




 Advance Praise for  
b e yo n d  f o s s i l  f o o l s

“Joe Shuster’s Beyond Fossil Fools opened my eyes. It is a political, eco-
nomic, and financial epiphany. The book compellingly and conversa-
tionally explains why the United States must move to clean, renewable, 
and affordable energy in the next 30 years and how it is possible to 
reach that goal. The message is clear and convincing. Every policy 
maker, corporate executive, and thoughtful citizen must read this 
book and rally ’round the cause.” 

—Tim Penny, former Democratic U.S. congressman, 1983-1995, and  
co-author of Common Cents and The 15 Biggest Lies in Politics 

“As students, we hear a lot of talk, and read much about the country’s 
energy problem and the pollution that goes with it. It’s all very 
confusing and often contradictory; while there seems to be a big 
problem, nothing much, it seems, is being done about it. No one has 
made it understandable. That’s why Beyond Fossil Fools is a double 
gift of insight and hope. It helps us see the future, encourages us to 
engage it, but mostly this book offers a reason to be optimistic with 
a ready solution—maybe the only one. Every parent and teacher, and 
particularly every high school and college student, should read this 
book. It is about our future —and how we can help shape it.”

—Steven Trettel, 2006 National Junior Science Award Winner, and  
U.S. representative to the 2006 International Youth Science Forum
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“Beyond Fossil Fools is the most factual and authoritative treatment of  the 
energy situation that I have ever read or heard about. It does not crusade, 
but it does encourage us to respond to our pressing imperatives. The 
book is written from the perspective of a successful entrepreneur, and 
corporate leader on behalf of future generations. Above all, it is neither 
alarmist nor gloom and doom. Thankfully, it is practical and hopeful.”

—Frederick M. Zimmerman, 
Professor Emeritus, School of Engineering, University of St. Thomas

“Joe Shuster is a problem-solving, myth-busting, genius who 
illuminates the inherent problems of a world driven by Fossil Fools and, 
filled with energy foolishness. More important, Joe Shuster provides 
a crystal clear 30-year workable plan for providing enduring “Future 
Fuels” that will solve the energy problems for generations to come!

The pathway to “Energy Independence by 2040” for our children 
and grandchildren is precise and crystal clear, provided Fossil Fools 
readers take action today.

Fossil Fools is a must read and deserves to be placed on “the 
world’s required reading list” for everyone who desires and depends 
on clean, affordable, and available energy for all future generations. 
Joe Shuster’s wisdom deserves to be listened to and acted upon by all 
serious residents of the twenty-first century!”

—Dr. Lyman K. Steil, CEO and Chairman of  
International Listening Leadership Institute, and  

author of Effective Listening: Key to Your Success,  
Listening: It Can Change Your Life, and  

Listening Leaders: The Ten Golden Rules to Listen, Lead & Succeed
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“I found Beyond Fossil Fools a down-to-earth, easy-to-read, complete 
book on all the important current energy issues. I’m sure this book will 
become a valuable energy reference. Shuster’s conversational approach 
speaks to all of us, and I will make this book  required reading for my 
3 children. Access to affordable clean energy will clearly define their 
futures.”

—Dan Hanlon, Educator, Author and General Manager of  
Union Hill Ventures, St. Paul, Minnesota

“The science is accurate. The numbers are compelling. The 
conclusions, which we fully support, are bold. Average citizens and 
scientists alike are brought logically and irresistibly to the inevitable 
conclusion that fossil fuels cannot support us much longer… Asians, 
Europeans, Americans, and the whole world must wrestle with the 
coming end of the fossil fuel era, and then adapt to a “New Economy” 
based on sustainable energy sources. Mr. Shuster tells us clearly and 
unflinchingly how to do it… This book is unique in its completeness  
and should be translated for all to read since it offers perhaps the 
only practical short-term and long-term solution to the world’s  
most challenging problem—energy.”

—Dr. Madeleine Conte (French), Chemical Engineer  
and Nuclear Scientist

—Dr. Rolland Conte (French), Physicist, Economist, and Author
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Preface

Who am I and why have I written this book?
I am a successful chemical engineer, entrepreneur, and business-

man, and I now see dusk setting on my career and life. I want my 
children and grandchildren, as well as the billions of others who live 
on this planet, to look into a future as bright and bountiful as the 
future that beckoned me for most of my life. War, poverty, and disease 
will probably not be eradicated. I’ve seen and experienced them. Yet 
they afflict only a portion of us at any time. However, economic and 
environmental disaster will likely afflict us all. That is why I foresee 
a set of concerns centered on energy use—resource depletion, dis-
ease, and environmental decay—as the foremost problem confronting 
global citizens in the coming decades.

Energy is destined to be the single most important issue of this century. 
War and economic problems have always been with us, as they are 
today, but both of these concerns are inextricably entwined with 
energy matters. Energy issues will determine the kind of life future 
generations will live, will probably cause more wars, and, as unthink-
able as it is, could become a matter of life or death for many.
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I intend this book to illustrate that this serious problem is upon 
us. You will see an energy storm brewing—looks like the classic per-
fect storm—and it is closer than you think. However, I don’t intend 
this book to be another bleak description of dire events to come. This 
book proposes a quantified plan and a timetable for moving beyond fossil 
foolishness to a future of clean, eternal, affordable energy. This is a book 
of hopeful optimism. This book is a wake-up call, a call to action, a 
plea. The solution solves many problems beyond affordable energy: 
It blunts global warming, reduces acid rain, limits ocean acidification, 
restricts mercury pollution, improves balance of payments, strength-
ens the value of the dollar, relieves transportation woes, and improves 
many health issues associated with fossil fuels.

Between the covers of this book you will find a broad, unblink-
ing perspective on the energy problems of the United States and the 
world, including depletion and all aspects of pollution. Best of all, you 
will find a solution—there really is only one—and the steps to achieve 
the solution. The problems and solution steps are quantified and 
include ideas about paying for the bright, clean future. It is surpris-
ingly affordable. There are no technological show stoppers to hinder 
progress. Also, if we all put our support behind the solution, I believe 
even the formidable political and legal barriers will fall.

The story is simple: We are running out of traditional energy 
resources. The world is using up available energy sources at an alarm-
ing rate. As the world burns up and burns through energy resources, 
energy consumption creates untold damage to people and the 
environment.

These two concerns—depletion and pollution—pose other 
problems. What alternatives to fossil fuels are available, practi-
cal, affordable, and implementable? Given reasoned projections 
about demand, supply, and costs, when must the transitions to such 
alternatives begin? Do citizens, governments, business executives, 
shareholders, investors, environmental advocates, bureaucrats, and 
other decision makers possess sufficient political will, social vision, 
financial resources, economic incentives, and apt institutions to spark 
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and direct such transitions? Should governments lead the way, or 
should market forces set the direction and pace?

There is no silver bullet, no magic pill, no one-size-fits-all solu-
tion. We must try to dovetail many changes immediately and 
simultaneously.

There is another problem. The transition to new energy sources 
must begin immediately if the inevitable transition to alternative forms 
of energy is to be manageable and timely rather than chaotic, destruc-
tive, and violent.

I have no axes to grind, no vested interests to protect, no political 
positions to advance, no biases to hide. Neither politics nor profits moti-
vate me. I will donate any profit from this book to energy research.

I have plowed through a small mountain of data and have con-
sulted with countless experts. There is a lot of pure nonsense and 
misinformation out there. Politicians from both parties have been 
hostage to special interest groups resulting in poor awareness and bad 
energy policy. It is time that you know the truth about your country’s 
energy problems and how they can be solved.

Although I have benefited tremendously from discussions with 
experts and from many publications, the opinions here are solely my 
own. Thank you for considering them.

I readily acknowledge that some errors and mistakes will arise 
in an undertaking as vast as this book. I welcome all corrections, 
or anything that might improve the proposed solution. I am 
also interested in any new, potentially viable alternative ideas. 
No nitpicking, please. Accompany all corrections, comments, 
or suggestions with supporting references, quantification, and a 
timeline. Address all comments to my website: 

www.beyondfossilfools.com
I will respond to as many as possible.
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Overview

Clean, renewable, eternal energy is at hand. The energy—produced 
by the wind, the sun, biofuels, and nuclear power—is available, com-
pletely affordable, and fully attainable within 30 years. With this 
message, vision, rallying cry, and call to action, this book radiates 
hope, optimism, and courage. This book is a blueprint for a cleaner, 
safer, more peaceful, and more prosperous future.

But some will object that the world contains more than enough 
fossil fuel to power our future needs. Plenty of oil, plentiful natural 
gas, and abundant coal. I call this crowd “fossil fools.” The perception 
of plenty is inconsistent with the reality of actual needs and dwin-
dling reserves. If you consider current global consumption of oil and 
if you calculate future consumption based on worldwide population 
growth and economic growth, then you quickly conclude the world 
runs out of conventional oil reserves in about 30 years. That means 
the world must move to unconventional oil in oil sands, oil shale, and 
heavy crude oils. That’s a seemingly practical and workable plan, but 
the likely oil still doesn’t get us through this century or through your 
child’s lifetime.
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A fossil foolish objector may clear his throat and politely point out 
that there’s no problem here because of all the coal and natural gas 
available to mine and tap. Yes, it is out there, but less than you think, 
and the world will use it quickly, especially if we must use coal to make 
gasoline.

But why argue over reserves and depletion dates? While there is 
some uncertainty, we have enough credible information and data to 
formulate a sound plan. And competent planning requires attention 
to both dwindling reserves and the other looming issue—mounting 
pollution. Every time fossil fuels burn, they release dangerous poi-
sons into the environment. Finding additional fossil fuels will delay 
the matter of dwindling supply, but it further compounds the growing 
issue of deadly pollutants in our air, water, food, and bodies.

The world’s twin foes—rapidly decreasing supply and rapidly 
accumulating pollution—are globally colossal in scope, so require 
an equally colossal solution. The world’s task in the next 30 years is 
to resolve these tremendous challenges by transforming our econo-
mies, countries, cities, cultures, and perceptions away from fossil fuels 
toward clean, eternal, renewable energy sources.

The objector may tilt his head and clear his throat again. A pro-
nouncement bubbles from his lips, “It seems clear to me that market 
forces, price increases, and entrepreneurial initiative will spark innova-
tion and alternatives, like wind power, solar energy, and hydrogen fuel 
cells.” Wind and solar alone or together cannot fix our energy prob-
lem. Hydrogen as a fuel is still a far-off pipe dream. Price increases can 
only delay the inevitable, and I for one do not want to bet the future of 
the world on a possible miracle. We don’t have to.

So here’s the story: Profound material and technical limits severely 
constrain the potential contributions of wind power and solar energy. 
Such limits essentially doom any contributions from hydrogen. How-
ever, breakthroughs in nuclear technologies and processes make its 
energy contributions clean, affordable, manageable, and sustain-
able. Wind, solar energy, biofuels, and other renewable sources will 
contribute.
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That’s the plan. Vigorously promote wind and solar energy so 
that by 2040 each contributes at least 10 percent of total U.S. electri-
cal needs. Each would then produce more electrical energy than the 
total consumed in Italy. Get the remaining 80 percent from nuclear 
energy.

How does the United States bridge the gap from today to 2040? 
We succeed by simultaneously transforming the transportation fleet 
as rapidly as possible away from internal combustion engines to hybrid 
plug-ins and all-electric vehicles. At the same time, the United States 
and the world must aggressively develop biofuels, such as cellulosic 
ethanol and algae biodiesel. These transitions save huge volumes of oil 
and gasoline, thus stretching our reserves, limiting new pollution, and 
reducing demand long enough to develop and deploy required tech-
nologies and infrastructure for a wind-solar-nuclear energy system. 
Even so, the United States will still need unconventional oil. These 
transitions to energy-conserving vehicles and biofuels are the essential, 
irreducible, and unavoidable keys to success. Without these transfor-
mations, we run out of resources, we lack the time to move smoothly to 
alternatives, and we choke on the accumulating toxic pollution.

That’s the story.
Let’s review: We can and must immediately reduce our use of coal 

to generate electricity. We must replace coal and other fossil fuels 
with nuclear power and other renewable energy sources to gener-
ate electricity. However, we need time to transform transportation 
fleets and systems and to slash the huge volumes of petroleum our 
vehicles guzzle. Therefore, we need to find oil we can use for the next 
30 years or longer, if need be. Thus, the United States and the world 
at large will need to recover oil from unconventional sources. We 
can partly fill our transportation needs with ethanol and biodiesel 
supplemented with conventionally produced oil—but that falls well 
short of providing enough of a bridge. That brings us to oil sands 
and oil shale—that is, to sources of unconventional oil.

The United States can achieve these goals by 2040 if a diligent, 
committed U.S. public crafts the political will. But time is running 
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out. The world must commit time and resources now to develop and 
deploy the alternative energy sources and related infrastructures we 
know we will need. The U.S. public and the world at large, especially 
elected officials, need broader and deeper learning about energy issues. 
A perfect storm is brewing.

This book is arranged into three main sections: problems, solu-
tions, and the process of getting to the new dawn.

Part I—Fossil Foolishness—details current problems. Chapter 
One, entitled “Fossil Fuels—Nature’s Disappearing Act,” addresses 
reserves and depletion. Chapter Two, “Fossil Fuel Disasters,” recounts 
the environmental devastation caused by fossil fuels. Chapter Three, 
“Population,” describes how population growth and accompanying 
industrial and economic growth greatly compound the problems of 
depletion and pollution. Chapter Four, called “Global Warming—
The Great Distraction,” challenges some of the claims made about any 
impending climatic apocalypse, but does not discount the possibilities. 
More importantly, the chapter declares that global warming, regard-
less of its severity and potential consequences, is only one symptom 
of the larger problem of fossil fuels. If the world rapidly moves away 
from fossil fuels, then the problems associated with human-caused 
global warming disappear. Chapter Five compares energy use around 
the world.

Part II—Solutions—describes contributors to an overall solution 
to energy problems. Chapters Six through Nine describe, in order, 
solar energy, wind energy, biofuels, and other renewable energy 
sources. Chapter Ten, entitled “Nuclear Energy—Providing a 
Clean, Affordable Future,” discusses current nuclear technologies. 
Chapter Eleven, “Concerns About Nuclear Power,” allays fears that 
many people unfamiliar with nuclear energy hold about its safety, 
reliability, waste, security, and potential for proliferating nuclear 
weapons. Chapter Twelve illustrates how nuclear and other renewable 
energy can also deliver a bounty of clean, fresh water, which is a 
pressing global need for health and agriculture. Chapter Thirteen 
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bursts the myth of a so-called hydrogen economy as a solution to 
energy shortages.

Part III—A New Dawn—considers transitions necessary 
to implement clean, affordable energy and to achieve energy 
independence. Chapter Fourteen, “Transportation,” addresses the 
need to replace internal combustion engines with hybrids, hybrid 
plug-ins, and all-electric vehicles. The chapter describes “the future 
is now” by detailing technological advances and describing currently 
available models. Chapter Fifteen, titled “Bridging the Gap,” 
describes the need to develop unconventional oil, especially U.S. oil 
shale, to supplement dwindling supplies of conventional oil. Chapter 
Sixteen, “Energy Independence by 2040,” describes a detailed plan—
complete with timetables, policy requirements, funding plans, and 
implementation schedules—for creating a new system for generating 
reliable, affordable, efficient, clean, renewable energy that resolves 
the twin dilemmas of fossil fuels (depletion and pollution) and that 
achieves energy independence.

HOW ABOUT IT?  ENERGY INDEPENDENCE DAY,  
July 4, 2040?
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Chapter  1

Fossil Fuels
n at u r e ’s  d i s a ppe a r i n g ac t

The world has had an incredible economic ride on the back of fossil 
fuels—coal, natural gas, and oil. We didn’t know there would be seri-
ous hidden costs to pay for using fossil fuels. Once we started, there 
was no turning back. Fossil fuels realigned the world, caused wars, and 
now confront the world with two colossal problems requiring equally 
colossal solutions. One, the world is running out of convenient, easy-to-
find fossil fuels, and we are running out at an accelerating rate. (Please 
see Figure 1.1, the Countdown to Total Depletion, on the inside front 
cover. This chart is the foundation of this book, a compact picture of 
the energy problems we face.) Two, as we keep burning coal, oil, gaso-
line, and natural gas, we risk irreversible, devastating damage to our 
common home, the Earth.

In a little more than a century we have used up one-half of the 
world’s conventional oil reserves and almost half of the world’s natural 
gas reserves. Use is rapidly increasing with population growth and the 
emergence of China and India as economic powerhouses.

Fossil fuels supply most of the energy consumed in the world 
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today. They are concentrated in the ground and easy to recover, so are 
a cheap energy source, or so we thought. They are not cheap however 
when you count the terribly high costs of pollution and the damage 
to the environment, animals, and people. While we pay for electric-
ity only pennies per kilowatt hour, the real cost of the damage to our 
planet is incalculable.

Second, we are poisoning ourselves. The pollution caused by 
the burning of fossil fuels amounts to slow, global suicide. Mass 
suicide by contaminants? Genocide by greenhouse gases? Even the 
words sound frightening: toxins, carcinogens, pollutants, effluents, 
particulates. As use increases, the tons of pollution pile up, blow 
around, circulate, settle, and end up in our food, lungs, and blood. 
And even if you don’t believe some claims about global warming, 
even the harshest critics acknowledge that the burning of fossil fuels 
contributes something to climate change.

FOSSIL FUELS in the UNITED STATES

Energy Sources and Flows in the United States

Take a look at Figure 1.2. It shows where the energy the United 
States used in 2002 came from and how we used it, from input to 
output. The overall pattern is the same today. Pay attention to the 
relative values. The energy unit used, the quad, is not my main point. 
But for the record, one quad equals one quadrillion British Thermal 
Units (BTU). That’s 1,000,000,000,000,000 BTU. That equals 293 
billion kilowatt hours.

Figure 1.2 may look confusing, but it isn’t. Think of the Figure as 
illustrating the major energy “rivers” and significant “tributaries” carry-
ing the flows of energy in the United States. The “sources” are labeled at 
the far-left side, and the “destinations” or “uses” appear on the right side. 
Notice how much more energy is lost than is used usefully.

Information from Figure 1.2 produced Figure 1.3, which lists U.S. 
energy use in percentages, not quads. Note that 21 percent of the 
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Sources: Lawrence Livermore National Laboratory (2003, 2004) at <http://eed.llnl.
gov/flow> and Energy Information Administration, Annual Energy Review 2002.

Figure 1.2. U.S. Energy Flows Measured in Quads, 2002: Net 
Primary Resource Consumption (Totals about 97 Quads of Energy)
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electricity generated in the United States comes from nuclear reactors. 
Also note the disgusting, embarrassing, and irresponsible fact that the 
United States imports about 62 percent of the total oil it uses. Let me 
say it again: The United States imports almost two-thirds of all oil it 
burns. How did our leaders ever think this was ok? There were many 
energy-danger signals, and the oil embargos of the 1970s certainly gave 
us ample warning of the consequences of not being energy independent. 
Needed changes should already have been underway. Don’t we wish? 
Our leaders most likely chose to do nothing in response to political pres-
sures from oil companies, confusion, and a large dose of ignorance.

Figure 1.3. U.S. Energy Inputs from All Sources, 2002

Energy Source Percent of Total  
Energy Generated

Percent of Total  
Electricity Generated

NuCleAR 8.2 21.3

HYDRoPoWeR (DAMs) 2.6 6.6

BioMAss AND oTHeR 3.3 2.4

CoAl
Domestic
imported

23.2
22.8

0.4

52.5
--
--

NATuRAl GAs
Domestic
imported

23.3
19.7

3.6

14.9
--
--

oil
Domestic
imported

39.4
15.0
24.4

2.3
--
--

TOTALS 100.0 100.0

Biomass, according to the U.S. Department of Agriculture, includes 
any organic matter available from a renewable or recurring source, 
including agricultural crops, trees, wood, wood waste and residues, 
plants (including aquatic plants), grasses and grass residues, fibers, 
animal wastes, municipal wastes, and other waste materials. Together, 
biomass and other energy sources not specifically listed in Figure 1.3, 
including ethanol, geothermal energy, solar energy, and wind energy, 
accounted for only 3.3 percent of total energy produced in the United 

Sources: Lawrence Livermore National Laboratory (2003, 2004) at <http://eed.llnl.
gov/flow> and Energy Information Administration, Annual Energy Review 2002.
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States in 2002. Almost 3 percent is biomass alone. Geothermal (0.3 
percent), solar (0.06 percent), and wind (0.1 percent) combined account 
for much less than 1 percent—an inconsequential 1 percent. As you 
read about the dramatic growth of wind and solar power, be aware that 
this is growth from a very low base. Everything helps, but the world’s 
mammoth energy problems require mammoth solutions. So far, most 
politicians, including Al Gore, have recommended ridiculously anemic 
Band-Aid solutions. As they seduced us with their non-solutions, 
confusion and inaction resulted.

The following sections look in detail at coal, natural gas, and oil. 
These fuels took hundreds of millions of years to develop from green 
matter such as algae, grasses, and 
other plants. All green mass on 
earth grew from the process of 
photosynthesis, probably the most 
important chemical reaction on 
earth. All life depends on it. Plants 
grow by taking carbon dioxide 
from the atmosphere. Photosyn-
thesis uses carbon dioxide, water, and sunlight to make glucose (sugar) 
and the oxygen we breathe. Since carbon dioxide sustains all life on 
earth, it is not a pollutant. Rather, carbon dioxide makes the world hab-
itable by helping to regulate the earth’s temperature in a range suitable 
for plant and animal life. Carbon dioxide, like many things, becomes a 
pollutant only when in excess. 

I start with coal because people have burned coal for heat for thou-
sands of years. In contrast, only since World War II has natural gas 
become a very significant energy source. Oil and petroleum products 
have been the dominant sources for generating energy only since the 
nineteenth century. For example, John D. Rockefeller founded Stan-
dard Oil in 1881. 

All green mass on earth grew from 

the process of photosynthesis, 

probably the most important 

chemical reaction on earth. All life 

depends on it.
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COAL

Coal fueled the Industrial Revolution in the eighteenth and nine-
teenth centuries. It produced the steam that drove factory machines, 
steamboats, and trains. Today coal is used primarily to generate 
electricity. While new technologies help coal burn more cleanly, it 
remains the most polluting energy source. Again, please refer to the 
Depletion Chart (Figure 1.1) for information on reserves and con-
sumption. The world will run out of coal in less than 200 years. If 
the world needs to convert coal to oil, then it would last less than 
100 years.

Coal and Electricity

Coal is a robust energy source and a tireless workhorse for gener-
ating electricity. About 90 percent of all mined coal is used to generate 
electricity. In the United States more than one-half of all generated 
electricity comes from burning coal.

The world’s recoverable coal reserves (see Figure 1.4) are estimated 
at 1 trillion short tons (2000 pounds per ton), a large and meaningless 
number unless put in some context. Coal contains an average of 20 
million BTU per ton. One ton of coal contains about the same energy 
as 160 gallons of gasoline. 

Coal comes in different grades and degrees of quality. As green 
plants decompose, they eventually become usable fuel called peat or 
peat moss. After further decay and pressure, the peat turns into lig-
nite (coal). Further chemical changes, combined with continued pres-
sure that drives out water and increases the carbon content, create 
sub-bituminous, bituminous, and anthracite coals. For comparison: 
One pound of lignite has a heating value of approximately 6000 BTU; 
bituminous has about 15,000 BTU per pound. One pound of lignite 
can produce enough usable electrical energy to light a 100-watt light 
bulb for approximately 5 hours, bituminous for 13 hours, and anthra-
cite for 17 hours.
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Figure 1.4. Percentage of World’s Recoverable Coal Reserves, 2005

United States 27

Russia 17

European Union 04

India 10

China 13

Rest of World 29

TOTAL 100%

The burning of coal and fossil fuels is terribly inefficient. Only 
about one-third of the potential energy of coal actually generates elec-
tricity. The remaining two-thirds is lost or rejected through inefficien-
cies and heat. It goes up in smoke, right up the stack. For comparison, 
in the United States the overall efficiency of all used fuels, including 
nuclear, is about 36 percent. A mere 36 percent. The production of 
electricity is about 31 percent efficient. The burning of fuels for trans-
portation is about 20 percent effi-
cient. Generating energy for 
residential and commercial use is 
about 38 percent efficient. It’s 57 
percent for industrial uses.

Surface mining produces most 
of the coal in the United States. 
Surface coal usually sits less than 
200 feet below the surface. Yet 
some mines burrow 1000 feet 
underground. We often read about coal mining accidents deep under-
ground, which seem to be chronic worldwide. The U.S. coal indus-
try has done a pretty good job of reducing the negative environmental 
effects of mining. The industry restores disturbed lands and goes to 
great lengths to prevent damage to rivers, streams, lakes, ponds, and 
underground waters.

Only about one-third of the 

potential energy of coal actually 

generates electricity. The 

remaining two-thirds is lost or 

rejected through inefficiencies and 

heat. It goes up in smoke,  

right up the stack.

Source: Energy Information Administration, <http://www.eia.
doe.gov/pub/international/iea2005/table82.xls>.

Shuster_BOOK_2nd.indb   15 7/15/08   9:52:21 PM



16

p r o b l e m s

Coal and Pollution

Coal produces a lot of stuff you don’t want to eat or breathe. 
Although coal served the world well in the past, we cannot continue 
to burn coal because it produces the most and the foulest pollution, 
creating harm and damage that should be unacceptable to any society. 
At the mines, the coal is processed to remove or reduce dirt, rock, ash, 
sulfur, and other unwanted materials. This processing increases the 
heating value of the coal and reduces pollutants. Cleaning up smoke-
stacks helps, but doesn’t do enough. Burning cleaner anthracite coal 
helps, but there isn’t enough of it. Coal gasification—turning coal into 
gas—helps, but the process is inefficient, expensive, and still pollutes.

Consider these foul facts about coal and carbon dioxide (CO2). 
Coal-fired power plants emit approximately 36 percent of the CO2 in 
the United States. Here’s the simple story: Burning 1 pound of coal 
generates about 3.4 pounds of CO2—that is, 3.4 tons of CO2 for each 
ton of coal burned. And that’s just the carbon dioxide. Burning coal 
also produces other gases that cause acid rain, smog, and the acidifica-
tion of the oceans. Mercury emissions are another problem.

Bottom line: Stop burning 
coal—period. Build no new coal-
fired plants, and start decommis-
sioning existing plants. We can do 
it, and the United States and the 
world can easily afford it.

NATURAL GAS

Natural gas, like underground petroleum, is millions of years old. 
In ancient times, natural gas was the root of myth and superstition, 
because when lightning struck a seepage, fire instantly burst. One 
of these flares, believed by ancient Greeks to be of divine origin, was 
discovered by a goat herdsman in 1000 BC and became the site of a 
famous temple. The temple housed a priestess, who became famous as 

Burning 1 pound of coal generates 

about 3.4 pounds of CO2—that is, 

3.4 tons of CO2 for each ton of  

coal burned.
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the Oracle of Delphi, who issued many prophesies said to be inspired 
by the flame.

In 1785 Britain was the first country to use natural gas for light-
ing. In 1816 Baltimore, Maryland, used natural gas to light its streets. 
In 1895 Robert Bunsen invented what became known as the Bunsen 
Burner, which was subsequently used for cooking, heating, and labo-
ratory experiments. However, prior to World War II, natural gas was 
most often vented into the atmosphere or flared when found alongside 
oil. It was a nuisance. Since World War II, the industry grew rapidly.

Natural gas is the cleanest burning fossil fuel. Each pound of 
natural gas burned generates 2.75 pounds of carbon dioxide. While 
natural gas produces less CO2 than coal or oil, it still creates millions 
of tons of carbon dioxide in the atmosphere each year. While often 
called the “clean fuel,” natural gas is no great bargain when it comes 
to CO2, producing only a little less CO2 pollution than coal does. 
Natural gas (methane) is itself a powerful greenhouse gas, about 22 
times worse than CO2.

At present consumption rates, the world will run out of natural 
gas in less than 65 years. If we add population growth, then the world 
runs out in 50 years. Between 2020 and 2030 global use of natural gas 
will exceed production or new finds, after which demand will be 
greater than the discovery of new reserves. Reserves will then decline 
at an accelerating rate. U.S. reserves of natural gas will peak in the 
coming decade. Three-fourths of the world’s supply of natural gas sits 
in the Middle East and Russia.

So why are we switching to natural gas at the very time its pro-
duction will begin to lag further and further behind use? We switch 
because we have few options in the near future. To keep up with future 
demand, we must look desperately for 
new sources of natural gas. That won’t 
be easy since the most promising sites 
have already been found. Is the United 
States willing to bet that we’ll hit the 
jackpot, win the natural-gas lottery, 

Meeting anticipated demand for 

natural gas in 2015 would cost 

approximately $800 billion.
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or find the buried treasure that allows us to meet current and future 
demand? I don’t want to sit around waiting for luck or good fortune 
to find us. I am a gambler, but this gamble would, by any measure, 
be asinine. Even if we hit the natural gas mother lode, its use would 
still pollute unacceptably—particularly if you believe CO2 is the major 
cause of global warming.

A 1999 study by the National Petroleum Council projected that 
meeting anticipated demand for natural gas in the United States in 
2015—only 7 years from now as I write this—would cost approxi-
mately $800 billion in drilling, supply development, pipeline construc-
tion, and other costs. That’s a huge figure, and the money is better 
spent on other projects, as I’ll illustrate. The nation should not make 
this massive investment in a losing cause. In spite of projections of new 
discoveries, natural gas prices will vary wildly, but the prices will con-
tinue to rise. Supply and demand dictates that prices will escalate dra-
matically in a herky-jerky, undisciplined manner, but always up, up, 
and up.

So the cleanest fossil fuel is neither clean enough nor plentiful 
enough. Yet since natural gas produces fewer pollutants than coal, 
oil, and gasoline, it must be used during the 30-year transition to all-
renewable, eternal energy sources.

OIL, PETROLEUM, and GASOLINE

Oil, the indispensable fossil fuel, is the only source for producing all-
important portable, liquid transportation fuels. A barrel of oil is also the 
source of other fuels and products (see Figure 1.5). I wrote a report on 
the energy crisis for congressional leaders in 1973. At that time the 
United States had 100 billion barrels of oil in reserve. Now U.S. reserves 
have only 22 billion barrels. U.S. oil reserves peaked in 1997. The world’s 
reserves of conventional oil will peak sometime in the next decade. In 
2005, the United States used more than 20 million barrels of oil per day, 
approximately 7.5 billion barrels of oil per year. About 3 billion barrels of 
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the oil the United States consumes annu-
ally comes from U.S. oil reserves; imports 
make up the remaining 4.5 billion barrels 
per year. You do the math. If the United 
States were forced to use only its own oil, 
then the nation would be totally out in 
approximately 3 years. Three years to bone 
dry. So the United States must secure and 
import oil. Unavoidable, no matter the cost 
in dollars and lives. Does that help you 
understand the U.S. military in Iraq? (For 
details on the sources of U.S. oil imports, 
see Figure 1.6.)

The U.S. peak in oil production is already in our rear-view mir-
ror—behind us. The only possible relief is to move immediately to 
clean, non-polluting renewable energy and to change the kinds of cars 
and trucks we drive.

Perhaps now you begin to see the future collision of trends in the 
next 30 years—the “perfect storm” for an energy crisis is gathering and 
brewing. Some see this storm coming. Some don’t or won’t see, prefer-
ring denial or ignorance. Yet the storm is there. The United States and 
the world are literally running out of gas, oil, and even coal. Add popu-
lation growth and increasing demand, and the storm gathers fury. On 
June 25, 2008, the U.S. Energy Information Administration released 
its International Energy Outlook 2008, which predicts that global energy 
use will increase 50 percent in the next 20 years, and virtually all of 
the energy will come from fossil fuels.  That means 50 percent more 
pollution in the environment, too. Even an observant idiot can see the 
darkening horizons and the awaiting disaster. What does this tell us 
about our fearless leaders? Idiots? Fossil fools? Not really, just unin-
formed, misinformed, or beholden to special interest groups.

or find the buried treasure that allows us to meet current and future 
demand? I don’t want to sit around waiting for luck or good fortune 
to find us. I am a gambler, but this gamble would, by any measure, 
be asinine. Even if we hit the natural gas mother lode, its use would 
still pollute unacceptably—particularly if you believe CO2 is the major 
cause of global warming.

A 1999 study by the National Petroleum Council projected that 
meeting anticipated demand for natural gas in the United States in 
2015—only 7 years from now as I write this—would cost approxi-
mately $800 billion in drilling, supply development, pipeline construc-
tion, and other costs. That’s a huge figure, and the money is better 
spent on other projects, as I’ll illustrate. The nation should not make 
this massive investment in a losing cause. In spite of projections of new 
discoveries, natural gas prices will vary wildly, but the prices will con-
tinue to rise. Supply and demand dictates that prices will escalate dra-
matically in a herky-jerky, undisciplined manner, but always up, up, 
and up.

So the cleanest fossil fuel is neither clean enough nor plentiful 
enough. Yet since natural gas produces fewer pollutants than coal, 
oil, and gasoline, it must be used during the 30-year transition to all-
renewable, eternal energy sources.

OIL, PETROLEUM, and GASOLINE

Oil, the indispensable fossil fuel, is the only source for producing all-
important portable, liquid transportation fuels. A barrel of oil is also the 
source of other fuels and products (see Figure 1.5). I wrote a report on 
the energy crisis for congressional leaders in 1973. At that time the 
United States had 100 billion barrels of oil in reserve. Now U.S. reserves 
have only 22 billion barrels. U.S. oil reserves peaked in 1997. The world’s 
reserves of conventional oil will peak sometime in the next decade. In 
2005, the United States used more than 20 million barrels of oil per day, 
approximately 7.5 billion barrels of oil per year. About 3 billion barrels of 

PRODUCTS MADE FROM 
A BARREL OF CRUDE OIL

GASOLINE: 19.7

DIESEL: 10

JET FUEL: 4

HEAVY OIL: 1.8

OTHER: 6.5

TOTAL: 42 Gallons

Figure 1.5. Products Made from a Barrel of Crude Oil
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Figure 1.6. Top Ten Sources of U.S. Petroleum Imports, 
September 2007 (Thousands of Barrels Per Day)

Country Barrels Approximate % of U.S. Oil Imports

Canada 2467 20

Saudi Arabia 1560 13

Mexico 1429 12

Venezuela 1325 11

Nigeria 1181 10

Algeria 701 6

Iraq 603 5

Angola 591 5

Virgin Islands 381 3

Russia 348 3

Rest of World 1400 12

Source: Energy Information Administration at <http://www.eia.doe.gov/pub/oil_gas/petroleum/
data_publications/company_level_imports/current/import.html>.

