial talent is widespread in societies and not confined to big firms; and
some forms of consumption by the poor are not only desirable in themselves but increase productivity.

“Money, once no more than an expression of value - a kind of lingua franca in which commodity could
speak unto commodity - becomes value itself.”  -Karl Marx, Das Kapital

The measure of economic productivity which was adopted based on these justifications was the Gross
National Product (GNP).  The GNP measures the cumulative dollar value of all sales of goods and
services occurring in the nation in a given period of time.  There are numerous problems with what the
GNP does not take into account:

(1) It does not measure employment or income distribution, and is thus blind to social issues of
equality/inequality and justice.  Freedom, human rights, and participation are ignored.  It would be
perfectly possible to generate a high GDP score for a well-managed prison which forced its prisoners to
engage in slave labor.

(2) It puts no value on goods and services that are not sold in the marketplace, e.g., the services
of family members as caregivers, any civic improvements performed by volunteers,  subsistence
farming and the value of goods and services exchanged through a barter economy.  The enjoyment
people derive from interaction with unspoiled nature; satisfaction from work and participatory political
engagement; the sense of community, brotherhood and sisterhood that grows out of social activities; the
freedom, peace, and security that are common in a well-run society - these are not valued in dollars and
cents on the market and therefore ignored.  In Marxian economic terms, the GDP measures “exchange
value,” not “use value” of a good or service.  The Marxist critique of our consumerist culture is that the
value of products consists to a large extent of the labor embedded in producing the product, which is a
human value connected to the interdependent human community.  The current market, and the GDP
which measures total cash transactions within that market, turns all products into things denominated by
money as the sole measure of their value to the human community.

(3) It counts as economic production anything which involves an exchange of money.  Thus, the
expenditure of federal and private insurance and other private funds on disaster clean-ups and
reconstruction adds to GNP, even as the event decimates normal economic productive activity, tax
revenues, and the value of capital infrastructure.  The production of a million dollars worth of
armaments counts the same as the production of a million dollars worth of farm implements or machine
tools.  The production of whiskey sold to rich men is valued more than the production of milk
distributed to poor children.  Products needed to combat “bads” are not distinguished from goods and
services which promote “good.”  Addictive eating and drinking are counted twice: when the food and
alcohol are consumed, and when large sums are spent on the diet and health industry and rehabilitative
services.  Much of what is now counted in the GDP as economic growth is really combatting evils,
fixing blunders and social decay from the past, borrowing resources from the future, or shifting
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functions from the community and household to the market.
(4) Public services are counted at their cost.  Doubling the wages of all public servants appears

to double their contribution to development of the economy.
(5) There is no accounting made by the GNP for the depreciation of assets resulting from

money-denominated transactions.  In business accounting, companies are required by accounting
standards to reduce gross profits by the value of the depreciation or depletion of their asset base
resulting from the production of goods sold.  Instead, environmental degradation, pollution, and
resource depletion are not deducted, so that the earth is treated like a “business in liquidation.”

In April, 1968, Presidential candidate Robert Kennedy decried the GNP.  In his speech he observed that,
if we judged our country’s worth by the Gross National Product, it would include the cost of the locks
on the jails, the “television programs that glorify violence,” our air pollution and health care costs, the
price of a nuclear warhead, “and the loss of our natural wonder in chaotic sprawl.”  What the GNP does
not reflect, Kennedy said, is the “health of our children...or the joy of their play...or the beauty of our
poetry.”  “It [GNP] measures neither our wit nor our courage; neither our wisdom nor our learning,
neither our compassion nor our devotion to country; it measures everything, in short, except that which
makes life worthwhile.  It can tell us everything about America except why we are proud we are
Americans.”

Herman Daly’s “Man of the Year” 2009 article in Adbusters delivers this critique of the GDP as a
measure of societal well-being: “Regardless of whether it will be hard or easy, we have to attempt a
steady state economy because we cannot continue growing, and in fact so-called ‘economic’ growth
already has become uneconomic.  The growth economy is failing.  In other words, the quantitative
expansion of the economic subsystem increases environmental and social costs faster than production
benefits, making us poorer not richer, at least in high-consumption countries.  Given the laws of
diminishing marginal utility and increasing marginal costs, this should not have been unexpected.  And
even new technology sometimes makes it worse.  For example, tetraethyl lead provided the benefit of
reducing engine knock, but at the cost of spreading a toxic heavy metal into the biosphere;
chlorofluorocarbons gae us the benefit of a nontoxic propellant and refrigerant, but at the cost of
creating a hole in the ozone layer and a resulting increase in ultraviolet radiation.  It is hard to know for
sure that growth now increases costs faster than benefits since we do not bother to separate costs from
benefits in our national accounts.  Instead we lump them together as ‘activity’ in the calculation of
Gross National Product (GDP).

Ecological economists have offered empirical evidence that growth is already uneconomic in high-
consumption countries.  Since neoclassical economists are unable to demonstrate that growth, either in
throughput or GDP, is currently making us better off than worse off, it is blind arrogance on their part
to continue preaching aggregate growth as the solution to our problems.  Yes, most of our problems
(poverty, unemployment, environmental degradation) would be easier to solve if we were richer - that is
not the issue.  The issue is: Does growth in GDP any longer really make us richer?  Or is it now making
us poorer?”

Measuring Labor Utilization:  Since 1969 the International Labor Organization has attempted under
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the World Employment Programme to promote jobs in developing countries, and those concerned with
jobs and justice have endeavored to come up with a measure which would “dethrone GNP” by taking 
employment, income inequality, and economic productivity into account.

“Employment” and “unemployment” turn out to make sense only in an industrialized society where
there are employment exchanges, organized and informed labor markets, and social security benefits for
the unemployed who are trained workers, willing and able to work, but temporarily without a job.  In
poorer developing countries, most of the labor pool is involved in livelihood work, not wage
employment.

Nobel Laureate Gunnar Myrdal tried to replace the concept of “employment” with the concept of “labor
utilization,” which has numerous dimensions that can be applied to self-employed subsistence farmers,
artisans, and women in societies without organized labor markets.  From this viewpoint, the root of
poverty turns out to be, not “unemployment” as in being idle, but low-productivity employment -
working very hard for long hours in unremunerative, unproductive forms of economic activity. 
Economists working on the concept of measuring labor utilization discovered that not only labor but
capital is grossly underutilized in many developing countries.  In these circumstances, lack of capital is
not the problem and any economic policies directed at increasing accumulation of capital will be
irrelevant to reducing poverty through increasing labor utilization in the society.

The causes of low labor utilization can be classified under four headings:

(1) Nutrition, health and education are important preconditions for fuller labor utilization. 
Better nutrition, health, education and training can be very productive forms of investment in human
capital.

(2) Attitudes make a difference in the kinds of jobs people will accept.  In many societies
manual or rural work is held in contempt among those with some education.  In Sri Lanka, a large part
of unemployment is the result of high aspirations of the educated who are not longer willing to accept
“dirty” manual jobs.  In Africa those with primary education wish to leave the land and become clerks
in government offices.

(3) Institutional problems: the absence or weakness of institutions such as labor exchanges,
credit facilities, marketing organizations, centers of information, and a system of land ownership or
tenancy that provides incentives and ability to till the soil.

(4) Bad national economic policies: e.g., labor in the organized sector is over-priced, capital is
under-priced, food bought from small growers is under-priced, the exchange rate is over-valued making
labor-intensive exports difficult.

The “basic needs” approach to measuring social welfare: As we have seen, development thinking
started with the GNP measure of economic growth, then turned to employment/labor utilization.  The
discussion then narrowed down to specific groups of “unemployed,” e.g., recent migrants to cities,
landless laborers, small-scale farmers without a secure water supply, etc.  The discussion then evolved
to identify deprived groups of individuals and families - women, children under five, the elderly, youth
with specific needs, ethnic groups suffering discrimination, and communities isolated from the
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economic life of a country.  As the discussion shifted, economic growth became no longer the ultimate
objective of economic development, but an incidental result of aiming at the right composition,
distribution, and use of production.

The basic needs approach appealed to members of national and international aid-giving institutions and
was therefore capable of mobilizing resources.  The objectives of development under this approach is to
achieve sustainable growth of consumption with equity of access across income groups to the goods
and services consumed.  Achievement of equity across the board is not something that can be achieved
at once; some groups or regions may have to be favored for a time as part of a strategy to lift all out of
poverty.  However, inequality can be a source of hope if those left behind rightly understand that they
will be able to catch up with those ahead and grasp the opportunities to advance by their own efforts. 
The practical conception of social equality is that people believe that they receive equal consideration
from society and so have a stake in it.  Equality of freedom to choose is particularly desirable.

Basic needs comprise more than economic benefits.  We have basic needs for security and stability:
economic, political, and legal.  As a first approximation of movement towards meeting basic needs, the
basic needs theorists set an objective of productive, renumerative, sustainable, stable and equitable
growth of consumption.  In practice, this approach to aid delivery tended to devolve into a “count, cost,
and deliver”approach: count the poor, cost the bundle of basic commodities to be delivered, and then
deliver the bundle to the “target groups” which become objectified rather than being regarded as active
agents.  This paternalism neglected opening up opportunities for the poor: access to jobs, income,
assets, credit, and power.  Instead, what was quantified was the number of calories or yards of cloth
delivered to the “target group.”

The 1980's were a time of turmoil.  Several authors proposed a variety of “new growth theories.”  What
evolved was an understanding that the long-term growth rate of an economy is not determined by the
exogenous rate of technical progress, but by the behavior of the people responsible for the accumulation
of productive factors and knowledge - the “endogenous” behavior of people explains economic growth,
not technological progress that comes from outside the economic system.  Better-educated people are
more likely to innovate and to be more efficient in general.  This underscored that investing in human
capital can overcome the diminishing returns of investing in physical capital.

Economists then realized that the external benefits of education, research and development, and
knowledge cause private agents to tend to under-invest in them.  Thus public subsidies are necessary to
ensure adequate investment in education, research and development, and the expansion of knowledge.

In the 1980s Amartya Sen proposed an alternative approach to utility and “welfarism,” expanding and
deepening the basic needs approach.  Sen argues that people value commodities for their characteristics
and the needs they meet.  The results of consuming commodities depend on the characteristics of the
consumer and the society of which he or she is a member.  The freedom to choose is important to
individual well-being.  Thus, the standard of living of an individual must be judged by the person’s
“capability” to lead the life he or she values, from being well-fed and healthy to achieving self-respect
and participating in the life of the community.
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The Human Development Index:  The first Human Development Report of the United Nations
Development Programme was published in 1990 under the leadership of its architect, Mahbub ul Haq. 
It defined human development as the process of enlarging people’s choices of jobs, education, and
leisure, not merely of different detergents or TV channels.  These choices can change over time. 
Infinite choices without limits and constraints were ween as pointless and mindless.  Choices have to be
combined with allegiances, rights with duties, options with bonds, liberties with ligatures.  Bonds
without options are oppressive; options without bonds are anarchic.

The U.N. Development Programme holds that today we see a reaction against the extreme individualism
of the free market approach and mass advertising-driven consumerist culture in the form of
“communitarianism.”  The idea that the exact combination of individual and public action, of human
agency and social institutions, will vary from time to time and from problem to problem, but
complementarity is always necessary.

Three basic choices are reflected in the Human Development Index: the ability to lead a long and
healthy life, to acquire knowledge, and to have access to the resources needed for a decent standard of
living.  If these essential choices are available, many other opportunities are opened.  Many additional
choices valued by people include political, social, economic, and cultural freedom, opportunities to be
productive and creative, and enjoying self-respect while being secure in the respect of one’s human
rights.

If one examines the priorities of the poor, one discovers that more income is only one of the things they
desire.  Adequate nutrition, safe water at hand, better medical services, more and better schooling for
their children, cheap transport, adequate shelter, continuing employment and secure livelihoods, and
productive, remunerative, satisfying jobs are all desired.  Higher order non-material benefits desired by
poor people include: good and safe working conditions, freedom to choose jobs and livelihoods,
freedom of movement and speech, self-determination and self-respect, independence, mobility;
liberation from oppression, violence and exploitation; less dependence on patrons, security from
persecution and arbitrary arrest; not having to move in search of work; a satisfying family life; the
assertion of cultural and religious values; a sense of identity; access to power or direct empowerment;
recognition, status, adequate leisure time and satisfying forms of its use; a sense of purpose in life and
work; the opportunity to join and participate actively in the activities of civil society; and a sense of
belonging to a community.  None of these values is registered in per capita or family income figures.

In summary, economic growth can be quite rapid without an improvement in the quality of life of a
nation’s citizens, and many countries have achieved a high quality of life with only moderate growth
rates of income.  Some economists have noted the positive correlation between per capita income
increases and the indicators of human development.  Other economists have shown that only if the extra
income arising from growth is used for public education and health and specific attacks on poverty does
the correlation exist.  If initial assets are well-distributed - land ownership and mass education - the
benefits of economic growth are reflected in human development measures.  If initial assets are not
well-distributed, economic growth does not increase human development measures.

The Renewable Deal – Edition 2  – April 2010 Page 405



The Human Development Index used in composing the U.N.’s Human Development Reports
comprises:

(1) The logarithm of GDP per head, calculated at the real purchasing power, not at exchange
rates, up to the international poverty line.

(2) literacy rates, and since the 1991 Report, mean years of schooling.
(3) life expectancy at birth.

These disparate items are brought to a common denominator by counting the distance between the best
and worst performers on each item.  This common denominator is used to rank countries on the Index
in each Report.

Cambridge economist Partha Dasgupta has criticized the HDI for not deducting capital depreciation.  It
measures only these aspects of human well-being, and thus is an index only of human capital, leaving
out natural capital. Another problem with the HDI is the trade-off between life expectancy and income. 
For a country where per capita income is less than the world average of $5,711 in 1993 dollars (about
the per capita income of Costa Rica), an increase of GDP of $99 per person will exactly compensate for
one year less life expectancy.  As national incomes go down from the average, it takes less GDP gain to
compensate for a year’s life expectancy; as national incomes exceed the average, the value of an extra
year of life expectancy rises exponentially: e.g., it takes $65,038 per capita rise in GDP to offset a year
of life expectancy loss in Switzerland.  The implication is that life is less valuable in poor countries
than rich ones.  Also, if you have poor country A which increases GDP by $200 per capita on average
by building hordes of toxic, polluting industries which reduces the average life expectancy by two
years, country A will have a higher HDI score than Country B which enjoys a GDP per capita rise of
$90 and no change in life expectancy.

In order to develop an index that measures progress towards sustainable development, we must come up
with measurements of development of the productivity of human capital and natural capital resources.

Other indexes of human and economic condition

The Genuine Progress Indicator combines measures of income distribution, value of
housework, value of volunteer labor, resource depletion, pollution, long-term environmental damage,
trends in crime and imprisonment, leisure time, lifespan of public infrastructure, dependence on foreign
assets, etc., to the GDP.  The GPI calculated for the USA from 1950 to date shows a peak around 1980
with deteriorating conditions since.  The GPI essentially starts with a standard GDP and makes a
number of adjustments, adding values such as unpaid volunteer and housekeeping work and subtracting
value for pollution, resource depletion, deteriorating public infrastructure, and the like.

Gini index: The Gini Index was invented in 1912 as a measure of economic inequality within
societies.  The index has risen substantially in the last three decades in the United States, Britain, India,
and China.  Prior to the 20  century the average income in the world’s wealthiest country was about 10th

times the income in the poorest.  Now the spread is 45 times: the average income in the world’s
wealthiest country is 45 times that in the poorest.  According to the December 2006 World Distribution
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of Household Wealth report, the richest 1 percent of the world’s households control 40 percent of world
assets, and 50 percent of the world’s assets are owned by the top 2 percent.

Ivan Illich argued in his 1974 book Energy and Equity that inequality increases along with the energy
flow through a society.  However, meta-analysis of available research shows no correlation between
measures of happiness and per capita energy use, once basic survival needs have been met.

Gross National Happiness is a metric developed and used by the Bhutanese government to
assess the country’s quality of life beyond the GNP.  The GNH takes into account measures of equitable
and sustainable socio-economic development, the preservation and promotion of cultural values,
environmental conservation, and good governance.

The Happy Planet Index calculates how efficiently a country converts its natural resources into
long and happy lives for its citizens.  It was developed in 2006 by the New Economics Foundation in
order to gauge both environmental impact and quality of life.  The Happy Planet Index organization
says they seek for their index to measure people’s ability to live long and meaningful lives within
Earth’s Resource limits.  In July 2009 the Happy Planet Index 2.0 was released
<www.HappyPlanetIndex.org>.

Hours per year of work required: Hunter-gatherers worked an average of 1,000 hours per year
to meet their survival needs.

The medieval peasant worked 1,620 hours a year to meet these needs.
In 1850 annual work hours peaked at an average of 3,500 hours per year.
By 1985 annual work hours in the U.S. were 1,850 hours per year.
Currently the average U.S. worker works 2,000 hours per year.

Inclusive wealth was developed by Cambridge economist Partha Dasgupta in order to take into
account natural and human resource capital.  Dasgupta’s inclusive wealth attempts to assign monetary
values to natural capital, human welfare, and human knowledge, in addition to the monetary value of
transactions in the manufactured economy.  Inclusive wealth treats ecosystems as capital assets that,
like roads or buildings, depreciate if they are misused or overused.  A goal of Dasgupta’s model is to
identify how to manage ecosystem assets so they do not diminish over time.  Dasgupta describes
inclusive wealth as a quantification of an economy’s entire productive base, in contrast to the “flow” of
financial transactions measured by the conventional GDP.  If GDP is analogous to a person’s annual
salary, inclusive wealth is analogous to a year-end statement of total assets including real estate,
investments, and education.

Index of Sustainable Economic Welfare was developed by Herman Daly and John Cobb in
the same time frame as their development of “ecological economics.”  The Genuine Progress Indicator
is based on their work.

Currencies
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At least 4,000 complementary currencies are estimated to be in circulation in 2008, compared with
fewer than 100 in 1990, according to Bernard Lietaer, a co-founder of the Euro and now a local
currency proponent.  Use of these currencies, in theory, encourages consumers to make more purchases
of goods and services produced within their community, rather than buying goods and services which
are “imported” to the community.  Some local currency systems like New York’s Ithaca Hours or Hong
Kong’s Community Oriented Mutual Economy, are designed to reflect the per-hour labor required to
generate a given product.  Switzerland’s WIR currency, begun in 1934, functions as a mutual credit
system with buyers and sellers trading credits in the WIR system.  Development of local currency
systems modeled on WIR are underway in Belgium, France, and Germany.

The Ecological Footprint

United Kingdom: Based on current lifestyles, the sustainable population of the United Kingdom - the
number of people the country could feed, fuel and support from its own biological capacity - is about 18
million.  If the United Kingdom was unable to import any food, energy, or materials from elsewhere, 43
million of the current population of the U.K. could not survive at current consumption levels per capita.

References:

Daly, Herman E. And Farley, Joshua.  Ecological Economics: Principles and Applications. 
Washington, D.C.: Island Press, 2004.

Dasgupta, Partha.  Nature in economics.  Environmental and Resource Economics 2008;39:1-7.
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Chapter 2: Green Jobs

(Revised 25 Nov 09)

Federal Reserve Chairman Ben Bernanke told the Greater Omaha Chamber of Commerce in 2007:
“Whatever the precise mechanism through which lower rates of unionization affected the wage
structure, the available research suggests that it can explain between 10 percent and 20 percent of the
rise in wage inequality among men during the 1970s and 1980s.”

Renewable Energy Jobs

In Lester R. Brown’s “New Energy Economy Emerging in the United States,” published by the Earth
Policy Institute <www.earthpolicy.org> in the winter of 2008-09, reviews U.S. wind, solar thermal and
photovoltaic, and geothermal electrical power generation installations under construction or in
development.  Brown concludes: “...these new industries can generate thousands of new jobs each
week.  Not only are the wind, solar, and geothermal industries hiring new workers, they are also
generating jobs in construction and in basic supply industries such as steel, aluminum, and silicon
manufacturing.  To build and operate the new energy economy will require huge numbers of
electricians, plumbers, and roofers.  It will also employ countless numbers of high-tech professionals
such as wind meteorologists, geothermal geologists, and solar engineers.”

In contrast, employment in the fossil fuel production industries has been in decline for decades.  For
example, between 1980 and 1999, U.S. coal production increased by 32 percent while related
employment declined 66 percent, from 242,000 to 83,000 workers.  The coal industry is projected to
lose another 30,000 of these remaining workers by 2020, due to increasing production automation.

In 2004, an analysis by the Union of Concerned Scientists found that increasing the share of renewable
energy in the U.S. electricity system to 20 percent, adding 160,000 Megawatts by 2020, would create
more than 355,000 new U.S. jobs.

The job search website Simply Hired reports that green-tech hiring increased 31 percent between July
2007 and January 2009.  By 2010, the projection is that there will be 5.8 million U.S. jobs in the “green
sector,” and by 2020, 6.9 million.

Researchers at the Pew Center for the People and the Press did a hard count of actual jobs created in all
50 U.S. states in the 1998-2008 decade, finding that clean-energy jobs grew nearly two-and-a-half times
faster than those produced by all other sectors in the U.S. economy.  In May 2008 the Apollo Alliance
reported that financial investment in solar and wind projects creates 50 percent more jobs than the same
amount of money invested in coal projects.  A study by the Center for American Progress found that
renewable investments create four times as many jobs as does an equivalent amount of capital invested
into the oil industry.
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A study in 2003 by the Environment California Research and Policy Center determined that California’s
Renewable Portfolio Standard, which requires 20 percent of electricity come from renewable sources by
2017 (the target date has since been changed to 2010), would create a total of some 200,000 person-
years of employment over the lifetimes of renewable power source plants built during that period, at an
average annual salary of $40,000.  An estimated 78,000 of these jobs would serve overseas export.

Biomass:  Worldwatch estimates that a biomass-fired electrical generating plant generates up to
20 times more jobs than an equivalent-capacity natural-gas-fired power plant does.

Ethanol: The U.S. ethanol industry created nearly 154,000 jobs in the nation’s economy in 2005
alone, cumulatively boosting household incomes by $5.7 billion.

Geothermal:  The Geothermal Energy Association estimated in 2005 that by 2025, U.S.
geothermal resources could provide more than 30,000 Megawatts of power, or 6 percent of then-current
national electricity demand.  Construction of this capacity would create 130,000 new jobs and add more
than $70 billion in investment to the economy.

Solar: The Solar Energy Industries Association aims for photovoltaics to provide half of all new
U.S. electricity generation by 2025.  SEIA projects that by 2020, implementing this program of capacity
installation, the photovoltaic industry would provide Americans with 130,000 new jobs.

Wind:  The U.S. Department of Energy study 20% Wind by 2030 concluded that ramping up
wind generation to 20 percent of the nation’s electricity source would create 47,000 wind site
construction jobs and 28,000 direct permanent wind turbine maintenance jobs.  An unpublished analysis
done by the National Renewable Energy Laboratory for this report gives the following figures for direct,
indirect, and induced jobs for construction and operational phases of wind energy production in four
midwestern states (projections for other states may be obtained from John Crabtree, Center for Rural
Affairs, johnc@cfra.org):

State Total Jobs -
Construction Phase

Total Jobs -
Operational Phase

Total Jobs

Iowa 63,401 9,011 72,412

Kansas 22,683 3,093 25,776

Nebraska 25,988 3,558 29,546

South Dakota 27,284 3,916 31,200

TOTAL 139,356 19,578 148,934

According to the Jobs and Economic Development Impact (JEDI) Model, long-term jobs in operation
and maintenance of wind farms average over $20 per hour.
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The National Renewable Energy Laboratory JEDI projects the following local economic effects of wind
farm development (all figures are in millions of dollars per year):

State Landowner
Payments

Property Tax
Revenue

Local
Economy
Benefit -

construction

Local
Economy
Benefit -

operational

Total
Economic

Benefit

Iowa $53.0 $89.6 $3,125 $758.6 $4,026

Kansas $19.0 $20.8 $1,167 $271 $1,477

Nebraska $21.0 $31.0 $1,345 $312 $1,709

South Dakota $21.5 $39.3 $1,300 $317 $1,677

TOTAL $114.5 $180.7 $6,937 $1,658 $8,889

A 2004 Renewable Energy Policy Project study determined that increasing U.S. wind capacity to 50,000
Megawatts, five times the level in 2006, would create 150,000 manufacturing jobs while pumping $20
billion in investment into the national economy.

Another study cited by Worldwatch (2006) estimated that for every 100 Megawatts of wind turbine
capacity installed, 200 construction jobs and 2-5 permanent jobs are created, along with an increase of
$1 million in local property tax revenue per year.

A state-by-state analysis of the impact of investment in a clean energy economy by the Political
Economy Research Institute found that such investment would generate 38,013 green jobs in Indiana. 
More than 20,000 of these jobs could go to workers with a high school diploma or less, offering
families a path out of poverty.  Most of Indiana’s green jobs would result from supplying steel material
(more than 250 tons of steel are consumed making one big wind turbine) and parts fabrication for wind
turbines.
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Plank 8: Education

Plank 8: Fund pre-school, grade school and higher education for the able and willing to mazimize
productivity of the work force.

(Revised 17 Sep 09)

The Purposes of Education

We submit that the purpose of education in an Ecozoic, democratic society is to equip its citizens with
the knowledge and skills needed to simultaneously serve each individual’s and the polity’s enlightened,
long-term self-interest.  To achieve this, 

1. each citizen must know how to think critically in order to identify which course(s) of action
among available options make it possible for the individual to successfully achieve personally-
relevant goals while also serving, or at least not harming, the collective interests of the culture
with which the individual is interdependent.

2. each citizen must acquire the skills by which to examine themselves to determine what they like
and do not like, for what they have talent and for what they do not, in order to set the personally-
relevant goals for themselves, enabling them to “pursue happiness.”

3. each citizen must acquire the symbolic skills which enable the citizen to read, write and
comprehend the language(s) of one’s society, and do the mathematics necessary to operate one’s
household economy and meet the demands of business or career.

4. each citizen must acquire the skills necessary to participate constructively in civic affairs, public
decision-making, and the institutions of one’s society.

5. each citizen needs to have available to them, on a lifelong basis, educational training which
permits them to update occupational skill sets or learn new occupational skill sets so that any
citizen who wishes to do so can take a constructive role in the economies of their communities.

6. each citizen must learn the self-discipline skills necessary to control impulse and organize their
behavior to make progress towards achievement of the personally-relevant goals they have
chosen for themselves.

Educating Citizens for the Ecozoic Society

Preparing for the Energy Transition
Education section, Part 5 - Requirements for Energy Transition, in The Real New Deal, Post Carbon
Institute, online December 2008:  
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“The energy transition will result in the creation of many millions of new jobs and careers.  While
President-elect Obama called for the creation of five million green-collar jobs, the energy transition will
in fact demand something on the order to a ten-fold increase in that goal.  However, these new jobs and
careers will require skill sets largely different from those currently being imparted by our educational
system.

Because they are inexpensive, numerous, and widely dispersed, community colleges could play a central
role in preparing workers for new opportunities in sustainable food production, renewable energy
installation, grid rebuilding, rail expansion, public transport construction, and home energy retrofitting.

In order for community colleges to fill this new role, teacher training and curriculum development on a
grand scale will be needed, ideally organized and coordinated at the national level through the
Department of Education.

This reorientation of curriculum should begin with gardening programs in all grade schools and
increased course emphasis on topics related to energy and conservation.”
<www.postcarbon.org/book/export/html7553>.

Emotional Intelligence Development

A number of school systems have applied the techniques described in Daniel Golman’s book Emotional
Intelligence.  The results: 10 percent less anti-social behavior was found in a sample of 300,000
students in a sample taken from schools nationwide that teach “socio-emotional learning.”  A 10
percent increase in “positive” behaviors was seen as well as the reduction in anti-social behaviors. 
Academic achievement scores increased an average of 11 percent in schools teaching socio-emotional
learning in comparison to matched schools that did not.

Characteristics of Successful Public Schools

School size and drop-out rates: Fifteen percent of the nation’s high schools produce more than half of its
dropouts.  Many academic studies have identified factors associated with a high graduation rate from
high school.  School size tops nearly every list.  The factors in small schools causing higher graduation
rates include lower student to teacher ratios, high participation in extracurricular activities, lower rates
of discipline problems, and few truancy issues.

Effects of arts education: A 2008 report from the Dana Foundation linked the intensive study of music
with geometry skills, and the practice of a performing art with better attention among schoolchildren in
the USA.

Student to teacher ratios and academic performance: A study in the March 2008 issue of the Elementary
School Journal found that having small classes benefitted high-achieving children in kindergarten and
first grade more than low-performing students.  The achievement gap between the two groups in small
classes was larger than in regular-sized classes.  The data used tracked the performance of thousands of
elementary school children in Tennessee over four years starting in 1985.
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However, in New York City, Mayor Bloomberg took 60 failing neighborhood schools and replaced
them with 200 smaller schools that cap enrollment at about 100 students.  Evaluations of the results
show that school staff has been able to forge closer bonds with students.  In 2002, fewer than 40 percent
of students in grades 3 to 8 were reading and doing math at grade level, versus 65 proficiency in math
and 51 percent in reading achieved in the smaller schools.  This improvement won the Broad Prize in
education.  The New York City educational reforms also increased high school diploma graduation
rates in failing schools from below 30 percent to above 60 percent.

Differences between high and low-achieving public schools: was studied in the Qualities that
Differentiate High-Achieving and Low-Achieving High-Poverty Rural High Schools by Dr. Perri
Applegate of the University of Oklahoma.

A stable, dedicated staff is the primary need.  A staff based on collaboration, shared vision, and a sense
of community is, according to the study, the prime difference between high-achieving and low-
achieving rural high schools.

A companion finding is that high-achieving schools have democratic leadership that develops staff
while involving the community in school decision-making.  High-achieving school leadership pursues
access to resources to build opportunities for students and teachers, and to build a curriculum broad
enough to serve all students.  This results in the higher measures of equity in high-achieving schools. 
This creates a “democratic learning community” where rural schools and their communities serve each
other and share responsibility for building a strong local community.  High-achieving schools had more
place-based or locally relevant education in all academic areas, which resulted in students being more
likely to remain in or return to their communities.

High achieving schools had a “no excuses” attitude.  High-achieving schools developed plans to address
problems and barriers; low-achieving schools only cite the problems they face.

The Role of Expectations on Student Performance

Primary suggestibility operates constantly in everyday life.  People’s behavior and perceptions are
significantly altered by information about the expectations of those around them, particularly those who
are in positions of authority, either through formal title or as role models of high status in the subject’s
subculture of reference..

An experiment at California Institute of Technology, “Marketing Actions Can Modulate Neural
Representation of Experienced Pleasantness,” was published in the January 2008 Proceedings of the
National Academy of Sciences.  Eleven Caltech graduate students were asked to sample and rate what
they were told were five different wines.  In reality, there were only three wines, each with a fake price
tag - one $5 wine was labeled $45.  The subjects rated what they thought were five different wines
differently, and the more “expensive” the wine, the higher they rated it.  Brain scans showed that the
parts of the participants’ brains that experience pleasure showed greater activity in keeping with the
rating given the wine by the subject.  In other words, subjects genuinely experienced greater pleasure on
the neurological level when tasting a $5 wine labeled as $45-a-bottle wine than they did when tasting
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the same wine labeled as inexpensive.
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Plank 9: Tax Policies

(Revised 07 Mar 09)

Plank 9: Balance the federal budget by instituting fair tax policies adequate to fund federal government
liabilities and commitments.

Plank Nine (1): Immediately undo Bush's tax cuts for those above the 80th percentile income bracket. 
This would restore most of the income tax revenue losses equating to the 2004 federal budget deficit of
$412 billion .

Plank Nine (2): Shift to primary dependence on a value-added tax as in the European Economic Union
(EEU).  This is a direct way of taxing CONSUMPTION of goods and services, while relieving tax
burden on income which is invested or saved.  A EEU-type value-added tax eliminates the problem of
federal taxes on U.S. corporations handicapping their competitiveness on the global market.  The EEU
value-added tax is not levied on goods and services sold outside the union.  In the EEU, the value-
added tax is levied instead of a tax on business profits.  U.S. corporations exporting goods and services
for sale outside the U.S. would have the same tax overhead as their competitors in the world market
when the U.S. adopts this type of value-added tax structure.  The tax break previously given to U.S.
exporters by Congress was ruled illegal by the World Trade Organization (WTO).  Replacing the entire
corporate tax code with a value-added tax which would be rebated on exports and imposed on imports
is legal under the WTO.  Jerry Jasinowski, outgoing president of the National Association of
Manufacturers, advocates this be done.  Jasinowski names the “byzantine” U.S. corporate tax code and
spiraling health care costs as two costs which hurt U.S. business competitiveness on the world market. 
Planks one and six would remove these handicaps on U.S. business export competitiveness.

Plank Nine (3):  Keep an income tax, but establish the income threshold at which a taxpayer would be
subject to income tax at median gross household income (MGHI).  MGHI is already determined and
published annually by the U.S. Department of Housing and Urban Development for households of 1, 2,
3, 4, 5, 6, 7, and 8 or more.  For example, if MGHI for a family of four was $65,000, then families of
four making more than $65,000 would pay tax on annual income exceeding $65,000.  The income tax
rate would start at 10 percent of income exceeding MGHI.  The income tax would be progressive: a
household earning one to three times MGHI would be in the 10 percent bracket, three to six times
MGHI in the 20 percent bracket, and more than six times MGHI in the 30 percent bracket.  The income
tax would be a flat percentage of taxable income remaining after subtracting the MGHI “deductible” in
each tax bracket.  Thus, a family of four making $130,000 would owe $6,500, a family making
$260,000 would owe $39,000, and a family earning $1,000,000 would owe $280,500.  Under this
proposal, over 60% of U.S. households would not be subject to any income tax.  Because the tax is
based on annual calculation of national MGHI, the brackets automatically index to inflation or
deflation.  This would put the tax preparation industry out of business; an industry which currently has
more employees than the U.S. military services, according to Vice President Dick Cheney.  This income
tax scheme returns to the original U.S. income tax, which was a flat percentage on income exceeding
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what was then the 90  percentile of annual income.th

Plank Nine (4): Realize the idea behind the 1986 tax reform bill signed by President Ronald Reagan. 
The idea behind the 1986 tax reform bill was not to lower tax rates but to eliminate loopholes.  The
1986 tax reform act treated all types of income - wage income, capital gains, and dividends - the same
way.  The concept was that a person who earns $70,000 from wages would pay the same taxes as
someone earning the $70,000 from capital gains or from dividends or interest.  Taxing all income the
same means there is no money to be made from “gaming the system.”  Reagan proudly boasted when he
signed the bill that people would now make money by working and investing, not by gaming the tax
code.

Plank Nine (5): Institute a carbon tax of $300 per ton of carbon-dioxide-equivalent greenhouse gas
emitted from all carbon-fueled points of emission.  Utilize the income stream from this carbon tax to:

(1) finance programs to replace high-emissions vehicles with low and later zero-emissions vehicles,
e.g., through matching funds on a sliding scale against household income to permit those of low income
to obtain high-efficiency hybrid gasoline-electric vehicles during the period where hybids are the bridge
to a zero-net-carbon emissions national vehicle fleet, and then all-electric vehicles when the battery
charging and exchange infrastructure is in place to permit driving electric vehicles on interstate highway
trips rather than within the “errandsphere” of local work, school, shopping, and entertainment travel.

(2) finance programs which assist low-income homeowners and rental unit managers to weatherize their
homes, install solar thermal and other renewable energy features, in order to make these residences
more energy efficient, reduce their carbon footprint, and lower the energy bills paid by low-income
families for their housing.

(3) finance programs to create the digitized “smart” electrical energy distribution infrastructure, using
new direct-current underground powerline technologies that only lose 10% of transmitted power in a
thousand miles of transmission distance, which connects renewable sources of power to urban and
industrial load centers throughout the United States.