Even over the next 10–20 years there will be little reduction in 
U.S. oil imports. Measured by 2007 consumption rates, the world will 
run out of conventional oil in less than 40 years. With predicted popu-
lation increases and business-as-usual practices, the world will run out 
of conventional oil in less than 30 years. For the sake of argument, let’s 
say the world taps 1 trillion barrels of oil from the huge potential global 
reserves of unconventional sources, like oil sands and oil shale. That 
only doubles the timeline. The perfect global storm will strike well 
within the expected lifetime of an infant. Why bother to plan for per-
sonal retirement, but not plan for the “retirement” and demise of fossil 
fuels?—your retirement won’t be worth much if you don’t.

If the imports and dependence don’t scare you, then it will cer-
tainly terrify your children and grandchildren—that is, it would scare 

them if they had any idea about what is 
going on. They will likely have to fight 
for oil. Some of our sons and daugh-
ters and grandkids are already fight-
ing on battlefields in the Middle East. 

Even over the next 10–20 years 

there will be little reduction in 

U.S. oil imports.
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Moreover, as we run out, the next generation could be deprived the use 
of oil as a chemical feed stock to make plastics and other products.

The numbers clearly and unmistakably tell us that we must begin 
today to shift to other fuel sources and abandon the internal combus-
tion engine. This transition is absolutely necessary, inevitable, and 
unavoidable.

This transition is no arid, dull, technical matter. Fossil fuels have 
been a huge element in the foundation of contemporary civilization—
economic activity, transportation, communication, lifestyles, the 
works. However, the transition to another source of energy, while do-
able and affordable, will require a fundamental overhaul in the physi-
cal infrastructure and basic ideas and assumptions of society.

Consumption and Reserves

Of course, the world will never absolutely run out of oil. The price 
will continue to rise until the price is beyond the means of most people 
and firms. They will turn to other fuel sources or to “non-market” 
means for acquiring what they need. “Non-market” is a code-word for 
war, violence, and crime.

Yes, it is true that crises tend to reduce consumers’ demand for 
gasoline. For example, the oil embargos of 1973 and 1979 and the ter-
rorist attack on the World Trade Center in 2001 decreased demand. 
Yet it is also true that demand quickly returns to previous levels, 
especially as economies regain strength. Any trouble in the Middle 
East seems to cause a spike in oil and gasoline prices. We grumble, 
we gripe, and we pay. Don’t be fooled by any short-term easing of oil 
prices after price spikes. The general trend is unmistakable: up, up, 
and away. Prices for oil and gasoline continue to rise in response to our 
ever-expanding economies and our relentlessly growing global popula-
tion. These demands for energy resources will cause oil prices to rise 
steadily, then soar. Then the oil will be gone, or effectively unavailable, 
because it is too expensive.

Not all so-called experts agree on the date when world oil reserves 
will peak. If not this decade, then the next one. Soon, by any estimate. 
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Some argue that advances in technology will make factories, machines, 
and vehicles more energy-efficient, so will push the peak-oil date fur-
ther into the future, even to 2050 and beyond. It won’t. Conservation 
can buy some time, but only 10 years at the most. Buying us a few years 

or a decade is important, but is 
otherwise meaningless unless we 
take advantage of the time we buy. 
The big picture remains clear and 
ominous: The world is rapidly 
depleting conventional energy 
sources, and this depletion is made 
worse by growing populations, 
increasing demand, and the simul-
taneous creation of pollution.

Even as the world turns to unconventional sources, such as oil 
sands and oil shale, the pollution problem marches on. The issue isn’t 
whether we run out, or even when we run out. The issue is simpler: 
We know it will run out and we know it will run out soon. We must 
begin the retreat from fossil fuels now.

Optimistic projections continue to distract us. John Hofmeister, 
president of Shell Oil Company, made a 50-city tour to assure audi-
ences that we will be okay if firms drill offshore, drill in Alaska, and so 
on. He (2008) coughed up industry biases there and before Congress. 
He offered so much spin, I became dizzy. I asked him how he got his 
numbers and conclusions, because our data didn’t agree. He said not 
to worry because we’d simply find more oil. Did he believe what he was 
saying? After the meeting, one of his lieutenants asked, “Just who do 
you represent?” I replied, “My grandchildren.”

We cannot afford delay and 
inaction, particularly since we have 
solutions at hand, but I fear we may 
be too late. We’ve got to begin now to 
build large-scale facilities for generat-
ing energy from biofuels, wind, solar, 

The big picture remains clear 

and ominous: The world is rapidly 

depleting conventional energy 

sources, and this depletion is made 

worse by growing populations, 

increasing demand, and the 

simultaneous creation of pollution.

U.S. conventional oil reserves  

will last only 3 years at our present 

rate of consumption, if we stop 

importing oil.
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and nuclear sources—and we must do it in 30 years. But let’s look at our 
depletion problems without yet considering the twin problem of pollution. 
Study the main Depletion Chart (Figure 1.1)—it tells the whole story.

Depletion

How much petroleum is left in the ground? Seems a simple enough 
question, but answers vary, often by a lot. For example, some mem-
bers of the Organization of Petroleum Exporting Countries (OPEC) 
likely inflate the figures describing 
their reserves, because their “offi-
cial reserves” influence the volume 
of oil they are allowed to pump 
and sell.

Again, the importance of the 
Depletion Figures cannot be over-
stated. Figure 1.1 was prepared 
from data obtained from several of the most credible sources avail-
able: Central Intelligence Agency (US-CIA), Department of Energy 
(US-DOE), Energy Information Administration (US-EIA), and the 
World Energy Council (WEC). Figures from official U.S. govern-
ment sources are widely recognized as the most accurate. However, 
even these numbers often vary. Different sources calculate different 
figures with different assumptions. Although some figures may be off 
somewhat, I am confident that the overall numbers and projections are 
quite accurate, because they are a composite of many credible sources.

When do we run out? 

At current consumption rates, even doubling the world’s total oil 
with 1.1 trillion barrels from unconventional sources makes global oil 
reserves last only 74 years to bone dry. That’s just to 2082, well within 
the life expectancies of any child born in the United States this year. 
Now let’s modestly complicate this simple math by adding the effects 
of population and economic growth. With increased consumption 
from population and economic growth, the conventional oil would last 
only 28 more years (to about 2035), and when doubling the oil reserves 

At the world’s current rate of use of 

oil—30 billion barrels per year—

conventional oil reserves will last 

37 years. By 2044 the world  

is bone dry.
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by speculatively adding unconventional sources, the oil would last only 
about 55 more years (to about 2063).

The perfect storm gathers strength.

Don’t forget China and India

Let’s also look at this from another perspective. Let’s say that by 
2038 the demand for oil in China and India increases to just 4.4 and 
1.8 barrels per person per year, respectively. On a per capita basis, 
China would then consume about 17 percent, and India would con-
sume only about 7 percent, of the per capita use of the United States. 
While the increase in these countries is modest, it would dramatically 
affect the world’s total oil consumption. By adding the predicted pop-
ulation increase of 900 million for these countries in the next 30 years, 
we identify another vector of the impending perfect storm.

It doesn’t matter how you count and factor the data. The bottom line 
is clear. The world is quickly running out of cheap, available oil, natural 
gas, and even coal, especially if the United States and the world continue 

their bad energy habits. Experts 
predict that the consumption of oil 
will increase by 1–2 percent per year 
over the next several decades, based 
on growth of the global population 
over the same decades and on the 
accelerating economic growth of 
China and India.

Conservation

Advocates and talking heads have been telling the public for a long 
time that conservation is the answer. This was a large part of Al Gore’s 
erroneous conclusions in An Inconvenient Truth. It is important, there-
fore, that we all understand what conservation can do for us.

Let’s see what happens if the world conserves 10 percent of the 
energy it uses. At present consumption rates, the world’s oil would last 
4 more years, natural gas 7 more years, and coal 18 more years. If the 

The world is quickly running out 

of cheap, available oil, natural 

gas, and even coal, especially if 

the United States and the world 

continue their bad energy habits.
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world conserves a full 20 percent, then these numbers will double: 8, 
14, and 36 years respectively. To conserve 20 percent would be very dif-
ficult and would not improve the overall picture very much, except to 
buy us some time for the transition to renewable energy. And even this 
would be meaningless unless we take advantage of the time saved. Surely 
a worthy effort, but do not swallow the idea that people in the United 
States or the world can conserve themselves out of the problem.

If the United States conserves 10 percent, then oil would last 4 
months longer, natural gas would last an additional year, and coal 
would last 25 years longer than anticipated.

SOME CONCLUSIONS, SIMPLE TRUTHS,  
and CONFUSIONS

Policymakers and so-called experts often make predictions and poli-
cies based on inaccurate, confusing, or confused data wrapped around 
their own biases. National leaders can be led to policy conclusions 
based on faulty or false data. Lobbyists add another layer of skewed, 
biased data. The result is manufactured “facts” that support a desired 
view, rather than views being formed around real facts. Terrible poli-
cies get created in just this way.

Consider the 2005 U.S. energy bill. Can anybody explain to the 
citizens of the United States how this bill solves the country’s energy 
problem in time? The politicians rejoiced, shouted, and cheered. They 
told us they wrestled with the energy problem and won. They thumped 
their collective chests and told us there would be no crisis if we just let 
them drill for more oil. Did anybody actually do the math? Did any-
body actually calculate consumption rates in relation to reserves?

It was mostly a business-as-usual bill supporting the oil, natu-
ral gas, and coal industries. To its credit the bill provided some sup-
port for nuclear energy, biomass, and other renewable sources. While 
parts of the bill were directed toward a cleaner environment, there was 
nothing that could possibly bring the nation much closer to energy 
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independence. The parochial bill did not acknowledge the global 
aspects of the problem. Any U.S. energy bill that is not related to the 
world’s energy problems makes little sense.

The Energy Independence and Security Act of 2007 is not much 
better. Biofuels get a welcome boost and research is expanded for solar, 
geothermal, and batteries, which makes a lot of sense. It expands the 
U.S. Department of Energy’s program for capturing and sequester-
ing carbon dioxide, which will waste a lot of time. The program is 
intended to expand the use of coal—not a good thing. Most of the bill 
is directed to conservation, which sets new fuel standards for autos 
and light trucks—Band-Aid, feel-good fixes that buy some time but 
will not prevent future economic disaster. Overall, the time lines are 
too long and the bill will do very little to take the country to energy 
independence or provide much security. We must insist on our gov-
ernment showing the American people how this legislation takes us to 
energy independence. It can’t. We need verifiable quantification with 
a definite timeline. Indeed we need a new bill in tune with U.S. and 
world energy realities.

If policymakers can’t save us, then Alaskan oil and new technolo-
gies will, right?

Alaskan Oil Will Save Us?

Does the public benefit from drilling in environmentally sensitive 
areas? Or do oil companies benefit the most? 

Most sources say the United 
States has about 20–23 billion bar-
rels of oil in reserves, down from 
100 billion barrels in 1973. Let’s say 
that drilling in the Arctic National 
Wildlife Refuge (ANWR) yields 
5 billion additional barrels, as 

reported by Joel K. Bourne in National Geographic. For perspective, 
5 billion barrels would be more than the present total oil reserves in 
Alaska (which total approximately 4 billion barrels) and only about 

U.S. drivers would blow the 

entire ANWR reserves out of their 

collective tailpipes in less  

than 8 months.
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20 percent of all U.S. reserves. If priced at $80 per barrel, then 5 bil-
lion barrels in ANWR would be worth $400 billion. This is a lot of 
money, and the oil seems like a big deal, but is it? U.S. drivers would 
blow the entire ANWR reserves out of their collective tailpipes in less 
than 8 months. And we haven’t discussed the obvious environmental 
damage to ANWR.

Here’s the simple truth: Drilling in ANWR, the National Petro-
leum Reserve in Alaska (NPRA), and the Beaufort Sea (that portion 
of the Arctic Ocean north of Alaska and of the Canadian territory of 
Yukon) is at best another Band-Aid solution. Recovering oil from these 
areas offers little relief and poses grave environmental harm. Drilling 
in the Beaufort Sea threatens waters teaming with plankton and krill, 
fundamental foods of life at the beginning of the food chain. A spill 
in the Beaufort Sea could result in a tragedy of epic proportions, a 
disaster that could make the 1989 spill of the Exxon Valdez, one of the 
world’s largest man-made environmental disasters, look trivial. Alas-
kan oil should remain in the ground—period. It solves nothing. It only 
adds to the bottom line of some oil companies and their shareholders.

Technology Will Solve the Problem?

Several technological advances could extend or increase oil reserves. 
These advances include deep-ocean drilling, directional drilling, seis-
mic analysis, new injection technologies, and recovering oil from oil 
sands and oil shale.

Deep-ocean drilling means going after oil about one-half mile or 
more beneath the ocean surface. Of course, there is always the pos-
sibility of a devastating oil spill or leak. However, deep-ocean drill-
ing becomes more attractive as the oil industry better learns how to 
find this oil. Analysts project that this expensive process will increase 
global oil reserves by about 5 percent. Great, but the world would gob-
ble up this oil and push it out our exhaust pipes in less than 2 years. 
But what if only the United States were to consume this oil? Then it 
would last a paltry 7 years—really not enough to make a difference. 
Seven years is shorter than the life of most cars.
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Directional drilling, a less expensive technique, more accurately 
guides the drill to where the oil is located. Advanced seismic techniques 
also better pinpoint where oil is located. These techniques can increase 
yields by 15 percent in some fields, but they also increase costs by about 
the same amount—a good buy as scarcity increases.

Injection methods “inject” water, natural gas, steam, nitrogen, or 
carbon dioxide into the drill shafts to “flush out” remaining oil. This 
technique increases the yield, but also increases costs by 50 percent or 
more. Also a good buy.

Recovering oil from oil sands, a complex and messy process, is eco-
nomical at the present price of oil. The cost is about $20–25 per bar-
rel. Alberta, Canada, has huge deposits of oil sands, which are mined 
using power shovels, then transported by huge trucks to processing 
plants. The costs for such plants are high, and utilities and investors 
are said to be reluctant to build plants for fear of oil prices falling 
dramatically or steadily to below production costs. Not a chance. Yet 
oil sands and oil shale are indispensable for the 30-year transition to 
clean, renewable energy sources.

The United States has huge deposits of oil shale. Actual recov-
erable oil could be from hundreds of billions of barrels to trillions 
of barrels. The costs of recovering oil from oil shale varies with the 
concentration of oil, but will be somewhat more expensive than recov-
ering oil from oil sands. Although estimates of cost vary greatly, I 
believe that a mature oil shale industry will be able to produce oil for 
$25–40 per barrel and could conceivably fall below $20 per barrel for 
the more concentrated deposits.

In short, the first 4 beneficial techniques do not provide much 
comfort since they extend oil supplies only a decade at most. Recov-
ering oil from oil sands and oil shale could help “bridge” the United 
States and the world to energy independence and renewable energy 
sources in 30 years, although we would continue to pay a high price 
in pollution. (See Chapter Fifteen for extended discussions of Cana-
dian oil sands and U.S. oil shale.) Of course, the faster U.S. firms and 
citizens convert to all-renewable sources, the less polluting oil we will 
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need from any source to bridge us. Conventional oil just won’t get the 
United States or the world to energy independence unless the trans-
formation takes less than 20 years. Since we all know such a 20-year 
transformation won’t happen for a number of reasons we can easily 
anticipate, we also learn how desperate the situation really is. With 
business as usual, it would take at least a decade to build the infra-
structure to recover oil from oil shale. Here again the situation is so 
pressing that we must move to a crash program.

Let’s turn now to the costs of fossil fuels.

THE REAL COSTS of FOSSIL FUELS

Fossil fuels appear “cheap” and efficient—or so the public has been 
led to believe. But fossil fuels become a lot more costly if you calculate 
the terribly high costs of pollution and damage to the environment, 
animals, and people. Most people don’t include the costs of radiation 
treatments and oxygen tents in their costs for gasoline, diesel fuel, 
heating oil, and electricity. But isn’t cancer caused by fossil fuel a cost? 
Isn’t contaminated food a cost? Isn’t acid rain a cost? Isn’t a mam-
moth defense budget directed in part at protecting oil flows a cost? 
One prominent source estimates that the cost of “securing access” to 
Middle Eastern oil costs the U.S. government $50 billion per year, 
independent of the $12 billion per month it costs to wage war in Iraq and 
Afghanistan [Institute for Analysis of Global Security, http://www.
iags.org/costofoil.html]. And the United States imports only about 
12 percent of its oil from the Middle East, where about 65 percent of 
global oil reserves are located.

If we start calculating costs this way—that is, if we calculate 
social costs—then it becomes clear that the price of “cheap energy” 
could cost us the future health of our planet, our economies, and 
our children. While we pay only 7¢–12¢ per kilowatt hour for elec-
tricity, the real cost of electricity to our planet, our health, and our 
prosperity is incalculable. 

Isn’t cancer caused by  

fossil fuel a cost?
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No matter what we do, we cannot get away from the high cost to 
the world of pollution caused by using fossil fuels. We can reduce such 
costs, but we cannot avoid them. Pollutants will always be released 
when burning fossil fuels—it’s basic chemistry. Nobody can change it. 
The fewer the pollutants we want, the greater the costs we’ll pay. The 
only certain way to avoid producing pollution and harming health and 
the environment is to quit burning all fossil fuels. Anything else is fos-
sil foolishness. For more on fossil fuel disasters and costs, see Chapter 
Two. For information on global warming, see Chapter Four.

BOTTOM LINE

During the next 30 years the world’s citizens and governments will 
begin feeling serious pain as they wrestle with increasingly grim aspects 
of the energy crisis, such as conflicts over resources and acute short-
ages of water, food, and fuel. Even if we double existing oil reserves, 
then the crisis still hits well within the lifetimes of most people alive 
today. If the “energy problem” sounds too abstract, then look into the 
eyes of a preschool child. Explain to him or her why nothing is being 
done and why life’s opportunities, as we know them, may not be there 
in the future.

I don’t want my children and grandchildren to face a bleak world 
of depleted fossil fuels and the pollution they cause. How about you?

q A transition to clean, renewable energy will be surprisingly 
affordable, but we must act now with all the resources 
we can bring to bear. The worst thing is to do nothing or 
delay. We no longer have the gift of time.

q Why on earth would we spend a staggering amount of 
money to keep fighting a battle we cannot win? We can’t 
defeat simple chemistry, and we can’t defeat depletion 
rates. We must abandon fossil fuels, not look for ways to 
extend their lives.

How? Read on.
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Fossil Fuel DisAsTeRs

The depletion of fossil fuels is a serious global and national problem, 
but that’s not all. Fossil fuels cause pollution disasters—there is no other 
term for it.

Although coal-burning power plants are by far the worst polluters in 
the United States and the world, the burning of fossil fuels from any 
source creates prodigious amounts of pollutants, including carbon diox-
ide (CO2), sulfur dioxide (SO2), nitrous oxide (N2O), and heavy met-
als, such as mercury. These impurities and carcinogens in coal go right 
up the smokestacks and down our throats into our lungs and bellies.

The burning of natural gas (methane) illustrates how burning a 
fossil fuel creates environmental 
and health disasters. Methane in 
combination with oxygen produces 
carbon dioxide, water, and heat 
when burned. This reaction tells 
us the precise amount of CO2 pro-
duced. Get this—for every pound 

For every pound of methane 

we burn, we also produce 2.75 

pounds of CO2. For every gallon 

of gasoline we burn, we produce 

about 17 pounds of CO2.
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of methane we burn, we also produce 2.75 pounds of CO2. For every 
gallon of gasoline we burn, we produce about 17 pounds of CO2. If 
you get only 17 miles per gallon, and many of you don’t do any better, 
then you produce about 1 pound of CO2 for every mile you drive. If 
you drive 15,000 miles per year, you pump 7.5 tons of CO2 out of your 
tailpipe annually. Now multiply this by the 250 million cars and light 
trucks on U.S. roads.

And let’s not forget global warming. Global warming is such a 
“hot” topic that I discuss it in a separate chapter. It is important to 
understand that global warming—no matter what kind of problem 
you think it is—is a mere symptom of the burning of fossil fuels, a 
symptom just like depletion, acid rain, ocean acidification, mercury 
poisoning, and the like. The main problem is the burning of fossil 
fuels, not global warming.

Reducing the use of fossil fuels is 
not good enough to prevent further 
destruction of the environment and 
human health. Any use means deple-
tion and pollution. Unless the world 

abandons fossil fuels completely, we will continue killing ourselves 
and others with pollution, particularly as out-of-control population 
growth drives demand and the use of fossil fuels. Further, the burning 
of fossil fuels prematurely kills people from asthma, heart disease, and 
lung disorders. Luis Cifuentes and other researchers at Carnegie Mel-
lon University in Pittsburgh studied the health effects of fossil-fuel 
pollution on death rates in 4 international cities: São Paulo, Brazil; 
Mexico City, Mexico; Santiago, Chile; and New York City, USA. The 
researchers estimate that more people are killed by air pollution than by 
auto accidents. Now that is a tangible fossil-fuel disaster.

Many countries established “quality standards” for air and water. 
The public must encourage such standards, but they represent a naïve 
long-term policy. A finger in a dike. Standards improve conditions by 
addressing symptoms, not the underlying disease. We simply cannot 
change the laws of chemistry—for every molecule of carbon, sulfur, 

More people are killed by air 

pollution than by auto accidents.
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and nitrogen we burn, we create toxic pollution.
Coal-fired power plants emit approximately 36 percent of U.S. 

carbon dioxide emissions, more than 60 percent of the sulfur diox-
ide, 23 percent of the nitrous oxide, and the majority of mercury 
poison. The burning of oil and gasoline contribute large amounts of 
carbon dioxide and other greenhouse gases. Pound for pound, the 
burning of natural gas produces almost 90 percent of the carbon 
dioxide produced by burning gasoline and 80 percent of the carbon 
dioxide produced by burning coal. So the allegedly “clean” fossil fuel 
is not so clean after all.

Pollutants are either directly released into the environment, or 
they are formed by subsequent chemical reactions. A direct-release 
pollutant—such as carbon dioxide, carbon monoxide, sulfur dioxide, 
nitrous oxide, and some metal vapors—is emitted directly from a given 
source and produced by burning coal and gasoline. A subsequent pollut-
ant is formed through a chemical reaction involving direct-release pol-
lutants. The formation of acidic oceans, acid rain, and photochemical 
ozone/smog are important examples of subsequent pollution.

Besides global warming—which could cost us the future of our 
children and our planet—other reasons compel us to kick the fossil 
fuel habit.

q Ocean acidification—harming ocean ecosystems
q Acid rain—killing forests and damaging property
q Smog and ground-level ozone—causing respiratory 

problems
q Mercury—harming humans and animals
q Death tolls

GROWING ACIDITY of the WORLD’S OCEANS

Global cost: Trillions of dollars annually—destruction of the ocean ecosys-
tems and food chains. Risk: Are we willing to bet the planet’s health and say 
goodbye to coral reefs?
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Fossil-fuel emissions from coal-burning power plants and gasoline-
powered automobiles make oceans and waterways more acidic. The 
gases dissolve in water to form acidic water and acid rain. Some scien-
tists and policymakers interviewed by Juliet Eilperin of the Washington 
Post believe that acidification of the world’s oceans could be the most 
pressing environmental threat facing earth. Noted expert Thomas E. 
Lovejoy rewrote a paperback edition of Climate Change and Biodiversity 
to highlight the threat of ocean acidification. “It’s the single most pro-
found environmental change I’ve learned about in my entire career,” he 
said. Scientists warn that by the end of this century, the rising acidity 
of oceans could destroy the world’s coral reefs and the creatures that 
underpin the sea’s food chain. The problem is global and chronic. 
“What we do in the next decade will affect our oceans for millions of 
years,” says Ken Caldeira, a chemical oceanographer at Stanford Uni-
versity. “CO2 levels are going up extremely rapidly, and it’s overwhelm-
ing our marine systems.” Some ocean organisms probably lack the 
ability to adapt. Others can form only thin shells and weak skeletons.

This alone is reason enough to eliminate the use of fossil fuels 
immediately. Its consequences for oceans are certainly as serious as 
some predict for global warming. And the effects of fossil fuels on 
oceans is more easily studied, measured, and proven. But what is 
actually getting done?

Congressional Representative Jay 
Inslee (D-Washington) declares acidic 
oceans have become “an absolute time 
bomb that’s gone off both in the sci-
entific community and, ultimately, in 
our public policy making.” Inslee, after 

receiving a 2-hour briefing on ocean acidity in May 2006 with several 
other House members, said, “It’s another example of when you put 
gigatons of carbon dioxide into the atmosphere you have these results 
none of us would have predicted.”

John Pickrell of National Geographic News, reporting on two stud-
ies co-authored by Christopher Sabine, a geophysicist with the 

“What we do in the next decade 

will affect our oceans for 

millions of years.”

Shuster_BOOK_2nd.indb   34 7/15/08   9:52:23 PM



r u n n i n g h e a d e r

35

fos s i l  fu e l  d i s a s t e r s

National Oceanic and Atmospheric Administration, states that 
“Around half of all carbon dioxide produced by humans since the 
industrial revolution has dissolved into the world’s oceans—with 
adverse effects for marine life.” Greenhouse gases absorbed by oceans 
“are now changing ocean chemistry. The resulting change has slowed 
the growth of plankton, corals, and other invertebrates that serve as 
the most basic level of the ocean food chain. The impacts on marine 
life could be severe, scientists say.” Sabine declares, “The oceans are 
performing a great service to humankind by removing this carbon 
dioxide from the atmosphere… The problem is that this service has 
potential consequences for the biology and ecosystem structure of the 
oceans.” Recent articles by Sean Markey and Scott Norris estimate 
that ocean acidity has risen by 30 percent over the last 150 years, thus 
relieving somewhat the threat of CO2-caused global warming, but 
greatly harming ocean ecosystems and food chains. 

Hmmm, perhaps as some have 
suggested we can improve air qual-
ity by pumping more CO2 into 
the oceans. Oops—this troubling 
suggestion could lead to another 
case of unintended consequences. 
Clean the air by fouling the oceans? I don’t think marine life would 
like it.

Although some well-qualified scientists question how rapidly or 
dramatically oceans will become more acidic, almost all scientists 
acknowledge that this phenomenon is easier to measure and model 
than global warming. Accurate measurements are possible, including 
measurements unique to specific locations. Stanford University marine 
biologists conclude that some coral reefs are “dissolving.” Chemical 
oceanographer Ken Caldeira declares that “by the end of the century, 
no water will be as alkaline [salty] as where they [coral reefs] live now.” 
If CO2 emissions continue at their current levels, “It’s say goodbye to 
coral reefs,” said Caldeira. This is a clear, undeniable, measurable con-
sequence of using fossil fuels.

Ocean acidification is “the single 

most profound environmental 

change I’ve learned about in my 

entire career.”
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ACID RAIN

Global cost: Trillions of dollars annually—destruction of countless plant and 
animal species, buildings, and art treasures. Risk: Are we willing to alter the 
natural and human landscapes of the planet and turn water into lemon juice?

Sulfur dioxide (SO2), nitrous oxide (N2O), and other emissions 
from power plants—particularly coal-fired power plants—combine 
with water in the atmosphere to form acids that blow with the winds 
and fall to earth as rain, snow, sleet, hail, and fog. Acid precipitation, 
called acid rain, can be as acidic as lemon juice. Scientists measure 
acidity on a pH scale: 1 (highly acidic) to 7 (neutral) to 14 (highly 
alkaline). Rain is normally slightly acidic, with a pH of about 5.6, yet 
acid rain usually has a pH of 4 or 5, but can be lower. Acid rain causes 

massive and incalculably expensive damage 
to bridges, buildings, monuments, and for-
ests, and it turns lakes and streams more 
acidic (lower pH), often killing all fish. Its 
effects are broad and diverse:

q Acid-sensitive streams in New York’s Catskill and 
Adirondack Mountains are becoming too acidic to support 
a diversity of life.

q Acid-sensitive lakes in New York, Canada, southern 
Norway, and Sweden cannot support important groups of 
insects, fish, frogs, toads, amphibians, and aquatic plants, 
which cannot survive and reproduce. As these species die 
or migrate, larger animals that rely on them also suffer. 
These animals include waterfowl and otters.

q Atlantic salmon populations will continue to decline in 
Nova Scotia.

q Reductions in fish diversity will persist in northwest 
Pennsylvania.

q There will be a continued decline in vigor of red spruce 
and sugar maple throughout the eastern United States 
and Canada.

Acid rain can be as 

acidic as lemon juice.
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The Trail of Destruction

During the 1970s approximately 30 million tons of sulfur dioxide 
and 25 million tons of nitrous oxide were emitted into U.S. air each 
year. In the mid-1980s, Canada, Norway, and Sweden each declared 
acid rain their most serious environmental problem. By 1996 only 
about 20 million tons of SO2 were emitted annually in the United 
States, but the emission of nitrogen oxides did not change. U.S. power 
plants still spew about 10 billion gallons of acid into the air every year. 
If distributed evenly over the entire area of the United States, then 
the 10 billion gallons amount to about 5 gallons per acre per year, 
but it doesn’t work that way. The South and Midwest in the United 
States have the largest number of coal-fired power plants, but they 
escape the worst acid-rain damage, because winds carry this acid rain 
and dump it on the eastern coast of the United States and Canada. 
In some parts of the world the concentrations get very high. Want to 
know where? Just follow the trails of damage, disease, and death. In 
the United States, follow the trucks of contractors repairing damage, 
worth about $2 billion per year, to buildings and stone structures. In 
the Black Forest region of Germany, look for the dead trees. In Nor-
way, follow the smell of dead fish. In Italy, follow the trail of marble 
statues adorned with bumps where noses and ears should be.

German forests are dying. In 1985, observers noted damage to 
over 85 percent of silver firs, about 60 percent of pines, and over 50 
percent of spruces, oaks, and birches. The problem gets worse each 
year. Unofficial estimates put the cost of the damage at approximately 
$10 billion per year. Similar damage affects the forests of France, Swe-
den, Norway, the Czech Republic, Slovakia, Poland, Hungary, and 
Russia. The loss of these trees severely reduces the CO2 absorbed by 
European forests, thus adding greatly to the CO2 problem.

Forest damage is not confined to Europe. A study by scientists 
at the University of Vermont demonstrates that half of the spruce 
trees in the Camel’s Hump area of Vermont’s Green Mountains died 
between 1965 and 1981. Canada’s $20-billion-per-year forest industry 
has also been damaged by acid rain.
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Acid rain washes into rivers and streams, killing small aquatic 
organisms at the base of the food chain. As acidity increases, larger 
and larger fish die. The U.S. Office of Technology Assessment esti-
mates that approximately 17,000 lakes and 112,000 miles of streams 
in the United States have been damaged by acidification. Canadian 
officials estimate that about 20 percent of the 50,000 lakes in eastern 
Canada have already acidified to threatening levels.

The Height of Folly

To solve the problem of increasingly high concentrations of dan-
gerous sulfur dioxide in cities, utility companies and coal-burning 
industries built ever-taller smokestacks to carry pollutants higher 
aloft and downwind to the less populated countryside. How generous. 
“Dilution is the solution to pollution” became the mantra. Engineers 
confronted a dilemma: How to provide more energy and reduce urban 
pollution levels while using polluting fuels? The following on smoke-
stacks comes from Robert Morris’ fine book The Environmental Case 
for Nuclear Power (Paragon House, 2000).

By 1981, 179 U.S. smokestacks stood over 490 feet in height. 
Twenty towered at least 980 feet. Industries in England, Germany, 
and other European countries also resorted to tall smokestacks. Sul-
fur dioxide levels dropped near the smokestacks. In industrialized 
Manchester, England, engineers reduced winter smoke levels by 90 
percent and dropped sulfur dioxide levels by two-thirds, thereby dou-
bling winter sunshine hours and cutting the death rate from bronchi-
tis by half between 1956 and 1987.

Engineers had scarcely finished celebrating when data on down-
wind pollution began pouring in. The practice shared and distributed 
pollution, but it did not eliminate it. Sulfur dioxide produced by coal-
burning power plants in Ohio, Indiana, Illinois, Pennsylvania, and 
West Virginia falls on eastern Canada. Acid rain from these states 
falls in the northeastern United States.
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SMOG and GROUND-LEVEL OZONE

Global cost: Billions of dollars annually—human health problems and death, 
and crop losses. Risk: Are we willing to make gas masks and surgical masks 
every-day attire as we turn the very air we breathe into an atmospheric cess-
pool? Any cures yet for heart disease, lung cancer, emphysema, bronchitis, or 
asthma?

The word smog—a combination of smoke and fog—was coined in 
London in 1905, but the problem has been around for much longer. 
Because of smoke and smog, London was once known as “The Smoke;” 
Edinburgh, as “Auld Reeky.” Chinese cities are now earning similar 
nicknames. Consider Handan, as described by Joseph Kahn and Mark 
Landler in the New York Times in 2007.

Residents of Handan live in a miasma of dust and smoke 
that environmental authorities acknowledge contains 
numerous carcinogens. After public protests, the com-
pany [Hangang Steel] agreed to pay an annual “pollution 
fee” to compensate some neighbors…. Tian Lanxiu claims 
“Hangang knocks 10 years off people’s lives…” Airborne 
concentrations of sulfur and benzopyrene, a byproduct of 
coking [and steel-making] [are] 100 times the levels mea-
sured in London.

Classic smog results mostly from burning coal. Smog is worst 
during hot summer weather. Pho-
tochemical smog, a very bad sec-
ondary pollutant, results from a 
reaction of sunlight and various 
toxic emissions, arising primarily 
from burning fossil fuels. Natural 
events, such as erupting volcanoes 
and long-burning forest fires, also 
cause smog.

Some smog is created from 
nitrous oxides and volatile organic 

Smog burns your eyes and lungs, 

inflames breathing passages, 

decreases lung capacity, causes 

shortness of breath, induces  

wheezing and coughing, dries out 

the membranes of the nose and  

throat, causes pain when inhaling, 

and interferes with the body’s  

ability to fight infection.
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compounds (VOCs) released by motor vehicles and coal-burning 
power plants. VOC vapors can also be released from many other 
sources, including raw gasoline, alcohol, paints, solvents, pesticides, 
acetone, and benzene. Vapors also rise from, for example, formalde-
hyde (used in various building materials) and perchlorethlene (one of 
the world’s worst carcinogens, used in dry cleaning clothes).

Wind-borne smog affects rural areas, but smog primarily affects 
cities, especially cities in geologic basins encircled by hills or moun-
tains. Some of the great cities of the world—London, Los Angeles, 
Mexico City, Houston, Toronto, Athens, Beijing, and Hong Kong—
have experienced dangerous levels of smog, even killer smog. In 1952, 
smog killed over 12,000 people in London. London has partially solved 
this problem by curtailing the burning of coal and by permitting the 
use of smokeless fuels only. However, smog caused by traffic pollution 
occurs today in London. In some Chinese cities people have trouble 
seeing across the street through dense smog and the tears in their 
burning eyes. Mexico City suffers terribly from smog and air pollu-
tion, because it is located in a geographic bowl of sorts. In a span of 30 
years, the city’s very clean air became among the worst-polluted in the 
world. Nitrous oxide concentrations in Mexico City are 2–3 times 
higher than recommended by international health standards.

Smog burns your eyes and lungs, inflames breathing passages, 
decreases lung capacity, causes shortness of breath, induces wheez-

ing and coughing, dries out the mem-
branes of the nose and throat, causes 
pain when inhaling, and interferes 
with the body’s ability to fight infec-
tion. It causes long-term health prob-

lems, particularly for senior citizens, children, and those with heart 
and lung conditions such as emphysema, bronchitis, and asthma.

The natural ozone layer in the stratosphere shields the earth from 
harmful ultraviolet rays. Ground-level ozone, a powerful secondary 
pollutant and respiratory irritant, results from the reaction of ultra-
violet light and some primary pollutants emitted by the burning of 

In 1952, smog killed over 

12,000 people in London. 
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coal. Ground-level ozone triggers more than 6 million asthma attacks 
each year, destroys about 7 percent of U.S. agricultural production, 
and kills trees and plants. Ground-level ozone also interferes with 
the ability of plants to produce and store starch, thus weakening the 
plants, reducing their growth rates, and making them more suscepti-
ble to insects, disease, and other environmental stresses. Cutting pres-
ent ozone concentrations in half would save $2 billion worth of crops 
per year in the United States.

MERCURY

Global cost: Trillions of dollars annually—brain damage in fetuses and infants, 
severe health threats to humans, mercury-laden fish unfit to eat. Risk: Are we 
willing to continue to foul air and water permanently while also threatening 
fetuses and newborns in the name of comfort and economic growth when we 
don’t have to?

Coal-burning power plants are the largest sources of acid rain and 
human-caused mercury emissions. When coal burns, mercury and other 
heavy metals vaporize into the environment. Wind, rivers, and oceans 
then transport the poisons around the globe, often traveling thousands 
of miles from where they are emitted. The mercury then ends up in 
the tissue of plants, animals, and humans. Mercury entering the atmo-
sphere in Texas, Togo, or Turkmenistan could end up in the brain of a 
child in Nebraska, Nepal, or anywhere else in the world. Mercury is a 
particularly sinister pollutant because you cannot see or smell it, and it 
does not break down.

Acid rain may aggravate the mercury problem. High acidity in 
rivers, lakes, and streams appears to trigger releases of mercury from 
soils and sediments and the con-
version of elemental mercury to 
a more dangerous compound of 
mercury—methyl mercury.

One drop of mercury can 

contaminate a 25-acre lake and 

make its fish unfit to eat.
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Unless control technologies are widely deployed and alternative 
energy sources introduced, mercury emissions will increase as the 
burning of fossil fuels increases to meet the rising energy and indus-
trial demands of developing and developed nations. The United 
Nations Environmental Program (UNEP) in 2003 reported the con-
clusions of an international team of experts: Coal-fired power plants 
and waste incinerators now annually produce about 1500 tons (70 per-
cent) worldwide of new, human-generated mercury emissions. Devel-
oping countries produce the majority of these emissions; over half 
(860 tons) comes from Asia. According to the U.S. Environmental 
Protection Agency in 2005, U.S. power plants annually spew 50 tons 
or more of mercury. However, just one drop of mercury can contami-
nate a 25-acre lake and make its fish unfit to eat.

Bacteria in streams and lakes convert elemental mercury, the metal 
in thermometers, to methyl mercury, a dangerous neurotoxin. It is 
ingested by small marine life, which are eaten by small fish, which are 
then eaten by progressively larger fish. Throughout the food chain the 
level of methyl mercury becomes more concentrated. Since mercury 
bonds strongly to protein, it is neither broken down nor easily elimi-
nated. The concentration of methyl mercury in large fish can be over 
a million times higher than the water in which they lived. As birds, 
land animals, and humans eat the fish, the concentrations of mercury 
become more potent. Ingested methyl mercury travels freely through-
out the body and can cross the blood-brain barrier.

Mercury can cause damage to brain, heart, lungs, kidney, thy-
roid glands, digestive system, liver, reproductive organs, nerves, mus-
cles, and skin. Mercury also kills and causes insanity. For example, 
hatters in England, who used mercury to shape hats, often became 
insane. Their sad experience gives rise to the phrase “mad as a hat-
ter” and to the character “The Mad Hatter” in Alice in Wonderland. 
In adults methyl mercury poisoning is associated with an increased 
risk of heart attacks. Effects on the brain can include irritability, 
tremors, harm to vision, memory loss, and impaired concentration. 
Some researchers suspect that mercury exposure plays a role in the 
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development of Parkinson’s disease, multiple sclerosis, Alzheimer’s 
disease, and autism.

Methyl mercury’s favorite targets are unborn babies and young 
people. It destroys their brains. This is why pregnant women should 
not eat fish. Methyl mercury is particularly dangerous to the nervous 
systems of fetuses and their still-forming brains. Affected children 
have slower reflexes, difficulty in learning, and shorter attention 
spans.

P. Bolger and B. Schwetz report in the New England Journal of Medi-
cine that 7–8 percent of pregnant women have more methyl mercury in 
their bodies than doctors recommend. 
According to Jennifer Lee of the New 
York Times, the U.S. Environmen-
tal Protection Agency estimates that 
about 630,000 babies born each year 
in the United States could be at risk 
of brain damage from mercury poi-
soning. The U.S. Centers for Disease 
Control and Prevention put the number of at-risk babies in the United 
States at about 300,000. Globally, the number could run into the mil-
lions. In northern Greenland, where people eat a lot of fish, 16 percent 
of the population has toxic levels of mercury in their blood. Could 
this be the reason the world has increasing needs for special education 
classes? Suspicious coincidence?

What Can We Eat and How Much?

Predatory fish at the top of the food chain are generally more con-
taminated. These include oceanic and freshwater fish such as barra-
cuda, burbot, eel, king mackerel, marlin, perch, pike, scabbard, shark, 
swordfish, tuna, and walleye. In southern and central Finland, an  
estimated 85 percent of pike weighing 2 pounds or more have methyl 
mercury concentrations that exceed international health limits. In 
Sweden, 60 percent of the approximately 100,000 lakes have pike 
with mercury levels that exceed international health standards.

Methyl mercury’s favorite 

targets are unborn babies and 

young people. It destroys their 

brains. This is why pregnant 

women should not eat fish.
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The U.S. Geological Survey Factsheet, #146–00 (October 2000) says 
that the steadily increasing number and geographic extent of state advi-
sories against the consumption of fish because of mercury contamina-
tion has raised the awareness of the widespread nature of the mercury 
hazard. Fish consumption advisories for methyl mercury now account 
for more than three-quarters of all fish consumption advisories in the 
United States. Forty states have issued advisories for methyl mercury 
on selected water bodies, and 13 states have statewide advisories for 
some or all sport fish from rivers or lakes. Coastal areas along the Gulf 
of Mexico, Maine, and the Atlantic Ocean from Florida to North Car-
olina are under advisories for methyl mercury for certain fish.

Risks to Wildlife

Wildlife that eat fish risk contaminating themselves—they can’t 
read the advisories.

In Wisconsin, loons lay fewer eggs when the eggs contain mercury 
in excess of concentrations that are toxic in laboratory studies. In part 
of the Everglades, the behavior of juvenile great egrets is affected if 
they ingest mercury in excess. Biochemical analyses show that mer-
cury adversely affects diving ducks from the San Francisco Bay area, 
herons and egrets from Nevada’s Carson River, and heron embryos 
from colonies along the Mississippi River. Studies with mallards, great 
egrets, and other aquatic birds also show harm following exposure to 
mercury.

Other contaminants also affect the toxicity of mercury. Methyl 
mercury can be more harmful to bird embryos when selenium, another 
potentially toxic element, is present in the diet.

Mercury Worldwide

The UNEP (2003) reports that the global threat from mercury 
to humans and wildlife has not diminished, despite reductions in 
mercury emissions in the economically advanced countries, because 
discharges from developing countries are rising rapidly. In some 
locales the problems are worsening as demand for energy rises.
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OTHER NASTY STUFF

The burning of coal annually dumps into the atmosphere at least 
1000 tons each of beryllium, manganese, selenium, and nickel, and 
smaller amounts of lead, arsenic, cadmium, and asbestos. Does it sur-
prise you that coal-burning power plants 
release much more radioactivity per day 
than nuclear power plants do? Yep, it’s true. 
Consider this striking quotation from Rob-
ert Morris’ fine book The Environmental 
Case for Nuclear Power, page 45: “Coal ashes 
are roughly 180 times more radioactive than 
the level permissible for nuclear power plants.” Morris further quotes 
Walter Marshall, chairman of the United Kingdom’s Central Elec-
tricity Generating Board (CEGB):

I have to inform you that yesterday the C.E.G.B. released 
about 300 kilograms (660 pounds) of radioactive uranium, 
together with all of its radioactive decay products, into the 
environment. Furthermore we released some 300 kilo-
grams of uranium the day before that. We shall be releas-
ing the same amount of uranium today, and we plan to do 
the same tomorrow. In fact, we do it every day of every year 
so long as we burn coal in our power stations. And we do 
not call that ‘radioactive waste’. We call it coal ash.

FOSSIL FUELS as MASS MURDERERS

Each year, approximately 50,000 Americans die from pollution caused 
by burning fossil fuels. Studies from Abt Associates—partially funded 
by the U.S. EPA and the Clean Air Task Force—report that about 
24,000 of these deaths are attributable to pollution from fossil-fuel 
power plants. It seems clear to analysts that the other half died from 
auto emissions. Around the world, at least 2 million people per year 

Coal-burning power 

plants release much more 

radioactivity per day than 

nuclear power plants.
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die from fossil-fuel pollution, particularly coal. According to Robert 
Morris’ book (pages 4–5),

The combustion of coal and oil derivatives produces sul-
fur dioxide, carbon monoxide, mercury and other heavy 
metals, airborne ash, nitrogen oxide, poisonous radia-
tion, and many cancer causing substances. When these 
dangerous air pollutants, even at relatively low levels, are 
breathed over a long period of time, they add to the death 
toll claimed by bronchitis, emphysema, lung cancer and 
heart disease.

Notice CO2 does not appear on Morris’ list of “serious” polluting 
substances.

Let’s look carefully at the “death toll” by considering chronologi-
cally the following “crime reports” from around the world:

q Earth Policy Institute (B. Fischlowitz-Roberts, September 
17, 2002)—“Air Pollution Fatalities Now Exceed Traffic 
Fatalities by 3 to 1.” Reports from the World Health 
Organization (WHO) confirm that 3 million people in 
the world die each year from the effects of air pollution. 

This is 3 times the 1 million 
killed each year in automobile 
accidents. A study published 
by N. Künzli and colleagues in 
The Lancet, an esteemed British 
medical journal, concludes that 
air pollution in France, Austria, 
and Switzerland caused more 

than 40,000 deaths annually in those countries. About 
half of these deaths are traceable to air pollution emitted 
from vehicles. In the United States, annual traffic fatalities 
total over 40,000, while air pollution claims at least 50,000 
lives. U.S. air pollution deaths equal deaths from breast cancer 
and prostate cancer combined.

The fact that air-pollution fatalities 

substantially exceed traffic 

fatalities worldwide demands a 

broad redefinition of “auto safety” 

to include decreasing air pollution.
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The fact that air-pollution fatalities substantially exceed traffic 
fatalities worldwide demands a broad redefinition of “auto safety” to 
include decreasing air pollution. While only some motorists contribute 
to traffic fatalities, all motorists contribute to air pollution fatalities.

q World Health Organization (Ezzati et al., 2004; Ostro, 
2004; Krzyzanowski, 2007)—Air pollution in urban 
areas contributes to the death of 1.5 million people in Asia 
every year. Pollution-caused diseases are among the most 
debilitating and painful—aggravated asthma, bronchitis, 
emphysema, lung and heart disease, and respiratory 
allergies.

These problems will accelerate as urban populations grow rapidly 
in coming decades.

q U.S. Environmental Protection Agency, (study prepared by 
Abt Associates and reported by J.R. Pegg in 2004)—The 
EPA’s air quality consultants, using standard EPA 
methodology, found that:
• Pollution from power plants cuts short the lives of nearly 

24,000 Americans nationwide every year. Those 24,000 
Americans die an average of 14 years early. Lung cancer 
causes 2800 of those deaths annually.
• Power-plant pollution causes 38,200 non-fatal heart 

attacks per year.
q BBC News (July 2004)—“Polluted air from America could 

be damaging the health of people in Britain, experts fear.”

Here is a clear demonstration of the global scope of pollution and 
the need for a global solution. One attempt at the solution, the Kyoto 
Protocol, is laughably feeble and is, at best, only a Band-Aid on a gap-
ing wound.

q BBC News (February 2005)—“Air pollution [in Europe] 
is responsible for 310,000 premature deaths each year,” 
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according to a study by the European Commission. The 
study further states that pollution-related illnesses cost 
the European economy more than 80 billion Euros ($100 
billion U.S.) per year.

q The Metro West Daily News [Framington, Massachusetts], 
(J. Brodkin, February 23, 2005)—“Diesel pollution 
is responsible for more deaths than drunk drivers and 
homicides, according to a new study that estimates how 
many premature deaths, asthma attacks and heart attacks 
are caused by diesel pollution in every U.S. County.”

q BBC News (April 2005)—“The European Union could save 
161 billion Euros [$200 billion U.S.] a year by reducing 
deaths by air pollution.” According to the World Health 
Organization (WHO), the major contributors to air 
pollution are fossil-fuel-burning engines and the use of fossil 
fuels to heat and cool homes.

The “sticker price” we pay for fossil fuels is minute compared to the 
“real” cost in death, disease, and destruction. Consumers “subsidize” fos-
sil-fuel industries by paying out of their pocket the costs for healthcare 
and military security. These costs are necessary in part because of the 
fossil-fuel industries’ products and processes. We subsidize fossil fuels 
with a portion of our lives: an average of 6–12 months for each of us 
when figuring the 3 million premature deaths each year from airborne 
pollution. We also subsidize fossil fuels by the costs we pay—and our 

children and grandchildren will 
pay—for health, security, and envi-
ronmental devastation. You never 
thought of the defense budget and 
your cancer treatments as energy 
subsidies, did you?

The “sticker price” we pay for  

fossil fuels is minute compared to 

the “real” cost in death, disease, 

and destruction.

Shuster_BOOK_2nd.indb   48 7/15/08   9:52:24 PM



r u n n i n g h e a d e r

49

fos s i l  fu e l  d i s a s t e r s

REGULATION IS NO REMEDY

Regulatory groups in the United States try to muzzle pollution-
belching, coal-fired, electricity-producing plants. Yet regulation and 
enforcement are often lax. The utilities clearly understand that hefty 
campaign contributions can produce legislation that lets them literally 
get away with killing people. Further, as long as regulatory fines cost 
less than the profits reaped, then firms will pay the fines as a cost of 
business. Utilities just want to keep costs down, but low costs often 
mean high death rates.

In the last 30 years, the U.S. Congress, individual U.S. states, and 
some European countries enacted clean air standards to strengthen the 
regulation of air pollution. These standards set numerical limits on the 
concentration of some air pollutants and create reporting mechanisms. 
This is good, but not nearly good enough—again, like a finger in a dike. 
Pollution marches on, but at a slower pace.

Yes, scrubbers and other devices in coal-fired plants have lessened 
some pollutants, and some new plants greatly reduced the volume and 
number of pollutants released into the atmosphere. Yet many utili-
ties chose to expand some existing plants rather than build new ones, 
because the old plants were not required to conform to the same strict 
regulations imposed on new ones. Why don’t regulations apply to all 
plants, old and new? Forget complex answers to this question—I say 
follow the money.

BOTTOM LINE

Savings in healthcare costs alone can fully support the transition to a 
clean, renewable, eternal energy future. Now add the cost of fish killed 
by ocean acidification, forests destroyed by acid rain, and other fossil-
fuel-caused calamities, and I guarantee that the transition will cost the 
U.S. public nothing. In fact, I will bet on it—any takers? The hard 
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money cost/benefit ratio makes the transition even more painless. See 
Energy Independence (Chapter Sixteen) for details.

q There is absolutely no way to combat the many fossil 
fuel disasters, except to abandon the cause, fossil fuels 
themselves. The situation is desperate since many of the 
problems can become chronic or irreversible. We have the 
technology and the money to correct these problems, but I 
honestly don’t know if we have the time.

q Forget quick fixes. Forget fix-it-up schemes. We need to 
use the fundamental solutions already available. We know 
what they are, and we can easily afford them. Awareness, 
new ideas, inventions, advocacy, and political will are 
essential. Time is running out.

q Lots of numbers here, but the message is clear and 
unavoidable. We must get going toward a comprehensive 
solution.

Note:  Much of the data and statistics on energy matters are in 
conflict. The data sometimes is vastly different, often from the same 
source. Presented with conflicting data, one must dig deeper to deter-
mine which numbers make the most sense, a very time-consuming 
exercise. Some differences can be attributed to data from different 
years and assumptions made in constructing the data. Still, some ana-
lysts seem to have pulled numbers out of thin air.
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PoPulATioN

Population growth is the single greatest reason for the accelerating 
depletion of raw materials, is the single greatest cause of increased 
energy use, and is the most formidable challenge in the world’s quest 
to clean up the environment. The present global population growth 
rate makes it practically impossible to manage world health, food 
supplies, pollution, and poverty. Population growth and subsequent 
pressure on resources will certainly trigger violence and “resource 
wars” over scarce water, oil, arable land, timber, and the like. The 
magnitude of the problem should terrify us.

You think China has a lot of 
people? Consider this: If the world 
continues reproducing as predicted, 
then global population will add 
the equivalent of 2.5 more Chinas 
in the next 30 years. The pressure 
on all resources will be staggering. 
Many natural resources will simply 

The present global population 

growth rate makes it practically 

impossible to manage world health, 

food supplies, pollution,  

and poverty.
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run out. Other resources, such as food, will continue on a downward 
spiral as land and sea resources are depleted or destroyed.

World population in March 2008 was approximately 6.65 billion. 
How fast will the population grow? As one of many sources declared, 
such numbers are “not uncontroversial.” I’m saying about 9.5 billion in 
30 years. The global growth rate from 1975–2006 was about 1.5 per-
cent annually, in spite of the many people around the globe who died 
of AIDS, other diseases, and wars. Recent U.S. population growth 
has been almost 1.25 percent annually.

Let’s say that population growth slows, as many predict. The cur-
rent global population of 6.65 billion at a growth rate of 1.25 percent 
over 30 years yields a global population of 9.65 billion in 2038. Now 
let’s take the U.N.’s estimate that the current population growth rate 
is 1.15 percent annually. Over 30 years that still yields a worldwide 
population of 9.4 billion. So let’s just say 9.5 billion.

Other projections predict faster or slower rates of growth, but they 
still anticipate continued substantial growth in population totals. A 
slower rate of growth merely means it will take longer to get to 10 bil-
lion people. Still, almost all credible projections predict 9–10 billion 
people by 2050 at the latest. When all is said and done, does it really 
matter if the world hits the 10 billion mark in 2055 rather than 2040 
or 2045? By any measure population growth is out of control.

An increasing population demands increasing amounts of energy 
and fossil fuels. That means the resources will deplete more quickly 
and the pollution will pile up faster.

POPULATION DEMOGRAPHICS

According to the Population Institute and other sources, more than 
80 percent of the world’s population live in developing countries, and 
40 percent of those are children and teenagers either coming into or 
in their prime reproducing years. Many of these people live in poverty. 
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Nearly 4 out of 5 people in the world are considered poor, existing on 
less then $10 per day. Half of India’s population of almost 1 billion 
lives on less than $1 per day. Their current poverty means they do not 
yet consume many resources per person. Yet that is exactly what they 
will do as economic development and industrialization occur in those 
countries. In contrast, population growth in the world’s richest coun-
tries, excluding the United States, is near zero.

Many countries are trying to curb their population growth. China 
has a one-child-per-couple policy, with tough penalties for violators. 
However, population growth in China is still substantial. Accord-
ing to Alan Weisman in The World Without Us, as reported by Jerry 
Adler in Newsweek, if each couple in the world were limited to 1 child, 
then the world population would stabilize at 1.6 billion by the end of 
the century, where it was in 1900. India’s population will likely grow 
between 1.45 and 1.8 percent per year from an already large, young 
population base. India and many other countries are already running 
out of natural resources due to population pressures. Water is a huge 
problem, crop harvests are down, and wood fuel is disappearing. For-
ests are cut to make way for food, and many countries that had been 
exporters of food are now importers.

Not only is the population growing in China, India, and else-
where, but so are people’s appetites for meat, private cars, and a better 
way of life. These changing appetites, tastes, and preferences in turn 
cause people to use more water, oil, and coal, to cut down more trees, 
and to dump more waste. Who can blame them—they work hard, 
and in some ways they are trying to emulate the “American dream” of 
years past.

Historical Growth in World’s Population

The world’s population is growing exponentially.
1800—The world’s population reached 1 billion
1930—130 years later: 2 billion
1960—30 years later: 3 billion
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1975—15 years later: 4 billion
1987—12 years later: 5 billion
1998—11 years later: 6 billion
2007—9 years later:  approximately 6.6 billion

Population Growth Varies

Population growth rates vary for several reasons (see Figure 3.1).
q The status and education of women in a given society: 

Population growth rates are low in advanced countries, 
while high in countries where women have low status and 
poor education.

q Lack of financial security for old age: Couples have more 
children to support them, and children are an economic 
asset in some societies.

q Availability of family planning services.
q Access to contraception.

Low population growth rates come with education and advanced 
societies. Mass education programs would be hugely helpful. Yet wide-
spread education and social advancement may take centuries, unless 
countries have adequate clean energy to grow and prosper. That situ-
ation is very unlikely with the current population explosion and even 
less likely since prosperous countries have a serious energy problem 
themselves. Modern wealthy countries could start by providing at 
least adequate electrical energy to poor countries. This would be a 
good investment that wealthy countries can afford—helping others to 
help themselves. A higher standard of living and education produces 
better population control.
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Figure 3.1. The 15 Most Populous Countries in 2008 and 
Their Annual Population Growth Rates

Country Population
2008

Annual Population 
Growth Rate* (Percent)

Estimated  
Population 2038

1 China 1,300,000,000 0.69 1,600,000,000

2 India 1,100,000,000 1.45 1,700,000,000

3 United States 300,000,000 0.90 390,000,000

4 Indonesia 242,000,000 1.57 386,000,000

5 Brazil 186,000,000 1.06 255,000,000

6 Pakistan 162,000,000 2.17 308,000,000

7 Bangladesh 144,000,000 1.85 250,000,000

8 Russia 143,000,000 -0.37 120,000,000

9 Nigeria 129,000,000 2.37 260,000,000

10 Japan 127,000,000 0.05 129,000,000

11 Mexico 106,000,000 1.17 150,000,000

12 Philippines 88,000,000 1.84 152,000,000

13 Vietnam 84,000,000 1.04 115,000,000

14 Germany 82,000,000 0.00 82,000,000

15 Egypt 78,000,000 1.78 132,000,000

Rest of World 2,379,000,000 1.27 3,471,000,000

World 6,650,000,000 1.25 9,500,000,000

* Growth rates vary greatly. Sources don’t agree in detail, but all are comparable.

HOW POPULATION GROWTH WILL AFFECT 
WORLDWIDE ENERGY USE

As population grows, both depletion and pollution will accelerate 
proportionately, especially if individuals and industries continue to 
burn fossil fuels, particularly coal. In fact, I believe if there is a global 
environmental tipping point so many have warned about, then it 
could happen as a result of the increased use of fossil fuels arising 
from predicted population growth. Devastation discussed elsewhere 
in this book would accelerate, as many toxic pollutants cumulate. The 
world might run out of fossil fuels in the midst of other disasters and 
thus lose the capacity to fix the problem. The math is simple. The 
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consequences are dire. The world needs an immediate, crash program 
to migrate quickly to renewable energy sources.

BOTTOM LINE

q You’ve heard the expression, “an ounce of prevention is 
worth a pound of cure.” The world must find a way to 
curtail population growth. If we won’t do it voluntarily, 
then Mother Nature will step in and do it her way—by 
plague, famine, war, and death. This perfect, apocalyptic 
storm is gathering strength. Population growth is a 
towering feature of this impending storm.

q The world must not give up on solving the population 
problem even though it seems hopeless, at least in the 
near term.

q Conservation, while it always makes sense, does little to 
solve the world’s energy problems. As the world conserves, 
there are continually more users canceling out some or all 
of the positive effects of conservation.
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GloBAl WARMiNG
t h e g r e at  d i s t r ac t i o n

Global warming has unfortunately become the environmental and 
energy battleground. This focus is unfortunate because global warm-
ing is a distraction from the real peril. Also, scientists and experts 
will likely disprove some of the main reasons offered to explain global 
warming. If that happens, then people will relax and not recognize the 
bigger, incredibly serious, and complex problem that underlies global 
warming—the burning of fossil fuels. In the meantime attention to 
global warming simply deflects the public’s attention from the perilous 
problems of fossil fuels.

The discussion or controversy over global warming has become 
an unnecessary part of the national and global energy problem, yet 
debates over global warming are confusing and unresolvable. The real 
problem is very simple: the burning of fossil fuels at ever-increasing rates.

Even though scientists do not agree on what causes global warm-
ing, it would be insane to bet against those who are convinced that all 
or most global warming is caused by human activities. If these scien-
tists and pundits are right, then the consequences of business as usual 
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will be catastrophic. Why tempt the devil? At the same time, those 
who contend that global warming arises in large part from natural 
causes are also very convincing. For now let’s concede the argument 
and assume all global warming is caused by human activities. I can 
easily make this concession because human-caused global warming 
becomes a non-issue once the world tackles the real, underlying prob-
lem of the burning of fossil fuels. The only certain solution to the 
problem of human-caused global warming is to stop burning fossil 
fuels. It’s that simple.

MR. GORE, GLOBAL WARMING IS a SYMPTOM,  
NOT the PROBLEM

Mr. Gore, congratulations on your Nobel Peace Prize and other 
awards. Your commitment to the creation and presentation of An 
Inconvenient Truth is inspiring. The awards and acclaim provide you 
an unrivalled platform that may attract attention to the issues and 
spark action—at least that is my hope. You have become the de facto 
spokesperson for environmental security and energy reform. Despite 

my sincere admiration for your 
effort, I think your fundamental 
message is incomplete and one-
sided, your solutions inadequate, 
and your position a distraction 
from the fundamental problem. It 
is time to tell it like it is.

You draw attention to global warming, but global warming is 
merely one dramatic symptom—one symptom among many—of the 
problem of burning fossil fuels. Reducing a fever is not the same as 
remedying an illness or curing a disease. The real problem is fossil 
fuels. Their continued use means we will be running out of these 
fuels and accumulating too much pollution and environmental dev-
astation, including global warming. The burning of fossil fuels is the 

The only certain solution to the 

problem of human-caused global 

warming is to stop burning fossil 

fuels. It’s that simple.

Shuster_BOOK_2nd.indb   58 7/15/08   9:52:24 PM



59

g lo b a l  wa r m i n g

world’s colossal problem requiring a colossal, civilizational, global 
solution. Let me say it again: The only real, viable, certain way to end 
human-caused global warming is to stop using fossil fuels.

I worry that your declarations and acclaim focus the public’s atten-
tion too much on the apparent problem of global warming and dis-
tract it from the real peril of fossil fuels. You imply that human activity 
causes 100 percent of global warming, and you further imply that all 
thoughtful scientists agree with your assessment. You offer an impres-
sive score of 928 to 0—that is, 928 peer-reviewed scientific articles 
and papers agree with you that global warming is spinning out of con-
trol because human activities are belching massive amounts of carbon 
dioxide into the atmosphere. Zero disagree with you, you say.

These claims are grossly misleading. There is no doubt climate is 
changing. There is little doubt that humans have something to do with 
it, but many highly respected scientists around the world do not agree 
that human activities are the major cause of global warming or that 
atmospheric CO2 will cause global warming to spin out of control. 
Also, there is no doubt that climate 
has changed from the beginning of 
time. Thus, considered opinions 
vary over whether the current expe-
rience of global warming is caused 
by natural cyclical changes or by the 
human-caused buildup of CO2 and 
other greenhouse gases in the atmosphere. While there is a growing 
consensus that the earth is currently in a warming cycle, some very 
credible scientists insist that global warming is not universal, arguing 
that some places are warming while others are cooling. You might be 
surprised at how thoughtful and analytically sound some opposing 
points of view are.

Whether you or I believe human activity is primarily responsible 
for global warming, or is just contributing to it, is not relevant. Why 
not eliminate all doubt? Why place a risky bet we don’t have to make? 
Why bet our children’s futures? The burning of fossil fuels certainly 

Just quit burning fossil fuels. It 

matters little why a train charges 

toward us or how fast it approaches. 

We must simply get off the tracks.

Shuster_BOOK_2nd.indb   59 7/15/08   9:52:24 PM



60

p r o b l e m s

depletes reserves, threatens economic and social calamity, belches poi-
sons, and kills. That’s insane. Forget global warming. Consider the 
certain threats. If we stop using fossil fuels, then we save ourselves 
from several looming disasters, and a better environment is an added 
benefit.

Ending the burning of fossil fuels ends the debate on global warm-
ing as well as other prominent problems: depletion, acidic oceans, acid 
rain, smog and ozone, and mercury poisoning.

I have no problem with media outlets or anybody else turning 
human-generated CO2 into an environmental boogeyman responsi-
ble for severe floods, rising sea levels, drought, famine, disease, torna-
dos, hurricanes, and deadly fires. Heck, blame dandruff, crabgrass, 
and junkmail on carbon dioxide, too, but do it only if such simplified 
blame causes us to end the burning of fossil fuels, particularly coal. 
The burning of fossil fuels is our great problem—a profound threat 
to our environment, our economies, and, indirectly, to our political 
system. All else is only a distraction.

Here’s why: Only by ending the use of fossil fuels can we hope to 
decrease or end the creation of most greenhouse gases that allegedly 
foster global warming. Why get drawn up in debates over which gases, 
how much, who burns them, how much they pollute, and who should 
pay? Just quit burning fossil fuels. It matters little why a train charges 

toward us or how fast it approaches. We 
must simply get off the tracks. Climate 
change is simply one more reason—not 
the reason—to stop burning fossil fuels.

GREENHOUSE GASES

Several gases in the atmosphere trap the sun’s reflected heat, thereby 
creating the “greenhouse effect.” In moderation, such heat trapping 
modulates the temperature of the earth to maintain an average global 
temperature of about 60 degrees Fahrenheit (15 degrees Celsius). 

Ending the burning of fossil 

fuels ends the debate on 

global warming.
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However, if the concentration of these gases gets too high, then they 
may trap too much heat and cause the earth to warm up. This is the 
theory. Yet I have not seen anywhere a meaningful graph showing how 
concentrations of these gases actually affect the earth’s temperature.

The major greenhouse gases are water vapor, which causes 35–70 
percent of the greenhouse effect, carbon dioxide (9–26 percent), meth-
ane (4–9 percent), and ozone (3–7 percent). The large variations allow 
for a lot of speculation, modeling error, and downright confusion. Try 
juggling these numbers, and you’ll find an infinite number of combina-
tions that defy, it seems, any attempt at accurate modeling.

Some sources report that CO2 accounts for 21 percent of global 
warming, and other gases contribute 15 percent. Differing sources sug-
gest that “other gases” could contribute as much as 38 percent. These 
discrepancies illustrate the limits of current scientific knowledge and 
prevailing climate models. Different sources give different contribut-
ing percentages and some give a range. They are all partially correct, 
depending on the assumptions. The result is a lot of uncertainty and a 
nightmare when trying to collect accurate data.

Greenhouse gases are not all equal. Some are more powerful 
greenhouse gases than others. They are rated on a scale of CO2 
equivalents. For example, nitrous oxide is about 300 times more 
efficient at trapping heat than carbon dioxide.

Carbon Dioxide

Within modest limits, carbon dioxide is not a pollutant. It occurs 
naturally in the air we breathe and helps keep the earth’s temperature 
suitable for life. Carbon dioxide through the process of photosynthesis 
is a fundamental building block for all plant life. In excess, CO2, like 
almost anything, can cause a problem.

Carbon dioxide is a long-lived gas. Scientists expect that it lasts 
in the atmosphere for about 100 years. Some think carbon dioxide 
is the foremost cause of global warming, yet others think its overall 
contribution to global warming is small compared to increases in solar 
output (see G. E. Marsh, “A Global Warming Primer”). Experiments 
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show that the response of temperature to carbon dioxide is logarith-
mic, not linear, meaning that the effect of CO2 on warming drops off as 
the concentration of carbon dioxide increases (see Patrick J. Michaels, 
Meltdown (Cato Institute)).

Carbon dioxide is also one of the primary gases produced by the 
burning of fossil fuels. How much CO2 does the burning of fossil fuels 
produce? I repeat the answers because they are staggering.

q 1 pound of coal produces about 3.4 pounds of carbon 
dioxide, plus large amounts of mercury, sulfur dioxide, and 
nitrous oxide.

q 1 pound (gallon) of gasoline produces 3.1 (17) pounds of 
carbon dioxide, plus sulfur dioxide and nitrous oxide.

q 1 pound of natural gas produces 2.75 pounds of carbon 
dioxide.