Plank Nine Discussion

Closing the fiscal gap:

In March 2009, U.C.-Berkeley economics professor Brad Delong explained the “current policy plus
Bush tax cuts” scenario.  The scenario assumes current laws remain in effect, that spending by Congress
remains the same as a share of Gross Domestic Product (GDP), that the regular pruning back of the
Alternative Minimum Tax continues every year, other tax breaks such as write-off for research and
development remain in effect, and the Bush tax cuts will be renewed.  Under this scenario, the federal
government will tax about 20 percent of GDP over the next 75 years but will spend 25 percent of GDP
on average over the same 75 years.  This is the fiscal gap which must be closed if the nation is not going
to run long-term deficits which it probably cannot succeed in financing over the long term.
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According to the calculations of Delong and his colleagues, letting the Bush tax cuts expire lowers the
fiscal gap from 8 percent to 6 percent of GDP.  Raising Social Security taxes or cutting benefits by one-
seventh brings the system into 75-year balance and reduces the fiscal gap to 5 percent of GDP. 
Returning military spending to its late-1990s share of GDP lowers the fiscal gap to 3.5 percent of GDP. 
Allowing spending per eligible beneficiary in Medicaid and Medicare to gow only as fast as the rate of
growth of incomes in the economy as a whole would bring the government budget into projected
balance for the next 75 years.

The effects of tax cuts on ensuing federal revenue:

Gregory Mankiw, who served as chairman of the Council of Economic Advisers for President Bush,
looked at the extent to which tax cuts stimulate growth and federal tax revenue.  Over the long term,
once you have allowed all of the extra growth to seep through into extra tax revenue, he found cuts in
capital-gains taxes stimulate the economy enough to recoup just half of the lost revenue, and cuts in
income taxes deliver a boost that recoups only 17 percent of the lost revenue.  Federal Reserve
Chairman Ben Bernanke endorses Mankiw’s findings, saying that tax cuts do spur economic growth but
do not pay for themselves by generating more tax revenue than they drain from the treasury.  Bernanke
says we are in “the calm before the storm” because Social Security, Medicare, and Medicaid spending
now amounts to almost half of federal nondiscretionary spending, but instead of increasing taxes to pay
for entitlement expansion, taxes have been repeatedly cut.  Bernanke notes that the federal government
is paying almost four times as much on paying interest on the national debt than on the education,
transportation, and NASA budgets combined.  By 2030 the ratio of publically heald federal deficits to
overall economic output is likely to triple, from roughly 37 percent today to 100 percent.  This would
produce a terrible torque on the economy, because adding to the deficit causes the government to have
to pay more in interest every year, which adds to the deficit.  Bernanke refers to this as a “death spiral.”

Markets as diety or tool: 

In February, 2006, Vice President Dick Cheney dismissed suggestions that a gasoline tax could help
cure America’s “oil addiction” by saying, “The president and I...are big believers in the market.” 
Cheney’s utterances on the gasoline tax, reported by New York Times columnist Thomas Friedman, is
an example of how political treatment of the “free market” borders on iconography.  “The market” has
achieved mythic status as a larger-than-life, quasi-magical, all-knowing force that can cure most any
economic, environmental, or social ill as long as it is left free to act by politicians.

Markets in modern political discourse clearly have spiritual qualities.  The logic and power of
“markets,” particularly in the feature referred to as the “invisible hand,” are more ethereal and
mysterious than that legislation, regulations, and other more concrete human instruments.  “With its
capacity to direct human activity, the market is nearly a diety in modern political discussion, and many
leaders and citizens prostrate themselves before it,” says Gary Gardner.  “...the market is just a tool, one
that is shaped by human beings and which exists to serve human needs.  Imagine a carpenter echoing
the vice president: ‘My foreman and I are big believers in the hammer,’ as though a hammer required
belief, and as though it could direct the construction of a house.”
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“In fact, the very power of markets suggests that citizens, though their legislators, need to be vigilant to
ensure that markets are harnessed to achieve human ends, rather than set free and driven by their own
logic.  Economist Herman Daily pithily and correctly captures markets’ proper place in society when he
writes that ‘the market is an excellent servant, but a poor master,’ an ordering of relations that is
regularly reversed in modern political discussion.”

The “Free Market” Myth: 

Virtually all markets are shaped to one degree or another by government or societal interventions such
as laws, regulations, taxes, subsidies, bribes, cultural customs, and other measures.  The “invisible
hand” of markets which allocates resources acts within a context created by human beings.  Human
beings can choose to change that context in order to achieve societal goals. 

One reason Europeans are less “addicted to oil” than Americans is because European governments tax
oil heavily while similar products in the United States are subsidized.  By using a fuel tax to send a
correct market signal concerning its actual life-cycle costs to the human economy from its production
and use, the European petroleum fuel market adheres to the “free market” principle that a product’s
price signal must convey its actual cost to the consumer in order for the consumer to make rational
choices.  By definition, if the price signal on a product is distorted due to government intervention such
as subsidy of costs, then consumer decisions will be irrational and the “free market” is handicapped in
working its magic.

In respect to gasoline taxes, Vice President Cheney said, “The notion that we have to impose pain, some
kind of government mandate, I think we should resist.”  This quote reveals the free market myth’s
underlying premise that people in a market are radically individualistic, have no desire or regard for
community, but instead are motivated exclusively by personal gain.  In fact, a New York Times poll in
February, 2006, found a majority of respondents would support a gas tax as long as revenues would be
used to fight global warming, develop more efficient cars, or otherwise directly serve the public
interest.  An appropriate use of political determination of context and then use of the free market as a
tool to achieve a social objective would be to impose a gasoline tax to create a more accurate market
signal as to the actual price of fuel, but let the market determine the most efficient ways of dealing with
that price signal: e.g., development of alternative fuels, development of highly fuel-efficient means of
transport.

The failure of markets to deliver real choices to consumers can be seen in any grocery store.  Among the
140-odd kinds, sizes, and brands of breakfast cereal in a supermarket, most are nothing more than
alternative ways of delivering high-glycemic-load sugar and carbohydrates.  Being an informed, rational
economic actor pursuing my self-interest, I wish to procure low-glycemic, high-nutrition foods with a
1:1 omega-3 to omega-6 fatty acid ratio because such a diet would clearly enable me to maintain
vigorous health into old age.  I cannot send a market signal through purchases at a supermarket because
there are no goods there meeting my specifications.  Similarly, I have not replaced my 25 and 23-year-
old vehicles because no domestic automobile manufacturer makes a vehicle that meets my
specifications for fuel efficiency and utility.  
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Finally, there are many things that markets are not able to deliver without political guidance, such as
clean air and water, good public transport, affordable education for all citizens, access to the airwaves,
or bikeable city streets.  Markets will always fail when confronted with the “free rider” problem: costs
are borne today while benefits accrue in the future.  Markets will not motivate coal-fired power plant
owners to invest funds to reduce particulate emissions into the air, even if cost-benefit analysis clearly
shows (as it does) that public health cost savings due to athsma, lung cancer, emphysema,
cardiovascular disease, and other maladies which particulates provoke, and gains in worker productivity
due to less illness, far exceed the cost of installing pollution control equipment.  In economic terms, the
costs of installing and operating pollution control equipment is internal to the power plant’s accounting
and must be recovered from rates collected from the purchasers of its product - its electricity
consumers.  The majority of beneficiaries of the reduction in illness-related health and productivity
costs are not plant electricity customers.  Only government can cause the connection of cost reductions
or later benefit gains into the price signal carried by a product when those costs and benefits are not
directly experienced by customers of the product, thus informing their purchase decisions.  This
connection of cause and effect in the price signal of a product is made through use of a tax.

Regulations as a tax: 

Yale professor Paul Anastas points out that regulations can be viewed as a tax on polluting and bad
behavior.

Internalizing externalities: Francisco Benavides of Stillwater, Oklahoma, wrote in the March/April
2006 World Watch: “...transnational corporations maximize profits primarily by externalizing as many
of their social and environmental costs as possible...”  In regards to government efforts to re-internalize
those externalities, Benavides observes that “Corporations fear political instability and uncertainty more
than stringent regulations.”  Corporations can plan and amortize capital investments and marketing
strategies within a stable long-term planning horizon, whatever the regulatory environment requires
them to put “on the books” as a cost versus allows them to externalize “off the books” when calculating
profitability and return on invested capital.

Externalizing mercury emission costs: In the absence of firm rules and responsible incentives,
corporations often cling to profitable old technology, even when engineers have designed better, less
dangerous, and more efficient production processes or products.  An example is the seven old chlorine
plants that make chlorine by pumping brine through a mercury bath.  These plants emit more than 65
tons of mercury into the air each year - more than the emissions from all the nation’s coal-fired power
plants. If these plants were held responsible through the costs of treating the effects of their mercury
releases (one American woman in six has a mercury level in her body high enough to adversely affect a
fetus she bears), their parent corporations would promptly shut them down and replace them with
modern mercury-free chlorine production processes used by their competitors.

Plastic grocery bag tax:  The Irish government instituted a tax on plastic grocery bags.  After a
15-cent levy was instituted, requests for these bags at grocery checkout dropped 90 percent.  (In 2001 an
estimated 1.2 billion free plastic grocery bags had been given to shoppers.)  The vast majority of
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consumers are now using their own re-usable sturdy bags to carry their groceries home.  The $3 million
collected on the bags that were issued to customers is earmarked to be spent protecting Ireland's
environment.  The program is considered highly successful, and the United Kingdom is planning to
institute a similar tax soon.

This is an example of successful use of a tax to send a market message to consumers about the actual
external costs of a product they are using.  If you give free plastic grocery bags to consumers, it sends a
market signal that there is no cost to using them.  In fact, the consumer pays a cost for their use in the
form of landfilling, damage to marine life, and picking up of litter from roadsides, in addition to the
costs of the petrochemical supply chain "ecological footprint" which produces and distributes the bags
in the first place, plus its consequent health costs from pollutant emissions.

The question of tax incentives:

Ever since "spending" became a dirty word in the political lexicon, and "tax cuts" became an unalloyed
good, legislators have become pros at disguising spending and subsidies as tax cuts.  As Urban Institute
tax expert Eugene Steuerle says, "Any policymaker worth his salt knows how to create expenditures
and subsidies in the tax system."  Thomas Kahn, minority staff director of the House Budget
Committee, observes: "It's open season for every special interest in Washington to push their own tax
preference."

Tax incentives are greatly oversold, and imposition of tax to send correct market information to
consumers about environmental costs is undersold in the current political environment.  Tax incentives
represent a relief of tax for some payor, which in Neo-con theology is good; and imposition of
environmental taxes to prevent externalization of costs is an imposition of tax, which in Neo-con
theology is evil.  Given the current market theology gripping Washington, it is heresy to consider not
doing good and embracing evil by instituting sensible tax policy which stops subsidizing
environmentally and socially destructive behavior by adding to the price of goods and services through
tax the costs of their production on the environment and the public purse.

Tax incentives are very inefficient ways of altering consumer, industry, and institutional behavior. 
Often they end up subsidizing behavior which would have taken place anyway (investment and hiring
incentives are well-documented examples), or have little effect (the low takeup rate of health insurance
tax credits for laid-off workers is a recent example).  Not only do tax credits undermine the tax system;
somebody has to oversee how they work.  Any staff savings from regulatory agencies realized by
switching to tax incentives from direct regulation is typically consumed by additional staffing
requirements in the IRS and tax-preparer offices: a bureaucratic transplant, not a reduction in
bureaucrats.

As economist Jodie T. Allen observes, "Every special tax break not only distorts private market
incentives but also ultimately requires higher tax rates on individuals and businesses not singled out for
favoritism."  Worse yet, Eugene Steuerle observes that tax subsidies are "not transparent.  They tend to
hide what the government is doing.  As a result, they make bigger government look like smaller
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government."

A Carbon Tax:

The Earth Policy Institute advocates imposition of a $300 per carbon-dioxide-equivalent ton for
greenhouse gas emissions imposed on all sources of such emissions.  The Institute’s proposal has the
tax phased in at $30 per year over ten years.  Given the new urgency of abating climate change based on
gross revisions of climate change models, which had under-predicted actual global climate change
phenoma so much that new median global warming estimates are now above previous worst-case
estimates, I argue the tax should be phased in at $50 per year over 6 years.  The problems with cap-and-
trade schemes to limit carbon dioxide emissions are detailed below in the section on that subject.  A
carbon tax is the most direct way of sending a price signal through the energy markets as to the cost of
electricity generated from burning carbon.  Imposition of a $300 per ton tax would immediately make
coal-fired power plant electricity somewhat more expensive than wind and most other renewables that
do not generate greenhouse gases as they generate electricity.  The rational investor would therefore be
able to see that an investment in coal-fired power plant infrastructure is less profitable than, and higher
risk (due to uncertainty about future fuel prices and supply reliability) than, investment in renewable
electrical generation capacity.  If the future of fossil-fuel-fired energy generation is less certain, less
likely to be as profitable as, and is associated with greater risks than the future of renewables-based
energy generation, rational investors will refuse to finance the former and embrace the latter.  No
government regulations or subsidies are required to induce such decisions on the part of those who have
private investment capital to invest in energy production.

Sierra Club roundtable:  On December 14, 2006, the Sierra Club convened a roundtable which
included Carl Pope, Al Gore, Senator Barbara Boxer, venture capitalist Vinod Khosla and Dan Reicher
- who worked at the Department of Energy in the Clinton era; Stanford University climate scientist
Stephen Schneider, and former CEO of BHP Billiton and current chair of Duke Energy Paul Anderson. 
Khosla said “This question of scalability - how to adopt these ideas on a large scale - is critical.  I spend
my time thinking about technologies that can be made attractive to businesses and then scaled up.  Then
I ask, ‘What government policies can make all this happen?”  Paul Anderson said his solution to
radically modernizing the U.S. energy industry is:  “We need to have a carbon tax.  Let’s call it a carbon
fee, like a value-added tax, based on carbon content.  This fee would immediately send a signal that
there is going to be a cost to carbon - that carbon will not be an asset but a liability.  It doesn’t even
matter what the level is.  The fee would exempt no one.  It would accomplish everything you’re looking
for - promote new technologies, cause people to change old equipment, switch fuels - and it is the only
thing that would have an impact tomorrow.”

Al Gore said, “To build a consensus for change, we have to effectively communicate the danger we
face.  Yet this is difficult.  T.S. Eliot wrote, ‘Between the motion / And the act / Falls the
shadow...Between the conception / And the act / Falls the shadow.’  We have to cross that shadow.

Three systems are involved: the value, market, and political systems.  Our values are formed in
different ways, by our culture, faith traditions, families and communities.  We have achieved a great
deal of progress in building a consensus that important values are now at risk and we have to act.
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Translating that into meaningful change in the market and political systems is the immediate
challenge....For 14 years, I’ve proposed that we ought to reduce employment-based taxes down to

2nearly zero and replace them dollar for dollar with pollution-based taxes, principally on CO ....”

Vinod Khosla emphasized the importance of long-term stability in tax policy to encourage investment. 
“We...need long-term policy from Washington so we can make 15-year investment decisions in these
areas....Policies should encourage investment because we are close enough in technological terms to
make coal, oil, and petroleum-based products obsolete and to have efficiency breakthroughs.”  Dan
Reicher agreed, saying “On-again, off-again tax credits have killed the acceleration we could have seen
with renewable technologies.”

Cap-and-Trade Carbon-Emissions Regulatory Systems:

Traditional approaches to pollution control often focus on emission rates or require the best available
technology be used, but do not always require that specific overall environmental goals be met.  For
example, imposing an emissions tax on emitters does not guarantee the degree to which the
environment may benefit, because the emitters may find it less expensive to pay the tax than to make
the capital investment required to develop and install emissions-reducing infrastructure to reduce
emissions subject to tax.

A cap-and-trade system sets a clear limit on total emissions which all emitters can emit into the
environment.  It gives the companies individually and collectively the flexibility  to arrange among
themselves how this emission target is attained.  Under a cap-and-trade system, if Plant B is able to
reduce its emissions at a lower cost than Plant A, it can sell permits for emissions it ceases to emit to
Plant A, thus offsetting part of its emission-reduction capital cost.  In practice, the capital cost of
investing in emissions control technology under a cap-and-trade system becomes an investment in
developing a product that can be sold twice by its developer: the emitter can sell both emissions permits
and it has the potential of selling emissions control technologies it develops.  This inducement to
emitters to invest in advancing pollution control technology is a major advantage of a cap-and-trade
system, as opposed to a system which merely encourages emitters to buy off-the-shelf pollution control
equipment and install it, with the ability to partially offset purchase and installation costs with sale of
pollution permits.

Classic economic theory predicts that the more Plant B reduces its emissions, the more expensive it
becomes to make further cuts.  Eventually, both Plant A and Plant B reach a point where their cost to
reduce pollution emissions by an additional ton is equal.  Cap-and-trade systems are successfully
applied when the cost of reducing emissions among polluters varies, and when emissions can be
consistently and accurately measured.  Because cap-and-trade systems spur investment in improvements
in Best Available Technology for pollution reduction, the classic economic theory assumption that the
cost of reducing pollution emissions by varying degrees remains constant does not prove true in
practice.  Under a cap-and-trade system, unlike any other pollution regulatory approach, there is an
economic incentive which causes the state of the art of pollution  reduction technology to advance.
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A third factor which classic economic theory fails to fully appreciate is that pollution equals waste of
resources.  Any wastes discharged into the environment represent purchased resources which have not
been utilized in producing a salable product.  In practice, companies that invest in pollution-reduction
technological changes to their production processes end up with more efficient, state-of-the-art,
profitable means of production, even after any pollution permit or pollution technology sale revenues
are written out of the accounting.  In a study of midwestern electric utilities using the same types of
fuel, the North American Water Office found a significant correlation between the tons of emissions
produced per megawatt of energy generated and the long-term profitability of the utility.  The Office
concluded that the utilities with low emissions per megawatt of electricity were more profitable because
they were able to produce more electricity per ton of fuel they purchased and burned to generate it.  The
Office also noted a marked relationship between ratings of utility management effectiveness on many
scales and low pollution emissions per megawatt of production.  To put it simply, brain-dead archaic
managers tend to run dirty, inefficient utilities which don’t make as much money as smart, up-to-date
managers who run clean, efficient utilities.  The smart, nimble vertebrates outcompete the lumbering
dinosaurs.  Duh.

Heat-trapping emissions such as CO  are an ideal candidate for regulation under a cap-and-trade system2

because they mix equally throughout the atmosphere and have a global impact regardless of their
geographic source.  After the 1990 Clean Air Act amendments established a cap-and-trade system for
emissions of sulfur dioxide in order to reduce acid rain, the system proved to reduce sulfur dioxide
emissions at a fraction of the projected costs.  The European Union copied the sulfur dioxide cap-and-
trade system from the U.S. to institute its cap-and-trade system for carbon dioxide emissions, which
went into effect in early 2005 as a means of meeting its Kyoto Protocol obligations.

In the Post Carbon Institute’s Real New Deal, Richard Heinberg writes: “The carbon Cap-and-Trade
scheme that was deployed in the European Union, in which fossil fuel companies were automatically
awarded carbon credits, has tended merely to push high-polluting jobs to poorer nations, while
enriching bankers with trading commissions and rewarding established polluters.  [B. Goodstein. 
Learning from Europe: Designing Cap-and-Trade Programs that Work.  The Center for American
Progress, Washington, D.C., June 1, 2007]

The auctioning of all carbon credits, so that existing polluters must buy them, would be a clear
improvement on that system.  Cap-and-Dividend <www.capanddividend.org> or Cap-and-Share
<www.capandshare.org> programs would go further still by promoting social equity, with the proceeds
from carbon credit auctions going directly to the public to offset the cost of rising energy.”

Cap-and-trade systems are not effective if polluters face identical costs for reducing emissions; if the
negative impact of pollution is direct and localized (e.g., athsma in children in a neighborhood directly
downwind from a chemical plant or hog farm); and when policy makers are fixated on how much a
pollution reduction program will cost rather than how much the environment will benefit.

2Paul Anderson insists that any cap-and-trade system adopted not grandfather CO  emissions:
“Otherwise, it just becomes a question of whether your lobbyist is better.  If you say that we are not
going to create an asset out of your pollution under any circumstances, that will flip it.”  Right now

The Renewable Deal – Edition 2  – April 2010 Page 424

http://www.capandshare.org>


there are over 1,000 coal-fired power plants operating in the U.S. and 150 more in various stages of
permitting or construction.  Industry wants these new plants to be exempted from any laws that restrict

2CO  emissions in the future.  Under a cap-and-trade system, these plants would become an asset,

2because CO  from them would be an allowance that the companies could sell on the market.  Senators
Barbara Boxer (D-CA) and Jeff Bingaman (D-NM) have warned utilities not to expect new plants to be
grandfathered.

This resistance is well-justified from examination of Europe’s cap-and-trade system, where
governments were too generous with their industries in initially handing out carbon emission
allowances.  To much supply drove the price of pollution to less than 80 cents a ton as of early May,
2007.  However, a second, more stringent program phase begins in 2008, and the lower caps imposed
then are predicted by the futures markets to cause price recovery for tradable pollution credits.

In the United States, cap-and-trade schemes are the crowd favorite over a simple carbon tax.  Activists
like it because it sets a ceiling on emissions which gets lowered over time.  Wall Street brokers like it
because they stand to profit from an emissions trading market estimated to be worth $50-300 billion by
2020.  Utilities that have invested in low-emissions power sources or plan to do so like it because they
figure they will have credits to sell to pulverized coal power plants, increasing their return on
investment in low emissions technology.

The limits of cap-and-trade to send market signals to alter energy investment decisions in the
marketplace is illustrated by the modest impact that the increase in average oil price from $30 a barrel
in 2003 to $100 through 2008 had on petroleum consumption by U.S. consumers.  The increase in oil
barrel price from $30 to $100 is, according to Worldwatch’s calculations, equivalent to imposition of a
carbon tax of $170 a carbon-dioxide-equivalent ton of emissions.

Jim Rogers, CEO of Duke Energy, on cap-and-trade: In the 22 Jun 08 New York Times
Magazine <www.nytimes.com/2008/06/22/magazine/22Rogers-t.html> article on Duke Energy CEO
Jim Rogers’ break with fellow utilities on a number of subjects:

“Among the many mind-numbing details in cap-and-trade politics, the allowances - permission to
pollute, essentially - are the most charged.  In the acid-rain trading market, the government freely gave
the worst polluters the largest allowances, under the assumption that they faced the biggest challenges
and needed the most financial help.  But the Lieberman-Warner bill, like virtually every other cap-and-
trade bill in the works, gives away only 75 percent of the allowances; the government auctions off the
rest.  Year by year, the percentage of allowances that will be auctioned off steadily rises, until nearly all
of them are.  In essence, with the stroke of a pen, the government creates a new and valuable form of
property: carbon allowances.  And for the government, we are talking about staggering amounts of
money, the biggest new source of cash in years.  Carbon allowances are projected to be worth $100
billion in the first year alone, rising to nearly $500 billion by 2050.  To put that in context, an estimate
prepared by the Congressional Budget Office predicts that the annual revenues from auctioning
allowances will be equal to 15 percent of what the I.R.S. takes in.  Rogers (CEO of Duke Energy)
characterized the bill as a ‘bastardization’ of cap-and-trade economics.  ‘Politicians have visions of
sugarplums dancing in their head with all the money they can get from auctions,’ Rogers told me last

The Renewable Deal – Edition 2  – April 2010 Page 425

http://www.nytimes.com/2008/06/22/magazine/22Rogers-t.html>


month.  ‘It’s all about treating me as the tax collector and the government as the good guy.  I’m the evil
corporation that’s passing through the carbon tax so Senator Boxer can be Santa Claus!’  If the
government was going to collect cash from carbon auctions, Rogers figured, at least it ought to invest
that money in green-tech research.  ‘A billion dollars for deficit reduction,’ he vented.  ‘A billion
dollars!  What is [Boxer] thinking?  I thought we were solving carbon here.’”

Calculating lifetime energy costs when evaluating infrastructure investment alternatives: 

Dan Reicher and Carl Pope agreed at the Sierra Club energy roundtable in December, 2006, that forcing
the government to consider lifetime energy costs in evaluating alternatives is crucial.  Stephen
Schneider proposes “the 7-11 solution,” which would mandate energy-efficiency standards - better
windows, lights, refrigerators, air conditioners and automobile performance standards - that pay for
themselves in less than 11 years.  This is roughly equivalent to a 7 percent return on investment, as
good or better than current mortgage interest rates.

Dan Reicher points to the approach taken to appliance efficiency improvements some years ago. 
Appliance manufacturers agreed to a consensus standard and thus avoided litigation and the usual rule-
making process by the federal government.  In exchange, they got money from Congress to invest in
R&D to improve their appliance efficiency to meet the standards.

Congestion pricing to relieve transportation gridlock problems:

New York Mayor Michael Bloomberg has called for a congestion pricing daytime tax of about $8 for
cars and $21 for trucks traveling through most of Manhattan.  The fees collected would go to improve
and expand mass transit.  Since the 1920's, the number of vehicles entering downtown Manhattan has
grown annually by an average of 8,000 per day.  Studies predict the system, which uses license plate-
scanning cameras along with EZ Pass toll collectors, could reduce the number of vehicles on the streets
of Manhattan by 40,000 to 100,000 per day.  The federal government is watching the experiment and
has offered the city $354 million if the plan comes to fruition.  Studies show that most people who
currently drive into Manhattan are wealthier than the average mass transit rider, predicting that the costs
would be carried mostly by wealthier drivers.  Critics are concerned that taxis, which are not subject to
the tax, will surge into downtown Manhattan along with trucks, resulting in very little net traffic
congestion reduction.

In 2003, London introduced a congestion fee of $14 per car in a large area of downtown.  In the first few
years, it cut traffic volume by 16 percent.  Since then, commute times have crept back up because of
additional road construction and changing traffic patterns.  Private cars still drive fewer miles in
London, but taxis and buses drive more miles.
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Plank 10: Election Financing

Plank 10: Institute public funding of federal elections, based on the successful model developed by
states such as Maine and Arizona.

(Revised 11 Jun 09)

Plank 10: Institute public funding of federal elections, based on the successful model developed by
states such as Maine and Arizona.

Discussion: To qualify for “clean financing,” candidates have to demonstrate a broad level of support
by getting signatures and $5 donations (which go to the Clean Elections fund, not the candidate) from a
certain number of voters within the district or state from which the candidate seeks election.  This
number is about 200 for a state legislative seat and 25,000 for a gubernatorial or other statewide office
run.  This sorts out those running as a lark.  Once qualified, clean election (CE) candidates receive a
fixed and equal amount of public funds.  They get an allotment to run in their party’s primaries, and
those who win the primary receive another allotment for the general election.  Candidates who do not
choose to run as CE operate under the old campaign-financing rules, raising and spending as much
funds from donors or from their personal fortunes as they please.  If a CE candidate is being outspent by
a non-CE candidate, the CE candidate gets an extra allotment of matching funds from the public to stay
competitive.  Under the CE system, the candidates are clearly labeled on the ballot as whether they ran
under the Clean Elections funding rules or did not.

Nationwide, 74 percent of those polled favor having voluntary public funding of federal elections.  57
percent strongly favored voluntary public funding of the CE elections type and only 16 percent opposed
it.  By party, 60 percent of Republicans, 80 percent of Democrats, and 78 percent of Independents favor
it.  If respondents are analyzed by age group, gender, or region of residence, support is fairly constant at
about 75 percent across group categories, with no group scoring below 60 percent support.  82 percent
of respondents say public funding means candidates will win on ideas, not money; 81 percent say
politicians will be accountable to voters, not large donors; and 77 percent say special interests will not
receive as many favors and insider deals from officeholders.

Maine has had four election cycles under their CE law since 2000.  83 percent of Maine State Senators
and 84 percent of the Maine House members were elected with clean money.  In Maine’s 2006
elections, 72% of Republicans, 92% of Democrats, 64% of Greens, and 38% of other party candidates
chose to run under the CE system.  In the 65 legislative races where one candidate was CE and the other
not, the CE candidate won in 58 percent.  84 percent of the 103 women running for Maine legislative
seats in 2004 used the public CE option; 62 percent of them said the availability of CE was “very
important” in making their decision to run, and 42 percent said they probably would not have stood for
office if CE funding was not available.  Maine Representative Nancy Smith observes, “Clean
campaigns allow those who work to run for office, and they create ‘citizen legislatures’ that bring very
different perspectives and a different energy to government.”
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In Arizona, 59 percent of state legislators have won using CE public campaign funding.  Nine of the
state’s eleven current statewide officials ran under CE public campaign funding.  Arizona Governor
Janet Napolitano observes that whenever business interests wanted something in the past from the
Arizona legislature, “they were pretty much able to have their way at the legislature, [but] now they
don’t have as many members who have to listen to them anymore...You can tell the difference.”

The “culture of corruption” in Washington is bipartisan, and results from the combination of ever-
escalating federal office campaign costs, the fact that the better-financed Congressional candidate wins
office over 90 percent of the time, and the resulting dependence of serious candidates for Congress on
large campaign donor groups.  The special interests, corporate and otherwise, who contribute large
sums to federal campaigns view their efforts as an investment.  In addition to simply buying access -
both during the solicitation by the candidate for campaign funds and afterwards when the donor
approaches the Congresscritter’s office about an issue - the donor’s access enables the donor to ask the
Congresscritter to slip some narrowly tailored provision into a tax or other bill which will benefit the
special interest donor.  Such riders are buried with hundreds of others in bills no reporter will ever
notice and write about.  Thus, a campaign contribution represents an investment that can return to the
donor interest a hundred or thousand fold in the value of legislation to the donor’s financial interests.

In addition to such personalized “constituent services,” the campaign financing system induces a state of
timidity among Congressional candidates and incumbents.  They are fearful of taking stands towards
public welfare issues which could offend a donor block and thus limit their access to campaign funding.

In his editorial in the December 17, 2007, UK Guardian, George Monbiot writes about why the U.S.
acts as it did at the U.N. climate change negotiations at Bali, Indonesia, where the U.S. demanded all
emissions reduction targets and dates for achieving those targets be removed from the convention
before the U.S. would sign it: “Because, like several other modern democracies, it is subject to two
great corrupting forces.  I have written before about the role of the corporate media - particularly in the
U.S. - in downplaying the threat of climate change and demonising anyone who tries to address it.  I
won’t bore you with it again, except to remark that at 3pm eastern standard time on Saturday, there
were 20 news items on the front page of the Fox News website.  The climate deal came 20 , afterth

‘Bikini-wearing stewardesses sell calendar for charity’ and ‘Florida store sells ‘Santa Hates You’ T-
shirt.’

Let us consider the other great source of corruption: campaign finance.  The Senate rejects effective
action on climate change because its members are bought and bound by the companies that stand to
lose.  When you study the tables showing who gives what to whom, you are struck by two things.

One is the quantity.  Since 1990, the energy and natural resources sector - mostly coal, oil, gas, logging
and agribusiness - has given $418m to federal politicians in the US.  Transport companies have given
$355m.  The other is the width: the undiscriminating nature of this munificence.  The big polluters
favour the Republicans, but most of them also fund Democrats.  During the 2000 presidential
campaign, oil and gas companies lavished money on Bush, but they also gave Gore $142,000, while
transport companies gave him $347,000.  The whole US political system is in hock to people who put
their profits ahead of the biosphere.
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So don’t believe all this nonsense about waiting for the next president to sort it out.  This is a much
bigger problem than George Bush.  Yes, he is viscerally opposed to tackling climate change.  But
viscera don’t have much to do with it.  Until the American people confront their political funding
system, their politicians will keep speaking from the pocket, not the gut.”

The accelerating campaign money chase:  The average House race in 2006 cost more than $1.2
million.  The desperate steeplechase of raising campaign funds keeps incumbent Congresscritters
spending a large portion of their time in office soliciting campaign contributions from well-heeled
interests rather than collaborating with their peers to address the problems and concerns of the majority
of their constituents who are sub-rich, of which they may not be aware because they spend so little time
talking to anybody who isn’t rich.

Of the 53 House members first elected in November, 2006, 20 are members of “Club Million” - the
designation for representatives who raised one million dollars or more of campaign funds during their
first year in office.  17 of the freshmen Club Million members are Democrats, 3 are Republicans.

In 2001 only one freshman House member raised a million dollars in their first year in office.  In 2003
seven did.  Now in 2007 20 did.

House Democrat Kirsten Gillibrand of New York is a member of the class of 2006 Club Million.  She
was budgeting for a $1 million primary and a $3-5 million general election battle to keep her seat in the
2008 election.  Her opponent, Sandy Treadwell, former NY GOP Chairman and Secretary of State, will
spend at least as much and is a millionaire who can finance his campaign.

Corruption of government: “The Madoff Economy”:  Nobel laureate economist Paul Krugman
wrote on December 19, 2008, in “The Madoff Economy” in the New York Times, that “The pay system
on Wall Street lavishly rewards the appearance of profit, even if that appearance later turns out to have
been an illusion.

Consider the hypothetical example of a money manager who leverages up his clients’ money
with lots of debt, then invests the bulked-up total in high-yielding but risky assets, such as dubious
mortgage-backed securities.  For a while - say, as long as a housing ubble continues to inflate - he...will
make big profits and receive big bonuses.  Then, when the bubble bursts and his investments turn into
toxic waste, his investors will lose big - but he’ll keep those bonuses.”

“We’re talking about a lot of money here.  In recent years the finance sector accounted for 8 percent of
America’s G.D.P., up from less than 5 percent a generation earlier.  If that extra 3 percent was money
for nothing - and it probably was - we’re talking about $400 billion a year in waste, fraud and abuse.”

“At the crudest level, Wall Street’s ill-gotten gains corrupted and continue to corrupt politics, in a nicely
bipartisan way.  From Bush administration officials like Christopher Cox, chairman of the Securities
and Exchange Commission, who looked the other way as evidence of financial fraud mounted, to
Democrats who still haven’t closed the outrageous tax loophole that benefits executives at hedge funds
and private equity funds (hello, Senator Schumer), politicians have walked when money talked.”
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Examples of lobbists vs. public opinion on important public policy issues:

Single-payer health care:  In April, 2007, AARP reported a new New York Times/CBS poll that
found that access to affordable health care was now the public’s top domestic concern.  The poll found
that, regardless of political affiliation, people were willing to make sacrifices in order to ensure that
everyone has access to health insurance.

In a January 2009 CBS News/New York Times poll, 59 percent of respondents said the government
should provide national health insurance.  In a previous poll in the fall of 2008, 50 percent of
respondents said the health care system needs fundamental changes.

In the spring of 2009 the Obama White House is convening a health care summit without inviting any
single-payer healthcare system advocates.  The reason?  Several powerful members of Congress have
said that a single-payer solution is “off the table.”  According to a spring 2009 Washington Post story,
the health insurance lobby contributed $2.2 million to 10 key lawmakers - including the “off the table”
members in question - since 2005.

Subsidies to large farms:  The Center for Rural Affairs reports in June, 2009, that “A new
nationwide poll demonstrates that three-fourths of Americans support federal farm payments to small
farmers, but nearly two-thirds oppose payments to small farms.”  The poll was conducted in the spring
of 2009 by Knowledge Networks.  Among active farmers, even stronger support for capping subsidies
for mega operators was found; these operators are seen as using subsidy money to buy more land and
put smaller operators out of business; a process being de facto subsidized by the federal government.

As the Center’s Chuck Hassebrook writes, “About the only place where you can find majority support
for unlimited farm payments is at meetings of farm and commodity organizations and the agricultural
committees of Congress.”  Why?  Because it is the mega-farms who pool their money for campaign
contributions and to hire lobbyists.
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Plank 11:  Maximize Capital Productivity

Plank 11: Incentivize worker-owned businesses and optimum sizing of business enterprise in the
range where productivity is highest.

(Revised 21 Nov 09)

This plank reviews evidence that: (1) the rate of return on capital stock in an enterprise increases with
size to about 300 employees, then begins to decrease among enterprises with more than 500 employees;
(2) the rate of return on capital stock in an enterprise in which the employees have an ownership stake
in, and enjoy a share in the profits of, a capital enterprise is greater than that realized by an equivalent
passive-investor-owned capital enterprise; (3) the emergence of large, consolidated corporate capital
enterprises owned by passive private investors in the United States is a creature of tax laws passed by
Congress to encourage such business scale of organization, because it serves to concentrate wealth in
the hands of an oiligarchic military-industrial-Congressional elite.  (Dwight D. Eisenhower’s first draft
of his farewell address to the nation as he was leaving the presidency called the “military-industrial
complex” the “military-industrial-Congressional complex.”)