The United States annually emits 7 billion tons of CO2 (2007), 
yet by 2040 this total is expected to rise to 9 billion tons of CO2 per 
year. The world emits 31 billion tons of CO2 per year now, a total 
projected to rise to 55 billion tons of CO2 annually by 2040. For per-
spective, 31 billion tons of pure CO2 could blanket the entire state of 
New York to a depth of 500 feet. Remember, these annual emissions 
are over and above the natural CO2 cycle.

Since the beginning of the Industrial Revolution in 1750, atmo-
spheric concentrations of CO2 increased 36 percent, from 280 parts 
per million (ppm) to 380 ppm today. Experts predict the concentra-
tion will further increase to over 500 ppm before the end of this cen-
tury, at which time some predict run-away global warming will destroy 
life on this planet. I don’t believe it. While I don’t believe it, only a fool 
would bet against it.

Natural Gas (Methane)

Methane (CH4), the principle component of natural gas, is about 
22 times more efficient at trapping heat than carbon dioxide, thus 
methane’s “equivalence” is 22 times an equal volume of CO2. However, 
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methane does not stick around as long—only 10–12 years versus 100 
years. Scientists writing in Science, Nature, and other journals in June 
2006 report that permafrost—the permanently frozen ground in the 
northernmost latitudes—may contain vast amounts of carbon in the 
form of methane and carbon dioxide. As the earth warms and perma-
frost thaws, these greenhouse gases are released. About 500 billion 
tons of greenhouse gases could be released from melting permafrost. 
For comparison, the earth’s atmosphere currently holds about 700 
billion tons of greenhouse gases, according to Keay Davidson. The 
permafrost “reservoir” contains methane equivalent to more than 100 
times the amount of carbon released annually by the burning of fos-
sil fuels. The timing of this methane release is very speculative, as are 
many such assertions. When would it happen? How quickly?

In the United States the largest methane emissions come from the 
decomposition of waste in landfills (23 percent), ruminant digestion 
and manure management associated with domestic animals (28 per-
cent), natural gas and oil systems (26 percent), and coal mining (11 
percent). Cattle in the United States release from both ends about 
160 million tons of carbon dioxide equivalence per year—now that is a 
lot of cow gas. While it is difficult to believe, this is equivalent to the 
amount of CO2 produced by more than 20 million cars per year, but 
you don’t hear much about this “natural” pollution. Another oddity of 
the global warming saga.

Atmospheric methane has increased from 0.7 ppm before 1750 
and the onset of the Industrial Revolution to approximately 1.8 ppm 
today, representing a 150 percent increase, but the concentration has 
remained fairly constant in recent years. Does this fit into the model-
ing? Some estimate that atmospheric methane could account for up to 
20 percent of human-induced global warming. Nobody really knows.

Other Greenhouse Gases

Nitrous oxide (N2O) is 300 times more efficient at trapping heat 
than CO2, but luckily and mysteriously its concentration since 1750 
has increased only 16 percent—from 0.27 ppm to approximately 
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0.31 ppm. Experts estimate this gas could account for about 6 per-
cent of global warming. Again, nobody knows.

Other gases, such as chlorofluorocarbon (CFC) refrigerants and 
surface ozone, account for approximately 13 percent of human-caused 
global warming. One cubic foot of CFCs is equivalent to 1300 cubic 
feet of CO2. How much is out there? What is its contribution to global 
warming? Once again, nobody knows.

Water Vapor: The Mother of All Greenhouse Gases

Nobody debates the fact that water vapor is the most important 
of the greenhouse gases. Some estimate that it contributes up to 64 
percent of the greenhouse gases that allegedly contribute to global 
warming. Its contribution to global warming seems to vary a great deal 
—from 4–10 times the contribution from CO2—which is why CO2 is 
actually a minor greenhouse gas. Concentrations of water vapor vary 
regionally, and human behavior does not directly affect the amount 
of water vapor in the air. Let me say this another way: Humans cannot 
affect water vapor in the atmosphere, the biggest source of greenhouse gases.

Some climate models predict an increase in the earth’s tempera-
ture will cause increased evaporation, thus more water vapor in the 
atmosphere. This in turn leads to a further increase in the tempera-
ture. Should we expect a runaway condition? Why doesn’t it happen? 
I’ve not found anybody who knows for sure. There are obviously com-
pensating mechanisms, such as increased cloudiness.

GLOBAL WARMING and the MEDIA

Take a look at these screaming headlines, titles, and foreboding 
quotations.

q Time magazine, cover stories, April 3, 2006
“Be worried, be very worried. By any measure, earth 
is at the tipping point.” “The climate is crashing and 
global warming is to blame.”
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“Never mind what you have heard of global warming as 
a slow-motion emergency that would take decades to play 
out. Suddenly and unexpectedly, the crisis is upon us.”

q National Geographic, cover stories, September, 2004

“Global Warning—Bulletins from a Warmer World”
“Signs from Earth Heating Up—Melting Down”

q The Economist, September 7, 2006
“The Heat is On: A Special Report on Climate 
Change”

q An Inconvenient Truth, the film and book by Al Gore

q The International Climate Change Taskforce, 
co-convened by the Center for American Progress, 
reported extreme predictions about climate change. Amy 
Ridenour of the watchdog group National Policy Analysis 
declared that the task force “cherry picked a compilation 
of seemingly every doomsday scenario advanced by global 
warming alarmists over the past decade.”

There seem to be thousands of such articles, studies, and reports. 
Amid the furor, however, prominent questions and dissenting voices 
arise. National Geographic (September 2004) declares “There’s no 
question that the Earth is getting hotter—and fast. The real ques-
tions are: How much of the warming is our fault, and are we willing 
to slow the meltdown by curbing our insatiable appetite for fossil 
fuels? ” The Economist (September 2006) reports that arguments 
about climate change are

fueled by ignorance, because 
nobody knows for sure what is 
happening to the climate. At a 
macro level, modeling what is 

Arguments about climate 

change are fueled by 

ignorance.
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the world’s most complex mechanism, and projecting 100 
years ahead, is tricky. At a micro level, individual pieces of 
data contradict each other. One shrinking glacier can be 
countered by another that is growing; one area of dimin-
ishing precipitation can be answered by another’s where 
it is rising.

An editorial in the Wall Street Journal (February 5, 2007), com-
menting on a recent report from the United Nations Intergovernmen-
tal Panel on Climate Change (IPCC), warns “Beware of claims that 
the science of global warming is settled.” The Journal also reports that 
the IPCC appeared to be “backpedaling” on some key issues.

Hmmm, maybe there is actually a debate here with competing 
views. Aside from the limits of science, what are the issues?

WHAT ARE SCIENTISTS and AL GORE SAYING ABOUT 
GLOBAL WARMING?

Let’s consider the opinions of several widely respected and widely quoted 
scientists on global climate: James Hansen, Gerald Marsh, Patrick J. 
Michaels—and Al Gore. Dr. Hansen heads the Institute for Space 
Studies at the U.S. National Aeronautics and Space Administration. 
He is also adjunct professor in Earth and Environmental Sciences at 
Columbia University. Mr. Marsh, a retired physicist from the Argonne 
National Laboratory, is a fellow of the American Physical Society, a 
former consultant to the U.S. Department of Defense under the Rea-
gan, Bush, and Clinton administrations, and a member of the National 
Center for Public Policy Research. Dr. Michaels is research professor 
of Environmental Sciences at the University of Virginia and senior fel-
low in Environmental Studies at the Cato Institute. In 2003 he won an 
award for public service writing and “Paper of the Year” honors for a 
scholarly article on climate science. Mr. Al Gore won the Nobel Peace 
Prize for raising the world’s awareness of global warming issues.
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Dr. James Hansen

James Hansen scared all of us and set the scientific community 
on its collective heels with his provocative congressional testimony on 
climate change on June 23, 1988. In 2001 he stated,

Future global warming can be predicted much more accu-
rately than is generally realized.… [W]e predict warming 
in the next 50 years of 0.75 degree Celsius ± 0.25 degree 
Celsius (approximately 1.5 degrees ± 0.5 degrees Fahren-
heit), a warming rate of 0.15 degrees Celsius ± 0.5 (0.25 
degrees ± 0.1 degrees Fahrenheit) per decade.

He further stated that much of the warming of the next 50 years 
will result from emissions already in the atmosphere. This doesn’t 
sound too bad. Modest warming from damage already inflicted.

Yet Hansen more recently declared his opinion that if the world 
continues with business as usual, then the earth will reach an environ-
mental “tipping point” by about 2016, at which point global warming 
will become an unstoppable, runaway phenomenon—8 years to go. 

Wait a minute. Which is it? Mild warming or runaway climate 
change?

Gerald Marsh

Mr. Gerald Marsh wrote an informational paper entitled “A Global 
Warming Primer.” The paper refers to CO2 as an important minor 
greenhouse gas, not as the major cause of global warming. According 
to Marsh, since 1000 AD worldwide temperatures have varied over a 
range of about 1.5 degrees Celsius (2.7 degrees Fahrenheit). Over most 
of the last 10,000 years, temperatures varied within a range of 2 degrees 
Celsius (3.6 degrees Fahrenheit). Marsh considers this 2-degree range 
the “natural variation” over this time. Relative to the average tempera-
ture over the last 10,000 years, global temperatures between 1860 and 
1980 varied as follows:

q 1860–1920—Global temperature was about 0.3 degrees 
Celsius (0.5 degrees Fahrenheit) cooler than the average.
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q 1920–1940—Global temperature rose by about 0.35 
degrees Celsius (0.6 degrees Fahrenheit) to slightly above 
the average. (CO2 concentration was close to historical 
norms.)

q 1940–1975—Global temperature shows a gradual cooling 
of about 1 degree Celsius (1.8 degrees Fahrenheit), 
although CO2 concentrations were rising during the 
period.

q 1975–1990—Global temperature rose above the average 
by about 0.3 degrees Celsius (0.5 degrees Fahrenheit.)

The total range of temperature variation since 1860 is within 
about 0.6 degrees Celsius (1.1 degrees Fahrenheit.) This is more than 
3 times smaller than the natural range of 2 degrees Celsius (3.6 degrees 
Fahrenheit.)

Hold on. If over the past 10,000 years temperatures varied 
within a range of 2 degrees Celsius (3.6 degrees Fahrenheit), then 
did CO2 levels vary accordingly as shown on Al Gore’s graphs? No. 
Since the concentration of CO2 over most of this long period is 
believed to be relatively constant, the temperature variations must be 
due to other causes—not CO2 concentration. Based on his analysis, 
Marsh concludes it is not possible for human activity to produce 
a runaway greenhouse effect. Rather, variations in the intensity of 
solar radiation may explain much of the temperature change, and 
uncertainties in climate modeling explain much of the analytical 
confusion. Further, Marsh quotes Ahilleas Maurellis of the Space 
Research Organization of Netherlands. The quotation appeared in 
Physics World (February 2001):

Ultimately it is too simplistic to blame global warming 
on a particular gas or process… Perhaps the real villain 
is not carbon dioxide or even water vapour, but simply a 
mixture of inertia, hysteria and misinformation. Until we 
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understand the full picture, perhaps the best reaction to 
global warming is for everybody to just keep their cool.

Dr. Patrick J. Michaels

Patrick J. Michaels wrote the excellent book Meltdown, which 
begins with a succinct discussion of climate-change science and then 
unrolls a litany of climate-related falsehoods, exaggerations, and mis-
statements. He cites a multitude of errors and exaggerations in sci-
entific papers, news reports, and television sound bites—from the 
“National Assessment of Global Warming,” a Clinton-era document 
that used computer models its authors knew did not work, to the 
infamous New York Times stories, eventually retracted, about the 
melting of the North Pole (see Michaels, pages 42–46).

Michaels argues that the way scientists conduct research today—
amid competition among projects for monopoly funding by the federal 
government—“creates a culture of exaggeration and a political com-
munity of saviors that takes credit for saving us from certain doom, 
whether it is the doom of omission or commission.” Michaels declares 
that the Kyoto Protocol on climate change, which we’ve heard such 
ballyhoo about, would reduce surface temperatures in 50 years by only 
0.07 degrees Celsius (0.13 degrees Fahrenheit). Yet even this won’t 
happen since not one—not one—of the signatories is expected to meet 
the agreement’s modest emissions reductions. This is a Band-Aid fix 
at best, even if all nations complied. It is a symbolic political victory 
of sorts—see, we did something—even if it is almost environmentally 
meaningless. And the United States, of course, did not sign. Further, 
the Kyoto Protocol’s proposal to reduce emissions scares me. We must 
eliminate emissions, not reduce them. Reductions offer no solution. 
They only buy us a little time.

If politics is often reducible to symbols and theatre, to appear-
ances and perception, to form over substance, then it shouldn’t sur-
prise us that some critics, including Michaels, sharply rebuke the 
United Nation’s Intergovernmental Panel on Climate Change as a 
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producer of slick, “political” volumes on climate assessments and pre-
dictions. These reports, considered by many to be state-of-the-art 
studies, are the product of hundreds of scientists and reviewers, who 
could be described as a collection of bureaucrats. Further, the studies 
often ignore measurements or data that don’t agree with their conclu-
sions. Does the IPCC trade on its prestigious name and level of public 
trust to contribute to the hysteria on global warming? For example, 
one IPCC study concludes that global temperatures could rise by 5.8 
degrees Celsius (10.4 degrees Fahrenheit) in 100 years. Many climatol-
ogists don’t believe this is remotely possible. Please refer to the books 
and papers I cite, and you be the judge.

Other Scientists Around the World

Are Marsh, Michaels, and others who dare to question the present 
global-warming hysteria just extremists and climate heretics? What 
do other scientists around the world think? Let’s look at a 2003 survey 
on global warming (copyrighted and published in 2007) conducted 
by two German environmental scientists, Dennis Bray and Hans von 
Storch. Bray is a research scientist at the GKSS Institute of Coastal 
Research in Geesthacht, Germany. Von Storch is a climatology pro-
fessor at the University of Hamburg and director of the Institute of 
Coastal Research. Participants in the survey included 520 climate sci-
entists from 27 different countries. The following graphs (see Figure 
4.1) are responses to 4 of the most pertinent questions:

1. Are humans causing climate change?
2. Can scientific models predict future climate?
3. Does the IPCC reflect scientific consensus?
4. Can we predict climate variability on time scales of  

10 years?
It seems there is more controversy and a wider range of debate 

than is generally known.
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Figure 4.1. Scientists’ Views on Global Warming, 2003

Mr. Al Gore

Al Gore depicts global warming as the crisis—the calling—of our 
time, as a moral imperative. As he boldly and memorably asks, is profit 
or the planet more important? Wouldn’t a crisis of this scale, scope, 
and severity merit a colossal, global response? Yet his suggestions to 
change light bulbs, install weatherstripping, and drive less are vapid 
and anemic. They distract and deflect people from the real problem: an  
energy crisis that threatens the industrial and economic underpinnings 
and everyday lifestyles of billions of people. Gore’s celebrated book,  
An Inconvenient Truth, recommends that the public “avoid overpack-
aged foods” and that we “don’t stand in front of an open refrigerator 
door—leaving it open for just a few seconds wastes a lot of energy” 
(pages 182, 183). Okay, perhaps he is drawing the attention of peo-
ple to the issue, rallying them to the cause, and fostering a grassroots 
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movement that helps them believe they can make a contribution. Fine, 
but these suggestions only buy a little time.

Every U.S. presidential administration since 1973 should have 
wrestled with the issue, but didn’t. The Clinton Administration rep-
resented 8 years of unforgivable procrastination and delay, particularly 
since you told us, Mr. Gore, that you were aware of the problem years 
earlier. For 8 years you and President Clinton occupied the White 
House, but no solution emerged. Not even a hint. Indeed, the Clinton 
Administration’s policies made the situation worse by killing the fast-
neutron-nuclear-reactor program.

So we need models, leaders, examples. I am reluctant to get per-
sonal, but I don’t think Mr. Gore offers the world a valuable example 
of energy virtue. The average American household consumes approx-
imately 10,500 kilowatt hours of electricity per year, but the Gore 
household consumes over 200,000 kilowatt hours annually, about 20 
times the norm. Who leaves the greater “carbon footprint”? When 
leading the Indian Nation to independence, Gandhi collected salt, 
wore robes, and spun his own thread. Leading by example can be very 
powerful.

Personal energy habits not withstanding, critics will likely raise 
fewer objections if Mr. Gore and like-minded celebrities can convince 
the world to discontinue using the fossil fuels that create pollution and 
possibly alter the climate. Did Mr. Gore convince you or the world to 
kick fossil fuels, or just to change a few light bulbs?

Mr. Gore, I am certain we are running out of time, are you? I think 
we need an aggressive U.S. and global plan led by a true leader, do you? 
I don’t think we will have much of a society or economy to worry about 
unless we immediately kick our fossil fuel addiction and commit to 
clean, renewable energy. You?
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MORE QUESTIONABLE EVIDENCE  
for GLOBAL WARMING

As with most things about energy, the data and numbers quantifying 
CO2, other emissions, and their effect on the environment are all over 
the map and often highly qualified. “Information” often journeys from 
speculation to rumor to fact. Be careful.

Greenland Ice Shelf

Some reports declare the Greenland Ice Shelf—about 2 miles 
thick and the largest mass of land ice in the northern hemisphere—is 
shrinking. Although P. J. Michaels believes the ice mass is largely in 
balance, much is being written about at least parts of Greenland expe-
riencing significant warming. Some say that barley can again be grown 
in some regions. So what’s new? Farmers grew barley there in the Mid-
dle Ages, likely explaining the region’s name—Greenland. The Econo-
mist (September 9, 2007), reports dog sleds having problems in parts 
of Greenland, because the sleds are tricky to use when ice melts and 
the soil is mushy. The article implies that the melting is due to a rise 
in temperature of 1.5 degrees Celsius (2.7 degrees Fahrenheit) in the 
last 30 years. These claims beg a few questions. First, is global warm-
ing the certain cause of the melting? Second, since most of Greenland 
stays well below freezing the entire year, how much melting could a 
temperature rise of 1.5 degrees Celsius actually cause in Greenland?

Jonathan Gregory and his colleagues published a dramatic item 
in Nature, declaring that the climate of Greenland may warm enough 
during the next few centuries to eventually eliminate the Greenland 
ice sheet. The authors assert that the ice sheet contains enough fro-
zen water to raise the world’s sea level by about 23 feet, if the ice sheet 
melted completely. Likely?

What is going on in Greenland? Some recent studies indicate 
that over the past several decades Greenland’s ice sheet is experienc-
ing increasing summertime melting. Sounds ominous. However, a 
recent study concludes that Greenland’s summer temperatures since 
1940 are getting cooler. In 2004 Petr Chylek, of Los Alamos National 
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Laboratory, and his colleagues reported that Greenland experienced 
a rapid warming from 1920–1930, then steady temperatures to about 
1940, followed by a cooling period lasting into the 1990s that lowered 
coastal temperatures by about 1 degree Celsius (1.8 degrees Fahren-
heit) since 1940. Although coastal temperatures warmed modestly 
from 1992–1998, the general trend since 1940 is toward cooling tem-
peratures. The U.S. Environmental Protection Agency, reporting on 
Chylek’s research, declares that

The cooling is even more pronounced further inland, at 
the summit of the ice sheet, where the summertime aver-
age temperature has declined at the rate of 3.9 degrees 
Fahrenheit per decade since records began in 1987.

Because the warming in the 1920s occurred before greenhouse 
gases began rising rapidly, the researchers conclude that the region’s 
climate is naturally highly variable. They suggest that Greenland’s 
temperature trends may be strongly influenced by the cyclic climate 
phenomenon known as the North Atlantic Oscillation. If they are 
correct, predictions of the ice sheet’s fate would need to consider 
this relationship in conjunction with the assumed effects of human-
induced climate change.

Writing in 2006, Chylek and colleagues report that Greenland’s 
temperatures from 1905–1955 were warmer than its temperatures 
from 1955–2005. “We find no direct incidence to support the claims 
that the Greenland ice sheet is melting due to increased temperatures 
caused by increased atmospheric concentration of carbon dioxide. The 
rate of warming from 1995 to 2005 was in fact lower than the warm-
ing that occurred from 1920 to 1930.”

Just when we think we’ve narrowed the argument, up pops another 
one. Dr. Ralph von Trese of Ohio State University, at a meeting of the 
American Geophysics Union on December 13, 2007, made a remark-
able presentation. He believes Greenland ice is melting because of a 
thin “hot spot” in the earth’s crust (below the ice shelf) in the north-
east corner of Greenland. Iceland is similarly situated over a thin hot 
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spot, which creates the island’s volcanoes, hot springs, and geysers.
I admire the individuals and organizations that have such zeal for 

the issue that they go on-site to collect first-hand evidence of global 
warming. But let’s state the obvious: Antarctica and Greenland are 
simply too big to poke around, snap some photos, and draw conclu-
sions. Antarctica is 34 percent larger than Europe and 70 percent 
larger than Australia. Greenland is three times the size of Texas. One 
simply could not see enough on a visit to form a meaningful opin-
ion. However, such select, happenstance observations could add to 
the confusion or misinformation. Hey, I’ve been to Miami, so I must 
know what the United States is like. Or I ate an apple, so I know what 
fruit tastes like.

The Meltdown Showdown

Rising sea levels from melting ice? The melting of sea ice does not 
cause oceans to rise, because the ice is already in the ocean. Oceans 
rise only if significant melt water from landed ice and snow enter the 
ocean. In An Inconvenient Truth, Gore mentions one heck of a lot of 
melting:

q As measured by submarines, about 40 percent of the 
Arctic ice cap (sea ice) has melted.

q Icebergs are “calving” from landed ice and sliding into the 
sea.

q Satellite images of Greenland show that the ice cap has 
shrunk by half.

q Glaciers are melting in Kilimanjaro, Italy, Peru, the 
Himalayas, and Patagonia.

Should we worry about sea levels? According to the U.S. 
National Snow and Ice Data Center, if all the land ice in the world 
were to melt, then the oceans would rise approximately 230 feet. 
Further, if all of Greenland’s ice were to melt, then oceans would 
rise about 23 feet. Similarly, if all of the Arctic’s land ice were to 
melt, then oceans would rise about 23 feet. So let’s let ocean levels 
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end our speculation, since they can now give us the final answer to 
how much land ice has melted.

Ocean Levels—The Final Arbiter

To determine the precise amount of land ice that has melted in 
the last 50 years, you only need a calculator, not a Ph.D. in ocean-
ography. With prominent reports about glaciers disappearing, a 40 
percent decrease in the thickness of some ice fields, and Antarctica 
and Greenland melting away at unprecedented rates, one would imag-
ine the oceans have already risen substantially—but they haven’t. So 
what’s going on, and how much has really melted?

We know that when ice floating in water melts—whether ice cubes 
in a glass or icebergs in the ocean—the water level does not rise, because 
the ice already displaces water equal to its weight. However, ice melting 
on land will raise the level of the oceans. Some perspective: A rise of a 
few feet would swamp Florida and relocate the Atlantic coastline to 
someplace in South Carolina or Tennessee. Indeed, a lot of the world’s 
land mass would be under water.

However, over the last 100 years the average temperature of the 
earth rose 0.6 degrees Celsius (1 degree Fahrenheit), and ocean levels 
over the last 50 years have risen only about 10 centimeters (4 inches). 
Thermal expansion caused one-half of the rise (2 inches), meaning 

the other 2 inches can be attrib-
uted to the melting of land ice. 
So, 2 inches is what percentage of 
the total possible rise in sea level? 
Okay, grab your calculator. Divide 
2 by 12 to convert inches to feet. 

Now divide by 230 the amount in feet that oceans would rise if all ice 
melted. The result shows us that only 0.07 percent melted. That means 
that less than one-tenth of one percent of the world’s land ice has melted in 
the last 50 years. This is a far cry from reports that declare that 10, 
20, and even 40 percent of major ice fields are melting. One-tenth of 
one percent sure doesn’t square with all of the alleged melting that 

Less than one-tenth of one percent 

of the world’s land ice has melted in 

the last 50 years. 
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many proclaim. If they are right about the melting, then there is a lot 
of freezing going on at the same time. More perspective: If 1 percent 
had melted, then the oceans would have risen approximately 14 inches. 
This analysis is simple and absolute—discussion over.

Professor P. Winsor bluntly declares “there was no trend towards 
a thinning ice cover during the 1990s” in the Arctic Ocean.

The ice cover of the Arctic Ocean is considered to be 
a sensitive indicator of global climate change. Recent 
research, using submarine-based observations, suggests 
that the Arctic ice cover was thinner in the 1990s com-
pared to an earlier period (1958–1979), and that it contin-
ued to decrease in thickness in the 1990s. Here I analyze 
subsurface ice thickness (draft) of Arctic sea ice from six 
submarine cruises from 1991 to 1997. This extensive data 
set shows that there was no trend towards a thinning ice 
cover during the 1990s. Data from the North Pole shows 
a slight increase in mean ice thickness, whereas the Beau-
fort Sea shows a small decrease, none of which are signifi-
cant. Transects between the two areas from 76 degrees N 
to 90 degrees N also show near constant ice thicknesses, 
with a general spatial decrease from the Pole towards the 
Beaufort Sea. Combining the present results with those 
of an earlier study, I conclude that the mean ice thickness 
has remained on a near-constant level around the North 
Pole from 1986 to 1997 [emphasis added].

Bare Facts About Bears

Many presentations on global warming show forlorn polar bears 
stranded on an isolated iceberg, threatened with drowning or star-
vation. Al Gore’s frightened bear tries to climb atop floating ice that 
breaks up as the bear jumps aboard. School children, soccer moms, 
and Citizen Joes have rallied to their aid. The poor, beleaguered polar 
bear has become the poster child of global warming. Though stirring 
and compelling, this image tells us nothing. 
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The following is summarized from a IUCU/SSC Polar Bear Spe-
cialty presentation in 2005. According to the report, the number of 
bears in about one-third of the Arctic is unknown. In another third, 
where the estimated bear population is about 9000, it is unknown 
whether the bear population is increasing or decreasing. In the final 
third, scientists conclude that one population of about 5500 bears will 
likely decrease, because over 75 percent of computer simulations proj-
ect population decreases. However, a group of about 7000 bears, also 
in this final one-third of the Arctic, is described by scientists as likely 
to increase, because over 75 percent of computer simulations predict 
polar bear population will grow. Therefore, I conclude from the same 
data most often used to assert the decreasing numbers of polar bears 
that the population of polar bears appears fairly stable.

Polar bears are difficult to count. They can move around an area 
of 100,000 square miles over their lifetime. The total number of polar 
bears worldwide is conventionally estimated at 20–25 thousand, 
although some references put this range at 16–40 thousand. If polar 
bears travel so far, and the population estimates are so widely variable, 
then how can one count them or possibly declare for a fact that the 
population is decreasing or increasing?

Besides, polar bears have been around for over 250,000 years. 
They have survived ice ages and interglacial periods when there was 
little or no ice.

We should worry about threats to bears, other animals, plants, and 
humans from the increasing use of fossil fuels. How about the pro-
posed tearing up of Alaska, threats to the ANWR, NPRA, and the 
Beaufort Sea, and leaky oil pipelines?

The Tale of Melting Glaciers Is All Wet

If the sad stories of drowning polar bears don’t grip you, then the 
woeful tales of glaciers rapidly melting away due to rising temperatures 
of global warming may. Global warming threatens cuddly bears and 
also destroys picturesque vistas and exciting skiing and hiking locales 
that humans enjoy. Now that hits close to home. Or does it?
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Are some glaciers or all glaciers melting? There are over 100,000 
glaciers in the world, covering 10 percent of the world’s land area—an 
area about the size of South America. Antarctica is home to 80 per-
cent of the world’s glaciers; about 12 percent are in Greenland. These 
glaciers contain about 75 percent of the world’s fresh water. The melt-
ing of 10, 100, or 1000 glaciers proves nothing unless we know the con-
dition of the rest of them. Despite the hand wringing and hyperbole, 
many glaciers are growing.

Postcard-pretty pictures of melting glaciers and lone polar bears 
bring nothing to the discussion on global warming except emotion 
and, I think, unnecessary confusion.

Weather Threats?

According to Al Gore and others, global warming is causing more 
frequent and more violent hurricanes, tornados, drought, and more. 
Are these threats verifiable, proven by data? Or are these potential 
threats examples of exaggeration that increase readers and viewers?

One of the world’s foremost experts on hurricanes—the man 
who pioneered the practice of predicting a season’s worth of hurri-
cane activity months in advance and whose hurricane forecasts have 
been used by insurance companies since 1983 to set premiums—was 
interviewed in 2005 by Kathy Svitil for Discover magazine. Dr. Wil-
liam M. Gray said,

The Atlantic has had more 
of these storms [hurricanes] 
in the last 10 years or so, but 
in other ocean basins, activity 
is slightly down. Why would 
that be so if this is [due to] 
climate change? The Atlan-
tic is a special basin. The number of major storms in the 
Atlantic also went down from the middle 1960s to the 
’90s, when greenhouse gases were going up.

“Nearly all of my colleagues who 

have been around 40 or 50 years 

are skeptical as hell about this 

whole global warming thing. But 

no one asks us.”

Shuster_BOOK_2nd.indb   79 7/15/08   9:52:26 PM



80

p r o b l e m s

Hurricane Katrina was a devastating tragedy. It hit a major city 
and population center with terrifying force. The media could easily 
and vividly cover the event. The media coverage amplified and magni-
fied our attention. But one historic storm does not make a trend. For 
U.S. hurricanes by decade, see Figure 4.2.

Here is a longer excerpt from Dr. Gray’s interview:
Q: You don’t believe global warming is causing climate 

change?
A: No. If it is, it is causing such a small part that it is negligible. 

I’m not disputing that there has been global warming. There 
was a lot of global warming in the 1930’s and ’40’s, and there 
has been warming since the middle ’70’s, and especially in 
the last 10 years. But this is natural, due to ocean circulation 
changes and other factors. It is not human induced.

Q: That must be a controversial position among hurricane 
researchers?

A: Nearly all of my colleagues who have been around 40 or 50 
years are skeptical as hell about this whole global warming 
thing. But no one asks us. If you don’t know anything 
about how the atmosphere functions, you will of course 
say “Well, greenhouse gases are going up, the globe is 
warming, they must be related.” Well, just because there 
are two associations, changing with the same sign, doesn’t 
mean that one is causing the other.

Q: Why is there scientific support for the idea?
A: So many people have a vested interest in this global 

warming thing—all these big labs and research and stuff. 
The idea is to frighten the public, to get money to study it 
more. Now that the cold war is over, we have to generate 
a common enemy to support science, and what better 
common enemy for the globe than greenhouse gases?

Dr. Gray’s statement “But no one asks us” is quite typical. Many 
scientists I interviewed for this book told me that “politics” was the 
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most formidable barrier to fixing the nation’s energy problems. They 
told me that scientists essentially have “no voice.” One even said “We’re 
not invited to the table except to say what we are told to say, [because] 
funding is the issue.” Policy and special interests over good science are 
sure ways to perpetuate bad policies and political ignorance.

I and others were greatly disturbed when the Clinton Admin-
istration appointed Mr. Richardson, an attorney, to be the Secretary 
of Energy. Couldn’t they find somebody more qualified who actually 
knew something about energy? I questioned whether Mr. Richardson 
knew anything about the basics of energy science or the energy indus-
try. One critic wondered whether Richardson knew the difference 
between a BTU and a BLT. It’s like having an engineer give advice on 
legal matters. It’s beyond senseless.

 Figure 4.2. U.S. Hurricane Strikes by Decade

Number of hurricanes by Saffir-Simpson Category to strike the U.S. mainland each decade.

DECADE SAffIr-SImpSOn CATEgOry* ALL
1, 2, 3, 4, 5

mAjOr
3, 4, 51 2 3 4 5

1851–1860 8 5 5 1 0 19 6

1861–1870 8 6 1 0 0 15 1

1871–1880 7 6 7 0 0 20 7

1881–1890 8 9 4 1 0 22 5

1891–1900 8 5 5 3 0 21 8

1901–1910 10 4 4 0 0 18 4

1911–1920 10 4 4 3 0 21 7

1921–1930 5 3 3 2 0 13 5

1931–1940 4 7 6 1 1 19 8

1941–1950 8 6 9 1 0 24 10

1951–1960 8 1 5 3 0 17 8

1961–1970 3 5 4 1 1 14 6

1971–1980 6 2 4 0 0 12 4

1981–1990 9 1 4 1 0 15 5

1991–2000 3 6 4 0 1 14 5

2001–2004 4 2 2 1 0 9 3
1851–2004 109 72 71 18 3 273 92

Average Per Decade 7.1 4.7 4.6 1.2 0.2 17.7 6.0

*Only the highest Saffir-Simpson Category to affect the United States has been used. 
Year 2006 had only one-third the number of hurricanes compared to 2005.  

Ocean surface temperature in the Atlantic in 2006 was 1.8ºF cooler than in 2005. 
Sources:  National Weather Service, National Hurricane Center.
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THE DIFFICULTIES and UNCERTAINTIES of  
MODELING GLOBAL CLIMATE

The climate of the earth is extremely difficult and perhaps impossible 
to model. Many complex, overlapping, and compensating mechanisms 
interact. The atmosphere, clouds, the earth, volcanic and tectonic activ-
ity, the oceans, ocean currents, storm systems, rainfall, ice, all plant life, 
all animals, sunspots, solar radiation, the earth’s tilt, and numerous 
other variables interact to affect global climate in complex ways. As 
scientists learn more about elements of this magnificent global system, 
theories about the system as a whole and about its elements change 
constantly. Some effects are negative, others positive, some neutral, yet 
others are cyclical, modulating, or self-compensating. Then there are 
threshold phenomena, such as the often talked about “tipping point” 
or “point of no return,” that add another layer of complexity.

One reason for establishing the Intergovernmental Panel on Cli-
mate Change (IPCC) was to create a widespread scientific basis and 
consensus on global climate. That consensus has not yet emerged. 
Yes, humans affect global climate, but details are hotly debated. Using 
IPCC to determine policy seems very dangerous.

Billions of dollars have been spent to create such models, but 
several published critiques argue that no consistently reliable model 
has yet been created.

q Christopher Monckton, an advisor to Margaret Thatcher 
and one of Britain’s leading public intellectuals, wrote a 
pointed article for London’s Sunday Telegraph that strongly 
criticizes prevailing notions of global warming, especially 
apocalyptic visions. To supplement the article, the Sunday 
Telegraph posted Monckton’s calculations and references. 
The supplement—40 pages long and containing almost 90 
references, including works from many respected climate 
scientists—is entitled “Apocalypse Cancelled.” A worthy 
read. Monckton thoroughly examines the topic of global 
warming, including the assumptions the IPCC used in 
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building its climate model, from a perspective strongly 
rooted in scientific fundamentals. In contrast, Mr. Gore’s 
approach appears more political and more emotional. 
Monckton has challenged Mr. Gore to a debate. Wouldn’t 
that be fascinating?

q On April 6, 2006, 60 climate scientists wrote a letter to the 
Canadian Prime Minister calling for public consultation 
to examine the government’s climate-change plans and to 
review the Kyoto Protocol.

q Over 15,000 articles were published every month in 2007 
with the key expression “global warming” in the title or the 
text. Most depict frightening future scenarios, but many 
are still skeptical.

Regardless of what you believe or how confused you are about 
global warming, don’t worry because it doesn’t matter. It would be 
insane to bet that global warming is not caused principally from indus-
try and the burning of fossil fuels, 
because if you lose that bet, the 
consequences are simply too 
severe. So don’t make the bet. 
Besides, surer bets await us: The 
United States and the world have 
the technologies and the wealth to 
essentially curtail human-caused 
CO2 and other human-generated greenhouse gases to acceptable levels 
and to solve other serious environmental and economic problems at 
the same time. We face, however, a race against time (see Chapter 
Sixteen).

Let’s consider some potentially valuable and not-so-valuable 
solutions.

The climate of the earth is 

extremely difficult and perhaps 

impossible to model. Many 

complex, overlapping, and 

compensating mechanisms interact.
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SOLUTIONS? 
Conservation Is No Remedy

Many people, particularly after seeing Gore’s movie, believe that con-
servation is the answer. However, upon brief reflection, this proposed 
solution collapses. Conservation is simply no answer. Discontinu-
ing differs from conserving, which is wholly insufficient to the scale, 
scope, and severity of the crisis we confront. Changing people’s energy 
habits will be difficult, especially the energy habits of the privileged. 
Some must lead. Some must set examples. Some commendable people 
will conserve energy by changing their habits voluntarily, but conser-
vation alone buys only a little time before a sufficiently robust solution 
arrives. As a result, conservation makes only a minor, modest contri-
bution to a solution. Let’s do the numbers.

If every automobile in the world used 20 percent less fuel, then the 
world would still run out of oil in the near, foreseeable future, and pol-
lution, while reduced, would still add unacceptable amounts of CO2 
and other pollutants to the air and water every year. Yet so what if each 
vehicle consumes less gasoline, if at the same time population growth 

means many more cars on the world’s 
roads? In 30 years 2–3 billion more people 
will inhabit the planet, and people in 
developing countries are just beginning 
their love affair with the automobile. 
What does a hypothetical reduction of 20 

percent in fuel use yield the world? It would save about 6 billion barrels 
of oil per year, but in about 9 years the world would still be using more 
than we are today. In the grand scheme of things, the savings would buy 
the world about 7 more years before running out. Somewhat helpful, 
but no solution. And since we all know we cannot instantly or easily 
increase gas mileage by 20 percent using internal combustion engines, 
the answer is clear: We must change our automotive propulsion sys-
tems and quit using fossil fuels. See Chapter Fourteen for details.

Conservation makes only a 

minor, modest contribution 

to a solution.
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Feeble Thinking Is No Remedy

Some authors offer no suggestions at all. Mr. Gore does, but his 
suggestions are anemic and disappointing. They delay disaster for a 
few years, but offer no chance of solving the energy problems of the 
United States or the world. At best, his suggestions return us to the 
pollution rates of 1970. Are 1970 levels okay with him? Again, some-
what helpful, but no solution. Let’s consider a few of his proposals.

q Efficient appliances. Efficient appliances will cure 
climate change and the energy crisis? Laughable. We’ve 
already accomplished a lot here. Deployment of further 
improvements will take a long time.

q Higher-mileage cars. Duh. Why was the Corporate 
Average Fuel Economy (CAFE) law not enforced during 
the Clinton Administration? The solution is to switch to 
plug-in hybrids and all-electric cars.

q Other transportation efficiencies. Walk? Bike? Bus? 
Light rail? Great for many purposes, but not for getting 
the groceries home, the kids to soccer practice, and bulk 
goods across the continent.

q Renewable energy sources. Of course. Any fifth-grader 
knows this. But which sources? Trade offs among sources? 
Opportunity costs? Funding? Timing?

q Capture carbon from power plants and sequester it 
in the ground or in the ocean. Not yet. There are issues 
of long-term safety, so the time for this procedure has not 
yet arrived—it may never. Where in the ground? The 
concentration of carbon dioxide in the ocean is already too 
high. How many power plants are conveniently located next 
to a large underground reservoir? How about the long-term 
safety of such a scheme? What if this storage of carbon 
dioxide “burps” (releases large amounts of carbon dioxide 
into the atmosphere in a short time)? Depending on the 
concentration, it could kill everybody in the area. How long 
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would this carbon dioxide have to be sequestered? Not 100 
or 1000 or 100,000 years, but forever.

q Capture greenhouse gases and other nasty 
pollutants at the plant. This is a good idea, but it is 
expensive and difficult. While helpful, it is not technically 
or economically feasible to capture enough. Besides, how 
about breakdowns and cheating? Another frequent tactic 
is to contribute large sums of money to political campaigns 
to secure favorable legislation. A solution for some, and a 
sure disaster for the rest of us.

q Gasify coal. If we continue with business as usual, we 
will probably be forced to gasify coal for many uses, and 
convert coal to oil to satisfy our transportation needs. 
Then, instead of our coal reserves lasting 230 years, they 
would last no more than 100 years if we are forced to 
convert coal to replace depleting oil and natural gas.

q Burn more natural gas instead of coal. We do quite 
a lot of this now. If we use more of our natural gas to 
generate electricity, then we will run out long before the 
middle of this century. Also, this option is not much of 
a bargain in regard to carbon dioxide. Recall that every 
pound of natural gas burned creates 2.75 pounds of carbon 
dioxide.

Does Planting Trees Buy Us “Forgiveness”?

Planting trees helps compensate for (offset) greenhouse gas emis-
sions, because trees absorb carbon dioxide and release oxygen. Alas, 
many forestry-offset projects were conceived or conducted in ways vul-
nerable to criticism, drawing the projects’ net benefits into question. 
Significant concern also arises over the permanence of carbon storage 
in trees and forests, since future clearing of the forests would return 
the stored carbon to the atmosphere. In some instances, foresters have 
planted many trees of the same variety together, thereby creating a 
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“monoculture” environment, which actually destroys the biodiversity 
necessary for a healthy forest. Unintended consequences?

In Ecuador, the Dutch FACE Foundation operates a carbon-
offset project in the Andean Páramo area. The project involves the 
planting of 22,000 hectares with eucalyptus and pine, of which 20,000 
hectares were certified under the Forest Stewardship Council system. 
Following an investigation, the non-governmental organization 
Acción Ecológica criticized the project in May 2005 for destroying a 
valuable Páramo ecosystem by introducing exotic tree species, causing 
the release of much soil carbon into the atmosphere, and harming 
local communities that had entered into contracts with the FACE 
Foundation to plant the trees. Who knew planting trees could be so 
involved and controversial?

How many trees would we need to plant? A typical tree planted in 
the tropics removes about 50 pounds of carbon dioxide from the atmo-
sphere each year. Sounds good, but what does that mean? Each average 
tree absorbs the CO2 generated by burning 3 gallons of gasoline. So, 
one would have to plant about 250 trees to offset one year of driving the 
average U.S. car an average annual distance. Trees in the rainy tropics 
grow 3 times faster than trees in temperate zones. By the way, the Gores 
would have to plant tens of thousands of trees in a temperate zone to 
compensate for the energy the Gores use.

However, when trees die, their carbon goes back into the environ-
ment, for a net reduction of zero. So what exactly does planting trees 
do for us? Nothing. Tree-planting-as-salvation is based on weird sci-
ence practiced by some politicians and 
their uninformed disciples.

Indeed, “Planting Trees to Save 
the Planet is Pointless,” announces the 
Guardian [U.K.] in the headline to an 
article by Alok Jha. The article quotes 
Ken Caldeira, co-author of a study released by the Carnegie Institute:

The idea that you can go out and plant a tree and help 
reverse global warming is an appealing, feel-good thing….

Each average tree absorbs the 

CO2 generated by burning 3 

gallons of gasoline.
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To plant forests to mitigate climate change outside of the 
tropics is a waste of time.

Jha writes, “Prof. Caldeira said planting trees was a diversion, let-
ting consumers pollute more. He said it would be better to transform 
the way energy was derived and used, for instance through investment 
in renewable and carbon-free electricity generation.”

In a separate interview reported by R. Butler, Caldeira said, “in 
terms of climate change, we should focus our efforts on things that 
can really make a difference, like energy efficiency and developing 

new sources of clean energy.” The 
report, titled “Climate Effects of 
Global Land Cover Change,” was co-
authored by S. Gibbard, K. Caldeira, 
and others.

Did you get that, everybody? We must transform the way energy 
is derived, developed, and used; we must transform our energy system. 
That is the point of this book. Read on for details of costs, timetables, 
and implementation.

Carbon Credits, Carbon Offsets, and Cap-and-Trade 
Schemes Are Not Remedies

The Gores did purchase carbon credits to offset their polluting life-
styles. Mark Steyn, in an opinion essay in the March 4, 2007, edition 
of many national newspapers, reports that the Gores purchased the 
carbon credits from a company owned at least partially by Mr. Gore. 

Many critics believe purchasing 
carbon credits makes the rich feel 
good, but does nothing to reduce 
the net output of CO2. Many are 
blunter. They believe, and I agree, 
that purchasing carbon credits is a 
sham. Has anyone coined the term 
eco-fraud?

Tree-planting-as-salvation is 

based on weird science.

We must transform the way energy 

is derived and used; we must 

transform our energy system. That 

is the point of this book. Read on 

for details of costs, timetables, and 

implementation.

Shuster_BOOK_2nd.indb   88 7/15/08   9:52:26 PM



89

g lo b a l  wa r m i n g

I would really like to see a well-quantified, reputable, non-self-
interested report illustrating the costs and detailing who benefits, 
who gets the money, who administers the programs, who brokers 
the transactions, and how the practice reduces CO2 emissions. Do 
these “offset companies” use the money to build non-polluting energy 
systems? Would these systems 
have otherwise been built? Do 
wealthy people purchase carbon 
credits from poor people because 
the poor can’t afford to use more 
energy? How do poor people pur-
chase carbon credits? Anybody 
seen such a report?

The designers of carbon-offset and carbon-credit programs intend 
to bring the world closer to carbon neutrality. The programs are com-
plicated, and many observers don’t think they achieve the desired ends. 
Even some of those trying to explain the programs admit they don’t 
get it. Consider this response, appearing in The Vail [Colorado] Daily, 
to a reader’s question:

I’ve heard renewable-energy credits, which are supposed 
to help create more renewable power, aren’t good. I buy 
wind power for my home. Am I buying lies?

—Ryan

The partial response:

Renewable-energy credits are quite the sticky bun these 
days, Ryan. Let’s first take a step back to explain them 
and their close cousins, carbon 
offsets. But I must warn you, 
when we’re done you still may 
not understand credits and 
offsets... Until and unless the 
U.S. Environmental Protection 

Carbon credits and carbon offsets 

are not for wealthy individuals to 

repent their consumption sins.

George Monbiot has compared 

carbon offsets to the practice 

of purchasing indulgences 

during the Middle Ages.
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Agency regulates carbon dioxide and other greenhouse 
emissions, there is no regulatory body to standardize, 
enforce or simplify these commodity markets. Thus, 
buyers beware. Does the credit money you just spent 
really go to a new renewable project? How much? Why 
does one company cost $10 per carbon offset and other 
$6? And you thought paper versus plastic was tough... 
Then there’s the issue of ‘retail therapy.’ Will people feel 
entitled to drive more, heat driveways and leave lights on 
if they can just buy their way out of consumption sin? 
There is concern that credits and offsets will cause more 
energy consumption when what is needed is greater con-
servation. Credits and offsets are ideal only for energy 
consumption we cannot currently avoid. Right now, the 
annual growth in energy consumption alone in the U.S. 
is greater than all the renewable power generated every 
year… So all clear now, Ryan?

— Energetically, Terra.

Mr. Gore, did you know that the provisions for carbon credits 
and carbon offsets written into the Kyoto Protocol were intended to 
provide a mechanism for carbon neutrality for companies and indus-
tries that simply cannot lower their emissions because of the nature of 
their processes. Carbon credits and carbon offsets were not intended 
to provide a means for wealthy individuals to repent for their con-
sumption sins. Examples of target industries include manufacturers 

of cement, steel, textiles, and fertilizers. In 
these cases carbon credits and offsets might 
make some sense, but let me repeat our 
theme song: The only real solution is to kick the 
fossil-fuel addiction.

Has anyone coined the 

term eco-fraud?
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Sacrilege or salvation?

The option to purchase offsets raises other questions—some 
practical, some political, some economic, some ethical. Do offsets 
legitimize the continued production of greenhouse gases? Do offsets 
encourage polluters to pollute more? Do these markets actually reduce 
carbon emissions? The measurement of the true harm of carbon emis-
sions and the benefits of offsets are exceedingly difficult.

Let’s consider an analogy. What would be the implications of 
an offset program by which someone who wants to betray his or her 
spouse could make a payment to someone who pledges to be faithful? 
A group of activists in Machynlleth, Wales, did just this by setting up 
a spoof website <www.cheatneutral.com> to illustrate a fundamen-
tal contradiction in offsetting practices. Such programs make it seem 
acceptable to continue to maintain the status quo, even if immoral or 
harmful. The continued generation of pollutants in an era of global 
environmental change is certainly harmful. I’ll leave it to others to 
draw a moral conclusion.

George Monbiot, an English environmentalist and writer, has com-
pared carbon offsets to the practice of purchasing indulgences during 
the Middle Ages. This practice allowed people to purchase forgiveness 
for their sins, rather than to repent or stop sinning. Monbiot also says 
that carbon offsets are an excuse for business-as-usual pollution.

Boon or bane?

In 2007, Fiona Harvey and Stephen Fidler of the Financial Times 
investigated the carbon-offsets industry. Among their findings, quoted 
below:

q Widespread instances of people and organizations buying 
worthless credits that do not yield any reductions in 
carbon emissions.

q Industrial companies profiting from doing very little—or 
from gaining carbon credits on the basis of efficiency gains 
from which they have already benefited substantially.
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q Brokers providing services of questionable or no value.
q A shortage of verification, making it difficult for buyers to 

assess the true value of carbon credits.

The nitty gritty

Offsets and carbon credits represent an accounting nightmare. 
Their virtues and effectiveness are uncertain. They look good and feel 
good, but do no good. They should be abandoned. A straight carbon 
tax would be easier to administer and would surely be more equitable. 
It also would likely achieve the intended result.

No reduction or carbon-neutral program will save us. While they 
can buy us some time, they can also deaden our sense of urgency.

Cap-and-trade programs 

Cap-and-trade programs are cousins of carbon credits and carbon 
offsets. They have been successful in reducing other pollutants, but 
here again they only reduce emissions when we actually need to elim-
inate them. Some industries cannot avoid producing carbon dioxide 
as part of their manufacturing process, and we must do everything 
possible to help them become more carbon efficient. When all of our 
electricity is produced by clean, renewable sources, then we can toler-
ate the unavoidable emissions by some industries. That would be the 
ultimate offset program.

A  REAL  SOLUTION

I wish Al Gore would use his unprecedented platform to talk more 
about the benefits of renewable fuels and the prospect of energy inde-
pendence. Mr. Gore must certainly know that the United States must 
develop and deploy clean energy, retire all fossil-fuel-burning power 
plants, and curtail the use of oil. I especially wish Mr. Gore would have 
mentioned nuclear energy. To my knowledge he said nothing about fast 
neutron reactors or the proposed Global Nuclear Energy Partnership 
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(GNEP). These are unforgivable omissions. Too much political risk? 
Too much misinformation and ignorance surrounding nuclear energy, 
although it already produces a full 80 percent of U.S. carbon-free 
electricity?

Nuclear energy represents the only total solution (see chapters Ten 
and Eleven). The people of the United States and the world will not be 
able to conserve their way out of the energy problem. Nor can wind, 
solar, or hydrogen fill the gap in the time needed. As solar cells become 
more efficient, they may become the dominant source of energy 100 
years from now—maybe. The only practical and affordable solution 
for today is to aggressively deploy nuclear power plants now—partic-
ularly fast neutron reactors.

Although solving the energy problems of the world and the United 
States benefits just about everyone, an undeniably inconvenient truth 
is that the problems of energy tran-
sition and global warming simply 
cannot be solved without causing 
hardship to some very important 
industries, such as the oil, coal, and 
automotive industries—all with 
strong lobbies—and to people who work in and near these industries. 
Some people will be displaced. Fuel distribution and other automo-
tive services must also be greatly modified to accommodate any new 
transportation system.

Governments and private industries could manage displaced 
firms and people. They can minimize the harms while realizing 
earth-saving benefits. People throughout history have suffered hard-
ship, displacement, and inconvenience in their quest for freedom, 
particularly in wars of freedom and independence. This “war” is as 
serious and challenging as any we have fought in the past. The assault 
on our way of life from pollution is as serious as any war ever fought. 
The one big difference is that this time the whole world should be on 
the same side. Our common enemies are the burning of fossil fuels 

The United States and the world will 

not be able to conserve their way 

out of the energy problem.
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and the pollution they cause. Here’s another chorus from our theme 
song: This massive global problem needs a huge, global solution.

The solution is not mysterious. In fact, it is quite simple, because 
there is only one workable, effective solution: fast neutron nuclear reac-
tors, the Global Nuclear Energy Partnership, and a rapid transition 
in our transportation fleet to hybrid plug-ins and all-electric vehicles. 
The cost? Very affordable, as we shall see.

TRUE BELIEVERS, CONTRARIANS, DISMAYED 
SKEPTICS, and the DISINTERESTED

I have done my best to lead you through official statements, thoughtful 
opinions, and blatant propaganda surrounding the debates on global 
warming. Aspects of these debates now seem to hold permanent, prom-
inent positions in media broadcasts and publications. True believers 
and contrarians alike passionately hold their views. Many others in the 
public at large seem firmly confused or disinterested. While I am a 
skeptic, I am deeply dismayed by the fear and furor surrounding these 
unnecessary debates. Let me repeat my gospel: Fossil-fuel use, not 
global warming, is the real problem.

The medieval writer Dante supposed that the gate to hell was 
capped by a foreboding sign: “Abandon hope all ye who enter here.” I 
think the same warning applies to those who heedlessly enter a future 

dependent on fossil fuels. Why 
abandon hope when we can sim-
ply abandon coal, oil, and natural 
gas? Since we must forsake fossil 
fuels sometime in the near future 
anyway as they become depleted, 
why not get off fossil fuels earlier 
than later and save the world tril-
lions of dollars?

There is only one workable, 

effective solution: fast neutron 

nuclear reactors, the Global Nuclear 

Energy Partnership, and a rapid 

transition in our transportation fleet 

to hybrid plug-ins and all-electric 

vehicles.
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The best way to begin is to do everything we can politically to 
get the necessary changes started. What can we expect? If the best 
way to tell the future is to peer into the past, then we can reasonably 
expect our political leaders to do little to address, much less to solve, 
this mammoth problem. In the United States, no one can or will wres-
tle with Social Security issues or healthcare, and we are even worse off 
on energy matters. The public must take action, take control, stay in 
leaders’ faces, and insist on specific, affordable, timely, effective policies 
designed to hasten the transition to renewable energy sources.

The ballot box is one of the public’s most powerful tools, but 
elected officials and vested interests also possess formidable tools: cash, 
campaign contributions, and lobbying skills. Also, the world has little 
time. Those interested in environmental health and energy must con-
vince each other, fellow citizens, our political and corporate leaders, 
and the world to act now. A policy that insists on the deployment of 
all-renewable energy sources and the rapid replacement of fossil fuels 
is the only sane course. Only a fool would resist switching completely 
to renewable, clean energy sources as fast as possible.

BOTTOM LINE

q The argument on global warming is meaningless, is 
unresolvable, and doesn’t make any difference unless it 
becomes the motivation for abandoning fossil fuels.

q Don’t let all of the discussion about global warming distract 
you. Only total abandonment of fossil fuels will do.

q Without a cry to abandon fossil fuels and adopt the 
inevitable nuclear solution, Mr. Gore’s message misses 
the mark. 

q Offsets, credits, and cap-and-trade schemes will never 
solve anything. They may buy us a little time and a little 
denial.
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q Cap-and-Trade programs have not reduced emissions 
significantly in Europe nor will they make much of a 
difference in our quest to energy independence. This 
effort would be better spent supporting a more aggressive 
transition from fossil fuels to clean renewable energy 
sources. Further, this is another scheme ripe for abuses and 
accounting shenanigans.

q Whatever your position on global warming, don’t bet 
against the dire consequences of global warming. You don’t 
have to.

q We must take action immediately. Money will not be the 
problem in the transition to clean, renewable energy. Time 
and political leadership will be. On the political side I 
remain hopeful, because in times of need a good national 
leader often emerges.

q Mr. Gore, I really wish you would have reached across the 
aisle in a spirit of cooperation to solve this most serious 
problem. A Nobel Prize, yes. A place in the Energy Hall 
of Fame, not yet. But you can still get in. I stand by to help 
in any way I can.
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eNeRGY PRoBleMs ARouND  
THe WoRlD

n o r e l i e f  i n  s i g h t

Let’s take a look around the world. Keep in mind that the depletion 
of energy resources and mounting fossil fuel pollution are not national 
problems—they are global.

UNITED STATES 

The U.S. population reached 300 million in October of 2006. At the 
present growth rate, the U.S. population may reach approximately 
390 million in 30 years. The U.S. population may hit 470 million in 
50 years. If you think we have congestion and polluted air now, then 
imagine how bad it will be if we keep doing the same dumb things.

U.S. oil reserves are 22 billion barrels, and the consumption rate is 
7.5 billion barrels per year. With no population growth, no improve-
ment in standards of living, no imports of oil, and no change in the 
consumption rate, these oil reserves would last only 3 years. If that 
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doesn’t give you heartburn, then try this—the rest of the industrial 
world is in the same boat.

Under the same assumptions, U.S. natural gas reserves would last 
9 years. Coal, by far the most abundant fossil fuel in the United States, 
would last for over 220 years at our present consumption rate, but 
world supplies will last only 175 years. When burned, coal puts a host 
of nasty stuff into the environment. As we burn more deeply into our 
reserves, we will burn dirtier coal containing more and more sulfur 
and other foul materials. Think we have ample coal reserves? Think 
again. If nothing is done now to create alternative, renewable energy 
sources, then we will be forced to use coal to produce oil and gasoline, 
since we will run out of these resources long before we will run out of 
coal. And if we do that, then our coal reserves will disappear in less 
than a century. If we use coal to generate electricity and also divert 
some coal to make gasoline, then the coal would last only about 80 
years, if the conversion was 100 percent efficient, which it isn’t.  At 50 
percent conversion efficiency, which is more likely, the coal would last 
about 50 years, then it too would be gone. Just when we think we have 
found a solution, we uncover other problems.

Say it with me: The only real solution is to quit burning fossil 
fuels.

EUROPEAN UNION

Europe consumes on a per capita basis about one-half the energy and fuel 
consumed in the United States. This is pretty much across the board—
oil, coal, and natural gas. The European Union’s (EU) gross domestic 
product (GDP) is about the same as the United States’. The EU pop-
ulation of 460 million people will likely shrink in the next 30 years.

With 7 percent of the world’s population, the EU consumes nearly 
18 percent of the world’s energy. They have oil reserves of 7.3 billion bar-
rels and consume 5.5 billion barrels per year. Relying on their own oil 
reserves, EU oil would last less than 2 years. Their domestic natural gas, 
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at present consumption rates, would last about 7 years. EU coal would 
last 44 years.

CHINA

China, for all its industrial strength, may ultimately be deprived the 
reward of a more prosperous life for its people—one they so richly 
deserve—if their energy problems are not resolved.

China has about 4.5 times as many people as the United States, 
and they live on about the same land area. China, a rapidly growing 
world economic power, will have ever-increasing needs for energy for 
three reasons:

q Rapidly growing 
population—about 1.3 
billion in 2008 will become 
about 1.6 billion in 2038. 
That is, in the next 30 years China’s population will 
increase by 300 million people, the current size of the total 
U.S. population.

q Growing appetite for the good life.
q Rapidly expanding economy—China’s economic growth 

rate in 2005 was about 10 percent.

Consider this report from the New York Times (December 21, 
2007). The title of the article says much: “China Grabs West’s Smoke-
Spewing Factories.” According to authors Joseph Kahn and Mark 
Landler, China is buying and dismantling piece by piece dozens of 
large factories from Europe, then shipping 
and reassembling those factories in China.

In its rush to re-create the indus-
trial revolution that made the West 
rich, China has absorbed most 

“China has become the world’s 

factory, but also its smokestack.”

China in 2007, for the third 

year in a row, increased its 

power output by more than 

the total capacity of Britain.

Shuster_BOOK_2nd.indb   99 7/15/08   9:52:27 PM



100

p r o b l e m s

of the major industries that once made the West dirty. 
Spurred by strong state support, Chinese companies have 
become the dominant makers of steel, coke, aluminum, 
cement, chemicals, leather, paper, and other goods that 
faced high costs, including tougher environmental rules, 
in other parts of the world. China has become the world’s 
factory, but also its smokestack.

Such industries consume mountains of fossil fuels and belch black 
toxic clouds. Does China have the resources?

Oil

China has 18.3 billion barrels of proven reserves of oil, yet the 
Chinese consume 2.3 billion barrels per year. So, with no population 
growth, no improvement in standards of living, and no importation of 
oil—that is, if the Chinese rely entirely on their own oil resources—
their oil would last less than 8 years to bone dry. All gone. This fact 
must have the Central Committee downing lots of Mao-Tais, one of 
their most respected liquors. China plans to meet future oil demand 
in part from OPEC—but so does everybody else. Good luck. China 
has 550 million people fit for military service. Such military clout will 
make a large statement if the Chinese go after energy reserves in other 
parts of the world.

Natural Gas

The Chinese are in better shape when it comes to natural gas. 
According to the 2004 edition of the CIA World Fact Book, China’s 
proven reserves are 90 trillion cubic feet, and consumption is 1.2 tril-
lion cubic feet per year. With no population growth, no improvement 
in lifestyles, and no imports, these reserves would last approximately 
75 years to bone dry. Not too bad, but this is only one lifetime—back 
to the Mao-Tais.
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Coal

China is a coal heavyweight, and the Chinese use a heck of a lot of 
it. I can personally attest to this. In 1985, during my first visit to Bei-
jing, people were wearing face masks to combat the dirty air. I under-
stand this is still the practice in parts of China. Chinese coal reserves 
total 126 billion tons, and consumption is about 1.5 billion tons per 
year. These reserves should last about 85 years with no population 
growth, etc. However, these reserves don’t seem to change from year to 
year, leading some statisticians to believe the stated reserves are likely 
inaccurate. In addition, most of the coal, primarily used to generate 
electricity, is relatively low-grade, generating considerable pollution. In 
some places in China, while your eyes burn, it is difficult to see across 
the street.

Hydropower

The world must congratulate China on its development of vast 
hydro-electric resources. Over the last several years the Chinese have 
had under construction 35,000 megawatts of electrical capacity, about 
16 percent of their total electricity needs. Amazing. This is a huge 
hydro-electric undertaking, as large as the next 3 largest programs 
(Brazil, India, and Iran) combined. According to the World Energy 
Council, this is enough capacity to supply the electrical needs of 30–50 
million people in China. The largest project, the Three Gorges System 
on the Yangtze River (18,200 megawatts), is scheduled to be com-
pleted and totally online by 2009.

The Three Gorges dam project costs approximately $25 billion, 
about $1400 per installed kilowatt of generating capacity. This figure is 
about the same as for nuclear-generated electricity ($1500 per installed 
kilowatt). Experts project that China has the potential to produce 
290,000 megawatts of economically feasible hydropower. China cur-
rently has approximately 50,000 megawatts of hydropower online. For 
perspective, 50,000 megawatts is equivalent to almost 85,000 relatively 
large (1.65 megawatt) windmills, and even then you would need a 
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suitable energy-storage system. So many windmills are required because 
hydropower is 24/7, but suitable wind blows only about 35 percent of 
the time. If China develops all of its hydropower potential, and if the 
Chinese grid could accommodate all of this hydropower, then hydro-
power could replace all of the coal-burning and other electricity-gener-
ating power plants in China, at present consumption rates. However, 
even this staggering addition of electrical power would not be adequate 
for China’s anticipated growth in population and economic develop-
ment. Any shortfall could be made up with nuclear energy.

Hydropower from dams is subject to changes in climate, including 
variations in rainfall, ground and surface water levels, and glacial melt. 
Therefore, back-up may be needed in low-water years.

Nuclear

China’s first nuclear reactor went online in 1991. In January 2006, 
9 reactors were in operation, with 30 more in the works. Nuclear plants 

generate about 2 percent of Chi-
na’s electricity. The Chinese gov-
ernment, planning an aggressive 
expansion of generated electricity, 
is conducting extensive research on 
nuclear-generated electricity. China 

has reserves of almost 80,000 tons of uranium. For comparison, the 
United States has just over 300,000 tons, Russia has about 160,000 tons, 
and Australia, with the largest reserves in the world, has over 600,000 
tons. Stated reserves vary greatly according to different sources.

Chinese Electricity

According to Kahn and Landler in the New York Times, China is 
adding huge amounts of electrical power each year.

China added 90 gigawatts of generation capacity in 
[2007], the third year in a row in which it will increase its 
power output by more than the total capacity of Britain. 
About 85 percent of those new power plants burn coal.

China’s hydro-electric program is 

larger than the programs of Brazil, 

India, and Iran combined.
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The International Energy Agency, which had pre-
dicted as recently as a few years ago that China’s carbon 
emissions would not reach those of the United States until 
2020, now thinks China took the lead this year [2007].

Look out, world. That perfect storm cloud is as black as coal dust.

INDIA

India—another huge country on the move, growing at over double 
the population growth rate of China—will likely surpass China in 
population in the next 30 years. India’s population, 3.5 times greater 
than the U.S. population, lives in an area about one-third the size 
of the United States. This has disaster written all over it, although  
the Indian people are rapidly moving up the technology curve. Like 
the Chinese, Indians have the same growing appetite for energy  
for the same reasons:

q Rapidly growing population—about 1.1 billion in 2008 
will become about 1.7 billion in 30 years (2038).

q Better life.
q Aggressively growing economy—from 1981–2001 the 

Indian economy grew a hefty 5.6 percent per year.

Oil

India’s proven oil reserves are 5.7 billion barrels, and the pres-
ent rate of consumption is 1 billion barrels per year. Consequently, if 
India were to rely only on its own reserves, they would last less than 
6 years at present use rates. India presently imports 70 percent of its 
oil. According to Frontline, a national magazine in India, India’s oil 
demand is expected to grow from approximately 1 billion barrels per 
year in 2008 to 5 billion barrels per year in 2038.

Like China, India plans to get additional oil from producers 
around the world. Again, good luck. Consider the following article 
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from Praful Bidwai appearing in India’s Frontline. I quote this here 
because all countries could end up following the same path. If we do 
not solve our collective pollution/energy problem together, then we 
will all suffer together. We can see our own potentially frightening 
future in the following:

High oil prices have confronted the Minister [Mani 
Shankar Aiyar] with a series of tough choices: How best 
to secure supplies of crude [oil] and gas even as their con-
sumption rises by leaps and bounds? How to maximize 
India’s leverage in the highly competitive global market 
for petroleum and gas? How to achieve energy security as 
the domestic production of oil falters? How to accelerate 
hydrocarbon exploration and improve recovery from 
existing Indian fields? How to protect the bottom lines of 
India’s public sector superstars or Navratnas, the oil com-

panies, while guarding the 
ordinary consumer and con-
taining the inflationary 
impact of high crude prices? 
How to promote substitution 
of fossil fuels with bio-fuels 
like ethanol? In the larger 
context, how to promote the 
worthy cause—indeed, the 

environmental imperative—of energy conservation, while 
securing reliable energy supplies?...

Given the political constraints under which such 
decisions are made, some slippages and suboptimal 
outcomes become almost inevitable….

India’s oil consumption, now about 2.25 million bar-
rels/day, is estimated to rise, at present rates of expan-
sion, to a huge 5 million barrels in five to seven years. This 

Other countries are much more 

interested in getting oil for 

themselves than in letting the 

United States gobble it up at what 

they think is an unfair, immoral, and 

greedy rate. 
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should make all environmentally conscious citizens sick 
with anxiety. There is no way that India can or should 
sustain such high levels of energy consumption without 
causing enormous and irreversible damage to the global 
environment.

Such elitist consumption mania should have no place 
in a halfway sane society. True, our energy consumption 
per capita is under one-sixth that of the U.S. [JS: closer 
to one-thirtieth]. But that is no argument for emulating 
the U.S. Rather, it constitutes a case for reducing energy 
consumption in the U.S.

Yet, India’s oil quest has been aggressive, even brash. 
Mani Shankar Aiyar has been holding road shows in 
numerous countries and signing up contracts for equity 
investment outside the traditional sources of West Asia. 
Our oil companies are looking to Russia, Latin Amer-
ica, and African countries from Angola to Chad, Niger, 
Ghana and Congo, to Sudan. Other targets include 
Ecuador, Sri Lanka, Iraq, and Venezuela. There is 
Myanmar of course; and above all, Iran with which a 
deal for a 2,600 kilometer (km) [1600 mile] gas pipeline 
through Pakistan is likely to be signed. India has signed 
a $2 billion contract for 20 percent holding in Russia’s 
Sakhalin-I field. It wants to secure one million barrels/
day from Russia alone.