Capital Productivity as a Function of Operation Size

On the 7 Jan 09 Newshour with Jim Lehrer on Public Broadcasting, panelists stated that the major job
creation which occurs in the U.S. economy is among companies having 100-300 employees.

-Energy Sector-

Utilities: Kitty Wang, utilities specialist with Rocky Mountain Institute, reports that investor-
owned utilities, which generate 75 percent of U.S. power, “are the slowest moving and most
conservative.  Municipal-owned utilities tend to be more nimble and more innovative.”  Municipal
utilities are more prone to embrace energy-efficiency programs that contain or lower utility costs to
consumers because of improved capital efficiency of the investment in power production by the utility.

-Agricultural Sector-

Economic Benefit as a Function of Livestock Operation Size:  The Pew Commission on
Industrial Farm Agricultural Production <www.ncifap.org> commissioned a report which concludes
that large, industrial livestock operations offer fewer economic benefits to rural communities and pay
workers less than smaller operations.

According to report authors David Andrews and Timothy Kautza, large-scale, industrial livestock
production returns $1 to local economies for every $1 spent, while smaller operations return $7 for
every $1 spent.  Workers at industrial livestock operations earned 58 percent less than the typical wages
in their area, and 45 percent of hired farm workers earn less than the poverty rate for a family of four.
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Economic Benefit as a Function of Aquaculture Operation Size: After the government identified
aquaculture as the best hope for closing the gap between seafood supply and demand, production soared
from 35,000 tons in 1997 to 471,535 tons in 2007.  Egypt’s 70 million people eat an average of 14.7
kilograms of seafood each year, roughly twice as much as other nations in Africa.  About half of
Egypt’s production is tilapia, which thrives in the abundant brackish delta lakes and lagoons.  As the
aquaculture industry has grown, “small farms of 2-4 hectares have begun to outnumber the more
traditional large farms of 50-200 hectares, because they yield a better return per unit of land.” [Brian
Halweil.  Worldwatch Report 176: Farming Fish for the Future, 2008: Worldwatch Institute]

Microenterprise

The Association for Enterprise Opportunity (AEO) defines “microenterprise” as a business with five or
fewer employees, small enough to require initial capital of $35,000 or less.  AEO estimates that more
than 24 million microenterprises are located in the U.S., representing some 18 percent of U.S.
employment and 87 percent of all businesses.

The AEO website <www.microenterpriseworks.org> defines “Microenterprise Development” as a
pathway to business ownership for underserved entrepreneurs that generates income, builds assets, and
supports local economies in creating employment.  Most actual microenterprise development programs
provide core services including business training, technology training, access to capital, technical
assistance, and marketing assistance.  The AEO website carries a list of microenterprise development
programs operating in the U.S.

The Phenomenon of Microlending to Create Entrepreneurial Economic Development

<www.kiva.org> arranges interest-free microloans from $25 up to entrepreneurs in third-world
countries, such as a baker in Afghanistan or a seamstress in the Dominican Republic.  Launched three
years ago by Jessica and Matt Flannery, as of Sep 08 Kiva had 300,000 investors loaning $42.7 million. 
The payback rate is above 98% with most loans repaid within one year.

The Political Implications of the Form of Capitalism Practiced

Investor-owned corporate capitalism is inherently antagonistic to democratic states:  In “Why
Capitalism Should Not Be Saved” in Tikkun Magazine, Worcester Polytechnic Institute Associate
Professor of Philosophy John Sanbonmatsu writes: “Capitalism’s antagonism toward popular rule is
structural - it is built into the political DNA of capitalism itself.  By nature, if not by design, capitalism
is a system in which a small minority of individuals controls the wealth, labor, production, political
power, and cultural expression of the whole of society.”  C. Wright Mills called this group of
individuals “the power elite.”

Sanbonmatsu refers to investor-owned stock corporations.  His remarks about the anti-democratic
character of such corporations, the executives of which make or heavily influence national decisions
about what technologies and commodities get produced, what laws are passed, and which wars should
be fought, do not apply to the smaller, worker-owned corporation which does not support a “power
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elite” in which decision-making and financial power is concentrated.

Sanbonmatsu notes, “...the Left has yet to organize a single significant conference on what a successor
system to capitalism might look like.  Nor has anyone begun to make the case for why such an
alternative is desirable to the public at large.”  This plank of the Renewable Deal presents my proposal
for what the successor system to investor-owned corporate capitalism would look like and the
economic, environmental, and political/social reasons the successor system is necessary and desirable in
terms of serving the long-term public good.

Investor-owned corporate capitalism is inherently antagonistic to local empowerment:  Reacting to Karl
Rove’s claim that Sarah Palin is a “populist” in his speech at the Republican National Convention in
2008, Jim Hightower dedicated his May 2009 Hightower Lowdown to a history of the populist
movement in the 1800s.  “The very essence of populism is its unrelenting focus on breaking the iron
grip that big corporations have on our country - including on our economy, government, media and the
environment.  It is unabashedly a class movement.”  Hightower contrasts populism to “classic
liberalism, which seeks to live in harmony with concentrated corporate power by trying to regulate its
excesses.”  According to Hightower, the leaders of the populist movement were problem solvers who
sought “real mechanisms that could decentralize and democratize power in our country.”

Hightower demands that we “reorganize the clumsy, inept, ungovernable, and corrupt financial system
by ousting those who wrecked it, splitting up its component parts (banking, investment, and insurance)
and establishing decentralized , manageable-sized financial institutions operating on the locally-
controlled models of credit unions, co-ops, and community banks.”

Investor-owned corporate capitalism is inherently antagonistic to the health of the natural and human
environment:  

Because of a series of Supreme Court decisions in the United States - including an erroneous report of
the 1868 Santa Clara County v. Southern Pacific Railroad decision regarding corporate “personhood”
under the Bill of Rights’ 14  Amendment by the court reporter, J.C. Bancroft Davis - current lawth

prescribes that corporate officers have a primary fiduciary duty to maximize return on equity to the
corporation’s shareholders.  The only legally legitimate restraint corporate officers can recognize to the
discharge of that fiduciary duty is violation of the laws of the land.

As a means of corporate reform of what I call “legally-mandated sociopathy” on the part of stock
corporations in the United States, I advocate that the following language be adopted concerning the duty
of corporate officers and corporate “persons” as regards maximizing return on shareholder equity within
the context of the natural and human social environments in which corporations function:

The duty of corporations and their officers is to maximize long-term return on shareholder equity in the
corporation, without degradation of the environment, human rights, public safety and health, the
integrity of communities in which the corporation operates, or the dignity of its employees.  If a
corporation and its officers choose to perform acts which degrade these aspects of the natural and
human social environment, the corporation and its officers are civilly liable for the cost of remedy for
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these damages.
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Appendix A: Global Warming – Evidence and Implications

(Revised 05 Mar 10)

Introduction

Greenhouse gas molecules are necessary to life on earth.  Without the pre-industrial concentration of
them in the atmosphere retaining about two-thirds of the solar energy striking the Earth’s surface, the
Earth would have an average surface temperature of minus 4 degrees F.

Solar heat energy arrives as photons in a variety of wavelengths, including shorter-wave ultraviolet
radiation and longer-wave infrared radiation on either side of the visible spectrum of light. As this
energy passes through Earth’s atmosphere, some is reflected back into space by clouds and small
particles such as sulfates; some is reflected by Earth’s surface, and some is absorbed into the
atmosphere by substances such as soot, atmospheric ozone, and water vapor.  The remaining solar
energy is absorbed by the Earth’s surface, warming it.  Energy re-radiated from the Earth’s surface stays
in the atmosphere because it is reflected back towards the surface by clouds.  Re-radiated energy is also
absorbed by atmospheric gases containing three or more atoms before it can escape into space: water

2 2 2 4vapor (H O), carbon dioxide (CO ), nitrous oxide (N O), and methane (CH ).  Heat energy is released
by clouds as they condense water vapor into rain or snow.  Long-wave infrared radiation absorbed by
these gases is re-emitted in all directions by these molecules, including back towards the Earth’s
surface, and some of the re-radiated energy is captured by other atmospheric greenhouse gas molecules
as well as by soil molecules.

Over the past half million years, the world’s climate has seen four ice ages and four warm periods in
between them.  During the ice ages, extensive glaciers engulfed large swaths of North America, Europe,
and Asia, displacing thousands of species.  During warm periods the ice retreated and the shapes of
coastlines were rearranged as the seas rose from ice melt.  Yet throughout that period, the atmospheric

2concentration of CO  never rose above 300 parts per million.  These changes in ice coverage and
climate in the northern hemisphere were due primarily to variations in earth’s orbit relative to the sun,
causing solar thermal forcing per square meter to increase or decrease in the affected hemisphere. 
Some cold events were due to sudden increases in global shading due to sulfur dioxide and particulates
(ash) from volcanic eruptions in the atmosphere reducing the amount of solar radiation reaching the
Earth’s surface.

Levels of both natural and un-natural gases which block infrared radiation from being reflected back out
into space from the Earth’s surface have increased at an accelerating rate during the Industrial Age.  At

2the end of 2008, atmospheric concentration of CO  reached 387 parts per million (ppm); the previous

2high of 299 ppm was reached 325,000 years ago.  Atmospheric CO  level is now 35 percent above that
in 1990.  Atmospheric levels of methane have increased 152 percent since 1750.  Total warming effect

2from all greenhouse gases in 2008 is equivalent to 430 ppm of CO .  This predicts a 2.72 degree Celsius
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rise in mean global temperature from gases already in the atmosphere.

The last time greenhouse gas levels were this high was 3,500,000 years ago during the mid-Pliocene
“warm period.”  They were higher in the Eocene, peaking 50,000,000 years ago, when crocodiles
roamed Colorado and sea levels were 300 feet higher than today.  The difference in mean global
temperature during the 15 million years the planet was ice-free in the Eocene versus 1750 A.D. was five
degrees Celsius in the tropics and eight degrees Celsius in polar regions.

Up through February, 2007, the four Technical Assessment Reports of the International Panel on
Climate Change (IPCC) produced a high estimate from their climate modeling of 7.1 degrees
Fahrenheit mean global warming by 2100.  The 2007 IPCC Fourth Technical Assessment Report
assessed all natural and human-caused sources of global radiative forcing and cooling.  A total of 2.65
watts per square meter of heat energy gain is due to gases put into the atmosphere by human activity.  A
total of 0.12 w/m  of heat energy gain is due to increase of solar output since 1750 - this is what is2

causing melting of polar ice caps on Mars.  In short, 95.5 percent of global warming is due to human
activity we can do something about, and 4.5 percent is due to natural causes we cannot affect.  Human
activity has also produced a net -1.4 w/m  of global cooling due to aerosols in the atmosphere and2

albedo changes due to land use, for a net 1.81 w/m  of global warming effects from all causes.2

In 2006, the Worldwatch Institute concluded: “The burning of fossil fuels for energy production is
responsible for an estimated 70 percent of the global warming problem...”

In early 2007, the world climate scientist community discovered that the IPCC climate models had
grossly under-predicted actual global warming when these predictions were checked against actual
changes in polar region climate.  On March 6, 2007, the IPCC supplementary report, which corrected
their climate models to include the positive feedback warming mechanisms observed in the polar
regions, changed the median projection for global warming by 2100 to 7.2 degrees Fahrenheit, 0.1
degrees higher than the top of any previous estimate range.  Positive feedback warming mechanisms
include release of methane from permafrost and methane hydrate deposits on the floors of polar oceans,
changes in albedo (heat absorption) of polar regions due to reflective ice melting and being replaced by

2absorptive, dark open water and land, and warming oceans not being able to absorb as much CO  out of
the atmosphere.

James Hansen and his collaborators looked back 65 million years to study the relationship between
changes in atmospheric carbon dioxide levels and global climate.  Starting 60 million years ago and

2peaking 50 million years ago, CO  levels went to over 1,000 ppm when the carbon-rich Indian
continental plate was rapidly subducted under the Himalayan.  The planet was ice-free for over 15
million years; by 34 million years ago, enough carbon was sequestered in oceans and carboniferous
rocks that the Antarctic ice cap started to re-form.  The team determined that, for every degree Celsius

2of global warming from CO , another degree Celsius of warming occurs from these secondary warming
effects past a “trigger point” of 2 degrees Celsius warming relative to pre-industrial planetary climate,

2corresponding to 350 ppm of CO  in the atmosphere.

This led to the conclusion by James Hansen, Bill McKibben, Wendell Berry and others that we have to
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lower carbon dioxide in our atmosphere to 350 ppm to be safe from runaway global warming positive

2feedbacks.  This means that we must stop building new coal-fired sources of CO  emissions

2immediately, phase out sources of CO  emissions as rapidly as possible (Hansen says we have to stop
burning coal by 2012), and pursue silvicultural, agricultural, and other practices that will accelerate the

2sequestration of CO  from the atmosphere.

As described in Plank One: Energy of the Renewable Deal <www.EarthRestorationPortal.org>, Best
Available Technology and Best Available Management Practices are capable of replacing the current
energy portfolio of the United States with a renewables-based energy system by 2050 that has no fossil
fuel or nuclear inputs, emits no net greenhouse gases, produces more quads of energy than are estimated
to be needed in 2050 under a no-conservation scenario at a slightly lower price in 2003 constant dollars
than consumers paid for the current energy mix in 2003, and derives energy from sources that will not
suffer depletion as long as the sun continues to fission.  Plank Two: Agriculture of the Renewable Deal
describes contemporary agricultural and silvicultural practices which can both sequester about 60
percent more carbon than current practices, and will produce approximately 40 percent more calories
per capita from the same agricultural land base as today.

The International Energy Agency’s World Energy Outlook 2008 report, November 2008, estimates that
$26 trillion in 2007 constant dollars will have to be invested from 2007-2030 to finance exploration and
implementation of new extraction technologies for fossil energy sources over these next two decades if
remaining fossil fuel reserves are to be extracted to meet world energy demand.  Which is the better
investment of $26 trillion: to develop dead-end carbon energy sources which will be fully depleted in a
few decades at best, and which will cause massive disruption of the earth’s climate and therefore its
economy if they are burned; or to develop the renewables-based energy portfolio the “fuel” for which is
provided for free as long as the sun doesn’t burn out, emits no net greenhouse gases, and has far more
available energy than our species can possibly develop and use under any consumption scenario?  Duh.

Various Perspectives on Global Warming

From Field Notes From a Catastrophe: Man, Nature, and Climate Change, by Elizabeth Kolbert:
“What the Vostok [Antarctic ice core] record shows is that the planet is already nearly as warm as it has
been at any point in the last four hundred and twenty thousand years.  A possible consequence of even a
four- or five- degree temperature rise - on the low end of projections for the end of this century - is that
the world will enter a completely new climate regime, one with which modern humans have no prior
experience.  When it comes to carbon dioxide, meanwhile, the evidence is even more striking.  The

2Vostok record shows that, at three hundred and seventy-eight parts per million, current CO  levels are
unprecedented in recent geological history.  (The previous high, of two hundred and ninety-nine parts
per million, was reached around three hundred and twenty-five thousand years ago.)  It is believed that
the last time carbon-dioxide levels were comparable to today’s was three and a half million years ago,
during what is known as the mid-Pliocene warm period, and it is likely that they have not been much
higher since the Eocene, some fifty million years ago.  In the Eocene, crocodiles roamed Colorado and
sea levels were nearly three hundred feet higher than they are today.  A scientist with the National
Oceanic and Atmospheric Administration put it to me - only half-jokingly - this way: ‘It’s true that

2we’ve had higher CO  levels before.  But, then, of course, we also had dinosaurs.’”
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Currently the total heating produced by the increases of all long-lived greenhouse gases (excluding
water vapor) since preindustrial times is equal to about one percent of all solar radiation received at the
surface (see detail below).  The ice ages and ice-free periods during the past 65 million years appear to
have been separated by global average temperature differences of only about five degrees Celsius in the
tropics and eight degrees Celsius in polar regions.

Writing about climate change, Bill McKibben observes “It’s the first civilization-scale challenge
humans have managed to create (the second, if you count nuclear weapons, but so far we’ve managed to
keep that one under some kind of tenuous control).”

According to the 2006 American Environmental Values Survey conducted by ecoAmerica and SRI
Consulting Business Intelligence, two-thirds of all Americans now believe that global warming will
affect them in their lifetimes.

Stanford University climatologist Stephen H. Schneider believes that responding to the greenhouse gas
challenge is as much about hedging against uncertain risks as it is about dealing with what is clearly
known.  The risks as he sees it are clear: there is a real chance things could be much worse than the
midrange projections of a few degrees of warming in this century, and any thought that more science
will magically clarify what lies ahead is likely wishful thinking.  When he lectures about global
warming these days, Schneider asks listeners, “How many of you have had a serious fire in your
home?”  A few hands go up.  “How many of you buy fire insurance?”  Hundreds of hands go up.

Bruce Sterling, “Visionary-in-Residence” at the Art Center College of Design in Pasadena, CA; author
of Tomorrow Now: Envisioning the Next Fifty Years, writes: “In the era of global warming, catastrophic
change caused by humans is no longer limited to one region or even one continent.  The atmosphere is
tainted with emissions from pole to pole.  Grass is growing in Antarctica.  Nobody can ‘conserve’ a
landscape from planetary changes in rain, heat, and wind.  The job at hand is aggressive restoration: We
need to use technology to tear into the artificial environment the way our ancestors tore into the natural
one.  That means intervening against ongoing damage, as well as ripping into the previous
technological base and rethinking, reinventing and rebuilding it on every level of society.  We need to
imagine the unimaginable to avoid having to live with the unthinkable.”

Sterling also remarks, “A clever environmental campaign would explain to the rich how much they are
suffering at the hands of old tech.  A wealthy American with an environmentally caused cancer has the
same bio-accumulative burden as the rest of us; the ultimate environmental reality show would be
something like Wrecked Florida Beach Homes of the Rich and Famous.  Extend that metaphor to other
groups that don’t easily embrace environmental messages and you can show fundamentalist churches
ripped to shreds by F4 tornadoes, or Sagebrush Rebellion ranchers who haven’t seen a drop of rain in
months.  People understand suffering once it’s divorced from the abstract and imposed on them.”

In his 2007 book The Age of Turbulence, Alan Greenspan, Federal Reserve chairman and a leading free
market economist of his day, listed climate change as one of the five forces that could derail the U.S.
economy in the 21  century.st
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At the Sierra Club’s December 2006 climate roundtable, Al Gore said, “To build a consensus for
change, we have to effectively communicate the danger we face.  Yet this is difficult.  T.S. Eliot wrote,
‘Between the motion / And the act / Falls the shadow...Between the conception / And the act / Falls the
shadow.’  We have to cross that shadow.

Three systems are involved: the value, market, and political systems.  Our values are formed in
different ways, by our culture, faith traditions, families and communities.  We have achieved a great
deal of progress in building a consensus that important values are now at risk and we have to act.

Translating that into meaningful change in the market and political systems is the immediate
challenge....For 14 years, I’ve proposed that we ought to reduce employment-based taxes down to

2nearly zero and replace them dollar for dollar with pollution-based taxes, principally on CO ....
We grew up in a world where truth mattered, and when new ideas came...the merit of the ideas

was judged against the rule of reason.  Our political system, never perfect, nevertheless paid more
attention to such things.

The political system doesn’t act that way anymore.  As in the feudal era, wealth and power now
regularly trump knowledge, facts, and reason....The joke about the auto industry is that after the Clean
Air Act was amended in 1970, every Japanese auto company hired 100 new engineers, and every U.S.
company hired 100 new lawyers.  It’s not too far from the truth, unfortunately.”

The Sierra Club climate roundtable developed the following model to “target global warming:” In the
center of the bull’s eye is “carbon tax.”  In the next ring out is: (1) stop grandfathering pollution; (2)
federally legislate a loophole-proof cap-and-trade system; (3) replace employment-based taxes with
pollution-based taxes.  In the outer ring are: (1) Separate energy consumption from utility profits; (2)
Research, develop, and deploy alternative fuels and green technology; (3) Increase funding for home
weatherization; (4) Subsidize low-income purchases of cars and appliances; (5) Reduce investment risk
in clean energy; (6) Level the energy-subsidy playing field; (7) Modernize the electricity grid.

Rubin Naiman, Ph.D., a psychologist and sleep expert at the University of Arizona’s Program in
Integrative Medicine, sees global warming as an inflammatory disorder of the planet.  The consequence
of the planet not being able to cool down at night is the same as chronic inflammation in the human
body, which is a root cause of serious chronic disease like cardiovascular disease and cancer.

Some technologists have proposed populating the upper atmosphere with tiny particles which would
mimic volcanic ash, under the premise that reflecting incoming sunlight with such particles would cool
Earth’s surface.  However, blocking direct solar radiation coming in would hinder plant photosynthesis
and subsequent growth, while only slowly reducing the amount of heat energy that is reverberating
between the greenhouse gases in the atmosphere and materials on the Earth’s surface.

The solid starting point for global negotiations to control greenhouse gas emissions is the 1992 U.N.
Framework Convention on Climate Change, the international treaty that binds countries to act on the
problem and under which specific measures, such as the Kyoto Protocol, are adopted.  The U.S. is a
signatory to the Framework Convention, which states its objective is “stabilization of greenhouse gas
concentrations in the atmosphere at a level which would prevent dangerous anthropogenic interference
with the climate system.”  According to Jeffrey D. Sachs, director of the Earth Institute at Columbia
University, “The Kyoto Protocol, adopted in 1997, did not implement this idea very well: it took a
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short-term view of a long-term objective and as a result lost clarity, credibility and support along the
way.  The key now is to move beyond it.”  Sachs states that “dangerous anthropogenic interference”
will most likely kick in when carbon concentrations in the atmosphere are at 450-550 parts per million. 
The world’s current trajectory could easily take us to twice that range by the end of the century.  Sachs
says the world should agree to stabilize greenhouse gas concentrations in the 450-550 ppm range; Jim
Hansen of NASA argued for the lower figure prior to 2008, others the higher end.  Sachs believes the
nations of the world should agree on an end-of-century goal in that range of ppm of greenhouse gases,
with a mid-century benchmark about 50 ppm lower than the end-of-century goal.  The world’s
governments could then negotiate strategies for achieving these targets.  The toolbox of strategies
includes market incentives to reduce emissions; greatly expanded research on sustainable energy use,
land use and industrial development; and technology transfers from rich to poor countries.

The positions in the above debates appear now to be obsolete in the face of the emergent evidence
reviewed below.  This emergent evidence indicates we must reduce carbon dioxide levels in the
atmosphere to 350 ppm in order to prevent run-away global warming positive feedback effects from
release of vast amounts of carbon dioxide and methane which are currently sequestered in biomass and
frozen deposits.

Since the U.N. Framework, Kyoto, and the statements by Sachs and Hansen above were made, studies
made available in 2008 showed that frozen soils in the Arctic contain vast quantities of carbon - 60
percent more than was previously estimated and equivalent to one sixth of the total amount already in
the atmosphere as of 2008.  In addition, arctic tundra contains millions of tons of methane which will be
released when it melts.

As of 2007 the atmospheric carbon dioxide level was at 384 ppm, and increasing faster than 2 ppm

2annually.  As of 2008, atmospheric CO  levels have increased 35 percent above levels in 1990.  If the
effect of all greenhouse gas increases is included, the total warming effect due to greenhouse gas

2accumulations as of 2008 is at the equivalent of 430 ppm of CO .

In August 2007 the Institute for Energy and Environmental Research published their executive summary
of a study to be published as a book in October, 2007, as a special issue of Science and Democratic
Action, Volume 15(1) <www.ieer.org/sdafiles/15-1.pdf>.  The central finding of Carbon-Free and

2Nuclear-Free: A Roadmap for U.S. Energy Policy is “...that a zero-CO  U.S. economy can be achieved
within the next thirty to fifty years without the use of nuclear power and without acquiring carbon

2credits from other countries.  In other words, actual physical emissions of CO  from the energy sector
can be eliminated with technologies that are now available or foreseeable.  This can be done at
reasonable cost while creating a much more secure energy supply than at present.  Net U.S. oil imports
can be eliminated in about 25 years.  All three insecurities - severe climate disruption, oil supply and
price insecurity, and nuclear proliferation via commercial nuclear energy - will thereby be addressed.  In
addition, there will be large ancillary health benefits from the elimination of most regional and local air
pollution, such as high ozone and particulate levels in cities, which is due to fossil fuel combustion.” 

2The study details the reasons that CO  emissions need to drop to zero, not to 80% of 2000 levels, in
order to maximize the probability that mankind can avert runaway global warming.
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According to Dr. Arjun Makhijani, “Everything in my book is based on either existing technology, or
technology that has been technically demonstrated and can become commercialized in less than ten
years.”

Good introductions to overviews of all forcing factors for both global warming and cooling,
anthropogenic and natural - such as particulates in the atmosphere from volcanic explosions and natural
variations in solar energy output and Earth’s changes in orientation to solar radiation - can be found at
the RealClimate website <www.realclimate.org>. <www.realclimate.org/index.php?p+186#more-186 is
“What is a first-order climate forcing?” and <www.realclimate.org/index.php?cat=4> is “The lure of
solar forcing.”

In 2006, Dr. Rajendra Pachauri, the chairman of the Intergovernmental Panel on Climate Change
(IPCC), said that without “very deep” cuts in greenhouse gas emissions “we are risking the ability of the
human race to survive.”  Dr. Pachauri previously came to office as the Bush administration’s choice as
a replacement for the previous IPCC chair, whom U.S. oil companies considered too alarmist about
global warming!

From an interview with Steve Curwood of PBS’s Living on Earth: “As we understand more about
nanoscale reactions, it becomes clearer why just a few molecules of dioxin or bisphenol-A could change
genetic expression, the ability of people to reproduce, or out immune systems.  A lot of media are
having a hard time touching that.  The chemical industry is militant, powerful, and rich.  We’ve been
thrown off the air in a couple of places where we’ve run stories that have upset the industry.

I’m proud that my staff and I never drank from the Kool-Aid, the idea that somehow you could
balance a science story.  If one person says two plus two is four, and another says two plus two is five,
the right answer isn’t four and a half.  That’s the way virtually all American media wanted to cover
climate change, especially as industry stirred up clouds of doubt.”

Global Warming Gases

There are four groups of gases which have a global warming effect by virtue of their permitting higher
frequencies of solar radiation to pass through their structure but blocking the lower wavelength of heat
radiation reflecting from the earth’s surface back towards outer space: carbon dioxide accounts for the
largest volume and is responsible for about one-half of human-related greenhouse gas warming since
the industrial revolution.  A kilogram of methane warms the earth 25 times more than a kilogram of
carbon dioxide does, while nitrous oxide warms the earth 298 times more than an equivalent weight of
carbon dioxide.  Methane and nitrous oxide are responsible for about one-third of human-related
greenhouse gas warming since the industrial revolution.  Overall, about one fifth of total global
warming emissions come from livestock, according to a United Nations report in January, 2007. 

6Chlorofluorocarbons, perfluorocarbons, and sulfur hexafluoride (SF ) are also far more potent

2greenhouse gases than CO .  Perfluorocarbons are released by primary smelting of aluminum and the
semiconductor industry; sulfur hexafluoride from magnesium smelting and electrical insulation. 
Chlorofluorocarbons are the principal refrigerant gas used in refrigerators and air conditioners, and used
to be the propellant in aerosol cans of consumer products.  Most atmospheric emissions today are from
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leakage from refrigerant systems.  Hydrofluorocarbons are between 124 and 14,800 times as potent per
kilogram in reflecting heat than carbon dioxide; perfluorocarbons 7,390-12,200 times as potent
(depending on type), and sulfur hexafluoride is 22,800 times as potent in causing global warming as
carbon dioxide per kilogram. (The comparative figures are standardized to a 100-year time frame.)

According to the Worldwatch Institute, as of 2004, the share of global emissions with global warming
effect expressed in carbon-dioxide equivalent terms for these gases, by source, were: 56.6 percent
carbon dioxide from fossil fuel use; 17.3 percent carbon dioxide from deforestation, biomass decay,
etc.; 2.8 percent carbon dioxide from cement production and gas flaring; 14.3 percent methane; 7.9
percent nitrous oxide; and 1.1 percent from the three fluorocarbon greenhouse gases.  By sector, 2004
total greenhouse gas emissions expressed in carbon-dioxide-equivalent units are: energy supply 25.9%,
industry 19.4%, forestry 17.4%, agriculture 13.5%, transport 13.1%, direct emissions from buildings
7.9%, and waste and wastewater accounts for 2.8%.

In a 5-4 vote, the U.S. Supreme Court ruled in 2007 that carbon dioxide and other global warming gases
are “pollutants” under the Clean Air Act and are subject to Environmental Protection Agency measures
to control their emission.  The decision is seen as removing the major obstacle to measures enacted in
California and ten other states which require reduction of greenhouse gas emissions by vehicles sold in
those states.

Carbon dioxide: As of 2006 the concentration of carbon dioxide in the atmosphere had increased 34
percent since 1750.  62 percent of that increase occurred since 1959.  Currently the combustion of fossil
fuels - coal, natural gas, and petroleum - accounts for nearly three-quarters of global carbon dioxide

2 emissions, while deforestation accounts for about one-quarter (more than the amount of CO generated

.in the U.S. each year by burning fossil fuels)  [IPCC <www.ipcc.ch> and the Carbon Dioxide
Information Analysis Center].  In 2007, the combustion of fossil fuels released nearly 30 billion tons of

2CO  into the atmosphere (more than a million tons every hour) with coal and oil contributing roughly
40 percent each and natural gas accounting for the other 20 percent.  The manufacture of cement
released nearly 350 million tons, while deforestation and agriculture combined contributed roughly 1.6
billion tons [IPCC, Climate Change 2007: The Physical Science Basis.  New York: Cambridge
University Press, 2007].

2If the current world CO   emissions trajectory continues without change it will take the atmospheric

2concentration of CO  to 650 ppm or beyond by the end of the 21  century.  The U.S. Department ofst

Energy has forecast that both world energy use and carbon emissions will grow nearly 50 percent by
2030, an average rate of increase of 1.7 percent per year.  As recently as 2004, China was not expected

2 2to pass the U.S. in gross CO  emissions until 2030.  2008 data indicates that total Chinese CO

2emissions exceeded U.S. emissions in 2007 if cement-related CO  emissions are included in the totals.

Analysts expect greenhouse gas emissions from global concrete production to become a larger
contributor to climate change than the total activity of the European Union by 2030.  Cement
production boomed from 594 million tons in 1970 to 2.3 billion tons in 2005.  As the growth of leading
producers China and India continues, global cement production may reach 5 billion tons in 2030.
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The IPCC says “Carbon dioxide is the most important anthropogenic greenhouse gas.  The global
atmospheric concentration of carbon dioxide has increased from a pre-industrial value of about 280
ppm to 379 ppm in 2005.  The atmospheric concentration of carbon dioxide in 2005 exceeds by far the

2natural range over the past 650,000 years (180 to 300 ppm) as determined from ice cores.”  CO

2remains in the atmosphere a long time; some 56 percent of all CO  generated by human activities is still
aloft, and is the cause of about 80 percent of total global warming from greenhouse gas effects.  About

2half of today’s CO  emissions will be gone in 30 years, but 800 years from now 20 percent of today’s

2CO  emissions will still be in the atmosphere.

Each year the some 600 coal-fired power plants in the U.S. release 1.9 billion metric tons of carbon
dioxide.

2280 ppm of CO  translates into 586 gigatons of carbon in the atmosphere.  380 ppm translates into 790
gigatons of carbon in the atmosphere (if one includes the weight of the two oxygen molecules, the

2weight is 3.7 times greater for the CO  molecule as a whole in the atmosphere).  If we wish to stabilize

2CO  at twice pre-industrial levels, as is widely considered the threshold of dangerous change events, we

2would have to limit all future human emissions of CO  to 600 gigatons of carbon.  Half of this would
remain in the atmosphere, resulting in a carbon load of 1,100 gigatons in the atmosphere, or 550 parts
per million, by 2100.  An average of 13.3 gigatons of carbon accumulated each year throughout the
1990s.

2In the 1950's a climatologist named Charles Keeling climbed Mauna Loa in Hawaii to record CO
concentrations in the atmosphere.  From his study he created a graph called the “Keeling curve” which

2shows the planet breathing.  During every northern spring, as sprouting greenery extracts CO  from the

2atmosphere, the CO  concentration falls as if the planet is taking a vast inspiration.  In the northern

2autumn, as decomposition generates CO , the concentrations of the gas in the atmosphere increase as if

2with a vast exhalation.  Keeling’s work over time showed each exhalation was leaving a bit more CO

2in the atmosphere than the year before.  Tracing Keeling’s graph forward predicted a doubling of CO
concentrations in the Earth’s atmosphere in the 21  century, from the 3 atoms per 100,000 that existedst

2in the early 1900s to 6 atoms per 100,000.  That increase in CO  has the potential to increase the
planet’s average temperature by between 5 and 11 degrees F by itself, not counting secondary warming
effects which will be induced by this average temperature increase.

2In laboratory experiments, scientists found that CO  absorbs radiation only at wavelengths longer than
about 12 microns, and that a small amount of the gas captured all the radiation available at these

2bandwidths, so increasing concentrations of CO  should not have had any planetary warming effect. 
What has since been discovered is that, at the very low temperatures of the poles and upper atmosphere,

2 2more heat travels at the bandwidths where CO  is most effective.  Further, CO  acts as a trigger for that
potent greenhouse gas, water vapor, by heating the atmosphere just a little, allowing it to take up and
retain more water vapor, which then retains more heat and warms the atmosphere further, allowing it to
take up more water vapor - a positive feedback loop forcing the planet’s temperature to ever-higher
levels.  Water vapor droplets forming clouds can both reflect light back into space and cool the planet,
and reflect infrared heat energy back down to the earth’s surface to heat the planet.  High, thin clouds
trap more heat than the energy they reflect into space, while low thick clouds reflect more heat into
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space than back to earth.

2For the past couple of decades scientists have been monitoring where the CO  that humans produce by
burning fossil fuels goes.  They can do this because the gas derived from fossil fuels has a unique
chemical signature that can be tracked as it circulates around the planet.  In round figures, 2 gigatons are
absorbed by the oceans and another 1.5 gigatons is absorbed by life on land annually.

In a 2009 Geophysical Research Letters, Wolfgang Knorr of the University of Bristol reported his
analysis of levels of carbon dioxide in the atmosphere and in Antarctic ice cores which showed that the

2ratio of CO  emitted into the atmosphere by man’s activities and the amount absorbed by nature had
remained constant since the 1850s.  The percentage of total emissions remaining in the atmosphere has

2been a constant 40 percent.  However, Knorr and others warn that this ability of nature to increase CO

2sequestration into her carbon sinks will decrease, e.g., because warmer oceans can absorb less CO , and

2heat and water stress can reduce sequestration of CO  into plant tissue.  Wolfgang Lucht of the Potsdam
Institute for Climate Impact Research told Das Spiegel, in commenting on Knorr’s research, that “Over
time, it will become obvious that carbon sinks must become less efficient.  By 2040 at the latest, the
data will be clear.  But by then, it will be too late to do anything.”

Carbon Emissions of Selected Countries, 2006

Country/Region

2006 Fossil
Fuel
Carbon
Emissions*

2006
Carbon
Emissions
Per Capita

2006
Carbon
Emissions
Per $
GDP

thousand
tons

thousand tons
per capita

kilograms per
$1,000 GDP

United States 1,599,545 5.3 123

China 1,401,552 1.1 140

Western Europe    927,579 2.2   71

India    402,368 0.4   97

Japan    326,261 2.6   78

Africa    295,728 0.3 133

World 7,996,729 1.2 121

*Does not include emissions resulting from gas flaring, cement calcining, 
bunker fuels, or land use change.

Carbon Dioxide Emissions, Selected Countries/Regions, 1990 versus 2007
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2 2 2  CO  Emissions   Per Capita CO      CO /GDP*
                                                                (billion tons)           (tons)         

Country or Region 1990 2007 1990 2007 1990 2007

United States 4.8 6.1 18.7 19.2 823 437

China 2.3 5.9 2.0 4.4 2,523 844

European Union-27 3.6 3.8 7.6 7.6 514 258

India 0.6 1.5 0.8 1.2 898 503

Japan 1.0 1.2 8.3 9.7 446 290

Africa 0.6 1.2 1.0 1.2 864 595

Others 9.0 10.2 - - - -

World 22.0 29.9 4.2 4.3 863 460

2*kilograms of CO  per $1,000 of Gross Domestic Product (GDP)

During the last glacial age, carbon dioxide dipped to 180 parts per million.  Average global temperature
was 5 degrees Celsius colder than in 2008.

A global carbon dioxide monitor is accessible at <carma.org>.

Methane: Atmospheric levels of methane have increased 152 percent since the preindustrial age.  See
below table for preindustrial sources and quantities versus contemporary emissions.  The IPCC says
“the global atmospheric concentration of methane has increased from a pre-industrial value of about
715 ppb to 1732 ppb in the early 1990s, and is 1774 ppb in 2005.”  The natural range in the past
650,000 years is 320 to 790 ppb.  The November 23, 2006 Geophysical Research Letters reports that
the rate of increase of methane in the atmosphere began slowing in 1998, which all researchers agree is
due to reduced methane emissions.  Hypotheses as to source include collapse of the Soviet Union
resulting in a decrease in energy use in the region, reduction in rice farming, and decreased emissions
from coal mining.  Methane is relatively short-lived in the atmosphere; methane emitted today will be
gone in 25 years.

Oil and gas drilling is one of the largest anthropogenic sources of methane emissions into the
atmosphere.  On December 18, 2008, WildEarth Guardians filed a lawsuit to force the Bureau of Land
Management to address the global warming impacts of oil and gas drilling on public lands leases in
Montana due to release of methane from exploratory drilling and production.

As of 2010, World Watch estimates that methane from livestock, clearing of rainforests for pasture, and
other emanations from animal agriculture amount to more than half of the world’s total greenhouse gas

2emissions (as measured in tons of CO  equivalent).
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Nitrous oxide: The IPCC says “The global atmospheric nitrous oxide concentration increased from a
pre-industrial value of about 270 ppb to 319 ppb in 2005.  The growth rate has been approximately
constant since 1980.  More than a third of nitrous oxide emissions are anthropogenic and are primarily
due to agriculture.”  Nitrous oxide emitted today will clear from the atmosphere in one century.

The Scientific Consensus

I.  The Intergovermental Panel on Climate Change

The Intergovernmental Panel on Climate Change (IPCC) was established in 1988 under the auspices of
the United Nations Environment Programme and the World Meteorological Organization for the
purpose of assessing "the scientific, technical and socioeconomic information relevant for the
understanding of the risk of human-induced climate change.  It does not carry out new research nor does
it monitor climate-related data.  It bases its assessment mainly on published and peer reviewed scientific
technical literature."  It has three working groups and a variety of task forces and special committees.
The IPCC deliberately includes climate change skeptics in these bodies.  A number of the Technical
Assessment Report chapter lead authors are well known contrarians of the majority view.  Many other
climate change skeptics are contributing authors.  Further, the draft chapters from the authors are
circulated widely in the scientific community for review and comment (from over 1,000 scientists in the
case of the last two TARs).  The IPCC requires that lead authors are "required to record views in the
text which are scientifically or technically valid, even if they cannot be reconciled with a consensus
view."  Thus the IPCC reports embrace, acknowledge, quote, and account for any and all scientifically
or technically valid criticism of the consensus view from climate change skeptics who are deliberately
included in the IPCC assessment of the state of the art of climate change research.

So who is left out?  It is the climate change skeptic who is not scientifically or technically honest, who
presents results but refuses to submit those alleged findings to the scientific peer review process and
does not (or cannot) publish in scientific journals which employ peer review to reject rubbish.  Looking
at the writings of these people, the most frequent scientific error I observe in their claims is leaving out
published, verified scientific findings which contradict their thesis.  Most of these characters are funded
by corporations like Exxon-Mobil (the largest such supporter), and are accurately understood to be paid
propagandists posing as scientists.

As an example of the - now proven-to-be excessive - conservatism of the IPCC’s assessments, there is a
built-in assumption in all the IPCC’s variant scenarios that greater energy efficiency will be an
automatic byproduct of future economic development.  The IPCC assumes that at least 60 percent of
future carbon reduction will occur independently of greenhouse gas mitigation measures due to future
energy technology applications being more efficient than current ones.  The Kyoto-type accords and
carbon market proposals are designed to bridge the shortfall between this assumed spontaneous
decarbonization of human technology and the emissions targets required by each IPCC scenario.  This
IPCC assumption that decarbonization will occur due to ever-increasing adoption of energy efficiency
rests in turn on the premise that humankind will make rational choices about investment in energy
technology based on life-cycle total cost, not on the “sticker price” of acquisition, e.g., that investors
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will reliably choose to spend 20 percent more to build a building with a 20-year life amortization where
the extra 20 percent purchase price is recovered in ten years of building operation from energy savings,
leaving the owners financially ahead for the next ten years of building operation.

The IPCC Fourth Technical Assessment reports

The IPCC Working Group I issued its Fourth Assessment Report in February, 2007.
[http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr_spm.pdf>]  The 2,500 scientists who wrote
and edited the dense review of scientific knowledge to date concluded that the confidence that
greenhouse gas accumulation is causing global warming is now 90 percent, that this trend will
accelerate this century, and will produce an increase in mean global temperature between 3.2 and 7.1
degrees Fahrenheit by 2100.  The United States is one of the 113 countries that has endorsed the report. 
(On March 6, 2007, a supplementary report which evaluated positive feedback mechanisms in warming
changed the median projection for 2100 to an increase of 7.2 degrees Fahrenheit.)  A selection of the
report’s major findings from its “Summary for Policymakers” are listed below.  The report uses the
following terminology: virtually certain = 99% probability of occurrence; extremely likely = greater
than 95% probability; very likely = greater than 90%; Likely = >66%.  The “TAR” is the Third
Assessment Report by the IPCC.  “Forcing” refers to radiative forcing - human or natural factors that
drive warming or cooling influences.
• “The observed widespread warming of the atmosphere and ocean, together with ice mass loss,

support the conclusion that it is extremely unlikely that global change of the past fifty years can
be explained without external forcing, and very likely that it is not due to known natural causes
alone.”

• “It is likely that increases in greenhouse gas concentrations alone would have caused more
warming than observed because volcanic and anthropogenic aerosols have offset some warming
that would otherwise have taken place.”

• “Warming of the climate system has been detected in changes of surface and atmospheric
temperatures, temperatures in the upper several hundred metres of the ocean and in
contributions to sea level rise.  Attribution studies have established anthropogenic contributions
to all these changes.  The observed pattern of tropospheric warming and stratospheric cooling is
very likely due to the combined influences of greenhouse gas increases and stratospheric ozone
depletion.”  The report notes that 11 of the past 12 years (1995-2006) ranks among the 12
warmest years in the instrumental record of surface temperatures since 1850.  (Later, the NASA
Goddard Institute reported that 2007 tied with 1998 as the second warmest year in the past
century, and that the 14 warmest years ever measured have all occurred since 1990.)

• “It is likely that there has been significant anthropogenic warming over the past 50 years
averaged over each continent except Antarctica....The ability of coupled climate models to
simulate the observed temperature evolution on each of six continents provides stronger
evidence of human influence on climate than was available in the TAR.”

• “Anthropogenic forcing is likely to have contributed to changes in wind patterns, affecting extra-
tropical storm tracks and temperature patterns in both hemispheres.  However, the observed
changes in the Northern Hemisphere circulation are larger than simulated in response to 20th

century forcing change.”
• “For the next two decades a warming of about 0.2E C per decade is projected for a range of
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SRES emission scenarios.  Even if the concentrations of all greenhouse gases and aerosols had
been kept constant at year 2000 levels, a further warming of about 0.1E C per decade would be
expected....due mainly to the slow response of the oceans.”

• “Since IPCC’s first report in 1990, assessed projections have suggested global averaged
temperature increases between about 0.15 and 0.3E C per decade for 1990 to 2005.  This can
now be compared with observed values of about 0.2E C per decade, strengthening confidence in
near-term projections.”

• “Continued greenhouse gas emissions at or above current rates would case further warming and
induce many changes in the global climate system during the 21  century that would very likelyst

be larger than those observed during the 20  century.”  Among six SRES emissions scenarios,th

the best estimate for the low scenario is 1.8E C (likely range 1.1E C to 2.9E C), and for the high
scenario is 4.0E C (range 2.4E C to 6.4E C).  The new high estimate is higher than the highest
reported in the TAR.

• “Carbon dioxide is the most important anthropogenic greenhouse gas.  The global atmospheric
concentration of carbon dioxide has increased from a pre-industrial value of about 280 ppm to
379 ppm in 2005.  The atmospheric concentration of carbon dioxide in 2005 exceeds by far the
natural range over the past 650,000 years (180 to 300 ppm) as determined from ice cores.”  The
rate of increase from 1995-2005 averaged 1.9 ppm versus the average increase of 1.4 ppm from
1960-2005.  Annual fossil fuel carbon dioxide emissions increased from an average of 6.4 GtC
per year in the 1990s to 7.2 GtC per year in 2000-2005.

• “The global atmospheric concentration of methane has increased from a pre-industrial value of
about 715 ppb to 1732 ppb in the early 1990s, and is 1774 ppb in 2005.”  The natural range in
the past 650,000 years is 320 to 790 ppb.

• “The global atmospheric nitrous oxide concentration increased from a pre-industrial value of
about 270 ppb to 319 ppb in 2005.  The growth rate has been approximately constant since
1980.  More than a third of nitrous oxide emissions are anthropogenic and are primarily due to
agriculture.”

• The combined radiative forcing due to increases in carbon dioxide, methane, and nitrous oxide
is +2.30 Watts per meter squared “and its rate of increase during the industrial era is very likely
to have been unprecedented in more than 10,000 years.”  Tropospheric ozone changes due to
emissions of ozone-forming chemicals (nitrogen oxides, carbon monoxide, and hydrocarbons)
contribute +0.35 W m .  The direct radiative forcing due to changes in halocarbons is +0.34 W2

m .  Changes in solar irradiance since 1750 are estimated to cause a radiative forcing of +0.122

W m .  Cooling influences have been anthropogenic contributions to aerosols (sulphate, organic2

carbon, black carbon, nitrate and dust) with a radiative forcing of -0.5 W m , and an indirect2

cloud albedo forcing of -0.7 W m .  (This latter is due to anthropogenic particulates acting as2

cloud seeders, forming water droplets around the particle.)  Changes in surface albedo due to
land use changes and deposition of black carbon aerosols on snow exert forcings of -0.2 W m2

and +0.1 W m , respectively.2

• “New analyses of balloon-borne and satellite measurements of lower-and mid-tropospheric
temperature show warming rates that are similar to those of the surface temperature record and
are consistent within their respective uncertainties, largely reconciling a discrepancy noted in the
TAR.”

• “The average atmospheric water vapour content has increased since at least the 1980s over land
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and ocean as well as in the upper troposphere.  The increase is broadly consistent with the extra
water vapour that warmer air can hold.”

• “Observations since 1961 show that the average temperature of the global ocean has increased
to depths of at least 3000 m and that the ocean has been absorbing more than 80% of the heat
added to the climate system.”  See below section on consequences of global warming for
specific figures concerning the sea level rise due to thermal expansion and ice melting.

The IPCC Working Group II issued its Fourth Assessment Report on April 6, 2007.  It is entitled: 
Climate Change 2007: Climate Change Impacts, Adaptation and Vulnerability, and lists 63 “drafting
authors.”  Among their findings about current impacts are:
• “A global assessment of data since 1970 has shown it is likely that anthropogenic warming has

had a discernible influence on many physical and biological systems.”  The group selected
29,000 data series from some 80,000 data series contained in 577 studies which (1) ended in
1990 or later; (2) spanned a period of at least 20 years; and (3) showed a significant change in
either direction.  Of the 29,000 observational data series, more than 89 percent show significant
change in physical or biological systems consistent with that predicted to occur as a response to
global warming.  (About 28,000 of the data series are from European studies.)  Further, “Models
with combined natural and anthropogenic forcings simulate observed responses significantly
better than models with natural forcing only.”

• Effects of temperature increases have been documented in (1) agricultural and forestry
management at higher latitudes in the Northern Hemisphere, such as earlier spring planting of
crops, and alterations in disturbance regimes of forests due to fires and pests; (2) some aspects
of human health such as heat-related mortality, infectious disease vectors, and allergenic pollen
in Northern Hemisphere mid and high-latitudes; (3) some human activities in the Arctic and
alpine areas related to lack of snow and ice.

• In Africa’s Sahel, warmer and drier conditions have reduced the length of the crop growing
season.  In southern Africa, dry seasons are longer and rainfall is more uncertain.

Under “current knowledge about future impacts” the group lists the following topics:

Fresh water resources and their management:
• “By mid-century, annual average river runoff and water availability are projected to increase by

10-40% at high latitudes and in some wet tropical areas, and decrease by 10-30% over some dry
regions at mid-latitudes and in the dry tropics, some of which are presently water stressed
areas.”  There are some seasonal and locational exceptions to these generalities.

• “Drought-affected areas will likely increase in extent.  Heavy precipitation events, which are
very likely to increase in frequency, will augment flood risk.”

• “In the course of the century, water supplies stored in glaciers and snow cover are projected to
decline, reducing water availability in regions supplied by meltwater from major mountain
ranges, where more than one-sixth of the world population currently lives.”

• The group notes that adaptation procedures and risk management practices are already being
undertaken in the water sector of some countries that have recognized hydrological changes and
their related uncertainties.
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Ecosystems:
• “Over the course of this century net carbon uptake by terrestrial ecosystems is likely to peak

before mid-century and then weaken or even reverse, thus amplifying climate change.”
• “Approximately 20-30% of plant and animal species assessed so far are likely to be at increased

risk of extinction if increases in global average temperatures exceed 1.5-2.5E C.”
• “For increases in global average temperature exceeding 1.5-2.5E C and in concomitant

atmospheric carbon dioxide concentrations, there are projected to be major changes in
ecosystem structure and function, species’ ecological interactions, and species’ geographic
ranges, with predominantly negative consequences for biodiversity, and ecosystem goods and
services, e.g., water and food supply.”

• “The progressive acidification of oceans due to increasing atmospheric carbon dioxide is
expected to have negative impacts on marine shell forming organisms (e.g., corals) and their
dependent species.”

Food, fibre and forest products:
• “Crop productivity is projected to increase slightly at mid to high latitudes for local mean

temperature increases of up to 1-3E C depending on the crop, and then decrease beyond that in
some regions.”

• “At lower latitudes, especially seasonally dry and tropical regions, crop productivity is projected
to decrease for even small local temperature increases (1-2E C), which would increase risk of
hunger.”

• “Globally, the potential for food production is projected to increase with increases in local
average temperature over a range of 1-3E C, but above this it is projected to decrease.”

• “Adaptations such as altered cultivars and planting times allow low and mid- to high latitude
cereal yields to be maintained at or above baseline yields for modest warming.”

• “Increases in the frequency of droughts and floods are projected to affect local production
negatively, especially in subsistence sectors at low latitudes.”

• “Globally, commercial timber productivity rises modestly with climate change in the short- to
medium-term, with large regional variability around the global trend.”

• “Regional changes in the distribution and production of particular fish species is expected due to
continued warming, with adverse effects projected for aquaculture and fisheries.”

Under “coastal systems and low-lying areas,” the group’s findings are bleak, with risk of flooding and
erosion rising with sea level rise.  Corals will succumb to heat stress; salt marshes, mangroves, and
millions of people to flooding.  The group notes that adaptation to this will be more challenging in
developing countries than developed countries because of constrants on adaptive capacity.

Under “industry, settlement and society” the group observes that “The most vulnerable industries,
settlements and societies are generally those in coastal and river flood plains, those whose economies
are closely linked with climate-sensitive resources, and those in areas prone to extreme weather events,
especially where rapid urbanisation is occurring.”  Poor communities are especially vulnerable.  The
economic and social costs of more frequent extreme weather events will impact all areas and sectors of
the global economy through extensive and complex linkages.
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Health - health status of millions of people will be affected through
• “increases in malnutrition and consequent disorders, with implications for child growth and

development;
• increased deaths, disease and injury due to heat waves, floods, storms, fires and droughts;
• the increased burden of diarrhoeal disease;
• the increased frequency of cardio-respiratory diseases due to higher concentrations of ground

level ozone related to climate change; and,
• the altered spatial distribution of some infectious disease vectors.”
The report notes some small positive effects such as fewer deaths from cold exposure.

The working group then makes specific projections for effects on each of earth’s continents, the polar
regions and small islands:

In Africa, the group projects that by 2020, 75-200 million people are projected to be exposed to an
increase of water stress.  Agricultural production will be “severely compromised by climate variability
and change.”  In some countries, “yields from rain-fed agriculture could be reduced by up to 50% by
2020.”  Fisheries will decline in large lakes due to rising water temperatures.  Sea-level rise will affect
low-lying coastal areas which are densely populated, and degrade mangroves and coral reefs “with
additional consequences for fisheries and tourism.”  The cost of adaptation to sea-level rise alone could
amount to at least 5-10% of GDP.  Adaptive capacity of the continent is very low due to poverty and
lack of political organization.

In Asia glacier melt will result in a lot of adverse impacts; fresh water availability will decline.  Low-
lying areas will suffer increased flooding.  Crop yields could increase up to 20% in East and Southeast
Asia while it could decrease up to 30% in Central and South Asia by the mid-21st century.  “Endemic
morbidity and mortality due to diarrhoeal disease primarily associated with floods and droughts are
expected to rise in East, South, and Southeast Asia....Increases in coastal water temperature would
exacerbate the abundance and/or toxicity of cholera in South Asia.”  Adaptive capacity of the continent
is low overall due to high population and low wealth in vulnerable areas.

In Australia and New Zealand, “As a result of reduced precipitation and increased evaporation, water
security problems are projected to intensify by 2030 in southern and eastern Australia and, in New
Zealand, in Northland and some eastern regions.”  “Significant loss of biodiversity is projected to occur
by 2020 in some ecologically-rich sites including the Great Barrier Reef and Queensland Wet Tropics. 
Other sites at risk include Kakadu wetlands, south-west Australia, sub-Antarctic islands and the alpine
areas of both countries.”  “Production from agriculture and forestry by 2030 is projected to decline over
much of southern and eastern Australia, and over parts of New Zealand, due to increased drought and
fire.  However, in New Zealand, initial benefits to agriculture and forestry are projected in western and
southern areas and close to major rivers due to a longer growing season, less frost and increased
rainfall.”  Adaptive capacity of the continent is high due to wealth and political organization.

In Europe, “mountainous areas will face glacier retreat, reduced snow cover and winter tourism,  and
extensive species losses (in some areas up to 60% under high emissions scenarios by 2080).”  “In
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Southern Europe, climate change is projected to worsen conditions (high temperatures and drought) in a
region already vulnerable to climate variability, and to reduce water availability, hydropower potential,
summer tourism, and in general, crop productivity.  It is also projected to increase health risks due to
heat waves and the frequency of wildfires.”  “In Central and Eastern Europe, summer precipitation is
projected to decrease, causing higher water stress.  Health risks due to heat waves are projected to
increase.  Forest productivity is expected to decline and the frequency of peatland fires to increase.”  “In
Northern Europe, climate change is projected to bring mixed effects, including some benefits such as
reduced demand for heating, increased crop yields and increased forest growth.  However, as climate
change continues, its negative impacts (including more frequent winter floods, endangered ecosystems
and increasing ground instability) are likely to outweigh its benefits.”  Sea level rise effects are
equivalent to other continents.  Adaptive capacity of the continent is high due to wealth and political
organization.

In Latin America, “By mid-century, increases in temperature and associated decreases in soil water are
projected to lead to gradual replacement of tropical forest by savanna in eastern Amazonia.  Semi-arid
vegetation will tend to be replaced by arid-land vegetation.  There is a risk of significant biodiversity
loss through species extinction in many areas of tropical Latin America.”  “In drier areas, climate
change is expected to lead to salinization and desertification of agricultural land.  Productivity of some
important crops are projected to decrease and livestock productivity to decline, with adverse
consequences for food security.  In temperate zones soybean yields are projected to increase.”  The
effects of sea level rise are equivalent to other continents, as are the water impacts of glacier melt and
reduced snowpack in the mountains.  Adaptive capacity of the continent is low due to lack of wealth
and political organization.

In North America, “Moderate climate change in the early decades of the century is projected to
increase aggregate yields of rain-fed agriculture by 5-20%, but with important variability among
regions.  Major challenges are projected for crops that are near the warm end of their suitable range or
depend on highly utilised water resources.”  “Warming in western mountains is projected to cause
decreased snowpack, more winter flooding, and reduced summer flows, exacerbating competition for
over-allocated water resources.”  “Disturbances from pests, diseases, and fire are projected to have
increasing impacts on forests, with an extended period of high fire risk and large increases in area
burned.”  The number, intensity and duration of heat waves will increase, along with adverse health
impacts from them.  “Coastal communities and habitats will be increasingly stressed by climate change
impacts interacting with development and pollution. Population growth and the rising value of
infrastructure in coastal areas increase vulnerability to climate variability and future climate change,
with losses expected to increase if the intensity of tropical storms increases.  Current adaptation is
uneven and readiness for increased exposure is low.”

The U.S. Climate Change Program released its draft report on the impacts of global climate change
within the U.S. in September, 2008: <www.climatescience.gov>.

In Polar Regions “the main projected biophysical effects are reductions in thickness and extent of
glaciers and ice sheets, and changes in natural ecosystems with detrimental effects on many organisms
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including migratory birds, mammals and higher predators.  In the Arctic, additional impacts include
reductions in the extent of sea ice and permafrost, increased coastal erosion, and an increase in the
depth of permafrost seasonal thawing.”  “Beneficial impacts would include reduced heating costs and
more navigable northern sea routes.”  In both polar regions ecosystems and habitats are rendered
vulnerable by climate change.  Climactic barriers to species invasion will be lowered.

Small Islands, “whether located in the Tropics or higher latitudes, have characteristics which make
them especially vulnerable to the effects of climate change, sea level rise and extreme events.”  These
include loss of fisheries and beaches to sea water warming, coral bleaching, and erosion; innundation
and erosion of land by storm surge due to sea level rise; reduction of fresh water resources; and
increased invasion by non-native species.

If global warming is not abated, after the 21  century the working group warns that “Very large sea-st

level rises that would result from widespread deglaciation of Greenland and West Antarctic ice sheets
imply major changes in coastlines and ecosystems, and inundation of low-lying areas, with greatest
effects in river deltas.  There is medium confidence that at least partial deglaciation of the Greenland ice
sheet, and possibly the West Antarctic ice sheet, would occur over a period of time ranging from
centuries to millenia for a global average temperature increase of 1 - 4E C (relative to 1990-2000),
causing a contribution to sea level rise of 4-6 m or more.  The complete melting of the Greenland ice
sheet and the West Antarctic ice sheet would lead to a contribution to sea-level rise of up to 7 m and
about 5 m, respectively.”  “Based on climate model results, it is very unlikely that the Meridonal
Overturning Circulation (MOC) in the North Atlantic will undergo a large abrupt transition during the
21  century.  Slowing of the MOC this century is very likely, but temperatures over the Atlantic andst

Europe are projected to increase nevertheless, due to global warming.”

In respect to the question of working to abate global warming versus adapting to it, the working group
observes that “Past emissions are estimated to involve some unavoidable warming (about a further 0.6E
C by the end of the century) even if atmospheric greenhouse gas concentrations remain at 2000
levels....There are some impacts for which adaptation is the only available and appropriate response.”

“The array of potential adaptive responses available to human societies is very large, ranging from
purely technological (e.g., sea defences), through behavioural (e.g., altered food and recreational
choices) to managerial (e.g., altered farm practices), to policy (e.g., planning regulations)....However,
adaptation alone is not expected to cope with all the projected effects of climate change, and especially
not over the long run as most impacts increase in magnitude.”  The projected number of people affected
adversely is higher in models where there is large population growth and low per capita income than in
models where there are fewer people with higher income in a given area, due to differences in
vulnerability in these human populations.

Aggregate net economic costs of damages from climate change across the globe, expressed in terms of
future net benefits and costs that are discounted to the present as a “social cost of carbon,” are now
available from multiple peer-reviewed studies.  The average value across these studies is US$43 per
tonne of carbon as of 2005 (i.e., US$12 per tonne of carbon dioxide).  In 100 study estimates, the range
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was from US$-10 per tonne of carbon to US$350 per tonne, or US$-3 to US$130 per tonne of carbon
dioxide.  “The large ranges of SCC are due in the large part to differences in assumptions regarding
climate sensitivity, response lags, the treatment of risk and equity, economic and non-economic
impacts, the inclusion of potentially catastrophic losses and discount rates.  It is very likely that globally
aggregated figures underestimate the damage costs because they cannot include many non-quantifiable
impacts.  Taken as a whole, the range of published evidence indicates that the net damage costs of
climate change are likely to be significant and to increase over time....In some locations and amongst
some groups of people with high exposure, high sensitivity, and/or low adaptive capacity, net costs will
be significantly larger than the global aggregate.”

IPCC Final Consensus Report was issued in mid-November of 2007, serving as a pointed shout-out to
the United Nations Climate Change Conference then convening in Bali, Indonesia.  The IPCC had just
shared the 2007 award of the Nobel Peace Prize with Al Gore.  It stated that global warming is
“unequivocal” and there is “very high confidence” that humans are the cause.  Increased temperatures,
snow and ice melt, and rising sea levels are already evident.  IPCC Director Rajendra Pachauri stated
action was needed within two to three years to stave off the risk of mass migrations and conflicts over
water and food.

The IPCC Third Technical Assessment Reports

The IPCC  issued its Third Assessment Report, which corresponds to the area dealt with by its Working
Group I in the 2007 cycle, in 2001. 183 scientists from around the world served as lead authors, with
243 contributing authors.  A number of the chapter lead authors of the Third Assessment Report (TAR)
are well known contrarians of the majority view, e.g., Richard Lindzen of MIT and John Christy from
the University of Alabama-Huntsville.  Outspoken climate change skeptic Vincent Gray of New
Zealand submitted 97 pages of comments on the first draft of the TAR and acknowledged in print that
his comments were accepted and included in the final TAR report.

The major findings of the TAR issued in April, 2001 were:
1.  The globally averaged surface temperatures have increased by 0.6 +/- 0.2 degrees Celsius over the
20th century.
2.  For the range of scenarios developed for IPCC assessment (assuming no major reduction in
greenhouse gas emissions), climate models project the Earth to warm 1.4-5.8 degrees Celsius between
1990 and 2100.  (Since this report was published, climate monitoring finds that it is the high end of this
projected range which we are on track to reach.  In 2005 the National Center for Atmospheric Research
in Boulder, CO, said its "middle of the road" projection for temperature increase by 2100 was 5 degrees,
with 10 degrees Celsius rise now possible as the upper limit of their projected range.  Carbon dioxide in
the atmosphere as of 2005 is 1 trillion tons.  Estimates for 2100 range from 1.2 trillion tons
accumulated if stringent corrective steps are taken to 2.8 trillion tons if little is done.)
3.  Sea-level rise is projected to be between 9 and 88 centimeters by 2100.  (As of 2005, average sea
level at Albemarle Peninsula in North Carolina had risen 1.7 inches in ten years.  Various scientific
papers state that the average sea level on the planet rose between 4 inches (the lowest measurement) to
12 inches (the highest), with 8 inches seemingly the century's modal figure for the 20th century as a
whole.  Part of the variation in these measurements is due to location; some areas of the oceans suffered
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more thermal expansion and therefore mean sea level at those measurement locations was greater.  In
2005 the U.S. Environmental Protection Agency predicted melting glaciers and thermal expansion of
the oceans due to global warming will cause an average 2-foot rise in sea level on all U.S. coasts by
2100.)
4.  Warming will vary by region.  (Warming has been greatest at the poles.  Alaska's average
temperature has risen 7 degrees Fahrenheit since 1980.  Currently about one third of the north pole ice
cap is melted completely each year and ice thickness is down by at least a third everywhere.)
5.  Average precipitation will increase globally but vary by region and season, such that some areas may
see increases or decreases in precipitation overall or during particular times of the year.  Overall, the
IPCC predicts that wet regions will get 20 percent more total rainfall and arid regions will get 20
percent less annual precipitation, but this prediction varies by latitude.
6.  There are likely to be changes in climate variability, and changes in the frequency and intensity of
some extreme climactic events.  (New research concludes that each one degree rise in ocean
temperature in the Atlantic between Africa and North America and in the Gulf of Mexico causes a
doubling of average hurricane intensity, but not an increase in the number of hurricanes that form.)
7.  Observed changes due to 20th century warming include shrinking glaciers, thawing permafrost,
earlier break-up of river and lake ice, lengthening of mid-to-high-latitude growing seasons, poleward
and altitudinal shifts of plant and animal ranges, declines in some animal and plant populations, and
earlier tree flowering, insect emergence and egg-laying in birds.

2005 Studies Comparing Model Predictions to Actual Change Rates

As of 2005, the corrected computer models yield a mid-case estimate (not the worst-case but the most
probable scenario for the rest of the century) of another five degrees of warming, making the planet
hotter on average than it has been throughout all of human history.  These models now appear far too
conservative.  A recent study in Nature found that warming during a “super-greenhouse” period 55
million years ago raised Arctic temperatures about 40 degrees F, almost twice as much as today’s global
warming models predict.  Scientists worry that the study shows a harmful “positive feedback” effect in
which global warming causes release of more greenhouse gases into the atmosphere from permafrost,
oceans and soils, accelerating warming.  Another study in Nature suggests this is already happening
where permafrost in the far north holds 500 billion tons of frozen organic carbon, more than the total
amount released by human activity since 1750.  In northern Siberia, methane is bubbling out of “thaw
lakes” created by melting permafrost.  The study estimates that releases of methane in the region
increased 58% from 1974 and 2000.  Also, in 2006, reports from areas in the Arctic found accelerated
warming that threatens to exceed the 2005 model’s worst case scenario for the end of the 21  century inst

a few years.  Two studies published in Science in mid-2007 find that sea ice in the Arctic is melting
much faster than climate change models had predicted.  The first study found that the rate of melting is
three times as fast as models had forecast.  A second study including NASA’s Dr. James Hansen
compared various climate model projections against actual data collected since 1990.  The authors
conclude that the Earth’s climate system - particularly sea level increases - may be responding to
climate change faster than our current models predict.  Later studies confirm actual polar region global
warming phenomena observed are greater than the “worst case” projection of any climate models used
before March, 2007.
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Part of the reason for actual global warming outpacing the predictive models may be that the
biosphere’s ability to absorb carbon is being reduced by human activity.  By 2030, the ability of the
biosphere to absorb carbon under a “business as usual” future scenario drops from 4 billion tons a year
to 2.7 billion tons a year.  In order to achieve equilibrium between anthropogenic emissions of carbon
dioxide and the ability of the biosphere to sequester carbon at 2.7 billion tons a year requires dropping
our current emissions of 7 billion tons a year to 2.7 billion tons, a reduction of 61.4 percent.

Hansen, et al: 350 ppm Atmospheric Carbon Dioxide is Safe Limit

2In 2008 James Hansen and his colleagues published Target Atmospheric CO : Where Should Humanity
Aim?  They examined paleoclimactic data going back 65 million years, examining what happened by
way of secondary climactic effects due to rises in atmospheric carbon dioxide levels, and from carbon
dioxide levels in the atmosphere falling due to resequestration of the carbon in carbonate minerals. 
What they found was that, for each three degrees Centigrade rise in global mean temperature due to
accumulation of carbon dioxide in the atmosphere, another three degrees Centigrade rise occurred
because of “slow feedback” secondary global warming effects.  The major of these effects are (1)

2 2release of CO  by the ocean due to changes in solubility of CO  in sea water as a function of water
temperature, and mostly to increased ocean mixing in a warmer climate which flushes out deep ocean
deposits and alters ocean biological productivity; (2) release of the potent greenhouse gas methane from
where it was sequestered in permafrost on land and in methane hydrates on the floors of oceans, and (3)
positive feedback cycles associated with changes in Earth’s albedo due to loss of ice cover and changes
in vegetative albedo resulting from climate change.  Through a detailed scientific analysis, Hansen, et

2al, conclude that 350 ppm of CO  in the atmosphere is the “tipping point” which initiates “slow

2feedback” global warming processes.  We must immediately take action to both stop putting more CO

2 2into the atmosphere, which is already at 382 ppm CO , and to aggressively sequester CO  from the
atmosphere.  Hansen, et al, detail how that can be done through re-forestation; they are ignorant of the
superior carbon sequestration capacities of organic agriculture in terms of carbon sequestered per acre
of farmed land.

Hansen and his colleagues conclude that “equilibrium climate sensitivity that includes slow feedbacks is

2about 1.5EC per W/m  or 6EC for doubled CO  between today and an ice-free world, the same as2

between today and the last ice age.”  (Increase of solar irradiance by 2 percent or doubling atmospheric

2CO  each represent forcings of 4 Watts per square meter.)  “Climate sensitivity varies as Earth becomes
warmer or cooler.  Toward colder extremes, as the area of sea ice grows, the planet approaches runaway
snowball-Earth conditions, and at high temperatures it can approach a runaway greenhouse effect (11).”

Between 60 and 50 million years ago the Indian continental plate moved north rapidly, 18-20 cm a year,
though a region that had long been a depocenter for carbonate and organic sediments.  As the Indian
continental plate was subducted under the Tibetan, these carbonate-rich crustal materials were heated
and outgassed carbon dioxide into the atmosphere.  This process reached its peak 50 million years ago. 

2The CO  level reached ~1,000-2,000 ppm in the early Cenozoic era.  There was a period when the
planet was entirely or largely ice free between 65 and 35 million years ago.

2The uplift of the Himalayas and Tibetan Plateau subsequently increased drawdown of atmospheric CO
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by enhanced weathering.  The Indian and Atlantic Oceans have since become the major depocenters for

2carbon.  Atmospheric CO  declined in the past 50 million years as carbon was re-sequested in
carbonates, causing the climate to cool to the point that Antarctic glaciation was present by ~34 million

2years ago.  At that time Hansen’s team calculates that atmospheric CO  had dropped to 350-500 ppm.

“We define: (1) the tipping level, the global climate change forcing that, if long maintained, gives rise to
a specific consequence, and (2) the point of no return, a climate state beyond which the consequence is
inevitable, even if climate forcings are reduced.  A point of no return can be avoided, even if the tipping
level is temporarily exceeded.  Ocean and ice sheet inertia permit overshoot, providing the climate
forcing is returned below the tipping level before initiating irreversible climate change.

Points of no return are inherently difficult to define, because the dynamical problems are
nonlinear.  Existing models are more lethargic than the real world for phenomena now unfolding,
including changes in sea ice (62), ice streams (63), ice shelves (64), and expansion of the subtropics
(65,66).”

“Present-day observations of Greenland and Antarctica show increasing surface melt (33), loss of
buttressing ice shelves (34), accelerating ice streams (35), and increasing overall mass loss (36).  These
rapid changes do not occur in existing ice sheet models, which are missing critical physics of ice sheet
disintegration (37).  Sea level changes of several meters per century occur in the paleoclimate record
(30,31), in response to forcings slower and weaker than the present human-made forcing.  It seems
likely that large ice sheet reponse will occur within centuries, if human-made forcings continue to
increase.  Once ice sheet disintegration is underway, decadal changes in sea level may be substantial.”

“Civilization is adapted to climate zones of the Holocene.  Theory and models indicate that subtropical
regions expand poleward with global warming (2,65).  Data reveal a 4-degree latitudinal shift already
(66), larger than model predictions, yielding increased aridity in southern United States, the
Mediterranean region, Australia and parts of Africa.  Impacts of this climate shift (69) support the

2conclusion that 385 ppm CO  is already deleterious.”

2“A large fraction of fossil fuel CO  emissions stays in the air a long time, one-quarter remaining
airborne for several centuries (5, 75-77).  Thus moderate delay of fossil fuel use will not appreciably
reduce long-term human-made climate change.  Preservation of climate requires that most remaining
fossil fuel carbon is never emitted into the atmosphere.