India has emerged as China’s main rival in grabbing 
oil contracts in as many countries as possible—following 
a long trail of rising powers, including imperialist states. 
For many decades until the 1960s, countries such as the 
U.S., France, and Japan used all kinds of methods to 
control oilfields and secure supplies. Britain divided up 
chunks of West Asia and created Kuwait to this end….
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It is imperative that we take corrective action now—
by saving energy, by discouraging private transport, and 
by pricing petroleum right to discourage its profligate 
consumption. Above all, we must promote non-pollut-
ing, non-greenhouse gas-emitting renewable sources like 
wind power. Wind electricity generation in India has now 
come of age and has become economically competitive…

We seriously need to promote renewable energy—as 
well as public or mass transport—through stiff, well-tar-
geted levies on petroleum products and energy-intensive 
luxury goods such as cars and air conditioners. The alter-
ative is unmitigated disaster.

The article above sounds desperate, as it should. Take heed, citi-
zens of the world. The article describes the unfolding, accelerating 
energy problem, greatly exacerbated by population growth, facing all 
of us. The rest of the world is increasingly upset over U.S. excesses.

In India, 82 percent of its electricity is produced from fossil fuels, 
14.5 percent from hydropower, and 3.5 percent from nuclear energy. 

This does not include a lot of energy 
produced at the point of use, such as 
solar energy used for hot water and 
cooking. India also plans an aggressive 
expansion of its wind-energy industry. 
Indians may have to slash their eco-
nomic growth, because studies suggest 
that each 5 percent increase in the price 

of oil will cut India’s growth rate by one-quarter of one percent. Also, no 
one has figured out what to do about India’s out-of-control population 
growth.

Consider the implications for India, as detailed by Ashish Vach-
hani in the Hindu Business Line.

India’s population, 3.5 times 

greater than the U.S. population, 

lives in an area about one-third 

the size of the United States. 

This has disaster written all 

over it.
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In a world of growing petro-rivalry between nation-states, 
India has to catch up and outpace other major players in 
the global energy game. With the future of West Asia 
as a reliable crude supplier becoming uncertain since the 
US-sponsored “Operation Iraqi Liberation” (OIL), India 
is stepping up energy diplomacy with the countries in the 
South Asian region, Central Asia, Russia, Africa, and 
Latin America.

Washington has expressed its displeasure at New 
Delhi’s newfound bonhomie with countries that the US 
has declared non grata in the context of our pipeline diplo-
macy with Iran. Though energy engagement with such 
states could be a risky strategy in terms of safety of our 
investments, it appears to be a more secure arrangement than 
no energy security at all.

Such developments make it absolutely necessary for 
India to push for restructuring the US-dominated inter-
national energy web and work towards creating a pan-
Asian oil and gas grid to foster greater Asian energy 
security.

This article lays it on the line. When it comes to oil, the life blood 
of any nation’s way of life, other nations really don’t care at all what the 
United States thinks or does. Other countries are much more inter-
ested in getting oil for themselves than in letting the United States 
gobble it up at what they think is an unfair, immoral, and greedy rate. 
Energy concerns will increasingly drive and dominate nations’ foreign 
policies and international activities. The following editorial, appearing 
in the New York Times on February 19, 2006, describes India’s desper-
ate problem.

Exploding at the seams with building, investment, and 
trade, India can hardly keep up with itself. City streets 
originally built for two lanes of traffic are teeming with 
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four and sometimes five lanes of cars, auto rickshaws, 
mopeds, buses and trucks. This energy-guzzling conges-
tion will only become worse as India continues producing 
fairly high-quality goods and services at lower and lower 
prices—from automobiles that cost only $2500 to low-
budget airline flights for $50. All the while the population 
is growing and out of control.

India’s president, A.P.J. Abdul Kalam, sounded 
exactly like President George W. Bush when he told the 
Asiatic Society in Manila that energy independence must 
be India’s highest priority. “We must be determined to 
achieve this within the next 25 years, that is, by the year 
2030,” he said.

Sounds like “whistling past the graveyard” to me. Given India’s 
runaway population problem, there is no way India will succeed. Either 
Kalam knows it, but is saying otherwise. Or Kalam doesn’t know it. 
Either way, the enormity of the population problem defies simple solu-
tions. Unfortunately, Kalam, like Bush, is far better at talking than at 
any real action to reduce energy consumption or to solve the real prob-
lem of accelerating depletion. When Bush made a recent long-planned 
trip to India, he visited a country that, like China, has begun to gear 
its international strategy to its energy needs. That is one of the big-
gest diplomatic challenges facing the United States, and right now the 
American strategy is inept because the real problem has not yet been 
defined. And we do not have a grip on our own energy problems.

The seeds of conflict have been planted. The United States must 
get on with solutions now and help others, as it is clearly in the coun-
try’s best interests and in the best interests of avoiding diplomatic and 
armed conflicts over resources.

Natural Gas

India’s current natural gas reserves are 30 trillion cubic feet, and 
the present consumption rate is 1 trillion cubic feet annually. That 
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gives India about 30 years to bone dry—assuming zero population 
growth and no economic growth.

Coal

India, like China and the United States, has a lot of coal. India’s 
coal, however, is generally low-grade. Proven reserves are about 100 
billion tons, and India’s consumption is approximately 500 million 
tons per year. With no population growth, no economic growth, and 
no imports, India will consume all of its domestic reserves in about 
200 years. India has all types of coal, from lignite to bituminous, but 
most have high ash content and a low heating value. Coal is the major 
source of energy for generating electricity in India, where about 75 
percent of the electricity is generated by coal-fired power stations. 
Also, other major industries in India, such as producers of cement, 
fertilizer, chemicals, and paper, rely on coal.

Hydropower

India’s hydropower potential is about half of China’s, but still 
among the largest in the world. By the end of 2000, India’s hydro-
power output accounted for approximately 18 percent of the electric-
ity generated in India’s public sector.

Nuclear

By 1991 India had 11 operating reactors providing almost 3 percent 
of India’s electrical energy. India, like China, plans rapid expansion 
of nuclear energy, including the development and use of fast neutron 
reactors. It is unclear if India will also use the recycling process called 
URanium EXtraction Plus (UREX+, pronounced “UREX plus”). 
Plant operators will use India’s own radioactive thorium for fuel 
because the nation has huge indigenous supplies. India’s uranium 
reserves are about 60,000 tons. By 2020 India plans to have nuclear 
energy generate about 30 percent of its present electricity consumption, 
but it won’t keep up with demand arising from predicted population 
growth. It seems certain that India’s situation will become hopeless 
unless India quickly and decisively curbs its population growth.
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India desperately wants President George W. Bush to wring 
approval from Congress for a misbegotten pact in which America 
would help meet India’s energy requirements through civilian nuclear 
cooperation. (Note: this is a perfect example of how the Global Nuclear 
Energy Partnership could work. I discuss the GNEP at length in 
Chapter Ten.) With its eye on the nuclear deal, India recently bowed 
to American pressure and cast its vote at the International Atomic 
Energy Agency to refer Iran’s suspected nuclear program to the United 
Nations Security Council.

Solar

India has a lot of solar potential and has a large installed base of 
passive thermal solar systems for cooking and for heating water and 
air. The capacity of these systems is truly impressive, accounting for 
over 6 million square feet of collector area. India plans an additional 
300 million square feet. India is also actively involved in research on 
solar photovoltaics to generate electricity, but considering the enor-
mity of the need, the potential contribution from photovoltaics, while 
helpful, is minimal. Keep in mind that solar energy used for electricity 
must have a back-up power source.

Wind

India’s wind resources are quite significant. The country has on-
land potential to generate 50–70 percent of its present electricity needs 
and 30–40 percent of its anticipated need in 2038. India ranks fifth in 
the world in wind generation. However, it is doubtful that even half 
of this potential can be realized because of present and (likely) future 
incapacity of the nation’s electrical grid to hold and carry additional 
energy, not to mention the large land areas required. Also, recall that 
wind energy used to produce electricity must be backed-up by another 
power source when the wind is not blowing.

Other Sources

Energy generated from tides, waves, and geothermal sources will 
not make a significant contribution.
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A Final Thought

This is a lot of information about India, but India’s extreme energy 
issues foreshadow problems for all of us. India is a canary in a global 
environmental coal mine, a harbinger of things to come. India’s situ-
ation teaches us a lot, because its 
problems have already arrived. As 
we watch, India leans into the first 
strong winds of the perfect storm.

THE WORLD—MISERY HAS a LOT of COMPANY

The overall situation in the world offers cold comfort, because there 
is plenty of misery to go around. Assuming no population growth, no 
improvement in standards of living, no economic growth, no additional major 
discoveries of fossil-fuel sources, and no change in the consumption rates, here 
is the situation the world faces:

q Oil will last less than 40 years (until, 2048).
q Natural gas will last about 65 years (until 2073).
q Coal will last 165 years (until 2173).

The global population will likely grow by about 45 percent in the 
next 30 years. Economic growth in many countries will be consider-
able. The economies of China and India will likely grow by 3 percent 
or more per year, while the United States, Europe, and others will 
grow at about 1.5 percent per year over the next 30 years. Most pro-
jections are for greater growth. I am certain growth will be seriously 
compromised by energy shortages even if the world makes a maxi-
mum effort to correct the shortages now.

Considering the almost certain population growth and assuming only 
very modest global economic growth, the world can expect the following:

q Oil will last less than 30 years.
q Oil will last less than 50 years if we double reserves by 

India’s extreme energy issues 

foreshadow problems for all of us.
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tapping 1 trillion barrels of oil from unconventional sources 
and population continues to grow.

q Natural gas will last less than 50 years.
q Coal will last less than 75 years.

The above numbers take us to bone dry, all gone.
We will have big problems long before we completely run out. Con-

sequently, I believe the world will see more gasoline rationing in the 
near future—and I believe the sooner the better. I recommend it imme-
diately. There is already de facto rationing going on in the world. India, 
for example, has a quota limiting (rationing) the amount of some fuels 
that people can buy at deeply discounted prices. Rationing is on its way 
in part because some governments are already desperately trying to 
keep prices reasonable to consumers while world prices increase. 
According to Economist magazine, only one-third of the 48 developing 
countries let the markets set fuel prices. The governments of Yemen 
and Indonesia, for example, spend more money holding down the price 
of fuel through subsidies than they spend on health and education. 
This again has a ring of desperation, and it will only get worse. The first 
gusts of the perfect global storm are blowing.

I’ll bet you think I’ve lost my mind. These numbers can’t possibly 
be accurate, right? I thought so, too. The numbers are so bad that they 
are shocking at first and then unbelievable. But believe them. The real 

shock for you and me should be the fact 
that the United States and the world 
have done so little about this impend-
ing, on-going disaster. Energy indepen-
dence? When and how long will it take 
the United States to get there? 

During the 2006 U.S. midterm elections, energy was essentially a 
non-issue. Gay marriage, war, taxes, abortion, fuel prices, immigration, 
and ball parks were talked about with the assumption that these issues 
were more important to our politicians and to us. Not much has 
changed as the 2008 presidential campaigns unfold. Iraq, jobs, and the 

Oil and energy are intimately 

and inextricably tied to war, 

jobs, and economic conditions.
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economy dominate. Don’t people see how oil and energy are intimately 
and inextricably related to all 3 issues? I suspect other world leaders 
have similar reluctance to deal with this issue. The economy, war in 
Iraq, and the price of fuels are related to energy, but they don’t go to 
the core of the energy issue. None of these issues will matter much 
when we get a little closer to running out of energy, and others refuse 
to sell it to us or will only sell it at prices that will destroy our 
economy.

You can of course disagree 
with the above numbers based on 
differing projections (there are 
many), but the overall picture won’t 
change much. A difference of 10 or 
even 20 years in the overall picture 
is really meaningless. The United States and the world are running 
out—and soon. Surely your grandkids will be left holding the bag—
an empty bag, that is.

The recovery of oil from oil shale and other unconventional 
sources could make us more energy independent and could buy us 
some time. Yet even if we double the present worldwide reserves 
from 1.1 trillion barrels to 2.2 trillion barrels, we could still run out 
if nuclear and other renewable energy sources, as well as transporta-
tion reform, are not aggressively pursued in the next 30 years. (Note: 
Included in the 1.1 trillion barrels of conventional oil is 100 billion 
barrels of conventional oil that is yet to be discovered.) The arithme-
tic is really quite simple. Keep in mind that any proposed solution 
that is without quantification and a firm timetable is not a plan; it is 
only a dream. The time for more studies and glib solutions is over. 
This book proposes a very affordable solution and a timetable.

America will be losing its position as the most productive economy 
on the planet to China within a decade or two and to India prob-
ably some time in this century. No longer will the United States be as 
admired or feared as in the past. For the first time in history, accord-
ing to the 2005 A.T. Kearney Foreign Direct Investment Confidence 

Keep in mind that any proposed 

solution that is without 

quantification and a firm timetable 

is not a plan; it is only a dream.
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Index, the United States ranked as only the third best country for investment, 
behind China and India. This ranking held steady in the 2006 and 2007 
Indexes too. I would be very happy for all 3 countries to be energy 
independent for obvious reasons.

Also remember that the United States is twice as far from the 
Middle East as China, 3 times farther than Europe, and 4 times far-
ther than India. World geography offers no comforts if push comes 
to shove.

BOTTOM LINE

q There is no place for the United States to turn to 
for energy relief, except to look to our own resources 
and resolve. The United States must turn to available 
renewables.

q All countries should help each other. The good health 
of our common home must be the common goal. The 
United States and other wealthy nations must help other, 
less fortunate countries become energy independent for 
mutual benefit.

q Above all, we must avoid the idea of “every country for 
itself and to heck with all others.” The world must avoid 
war, the ultimate, incredibly costly, zero-sum game.

q We must encourage and help all countries to develop a 
30-year plan to energy independence. After 30 years, the 
cost of transition goes up on a very steep curve.
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Chapter 6

solAR eNeRGY

The sun provides limitless energy. The sun radiates over the face of 
the earth thousands of times more solar energy than humanity needs. 
Indeed, all energy—including the energy from oil, gas, and coal—
comes from the sun through photosynthesis, the process whereby the 
sun (plus carbon dioxide and water) greens the plants that eventually 
die. As the sun fuels the growth of all plants, it also creates temperature 
differences that generate wind, cause evaporation, and drive the water 
cycle. In this way, solar power comes to us in many forms—fossil fuels, 
direct sunlight, wind, hydropower, and biomass. I discuss these sources 
elsewhere in the book, but this chapter addresses only direct sunlight 
as an energy source.

DON’T BELIEVE the HYPE

Don’t believe the wild projections about how direct solar energy will sat-
isfy a large portion of U.S. electrical energy needs in the next 50 years. 
Both the use of direct solar energy and wind energy are experiencing 
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very rapid growth, yet their contribution to the production of elec-
trical energy remains miniscule. Some people deeply believe that all 
energy problems can be solved by direct solar energy and wind power. 
Too bad these people lack supporting numbers to back up their hopes. 
Do you recall any of the grand proclamations that predicted a large 
portion of U.S. energy—up to 50 percent—would come from renew-
able sources by 2005? We keep hearing such predictions, yet utilities 
still propose and build coal-burning plants. Unsubstantiated hype 
only confuses the public, so don’t believe it until the advocates present 
some solid evidence: Who? When? Where? How much?

Pie in the Sky Plans?

I strongly advocate solar-powered electrical generating systems in 
two specific applications. First, direct solar energy can produce heat 
and provide peak power in response to peak demand (peakload), 
regardless of what kind of power provides the baseload. Every kilowatt 
hour generated by solar power reduces fossil-fuel pollution. Second, 
direct solar energy can often be the best choice for producing off-grid 
electricity at the point of use.

The solar-energy industry has broader plans. The industry drafted 
an ambitious plan requiring a gigantic effort to supply half of the new 
electrical energy required by the United States between now and 
2025. This much electrical energy will account for about 10 percent 
of the total U.S. consumption that year. This significant amount is 
more than all the electrical energy consumed in Italy and 1.5 times all 
the electrical energy consumed in Mexico. I respect and encourage the 
plan, but I am skeptical.

How might direct solar power generate 10 percent of U.S. elec-
trical energy needs? Getting to 10 percent will be a daunting task. 
It’s doubtful that the United States will get there by 2025. However, 
the public should not allow this goal to fail through a lack of funding. 
Besides, if the United States can’t generate 10 percent of its electri-
cal needs from solar energy by 2025, then how will the country ever 
get to 20 or 30 percent—much less 100 percent—in time to avert the 
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impending fossil-fuel-related economic meltdown?
I believe that over a longer time period, say 100 years, direct solar 

energy will grow in step with advancing solar technology. By 2100 
direct solar energy may begin to become the world’s major source of 
electrical energy. A strong research effort to this end should continue. 
Costs must be reduced, and construction materials must be found 
that are more abundant and more environmentally friendly. For exam-
ple, some high-efficiency photovoltaic cells require exotic materials, 
and the quantities of such materials are often insufficient to support a 
massive deployment of solar power.

Photovoltaic solar installations are quite expensive, but they are 
competitive in some applications, particularly where the generated 
electricity is used on site, thus by-passing the grid. Per kilowatt, the 
installed cost of photovoltaic panels is 3–4 times the installed cost of 
windmills and about 7–8 times the installed cost of nuclear energy.

In short, solar will play a minor but important role, but for many 
reasons direct solar energy (and wind energy) will probably never make 
a large dent in the world’s massive energy requirements or provide an 
answer to U.S. energy needs. Beware of predictions to the contrary.

When doing research, you soon learn that sources often offer cir-
cular arguments that quote each other and quote the media sources 
who quoted them in the first place.

Back-up Energy

Solar power does not reduce a utility’s baseload power needs, 
because there will be times (as when the sun is not shining) when 100 
percent of the needed energy must come off the grid. One conclusion 
is clear: Direct solar energy (or wind energy) always needs a back-up 
source of energy for when the sun does not shine (or the wind does not 
blow). The remedy would be a super battery or some other efficient 
energy-storage system, but they aren’t here yet. In the meantime, back-
up energy must come from a fossil-fuel power plant, a hydro-electric 
power plant, or a nuclear power plant. Of course, if the back-up is 
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nuclear, then there is no need for solar or wind energy in the first place, 
since nuclear energy is more economical and cleaner.

Background Reading

I recommend two well-written books every solar enthusiast should 
read. Mr. Travis Bradford’s book Solar Revolution (MIT Press, 2006) 
strongly advocates for solar energy and makes a good case for distrib-
uted solar power. 

Dr. Howard C. Hayden’s book The Solar Fraud: Why Solar Energy 
Won’t Run the World clearly conveys his criticisms. If you are an avid 
proponent of solar power, then Dr. Hayden will likely enlighten and 
perhaps surprise you. Bradford and Hayden come to their conclu-
sions using different assumptions, but Dr. Hayden’s position is more 
founded in mathematical analysis.

Mr. Bradford develops his position from a number of assump-
tions that are yet to be proven, and his objections to nuclear energy 
are way out of date. Also, it is not clear what he recommends for base-
load power. In one instance he shows wind as the baseload provider, 
but this will never happen since wind is itself an intermittent energy 
source. Bradford also claims that “developments in the photovoltaic 
industry over the last 10 years have made direct electricity generation 
from photovoltaic cells a cost-effective and feasible energy solution.” I 
don’t believe that even the most optimistic solar scientist would agree 
with this claim unless Bradford added “in some applications.” If the cost 
of pollution is included in the calculations, then there is no doubt that 
solar energy in all of its forms is cost competitive with fossil fuels’ full 
life-cycle cost—that is, the cost of fossil fuels from cradle to grave, 
including environmental damage.

Dr. Hayden rebuts much of what Mr. Bradford claims. Not only 
does Hayden discuss solar energy in all its forms, but his comments 
also clear up much of the misinformation that finds its way into the 
popular press about energy. Hayden also clears up other wild state-
ments released by some non-governmental organizations—I call them 
“press release factories”—often quoted in the press.
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How Much Do You Pay For Electricity?

Dr. Hayden also illustrates the distortion in energy preferences 
and prices caused by subsidies. While in some cases subsidies are 
necessary, policymakers should be ever-vigilant of the unintended 
consequences that often arise when subsidies are based on political 
considerations, are too complex, or have no basis in common sense.

But what does that mean? Do most consumers know how much 
their electricity costs? Polls show that most consumers are willing to 
pay extra for clean electricity. If most U.S. consumers who now pay 
7¢–10¢ per kilowatt hour had to pay a bit more for clean, renewable 
energy, then they would still be paying a lot less than the cost of con-
tinuing the use of fossil fuels and much less than the price paid for 
electricity in other countries (see Figure 6.1).

Figure 6.1. Electricity Costs in Various Countries

Country U.S. Cents per Kilowatt 
Hour, 1997

U.S. Cents per Kilowatt 
Hour, 2004

Brazil n.a. 9.3

China 4.6 n.a.

France 13.4 14.1

Germany 15.9 18.7

India 3.2 4.5

Iceland 13.1 17.3

Italy 16.0 19.1

Japan 20.7 19.6

Netherlands 13.0 22.1

United Kingdom 12.5 13.8

United States 8.4 9.0

Source: U.S. Department of Energy, U.S. Energy Information Administration (February 28, 2006).

It becomes obvious that the more electricity costs, the greater are 
the incentives to choose solar energy. Japan and Germany are leading 
the way for solar. While Europe, Japan, and much of the rest of the 
world are increasing their use of solar energy every year, U.S. use has 
actually declined.
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DIRECT SOLAR ENERGY

The countries making the most use of solar energy are Japan, Indo-
nesia, Australia, Mexico, the United States, and those in Northern 
Africa and Western Europe. Sadly, the United States surrendered its 
leadership in this growing industry to Germany and Japan. In 1997 
U.S. manufacturers supplied 40 percent of the world market, yet in 
2003 U.S. producers contributed less than 15 percent—a dramatic 
drop in just 6 years. The U.S. share of the worldwide deployment of 
photovoltaic solar energy is a paltry 14 percent (see Figure 6.2). The 
industry generated $4.7 billion in revenue. Due to a lack of leadership 
and foresight, the United States is rapidly being shut out of this fast-
growing industry and is surrendering technology and jobs to foreign 
countries.

Increasingly, policies in Europe and Japan are driving the develop-
ment of solar technology and markets. However, an economic fact of 
life is that both Japan and Germany pay more than double what U.S. 
consumers pay for electricity. Japanese and Germans simply have more 
incentive to make solar energy and other renewable energy sources 
work—and that’s okay if U.S. citizens and entrepreneurs are smart 
enough to hitch a ride on their development work.

Over 1000 megawatts of photovoltaic solar power are installed 
worldwide, enough capacity to supply the electrical needs of a city of 
700,000 people when the sun is shining. This excludes industrial needs 
and the obvious need for back-up capacity. Put another way, this 
amount of energy is the equivalent to 500–600 typically large-size 

windmills, or 2 million barrels of oil, 
or one-half million tons of coal. While 
this may sound like a lot, it is almost 
nothing, less than one-tenth of 1 per-
cent of total energy consumption in 
the United States.

The United States is rapidly 

being shut out of this fast-

growing industry.
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Worldwide Distribution

In the United States there is enough sun in all 50 states to benefi-
cially deploy solar systems.

Best areas

The best areas are between latitudes 15º and 35º north and south. 
These areas have few clouds, little rainfall, and enjoy over 3000 hours 
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Figure 6.2. Worldwide Photovoltaic Shipments, 1988–2004

Electricity generated by photovoltaic units represents only 0.02 percent of world electricity  
consumption (2004).

Source: National Renewable Energy Laboratory, 2005.
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of sunshine per year. Approximately one-half of Japan, the most active 
country in solar technology, is in this area. In North and Central Amer-
ica, these latitudes include the area from the southern tip of Mexico to 
Kansas. Since many developing countries fall within this zone, the use 
of solar energy should be greatly expanded in those nations.

Moderately favorable

The equatorial area from 15º north to 15º south latitude gets 
plenty of sunshine, but because of high humidity and greater cloud 
cover it is second best. The area receives about 2500 hours of sunshine 
per year.

Less favorable

The third best area lies between latitude 35º north and south to 
latitudes 45º north and south. In the United States this includes an 
area north of Oklahoma to the middle of Minnesota. This also 
includes southern Europe, northern China, and South America 
between the middle of Bolivia to the middle of Argentina. Half of 
Japan is in this area, too.

Least favorable

The least favorable area for solar is the area north of 45º N and 
south of 45º S. This area includes the greater part of North America 
including Canada, northern Europe, and Russia. This area has exten-

sive cloud cover, and the energy radiat-
ing from the sun is more diffuse, yet 
these conditions do not preclude the 
use of solar energy, particularly if the 
cost of solar-energy systems drop as 
predicted in the next 30 years. Most of 
Germany, one of the most active solar 
countries, is in this area.

The interplay of subsidies, 

lobbying, and campaign 

contributions often skews 

legislation and makes it 

difficult for non-fossil-fuel 

industries to get traction.
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Solar Power in Key Markets

In the past decade firms in Japan installed more than 750 mega-
watts of grid-connected systems on homes and businesses. In Ger-
many firms installed more than 400 megawatts. In the United States 
the solar-energy industry installed about 340 megawatts of off-grid 
and grid-connected systems. The additional 340 megawatts in the 
United States contributes far less than 0.1 percent to total U.S. elec-
trical energy needs. 

Many parks and other public places in California get a large por-
tion of needed electricity from solar-powered systems. The U.S. fed-
eral government—unlike national governments in other major solar 
markets, such as Japan, Germany, and other European countries—
provides no coordinated nationwide incentive for solar energy. For 
that matter, the U.S. federal government has shown no reasonable 
long-term commitment for any renewable energy. Oil, gas, and coal 
still reign.

The regulatory issues and tax incentives in the United States to 
develop new, non-polluting energy sources are convoluted, confus-
ing, and often downright stupid. This 
counter-productive mess results from 
the influence special interest groups 
and powerful corporations can bring 
to bear on our political leaders. Firms 
contribute millions of dollars to the 
campaign funds of both parties, and 
the donors expect favorable legisla-
tion, or at least little unfavorable legislation. Such legislation, often 
quite beneficial to specific firms and industries, is equally often det-
rimental to the common good. In 2004, individuals and businesses 
involved in the fossil-fuel industry contributed over $30 million dol-
lars to politicians and political parties. In 2006, these groups also 
spent approximately $40 million in their lobbying efforts. The tax 
breaks and research support lavished upon the fossil-fuel industry by 
the U.S. federal government amounts to billions of dollars annually. 

The U.S. federal government 

has shown no reasonable 

long-term commitment for any 

renewable energy. Oil, gas, 

and coal still reign.
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The interplay of subsidies, lobbying, and campaign contributions 
often skews legislation and makes it difficult for non-fossil-fuel indus-
tries to get traction.

Advantages of Solar Power

Solar power offers at least 8 clear advantages over fossil fuels.
q Predictable Electricity Costs. The fuel for solar 

systems—light from the sun—is free. The cost will never 
rise.

q Lower Cost for Peakload Power. Solar power peaks 
when demand for electricity peaks—that is, on hot 
summer afternoons when utilities have trouble meeting 
demand for air conditioning. During summer peakload 
periods, when transmission is constrained and utilities are 
generating electricity in the most expensive fashion, solar 
energy can substantially increase operating margins and 
decrease costs.

q Reliable Power. Solar-power systems, particularly 
when integrated with reliable energy-storage systems, can 
provide electricity during even the worst power outages. 
Energy-storage batteries and other electricity-storage 
systems should become a major focus of U.S. research 
and development. In the future, thousands of solar-power 
systems distributed throughout the electrical grid could 
reduce vulnerability to equipment failures. At a critical 
moment, thousands of small solar systems are less likely to 
fail than a single, large power plant, transmission line, or 
transformer.

q Abundant, Secure Domestic Energy. Sunshine is 
plentiful and secure. Solar collectors on a 150 x 100-mile 
area in the Southwest region of the United States could 
generate all the electricity U.S. customers need. By 2040 
a 170 x 100 mile area would be required. Alternatively, 
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Travis Bradford claims in Solar Revolution that solar-power 
systems on roofs, parking lots, and other developed land 
across the nation could generate all the electricity the 
United States needs—now, in 2030, and in 2050—without 
building on the nation’s open spaces. I don’t believe this 
will ever happen because of the many practical and political 
limitations.

q Less Air Pollution. Solar power produces no on-site air 
pollution. Every residential photovoltaic system reduces 
greenhouse gas emissions as much as removing one-third of 
a car from the road.

q Lower Water Consumption. Solar power uses 98 percent 
less water per megawatt hour generated than the most 
efficient electricity-generating plant burning natural gas.

q Easy to Site. Solar power is one of the few generating 
options to work well almost anywhere—in crowded 
urban centers, suburban housing developments, or rural 
farmhouses. On-site solar power also avoids expensive 
upgrades to substations or replacement of buried power 
lines. On-site solar power has no moving parts, requires no 
water, has no emissions, and can be smoothly integrated 
into a building structure. These characteristics are ideal 
for a power source that delivers electricity where it is most 
valuable—at the point of use. This is true of photovoltaic 
systems, but not true of large sun-concentrating systems.

Challenges Accompanying Solar Power

q Intermittent Sunlight. This problem can be reduced by 
improvements in batteries and energy-storage systems.

q Back-up Power. Solar-power systems need 100 percent 
back-up when the sun is not shining or when the sun’s 
energy is insufficient to keep up with demand. Solar power 
makes a lot of sense if the back-up plant is fired by fossil 
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fuel, but solar power makes less sense if the back-up is 
a nuclear power plant, which is cleaner, renewable, and 
actually a lot less expensive.

q Space Concerns. Solar energy is diffuse and takes a 
lot of space. The most likely locations are deserts, where 
land values are low and the sun is most intense. However, 
deserts are far from major population centers, so a large-
scale extension of the electrical grid would be very costly. 
In the United States the land required to supply all of the 
electricity required today from photovoltaic solar systems 
with today’s technology is very large. This area is well in 
excess of 10 million acres, about half the size of New York 
State. By 2037 these numbers would be 45 percent higher. 
By 2050 they would be approximately 60 percent higher, if 
population continues to grow as predicted.

q National Electrical Grid. Extensive use of solar 
energy will likely require very costly extensions of and 
modifications of the existing U.S. national electrical grid. 
This could render solar energy cost-prohibitive.

q Installation Costs. Except for most passive systems for 
space and water heating, the cost per installed watt of 
solar power is much greater than wind and nuclear. (See 
the last chapter for specific comparisons.) This cost is 
coming down in step with market growth and technological 
improvements, but there is still a long way to go.

q Maintenance. Expect high maintenance costs for systems 
spread over large areas. In general, I think maintenance 
costs have been underestimated.

q Durability. Can solar-power systems, especially if spread 
over large areas, survive the elements, hail, ultraviolet light, 
lightning, and other extreme weather conditions?
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MORE LIGHT on SOLAR ENERGY

One can use solar energy by directly tapping the sun’s heat for use-
ful purposes, or one may convert the sun’s energy into electricity by 
using photovoltaic systems or by using mirrors to concentrate the sun 
in Concentrating Solar Power (CSP) systems. Photovoltaic systems 
capture sunlight, which reacts with special materials to produce an 
electric current. CSP systems use mirrors to concentrate the sun’s heat 
energy to boil water to produce steam to drive an electricity-producing 
turbine. To get needed energy most efficiently, one must match the 
need with the best system.

Directly Tapping Solar Heat

Active solar heating systems absorb heat via solar collectors, which 
are generally located on a building’s roof. Sunlight warms a liquid 
within the collectors. As the equipment circulates the liquid through-
out the building, the liquid’s heat warms the building or can be used 
simply to heat water.

Buildings with passive solar heating systems collect the sun’s heat 
during the day, then release the heat when needed at night. To bet-
ter absorb heat, some buildings are strategically designed with large 
windows in strategic locations to collect heat for winter heating, and 
awnings to block the sun’s heat and light in the summer. My own 
home is passively heated by the sun. Passive solar systems used to heat 
water and living spaces have always been economical, particularly if 
these systems are designed into the structure of the building. Design-
ers and architects must become more aware of energy issues and get 
better at including energy-saving systems into our homes, offices, and 
other buildings.

Converting the Sun’s Energy into Electricity
Photovoltaic systems

Photovoltaic systems directly convert light into electricity using 
semiconductor materials. They have no moving parts, make no noise, 
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need only sunlight for fuel, and produce no on-site pollution. Since 
photovoltaic systems operate during the day, when demand is highest, 
they are ideal for supplying peakload power on the hottest days, when 
air conditioning needs are the greatest, for example. Photovoltaic sys-
tems are typically modular, making them relatively easy to install and 
expand. Photovoltaic production is doubling approximately every 3 
years. For every doubling, experts predict the cost of photovoltaic sys-
tems will fall by 10 percent.

When electricity is produced at the point of use, the method is 
called a stand-alone or distributed generation system—no electrical grid is 
required. Distributed generation is always a sensible solution for local 
or specific electrical needs, particularly where the grid is not accessible. 
A stand-alone system is especially efficient since it suffers no transmis-
sion losses. Photovoltaic systems can also be connected to the grid. A 
grid-connected system not only draws from the grid when the sun is not 
shining, but also sells excess energy to the grid. It is easy to switch the 
output from a photovoltaic system to the grid and vice versa.

In any case, to have electricity at night or at times when the sun is 
not shining, a back-up generating or storage system is required. The 
airport at Glen Canyon National Recreation Area, Utah, is powered 
mostly by photovoltaic systems. Similarly, some national parks use 
photovoltaic systems to generate clean non-polluting electricity to sup-
port most of their activities.

Stand-alone photovoltaic systems.
Around the world stand-alone photovoltaics are providing elec-

tricity to many remote areas. Indonesia, a nation of islands, is using 
stand-alone photovoltaic systems so neither the government nor utili-
ties confront the staggering expense of connecting the many islands 
to a central electrical generating plant and a distribution grid. In 
some countries, including India, customers can buy complete home 
photovoltaic systems, including wiring, appliances, and solar panels. 
Most photovoltaic systems can be mounted atop a roof, where they 
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are hardly noticeable. In fact, solar shingles that can be mounted with 
regular shingles are available on the market.

While photovoltaic electricity contributes clean energy, it does not 
represent a significant contribution to the world’s energy needs.  This 
could change as photovoltaic panels get more efficient and less expen-
sive, and as better, more robust energy-storage systems are developed.

Grid-connected, electricity-distribution photovoltaic systems. 
The often sun-drenched states of California, Arizona, Texas, and 

Colorado are making the most use of grid-connected photovoltaic sys-
tems. Some of this activity was stimulated by the U.S. government’s 
million-dollar Solar Roofs pro-
gram. Grid-connected photovol-
taic systems, which come in sizes 
of 1-megawatt or larger, provide 
electricity to large buildings or 
multiple buildings. When solar 
panels are planned as part of a 
roof system, costs can become more favorable since part of the expense 
of the conventional roof is eliminated. Plants that generate at least 1 
megawatt of solar electricity—about half the rating of a fairly large, 
standard windmill—are presently in use in at least 6 countries: Ger-
many, India, Italy, Japan, Spain, and the United States.