Coal is the largest reservoir of conventional fossil fuels (fig. S12), exceeding combined reserves

2of oil and gas (2, 77).  The only realistic way to sharply curtail CO  emissions is to phase out coal use

2except where CO  is captured and sequestered....However, even with phase-out of coal emissions and

2assuming IPCC oil and gas reserves, CO  would remain above 350 ppm for more than two centuries. 
Ongoing Arctic and ice sheet changes, examples of rapid paleoclimate change, and other criteria cited

2above all drive us to consider scenarios that bring CO  more rapidly back to 350 ppm or less.”

2Hansen, et al, then speak about research and development of large-scale technologies for CO  capture
that could bring costs down to $200 per ton of carbon sequestered.  At $100 t/C, the cost of removing
50 ppm from the atmosphere would be ~$10 trillion.  (For perspective, the GDP of the 2008 world
economy is ~$54 trillion.)  “Improved agricultural and forestry practices offer a more natural way to
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2 2draw down CO  .  About 20 ppm CO  in the atmosphere today is from deforestation, which caused a

2total of 60 ppm CO  put into the air during the industrial area.  Biochar produced by pyrolysis of
residues from crops, forestry, and animal wastes.  Particularly in tropical soils, biochar is stable and
helps soil retain nutrients and water.  Hansen, et al, estimate biochar could contribute a drawdown of ~8

2ppm CO  in half a century.  In the Supplementary Material to the article, Hansen, et al, define a

2forest/soil drawdown scenario that reaches 50 ppm by 2150, returning CO  to below 350 ppm late in the
21  century, after about 100 years above that level.st

“...if the world continues on a business-as-usual path for even another decade without initiating phase-
out of unconstrained coal use, prospects for avoiding a dangerously large, extended overshoot of the
350 ppm level will be dim.”

[Hansen, James; Makiko Sato, Pushker Kharecha, David Beerling, Valerie Masson-Delmotte, Mark

2Pagani, Maureen Raymo, Dana L. Royer, James C. Zachos.  Target Atmospheric CO  : Where Should
Humanity Aim.  NASA/Goddard Institute for Space Studies, New York, NY 10025.  Correspondence
on article to <jhansen@giss.nasa.gov>.]

Two recent preliminary science reports show the kind of slow feedback secondary global warming
events of which Hansen, et al, warn, starting to occur far ahead of what climate modeling has predicted:

First, on 17 Apr 08 Das Spiegel reports in “Melting Methane” that methane gas hydrates stored on the
floor of the Arctic Ocean are in their first stages of melting.  Russian polar scientists studied the largest
shelf sea in the world, off the coast of Siberia, where the Asian continental shelf stretches across an
underwater sea six times the size of Germany before falling gently off into the Arctic Ocean.  On the
permafrost bottom of the 200-meter-deep sea an estimated 540 billion tons of carbon is stored in the
ice-and-methane hydrides which are conserved by freezing temperatures and high pressure.  At the
annual conference of the European Geosciences Union in Vienna in April, 2008, Russian members of
the Pacific Institute of Geography at the Russian Academy of Sciences in Vladivostok reported the
permafrost has already grown porous, and the shelf sea has become a source of methane passing into
the atmosphere.  The seawater over the shelf is “highly oversaturated with solute methane” and the air
over the sea has five times normal values of methane in some places, with increased methane detectable
to as high as 1,800 meters above the ocean surface.

If the methane trapped in this deposit alone is all released into the Earth’s atmosphere, it will raise
planetary methane levels twelvefold.

Data from offshore drilling in the Arctic region, studied by the Alfred Wegener Institute for Polar and
Marine Research, also show permafrost on the continental shelf is thawing.  Three to 12 kilometers
from the coast, the temperature of sea sediment was -1 to -1.5 degrees Celsius, just below freezing. 
Permafrost on land, however, was as cold as -1.24 degrees Celsius.  Thus, thawing of permafrost and
release of methane is more likely to occur from submarine deposits on continental shelf floors than
from permafrost on land - although there are areas where that is also occurring.  “If the Arctic Sea Ice
continues to recede and the shelf becomes ice-free for extended periods, then the water in these flat
areas will get much warmer,” says Paul Overduin, a geophysicist with the Wegener Institute.
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An international science team on the Russian research ship Jakob Kmirnitskyi reported in late
September, 2008, that they had found chimneys of methane gas bubbling to the surface from the Arctic
ocean off the Russian coast.

2009 Congressional testimony: James Hansen and Union of Concerned Scientists’ Dr. Brenda Ekwurzel
testified before a House of Representatives committee on February 25, 2009, about the deep reductions
in global warming emissions required to protect future generations from confronting an univeable
planet.  At the same time, the chairman of the U.N. Intergovernmental Panel on Climate Change, Dr.
Rajendra Pachauri, testified before the Senate Environment and Public Works Committee.

Dr. Ekwurzel’s testimony is that effective climate change policy must:

• reduce global warming emissions swiftly and deeply and ensure a rapid policy adjustment in
response to emerging climate science;

• make emission cuts affordable and achievable by investing in clean energy, energy efficiency,
and programs to protect consumers and workers;

• fund programs that reduce global warming pollution caused by tropical deforestation, which
accounts for 20 percent of global emissions, and

• exclude loopholes that would let polluters delay or avoid emissions reductions.

In addition, Dr. Ekwurzel said smart climate change policy must:

• include regular National Academy of Sciences reviews of the latest global warming science and
allow agencies to adjust the regulatory response and propose legislative changes if the latest
science indicates that we must accelerate or deepen reductions;

• invest at least 4 percent of the revenue in programs that prevent tropical deforestation, which
accounts for 20 percent of global emissions.

The National Academy of Sciences, 2006

In 2006, the National Academy of Sciences confirmed “with a high degree of confidence” that the last
decades of the 20  century were warmer than any comparable period in the past 400 years.  The NASth

report was commissioned by the Bush administration to settle the controversy over Michael Mann’s
“hockey stick” study raised by Senator James Inhofe (R-OK) and Representative Joe Barton (R-TX),
who claimed Mann cherry-picked his data to make his case for accelerated global warming.

Nature Conservancy “Climate Wizard” Predictions for U.S. State Temperatures in 2100

The article on the Nature Conservancy’s <www.climatewizard.org> initiative is:
<www.nature.org/initiatives/climatechange/features/art29432.html>
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The below data is from <www.nature.org/initiatives/climatechange/files/climate_wizard_analysis.pdf>
The climate wizard interactive tool was developed by the Nature Conservancy in collaboration with the
University of Washington and the University of Southern Mississippi.

The three scenarios analyzed are A2, assuming a continual rate of increase in greenhouse gas emissions

2through 2100 (“business as usual” scenario) producing a CO  concentration of 857 parts per million
(ppm).  Scenario A1B assumes a gradual leveling off of the rate of increase of emissions by 2100,

2resulting in 711 ppm atmospheric CO .  Scenario B1 assumes decrease in emission rates resulting in a

2 2total 538 ppm of atmospheric CO  in 2100.  The level at the end of 2008 was 389 ppm CO .  The table
shows the U.S. states from highest average temperature increase in degrees Fahrenheit in 2100 to the
lowest under scenario A2; temperature increase figures for scenario A1B and B2 are also shown for
each state:

State Name A2 A1B B1

1   Kansas 10.4 9.1 6.7

2   Nebraska 10.3 9.4 6.9

3   Iowa 10.2 9.4 7.0

4   South Dakota 10.0 9.3 6.9

5   Oklahoma 9.9 8.7 6.4

6   Missouri 9.9 9.2 6.8

7   Illinois 9.6 9.1 6.6

8   Nevada 9.4 8.6 6.5

9   Utah 9.4 8.3 6.5

10 Colorado 9.3 8.0 6.3

11 North Dakota 9.3 9.0 7.6

12 Minnesota 9.3 8.7 6.4

13 Wyoming 9.2 8.4 6.3

14 Arkansas 9.2 8.7 6.4

15 Texas 9.2 7.9 5.9

16 Indiana 9.2 8.9 6.1

17 Wisconsin 9.1 8.5 6.3

18 Idaho 9.0 8.5 6.3
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19 Ohio 9.0 8.9 6.0

20 Vermont 8.9 9.1 6.5

21 Montana 8.9 8.7 6.4

22 New Hampshire 8.8 9.0 6.5

23 Kentucky 8.8 8.6 5.9

24 New York 8.8 9.0 6.6

25 Pennsylvania 8.7 8.9 6.1

26 Maine 8.7 8.7 6.2

27 Mississippi 8.6 8.1 5.3

28 New Mexico 8.6 7.3 6.0

29 West Virginia 8.6 8.3 5.7

30 Tennessee 8.6 8.3 5.9

31 Arizona 8.5 7.4 6.0

32 California 8.5 7.8 5.9

33 Louisiana 8.4 7.6 4.9

34 Oregon 8.4 7.9 6.0

35 Michigan 8.4 8.3 6.2

36 Alabama 8.4 7.7 5.0

37 Alaska 8.3 7.7 5.2

38 Massachusetts 8.2 8.4 6.2

39 New Jersey 8.2 8.4 5.8

40 Georgia 8.1 7.6 4.9

41 Virginia 8.1 7.9 5.3

42 Connecticut 8.0 8.2 6.1

43 Maryland 7.9 8.1 5.5

44 Washington 7.8 7.8 5.7

45 Rhode Island 7.7 7.9 5.9
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46 North Carolina 7.7 7.4 4.9

47 South Carolina 7.6 7.4 4.9

48 Delaware 7.6 7.9 5.4

49 Florida 6.7 6.5 4.2

50 Hawaii 4.9 4.0 2.8

Other Contributions

The concentration of carbon dioxide in the atmosphere has increased 34 percent since 1750.  62
percent of the increase has occurred since 1959.  Currently the combustion of fossil fuels - coal,
natural gas, and petroleum - accounts for nearly three-quarters of global carbon dioxide emissions,

2 while deforestation accounts for about one-quarter (more than the amount of CO generated in the

. U.S. each year by burning fossil fuels)  (IPCC <www.ipcc.ch> and the Carbon Dioxide Information
Analysis Center) Worldwide we are emitting 20 percent more carbon dioxide today than we were in
1990, right after scientists first issued their warnings about global warming.  Chinese car ownership,
now at 23 million, is doubling every five years.  Car ownership in India doubled in the past decade,
and will accelerate now that banks in India have begun financing automobile purchase loans.  This
will have profound effects on both emissions of greenhouse gases and on competition for the global
oil supply.

Currently the total heating produced by the increases in emissions of all long-lived greenhouse gases
since preindustrial times is estimated by Scientific American to be equal to about one percent of all
solar radiation absorbed at the surface.  “...the ice ages and the warmer periods in between during
the past several million years appear to have been separated by global average temperature
differences of only about five degrees Celsius in the tropics and eight degrees C in polar regions.”

In reaction to this, the California Public Utilities Commission adopted a resolution on October 6,
2005, that specifies a minimum standard for greenhouse gas emissions when California purchases
power from investor-owned utilities.  The new standard provides that the state will not purchase
power from utilities whose greenhouse gas emissions exceed those from “state-of-the-art combined
cycle natural gas turbines.”  The standard will be applied to all future purchases from coal-fired
power plants.

The report took into account the thesis that higher carbon dioxide concentrations in the atmosphere
would increase crop yields.  The overall science shows that heat stress on crops reduces yields far
faster than higher CO2 increases them.  A new study published in Science in 2006 found that
nitrogen becomes less biologically available and compromises plant growth faster with global

2warming than rising CO  levels increase plant tissue formation.  The earlier TAR predicts higher
crop yields in some mid-latitude locations where rainfall may increase but temperature rises will
make cultivation of crops now grown further south feasible and able to take advantage of higher
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CO2 levels for tissue formation, but for the most part crop yields worldwide will suffer from
increasing heat and greater variability in precipitation depressing average yields over the years.  One
plant that will prosper is poison ivy, according to the Marine Biological Laboratory in Woods Hole,

2 MA.  When exposed to the same concentrations of CO likely to exist later in this century, poison
ivy vines grew at twice the rate they do now, and produced more of the most toxic form of urushiol,
their irritant oil.

All through the report there is a scrupulous assessment of both positive and negative impacts
possible in each region of the planet from the projected climate change as a function of how much
increase within the range specified in #2 above actually occurs.

The report carefully factors in the increase in solar radiation which has been recorded, and it
concludes that a majority but not all of the global warming observed is due to human activity
changing the atmosphere to retain heat.  The percentage of global warming attributable to human
technological activity that we can do something about ranges from a low of 60 to a high of 80
percent.

The Union of Concerned Scientists circulated a state of global warming report to Congress and the
media which was signed by over 1,000 scientists including 34 Nobel Prize winners.  In a separate
report, UCS found “Over the course of the entire fuel cycle (i.e., fromthe time the fuel is extracted
at the wellhead to the point at which it is emitted from a vehicle’s tailpipe), burning a gallon of
diesel emits roughly 10 percent more global warming emissions than a gallon of gasoline.”

In The Last Generation: How Nature Will Take Her Revenge for Man-Made Climate Change,
science writer Fred Pearce predicts that the story of climate change science will turn out to contain
some heroic guesses, brilliant intuition, and an occasional howler.

In Freedom From Oil: How the Next President Can End the United States’ Oil Addiction, David
Sandalow says that America needs a Manhattan-Project-type program to develop new technologies
to help kick our oil habit.  Noting that cars run almost exclusively on petroleum and put out 20
pounds of carbon dioxide for each gallon of gas burned, he advocates plug-in hybrid cars and
trucks.  “The most important point is that even when you connect a car to a coal plant, you’re still
producing fewer greenhouse gases than if you run a conventional car on oil.”  This is due to the
higher efficiency of hybrid car electric motors versus internal combustion engines providing power
to a drive train.  Sandalow drives a Toyota Prius that has been converted to plug-in recharge of its
batteries, and is averaging 120 mpg for all uses of the vehicle.

Jeffrey D. Sachs, director of the Earth Institute at Columbia University and of the U.N. Millenium
Project, writes: “Climate change will also alter the patterns of precipitation and evaporation in ways
that are still poorly understood.  Dry places are likely to get drier; rainfall is likely to arrive in fewer
but more concentrated episodes; and extreme weather events such as tropical cyclones are likely to
increase in intensity.  My colleagues at the Earth Institute at Columbia University, for example,
have used both theoretical reasoning and 1,000 years of tree-ring data to argue that global warming
will likely intensify droughts in the American West.”
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If you would like to look at official U.S. assessment of climate data, see the National Climatic Data
Center <lwf.ncdc.noaa.gov/oa/climate>.  For the World Meteorological Organization's assessments,
see <www.wmo.ch/index>.  In 2001, the WMO noted that 9 of the 10 warmest years on record have
occurred since 1990, and that 2001 was the 23rd consecutive year with global temperatures above
the 1961-1990 average.

Some climate skeptics argue that the stratosphere (14 to 22 kilometers above the earth's surface) is
cooling, according to satellite measurements, and this throws doubt on the global warming claim. 
The WMO issued a report which found that this cooling effect was predicted as a result of depletion
of ozone in the lower atmosphere.  A later study of satellite data with some corrections for errors
made by the skeptics in their published accounts found that the lower atmosphere, ocean and land
surfaces were all warming in complete accordance with the predictions of the global warming
model introduced by NASA's Goddard Institute for Space Studies in 1988.  Goddard compiled all
the meteorological data collected since 1867.  A 2006 study in New Scientist by James Russell of
Hampton University found that, as greenhouse gases trap heat in the lower atmosphere, they
actually cause the upper atmosphere to grow colder, explaining the increase in noctilucent clouds
forming in the mesosphere, some 50 miles up.

Throughout the 1990s, the industry-funded Global Climate Coalition spent vast sums on public
propaganda to create doubt that global warming was happening, or if it was, that the cause was
emissions from users of fossil fuels.  An environmental lawsuit has now discovered a 1995 report
from the GCC’s expert advisory committee which stated: “The scientific basis for the Greenhouse
Effect and potential impact of human emissions of greenhouse gases such as CO2 on climate is well
established and cannot be denied.”  The report added that the Coalition’s sponsors were just as
certainly a central cause of this Greenhouse Effect.  The Coalition buried this inconvenient finding
and continued to insist that the scientific community was “divided” on the causes of climate change
in order to forestall governmental action to abate greenhouse gas emissions by its sponsoring
industrial interests such as energy companies.

According to the April 10, 2006 U.S. News and World Report article, “Turning Up the Heat,” the
roots of the emerging consensus on global warming go back to 1998, when climatologist Michael
Mann used tree ring, ice core, and coral reef data to show relatively stable temperatures over the
past milleniums, with a sharp spike in the 20  century.  Called the “hockey stick” graph because ofth

its shape, Mann’s research concluded that human-generated greenhouse gases were the primary
cause.  While the shape of the hockey stick has changed somewhat with further research, numerous
studies have largely vindicated Mann’s thesis and findings.  “All the new data are in the same
direction, showing that warming is continuing,” says Ralph Cicerone, an atmospheric scientist who
is president of the National Academy of Sciences.  Average surface temperatures have climbed
about 1.4 degrees Fahrenheit since the early 20  century, coinciding with a 35 percent increase inth

atmospheric levels of carbon dioxide over the same period.

The Antarctic ice cores show that past carbon dioxide levels and methane levels in the atmosphere
are closely linked to changes in global temperatures.  During ice ages, levels of these greenhouse
gases decline, and during warm spells, the levels increase.  Currently, between 60 and 240 million
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metric tons of methane come from plant metabolism each year, about 10-40 percent of global
emissions.  During the last glacial maximum 21,000 years ago, the plant growth in the tropics was
only half as extensive as today.  Since then, global surface temperature and carbon dioxide levels
have risen, leading to enhanced plant growth and thus increased plant production of methane from
respiration and decomposition.  Similar climate scenarios occurred at the mass extinction events of
the Permian-Triassic boundary 250 million years ago, and at the Triassic-Jurassic boundary 200
million years ago.  Extremely high carbon dioxide concentrations and rising global temperatures at
those times could have resulted in a dramatic increase in vegetation biomass, leading to dramatic
increases in methane production which might have produced atmospheric levels ten times higher
than today’s, accelerating heating even as carbon dioxide levels dropped due to carbon sequestration
in vegetative biomass.  Frank Keppler and Thomas Röckmann calculate that today establishing new
forests to absorb carbon dioxide would far exceed the effect of the exudation of methane by the
trees: the warming offset from methane from trees is estimated to be 4 percent of the cooling effect
of carbon sequestration by the trees.

James Lovelock predicts that the climate-change tipping points will be reached; that
mankind will act too little, too late to prevent run-away global warming.  In an interview published
by Jeff Goodell in the November 1, 2007 Rolling Stone, Lovelock predicts global warming will
cause temperature zones like North America and Europe to heat up by fourteen degrees Fahrenheit,
nearly double the worst-case scenario predictions of the IPCC.  By 2020, droughts and other
extreme weather will be commonplace. By 2040, the Sahara will be moving into Europe.  Berlin
will be as hot as Bahgdad is now, and Atlanta, Georgia will be a kudzu jungle.  Phoenix, Arizona
will become uninhabitable, as will parts of China including Bejing due to desertification, and Miami
and London due to sea rise flooding.  Lovelock does not think cutting greenhouse gas pollution
incrementally will make much of a difference at this point, and sees most “sustainable
development” initiatives as a scam to profit off disaster.  “Green,” he says half-jokingly, “is the
color of mold and corruption.”  Lovelock points to the geologic record studied by Hansen and his
colleagues which shows that 3 million years ago, when temperatures increased to five degrees above
today’s level, the seas rose not by the 23 inches the IPCC predicts from a five degree average rise by
the end of the 21  century, but by more than 80 feet.  He also points to the planetary humanst

population and its ecological footprint: “We have just exceeded all reasonable bounds in numbers. 
And from a purely biological view, any species that does that has a crash.”

“You could quite seriously look at climate change as a response of the system intended to get rid of
an irritating species: us humans, or at least cut them back to size.”  His book on the planetary
system in failure mode, The Revenge of Gaia, was published in 2006.  He predicts that humanity
will end up numbering about 500 million occupying the far northern ice-free latitudes which will
still be suitable habitat for Holocene-era life forms.

However, Lovelock does not advocate giving up efforts to stem the climate disaster.  He inspired his
friend Richard Branson to put up a $25 million prize for the Virgin Earth Challenge.  The prize will
be awarded to the first person who can figure out a commercially viable way of removing
greenhouse gases from the planet’s atmosphere.  As a judge, Lovelock is not eligible to compete,
but he has an idea: put 600-foot-long vertical pipes in the tropical oceans with a valve on the bottom
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to allow nutrient-rich waters to be pumped from the bottom by wave action.  The nutrients from the
deep water would increase algal blooms, which would suck up carbon dioxide.

Lovelock’s great contribution, the Gaia Hypothesis which views the world as a single dynamic
system, with rules it operates by and mechanisms that drive it, is a hopeful vision arising out of the
ecological paradigm.  Goodell writes: “Lovelock’s holistic vision is an antidote to the chaos of
twentieth-century science, which fragmented the world into quarks, quantum mechanics and
untouchable mystery.”  Lovelock first developed the Gaia hypothesis when pondering the fact, in
1961, that the sun’s radiative forcing is now 25 percent hotter than when life began on Earth.  What
was modulating the surface temperature of the Earth, keeping it hospitable to life?  It was life itself,
Lovelock concluded.  When the Earth heats up, plants draw down levels of carbon dioxide and
other heat-trapping gases and sequester them; as earth cools, the levels of these gases released into
the atmosphere rise.  The idea of the Earth of superorganism was published in Gaia: A New Look at
Life on Earth.  Darwinists hated the book.  In Ages of Gaia, Lovelock offered a more scientifically
rigorous look at the biological and geophysical feedback mechanisms that keep the Earth’s
atmosphere suitable for carbon-based life.  Plankton in the oceans, for example, give off dimethyl
sulfide which seeds the formation of clouds, which in turn reflect heat back into space.  Scientists
dropped the germ “Gaia” but adopted Lovelock’s core concept into “Earth system science” which
views the world as a “single, self-regulating system composed of physical, chemical, biological and
human components.”

On April 19, 2009, Lovelock was quoted in the Irish Times as predicting the Arctic’s floating
summer sea ice will be all melted within 30 years (NASA reports in 2009 that current trends will
result in ice-free Arctic seas by 2013).  “The polar caps will no longer reflect sunlight back into
space and, instead, the ocean will absorb sunlight, heating up.  The permafrosts in northern Canada
and Siberia will thaw out, releasing carbon dioxide (CO2).  At the same time, the tropical forests,
which play a critical role in taking CO2 from the atmosphere, will die out.  Global temperatures will
rise by between five and six degrees in a short period of time, rendering most of the world
uninhabitable for the vast majority of mankind.

What sets Lovelock apart from other climate scientists, most notably the UN’s
Intergovernmental Panel on Climate Change (IPCC), is the swift timetable he envisages and his
belief that such change is irreversible and will take most of the human race with it.”

“It is out of our hands.  When the floating ice finally melts, it will be the equivalent of nearly
all of the CO2 we have put in the atmosphere to date, so the earth begins to join in the act of global
heating, doing it in a big way,” Lovelock said.  “The Earth is already moving to its hot stage.  The
hotter it gets, the faster it goes - and we can’t stop it.”  “I think humans just aren’t clever enough to
handle the planet at the moment.  We can’t even handle our financial affairs.  The worst possible
thing that could happen is the green dream of taking charge and saving the planet.  I’d sooner a goat
as a gardener than humans in charge of the earth.”

Lovelock says that “a process called biochar carbon sequestration, which is gaining
increasing credence, may be the only hope for mankind.  It involves taking farmyard waste, such as
wheat chaff, turning it into charcoal and then burying it, either on land or at sea, to prevent it
releasing CO2 into the atmosphere.”

Lovelock says Ireland and New Zealand will be the “most fortunate countries on earth,” a
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“lifeboat for humanity” - but a lifeboat can only take so many passengers.  “If you are the captain of
a lifeboat, you have to decide who you can let in and who you can’t.  Otherwise everybody would
sink.”  

Much of this thinking is contained in Lovelock’s most recent book, The Vanishing Face of Gaia
(The Penguin Press, 2009).

The role of methane:  Levels of methane have increased 152 percent since the preindustrial age. 
One kilogram of methane warms the earth 23 times more than a kilogram of carbon dioxide does. 
The following table shows total annual methane emissions in preindustrial times versus today and
the amount contributed by various sources (all numbers are millions of metric tons):

Methane Produced By Preindustrial Times Today

Wetlands 168 225

Biomass burning 20 40

Termites 20 20

Ocean 15 15

Hydrates 10 10

Ruminants 0 115

Energy production 0 110

Landfills 0 40

Waste treatment 0 25

TOTAL 233 600

“Wetlands” total includes methane produced by plant respiration, and from decomposing plant
material in swamps and soils.  “Ocean” refers to the same sources in seas.  “Biomass burning”
refers to burning of vegetation in situ, whether the fire was started from natural causes (e.g.,
lightning) or human agency.  “Termites” and “ruminants” methane emissions are produced by
anaerobic bacteria in the gut of these organisms; thus 115 million metric tons a year of methane is
currently produced by “cow farts.”  “Landfills” and “waste treatment” methane production is from
anerobic decomposition of organic materials by microorganisms.

The prospects for a methane-caused planetary climate “destabilization event::  An unknown but very
large quantity (circa 2,000 billion tons) of methane is trapped under high pressure and cold
conditions in the form of hydrates in ocean sediments.  The sudden release of large volumes of
methane from these sediments into the atmosphere is believed to be an important part of the positive
feedback loop which accelerated climate change during past warming events.  A NASA study

The Renewable Deal – Edition 2  – April 2010 Page 467



confirmed that 55 million years ago a warming trend caused release of methane from these frozen
“calthrates” on the seafloor into the atmosphere, causing Earth’s atmosphere to rise as much as 13E
F within a few decades.  This caused massive extinctions in both oceans and on land, disrupting
climate worldwide for more than 100,000 years.  200 million years before that, another warming
event caused massive methane releases that came close to wiping out all life then on Earth: 94
percent of all species went extinct, and it took coral reefs 25-100 million years to regain their former
diversity, according to the fossil record.  Several hundred billion tons of methane are trapped in the
frozen peat bog that stretches for a million square kilometers across western Siberia.  This areas is
warming faster than anywhere else on earth, and boils of methane coming out of thawed portions of
the bog have been observed.

2007 Global Carbon Emissions Rise: In the January-February2009 Worldwatch, under “Vital
Signs,” James Russell’s article “Carbon Emissions on the Rise” reports that in 2007 “carbon
emissions from fossil fuel combustion worldwide reached an estimated 8.2 billion tons, 2.8 percent
more than in 2006 and 22 percent above the 2000 total.  The United States and Europe accounted
for roughly 4 and 3 percent, respectively, of the growth during this decade.  India contributed 8

2percent and China a staggering 57 percent.”  “Fossil fuels account for 74 percent of all CO
emissions and for roughly 57 percent of all greenhouse gas emissions.”

Increase in coal-fired power plants is largely responsible for these emissions increases.  “Coal
provides 70 percent of commercial energy in China and 56 percent in India.”  “China’s emissions
from fossil fuels will overtake those of the United States sometime in 2008.  Thus the key to
stabilizing the global climate will be moving industrial nations to a low-carbon energy economy
while ensuring that developing countries can leapfrog to cleaner development paths.”

Global emissions reduction commitments as of 2008:  “In December 2007, the 192 parties to
the United Nations Framework Convention on Climate Change resolved to establish a new global
climate change agreement by 2009.  This will build on the existing Kyoto Protocol, which commits
industrial countries to reduce greenhouse gas emissions to 6-8 percent below their 1990 levels. 
Under the existing agreement, emissions targets have not been adopted by developing countries or
the United States, and the initial commitment period will expire in 2012.  These issues need to be
addressed before the conclusion of negotiations in 2009.”

“To meet its commitments cost-effectively, the European Union (EU) established a carbon market
known as the Emission Trading Scheme (ETS).  By establishing a carbon cap and associated carbon
price, the ETS has succeeded in reducing emissions by some 5 percent.  The cap has been lowered
to nearly 6 percent below 2005 levels for the 2008-2012 period.  And last year the EU committed to
reducing greenhouse gas emissions to 20 percent below 1990 levels by 2020.”

The U.S. congress has failed to formulate a national climate change policy.  However, 19 states have
adopted greenhouse gas emissions targets.  The most ambitious, California, plans to cut its
emissions to 1990 levels by 2020 through sharp increases in energy efficiency and using renewable
sources to supply 33 percent of the state’s electricity by 2030.
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“China’s current Five-Year Plan aims to reduce the energy intensity of gross domestic product 20
percent below the 2005 level by 2010.  China has also adopted a plan to satisfy 15 percent of energy
demand with renewables by 2020.  Costa Rica has joined Iceland, Norway and New Zealand in a
pledge to achieve zero net carbon emissions.”

“According to a 2007 UN report, getting emissions back to today’s levels by 2030 would require a
global investment of about $200 billion annually, or 0.3-0.5 percent of the gross world product
(GWP).”  To limit global warming to 2 degrees Celsius will require bringing global emissions at
least 50 percent below 2000 levels by 2050.  British economist Nicholas Stern has recently stated
that the dangers of climate change warrant an even greater investment - 2 percent of GWP.  Stern’s
2007 report concludes the cost of failing to limit global warming to 2 degrees Celsius total will be a
loss of 5 to 20 percent of GWP.

Global Warming Impacts

Frost-Free Growing Seasons Are Longer:  Satellite-based Normalized Difference Vegetation Indices
show an increase in the Eurasian growing season of 18 days since 1982, while that in the U.S. has
increased by 12 days.

Decline in Agricultural Productivity:  
• Higher temperatures increase moisture stress.  Plants that are moisture stressed produce less

photosynthetic tissue and seed/fruit.  Moisture-stressed plants are more vulnerable to
drought.

• Global warming is prompting an increase in extreme weather events from downpours to
droughts.  Too much and too little soil moisture first stunts, then kills crops.

• Global warming can shift weather patterns.  Current infrastructure investment in agriculture
is based on current weather patterns.

• Increased pest losses.  In California, a new pest, the light brown apple moth, recently arrived
from Australia.  Florida Department of Agriculture spokesman Terence McElroy:  “With
trade barriers lifted and global trade increasing, our office is getting reports of at least one
new pest or disease of significant economic concern per month.”  Warmer temperatures
create more fertile conditions for insect pest breeding and extend their range.  California
Representative Dennis Cardoza says “We’re now seeing double, triple the incursion rate of
pests.”

In 2008, a joint report from the U.S. Department of Agriculture and the U.S. Climate Change
Science Program projected global warming will cause a wide range of impacts on agriculture,
including increased heat stress on crops and livestock, and increased weed- and pest-control
problems.  For example, the herbicide glyphosate (Roundup) is less effective on weeds growing
with higher levels of carbon dioxide.

Higher Variability in Rangeland Forage Productivity and Carrying Capacity: Precipitation and
forage monitoring at the Valles Grande National Preserve in New Mexico from November, 2003 to
May 2008 recorded variation from an extreme drought in winter-spring 2005-2006 to exceptionally
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wet summer monsoons in 2006 and 2007.  Average autumn standing biomass in pounds per acre
ranged from an average across monitoring sites of 814 in 2004 to 2246 in 2007, a ratio of 2.76:1. 
The article reporting these findings was entitled, “Climate Variability Drives Grassland
Productivity.”

Loss of Winter Snowpack:  Another report analyzing government snowpack-measurement at 824
sites with records from 1950 to 1997 shows declining snowpack averages across the West.  The
Colorado River Basin, which includes approximately 50 percent of Utah, saw below average
snowpack in 11 of the past 16 years.  The report also documents that the most recent five-year
period in the Rocky Mountain west has been the hottest over the last 110 years.  The higher
elevations of the Rockies in Montana, Wyoming, and Northern Idaho have experienced three times
the global average temperature increase of 0.74 degrees Celsius (1.3 degrees Fahrenheit) in the last
century.  The average winter temperature in the U.S. West has risen about 1.4 degrees Celsius over
the last century.  With this increase, the amount of snow that accumulates on the mountains (the
snowpack) has decreased: the northern Rockies are seeing 15-30 percent less moisture in the spring
snowpack (measured according to the amount of water that the snow would produce if melted) since
the 1950s, and along the entire range the spring snowmelt is arriving 10-30 days earlier. The
Colorado River basin saw average temperatures rise by 2.1 degrees Fahrenheit in the last century. 
[<www.rockymountainclimate.org> “Less Snow, Less Water: Climate Disruption in the West”]

Another global warming study in Science in 2006 documents a 50-year decline in snowpack,
accompanied by earlier spring melting, in the mountains of North and South America.  The study
finds that warming is greatest at high altitudes where glaciers and snowpack are found.

The Glacier Climate Project at Nichols College in Massachusetts hosts a North American glacier
research program that has observed 47 glaciers each year for over 20 years.  During this time, four
of the glaciers have ceased to exist, and eleven new alpine lakes have formed in the North Cascade
Mountains as the glaciers have retreated from alpine basins.
<www.nichols.edu/departments/glacier> contains project information including over 500 images,
including time series images on 13 glaciers showing changes.

Mountain soils that dry out due to lack of soaking from melting snowpack, when disturbed by off-
road vehicle activity, livestock grazing, and oil and gas development, can produce regional dust
storms which leave dark soil layers on top of the snowpack, which accelerates the snow melting.

Spread of Pest Species’ Ranges and Loss of Climate Controls on Populations:  An area of Canadian
lodgepole pine forest three times the size of Maryland in the British Columbia mountains is being
devastated by mountain pine beetles formerly kept in check by cold winters.  The average
temperature in winters in British Columbia has gone up more than four degrees Fahrenheit in the
past century.  Scientists are worried that the beetles will cross the Rocky Mountains and sweep
eastward.

In Colorado, the pine bark beetle epidemic has destroyed about 800,000 hectares of forest since the
early 2000s.  The pine bark beetle is normally kept in check by annual die-offs caused by cold
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weather.  Due to warmer, shorter winters, the pine bark beetle has been breeding twice a year
instead of once, as well as having much larger percentages of adults survive through winter

Increase in Forest Fires: A new study published in Science finds the sharp increase in large wildfires
from 1987 to 2003 in 11 states surveyed are the result of rising temperatures that melt snowpacks
earlier and create longer dry seasons.  The study found the average fire season has lengthened more
than two months and forest fires have increased fourfold in the region.  Until recently, the more
frequent blazes were attributed to unnatural fuel accumulations due to decades of fire suppression,
but the study finds global warming is a significant causative factor.  The temperatures in the 11
states between 1987 and 2003 were the warmest recorded since 1895 when record keeping began. 
In 2006, more than 96,000 wildfires in the West burned nearly ten million acres.

Research conducted by scientists from the Universities of New Mexico and Arizona published in the
November 4, 2004 Nature found a strong correlation between large wildfires and warm periods over
the last 7,000 years.

In Montana, a study found that each one degree Fahrenheit increase in average summer temperatures
results in a doubling of the cost of fighting forest fires at the wildlands/residential interface.

Increase in wildfires: In the time period 1987-2005 six times as many acres burned in wildfires as in
the period 1970-1986, “Forecast Earth” on the Weather Channel reported in August, 2008.

A Scripps Institute of Oceanography study found that the number of fires in the Rockies increased
by 400 percent in the 16 years from 1987 through 2003 compared with 1970-1986.  The length of
time the fires burned also increased from an average of one week in 1987-2003 to an average of five
weeks during 1987-2003.  The Scripps study found that there are many more fires in warmer years
than in cool years, with early snowmelt being a major indicator of a more active fire season. 
Temperatures were found to account for 66 percent of the variation in fire frequency from year to
year in areas between 1,680 and 2,590 meters elevation.  Average spring and summer temperatures
have increased by 0.87 degrees Celsius since the 1980s in this region, causing the fire season to
begin earlier and end later than it did prior to 1980.

Experts predict that the area burned by wildfires in the western United States will double by 2100,
hitting Montana, Wyoming, Utah and New Mexico particularly hard.

Massive Extinctions of Species Due to Loss of Habitat:  The United Nations Environmental
Programme issued a report in 2008 warning that the world is on the brink of a mass extinction
event, mainly as a result of human impacts on climate and habitat.  Research suggests that the
current extinction period may entail the highest rate of biodiversity loss in Earth’s history.  Unlike
previous events, extinctions are happening over the course of decades rather than centuries.  The
U.N. report projects that a quarter of the world’s species may go extinct by 2050.  According to the
IUCN Red List of Threatened Species, 38% of roughly 44,800 species studied across the world are
threatened with extinction.  An estimated 22% of the world’s mammals, 31% of amphibians, and
14% of birds are currently threatened or extinct.  The latest coral reef assessment estimates that 19%
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of the world’s coral reefs are dead, and many of those remaining will die over the next 40 years if
emissions trends continue.

According to Mann and Kump, a rise of 2.9 degrees Celsius would result in 21-52 percent of all
species becoming extinct, and a 4 degree C rise would kill at least 40 percent of world species.

In Forests and Carbon Emissions, Habitat Destruction 2005 The Nature Conservancy concluded
that without significant reductions in greenhouse-gas emissions, more than 63 percent of the habitat
types the Conservancy protects will be at high risk of disappearing in the next century.

In 2003 the journal Science published a huge study that summarized natural-history observations for
the past 300 years for 1,700 species.  Since 1950 there has been a poleward shift in species’
distribution of, on average, about four miles a decade, or up mountainsides at a rate of 20 feet
elevation a decade.  Spring activity by these species has advanced by an average of two days per
decade.

An Audobon report found 177 of 305 bird species observed significantly shifted their distribution
ranges northward in the past 40 years <www.audobon.org/bird/bacc/cbcanalysis.html>.

Using “predictive distribution modeling” techniques, in 2004 an international group of scientists
compared the current ranges of 1,103 species with their projected future ranges under scenarios of
global warming.  They found a third of the species were threatened with extinction in 50 years
because of diminishment of their range.  Based on advances in Geographic Information Systems
technology, predictive distribution modeling is also being used to forecast the paths of dangerous
invasives and discovering undocumented species.

• Because of hot, dry conditions pine beetle infestations have moved to higher elevations in
the Rocky Mountains.  In western Montana, 143,000 acres of whitebark pines were
devastated.  Whitebark pine nuts are critical food sources for grizzly bears and various bird
species.  The pine beetle infestations have been aided by the climate-linked increase in
blister rust on whitebark pines; blister rust is a fungal disease that weakens and often kills
the pines.  Pine beetles favor whitebark pines which have been weakened by blister rust
infection.  Finally, whitebark pines are adapted to the highest elevation, harshest landscapes
and warming limits the range in which they can grow.

• Antarctic seas become a biological desert:  The subantarctic seas are some of the richest on
earth despite the almost total lack of iron because somehow the simifrozen edge between
saltwater and floating ice promotes remarkable growth of plankton, even in the dark under
the ice in winter.  Krill feed on the plankton to complete their seven-year life cycle, and
penguins, seals, and whales depend on the krill for food.  As sea ice has retreated, krill
numbers have declined since the late 1970s at a rate of nearly 40 percent a decade.  About 50
percent of the krill stock has been lost, according to collection data spanning 1926-2003. 
The extent of Antarctic sea ice was stable from 1840 to 1950, but the northern boundary of
the ice shifted southward towards the South Pole from latitude 59.3 degrees south to 60.8
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degrees south, a decrease of 20 percent in sea ice extent.  Probably as a result, the emperor
penguin population is half what it was 30 years ago, and the number of Adélie penguins has
declined by 70 percent.  As the plankton and krill disappear, the open, iron-poor ocean is
taken over by jellylike Salps, a nutrient-poor species.

• Effects of loss of arctic ice:  In Canada’s Hudson Bay, ice is melting three weeks earlier than
25 years ago.  This forces polar bears ashore prematurely, cutting them off from food so they
have fewer cubs and lose weight. A long-term study of 1,200 bears living south of their
range around the Hudson Bay reveals they are 15 percent skinnier on average than they were
a few decades ago.  Starving bears give birth to fewer cubs: triplets were common a few
decades ago and are now unheard of.  Back then around half the cubs were weaned and
feeding themselves at 18 months, today the number is fewer than one in twenty.  Early
breakup of arctic ice is separating denning from feeding areas; cubs that cannot swim the
distance starve to death.  When well-fed the polar bear will strip and eat the blubber from a
seal and leave the rest to feed a retinue of followers including the arctic fox, raven, and the
ivory and gaucous Thayer’s gulls.  The ivory gull, which depends on sea ice for nesting, has
already declined 90 percent in numbers.
 The harp seal cannot raise pups without sea ice present: this happened in 1967, 1981, 2000,
2001, and 2002.  If the run of ice-free years exceeds the reproductive life of a female ringed
seal, the population will become extinct.
The earlier arrival of spring is triggering swarms of mosquitos along the Hudson Bay,
interfering with the nesting cycle of birds by driving them to desert their eggs. 

• Cloud forest extinctions: In the Monteverde Cloud Forest Preserve in Costa Rica, during the
winter dry season of 1987 30 of the 50 species of frogs known to inhabit the preserve
vanished.  In 1976, the number of mistless days experienced each dry season had increased;
by 1987 the number of consecutive mistless days had apparently passed some threshold. 
The mistless days were due to the abrupt rise in sea surface temperatures in the central
western Pacific that heralded the magic gate of 1976.  The hot ocean heated the air, elevating
the elevation at which the moisture in the air would condense into mist.  Beginning in 1976,
the cloud line in Monteverde had risen up the mountainsides until the clouds were above the
level of the forest.

• High altitude- and latitude- adapted organisms:

• The American pika: this small, furry relative of the rabbit is unable to withstand even
a few hours outside their dens in temperatures higher than about 27 degrees Celsius.  They
usually nest above 2,400 meters where the temperature rarely exceeds 25 degrees Celsius. 
The higher elevations of the Rockies in Montana, Wyoming, and Northern Idaho have
experienced three times the global average temperature increase of 0.74 degrees Celsius (1.3
degrees Fahrenheit) in the last century.  The average winter temperature in the U.S. West has
risen about 1.4 degrees Celsius over the last century.  Consequently at least one third of the
pika colonies in Nevada and Utah have disappeared in the past century, with warming
temperatures being considered a main reason according to the U.S. Geological Survey.  If
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the current trend continues, the pika will be extinct in the U.S. in 100 years.

• Bighorn sheep:  30 populations of bighorn sheep in the southwest United States
became extinct between 1900 and the early 1980s due to increased temperature and
decreased precipitation leading to loss of food sources.

• Caribou/Reindeer:  A University of Alabama study published in the Global Change
Biology Journal in 2009 reports that reindeer/caribou populations have plunged worldwide
by an average of 57% in the last 3 decades.  The reasons for this they described were:
• freezing rain instead of snow harms the lichens on which the caribou feed
• spring green-up occurs before the caribou migration northward arrives, depriving

new caribou mothers of the high-nutrient new spring growth for feed
• the caribou suffer more insect harassment due to warmer conditions not suppressing

the insect populations

Loss of Human Carrying Capacity: In November, 2006, climate scientist James Lovelock - in a
follow-up on his earlier statement that the “earth has a morbid fever” - said an earth traumatized by
global warming might only be able to support less than a tenth of it’s current 6 billion people.  “We
are not all doomed.  An awful lot of people will die, but I don’t see the species dying out,” he told a
news conference.  “A hot earth couldn’t support much over 500 million.”

Cities Running Out of Water: The meeting in Dublin, Ireland, of the Institute of
International and European Affairs was told on April 19, 2009, that increasing drought was
threatening water supplies for cities in North America, Europe, Australia, Africa, and Asia, all of
which have come within 100 days of going dry - and this is in advance of loss of water due to the
fuller effects of climate change to come in the future.

Dominic Waughray, a senior director and head of environmental initiatives with the World
Economic Forum in Geneva, said that by 2030, some 60 per cent of the world’s population would
live in cities with a hugely increased demand for food, industrial development and power
generation, all of which require additional water.  He reported that 44 percent of the world’s
population, 2.8 billion people, live in water poverty and 70 percent of the world’s rivers were close
to running dry: this includes the Colorado River in the United States, the Ganges in India, the Nile
in Africa, the Yellow river in China, and the Murray-Darling in Australia.  Water shortages already
lead to an annual loss to global economic growth.  Waughray stated water-related food shortages
had led to the “breaking down” of the world’s wheat market in 2008, which in turn had led to some
states, particularly in the Persian Gulf, taking long leases on land in other countries on which to
grow food.  By 2030 Waughray predicts 55 percent of the world’s population will be dependent on
food imports.  Governments and industry will have to find energy sources that are both water- and
carbon-neutral, he concluded.

Spread of Infectious Diseases’ Ranges: On April 3, 2001, the National Academy of Sciences
released its report on the impacts of climate change on infectuous diseases.  The National Academy
was asked to review the IPCC TAR by the Bush administration.  It did so, and confirmed the IPCC's
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methodology and findings.  See <www.nas.edu>.

Dr. Paul Epstein, associate director of the Center for Health and the Global Environment at Harvard
Medical School, points to several impacts of environmental degradation on human health: (1) The
six-year-long drought in the Southwest decreased the number of rodent-eating predators.  Then
came a year with heavy early rains, providing a bounty of food for rodents, whose population
exploded elevenfold.  That led to a proliferation of animals carrying hantavirus and the deaths of 32
people that year.  (2) Flooding from extreme weather events fosters fungi, whose toxins become
ubiquitous.  In New Orleans, “Katrina cough” is due to fungal spores.  (3) The increase in carbon
dioxide in the atmosphere contributes to higher athsma rates.  Carbon dioxide is stimulating plant
growth, particularly weeds, which then produces more pollen and more spores from some fungi,
increasing the allergen load in the air.  Athsma prevalence in the U.S. has more than doubled in the
past 25 years according to the American Lung Association.  (4) Cholera bacteria are harbored by
floating algae, which proliferate as the temperature of the ocean surface or other water increases,
and are also fed by nutrient runoff from human activity.  When cholera hit Peru, it cost the economy
dearly through loss of tourism and shrimp exports.

Change in global jet stream, precipitation patterns: Climatologist Julia Cole refers to the leaps made
by the climate as “magic gates.”  She argues that since temperatures began rising rapidly in the
1970s our planet has seen two such events in 1976 and 1998.

Between 1945 and 1955 the temperature of the surface of the tropical Pacific commonly dropped
below 67E F, but since the magic gate opened in 1976 it has rarely been below 77E F.  “The western
tropical Pacific is the warmest area in the global ocean and is a great regulator of climate,” says
Martin Hoerling of the Earth System Research Laboratory in Boulder, CO.  That area controls most
tropical precipitation and the position of the jet stream, which determines the track of storms that
bring rain and snow to North America.  Associated with the magic gate phenomenon of 1976 was
the crazy weather of 1977 which included unprecedented mild conditions in Alaska and blizzards in
the lower 48 states.

The 1998 magic gate is tied up with the El Niño-La Niña two to eight-year cycle that brings extreme
climactic events to most of the world.  During the La Niña phase which was previously dominant,
winds blow westward across the Pacific, accumulating the warm surface water off the coast of
Australia and islands lying to its north.  With the warm waters of the southern Pacific blown
westward, the cold Humbolt Current is able to surface off the most prolific fishery in the world, the
anchoveta.  During the El Niño, tropical winds weaken allowing the warm south Pacific water to
flow back eastward, overwhelming the Humbolt and releasing humidity into the atmosphere that
brings floods to the normally arid Peruvian deserts.  The cooler Humbolt waters now upwell in the
far western Pacific, where their lower rate of evaporation than the warm waters found there during
La Niña causes drought in Australia and southeastern Asia.  An extreme El Niño can afflict two
thirds of the globe with droughts, floods, and other extreme weather.  The extreme El Niño in 1997-
98 was immortalized as “the year the world caught fire,” because drought dried out normally wet
forests, particularly in southeast Asia where more than 10 million hectares, half ancient rain forest,
burned.  On the island of Borneo 5 million hectares, an area the size of the Netherlands, was lost.
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Ever since the 1976 magic gate, the El Niño-La Niña cycles have been extraordinarily long, and
there has been an imbalance between the phases, with five El Niños and only two La Niñas. 
Computer modeling predicts that a semipermanent El Niño-like condition will result from
increasing greenhouse gas concentrations in the atmosphere.  After the 1998 magic gate, the waters
of the central western Pacific have frequently reached 86E F and the jet stream has shifted toward
the north pole.  

Heat waves increase: A 2.4 degree Centigrade increase is projected to cause many cities across the
northeastern United States to experience a projected tripling of the number of days with
temperatures above 90 degrees Fahrenheit (32 degrees C).

A Union of Concerned Scientists analysis concluded that under a business-as-usual scenario, by the
end of the 21  century, the state of Missouri will face “almost a month and a half annually of daysst

over 100 degrees, and St. Louis would face up to six heat waves per summer like the one that killed
hundreds in Chicago in 1995.”

Heat wave death increases: The European summer of 2003 was so hot that, statistically
speaking, it was a 46,000-year event.  It was worsened by drought, which caused water stress to
plants, restricting their moisture emissions.  With less of the sun’s energy consumed by evaporation,
more of it warmed the air.  Temperatures exceeded 104E F in June and July, and 26,000 people
died.  In 2004, Egypt experienced one of its highest recorded temperatures: 124E F.

In the U.S., heat-related deaths exceed those of all other weather-related causes combined.

Increase in Drought, Spread of Deserts: In the continental United States, drough-prone ecosystems
are projected to expand approximately 11 percent in area for each degree Celsius of additional
warming.  Worldwide, 1 to 2 billion people will be at risk of increased water scarcity.

From 1950 to 1975 China lost an average of 600 square miles of land (1,560 square kilometers) to
desert each year.  After 2000, about 1,400 square miles go to desert annually.  In Nigeria, 1,355
square miles of rangeland and cropland are lost to desertification each year.

In 2005 the National Center for Atmospheric Research reported that drought now afflicts as much as
11 billion acres in 2002, up about twice from the 3.8-5.7 billion acres in the early 1970s.  In
Montana a severe drought has persisted for several years and the USDA has declared 24 counties
“primary natural disaster areas” due to drought.

Today major deserts and semideserts occur in swaths between 15 and 35 degrees north and south of
the equator.  These arid belts reflect large-scale atmospheric circulation patterns known as the
“Hadley cell” that drive masses of hot, dry air down to earth after they have relinquished their
moisture near the equator.  The high-pressure zones that result from the descending air cells tend to
keep rainfall at bay most of the time, but when rain does come, it can be intense.  With global
warming, the air in the Hadley cells is on average hotter, and because it is warmer it holds more
water vapor in it.  The hotter Hadley cell air is less likely to encounter a cooling event competent to
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cause the air to cool to the point of saturation, causing the water vapor in it which the air can no
longer hold “in solution” to condense out as rain.  Thus, on average, periods of no rainfall will be
longer.  However, when a cooling event does precipitate rain in these desert areas, there is a lot
more water vapor suspended in the air which can be condensed out of it as a flood event.

In 2007, drought declarations cover all agricultural land in Victoria, Australia, for the first time ever. 
Exceptional Circumstances drought relief was extended to all farmers, no matter what they produce,
in October, 2006, after which the number of Victorians accessing EC income support jumped 83
percent.  In March, 2007, EC assistance of $14 million was extended to all farmers and small
businesses with up to 100 employees who derive at least 70 percent of their income directly from
agriculture.  Farmers can apply for six months income support from the EC fund.

Australia’s November 24, 2007, election turned into a referendum on climate change due to global
warming, thanks to the country’s devastating six-year drought (rated a thousand-year event) which
threatens to shut down the country’s Murray-Darling River basin breadbasket.  Climate scientists
forecast inland temperatures 7-9 degrees F hotter by 2070.  Labor Party leader Kevin Rudd won
over Prime Minister John Howard, the only leader of an industrialized nation to join president
George W. Bush in refusing to sign the Kyoto Protocol.  The Labor Party committed to a 60 percent
reduction in Australian carbon dioxide emissions from 2000 levels by 2050.  One of Kevin Rudd’s
first official acts as prime minister was traveling to Bali for the United Nations Climate Change
Conference and to sign the Kyoto Treaty.

Release of carbon from boreal forest peat: The 1.37 billion hectares of boreal forest at far north
latitude contains an estimated 20 percent of global reactive soil carbon.  Boreal and subarctic peat
lands together contain 455 petagrams (1 petagram = 121 billion tons of carbon) or 10 to the 15
power grams of carbon, the majority of it in the form of lignite and cellulose which are resistant to
degradation (oxidation) causing release of carbon dioxide into the atmosphere.  The mechanism
which would cause massive release of this embedded carbon in peat soils is fire. Release of carbon
declines due to fire under cooler and wetter conditions, and increases under dryer and warmer
conditions.  Modeling of the carbon balance in these lands found that warming of the boreal forests
at high latitudes will not, by itself, cause a net change in the amount of carbon dioxide absorbed
from versus released to the atmosphere by the trees and their soils: accelerated decomposition of
soil carbon by microbes in warmer conditions was balanced by higher rates of carbon sequestration
by vegetation.  However, if greater warmth is accompanied by lower precipitation, then tree
productivity declines due to drought and fire risk increases.  If the peat is dry enough, a lightning-
caused fire can smoulder through huge areas of peat beds as well as burning vast areas of standing
forest vegetation. [See <www.eoearth.org/article/
climate_change_in_relation_to_carbon_uptake_and_carbon_storage_in_the_arctic>]

Canada has 1.2 million square miles of boreal forest, named for Boreas, the Greek god of the north
wind.  Acre for acre, boreal forests lock up more carbon than any other forest ecosystem on Earth. 
In May, 2007, a panel of 1,500 international scientists recommended to the Canadian government
that at least half the boreal forest be preserved in its natural state and that only ecologically sound
and sustainable development be allowed in the rest.
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Hurricane Intensity: According to Frederick Lutgens and Edward Tarbuck’s atmospheric-studies
textbook, “A hurricane is a heat engine that is fueled by the latent heat liberated when huge
quantities of water vapor condense.  To get this engine started, a large quantity of warm, moist air is
required, and a continuous supply is needed to keep it going.”  The evaporation of one gram of
water transfers 580 calories of heat.  For every 18E F increase in temperature, the amount of water
vapor the air can hold doubles; thus air at 86E F can hold four times as much hurricane fuel as air at
50E F.  Satellite measurements reveal that the oceans are rapidly warming from the top down as the
result of additional heat from the atmosphere; oceans have warmed an average of 1E F with some
areas like the Gulf of Mexico and southern Pacific warming far more.  In consequence, the amount
of water vapor in the air over the oceans has increased by 1.3 percent per decade since 1988.

Scientists have a consensus that stronger-than-normal hurricanes will be striking America’s
coastlines for years to come.  This is due to the fact that greater amounts of water vapor in the air
over the oceans due to their warming enables more frequent transformation of category 1 hurricanes
into higher categories of intensity.  Since 1974 the number of category 4 and 5 hurricanes recorded
has almost doubled.  Kerry Emanuel of the Massachusetts Institute of Technology has found that the
total amount of energy released by hurricanes worldwide has increased by 60 percent in the past
three decades.  When Hurricane Ivan roared through the Gulf of Mexico in 2004, the oil industry
rated it a once-in-2,500-years event.  Then came Katrina and Rita.  At this point the oil industry risk
analysts have found that 100-year storm evens are now 5-year probability events, and so on.

Among scientists, there are two camps concerning the cause of warmer ocean water in the hurricane-
forming path of the Atlantic which results in the increase in hurricane severity.  One camp attributes
it to warmer waters due to global warming due to the human-caused greenhouse effect, and the
other attributes the warmer waters to a peak in the natural cycle of the Atlantic Multidecadal
Oscillation, which brings variations in hurricane activity every 60 to 70 years by affecting the Gulf
Stream.  The federal National Oceanic and Atmospheric Administration (NOAA) has regularly
come down on the side of natural variability.

Several new studies oppose the natural variability case. A month before Katrina hit, Massachusetts
Institute of Technology hurricane specialist Kerry Emmanuel published a landmark paper in the
British Nature showing that in the past half century tropical storms have been lasting 60 percent
longer with winds 50 percent more powerful.  Two weeks after Katrina hit, Peter Webster and
Judity Curry of the Georgia Institute of Technology published a paper in Science demonstrating that
Category 4 and 5 hurricanes have become twice as probable over the past 35 years, while noting that
global sea-surface temperatures have increased by about 1 degree.  Essentially, if increased storm
intensity is due to global warming, one would find it globally, and not just in the Atlantic storm
track.  They did find it globally.  This study was followed by a second one by Emanuel which found
that aerosols and other pollutants, which peaked in the 1970's and 80's before being reduced today
by anti-pollution controls, were probably responsible for the downswing of hurricane activity during
that time due to their global shading effect on ocean water solar gain

NOAA, whose leadership consists of Bush administration appointees, and the right-wing
Competitive Enterprise Institute continue to insist that concluding a link exists between increasing
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hurricane severity and global warming from human technological activity is premature and
inconclusive at best.  The National Environmental Trust convened a conference to assail NOAA’s
stance on global warming.  Georgia Tech’s Curry is calling for an independent assessment, e.g., by
the National Research Council.

In the 1980's Louisiana State University geologist Kam-biu Liu began studying the geological
evidence of ancient hurricanes along the Gulf.  Ancient storm surges picked up sand from the Gulf,
carried it over dunes and ridges, and dumped it inland in a distinctive fan pattern.  Taking soil 50-
foot deep-soil borings in the Pearl River basin northeast of New Orleans, Liu pieced together a
history of superstorms over the past 5,000 years, discovering the Gulf Coast to normally be a violent
place.  Only a handful of big hurricanes struck during the past 1,000 years or so, but during the
3,000 years before that, giant storms barreled ashore three times as often.  Liu’s history suggests
that the settlement of the Gulf coast over the past millennium had come about thanks to the dumb
luck of people arriving during a lull in the action. John McQuaid and Mark Schleifstein
incorporated Wexelblat and Liu’s work into Path of Destruction: The Devastation of New Orleans
and the Coming Age of Superstorms.

Potential Death of the Amazon Rainforest: Studies headed by Dr. Dan Nepstead of the Woods Hole
Research Centre in Amazonia concluded that the Amazon rainforest cannot withstand more than
two consecutive years of drought without starting to break down.  The experiment in 2002 covered
a chunk of rainforest the size of a football field with plastic panels to see how it would cope without
rain.  The trees managed the first year of “drought” without difficulty.  In the second year they sunk
their roots deeper to find moisture and survived.  In year three the trees started dying, starting with
the tallest.  As they died they exposed the forest floor to the sun, accelerating the drying and dying
process.  By the end of the third year the trees had released more than two-thirds of the carbon
dioxide they had stored during their lives.

The Amazon is entering its second successive year of severe drought.  The Amazon River at the
Mamiraua Reserve nine days upstream from the Atlantic Ocean, the river has already dropped 51
feet below its normal wet season peak, while the lowest normal drop is 36 feet at the same location. 
Last year in the Brazilian state of Acre, the Amazon’s flow dropped so low that one could walk
across the river and thousands of fish died.  The drying Amazon forest caught fire; at one point in
September 2005 satellite images spotted 73,000 separate blazes in the Amazon Basin.  In 2006,
river levels are already lower than they were in 2005 at the same time of year.

Dr. Antonio Nobre of Brazil’s National Institute of Amazonian Research reported to a symposium
on the Amazonian crisis a theory which links the loss of Amazonian rainforest with increased
hurricane intensity in the Atlantic.  The hot, wet Amazon, he explained, normally evaporates vast
amounts of water, which rise high into the air like an invisible chimney.  This rising flow of moist
air draws in the wet north-East trade winds, which have picked up moisture from evaporation in the
Atlantic Ocean.  This in turn controls the temperature of the Atlantic from rising because, as the
trade winds accelerate evaporation (relative to still air) over the ocean surface, the remaining ocean
water becomes saltier, therefore heavier, and sinks, to be replaced on the surface by cooler
subsurface water with a lower salt concentration.  Deforestation in the Amazon Basin weakens the
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evaporation which drives this cycle.  Therefore more hot water in the Atlantic stays on the surface
and fuels hurricanes, while less moisture arrives in the trade winds, intensifying drought in the
remaining forest.

The Amazon rainforest contains approximately 90 billion tons of carbon.  Release of this through
death of the trees would increase global warming by 50 percent.  Dr. Nepstead expects “mega-
firest” to sweep across the dry, dying jungle, releasing the stored carbon.  With the trees gone, the
soil will bake in the sun into a brick-like material, and the rainforest could become desert.

So far about a fifth of the Amazonian rainforest has been razed (clear cut) completely, and another
22 percent has been harmed by logging which allows the sun to penetrate through canopy gaps to
the forest floor, drying it out.  The Brazilian National Space Research Institute estimates that
between 2007 and 2008 the area of degraded Amazon rainforest increased 66 percent from
approximately 15,000 to 25,000 square kilometers.  During this same period, the official Brazilian
statistics showed only a slight increase in rainforest loss, because the official figures only calculate
based on clear-cut areas.  These numbers for clear-cut and degraded Amazonian rainforest added
together come perilously close to the 50 percent forest loss which computer models show to be the
“tipping point” that marks the death of the Amazonian rainforest.  These models did not predict
forest loss would hit 50 percent until 2050.  Dr. Nobre says, “what was predicted for 2050, may
have begun to happen in 2005.”  Brazilian politicians say that Brazil has so many other pressing
problems that the destruction of the Amazon rainforest by loggers and soya planters is unlikely to be
brought under control, unless the world helps to pay for the survival of the forest.  Calculations by
Hylton Philipson, a British merchant banker and rainforest campaigner, put the budget sufficient to
stop loss of the Amazon rainforest at $60 billion per year, or about one-third the cost of the war in
Iraq.

The Union of Concerned Scientists Tropical Forest and Climate Initiative determined that $20
billion in annual funding could cut deforestation-related emissions in half by 2020.  The UCS
assessment of the economic and political variables is contained in Out of the Woods: A Realistic
Role for Tropical Forests in Curbing Global Warming, <www.ucsusa.org/REDD>.

Melting of Polar and Glacial Ice and Rising Sea Levels: 

South Pole: Antarctica:  In March, 2006, University of Colorado - Boulder scientists
discovered that Antarctica is losing up to 36 cubic miles of ice annually.  The scientists used
measurements taken from April 2002 to August 2005 by the Gravity Recovery and Climate
Experiment which utilizes two satellites whose separation is affected by slight gravitational tugs
caused by the shifting mass on the earth’s surface.  These changes in mass can be measured to an
accuracy of one micron.  70 percent of the world’s fresh water is trapped in Antarctica, which
contains 90 percent of the earth’s ice mass.  During the observation period Antarctica lost 152 cubic
kilometers of ice, equivalent to 40 trillion gallons of water, which contributed 13 percent of total
sea-level rise during the study period, or 0.4 millimeters plus or minus 0.2 mm.  Beginning on the
28  of February 2008, a section of the Wilkins ice shelf 414 square kilometers broke loose and fellth

into the sea.  The remaining 96 percent of the ice shelf is reportedly holding on by a thin band of
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ice.

On April 6, 2009, Reuters news service reported that this ice bridge holding back a vast part of the
Wilkins Ice Shelf on the Antarctic Peninsula shelf had suddenly shattered.  David Vaughan,
glaciologist with the European Space Agency, showed reporters the agency’s satellite picture
showing that a 40-kilometer-long strip of ice believed to pin the Wilkins Ice Sheet in place had
splintered at its narrowest point, 500 meters wide.  Vaughan stated that “Charcot Island will be a
real island for the first time in history,” and expressed concern that collapse of the ice bridge will
now allow ocean currents to wash away more of the Wilkins shelf.  Nine other ice shelves have
collapsed around the Antarctic peninsula in the past 50 years, often abruptly like the Larsen A in
1995 and the Larsen B in 2002 further north.  Cores of sediments on the seabed indicate some of
these ice shelves had been in place at least 10,000 years.

Temperatures on the Antarctic peninsula have risen by about three degrees in the last 50 years, the
fastest rate of warming in the southern hemisphere.

North Pole: Arctic Ice and Greenland Ice Sheet:  The 2007 IPCC FAR found that the last
time polar regions were significantly warmer than present for an extended period about 125,000
years ago, reductions in polar ice volume led to 4 to 6 meters of sea rise.  Melting of the Greenland
ice sheet and Arctic probably contributed about 4 meters of this rise.

In 2005 NASA released a report that shows, through analysis of satellite imagery, that the north
polar ice cap has decreased 30 percent in size since 1978.  Measurements taken by submarines show
it is only 60 percent as thick as it was four decades ago.  The 2007 IPCC FAR reports average
Arctic sea ice has shrunk by 2.7% per decade, and summer averages have shrunk by 7.4% per
decade; total summer extent has contracted by 20 percent since 1979.  The maximum area covered
by seasonally frozen ground has decreased by about 7% in the Northern Hemisphere since 1900,
with a decrease in spring of up to 15%.  Temperatures at the top of the permafrost layer in the Arctic
have decreased by up to 3E C since the 1980s.  On April 7, 2009, the Irish Times reported that
satellite images show the six worst years for Arctic sea ice cover have occurred in the past six years. 
In 2009, the maximum Arctic ice cover was reached on February 28 , extending to 15.15 millionth

square kilometers, the fifth lowest ice extent on record.  The data shows that only 10 percent of this
wintertime ice cover is older, thicker ice that survived the previous summer; 50 years ago 40
percent of Arctic ice survived the summer.  Studies in California used satellite data to reconstruct
ice thickness from 2005 and 2006: the older, thicker ice is declining and being replaced by thinner
ice that is more subject so summer melt. On April 18, 2009, the London Daily Telegraph conveyed
a report from the Catlin Arctic Survey that found the ice that had formed in the last year averaged
only 1.77 meters in thickness (older ice exceeds 3 meters; first-year ice is generally under 2 meters). 
This confirms the NASA warning from satellite data analysis that sea ice cover over the Arctic in
winter 2008-2009 reached its lowest volume since records have been kept; this trend leads to an ice-
free summer in 2013.

Older reports had glaciers in Greenland melting so rapidly that sea levels are predicted to rise 3 feet
by 2100.  In Science in 2006 analysis of satellite data showed Greenland’s glaciers sliding into the
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ocean twice as fast as five years ago; if this accelerated melting continues so the Greenland ice sheet
melts completely, it will raise sea levels 23 feet, or 7 meters.  In 2008, based on new data the
Greenlandic Institute of Natural Resources in Denmark calculated that Greenland’s glaciers would
slide about 220 cubic kilometers of ice into the sea that year.  Dr. James Hansen, director of NASA
Goddard Institute for Space Science, observed in May 2006: “The last time the world was three
degrees Fahrenheit warmer than today - which is what we expect later this century - sea levels were
82 feet higher.  I think sea-level rise is going to be the big issue soon, more even than warming
itself.”

The July 28, 2009 Irish Times carried a feature story entitled “Climate change is far worse than
anyone imagined.”  “...The International Polar Year (IPY), an international consortium studying the
Arctic, froze a small vessel into the sea ice off eastern Siberia in September 2006.  Norwegian
explorer Fridtjof Nansen had done the same thing a century before, and his Fram, carried by the
drifting ice, emerged off eastern Greenland 34 months later.  IPY scientists thought their Tara
would take 24 to 36 months.  But it reached Greenland in just 14 months, stark evidence that the sea
ice found a more open, ice-free, and thus faster path westward thanks to Arctic melting.”  The IPY’s
David Carlson says “The models just aren’t keeping up” with the reality of carbon dioxide
emissions.

“...satellite measurements of Greenland’s mass, show it is losing about 52 cubic miles per
year and the melting is accelerating.  So, while the IPCC projected that sea level would rise 16
inches this century, “now a more likely figure is one metre [39 inches] at the least,” says Carlson. 
“Chest high instead of knee high, with half to two thirds of that due to Greenland.”  Hence the “no
idea how bad it was.”

“The frozen north had another surprise in store.  Scientists have long known that permafrost,
if it melted, would release carbon, exacerbating global warming, which would melt more
permafrost, which would add more to global warming, on and on in a feedback loop.  But estimates
of how much carbon is locked into Arctic permafrost were woefully off.

‘It is about three times as much as was thought, about 1.6 trillion metric tons, which has
surprised a lot of people,’ says Edward Schuur of the University of Florida.  ‘It means the potential
for positive feedbacks is greatly increased.’

That 1.6 trillion tons is about twice the amount now in the atmosphere.  And Schuur’s
measurements of how quickly CO2 can come out of permafrost, reported in May, were also a
surprise: 1 billion to 2 billion tons per year.  Cars and light trucks in the US emit about 300 million
tons a year.”

Carlson reports that “A consensus has developed during IPY that the Greenland ice sheet
will disappear.”

Rising Sea Levels:  The IPCC Fourth Assessment Report in 2007 reported the following
table showing the observed rate of sea level rise and estimated contributions from various sources
for 1961-2003: thermal expansion from ocean warming = 0.42 mm per year; melting of glaciers and
ice caps = 0.50 mm/year; melting of Greenland ice sheet 0.05 mm/year; melting of Antarctic ice
sheet 0.14 mm/year, totaling 1.1 mm/year of the observed total rise of 1.8 mm/year.  The rate of
ocean rise is accelerating.  The corresponding figures in mm/year for the ten year period 1993-2003
are 1.6 thermal expansion, 0.77 glaciers and ice caps, 0.21 Greenland ice sheet, 0.21 Antarctic ice
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sheet; with a total 3.1 mm/year rate of rise for that decade observed.  If both the Greenland and
West Antarctica ice sheets destabilize, sea level rise is estimated to lie between 12 and 40 feet,
depending on the extent of Antarctic destabilization.

During the twentieth century, sea level rose by an estimated 17 centimeters, or over 6 inches,
according to the 2007 IPCC.  In its 2001 report, the Intergovernmental Panel on Climate Change
projected that during the 21  century seas would likely rise between 4 to 35 inches.  Since 2001,st

record-high temperatures have accelerated ice melting beyond the upper limit of the assumptions
used in the IPCC projections.  NASA and the Danish Space Centre’s analysis of the Ilulissat glacier
- on UNESCO’s world heritage list and the most visited site in Greenland - show it has shrunk more
than 15 kilometers (9.3 miles) in the past five years, and is now smaller than it has been in the 150
years it has been observed; the smallest it has been in 6,000 years according to studies by Jason Box
and his team at Ohio State University.  The Ilulissat glacier is the most active in the northern
hemisphere, calving some 10 percent of Greenland’s icebergs or 20 million tons of ice per day.

Although melting of the Arctic ocean ice cap does not contribute to sea level rise because the ice is
floating on and displacing seawater, it serves as an index to what is happening to ice caps over land
at the poles.  The U.S. National Snow and Ice Data Center announced in 2008 that the size of the
Arctic ice cap hit low of 4.52 million square kilometres.  Also, the Greenlandic Institute of Natural
Resources’ Soeren Rysgaard observes, “Less ice around Greenland facilitates and accelerates the
calving process where chunks of ice break off the glaciers and spill into the sea.”

A World Bank map shows a one-meter rise in sea level will inundate half of Bangladesh’s riceland;
part of London, Alexandria, Bangkok, and Singapore would be innundated by this rise.  About
2,000 smaller Indonesian islands alone would sink into the sea.  With a one-meter rise in mean sea
level, during a 50-year storm large portions of lower Manhattan and the National Mall in
Washington, D.C., would be flooded by seawater from storm surge.  A rise of 7-14 inches in sea
level will produce coastal flooding in Boston and Atlantic City, NJ, equivalent to today’s 100-year
flood almost every year on average.  Digital animation of what various sea-level rise scenarios
might look like for up to six meters of rise is at
<http://www.cresis.ku.edu/research/data/sea_level_rise>

Litigation over rise in sea level effects on human occupancy of real estate: The Alaskan
village of Kivalina, 400 persons living on a 6-mile barrier reef, subsisted by hunting for caribou and
bearded seal and fishing for salmon and arctic char.  The permafrost that protected the reef from
storm erosion melted.  In 2004 and 2005, erosion cut 70 to 80 feet off the coastline, threatening
many of the village’s 150 structures.  The U.S. Army Corps of Engineers concluded the buildings’
failures soon “would render the community uninhabitable.”  The only solution, moving the village,
would cost $95-400 million.  In February 2008 the citizens of Kivalina filed a federal lawsuit
against 24 oil, gas, and electric companies to hold them fiscally responsible for the carbon
emissions that contribute to global warming.  Three previous lawsuits by other parties based on
public nuisance were thrown out by judges who ruled that global warming is a political question
best addressed by legislatures.  The Kivalina case models itself after the Big Tobacco lawsuits of the
1990s.  The Kivalina litigants claim that energy companies knowingly conspired to create a false
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sense of doubt about effects of global warming.  For instance, the suit cites internal documents from
the Information Council on the Environment - formed by the Southern Co., a major coal utility, and
other coal interests - showing that the council’s goal was to “reposition global warming as theory.” 
The suit cites the fact that a major organization funded by the sued corporations to cast doubt on
global warming was the Advancement of Sound Science Coalition which was started by Philip
Morris to do the same for the link between tobacco smoking and cancer risk.