Photovoltaic panels and pollution.
Producing photovoltaic panels requires considerable energy. Sur-

prisingly, it takes approximately 3 years of electricity generated from a 
photovoltaic system to break even with the electrical energy required 
to produce it. Then there is the problem of safely disposing of some 
nasty materials when the cells are no longer functional.

Concentrating Solar Power (CSP) systems

These systems, generally large and grid-connected, consist of 
mirrored reflectors concentrating the sun’s energy. This energy heats 

While photovoltaic electricity 

contributes clean energy, it does not 

represent a significant contribution 

to the world’s energy needs.
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water to produce steam to drive turbine generators, as in a conventional 
plant fired by coal or natural gas. The big difference is that CSP plants 
are essentially non-polluting and can approach twice the efficiency of a 
photovoltaic system. There are 3 main designs of CSP collector-con-
centrator systems: a large dish, a parabolic trough, and a central receiv-
ing tower. Dish systems typically generate only 5–25 kilowatts, a small 
amount of energy, so I will not discuss them.

Parabolic troughs.
The parabolic trough is the most advanced CSP system. Parabolic 

troughs, which can be quite long, concentrate the sun’s heat at a long 
fluid-filled pipe at the focal point of the curved trough. The heated fluid 
in turn heats water to create steam. The trough automatically rotates 
east to west to stay lined up with the sun. The largest trough system is 
located in the Mojave Desert, where 9 individual trough systems feed 
about 350 megawatts of electricity to homes in southern California. 
At a 35-percent service factor, the electricity generated would partially 
service approximately 100,000 homes.

Tower systems.

Central-receiving-tower systems concentrate the sun’s energy at a 
central, fluid-filled tank mounted on a huge tower. Around the tower 
are a multitude of mirrored reflectors that move with the sun and focus 
its rays onto the boiler tank. The fluid, generally water, is heated to 
approximately 2500 degrees Fahrenheit, which in turn produces steam 
to drive a turbine. This system has the ability to store energy more 
effectively than the dish or the trough system for times when the sun 
doesn’t shine. While not many of these systems have been built, there is 
considerable interest in this type of solar system. Tower systems are in 
the early stages of development compared to the more mature parabolic 
trough systems. I have high hopes for tower systems, particularly since 
they have energy-storage capability.
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SOLAR ENERGY in the FUTURE

Technological advances are driving down the costs of solar energy and 
improving basic efficiencies and economies of scale. Although costs 
will fall, I believe costs will remain a problem and could limit the 
deployment of major solar plants. Nevertheless, solar energy will play 
a role in the drive to U.S. energy independence by 2040.

There are many opportunities. One application uses recently devel-
oped flexible photovoltaic cells in the fabrication of tents deployed in 
Iraq to provide energy for U.S. troops. Also, every major building in 
the United States and around the world should be studied for solar 
opportunities. One very interesting and outstanding application of 
photovoltaic energy is a skyscraper at 4 Times Square, which incor-
porates photovoltaic cells in the south wall. The cells act as exterior 
glazing material and as an electrical source for the building. The panels 
extend from floors 37–43. This dual use makes this installation one 
of the most cost-effective urban solar arrays ever installed. Cities with 
high electricity costs provide excellent opportunities for clean, secure, 
and affordable solar electricity.

Engineers will learn more about solar energy as they install more 
systems and stimulate the entrepreneurial and innovative spirit of 
our business and scientific leaders. Patent activity involving solar 
energy suggests such stimulation is already happening. The greatest 
need, however, is more political and public enlightenment on energy 
matters.

THE SOLAR ROADMAP, SEPTEMBER 2004

The Solar Energy Industries Association beautifully presents a possible 
future for solar energy in a booklet entitled “Our Solar Power Future.” 
The booklet collects the wisdom and experiences of a consortium of 
utilities, universities, public policy leaders, energy expert consultants, 
photovoltaic and inverter manufacturers, system integrators, several of 

Shuster_BOOK_2nd.indb   133 7/15/08   9:52:30 PM



s o l u t i o n s

134

our National Laboratories, and a host of other stakeholders. The “best 
of the best” put the plan together and dedicated their joint resources 
to implement the plan through investments in technology and market 
development. The booklet outlines a plan for deploying photovoltaic 
systems in the United States through 2025 and beyond. The goal, as I 
state above, is for solar power to provide half of all new U.S. electricity 
by 2025. The plan also seeks to deliver more jobs, a cleaner environ-
ment, and more secure domestic energy. Yet this bright future will not 
happen without solid investment and public backing.

Investing in the Plan

Investment decisions over the next decade for research, new manu-
facturing, and creating new markets will determine where solar power 
will thrive and where it will merely survive. I believe U.S. leaders should 
do everything possible to accelerate the plan’s timetable by doubling 
the funding for research and development and by funding the recom-
mended electrical energy surcharge of 2.5¢ per kilowatt hour with a 
predictable, uncomplicated incentive program. Effective policies sus-
tained over time will increase the production of solar power, dramati-
cally expand markets, improve technology, and reduce costs. Programs 
in Germany, Japan, and California prove it.

The solar industry’s roadmap calls for eventual capital costs of 
$2300 per installed kilowatt—a tough goal. Today the capital costs of 
solar-power systems are $6000–7000 per kilowatt, and going down. 
Even at a capital cost of $6500 per kilowatt, solar power is a better 
buy than a coal-fired plant, when environmental destruction costs are 
included.

It should be obvious to all that investments in solar energy, along 
with wind power and nuclear power, would be the best and wisest 
energy investments the country could make. This book, especially the 
last chapter, proves that point beyond a doubt. Beyond the virtues of 
a cleaner and healthier environment, helping all nations become energy 
independent is surely the single most important thing humans could 
do for world peace. Also, it is clear that with clean, inexpensive energy, 
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the lives of most people on earth will be improved, poverty dimin-
ished, and education made more widely available in parts of the world 
that have known only despair. To achieve a more peaceful world, the 
affluent nations must help less fortunate countries.

The Plan to Reach Tomorrow

The solar industry’s plan began in January 2005. The worldwide 
industry is growing more than 30 percent annually, but it is increas-
ingly dominated by German and Japanese companies.

However, with robust investments in research and market devel-
opment, the picture changes dramatically. Expanded support for 
research and development offers considerable opportunities to reduce 
costs quickly. Decreased costs open up new market opportunities, 
which, in turn, expand solar power shipments and help to further 
reduce costs. Most of the current cost is depreciation of equipment 
and interest on the investment. However, all indications suggest that 
solar power is still in the early stages of exploiting its potential.

Scientists worldwide agree that solar-power technologies can 
become significantly more efficient, more reliable, more durable, and 
less expensive. In technology areas 
such as plastic solar cells, nano-
structured materials, and dye-
sensitized solar cells, scientists 
see the potential to leapfrog far 
beyond current crystalline silicon 
and thin films and to dramatically 
lower costs and raise performance. 
The European Renewable Energy 
Council projects that by 2040 solar 
power could be the largest source of renewable energy generating elec-
tricity, supplying over one-quarter of worldwide electricity consump-
tion. This projection is extremely aggressive. I believe the solar-energy 
industry will be frustrated in this effort given the time, cost, and 
energy back-up systems required. In fact, I believe given the urgency, 

It is clear that with clean, 

inexpensive energy, the lives 

of most people on earth will be 

improved, poverty diminished, 

and education made more widely 

available in parts of the world that 

have known only despair.
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this goal is totally unrealistic.
To make the United States competitive with European and Japa-

nese rivals, the solar industry’s roadmap calls for the United States to 
proceed by gradually increasing its annual investment toward research 
and development on solar power to $250 million by 2010. I believe 
this investment should be doubled to $500 million, since technologi-
cal innovation will be the only way the United States can become more 
competitive. Solar-power research has helped reduce solar-power costs 
by nearly 50 percent in a decade, and such research is essential to mak-
ing solar power more broadly competitive in the next decade. Coupled 
with this effort should be an aggressively funded program to develop 
better batteries and energy-storage systems.

BOTTOM LINE

q Per the solar industry’s plan, do whatever it takes to get to 
10 percent solar-generated electrical energy in the United 
States by 2025. This must not suffer for lack of funding.

q At the same time immediately increase funding for solar 
energy research to at least $500 million annually.
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WiND

The economics of wind power are reasonably favorable, and some very 
smart Europeans are showing the world how to deliver a big percent-
age of wind power to a relatively large electrical grid. The amount 
of wind power installed over the past decade has grown by roughly 
25 percent per year. In 2006 wind supplied roughly 1 percent of the 
total electricity generated worldwide, and 75 percent of this capacity is 
installed in Europe, where electricity costs are high. In contrast, wind 
generated less than 1 percent of the electricity consumed in the United 
States in 2006.

Is deliverance at hand? Will wind power save the day? There is no 
doubt that wind power is more economical than fossil fuels, if all social 
costs are included. Yet the inherent limitations of wind power restrict it 
to a relatively minor role in generating the electrical needs of the United 
States—about the same prospects as solar energy in the short term.

I don’t believe that wind power will ever account for more than 10 
percent of total energy production in the United States. I also believe 
that arriving at the 10-percent-production mark will be an almost 
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impossible task. Of course, the wind-power industry says we can do 
a lot better, but, as with solar power, let’s see the 10 percent first. I 
do, however, support plans to generate 10 percent as soon as possible. 
After that, the United States will be in a better position to determine 
the long-term future of wind.

Neither wind alone nor sun alone—nor a combination of both—
will solve the energy problems confronting the world and the United 
States. Yet wind will be part of the solution.

WIND BASICS

Wind energy, like direct solar energy, is eternal and diffuse. Indeed, 
wind is a form of solar energy. Wind blows because the heat of the sun 
creates temperature differentials that cause the air to move. People 
have used wind for energy for at least 3000 years, mainly for grind-
ing grain, pumping water, and driving sailing ships. Windmills have 
been fairly common since the thirteenth century, but fell into disuse 
with the advent of cheap fossil fuels. Wind turbines to generate elec-
tricity didn’t come on the scene until the late nineteenth century in 
the United States and Denmark. They became almost “extinct” when 
electrical grids were extended to rural farms and communities. Now, 
however, the high price of fossil fuels and environmental concerns are 
driving the development and deployment of modern wind turbines. 
We know tornados, hurricanes, and straight-line winds cause billions 
of dollars of damage each year, but now we can get a little back as we 
harness the wind to drive windmills to produce electrical energy.

An Introduction to Wind Turbines

The elegant 1.5–2.0 megawatt windmills are engineering marvels. 
One megawatt is enough electricity to power about 250–300 homes, 
though the actual number varies with the size, design, and location of 
the homes. One very popular size is a 1.65-megawatt unit. Such a 
windmill in a reasonably windy area can produce enough electricity 
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for approximately 450 average U.S. homes. Of course, these homes 
must get energy from the grid when the wind is not blowing. The 
1.65-megawatt windmills stand about 330 feet high and support blades 
having a diameter of about 260 feet—taller than a football field is 
long, with the diameter (span) of the blades almost as long as a foot-
ball field. When you get close, they are truly majestic and awe-inspir-
ing structures.

Why are the blades so long? Longer blades generate more power. 
A windmill’s energy output varies as the square of the diameter of the 
blades. If you double the length of 
the blades—all other parameters 
being equal—you get 4 times the 
energy output, and if you triple the 
length you generate 9 times more 
energy.

The seemingly simple design 
of a windmill is actually quite com-
plex. The preferred design attaches 
3 simple blades to a shaft that drives a turbine. This design incorpo-
rates many engineering trade-offs and compromises, and how these 
trade-offs are managed determines the windmill’s overall output and 
efficiency. To illustrate, let’s consider the standard 1.65-megawatt unit 
spinning at approximately 15 revolutions per minute (rpm) and geared 
through a transmission to drive the turbine. Fifteen rpm seems quite 
slow, but because the blades are so long, the speed at the tip of the 
blades is approximately 140 miles per hour. If you double the diam-
eter, then you double the tip speed. Arriving at the optimum design is 
an ongoing challenge.

Capturing Wind Energy

No matter how passionate you are about wind energy, you cannot 
change the laws of physics that limit the amount of usable wind power 
to be extracted.

Windmills extract only a small portion of the energy from the 

Neither wind alone nor sun alone—

nor a combination of the two—

will solve the energy problems 

confronting the world and the 

United States. Yet wind will be part 

of the solution.
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wind that hits the turbine blades. For example, if the power density 
facing the wind is 300 watts per square meter of land, then you can 
extract from this wind only 4 watts per square meter of land. Accord-
ing to Howard C. Hayden (The Solar Fraud, p. 144), the power density 
divided by 75 determines the extractable power [300/75 = 4].

Since wind turbines cannot be lined up directly behind each other, 
rows must be spaced some distance apart—a distance equal to 10 
times the diameter of the blades. Side-to-side spacing is important, 
too. Wind turbines must be spaced a distance equal to 3 diameters of 
the turbine blades. Spacing wind turbines more closely creates ineffi-
ciencies and could also damage the turbines. So, each 1.65-megawatt 
windmill (with 260-foot blade diameter) would need an area 2600 feet 
x 780 feet—that is, 200 thousand square feet (or approximately 45 
acres). In short, producing electricity from wind takes a lot of space.

Limits to Growth?

According to Travis Bradford (Solar Revolution, 2006), the dra-
matic growth in wind power in recent years occurs primarily because 
“at favorable sites, industrial-scale windmills have become cost effective 
compared to all other forms of electricity generation.” Bradford adds,

Large-scale use of wind to generate electricity is, at the 
moment, limited by the nature of the wind resource itself. 
Wind is intermittent, which causes the electricity that 
wind turbines provide to fluctuate, sometimes dramati-
cally and unpredictably. If the wind speed is too low or too 
high to be useful or optimal, then a turbine is unusable for 
electric generation. As a result, wind turbines alone can-
not be large-scale providers of electricity to the energy grid 
regardless of their cost-effectiveness and cannot reliably 
provide either peak power such as hydroelectric dams or 
direct solar or baseload power such as nuclear plants. If 
they are to be deployed as more than a small fraction of the 
electricity grid infrastructure, they must be coupled with 
backup generators or large-scale storage.
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Wind can supply electricity only to places where the electrical grid 
is available for times when the wind is not blowing or when more elec-
tricity is required than the wind turbines can provide. In this respect 
even grouping wind farms together does not help much. A full-capac-
ity, reliable, back-up energy source is required to supply energy when 
the wind is not blowing. This is a serious limitation. Both solar- and 
wind-power require the existence of a 
100-percent back-up system. Said dif-
ferently, solar- and wind-power can 
supplement existing power-generating 
systems, but they cannot replace those 
systems.

Costs of Wind Energy

The major cost of wind is depreciation of the equipment and inter-
est on the investment.

The installed capital cost per kilowatt of wind power is about one-third 
the cost of solar power delivered from photovoltaic cells. Obviously, the 
“fuel” costs nothing. However, the maintenance costs for windmills over 
their entire lives, particularly as their size increases and as they age, are 
yet to be determined, but I suspect the costs will be significantly higher 
than current estimates. The sheer size and weight of modern, large 
windmills make maintenance inherently difficult and do not make 
maintenance costs easily predictable. For example, a 1.65-megawatt 
windmill has the hub of its blades about 225 feet from the ground, and 
the nacelle on top of the tower, behind the hub and the blades, is as big 
as a house, approximately 30' x 12' x 12', and weighs 55 tons. The hub 
and blades weigh another 55 tons. In addition, those magnificent spin-
ning blades are vulnerable to severe weather conditions, high wind, 
large hail, lightning, ice, ultraviolet rays, bugs, and other atmospheric 
contaminants. For example, less than 1/32 of an inch of ‘bug buildup’ 
on the leading edge of the blades can reduce a windmill’s power by as 
much as 25 percent, according to Howard Hayden in The Solar Fraud. 
Also, according to one windmill technician, windmills often take 

Solar- and wind-power can 

supplement existing power-

generating systems, but they 

cannot replace those systems.
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direct lightning hits so violent that the blade must be replaced.
There should be no direct government subsidies to the wind indus-

try—or to the solar industry. Government subsidies are too political 
and too unreliable. The government should be involved in wind power 
only to facilitate and monitor fair practices. Future assistance can be 
provided by the energy surcharges I recommend elsewhere (see Chap-
ter Sixteen). Simplicity is a great enabler.

Who should build wind farms? Utilities are the most logical 
industry to build wind farms. Utilities are the only group able to strike 
the right balance among intermittent sources of energy, a baseload, a 
back-up load, and a peakload. The next most logical group of wind-
farm builders is oil and coal companies. These are integrated energy 
businesses and already work closely with utility companies. They are 
also generating loads of cash and need to find ways to secure their 
long-term futures.

Wind-farm owners with only a financial interest often do not 
understand the strategic significance of various energy sources. The 
wind farmers’ lack of understanding can cause conflict between the 
wind-farm owner and the utility. I have nothing against small, individ-
ually owned wind farms or windmills. They have shown the way and 
make a lot of sense for specific applications. Many users already sup-
plement their electrical needs with wind- or solar-generated electricity, 
which is a benefit since these energy sources reduce pollution and buy 
us time to completely abandon coal and other fossil fuels. Dedicated 
wind- or solar-power systems used directly by the end user always 
make sense whenever the back-up power system burns fossil fuel.

WIND-ENERGY PRODUCTION WORLDWIDE

Some countries generate significant portions of their electrical energy 
from wind (see Figure 7.1). Germany generates about 10 percent and 
is growing rapidly. The German wind industry has already created 
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about 35,000 jobs and is expected to create over 125,000 jobs in 
the next 5–10 years. Denmark generates almost 25 percent of its 
electricity, and some say it will one day generate 50 percent.

Figure 7.1. Top 15 and World Totals for Windpower Capacity 
(Megawatts)

Country 2005 2006 2007

Germany 18,415 20,622 22,247
spain 10,028 11,615 15,145
united states 9,149 11,603 16,818

india 4,430 6,270 8,000

Denmark (& Færoe islands) 3,136 3,140 3,143

China 1,260 2,604 6,050

italy 1,718 2,123 2,726

united Kingdom 1,332 1,963 2,389

Portugal 1,022 1,716 2,150

France 757 1,567 2,454

Netherlands 1,219 1,560 1,746

Canada 683 1,459 1,846

Japan 1,061 1,394 1,538

Austria 819 965 982

Australia 708 817 824

WORLD 58,800 74,600 94,123

Sources: Global Wind Energy Council, 2007. Available at <www.gwec.net/uploads/media/07-02_PR_
global_statistics_2006.pdf>.

European Wind Energy Association, 2007. Available at <www.ewra.org/fileadmin/eaea_documents/
documents/publications/statistics/070129_wind_map_2006.pdf>.

Global Wind Energy Council, 2008. Available at <www.gwec.net/uploads/media/chartes08_EN_
UPD_01.pdf>.

Denmark—a small country about one-half the area of South Car-
olina—is remarkably committed to wind, is ideally situated to take 
advantage of wind power, and requires only relatively short transmis-
sion lines. Denmark receives necessary back-up electrical power from 
neighboring Norway’s hydropower. On a per capita basis Danes con-
sume about one-half of the electricity consumed in North America, 
yet Denmark’s per capita gross domestic product (GDP) is about the 
same as in the United States’. The world continues to learn from the 
Danes’ experience and know-how as more and more wind power is 
installed around the world. It is no surprise that Vestas, the leading 
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wind-turbine manufacturer, is Danish. (General Electric in the United 
States is also a large manufacturer of wind turbines. Other large, cred-
ible producers include Gamesa in Spain, Enercon in Germany, and 
Suzlon + REPower in India with assistance from Germany.)

Denmark, Sweden, and the 
United Kingdom plan to locate 
large wind farms offshore by 2020. 
Much bigger turbines, as large as 
5 megawatts, are planned for these 
wind farms. I hope engineers 
accurately determined the main-

tenance costs in that hostile environment. Other important issues to 
address include noise, effects on birds and fish, maintenance, and the 
impact on ship navigation.

Some perspective: Denmark’s wind-generated electricity accounts 
for about 25 percent of its total consumption of electricity, which is 
approximately 34 billion kilowatt hours of energy. Although wind in 
the United States generated about the same number of kilowatt hours 
in 2006, this energy accounted for less than 1 percent of the total U.S. 
electricity produced.

More perspective: Be vigilant when authors use numbers from 
other countries to prove a point. The scale and conditions are often 
very different, rendering comparisons almost useless. As stated, total 
Danish consumption of energy is less than 1 percent of the U.S. total. 

In fact all of the wind energy pro-
duced worldwide through 2006 is 
less than 1 percent of the total 
energy used in the United States.

THE FUTURE of WIND POWER in the UNITED STATES

The Midwest area of the United States, from North Dakota to 
Texas, is sometimes called the Saudi Arabia of wind. North Dakota 

All of the wind energy produced 

worldwide through 2006 is less than 

1 percent of the total energy used in 

the United States.

We must build 3800 2-megawatt 

windmills every year for the next  

17 years, at a cost of approximately 

$14 billion per year.
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alone has enough potential wind energy to supply over 30 percent 
of the total electricity consumed in the United States. (For current 
installed wind capacity in the United States, see Figure 7.2.) Wind-
logics, a company in St. Paul, Minnesota, collected wind data for 
just about every square foot on the face of the earth to help compa-
nies select the best sites for wind generators. Determining the site of 
a turbine can be critical since sometimes moving a turbine just 1 mile 
can increase the energy output by 50–100 percent.

Figure 7.2. Installed Windpower Capacity in the United States, 
January 2008 

Source: National Renewable Energy Laboratory. Available at <http://www.eere.energy.gov/windandhydro/
windpoweringamerica/wind_installed_capacity.asp>.

Let’s say that half of the new electrical energy needed in the United 
States by 2025 will be produced from wind. Assume direct solar energy 
provides the other half. Experts anticipate a 20 percent increase in 
energy demand by 2025. If wind and solar together can supply this 
increase, then U.S. citizens should rejoice since such production will 
be a Herculean task. If wind power and solar energy meet this need, 
together they will be supplying in 2025 about the same percentage of 
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power (20 percent) that the nuclear industry supplies today (22 per-
cent). How might the wind industry pull off this feat?

A Plan or a Hope?

We can project U.S. energy needs based on expected growth 
in the population and the economy. Based on those projections, the 
United States needs to build 65 thousand 2-megawatt windmills to 
supply half of the anticipated increase in our energy needs by 2025. (Note: 
The increased energy does not take into account the additional energy 
necessary for an all-electric transportation system or an all-electric 
economy.) In other words, we must build 3800 2-megawatt windmills 
every year for the next 17 years, at a cost of approximately $14 billion 
per year. Very do-able, assuming producers can build the turbines fast 
enough. If we build these windmills, then by 2025 wind energy would 
be generating about 10 percent of the then-total electrical needs in the 
United States.

Some experts think that over the next 50–75 years the United 
States could generate up to 50 percent of its electrical energy from 
wind power and direct solar energy. If they are to be backed-up by fos-
sil fuel plants, then this prediction makes some sense. However, if we 
are already using fast neutron reactors, then wind and solar systems, 
which are less clean and less economical than modern nuclear power, 
would be limited to specialty applications at particularly attractive 
sites. However, I speculate that in 100 years we could slowly begin 
generating all electrical energy from very efficient photovoltaic cells 
coupled with high-capacity batteries.

In the meantime let’s try to satisfy 10 percent of our energy needs 
from wind and 10 percent from direct solar, particularly where cir-
cumstances make these alternatives most attractive. The effort will 
create new knowledge and innovations and likely lower costs. There-
after experience will dictate whether more wind or solar energy makes 
sense. Besides the technology and cost, timing will be a factor.

I’ve actually seen no projections with solid quantification and 
a reasonable timeline for the role wind could play in a clean energy 
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future—what you hear from the wind-power industry is mere specu-
lation, more a dream than a sound plan.

Enhance Efficiency by Separating Hydrogen?

A windmill produces energy only about 35 percent of the time. 
That is, its capacity factor or service factor is 35 percent. When wind 
energy is not needed by the grid because of temporary low demand, 
the energy is wasted since there is no available, cost-effective system 
for storing large amounts of energy.

In cases when the grid does not need wind energy or solar energy, the 
grid could direct this energy to one or more electrolysis plants, strategically 
located to separate water into hydrogen and oxygen. Even though separat-
ing water by electrolysis is not particularly efficient, it certainly would be 
if the electrical energy is free. Subsequently, the hydrogen could be used 
to provide energy when the wind is not blowing and when the demand is 
more than the grid can provide. All utilities know how to manage this. 
Recovering this presently wasted output could improve the overall effi-
ciency of wind energy. However, a full back-up energy-producing system 
is still necessary for when the wind is not blowing and all the stored energy 
is depleted.

Gridlock

To have any hope of meeting the goal of supplying half of the expected 
increase in needed power, both wind power and solar energy will require 
massive, expensive extensions and modifications of the existing U.S. elec-
trical grid. It’s no secret that the existing electrical grid has been neglected 
and will require billions of dollars to modernize. Also, high-intensity 
wind locations and high-intensity solar locations are far from major pop-
ulation centers, so may require the addition of transmission lines and 
towers. Further, grid-managing jurisdictions appear to have no effective 
coordinating body. Consequently when costs, technologies, or purposes 
are not agreed upon, nothing gets done. This must change if solar energy 
and wind power are to make much of a contribution to grid electricity. 
Fixing the grid has all the earmarks of a legal and political nightmare, so 
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don’t count on this getting taken care of any time soon.
To illustrate that we are adrift and without direction, I refer you to 

a 2007 report by the U.S. National Research Council. The report 
criticizes the “lack of any truly coordinated planning” in the growth of 
wind farms across the United States and calls on all levels of govern-
ment to pay more attention to the effects of turbines on wildlife and 
scenic landscapes. The NRC report goes on to say that from 2000 to 
2006, U.S. wind capacity quadrupled. By 2020 the report predicts 
wind power could offset 4.5 percent of the planet-warming carbon 
dioxide that U.S. entities would otherwise spew into the atmosphere. 
However, the anticipated wind energy in 2020 would contribute only 

one-third of the increase in energy 
needed between now and 2020, 
based on projected population 
growth alone. This much wind 
energy would do nothing to reduce 
the total amount of pollutants 

going into the environment now. Therefore, even with dramatic 
increases in the production of robust, clean, renewable wind energy, 
the total amount of pollutants emitted in 2020 will be greater than 
today. Some believe that wind can be the final energy solution, but it 
cannot and will not.

DON’T GET BLOWN AWAY

You and I should vigorously support wind power, particularly if the 
alternative is the continued use of fossil fuels. The more energy derived 
from wind, the less pollution and the less reliance on foreign sources. 
At the same time, we must be realistic and not be led down impractical 
paths that cause us to disregard other solutions. Wind has advantages 
and huge potential, but it also has some significant limitations. Our 
industrial and political leaders should have a broad understanding of 
the facts before formulating policy.

The existing electrical grid has 

been neglected and will require 

billions of dollars to modernize.
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Limits to Wind Power

q Extraction. Windmills extract only a small portion of the 
energy from the wind that hits the turbine blades.

q Spacing and Space. Each 2-megawatt turbine needs 
about 45 acres. To generate 10 percent of America’s energy 
from wind would require an area 100 miles by 70 miles.

q Transmission Losses. How do we get North Dakota’s 
wind energy to New York? The energy lost per 100 
miles of transmission can reach 7 percent. At present, 
transmission losses nationally cost about 2.5¢ per kilowatt 
hour—often 50 percent or more of the total cost of 
generating electricity. Connection costs and transmission 
costs often determine whether introducing a renewable 
energy source makes sense.

q Variable Power. Some utility engineers describe wind 
power as the lowest-quality power available, because it is 
intermittent and fluctuates and depends on the velocity of 
the wind. Utilities can compensate for fluctuations in wind 
power only when the wind supplies less than 10 percent 
of the power going to a large grid. I am sure engineers will 
learn to manage this problem more effectively in the future.

q Harm to Wildlife. Yes, windmills kill some birds and 
bats, but so do BB guns, slingshots, cars, buildings, 
exterminators, and pollution. Get real. Oil and natural 
gas extraction kills 1–2 million birds per year. According 
to a study by Curey and Kirlenger, compiled from 
governmental organizations and environmental groups, 
more than 100 million birds annually smash into windows 
in buildings; cars and trucks kill another 50 million each 
year; and cats kill about 100 million birds annually, 7 
million in Wisconsin alone. If you want to save birds, 
then stop driving, keep your windows dirty, and keep the 
cat indoors. I do not mean to trivialize the bird and bat 
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problem, but please consider the alternative—using up the 
world’s precious resources and spewing toxic pollutants 
kills birds, bats, and humans, too. By comparison, 
windmills when supplying 10 percent of the nation’s 
electrical energy will kill less than 10 percent of the birds 
killed by the oil and natural gas industries.

q Severe Weather. Lightning frequently strikes windmills, 
causing serious damage. Windmills are also subject to 
other dangerous, severe-weather conditions, such as 
hurricanes, cyclones, and tornados.

q Build up of Bugs and Ice. Such buildup can lower 
efficiency by approximately 30 percent and the blades are 
costly to clean.

q Maintenance. Over the life of the windmill, maintenance 
costs may be much higher than original estimates. (See 
Figure 7.3.)

Figure 7.3. Maintenance on a Windmill

Source:  Sandia National Laboratories at <www.nrel.gov/data/pix/searchpix.html>.
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More Misinformation

On a recent ski trip to Beaver Creek, Colorado, I did a double take 
when I saw signs stating that 100 percent of the town’s electricity was 
derived from the wind. It couldn’t be true unless the wind blew con-
tinuously in a specified velocity range. It doesn’t. Not even in Beaver 
Creek. In this wealthy community people pay an extra 1–2¢ per kilo-
watt hour to have clean wind energy—to do their part to save the earth. 
Upon further investigation I learned the residents actually bought 
wind credits so the local utility could purchase more green energy. In 
reality the town obtained only 7 percent of its electrical energy from 
renewable sources, with about 70 percent (5 percent of total) of this 
energy coming from hydropower. It is absurd to claim 100 percent 
wind power. You still get what’s on the grid—period. This kind of 
false information only confuses and distorts the town’s true energy 
picture, and this from a provider called Holy Cross Utility. To their 
credit, residents were trying to do the right thing—but be careful. As 
far as I can tell, there is no accounting for exactly what their extra pay-
ments buy, or any determination of whether the payments yield a net 
increase in wind energy any place in the United States.

BOTTOM LINE

q The United States should do everything possible to 
generate 10 percent of the nation’s energy needs from wind 
power as soon as possible—certainly by 2040. This is no 
trivial task, since this amount of electrical energy is more 
than the total electrical energy consumed in Denmark, 
Norway, Sweden, and Finland combined. This goal should 
not be deterred by lack of funding.

q A large amount of money should be allocated immediately 
to support and overwhelm research efforts directed to the 
development of recyclable, high-energy-density batteries 
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for use in wind, solar, transportation, and manufacturing 
industries. The United States and the world need such 
batteries, which will enable many advances in many 
dependent industries.
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Chapter 8

BioFuels
pa r t o f t h e s o lu t i o n

I was amazed to learn that since 2002 the United States has produced 
more energy from biomass than from all of the 75,000 U.S. hydro-
electric power plants combined.

About six percent of U.S. energy is renewable. Of the renewable 
energy, biomass and hydro-electric power account for 92 percent. Geo-
thermal is about 5 percent, wind more than 1 percent, and solar less than 
1 percent. Farmers, no longer raising only food, are beginning to play a 
significant role in producing fuel and bioenergy. The biofuel industry is 
here to stay, and it should have the benefit of our total support.

Biofuels derived from organic matter (biomass) are efficient fuel 
sources, so make a lot of sense. Biofuels emit far less carbon dioxide than 
gasoline does, because growth of the organic matter removes carbon 
dioxide from the atmosphere. The production of biofuels, dramatically 
ahead of growth projections, is on its way to becoming a $100-billion 
industry producing corn ethanol and soybean biodiesel now and 
cellulosic ethanol and algae-based biodiesel in the near future.

Coupled with plug-in hybrids or all-electric vehicles, ethanol and 
biodiesel will likely supply the mostly carbon-free liquid fuel required 
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for transportation, industry, residences, and many other uses.
At present, the 2 most important biofuels are ethanol from corn and 

biodiesel from various crops, mainly soybeans in the United States.

ETHANOL

Ethanol fuel is concentrated common beverage alcohol rendered unfit 
to drink. Humans made alcohol before recorded history. It likely 
started with an accidental fermentation and an accidental sip. The rest 
is history. It took centuries to figure out that a living micro-bug did all 
the work of converting sugar to alcohol. It took Louis Pasteur and the 
microscope to find out what was happening. A fungus (yeast) grows in 
a sugary liquid, producing alcohol and carbon dioxide.

In 1908 Henry Ford assumed ethanol would fuel his cars. Ford 
missed by about a century. What can ethanol do for us today?

q Ethanol lowers the levels of toxic ozone-forming pollutants 
and greenhouse gases.

q Ethanol doesn’t leave gummy deposits, thus helping fuel 
systems maintain optimum performance.

q Ethanol extends gasoline supplies.

q Ethanol replaces MTBE (methyl tertiary butyl ether) as 
an octane-enhancer.

q Ethanol creates jobs in the United States.

q Ethanol improves the negative U.S. balance of payments 
by reducing imports of oil and supports the value of the 
dollar.

Ethanol Production

Processors begin producing ethanol by grinding organic matter, 
typically corn, to coarse flour that is then combined with water and 
enzymes. The enzymes convert starch to sugar, creating a mash that is 
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cooked and sterilized. After cooling, yeast is mixed with the mash to 
ferment the sugars. Finally the fermented mash is distilled to extract 
the ethanol. The high-grade carbon dioxide, which the fermentation 
produces, can be liquefied and sold.

The mash remaining after the ethanol is extracted is either pressed 
through a screen or sent to a centrifuge to remove the liquid. The liquid 
is recycled back into the cooking system or sold as livestock feed. The 
spent grains are sold as livestock feed called distillers’ wet grains or dis-
tillers’ dried grains (DDGs). DDGs are an important, high-energy, high-
protein animal feed.