In 2007, Conoco-Phillips paid $10 million to offset the carbon emissions from a refinery expansion
in California.  In 2007, the Supreme Court held that the government must take global warming into
account in reviews dealing with the Clean Air Act.  In November, 2007, a federal appeals court
struck down the federal government’s fuel economy standards for light trucks and SUVs because
the government failed to review the impact of the standards on climate change.

Change in Earth’s albedo: Overall, one third of the sun’s rays falling on earth are reflected back into
space.  Ice reflects into space up to 90 percent of the sunlight hitting it.  When the sun is overhead,
water reflects only 5-10 percent of light back to space; reflection increases as the sun approaches the
horizon and its rays strike water surface obliquely.

Glacial lake flooding: Glaciers slowly bulldoze horseshoe-shaped moraines of rubble and ice in
front of their tongues. As they retreat at 100 to 230 feet a year due to global warming, these
moraines form the dam containing meltwater from the retreating glacier.  Beneath the surface rubble
of the moraine dam, the core consists largely of ice.  As it melts, “piping” of lake water occurs,
creating holes.  The United Nations Environmental Program identified 44 glacial lakes in the Great
Himalaya in Nepal and Bhutan that are at immanent risk of bursting.  In northern Bhutan in 1994, a
mile-long glacial lake named Luggye Tsho ruptured, sending more than a billion cubic feet of water
rampaging down valley, sweeping away an artisans’ colony near the town of Punakha, killing 23. 
125 miles downstream, the Sankosh River broke its hydrograph when water surged to more than
eight feet above normal.  The Himalaya contains more than 18,000 glaciers covering 13,000 square
miles; to the north on the Qinghai-Tibetan Plateau, according to the Chinese Academy of Sciences,
46,298 glaciers blanket nearly 60,000 square miles.  The glaciers of the Himalaya and Tibetan
Plateau constitute the largest area of ice outside the polar regions.  Since the mid-1970's, average air
temperatures across the Himalaya have risen by 1 degree centigrade, with higher sites warming
twice as much as middle elevations.  There is no comprehensive inventory of the condition of
glaciers and glacial lakes.

Devastation of coral reefs by warmer water: In the summer of 2005 the same hot ocean water that
spawned hurricane Katrina caused the worst bleaching ever of coral reefs from Florida to Panama. 
Bleaching occurs when overheated corals expel the algae that provide them with most of their food. 
The corals can literally starve to death.  In 1997-98 about 16% of the world’s coral reefs were
severely damaged or killed by abnormally hot ocean water.

Increases in “marine mucilage” mats: Marine mucilage is snotlike masses of micro-organisms,
living and dead.  Masses have been reported off the Italian and Australian coasts and in the North
Sea.  A 2009 study found that outbreaks have “increased almost exponentially” in the past 20 years
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and linked them to the warmer, stiller waters consistent with climate change.  Beyond the “ick”
factor, the blobs harbor viruses and bacterial in concentrations large enough to sicken bathers and
force beach closures.

Ocean acidification: Ocean water is naturally alkaline with a pH of 8.2 plus or minus 0.3 units
depending on location and season.  Dissolved carbon dioxide lowers pH by forming carbonic acid. 
Absorption of the higher levels of carbon dioxide in the atmosphere have already lowered pH by an
average of 0.1 pH units compared to pre-industrial levels.  0.1 units on the log pH scale equals a 30
percent increase in hydrogen ions.  If the emissions of carbon dioxide continue to rise at the level
predicted, there will be a 0.5 pH unit fall by 2100, representing a three-fold increase in hydrogen
ions in ocean water.  Fifty-five million years ago a release of 4500 gigatonnes of carbon caused a
mass extinction of sea creatures from an equivalent shift towards acid pH, and the oceans took
100,000 years to restore themselves to the usual pH level.

Sea creatures are able to make shells or skeletons because the upper layers of the ocean are
supersaturated with calcium carbonate.  Acidification of ocean water reduces carbonate ion
concentrations.  Aragonite is the more soluble form of calcium carbonate in ocean water; calcite is
the less soluble form.  Corals are built from aragonite, and thrive only where calcium ion
concentrations are three or more times the saturation point.

For reference, the U.S. EPA rule for acceptable environmental impact on ocean water pH is that the
change induced by the operation being evaluated must not exceed 0.2 pH units in open water
outside the range of naturally occurring variation at that site.

In 2009, the Natural Resources Defense Council sponsored creating a documentary, Acid Test,
which showed on the Discovery Channel narrated by Sigourney Weaver.  They also established a
website with information on ocean acidification from atmospheric carbon dioxide:
<www.nrdc.org/oceans/acidification>.

Effects on coral reefs from acidification:  In 2008, Nature Geoscience reported a field
experiment that showed that certain algae that help to solidify reefs are “severely inhibited” by
highly acidic seawater. A 2008 Science paper concluded that ocean acidification, combined with
warming, pollution and other stresses, is “driving reefs incresingly toward the tipping point for
functional collapse.

On land, increased atmospheric carbon dioxide results in higher levels of carbonic acid in rain
falling on silicate rocks, particularly clays, which are basic.  The resulting chemical reaction
accelerates the erosion of the silicate rocks but buffers the acidity of the rain.  In oceans, there are
silicate acid-base chemical equilibriums also, mainly solid-phase alumino-silicate (clay)-aqueous
solution reactions, which may also act to buffer increased carbonic acid in the oceans from higher

2atmospheric CO  levels.

Spread of hypoxic zones in oceans, destroying continental shelf fisheries:  Oceanographers have
been watching the hypoxic layers that form under the surface in tropical Pacific and Atlantic ocean
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waters thicken for 50 years.  In the 2 May 08 Science they report that these zones have thickened so
much that they are breaking through to the surface on the continental shelf, destroying fisheries off
the U.S. and Peruvian coasts.  The hypoxic layer off Peru thickened from 460 to 640 yards thick in
42 years.  The hypoxic layer off Southern Africa thickened from 400 to 750 yards thick in 45 years. 
Oxygen levels in surface waters off British Columbia are plunging.  As this continues, it will wipe
out remaining fisheries on continental shelves, the major source of fish for human consumption on
earth.

The growing of the hypoxic layers is attributed to global warming.  As ocean water warms, it holds
less oxygen.

Change in production of cloud-forming sulfur compounds by ocean algae: James Lovelock
described in his Gaia book the cycle in which algae in the oceans produce volatile sulfur
compounds, mainly dimethyl sulfide.  When these compounds volatilize into the air above the
oceans, they “seed” cooling oceanic clouds.  The hotter the ocean water becomes, the less minerals
are held in the warm water layer, and the less the algal bloom in such nutrient-deficient waters. 
Thus, a negative feedback loop can occur, in which diminishing algal production of dimethyl sulfide
due to mineral deficiencies in warming ocean waters leads to less cooling cloud cover, accelerating
solar heat gain in the ocean surface waters where the algae grow.

Lovelock advocates installing large plastic cylinders which float vertically in the ocean.  These use
natural thermal gradients and water movement to pump nutrient-rich waters from the bottom of the
cylinder to the surface, feeding algal blooms which then increase cloud cover.

Increased sulfide production: The compounds that cause silver to tarnish are hydrogen sulfide and
carbonyl sulfide.  About 90 percent of the hydrogen sulfide and over two-thirds of carbonyl sulfide
come from volcanic venting and organic matter decomposing under anaerobic conditions.  Studies
of polar ice atmospheric bubbles show carbonyl sulfide levels have increased 40 percent since 1850;
hydrogen sulfide levels cannot be determined because the gas quickly reacts with other materials in
the environment.  The average fart contains 18,000 times the concentration of hydrogen sulfide than
is found in the air of a typical city today.

However, those studying the Permian extinction of 251 million years ago have developed a theory
about what caused the extinction of 95 percent of all species on earth at the time was due to an
upsurge of hydrogen sulfide released by a vast bloom of anaerobic microbes in the ocean.  Release
of the sulfide gases both asphyxiated animals and plants and weakened the ozone layer, allowing
high levels of UV radiation to cause havoc in the terrestrial food chain.  The bloom of anaerobic
microbes in the ocean is attributed to a period of global warming.

Increase in failed states and political anarchy: John Sanbonmatsu, Associate Professor of Philosophy
at Worcester Polytechnic Institute in Massachusetts, wrote in Tikkun Magazine on-line that the
fossil-fueled military-industrial complex has left the “ecosystem in tatters.”  “...we can anticipate
more, and more devastating, natural disasters, which in turn will mean disruptions in agricultural
production, flooding of cities and entire countries, mass starvation, increasing migration pressures,
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and so on.  All of this will in turn exact an increasing toll on the legitimacy of the liberal nation
state.  The late sociologist Charles Tilley described the modern nations state as functioning like a
‘protection racket’: the state agrees to protects us from harm (most typically, from real or imaginary
threats generated by the state itself), in exchange for our consent and obedience as subjects. 
However, as economic, political, ecological, and hence social costs mount, the state will become
less and less able to protect us from harm.”

In July 2009 Navy Vice Admiral Dennis McGinn testified to Congress that “climate change poses a
serious threat to America’s national security, acting as threat multiplier for instability in some of the
world’s most volatile regions, adding tension to stable regions, worsening terrorism and likely
dragging the United States into conflicts over water and other critical resource shortages.”  He
quoted former commander of the U.S. Central Command, retired Marine Corps General Anthony
Zinni, who said, “We will pay now to reduce greenhouse has emissions today...or we will pay the
price later in military terms and that will involve human lives.”

Ecological impoverishment of U.S. national parks:  The Joshua Tree is being killed off by global
warming.  The member of the lily family depends on winter freezes to flower and seed.  The
western U.S. is warming considerably faster than the East, imperiling many national parks.  The
Rocky Mountain Climate Organization forecasts increased wildfires, flooding, erosion, and
dramatically reduced snowpack throughout the national parks of the West.

In Yellowstone, shorter, warmer winters have increased elk survival rates.  This is bad for bears,
coyotes, eagles, ravens, and the park vegetation.  Fewer elk carcasses mean less for these scavengers
to eat, and more elk strip park vegetation.

English climate change: The 1990s was the warmest decade in central England since records began
being kept in the 1660s.  As a result, the growing season for plants is extended by a month, heat
waves have become more frequent, and winters are much wetter with heavier rains.  The U.K.
Hadley Center has determined that the U.K. has experienced a significant increase in severe winter
storms, and predicts the trend will continue.

Increase in human loss and suffering from weather-related disasters: In the 2007 WorldWatch
Report Beyond Disasters: Creating Opportunities for Peace, authors Michael Renner and Zoë
Chase report the average number of recorded natural disasters per year for the past 10 years is 348,
or almost one per day.  To qualify as a recordable disaster, the Center for Research on the
Epidemiology of Disasters says a natural hazard must kill 10 or more people, affect 100 or more
people, or necessitate a declaration of emergency or call for international assistance.

The number of people injured, left homeless, or otherwise requiring immediate assistance by
disasters has increased from an average of 209 million a year between 1987 and 1996 to an average
of 231 million a year between 1997 and 2006.  In the past decade, 82 percent of the 2.3 billion
people affected or injured by natural hazard were survivors of a flood (1.2 billion, 52.2%) or
drought (736 million, 32%).  Thus, 84.2% of victims of natural disasters in the last decade were
victims of weather-mediated disasters which are increasing in frequency and severity due to global
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warming.

Worldwatch Research Associate Zoë Chafe observes: “For many victims, the true disaster begins
when the storm, earthquake, or flood ends.  Injuries, homelessness, and job losses are rarely
included in estimates of what a disaster costs.”  Nearly 5.4 million people became homeless because
of weather-related disasters in 2006.  Human deaths from these disasters were up 24 percent in
2006.  The largest weather-related disaster form in 2006 was flooding, which affected 87 countries,
e.g. typhoon Saomai, the strongest storm to make landfall over China in 50 years, destroyed 50,000
homes and caused more than a million people to evacuate.  One to three percent of homes and
businesses in low-income countries are insured, versus 30 percent in high-income countries. 
Disaster costs are usually computed in terms of insured losses, because these are enumerated by
insurance adjustors.  In human terms, the number of people worldwide affected by weather-related
disasters in 1982-1986 was about 200 million; in 2002-2006 it was over 800 million.

The Union of Concerned Scientists projects that the Minneapolis-St. Paul area will experience more
than a 66 percent increase in heavy rainfalls of over two inches in the next few decades due to
climate change effects on precipitation.

The Role of Energy Production

The Relative Carbon Dioxide Footprints of Electricity Sources
-Grams of Carbon Dioxide Produced per Kilowatt-Hour of Energy-

Wind 9 offshore, 10 onshore
Solar Concentrating 13
Solar Photovoltaic 32
Geothermal 38
Nuclear 288
Natural Gas-fired 443
Coal-fired 966 with scrubbing; 1,050 without scrubbing

2From Benjamin K. Sovacool, Energy Policy, 2008, vol. 36.  The CO  footprint of each energy
source includes all emissions embedded from use of energy to build the generating facility,
including creation of the materials (e.g., concrete) from which it is built; and all emissions
associated with mining, milling, enrichment, transportation, and waste handling associated with the
fuel cycle for nuclear, natural gas, and coal-fired power plants.  In the case of natural gas and coal-
fired power plants, the carbon footprint includes carbon dioxide emissions into the atmosphere from
fuel combustion in the power plant itself.

The Role of Petrochemical Production

The massive amount of energy needed to extract, upgrade, and refine tar sands oil generates three
times the amount of global warming greenhouse gas pollution as conventional oil production. 
Global warming pollution from tar sands production is projected to quadruple from 25 megatons in
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2003 to as much as 126 megatons in 2015.  Currently, tar sands extraction is largely responsible for
Alberta’s rising levels of air pollution and is Canada’s fastest growing source of global warming
emissions.

The Role of Cement Production

Cement production boomed from 594 million tons in 1970 to 2.3 billion tons in 2005.  As the
growth of leading producers China and India continues, global cement production may reach 5
billion tons in 2030.  Most cement is produced using a method invented by Englishman Joseph
Aspdin in 1824.  His Portland cement (named after the limestone used in St. Paul’s Cathedral and
Buckingham Palace) mixes a powder of alumina, silica, lime, iron oxide, and magnesium oxide,
which is then heated at temperatures up to 1,450 degrees Celsius.  An average of 4-5 gigajoules of
energy is used to produce a ton of cement.  The cement industry used at least 8 billion gigajoules in
2005.

Cement accounts for about 6 percent of global anthropogenic greenhouse gases emitted as of 2008,

2according to the World Wildlife Fund.  CO  is burned off when limestone is heated, is emitted by
the fossil-based energy sources used to heat the Portland cement mixture, and is produced by the
operation of vehicles and machinery associated with mining, manufacture and transportation of the
raw materials and finished product.  Concrete production also generates substantial amounts of
waste and spill; in China, it is responsible for more than 40 percent of industrial dust emissions.

In order to reduce energy costs, cement producers have been replacing small-scale cement plants
with larger, more efficient kilns.  The most efficient kiln models accounted for about 6 percent of
China’s cement output in 1995, but are projected to account for 80 percent of Chinese cement made
in 2010.  State-of-the-art kilns still consume about 3 gigajoules to produce a ton of cement.

2There are currently three paths which could lead to reducing the CO  loading of the atmosphere
from cement production:

1.  Currently 5 percent of total kiln fuel in developing countries comes from renewable
biomass rather than fossil carbon fuels.  Increasing the percentage of cement-making fuel derived
from biomass, which recently sequestered the carbon it contains from the atmosphere, would lower

2net CO  loading of the atmosphere from cement manufacture.

2.  Kilns could be fitted with carbon capture and sequestration technology.  This is the same
technology being developed for use on coal-fired electrical power plants, and the U.S. DOE and
USGS agree this technology will not be available for general industrial implementation until about
2030.

3.  Competing U.S. and British inventors claim they have developed cement production
methods that generate zero greenhouse gas emissions and capture emissions released as the cement
hardens.  It remains to be seen if these alleged inventions can be industrially engineered for use at
cement plants and construction sites worldwide.
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The Role of Computer Servers/ Information Technology

According to a McKinsey & Company analysis the world’s estimated 30 million computer servers
and other information technology (IT) systems accounted for some 2 percent of global carbon
dioxide emissions.  North American office technology caused one fourth of the world’s IT-related
emissions in 2002, but by 2007 China became the world leader, accounting for 23 percent of IT
emissions.  The amount of electricity consumed by servers doubled between 2000 and 2005
according to a Stanford University study.  The McKinsey report projects the energy required to
power the world’s computers, data storage, and communications networks will double by 2020;
with the world’s emerging economies including India, Brazil, and Indonesia increasing their IT
emissions 9 percent each year until then.  McKinsey projects that IT emissions in 2020 will account
for 3 percent of global carbon dioxide emissions, with a carbon footprint equivalent to that of world
commercial aviation.

The Role of Agriculture in Greenhouse Gas Emissions

In 2009 the National Organic Coalition sent a letter to Congress regarding the beneficial role organic
agriculture can play in reducing greenhouse has emissions and mitigating climate change.  The
National Sustainable Agriculture Coalition published Agriculture and Climate Change: Impacts
and Opportunities at the Farm Level.  The United Nations Food and Agriculture Organization
published Low Greenhouse Gas Agriculture: Mitigation and Adaptation Potential of Sustainable
Farming Systems.  All these reports cover the same major points: that organic agriculture has a
much smaller carbon footprint than chemical-input agriculture due to organic producers not using
chemical inputs which are made from fossil fuels and consume energy to produce; and that organic
agriculture sequesters far more carbon in each acre of organically-managed soil than does chemical-
input agriculture.

Livestock Production:  In January, 2007, the United Nations Food and Agriculture Organization
published a report, Livestock’s Long Shadow, with a stunning conclusion: “The livestock sector
emerges as one of the top two or three most significant contributors to the most serious
environmental problems, at every scale from local to global.”  A news summary described the
findings: “The researchers found that, when it’s all added up, the average American does more to
reduce global warming emissions by going vegetarian than by switching to a Prius.”  The U.N.
found that the 18 percent of total global warming emissions coming from animal agriculture
exceeded emissions from all the world’s transportation combined.  Animal agriculture accounts for
9 percent of world carbon dioxide emissions, but 37 percent of methane and 65 percent of nitrous
oxide emissions.

As of 2010 World Watch estimates that methane from livestock, clearing of rainforests for pasture,
and other emanations from animal agriculture amount to more than half of the world’s total

2greenhouse gas emissions (as measured in tons of CO  equivalent).

Feeding animals for meat, dairy, and egg production requires growing ten times the crops needed to
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provide the same calories of food directly for human consumption.  Then the animals must be
transported to slaughterhouses, refrigerated, and distributed to market.  Producing a calorie of
animal protein on a plate takes more than ten times the fossil fuel and carbon dioxide emissions
than delivering a plant calorie to that plate.  The U.N. report found animal agriculture takes up 70
percent of all agricultural land, amounting to 30 percent of the total land surface of the planet.  Land
animals raised for food make up 20 percent of the entire land animal biomass of the earth.  In the
U.S. we slaughter 10 billion land animals a year, producing 5 million tons of manure a day - more
than a hundred times that produced by the nation’s human population.

Worldwatch calculates that using anaerobic digesters at all U.S. farms where they would be
economical could avoid emitting an estimated 426,000 metric tons of methane into the atmosphere
annually.  They report this practice is starting to catch on among large cow, pig, and poultry
confined animal feeding operations driven by the dual motives of reducing noxious emissions and
cashing in on sale of energy.

The 2008 Farm Bill in the United States instituted a Livestock Indemnity Program which came on-
line July 1, 2009.  The LIP compensates livestock owners and contract growers for livestock death
losses in excess of normal mortality due to adverse weather, including losses due to hurricanes,
floods, blizzards, disease, wildfires, extreme heat and extreme cold.  Essentially, this is federally-
subsidized global warming loss insurance to the U.S. livestock industry, which otherwise has
increasing difficulty raising capital due to increasing incidence of meteorologically-caused natural
disasters resulting in massive livestock losses. 

In “The Amazing Benefits of Grassfed Meat” in the April/May 2009 issue of Mother Earth News, 
Richard Manning, author of Rewilding the West and Against the Grain, demonstrates, using
scientific data, how “converting cropland to perennial pastures produces healthier meats, builds
better soil and combats climate change.”

Oil Palms: Oil palm plantations have replaced more than 10 million hectares of native vegetation,
mostly lowland tropical forests, in Southeast Asia.  When each hectare of carbon-rich tropical
peatland is drained for oil palm production, an estimated 3,750-5,400 tons of carbon dioxide are
released into the atmosphere, according to peatland ecologist Jack Rieley.  Clearing a hectare of
tropical forest for palm oil production releases 500-900 tons of carbon dioxide into the atmosphere. 
Once planted, oil palms can produce fruit for more than 30 years, and produce more oil per hectare
than any other oilseed crop.  The market for palm oil increases an average of 2.2 million tons a year;
the oil is used in margarine, frying oil, soap, lipstick, and importantly: biofuel diesel.

The Role of Agricultural Techniques in Carbon Sequestration

Organic soils capture and store carbon dioxide at much higher levels than chemically-farmed soils;
if all corn and soybeans in the U.S. were grown organically, 580 billion pounds of additional carbon
dioxide would be sequestered from the atmosphere (<www.climatecrisis.net>).  Chuck Hassebrook
of the University of Nebraska Center for Rural Affairs says, “Efforts to reduce atmospheric carbon
dioxide levels are creating opportunities for farmers to be paid to store more carbon in the soil by
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building soil organic matter levels.  That is a win-win solution.  Raising soil organic matter reduces
warming as it builds healthier soils that store more water - which helps crops survive high
temperatures and drought.”

The Role of Trade Policy

The United Nations Food and Agriculture Organization published Trade and Climate Change in
2009.

The Role of Public Lands Management Policies

The National Advisory Board of the University of Montana’s Public Land and Resources Law
Review in collaboration with the University of Montana’s Public Policy Research Institute produced
a report entitled A Federal Public Lands Agenda for the 21  Century for the University of Montanast

School of Law’s annual public land law conference held in October, 2008.  The report urges the
new presidential administration and Congress to consider a variety of options it lists which would
improve public land management.  Among them is “Support research into climate change impacts,
and require federal agencies to integrate the findings into management plans and decisions.”

Although the report does not discuss these particulars, it is obvious on the face of it that the U.S.
Forest Service’s Forest Management Plans and Bureau of Land Management’s Area Resource
Management Plans could have a significant impact on keeping the carbon already sequestered in
biomass on federally-managed lands out of the atmosphere and accelerating carbon sequestration
from the atmosphere into biomass.  Public lands management policy should be organized around the
synergic principles of restoring and maintaining ecological integrity (see Plank 5 of Aspect 2 of the
Renewable Deal) and of maximizing carbon sequestration through the silvicultural, soil, and range
management methods used.

The Role of Construction of Buildings

On 18 March of 2008 it was reported on Reuters news service that the Commission on
Environmental Cooperation meeting in Vancouver (composed of representatives from the U.S.,
Canada, and Mexico set up under NAFTA) has officially declared that green construction can cut
North American climate-warming emissions faster than any other measure they evaluated.  Thirty-
five percent of total greenhouse gas emissions from the three nations come from constructed
buildings: 2,200 megatonnes a year of carbon dioxide, which could be cut to 1,700 megatonnes a
year by 2020 under application of an international green construction standard for new building
construction.

The Role of Transportation 

Tailpipe emissions from fossil-fueled transport vehicles do not tell the complete story as to the
impact of transportation choices on greenhouse gas emissions.  Looking only at tailpipe greenhouse
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gas emissions from fuel combustion misses about one-third of total greenhouse gas (GHG)
emissions from transport.

“Lifecycle emissions” of GHG from transportation includes upstream emissions from extracting and
refining petroleum, emissions from manufacturing and maintaining vehicles, and emissions from
building and maintaining roads and parking facilities; in addition to tailpipe emissions from fuel
combustion when operating the transportation vehicle.

For example, the 2006 Hydro-Quebec study Greenhouse Gas Emissions from Transportation
Options found that transport tailpipe emissions account for 31 percent of total Canadian GHG
emissions but more than 50 percent of lifecycle emissions.  The Berkeley Center for Future Uban
Transport estimated that total GHG emissions attributable to a typical U.S. passenger car are 57
percent higher than tailpipe GHG emissions alone.

Business and Public Reaction to Global Warming Threats

The costs associated with natural catastrophes have grown exponentially.  In the 1970's and 1980's
they amounted to about $4 billion a year.  In the 1990's these costs went up tenfold.  By 2004 total
natural catastrophe losses totaled $123 billion.  In 2005, with hurricanes Katrina, Rita, and Wilma,
losses exceeded $200 billion; with $55.3 billion in natural disaster losses sustained by insurors in
policy payouts, double the natural disaster record payout for 2004.  With seven of the ten most
expensive hurricanes in history hitting the U.S. in the last ten years, more than a dozen small
insurors have pulled out of Florida altogether and big insurers like Allstate are declining to renew
home and business property loss insurance in many coastal areas, including New York state.  Those
still offering such coverage at all are increasing deductibles, setting tighter limits on losses covered,
and pushing rate increases on homeowners insurance of 79 percent or more.

In 2007, the United Nations projected that climate-change-driven natural disasters will cost the
world’s financial centers as much as $150 billion per year within the next decade.

The World Business Council for Sustainable Development observes that “Access to insurance
against losses stemming from hostile weather and rising sea levels will also require government
involvement and regulation.”  Global reinsurer Swiss Re released a report in late 2005 which
highlighted the potentially disastrous economic consequences of global warming.  The report notes:
“Insurers and reinsurers find themselves on the front lines of this challenge since the very viability
of their industry rests on the proper appreciation of risk.”  The report was co-sponsored by the
United Nations Development Program and published jointly with the Center for Health and the
Global Environment at Harvard Medical School.  The report examines two scenarios based on
unchecked greenhouse gas emissions for possible effects: heat waves, flooding, infectious and
chronic disease, and managed and natural resources.  In the report, Swiss Re called on governments
and global industry to take much stronger action to mitigate the consequences of climate change:
“[L]ittle action has been taken by most governments or businesses to address the potential costs of
climate change.  As all insurers know, however, risk does not compliantly bow to the political or
business agenda.”
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Weather contracts traded on the Chicago Mercantile Exchange in 2005 reached 867,000, a 600
percent increase in volume over 2004, making weather the exchange’s fastest-growing derivatives
market.  The CME figures don’t capture the whole picture, because many weather derivatives,
which allow traders to hedge the risk of unusually hot or cold temperatures, drought and flood
damage, are purchased in private deals with reinsurers such as Swiss Re, energy firms, and Wall
Street banks.  The total value of weather derivative contracts sold in 2005-06 was $40 billion, a
fivefold increase over the prior year according to the Weather Risk Management Association. 
Energy companies are the principal purchasers of weather derivatives, since they know with
precision how temperature affects their revenue; a typical contract provides a payout based on the
number of heating degree days or cooling degree days in a season’s variation from normal. 
Derivatives sellers see a great potential for more growth in weather derivatives.  Federal figures
show that one third of the U.S. economy, or $3 trillion, is tied to weather in some way.

The Costs of Delay:
On October 30, 2006, CBS News reported The Stern Review on the Economics of Climate Change
conducted by Sir Nicholas Stern, the British government’s chief economist and former chairman of
the World Bank.  Stern concluded that the nations of the world must invest one percent of their
GNP immediately through 2050 to reduce greenhouse gas emissions and slow global warming, or
else confront a twenty percent of GNP-sized economic recession due to the adverse economic
impacts of damages caused by environmental instability.  The Stern Review makes clear that the
consequences of inaction to reduce greenhouse gases in the atmosphere will be catastrophic melting
of ice sheets causing a huge rise in ocean levels; massive crop failures; increased transmission of
diseases; and potentially calamitous effects on ecosystem services “...on a scale similar to those
associated with the great wars and the economic depression of the first half of the 20  century.” th

The Stern Review makes clear that the costs of greenhouse gas controls will be far lower than the
costs of inaction.  Low-cost, high-benefit efforts look promising in at least three basic areas:
improved energy efficiency, energy technologies that reduce greenhouse gas emissions, and
sustainable land use practices.  Smart technologies can probably keep the long-term annual costs of
greenhouse gas stabilization below one percent of global GDP.  Stern’s basic point - that it is much
more economical to start making deep cuts in emissions within the next ten years than to try to fix
global warming-caused problems later - was widely accepted among the representatives of 190
countries attending the U.N. Climate Change Summit in Nairobi in November, 2006.  (The Stern
Review is downloadable from <www.hm-treasury.gov.uk/independent_reviews/
stern_review_economics_climate_change/sternreview_index.cfm>.)

More recently, two Tufts University economists warned that failure to address global warming now
could end up costing $20 trillion a year by the end of the century.  Relatively modest spending of $3
trillion annually, the Tufts researchers predict, would avoid the worst of climate-caused chaos.  A
New York Times article quoted by University of Nebraska’s Chuck Hassebrook reported that
economists agreed that addressing global warming effectively would cost about one percent of
GNP, comparable to what the nation is spending on the wars in Iraq and Afghanistan.

On September 26, 2007, the WorldWatch Institute had the following to say in their publication,
“The Benefits of a Low-Carbon Future:”
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“The Stern Report, compiled for the UK government and released in late 2006, estimates that the
costs of climate change under a ‘business-as-usual’ scenario could equal the loss of 5 to 20 percent
of gross world product each year.  In contrast, the report puts the costs of efforts to avoid the worst
impacts at only about 1 percent of gross world product.  Since then, the International Energy
Agency and the Intergovernmental Panel on Climate Change have issued similar conclusions.

In other words, the costs of early action will likely be several orders of magnitude below those of
inaction.  If the world delays in its response, the steeper reductions that will be required to avoid an
average temperature increase above 2 degrees Celsius...will increase costs considerably.

And the costs associated with delay will not just be economic.  In March of 2008, U.N. Secretary-
General Ban Ki-moon warned that upheavals resulting from the impacts of climate change, ranging
from droughts to inundated coastal areas and loss of arable land, ‘are likely to become a major
driver of war and conflict.’  In April 2008, a report written with input from 11 of the most respected
retired U.S. admirals and generals found that ‘climate change poses a serious threat to America’s
national security’ and that the effects of climate change ‘have the potential to disrupt our way of life
and to force changes in the way we keep ourselves safe and secure.’”

WorldWatch notes that “...those countries that begin down this [low-carbon] path early on will see
the greatest benefits as markets around the world open up for clean energy technologies.  California
Governor Arnold Schwarzenegger’s decision to sign the Global Warming Solutions Act, which
creates a mandatory cap on the state’s greenhouse gas emissions, was based in large measure on the
arguments of Silicon Valley entrepreneurs and investors, who noted that the potential wealth and
job creation of such legislation would far outweigh the costs.”

WorldWatch reports that Sir Nicholas Stern stated in a Washington, D.C., briefing in 2008 that
“...seriously addressing climate change does not mean we must sacrifice economic growth; in fact,
with the right framework and policies in place, the world could achieve faster economic growth than
would otherwise be the case, while attaining true sustainable development.”

“The main factors limiting the pace of change today are the economic challenge of accelerating
investment in new energy options and the political challenge of overcoming institutional barriers to
change - challenges that can be addressed with political will and strong, consistent policies that
account for the benefits of clean energy and put a price on carbon.”

In 2009, World Watch reported that New Energy Finance group calculated clean energy investments
would need to reach US$500 billion per year by 2020 in order for emissions levels to peak in 2015.

Republican pollster Frank Luntz said in June: “It’s now 2006.  I think most people would conclude
that there is global warming taking place and that the behavior of humans is affecting the climate.” 
In 2003 Luntz advised Republicans to make the lack of absolute scientific certainty “a primary issue
in the debate” over global warming.  Former Republican Speaker of the House Newt Gingrich said
in April, 2007: “The evidence is sufficient that we should move toward the most effective possible
steps to reduce carbon loading of the atmosphere.”  On his 700 Club program, evangelist Pat
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Robertson said that “it is getting hotter and the ice caps are melting and there is a buildup of carbon
dioxide in the air....We really need to do something on fossil fuels.”

Private Business Acts in Self-Defense:
On the private front, the world insurance underwriting industry, led by Munich Re, has spoken out
on the need to act on global climate change due to the rise in number and cost of "great"
catastrophes which they have documented, and their inability to calculate future risk for insurance
policies because the character and frequency of weather-caused losses is changing and they cannot
accurately predict these changes.  Thomas Loster, a research director with Munich Re, is
unequivocal about the climate change connection to insurance risk: “We don’t need more evidence,
and we need to start acting now.”  The insurance industry is now dealing with climate change as one
of its “megatrend risks” along with terrorism and pandemics in calculating underwriting.  Swiss Re
is in the forefront of insurors selling weather derivatives to the global market.  Weather derivatives
allow energy companies, farmers, and other businesses dependent on weather - an estimated 30
percent of the U.S. economy - to hedge the risk of excessively hot conditions or drought.  The
global market in weather derivatives has mushroomed from $8 billion in 2004 to $40 billion in
2006. The corporate council working on climate change impacts on economic risk also includes
Swiss Re, 3M, Johnson & Johnson, and British Petroleum.  Munich Re reported that five major
natural catastrophes in 2003 killed 75,000 people, seven times as many as in 2002, and that
economic losses from natural disasters rose 18 percent.

In the Renewable Energy Marketing Conference held in December, 2006, in San Francisco, the U.S.
Environmental Protection Agency announced that more than 650 corporations including Starbucks,
DuPont, the U.S. Air Force and Wells Fargo, purchase 7.2 billion kilowatt-hours of renewable
energy annually, an increase of nearly 240 percent since the end of 2004.  According to research
released by Clean Edge in March, 2006, global clean energy markets for wind and solar alone are
estimated to grow to nearly $100 billion by 2015.  Previously in 2005 General Electric Chairman
Jeffrey Immelt announced that his company would spend $1.5 billion a year to research
conservation, pollution, and the emission of greenhouse gases.  He was joined in his announcement
that global warming is real, that human fossil fuel emissions have a major role in it, and that his
company would spend money to both reduce its own greenhouse gas emissions and develop
technology by which others can do so by American Electric Power, Boeing, Cinergy, and a number
of other mainline American corporations.  “The light is going on in boardrooms across the country,
and it’s green,” said Dan Dalafatas, vice president of 3 Phases Energy Services, the nation’s top
corporate renewable energy provider.  “We have seen an increasing awareness that good corporate
citizenship includes assessing, reducing and offsetting the impact of a company’s energy footprint.”

U.S. Climate Action Partnership:  The day before George W. Bush’s 2007 State of the Union
speech, ten of the leading corporations in the world joined with the Natural Resources Defense
Council and Union of Concerned Scientists (UCS) as the U.S. Climate Action Partnership, calling
for Congress to adopt an immediate and mandatory approach to cutting global warming pollution.
According to the consortium, legislation must cut the nation’s emission of global warming agents
by 25 percent by 2020 and 80 percent by 2050 if we are to have a real chance of stabilizing the
world’s climate.  Taken over time, reaching the consortium’s 2050 goal requires a reduction of 3-4
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percent a year in global greenhouse gas emissions.  From January to August, 2007, USCAP
membership has more than doubled, with corporate members representing $1.9 trillion in revenue
and employing 2.3 million Americans in all 50 states.  General Motors, Ford, and Chrysler all
joined USCAP in the spring of 2007.  Representative Rick Boucher (D-VA) observes, “Each new
economic sector added to USCAP melts away pockets of opposition [to climate change legislation]
in Congress.”  As of August, 2007, the corporate members of USCAP were: Alcan, Alcoa,
American International Group, Boston Scientific, British Petroleum (BP) America, Caterpillar,
Chrysler, ConocoPhillips, Deere & Co., Dow Chemical, Duke Energy, DuPont, Ford Motor Co.,
Florida Power and Light (FPL) Group; General Electric, General Motors, Johnson & Johnson,
Marsh, Inc.; Pacific Gas & Electric; PepsiCo; PNM Resources; Shell; and Siemens.

In respect to transportation changes to achieve the USCAP goal, UCS notes the average American
drives 15,600 miles per year, so driving 12 fewer miles per week each year achieves the goal in
terms of auto emissions.  Increasing fuel efficiency by 1-2 miles per gallon results in reduction of
emissions of four percent.  Fuel economy drops 17 percent on average when one drives 70 versus 55
miles per hour in a vehicle.  Idling produces zero miles per gallon, yet 25 pounds of greenhouse
gases is emitted by a vehicle for every gallon of fuel it burns.  The U.S. Environmental Protection
Agency has calculated that if every American household replaced only one incandescent light bulb
with a compact fluorescent light bulb, we would reduce national global warming emissions by the
equivalent of taking 800,000 cars off the road.  UCS notes that buying food from farmers markets or
other local and regional sources saves the emissions associated with trucking food the current
average of over 2,000 “food miles.”  The consumer can calculate total household greenhouse gas
emissions and find emission-reduction strategies at <www.climatestar.org>.

Corporate initiatives to cut carbon emissions:  More than 60 U.S. corporations with net revenues of
roughly $1.5 billion have established internal goals for cutting greenhouse-gas emissions, among
them Nike, Polaroid, Sony and IBM.  Many companies, particularly those with investments in
agriculture, fisheries, forestry, healthcare, insurance, real estate, and tourism, are seeing their
operations affected by global warming.  As Alain Belda, CEO and chair of Alcoa, said in a
sustainability forum in China in February 2007: “We can all grow and prosper in a greenhouse-gas-
constrained world.  Actually, I believe there is no other option.”

Parducci Family Farmed is one of the brands of the organically-certified Mendicino Wine
Company.  The Parducci winery is the first in the U.S. to achieve carbon-neutral status.  Parducci
partnered with the California Climate Action Registry <www.climateregistry.org> to calculate
emissions of greenhouse gases, then took measures to mitigate or offset these emissions.  The
winery did an energy-efficiency audit with Pacific Gas and Electric Company, implemented use of
biodiesel in company vehicles and farm equipment, converted winery lighting to fluorescent, and
instituted a tree-planting program to sequester carbon. <www.mendocinowinecompany.com/
parducci_sustainability/>

Virgin Group:  Sir Richard Branson, founder of the Virgin Group, announced in September
2006 that he would devote all the profits from his five airlines and train company to developing
clean energy sources:  “I used to be skeptical of global warming, but now I’m absolutely convinced
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2that the world is spiraling out of control.  CO  is like a bushfire that gets bigger and bigger every
year.”

Renault and Nissan: Renault and Nissan are working on an electric plug-in vehicle with a
lithium-ion battery to be on the world market in 2010.  Production of this vehicle is part of both
companies’ programs for reduction of greenhouse gas emissions and other environmental waste
burden.  The Renault Commitment 2009 sets a precise target - “Plan 120/140" - to sell one million

2vehicles in 2008 that emit less than 140 g of CO  per kilometer traveled, with one third emitting less

2than 120 g CO /km.  Renault Commitment 2009 is based on three commitments: to be of the

2world’s top three automakers for low level emissions of CO , to offer a range of models powered by
biofuels such as bioethanol and biodiesel, and to develop a wide range of technologies including all-
electric vehicles that are affordable to the consumer.  Nissan’s Green Program 2010, announced in

2early December 2006, sets out targets for reducing CO  emissions, reducing other exhaust
emissions, and accelerating recycling.  Nissan’s program embraces clean diesel, hybrid, plug-in
hybrid, fuel cell and electric vehicle development.

Global Change Research Act:  In 1990, the U.S. Congress passed the Global Change Research Act
of 1990.  The law mandates a national assessment at least every four years of the impact of global
warming, including an analysis of the state of knowledge about human-induced and natural trends
in global climate change.  The first report presented to Congress in October 2000 examined possible
harmful effects of climate change in specific economic sectors and regions of the United States but
did not assess specific ways to mitigate these problems.  The next report, due in 2004, was quashed
by the Bush administration, allegedly because its policies were “threatened” by the 2000 report.  In
November, 2006, the Center for Biological Diversity, Greenpeace, and Friends of the Earth filed
suit in U.S. District Court to order the federal government to produce the climate change assessment
required by law.  The suit names as defendants the U.S. Climate Change Science Program, the U.S.
Office of Science and Technology Policy, and the Federal Coordinating Council on Science,
Engineering and Technology.

On September 13, 2007, the National Academy of Sciences issued an evaluation of the Climate
Change Science Program, which coordinates about $1.7 billion in research across 13 federal
agencies but has released just 2 of 21 reports which were to have been released by 2006 on various
aspects of climate science (the CCSP says due to “difficulties complying with the Federal Advisory
Committee Act and the Data Quality Act”).  The NAS panel concluded that the Climate Change
Science Program lacks focus: it has not adequately addressed how climate change will affect critical
issues such as agricultural yields, weather patterns, and the best ways to adapt to rising temperatures
and rainfall patterns.  “Discovery science and understanding of the climate system are proceeding
well, but use of that knowledge to support decision making and to manage risks and opportunities
of climate change is proceeding slowly,” the science academy panel said.  Agencies that do research
under the CCSP spend $25 to $30 million per year of the overall $1.7 billion budget to study how
climate change will affect humans.  “There is no national assessment of [climate change] impacts
on agriculture, water and health....”  The NAS panel found that the CCSP has a minuscule central
office budget and has no power to direct or prioritize climate research spending at the 13 agencies
that participate in the research effort.  Former CCSP Director James Mahoney told the House
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Science and Technology Committee this spring that the CCSP needed budget authority to direct
agencies to do research that would “fill gaps and generate new research thrusts that are difficult to
support under individual agency mechanisms.”

The NAS report expressed alarm at the decrease in the number of satellites and other instruments
that monitor the Earth and its atmosphere from space.  An earlier NAS report issued in January,
2007, warned that deep cuts in NASA and National Oceanic and Atmospheric Administration Earth
and climate science budgets could lead to a “potential collapse of the system of environmental
satellites.”  In 2006, more than 120 instruments were used to collect climate data.  This will drop to
80 instruments by 2010 given current budgets.  The NAS report also addressed the adverse impact
the new Data Quality Act and Federal Advisory Committee Act provisions have had on data
collection and report authorship for the 21 reports Congress mandated the CCSP produce by 2006. 
NAS panel member Maria Carmen Lemos of the University of Arizona said, “As far as we can tell,
[the delay] is bureaucratic-driven.”

Also in September 2007, after three years of study the Government Accountability Office reported
that the Interior, Agriculture and Commerce departments have failed to give their resource
managers the guidance and tools they need - computer models, temperature and precipitation data,
climate projects and detailed inventories of plant and animal species - to cope with the biological
and physical effects of global warming on the resources they manage.  The GAO reported on far-
reaching effects of climate change rapidly taking place in national parks, forests, marine sanctuaries
and other federal lands and waters comprising almost 30 percent of the United States.  “Without
such guidance, their ability to address climate change and effectively manage resources is
constrained,” the report says.  The GAO investigators looked at four representative areas to assess
climate change stresses on resource management: (1) Florida Keys National Marine Sanctuary; (2)
Chugach National Forest in Alaska; (3) Glacier National Park in Montana; and (4) grasslands and
shrub vegetative systems managed by the BLM in northwestern Arizona.

Sierra Club roundtable:  On December 14, 2006, the Sierra Club convened a roundtable which
included Carl Pope, Al Gore, Senator Barbara Boxer, venture capitalist Vinod Khosla and Dan
Reicher - who worked at the Department of Energy in the Clinton era; Stanford University climate
scientist Stephen Schneider, and former CEO of BHP Billiton and current chair of Duke Energy
Paul Anderson.  Khosla said “This question of scalability - how to adopt these ideas on a large scale
- is critical.  I spend my time thinking about technologies that can be made attractive to businesses
and then scaled up.  Then I ask, ‘What government policies can make all this happen?”  Paul
Anderson said his solution to radically modernizing the U.S. energy industry is:  “We need to have a
carbon tax.  Let’s call it a carbon fee, like a value-added tax, based on carbon content.  This fee
would immediately send a signal that there is going to be a cost to carbon - that carbon will not be
an asset but a liability.  It doesn’t even matter what the level is.  The fee would exempt no one.  It
would accomplish everything you’re looking for - promote new technologies, cause people to
change old equipment, switch fuels - and it is the only thing that would have an impact tomorrow.”

Union of Concerned Scientists analysis of U.S. Climate policy legislative proposals: In the fall of
2007 UCS calculated that the world’s industrialized nations will have to reduce their emissions an
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average of 70 to 80 percent below 2000 levels by 2050 to complement the most aggressive
reductions we can reasonably expect of the developing nations.  In order to limit global warming to
2 degrees Centigrade, the planet must limit emissions to a cumulative 1,700 gigatons of carbon
dioxide equivalent greenhouse gases for the period 2000-2050.  Industrialized nations’ share of this

2cumulative emissions budget must be no more than 700 GtCO eq, or approximately 40 percent. 

2The U.S. cumulative share of this emissions budget is between 160 and 265 GtCO eq for 2000-

22050, of which approximately 45 GtCO eq has already been emitted as of 2007.  The costs of delay
are high.  If the U.S. starts in 2010 to reduce its emissions, reduction of 4 percent per year on

2average or an average of 0.16 GtCO eq per year.  However, if U.S. emissions continue to grow on
the “low growth” path projected by the Energy Information Administration, the U.S. would have to
make cuts of about 8 percent a year from 2020 to 2050 to meet the target - double the annual cuts
required if we start cutting in 2010 rather than 2020.

Only two of the six legislative proposals pending before Congress: Henry Waxman’s Safe Climate
Act (H.R. 1590) and the Sarbanes-Boxer Global Warming Pollution Reduction Act (S. 309) would
require emission reductions consistent with staying below the upper limit of the UCS proposed U.S.

2 2cumulative emissions budget of 265 GtCO eq.  Not one comes close to the lower 160 GtCO eq
figure.  Kerry-Snowe (S. 485), Lieberman-Warner (discussion), Oliver-Gilchrest (H.R. 620),
Lieberman-McCain (S. 280), Bingaman-Specter (S. 1766), and Business as usual (EIA 2007) all

2overshoot the 265 GtCO eq budget.  Waxman, Sarbanes-Boxer, and Kerry-Snowe do provide for
periodic review by the National Academy of Sciences in order to adjust U.S. targets as needed to
meet the goal of preventing a 2 degree Centigrade temperature increase - an essential element of any
robust climate policy.  The other legislative proposals provide for review, but do not specify a
climate change target or provide for increases and decreases in emissions reduction efforts to meet
the 2 degree Celsius maximum warming target.

UCS states that the U.S. must quickly overcome its current impasse on climate policy and actively
pursue the many solutions for reducing heat-trapping emissions that are already available, such as
increasing energy efficiency, increased development of renewable energy sources, and reductions in
deforestation.  “These changes can be encouraged by a wide range of market-based and
complementary policies including cap-and-trade programs, renewable electricity standards,
efficiency standards for electricity and vehicles, and incentives for cleaner technologies and
international cooperation on emissions reductions.”

Taking climate change seriously:  The April 10, 2006, U.S. News and World Report contained 
“Special Report: Turning Up the Heat.”  Ray Kopp, senior fellow at Resources for the Future,
reports the emergence of a serious discussion on climate-change policy driven by an emerging
consensus on global warming fed by a stream of recent scientific reports.  A poll released in March,
2006, by the Opinion Research Corporation showed public concern about the effects of global
warming increasing markedly in the past two years.  An indicator of this discussion is Republican
Senator Pete Domenici of New Mexico hosting a high-level forum of scientists, businesses, and
public-interest groups arguing how to curb emissions without breaking the economy.

Kopp claims the experience of the European Emissions Trading Scheme is encouraging.  Companies
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that came in below their emissions limits sold their extra allowances for handsome profits: Open
Europe estimates that British Petroleum, ExxonMobil, and Shell made $33.9 million, $19.3 million
and $39.2 million respectively, assuming they each sold their allowances at an average market price
of $23 per metric ton.  In contrast, in Carbon Trading - A Critical Conversation on Climate
Change, Privatisation and Power, Larry Lohmann presents evidence that the European Emissions
Trading Scheme has served more to enrich utilities at ratepayer expense (by making the emissions
permit a capitalized asset on which a rate of return through rise in electrical rates is justified) than to
actually reduce total carbon emissions <www.dhf.uu.
se/pdffiler/DD2006_48_carbon_trading/carbon_trading_web.pdf>; see also Durban Group for
Climate Justice <www.carbontradewatch.org/durban/index.html>.  Events after both Kopp and
Lohmann published suggest that corrections to the original EU Emissions Trading Scheme are now
starting to induce significant reductions in carbon emissions from utilities as the total emissions cap
becomes lower and lower over time.

In August 2006 the California state legislature passed the landmark Global Warming Solutions Act,
which mandates the state’s greenhouse gas emissions be rolled back to 1990 levels by 2020, a cut of
25 percent from emissions projected for 2020.  The Act is giving rise to a carbon-trading framework
that will operate much like a stock exchange, allowing California businesses to identify the most
cost-effective ways to meet the statewide emission cap targets.  California businesses may end up
trading carbon emission credits with utilities operating in the Northeast and mid-Atlantic states
under the Regional Greenhouse Gas Initiative there, a cap-and-trade system that will go into effect
in 2009, with the goal of reducing emissions by 10 percent by 2019 (which is 35 percent below what
emissions would have been without the program by 2019).  These market-based systems could link
up with the European Union’s carbon trading system involving the EU’s 25 member nations.

On August 22, 2007, the Western Climate Initiative Partnership pledged to reduce the six Western
states of California, New Mexico, Arizona, Utah, Oregon and Washington and the Canadian
provinces of Manitoba and British Columbia’s greenhouse gas emissions 15 percent below 2005
levels by 2020.  The eight Partnership states represent 2.3 percent of global greenhouse gas
emissions, and achieving this goal would abate 350 million metric tons of carbon dioxide a year, the
equivalent of 75.6 million cars off the road. 

Voters in Washington State passed a Clean Energy Initiative in the 2006 midterm elections.  This
makes Washington the twenty-first state to adopt a renewable electricity portfolio standard and the
second state (Colorado was first in 2004) via ballot initiative.  The new law requires Washington
state’s largest utilities to generate 15 percent of their electricity from renewable resources such as
wind, solar, and bioenergy by 2020.  In addition, utilities must pursue low-cost energy conservation
options for their customers.  By 2025 these measures are projected by the Union of Concerned
Scientists to produce 4.6 million metric tons of reduction in greenhouse gas emissions, equivalent to
taking 750,000 cars off the road.

Australia adopted a National Agriculture and Climate Change Plan 2006-9, released in August 2006,
which appropriates A$5 million to help farmers prepare for the risks associated with climate
change.  Farmers have had to deal with record high temperatures and record low rainfalls in the last
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decade.  The Ministry for Agriculture, Fisheries and Forestry held a roundtable with farmers in
Canberra on March 22, 2007, to identify projects to receive this funding.

In August 2007 Newt Gingrich released his new book, A Contract With the Earth, which outlines
his market- and technology-based solutions to global climate change.  The book is cowritten with
Terry Maple, former director of Zoo Atlanta.  Like his 1994 Contract with America, Gingrich’s
book is organized around a 10-point plan.  His publisher, Johns Hopkins University Press, claims
the plan  “promotes ingenuity over rhetoric” and calls for “bipartisan environmentalism.”  Gingrich
says “Terry and I wrote A Contract With the Earth to push conservatives back to their
environmental roots vis-à-vis Teddy Roosevelt.”  Gingrich’s book has already been endorsed by
Nature Conservancy President Steve McCormick and Wildlife Society Executive Director Michael
Hutchins.

Currently, investment research firms on Wall Street are factoring in climate change as a financial
reality that companies should be preparing to deal with, and evaluating companies accordingly. 
“We think climate change is morphing into a substantial financial risk and investment opportunity. 
A Company’s ability to manage this issue turns out to be a very good proxy for how well managed
they are overall,” says Innovest Strategic Value Advisors’ CEO Matthew Kiernan.  Fund managers
evaluate how well positioned to compete in a world where carbon emissions are capped and traded
and coastal areas are flooding from sea level rise.  Fund managers also evaluate how well
management is preparing for the realities of global warming, how much exposure companies have
to climate impacts, and how much companies are investing in new technologies that might give
them a leg up in a global warming environment.

Religious groups such as the United States Catholic Conference of Bishops, the National
Association of Evangelicals and National Council of Churches have joined with scientists to call for
action on climate change through the National Religious Partnership for the Environment.  The
Partnership stated, "Global warming is a universal moral challenge."  In February, 86 evangelical
leaders signed on to a major initiative that accepted the reality of human-related global warming and
called for federal legislation to reduce carbon dioxide emissions.  The movement has so far fallen
short of full endorsement by the National Association of Evangelicals.  The group’s chief lobbyist
in Washington, Rev. Richard Cizik, a former climate change skeptic, is now a strong advocate for
such adoption.  Cizik cites the biblical call to be good stewards of the Earth, but the crusade is
largely driven by the human toll from global-warming-induced disasters.

By the end of 2007, the Bush administration apparently understood that it had to seem to be doing
something proactive about climate change, even as it continued to resist making significant policy
changes.  “In climate, what matters in terms of producing results is the character of the national
commitment, not the character of the international commitment,” sniffed James Connaughton,
chairman of the White House Council on Environmental Quality in the fall of 2007.  Early in
December, the White House claimed its policies concerning global warming abatement, such as
funding new technologies, were responsible for a 1.5 percent drop in U.S. greenhouse gas emissions
from 2005 to 2006, although the Department of Energy attributed the trend to mild weather and
high energy prices dampening demand.
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U.N. Climate Change Initiative: In his acceptance speech for the Nobel Peace Prize on December
10, 2007, in Oslo, Norway, Al Gore said:  “This week, I will urge the delegates in Bali to adopt a
bold mandate for a treaty that establishes a universal global cap on emissions and uses the market in
emissions trading to efficiently allocate resources to the most effective opportunities for speedy
reductions.  This treaty should be ratified and brought into effect everywhere in the world by the
beginning of 2010 two years sooner than presently contemplated.  The pace of our response must be
accelerated to match the accelerated pace of the crisis itself.”

“We also need a moratorium on the construction of any new generating facility that burns coal
without the capacity to safely trap and store carbon dioxide.  And most important of all, we need to
put a price on carbon - with a CO2 tax that is then rebated back to the people, progressively,
according to the laws of each nation, in ways that shift the burden of taxation from employment to
pollution.”

Unfortunately, new generating facilities that burn coal without any sequestration of carbon dioxide
are coming on line at a dizzying rate, particularly in China.  In 2006 China built 114,000 megawatts
of fossil-fuel-based generating capacity, with another 95,000 megawatts under construction in 2007.

Brazil National Climate Change Plan: was published on December 1, 2008 and presented at
the UN climate change conference in Poland.  The plan sets specific and detailed targets to reduce
the annual deforestation rate in the Amazon by a total of 70 percent between 2006 and 2017.  This
overall target is divided into three periods of four years each, with a goal of reducing average annual
deforestation by 40 percent in the first period and by 30 percent in each subsequent period.  The
plan brings the annual rate of deforestation down from an annual average of 19,500 square
kilometers a year between 1996-2006 to 5,000 square kilometers per year by 2017.  The Brazilian
government estimates this will save some 4.8 billion metric tons of carbon dioxide emissions over
the ten-year period of the plan; for perspective, emissions from the entire European Union are about
5.6 billion tons annually.

Unfortunately the plan does not count degraded rainforest, only clear-cut rainforest, as
“deforestation.”  Roberto Smeraldi, director of Friends of the Earth’s Amazon program, points out
“The difference between the amount of carbon emissions from a hectare of degraded Amazon
forest, and one hectare of clear-cut Amazon forest, is negligible over time.”  The plan also does not
deal with changes in land use and vegetative cover in other ecoregions, such as the Cerrado
woodland-savanna region which is being cleared at a great rate for soybean production.  In the
Cerrado the above-ground vegetative mass is lower per hectare than rainforest, but in the drought-
adapted ecosystem the below-ground root systems embed huge carbon stocks; the ecosystem has
been compared to a forest standing on its head.  Overall, a hectare of Cerrado is estimated to contain
approximately two-thirds the sequestered carbon as an acre of Amazon rainforest.

The plan also is disconnected from road-building initiatives by the government.  Satellite images
show the “fishbone effect,” where secondary roads occur at right angles to a highway through the
forest, driving land occupation and deforestation into the forest on either side of the highway.  The
Brazilian federal environmental ministry estimates some 75 percent of deforestation from 1998-
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2008 occurred adjacent to paved roads.

Between 2007 and 2008, aggressive operations by Brazilian state forces against illegal logging, the
seizing of cattle grazing illegally in forest areas, and cutting of credit to landowners who violate
environmental laws was calculated by the Amazon Institute for People and the Environment to have
reduced the level of deforestation of the Amazon by approximately 13 percent over the levels that
would have been seen given trends in soy and beef prices.

In addition, the Brazilian government’s energy plan anticipates a tripling of greenhouse gas
emissions from the nation’s electricity-generating sector in the next 10 years through the
construction of 68 new power stations fired by coal, natural gas, fuel oil and diesel.  The federal
government energy plan is anxious to produce enough additional power to forestall the spectre of
power rationing.  In 2005, according to the World Resources Institute, Brazil was already the
world’s fourth largest emitter of greenhouse gases despite its high rate of usage of renewable
hydropower and biomass fuels, which account for almost half of Brazil’s total energy consumption.

Although Brazil’s hydroelectric dams for power generation are credited as a “renewable energy”
source, in fact they have a large carbon footprint from: (1) the cement used to build the dam; (2) the
deforestation involved in the building of the dam and flooding of forest behind it; (3) the emissions
of methane from decomposing vegetation at the bottom of the reservoir, which is suddenly released
by water passing through the hydroelectric turbines in what is called the “soda bottle effect.” 
Studies of three major hydroelectric dams in the Amazon found their greenhouse gas emissions per
unit of electricity produced were higher than fossil-fuel powered plants elsewhere in Brazil.

The McKinsey consulting group estimated in a study that Brazil could cut its greenhouse gas
emissions by 70 percent by 2020 for a relatively low cost.  The great bulk of this reduction would
come from slowing deforestation and from changes in agriculture such as feed supplements to
reduce methane production in cow digestive systems.

The Costs of Action and Inaction on Global Warming

The United Nations’ latest report in May 2007 confirms the earlier findings of The Stern Review in
the United Kingdom: the U.N. report estimates the cost of acting now to limit greenhouse gas
emissions enough to prevent additional rise in global temperature above two degrees Centigrade to
be 0.12 percent of the annual global GDP, while the damage from unchecked global warming could
be as much as 20 percent of global GDP annually.

In a December 4, 2007 article in the U.K. Guardian, George Monbiot illustrated why much larger
cuts in greenhouse gas emissions than had been discussed would be necessary to prevent global
warming from exceeding 2 degrees Centigrade.  He starts with the IPCC table that shows the world
needs to cut total emissions of greenhouse gases to roughly 15 percent of the volume emitted in
2000 by the year 2050 to prevent warming exceeding 2 degrees Celsius.  Monbiot looked up the
global figure for carbon dioxide production in 2000 and divided it by the current population,
resulting in a “baseline” figure of 3.58 tonnes of CO2 per person.  An 85 percent cut if population
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remained constant results in a global output per person budget of 0.537 tonnes by 2050.  The UK
currently produces 9.6 tonnes and the US 23.6 tonnes per person.  Reducing these figures to 0.537
tonnes by 2050 requires a 94.4 percent cut in the UK and a 97.7 percent cut in the US.  If world
population rises to 9 billion in 2050 as UN projections assert, the cuts needed to reach total
emissions goals rise to 95.9 percent in the UK and 98.3 percent in the US.  Monbiot then points out
that 18 percent of global warming currently is accounted for by greenhouse gas emitted by
“feedbacks” - warming accelerating natural release of greenhouse gases from forests, peat bogs, and
the like.  In order to compensate for these emissions which are not subject to human control, “to
stabilise temperatures at 1.5 degrees above the pre-industrial level requires a global cut of 100%. 
The diplomats who started talks at Bali yesterday should be discussing the complete
decarbonisation of the global economy.”  Monbiot goes on to demonstrate why this is not
impossible, since you can run almost the entire energy system on renewable power that does not
emit greenhouse gases.

Jeffrey D. Sachs, director of the Earth Institute at Columbia University and of the U.N. Millenium
Project, writes: “Careful study of the long-term climate record has shown that even a minor shock to
the system can cause an enormous change in outcome, a nonlinear response that has come to be
called ‘abrupt climate change.’  Less well recognized is that our social and economic system are
also highly sensitive to climate perturbations.  Seemingly modest fluctuations in rainfall,
temperature and other meteorological factors can create havoc in vulnerable societies.”

Sachs then provides specific instances: “Several studies have shown that a temporary decline
in rainfall has generally been associated throughout sub-Saharan Africa with a marked rise in the
likelihood of violent conflict in the following months.”  The United Nations Environmental
Programme reports that during the past 60 years, intrastate conflict resolutions have been twice as
likely to deteriorate if the fighting was over natural resources in short supply.

“The massive 1998 El Niño produced huge floods off the coast of Ecuador, which destroyed
a considerable amount of export crops and aquaculture.  That led to a failure of loans to Ecuador’s
already weak banking system, which in turn helped to provoke a bank run, an unprecedented
economic collapse and eventually the ouster of the government.  Halfway around the world the
same El Niño caused an extreme drought in Indonesia, coinciding with Asia’s massive financial
crisis.  Indonesia’s drought and resulting food shortage contributed to financial and political
destabilization and to the end of President Suharto’s 31-year rule.  As in Ecuador, the short-term
economic collapse was by far the largest in Indonesia’s modern history.”

“Climate skeptics who ask impatiently why we should care about a ‘degree or two’ increase
in the global mean temperature understand neither the climate nor the social and economic systems
in which we live.  Both climate and society are subject to great instability, nonlinear responses and
high unpredictability.”

Union of Concerned Scientists climate scientist Brenda Ekwurzel writes: “From the public’s point
of view, trying to understand the impact of global warming from media reports about recent
scientific developments may be like trying to appreciate a Georges Seurat painting from a distance
of one inch.  To make sense of Seurat’s vast arrays of colored dots, you have to put the dots in the
proper context by stepping back from the canvas.  In a similar way, each new report on a localized
consequence of climate change, or political arguments in the press, must be put into a broader
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context: Earth’s ecosystems are responding in a rapid, profound, and potentially disastrous way to a
warming atmosphere.

Scientists comparing today’s climate with ancient times know how quickly major climate
shifts can occur, and they are alarmed by what could happen if we continue accumulating heat-
trapping gases in the atmosphere at the current rate.  However, in conversations I have had with
people outside the scientific community and the results of public opinion polls, it is clear that the
general public does not always see the same picture as the world’s scientists....but the Bush
administration is content to divert attention to the dots in this painting - the economic costs of
taking action....

First, global warming must be dealt with sooner or later, and waiting to take action will only
make the problem more difficult and costly to address.

Second, investing in emission-reducing technologies can reap substantial, immediate
financial benefits.  Companies such as DuPont and IBM have already saved millions of dollars by
implementing such technologies, and new studies show that states could profit from emissions
reductions as well.”

According to a United Nations Development Programme report cited in the July-August 2009 World
Watch, developing countries will need US$86 billion per year by 2015 for adaptation efforts.  These
adaptation efforts seek to protect regions from climate change-related fatalities and economic
losses.  So far, the Global Environment Facility, an independent partnership headquartered at the
World Bank, manages three adaptation funds that total about $200 million.

The Intergovernmental Panel on Climate Change (IPCC) released a report in Bangkok on May 4,
2007, which highlights transport emissions as particularly important but difficult to reduce in order
to forestall global climate change.  Transport, mostly cars and trucks, accounted for 26 percent of
world energy use in 2004.  The report says that “projections foresee a continued growth in world
transportation energy use by 2 per cent a year, with energy use and carbon emissions about 80 per
cent above 2002 levels by 2030.”  The study projects that biofuels could rise to 3 per cent of total
transport fuel by 2030 or to 10 percent if a penalty for emitting carbon dioxide (a carbon tax) was
set at $25 a tonne.  The report estimates that tighter vehicle efficiency standards, lighter materials,
and better aerodynamics could double the fuel economy of new vehicles by 2030, roughly halving
their emissions.  The report finds that about 2 percent of carbon dioxide emissions from human
activities come from aviation; emissions from this sector will rise 3-4 percent per year given
projected annual traffic growth of 5 percent, outpacing annual improvements in aircraft fuel
efficiency of 1-2 percent.  Aviation has global warming effects two to four time greater than that
accounted for by aircraft emissions of carbon dioxide, because airplanes emit heat-trapping nitrous
oxides at high altitude.  Total aviation share of global warming gas emissions impact is therefore 5
percent of the human activity total.

The impact of aviation on global warming varies greatly by the efficiency and design of the airplane
and the flight plan followed by the craft.  The most efficient narrow-body jet produces 32 percent
per passenger than the least-efficient one.  A 1,000-mile direct flight from New York City to
Orlando generates about 35 percent less carbon than a two-connection flight down the eastern

2seaboard.  In 2007 airport delays were responsible for 8.5 million metric tons of CO  emissions:
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airplanes sitting on runways waiting to take off or circling in the air waiting to land.  Compared
with a 500-mile trip on a regional jet, a train emits roughly 30 percent less carbon.  That same train
emits 60 percent less carbon per passenger-mile than a passenger car making 23 mpg with a single
occupant.  A couple traveling by bus will cut their carbon footprint by 55-75 percent compared with
flying, depending on the distance traveled.  UCS website “Getting There Greener” has additional
detail: <www.ucsusa.org/gettingtheregreener>.

According to the PEW Center on Global Climate Change, more than half the states now have
climate action plans and 22 have specific targets that utilities must reach in the share of their power
from renewable sources.  In four years, six solar cell installations have grown to more than 1,000
with 100's of applications from utilities for new ones each month nationwide.  In December, 2005,
seven Northeast states agreed to the Regional Greenhouse Gas Initiative carbon allowance trading
market to cap power plant emissions.  Near the Tug Hill ski area in upstate New York a 120-turbine
wind farm is in operation.

California is proof that one can cut emissions, increase efficiency, and make money.  Since the
energy crisis of the 1970's, California has subsidized wind and other alternatives to fossil energy
while requiring use of more efficient appliances, building designs, and industrial processes.  
California’s electricity prices are among the nation’s highest, but customer bills are among the
lowest on average because Californians use 40 percent less electric power per capita on average. 
The state’s economy has thrived.

Some critics note that combustion of hydrogen produces water vapor, which is itself a heat-retaining
component of the atmosphere.  The Union of Concerned Scientists notes that the atmospheric
lifetime of water vapor is a few days or weeks.  Leaked hydrogen gas persists in the atmosphere
about two years.  Carbon dioxide lingers more than a century.

Prospering from Providing Global Warming Environmental Solutions

Silicon Valley gained 33,000 jobs in 2006, after having lost 220,000 the six years following the
Internet bust of 2000.  A significant portion of these new jobs are in companies that are developing
alternative energy and other environmental solutions.  Investment in “clean tech” rocketed from
$141 million in 2005 to $536 million in 2006.  Venture capitalists are investing in solar, biofuels,
biomass gasification, energy storage, water purification, waste processing, natural pesticide, and
emissions controls ventures.  A recent article in American Venture magazine observes: “Over the
last few years, clean tech has moved away from being perceived as environmentally friendly,
‘responsible’ investments, which provide subpar financial performance.  Today clean tech is widely
viewed as imperative to growing successful larger companies.”

Pollution and Global Dimming versus Greenhouse Gases and Global Warming

Direct measurement of evapotranspiration rates, which are influenced primarily by sunlight, indicate
that the amount of sunlight reaching the earth’s surface has declined significantly - up to 22 percent
in some areas - in the past three decades.  This global dimming operates in two ways: from aerosols
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(such as water vapor in clouds or soot) in the atmosphere blocking light and/or reflecting it back
into space, and from the cloud cover created by the contrails of jet aircraft.  In the three days
following September 11, 2001, when the entire U.S. jet fleet was grounded, there was an
unprecedented increase in daytime temperatures relative to nighttime temperatures in the U.S.

In May, 2006, PBS reported scientific calculations that global dimming - the loss of solar heating of
the earth’s surface due to insolation striking pollution, e.g., particulates, in the atmosphere, is
currently 1.5 watts per square meter.  Global warming, however, is 3 watts per square meter, so the
net increase in energy gain per square meter of the earth’s surface due to greenhouse gases trapping
infrared radiation minus particulates blocking infrared radiation is 1.5 watts per square meter.  This
calculation reminds us that a vast increase in particulate matter blocking infrared rays can lead to
global cooling (e.g., dust from volcanic eruptions, as happened after Krakatoa exploded in the
Phillipines) or “nuclear winter” because of vast quantities of ash and other particulates ejected into
the upper atmosphere by a nuclear war.  Of moment in our management of human pollutants is the
fact that, if we reduce particulates without correspondingly reducing greenhouse gases, net global
warming from the greenhouse gases will increase.

The 2007 IPCC FAR analyzed all positive and negative radiative forcing effects and concluded that
the combined radiative forcing due to increases in carbon dioxide, methane, and nitrous oxide is
+2.30 Watts per square meter “and its rate of increase during the industrial era is very likely to have
been unprecedented in more than 10,000 years.”  Tropospheric ozone changes due to emissions of
ozone-forming chemicals (nitrogen oxides, carbon monoxide, and hydrocarbons) contribute +0.35
W m .  The direct radiative forcing due to changes in halocarbons is +0.34 W m .  Changes in solar2 2

irradiance since 1750 are estimated to cause a radiative forcing of +0.12 W m .  Cooling influences2

have been anthropogenic contributions to aerosols (sulphate, organic carbon, black carbon, nitrate
and dust) with a radiative forcing of -0.5 W m , and an indirect cloud albedo forcing of -0.7 W m . 2 2

(This latter is due to anthropogenic particulates acting as cloud seeders, forming water droplets
around the particle.)  Changes in surface albedo due to land use changes and deposition of black
carbon aerosols on snow exert forcings of -0.2 W m  and +0.1 W m , respectively.  This totals to a2 2

+1.81 Watts per meter squared net radiative forcing from all these influences together.

Of the total influences causing heating of the Earth, 4.5 percent (+0.12 W m ) are natural and 95.52

percent (2.65 W m ) are human-caused.2

Schemes to Sequester Carbon Through Industrial Processes:

Sunshine to Petrol, Sandia National Laboratories: Researchers at Sandia built a
CounterRotating Ring Receiver Reactor Recuperator powered by a solar furnace as a means of
splitting the water molecule into oxygen and hydrogen.  They discovered the unit will also split the
carbon dioxide molecule into an atom of oxygen and a molecule of carbon monoxide.  Carbon
monoxide can be used as a building block for synthesis of carbon fuels.  The Sandia researchers are
working to develop such a synthesis, and estimate as of April 2009 that it will be market-ready in 20
years.
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Schemes to Increase Global Dimming:

Sulfur dioxide into atmosphere: Nobel Laureate Paul Crutzen advocates injecting sulfur
dioxide into the atmosphere to reflect incoming heat.  It is the sulfur dioxide emitted by volcanic
eruptions, not the fly ash particulates in ejecta, that is responsible for most of the global cooling that
follows major volcanic events.
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