Corn Ethanol

There are 131 ethanol plants in production in the United States 
and 61 under construction, primarily in the Corn Belt. Production of 
ethanol from corn was predicted to reach 6.5 billion gallons in 2007, 
equivalent to about 4.3 billion gallons of gasoline. Such production is 
a remarkable achievement, but still only 2 percent of total U.S. trans-
portation fuel. (The United States annually consumes more than 140 
billion gallons of gasoline and about 60 billion gallons of diesel.)

Present ethanol production consumes about 21 percent of the 
United States corn crop. Thus, if the United States devoted the entire 
corn crop to ethanol, the fuel would satisfy only about 10 percent of 
U.S. transportation needs, and less than 7 percent in 30 years.

Since converting corn to fuel will obviously not bring us much 
closer to the goal of energy independence, and since global population 
will grow by several billion in the next 30 years, is producing corn-
based ethanol worth the effort? Yes. Experts believe that corn produc-
tion will double in 30 years and 
that one-third of the total U.S. 
corn harvest can be diverted to 
ethanol production without dis-
rupting the food supply. Also, in 
30 years I am quite certain that 

If the United States devoted the 

entire corn crop to ethanol, the fuel 

would satisfy only about 10 percent 

of U.S. transportation needs. 
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hybrid plug-ins and all-electric vehicles will be common and much less 
transportation fuel will be required.

How much energy does it take to produce corn ethanol?

Many believe that producing corn ethanol uses more energy than 
the corn ethanol contains. This deficit is called a negative energy balance 
(or energy ratio). Virtually every study shows a positive energy balance 
of 20–30 thousand BTU per gallon. However, one frequently cited 
study—by Dr. David Pimentel, an emeritus professor of ecology and 
agriculture at Cornell University, and Dr. Tad W. Patzek, a professor 
of civil and environmental engineering at the University of Califor-
nia at Berkeley—reports a net negative energy balance of minus 20–35 
thousand BTU per gallon, an astounding difference.

Dr. Pimentel is a highly respected professor. However, when 
studying his work, it seems he confuses capital costs with operating 
costs. And even if it does take more energy to deliver ethanol than the 
ethanol contains at the pump, the same is true for gasoline. It takes 
about 1.25 gallons of gasoline equivalence to deliver 1 gallon of usable 
gasoline to the gas pump. This ratio is even worse for coal. And etha-
nol pollutes less. Corn ethanol E85 reduces greenhouse gas emissions 
by 20 percent when compared to gasoline. Other than Pimentel and 
Patzek, most reports show that ethanol has a much better energy in/
energy out ratio than gasoline. In the meantime, it reduces U.S. depen-
dence on foreign oil, reduces U.S. negative balance of payments, and 
supports the value of the dollar—facts that should also be factored 
into any cost comparison between ethanol and gasoline.

Improving ethanol production

Since 1980, processors have reduced the energy needed to pro-
duce ethanol by over 40 percent. Significant opportunities remain to 
further cut costs. First, an oil can be extracted from the high-protein 
residue (DDGs) to produce 5–10 percent more fuel in the form of 
biodiesel. In the process, according to the Center for Energy and 
Environment, the quality and selling price of the high-protein residue 
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(DDG) would also improve. Second, clean electricity could be pro-
duced from currently wasted heat, thereby reducing total costs. Third, 
experts anticipate that costs will be cut through better recycling and 
management of water. The amount of water used to produce ethanol 
is very high, but will likely be cut in half, from 3 gallons to 1.5 gallons 
for every gallon of ethanol pro-
duced. Still, the amount of water 
required to produce ethanol is 
dramatically less than the water 
required to refine oil—about 44 
gallons of water per gallon of 
crude oil, according to the EPA.

Sugar cane is an ideal crop for making ethanol because it sim-
plifies processing. Brazilian processors produce alcohol from sugar 
cane for about 32¢ per gallon. The cost for sugar cane producers in 
Florida is about 55¢ per gallon. Other crops can be used, but none 
are available in sufficient quantities in the United States to make 
much of a difference (see Figure 8.1).

Figure 8.1. Commercial Average Yield of 200-Proof  
Ethanol Alcohol

material gallons per Bushel

Wheat 2.56

Corn or Milo 2.34

Rye 2.19

Buckwheat 1.99

Barley 1.89

oats 1.01

sweet potatoes .93

Potatoes .68

Jerusalem Artichokes .59

Source: The Alcohol Fuel Handbook by Lynn Ellen Doxon.

All in all, costs are falling and much progress has been made in pro-
ducing corn ethanol. I believe cellulosic ethanol—ethanol produced 

The amount of water required to 

produce ethanol is dramatically 

less than the water required to 

refine oil.
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from biomass, such as grasses and trees—is an even better choice, but 
if we had not developed a corn-ethanol industry, we would not be in a 
position to exploit these new possibilities.

Ethanol subsidies

Subsidies for the production of ethanol have been substantial, 
highly criticized, and significant for the growth of this industry. The 
industry still gets a subsidy, but just about all of it now goes to the 
“blender” (oil companies). I found much that has been written about 
these subsidies is incorrect. Richard Conniff in the Smithsonian reports 
that direct subsidies to corn producers amounted to $9 billion in 2005. 
This is ancient history. In fact, in 2006 and 2007 the U.S. government 
collected much more money from the ethanol industry than it gave 
in subsidies, and, as one producer suggested, it is now time to end all 
subsidies.

As a result of corn being used to produce corn ethanol, the price of 
corn has risen above its support level, saving taxpayers over $6 billion 
per year. In addition, in 2006 the ethanol industry paid $5 billion in 
federal, state, and local taxes on revenues of over $60 billion, while also 
creating more than 150,000 jobs throughout the economy, not to men-
tion the positive effects on U.S. balance of payments. Negative balance 
of payments equals about $1 billion per day for oil imports and sup-
presses the value of the dollar. Of course, the economics are more com-
plicated since as corn prices rise so do the costs for corn-based foods.

The subsidies amount to 51¢ per gallon, yet almost all of it goes to 
ethanol “blenders,” which are most often oil companies. The petro-
leum industry didn’t lobby for the subsidies, but it pockets them. Con-
gress created this subsidy (gift) to encourage a larger ethanol market, 

figuring the oil industry needed a 
financial incentive to accept etha-
nol, the new kid on the block. 
Here’s the kicker: Blending costs 
the oil companies nothing addi-
tional. They have to blend 

This subsidy is the legendary Robin 

Hood story in reverse. In 2006 the 

top 4 oil companies earned $107 

billion dollars.
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something into gasoline to improve the octane. The current octane 
enhancer—MTBE (methyl tertiary butyl ether)—was introduced in 
1992 to replace lead, but is now being phased out because it too causes 
cancer. Ethanol to the rescue. About 14 billion gallons of ethanol will 
be needed annually to replace the banned MTBE. Blending 10 per-
cent ethanol into gasoline raises an 80-octane gasoline to 87.

Isn’t it ironic that oil companies now need the ethanol industry, 
the very industry the oil companies tried to discredit? Apparently, oil 
companies believe the ethanol industry should accept a deferential, 
subordinate role. David Kiley in Business Week reports, “Despite col-
lecting billions for blending small amounts of ethanol with gas[oline], 
oil companies seem determined to fight the spread of E85, a fuel that 
is 85 percent ethanol and 15 percent gas[oline].” The article goes on to 
say, “While oil reps say they aren’t anti-ethanol, they are candid about 
disliking E85.” Kiley quotes Al Mannato of the American Petroleum 
Institute (API), the chief trade group for oil and natural-gas compa-
nies: “We think [ethanol] makes an effective additive to gasoline but 
that it doesn’t work well as an alternative fuel. And we don’t think 
the marketplace wants E85.” Who cares what he thinks? It is certain 
that the market does not like the prospects of depletion, higher prices, 
and pollution caused by oil products. Is the problem that the market 
doesn’t want ethanol, or is it that oil companies don’t want it? Of the 
179,000 fuel pumps in the United States only about 1000 pump E85. 
Almost none of these pumps are at oil-company-owned gasoline sta-
tions. Apparently, as Business Week put it, “they don’t want their brand 
assaulted by someone else’s product.” The U.S. government should 
simply mandate the presence of biofuels at service stations. Some eth-
anol plants have suspended operations for a time because their prod-
uct is not made available at most stations.

A rant about oil companies and politics as usual

So, the oil industry gets a government subsidy—over $3 billion 
dollars in 2006—to blend ethanol, exactly what it would do anyway. 
This is the legendary Robin Hood story in reverse. In 2006 the top 4 
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oil companies earned $107 billion dollars. I could not identify all oil 
industry subsidies because they are hidden behind terms like depletion 
allowance, tax credits, research-and-development supports, and blending fees, 
but the total seems certain to reach tens of billions of dollars per year. 
That’s at least 10 percent of earnings. Doesn’t it frost you to know your 
hard-earned tax dollars contribute through subsidies to oil companies’ 
fat bottom line? Are the legislators showing their gratitude for the 
campaign contributions received from oil companies?

Instead of fighting new fuels, oil companies should become energy 
companies and build ethanol plants and invest in wind, solar, and nuclear 
power. They have the infrastructure, talent, and money. They dabble in 
renewable energy, but I suspect much of it is window dressing. Instead, 
they have boat loads of money to convince us that fossil fuels remain the 
answer. Although powerful now, I think oil companies will fade into 
obscurity if they don’t change their ways.

Cellulosic Ethanol

Corn and sugar crops represent only a small fraction of biomass 
that can produce ethanol. Several technologies can produce ethanol 
from other forms of biomass, such as grasses, trees, forestry residue, 
and plant stalks, as well as industrial and domestic waste, and even 
municipal solid waste.

Cellulose, the matter that gives plants their structure, is made 
of sugars. Ethanol can be produced when a plant’s cellulosic sugar 
is broken down into simpler fermentable sugars. Low-value plant 
material such as corn stalks, grasses, fast-growing trees, sawdust, 
waste paper, and paper-mill waste can be used to produce ethanol, 
except the processes are currently more expensive than producing 
ethanol from high-value plants such as corn. Plants such as switch 
grass and fast-growing trees can be grown on marginal or degraded 
land presently unsuitable for food crops.

Producing cellulosic ethanol requires a few more processing steps 
than producing corn ethanol. However, plants processing corn ethanol 
can be converted to cellulosic-ethanol production for approximately 25 
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percent of the original plant’s cost. This is good news since presently 
invested capital in corn-ethanol plants need not be abandoned when 
and if a switch is made to cellulose-based ethanol. On the positive 
side, according to Conniff in Smithsonian, burning 1 gallon of cellulosic 
ethanol promises to cut greenhouse gas emissions by at least 80 percent 
compared to burning 1 gallon of gasoline, yet most sources conclude that 
corn ethanol alone reduces greenhouse gases by only about 20 percent. 
Cellulosic ethanol also has a more favorable energy in/energy out ratio 
than corn ethanol. However, some sources, such as the Smithsonian 
article mentioned above, argue that greenhouse gas emissions actually 
increase if the ethanol processing plants get the energy for fermentation 
from coal-powered plants. The Smithsonian calculation fails to mention 
that the crop requires no fertilizer, no planting, no cultivating, no 
pesticides, and no herbicides, all requiring considerable energy. If we 
factor in the absence of that expended energy, then ethanol production 
from cellulose reduces greenhouse gas emissions.

Cellulosic ethanol is now produced for about $2.15 per gallon, a 
figure competitive with gasoline from oil costing $135 per barrel. In 5 
years the cost of cellulosic ethanol is projected to fall to $1.07 per gal-
lon, a price comparable to gasoline processed from oil costing less than 
$70 per barrel. If the United States 
starts building processing plants 
now, then the country should have 
cellulosic ethanol, per the industry’s 
plan, for about 60¢ per gallon in 
less than 10 years (see Figure 8.2). 
That price is comparable to processing gasoline from oil costing $36 
per barrel—a great bargain since oil prices were flirting with $100 per 
barrel in November 2007, reached a history-making high of $135 per 
barrel in May 2008, and will likely rise. Once in the game, so to speak, 
with commercial plants, costs always improve.

Industry must allocate money for research and development, and 
government must offer support—up to $1 per gallon derived from 
a gasoline surcharge of 50¢ per gallon, yielding $70 billion per year. 

Cellulosic biomass could replace 

30–50 percent of the petroleum 

used for U.S. transportation.
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That’s a lot of money, but it pays for sustainability, carbon-emissions 
reduction, and a big step toward energy independence. We must get 
cellulose ethanol off the ground now. Facilities for producing cellulosic 
ethanol should be built and publicly supported until the production 
is competitive with gasoline production, but no longer. The products 
become competitive when the costs per BTU for cellulosic ethanol 
and gasoline are the same. It won’t be long.

Figure 8.2. Costs of Ethanol from Cellulosic Biomass  
(2006 U.S. Dollars)

Source: U.S. Department of Energy, Biomass Program Data.

Actual cost in 2007 was $2.15 per gallon.

Which feed stocks (plants) to use?

I believe a combination of switch grasses, hybrid poplars, cotton-
woods, and corn stalks will be the predominant feed stocks for pro-
ducing ethanol in the future. Other crops will enter this mix once the 
industry is established. For deciding which plants to use, the following 
must be considered: gallons per acre (energy density), feed stock culti-
vation, growing cycles, fertilizer requirements, resistance to infection, 
and location. Other than available wood waste, grasses seem the best 
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choice. Grasses can be grown on a 10-year cycle and can be harvested 
the first or second year. Trees require a 6–20 year rotation and can be 
harvested only in years 4–10.

Switch grass, in combination with other grasses, has the highest 
potential for ethanol production. While an acre of corn yields about 
400 gallons of ethanol, some grasses will yield more than 1000 gallons 
of ethanol per acre. If the grasses are grown in complementary com-
binations, then the yield could double. Switch grass grows well just 
about anywhere, grows quickly, needs little water, requires no insecti-
cides or fertilizers, prevents soil erosion, and can be harvested repeat-
edly because it continually restores nutrients to the soil. For an idea 
of what a good, dense biomass crop would look like, see Figure 8.3. 
Wildlife habitat? Guaranteed.

Figure 8.3. Miscanthus (Grasses)—A Single Season’s Growth 
in Illinois

Source: Department of Energy.

More good news

The total carbon emitted from producing cellulosic ethanol and 
burning the produced fuel is often less than the carbon taken from the 
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air by the biomass used to produce the ethanol. For some grass com-
binations the ratio of CO2 emitted to CO2 absorbed is very favorable, 
and could be better than 2 to 1 positive. Just ask David Tilman, Jason 
Hill, and Clarence Lehman, each from the University of Minnesota. 
Their article on ethanol from grassland biomass appeared in Science:

Biofuels derived from low-input high-diversity (LIHD) 
mixtures of native grassland perennials can provide more 
usable energy, greater greenhouse gas reduction, and less 
agrichemical pollution per hectare than can corn grain eth-
anol or soybean biodiesel. High-diversity grasslands had 
increasingly higher bio-energy yields that were 238 percent 
greater than monoculture yields after a decade. LIHD bio-
fuels are carbon negative because net ecosystem carbon dioxide 

sequestration (4.4 mega gram per 
hectare per year of carbon dioxide 
in soil and roots) exceeds fossil car-
bon dioxide release during bio-fuel 
production (0.32 mega gram per 
hectare per year). Moreover, 
LIHD bio-fuels can be pro-

duced on agriculturally degraded lands and thus need to 
neither displace food production nor cause loss of biodiver-
sity via habitat destruction [emphasis added].

Ethanol’s Potential

How much ethanol from biomass can we produce? Numbers vary 
greatly, but the best practical estimates suggest that we can grow up to 
1.3 billion tons of dry cellulosic biomass, which could replace 30–50 per-
cent of the petroleum the United States presently uses for transporta-
tion. With predicted population growth in 30 years, biomass ethanol’s 
contribution falls to 20–35 percent. Of this cellulosic ethanol, energy 
crops (corn, grasses, and hybrid trees) would yield about 30 percent, 
agricultural residues would account for about 35 percent, and municipal 
waste and lesser sources account for the remaining 35 percent.

For some grass combinations 

the ratio of CO2 emitted to CO2 

absorbed is very favorable, and 

could be better than 2 to 1 positive.
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However, a more complete solution stares at us. If the U.S. public 
cuts gasoline consumption 60–90 percent by using hybrid plug-ins and 
all-electric cars and uses cellulosic ethanol and biodiesel to fuel these 
vehicles, then the United States would become essentially energy inde-
pendent for transportation. The country must do this in 30 years. If the 
United States adds windmills, solar cell systems, and fast neutron reac-
tors, then the United States becomes totally energy independent. If the 
rest of the world follows a similar path, future generations will live in a 
more peaceful, environmentally clean world. A naïve pipe dream? Don’t 
believe it—it can be done.

We must wisely choose the 
balance of fuels, energy sources, 
and the like, and then change as 
experience dictates. 

Let’s cut to the chase: The 
United States must reduce trans-
portation-petroleum needs to 
zero by the year 2040. Two changes are necessary to succeed. Ninety 
percent of all vehicles on the road must become hybrid plug-ins or 
all-electric, and ethanol production must reach 50 billion gallons per 
year. Impossible? We put people on the moon in 10 years, didn’t we? 
Americans love a challenge, and this one is worthy of our mettle.

Our need for liquid transportation fuel decreases in proportion to 
the conversion to plug-in hybrids and all-electric vehicles. When all 
cars, light trucks, and some heavier vehicles become hybrid plug-ins or 
all-electric, energy crops will serve other purposes in a world of rapid 
population growth.

q Energy crops could replace corn as cattle feed, freeing up 
the corn for human consumption.

q Cellulosic power plants could produce electricity with a 
net of zero carbon dioxide emissions.

q Energy crops, instead of petroleum, can be used to produce 
plastics and other chemicals.

Ninety percent of all vehicles on 

the road must become hybrid plug-

ins or all-electric, and ethanol 

production must reach 50 billion 

gallons per year.
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BIODIESEL

Biodiesel is a fuel derived from biological sources, such as vegetable 
oils, animal fats, and even recycled restaurant greases and oils. The 
fuel, which can be used in its pure form (B100) or in combination 
with petroleum-based diesel in any ratio, requires at most only minor 
engine modifications. Although biodiesel’s energy content is about 93 
percent that of petroleum diesel, this shortfall is offset by biodiesel’s 
better lubricating properties, resulting in more engine efficiency and 
longer engine life. Also, biodiesel is biodegradable.

Biodiesel is better for the environment than petroleum-based die-
sel and other fossil fuels. Compared to petroleum-based biodiesel, pure 
biodiesel spews about half the particulate matter and carbon monox-
ide, and it emits even lesser amounts of other toxic pollutants. Sulfur 
emissions, a major source of acid rain, is essentially eliminated. A joint 
study by the U.S. departments of Energy and Agriculture concludes 
that biodiesel fuel, due to its closed carbon cycle, reduces net carbon 
dioxide emissions by 78 percent compared to petroleum diesel. The 
CO2 released when biodiesel burns is re-absorbed by (recycled back 
to) the next crop of plants to be harvested for processing.

Also, biodiesel has a very favorable energy ratio. The joint study 
reports that for every unit of fossil fuel energy used to make biodiesel, 
3.2 units of energy are gained.

The production of biodiesel mirrors ethanol, but on a smaller 
scale. Like ethanol, biodiesel’s feed stock is often a farm food crop. 
Many crops can be used, but rapeseed and soybeans are most com-
mon. Soybean oil accounts for about 90 percent of the biodiesel pro-
duction in the United States. Although the food-versus-fuel debate is 
the same, soybean oil has been in surplus (see Figure 8.4).

Making biodiesel fuel is a fairly simple process. The vegetable 
oil is removed from the source plant, and the oil then undergoes a 
process called transesterification, whereby the raw vegetable oil reacts 
with an alcohol: 100 units of vegetable oil + 10 units of alcohol pro-
duces approximately 10 units of glycerin + 100 units of diesel fuel. 
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Producing ethanol from starchy feed stocks like corn is considerably 
more complex.

Biodiesel’s History

The transesterification process was conducted in labs as early as 
1853, many years before the first diesel engine became functional. 
Rudolf Diesel’s engine ran on its own power for the first time in Augs-
burg, Germany, in 1893. Diesel later demonstrated his revised engine 
in 1900 at the World Fair in Paris, France, where he received the Grand 
Prix (highest prize).

Figure 8.4. Vegetable Oil Yields 
(The biodiesel yield = oil yield x 0.8 approximately)

Crop gallons per Acre Crop gallons per Acre

algae 5,000* rice 88

oil palm 635 safflower 83

coconut 287 sesame 74

avocado 282 camelina 62

brazil nuts 255 mustard seed 61

castor beans 151 euphorbia 56

olives 129 hazelnuts 51

rapeseed 127 linseed (flax) 51

opium poppy 124 soybean 48

peanuts 113 hemp 39

sunflowers 102 cotton 35

* Research conducted by the National Renewable Energy Laboratory indicates 15,000 gallons per acre is 
theoretically possible. 

Source: Journey to Forever, an environmentally minded non-profit, non-governmental organization. Avail-
able at: <http://journeytoforever.org/biodiesel_yield.html>.

Diesel believed one of the great advantages of his engine was its 
ability to run on biomass fuel. His original engine was powered by 
peanut oil—a biofuel, though not biodiesel, since it was not transesteri-
fied. In a 1912 speech Diesel said, “The use of vegetable oils for engine 
fuels may seem insignificant today, but such oils may become, in the 
course of time, as important as petroleum and the coal-tar products 
of the present time.” Very prophetic. During the 1920s the petroleum 
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industry came to dominate fuel markets because its fuel was much 
cheaper to produce than biomass alternatives. The result was a near 
elimination of the biomass fuel-production infrastructure. Recently, 
rising concerns over environmental impacts and decreasing price dif-
ferences between the fuels make biodiesel a competitive alternative.

Throughout the 1990s, biodiesel plants opened throughout the 
world and in many European countries. By 2000, 21 countries had 
commercial biodiesel projects. France launched local production of 
biodiesel fuel (called diester) from rapeseed oil. This fuel is mixed into 
regular diesel fuel to a level of 5 percent, and into the diesel fuel used 
by some fleet vehicles to a level of 30 percent. Many service stations 
across Europe offer 100 percent biodiesel. In 2004 Europe produced 
about 10 times more biodiesel than the United States.

In the United States in 2005, Minnesota became the first state to 
mandate that all diesel fuel sold in the state contain some biodiesel. 
Minnesota requires at least a 2-percent mixture.

In the United States today, more than 700 truck fleets, some city 
buses, and some government fleets use some biodiesel. Across the 
country 165 plants produce biodiesel, with 80 more under construc-
tion. Although the U.S. production of biodiesel in 2007 approached 
325 million gallons, total U.S. consumption of diesel is 60 billion gal-
lons per year. Biodiesel therefore contributes less than 1 percent of 
the total. If the United States converted 100 percent of its production 
of soybean oil to biodiesel fuel, the result could replace only about 7 
percent of the total diesel fuel consumed today in the United States. 
Not much right now, but the total could significantly increase as new 
technologies emerge.

As with the ethanol industry, the biodiesel industry has a plan. By 
2015 the biodiesel industry plans to replace 5 percent of the on-road 
consumption of petroleum diesel. Since on-road consumption is 
approximately 38 billion gallons per year, biodiesel production must 
increase to 1.9 billion gallons annually. With present and planned pro-
duction capacity, this plan is attainable. The plan assumes grain 
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commodity prices will cooperate. This plan anticipates biodiesel 
derived only from food crops.

In the near future, on-going 
research and development will 
certainly lead to the production 
of biodiesel from algae and other 
non-food crops.

Algae Biodiesel

Ethanol production will be greatly enhanced when the conver-
sion of cellulosic biomass to ethanol becomes an established indus-
try. Biodiesel has its own next-generation counterpart with algae, 
which could greatly enhance the production of biodiesel. Neither 
process would require the use of food crops.

Theoretically, some algaes could produce up to 15,000 gallons of biod-
iesel per acre. Although such production is probably impossible, even 
1000–5000 gallons per acre represents a huge advantage over soybeans 
or any other food crop as biodiesel sources. Open ponds and photo-
bioreactors are being developed to exploit this opportunity. Some 
knowledgeable industry people think algae biodiesel could replace all 
transportation fuels. Let’s get to 10 percent first, and let’s do it fast. To 
this end, this industry should receive the support it needs to get estab-
lished. This support could come from the recommended surcharges on 
all energy (see last chapter).

Biodiesel Subsidies

The bulk of any biodiesel subsidy goes to the blender, usually an 
oil company. The blender receives a tax credit of $1 for biodiesel made 
from new crops and 50¢ for biodiesel made from recycled oil. Once 
again, this gift from the government to the oil companies is in thanks 
for accepting biofuels in their fuel mix. The tax credit for the blender 
should be eliminated immediately. If a government wants to promote 
the use of biofuels, then mandate their use. Governments should quit 
playing money games that distort the realities of an industry. 

If a government wants to promote 

the use of biofuels, then mandate 

their use. Governments should quit 

playing money games that distort 

the realities of an industry.
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The biodiesel industry, as with the ethanol industry, recently paid 
more in taxes in a single year than it received in subsidies. And the 
industry creates jobs (40,000 by 2015). Said differently, the subsidies 
helped generate a net gain in government revenue and prevented over 
$10 billion in oil imports. Last, since soybean prices are rising, some 
farmers no longer need crop subsidies, resulting in further savings. All 
in all, the biodiesel and ethanol industries contribute significantly to 
the U.S. economy.

SUBSIDIES 101

The word subsidy is as painful to some ears as taxes and welfare. The 
political and emotional reactions are just as strong. “Subsidies are gov-
ernment hand outs.” “That’s my money the government gives away.” 
“Why should a business get a break? I don’t get one.” “I want free mar-
kets, not the government meddling in the market.” Let’s get away from 
broad concerns and turn to a practical question: If a specific subsidy 
benefits society and consumers as a whole, then is it okay? Yes, I think 
so. Indeed, I think subsidies to producers of ethanol and biodiesel are 
great buys for the U.S. public. Great for the pocketbook. Great for the 
environment. Great for energy independence, balance of payments, 
value of the dollar, and national security. Great for our kids and the 
future.

Here’s why. I think the facts will astound you.
First, if you dislike subsidies in general, then you should hate the 

subsidies received by oil companies and the subsidized, artificially low 
price of gasoline. If gasoline were priced according to a truly free mar-
ket, then it would cost much more per gallon. If gasoline were priced 
according to a truly free market and if the price included social costs 
(such as the costs of pollution on health, for example), then the price 
would be much, much higher per gallon. In effect, a subsidy (subsi-
dized costs) may hide actual costs from consumers. The net cost of a 
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good is the combination of actual costs and subsidized costs. Further, 
it is important to compare the net cost of alternative fuels to the net 
cost of the oil presently used to produce gasoline and diesel fuels.

What are some of these costs? Let’s start with a baseline figure: 
The United States currently spends about $400 billion per year to 
import oil, up from about $300 billion in 2004. This figure does not 
include hidden costs and social costs.

Let’s explore those related costs by turning to the testimony of Mr. 
Milton R. Copulos before the Senate Foreign Relations Committee 
on March 30, 2006. Copulos, head of the National Defense Coun-
cil Foundation (NDCF), testified 
on “The Hidden Cost of Our Oil 
Dependence.” He similarly testi-
fied before the House Resources 
Subcommittee on Energy and 
Mineral Resources in March 
2004. On each occasion, his testimony updated the NDCF’s detailed 
2003 analysis of the total economic cost of the nation’s growing depen-
dence on imported oil. The original report from 2003 involved the 
evaluation of “hundreds of thousands of documents” over more than 
18 months. The findings were “vigorously peer reviewed.”

An excerpt from his testimony:

In 2006, we’re going to spend about $320 billion to buy 
imported oil. That’s 3.2 times what we were spending 
three years ago. We feel that the average refiner price will 
be about $60 a barrel, not $28 and some change. [Note: 
The cost rose to $99 per barrel in November 2007 and to 
$135 per barrel in May 2008.] And in contrast to the $49 
billion we were spending [in 2003] in the Persian Gulf to 
defend oil supplies, that figure is now $132.7 billion. And 
when you add everything together and take the economic 
consequences into account…that $304 billion [total] 
in 2003 will increase in 2006 to $825.1 billion. That’s 

Subsidies to producers of ethanol 

and biodiesel are great buys for the 

U.S. public.
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almost twice as much as we’re going to spend on national 
defense this year. It adds the equivalent of $8.06 to a gal-
lon of gasoline when we look at the price that was posted 
yesterday [April 14, 2006]. That means at the pump—if 
you were paying the full cost—it would be $11.06 per gal-
lon, meaning that it would cost you about $220 to fill up 
a sedan and about $325 to fill up an SUV.

Wake up, everybody. That’s a hidden cost of $8.06 per gallon—
a cost, including subsidies, that comes right out of your pocket. Mr. 
Copulos is no flake, and his information sources are widely referenced, 
as are his analyses. If you want another opinion, see Erica Swisher’s 
article in Ethanol Today. She calculated hidden costs of $6.45 per gal-
lon of gasoline. This cost will escalate, of course, as the United States 
depends more and more on oil imports.

For argument’s sake, let’s use only the lower figure of $6.45 per 
gallon. If so, then a $1–2 subsidy for ethanol or biodiesel is one 
super buy.

The U.S. public should not let the ethanol and biodiesel indus-
tries struggle for lack of financial support. Let’s support them as nec-
essary to keep them vital. As costs fall (and as the costs of alternatives 
rise), the support should shrink. I recommend paying a temporary 
surcharge on all energy to support the transition to clean, renewable 
energy sources.

If the world really wants to avoid the serious consequences some 
predict will result from the continued use of fossil fuels—global warm-
ing, the devastation of ocean pH change, acid rain, mercury pollution, 
and resource depletion—start the transition to renewables. Yes, doing 
the right things will displace some people and some industries, but they 
will also spark an unprecedented economic boom. As we shall see, get-
ting the money is really no problem. Clearing the regulatory, legal, and 
political barriers are the most formidable challenges. Time is short—30 
years and no more.
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BOTTOM LINE

q Governments and the public should aggressively support 
the production of corn ethanol, cellulosic ethanol, soybean 
biodiesel, and algae biodiesel.

q Governments should facilitate faster growth of these 
industries, particularly cellulosic ethanol and algae 
biodiesel. Plants should be built immediately—with 
excessive costs covered by the recommended surcharges.

q Governments should do everything they can to support 
these industries. Good energy policy. Good economic 
policy.

q Quantify the need for biofuels and calculate the effect 
on food supplies. Such calculations will become more 
important with population growth and as production of 
these fuels accelerates.
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Chapter 9

oTHeR ReNeWABle eNeRGY souRCes

In 2002 approximately 5.9 percent of total U.S. energy was produced 
by biomass (about 2.85 percent), hydropower (2.6 percent), and other 
renewable energy sources (about 0.46 percent).  This figure rose to above 
6 percent by 2006.  Of total U.S. renewable energy in 2006, biomass and 
hydro-electric power generated 92 percent, geothermal 5 percent, wind 
about 1.7 percent, and solar almost 1 percent. The production of energy 
from renewable sources is growing, but has a long way to go to signifi-
cantly affect growing U.S. energy needs.

DAMS and HYDRO-ELECTRIC POWER

A dam is the liquid counterpart to a windmill. One relies on the move-
ment of air; the other relies on the flow of water. Wind power and 
hydro-electric power are relatively clean and close to being eternal, 
because nature continuously moves air and water.

There are approximately 75,000 dams in the United States affecting 
approximately 600,000 miles of river, about 17 percent of the total river 
length in the United States. Hydropower accounts for approximately 
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2.6 percent of U.S. electric energy. Many dams no longer make eco-
nomic sense and should be decommissioned.

In the developed world most good sites for large hydro-electric 
power plants have already been exploited. However, many dam proj-
ects, some quite large, are being built in the developing world. The 
most notable example is the huge project on the Yangtze River in 
China. In the process of building a dam, large areas of land are put 
under water to create the reservoir required to hold the water to be 
released in a controlled way to generate electricity. The people relo-
cated in China for the Three Gorges project had lived on that land 
for centuries before it was flooded—a culture shock for the people 
involved.

Hydro-electric power does not require a dam. A water turbine 
placed in a fast moving stream can also produce electricity.

A great advantage of hydropower is that it doesn’t generate any car-
bon dioxide, carbon monoxide, sulfur dioxide, nitrous oxide, ground 
contamination, particulates, or waste products. The energy is obvi-
ously renewable, since the dam is replenished by rain, snow, and runoff. 
Of course, if the river dries up due to drought or climate change, then 
you are out of business until the water to operate it is replenished.

The output of hydro-electric power plants can be controlled at 
will, and the reservoir lakes can be used for recreation. The reservoir 
lakes created by the Tennessee Valley Authority and at Lake Powell in 
Utah, created by the Glen Canyon Dam, are good examples.

As with most energy sources, hydro-electric power has some nega-
tive features. I’ve already mentioned the displacement of people and 
the problems posed by drought. In addition, should a dam break by 
natural causes or sabotage, the rapid, catastrophic downstream flood 
would cause considerable damage and loss of life. Of course, dams are 
built with structural safety factors. Another problem has to do with 
the ecosystem around large dams and sedimentary buildup. Since 
dams impede river flow, low oxygen levels in the reservoirs can kill fish 
and affect the nature of nearby plant and animal life. Spawning fish 
can also be a problem.
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All in all, once a dam and a new surrounding ecosystem get estab-
lished, a dam is a wonderful source of renewable energy. All dams, 
however, have finite life spans—100–200 years for some, perhaps 1000 
years for others, such as Hoover Dam.

TIDES

Much has been written about other forms of hydropower. One form 
takes advantage of the difference in sea level between high and low 
tides, and another type uses the motion of waves to generate electric-
ity. I encourage taking advantage of both energy-generating systems, 
but only in light of the full life-cycle costs of such projects. While these 
systems promise minimal environmental impact, the world must be 
wary of unintended consequences.

Tides are reliable and renewable. There are many places with large 
differences between high and low tide, where flow can be managed to 
give consistent energy. Tides, as dams and waves, produce no pollut-
ing gases or other wastes. Tidal electric-power systems are simple, and 
the turbines are expected to last more than 30 years. While I cannot 
find reliable quantification, the initial cost of a system is high. One 
cost problem is that the best tidal sites are often the most treacherous. 
Another problem is fish and other marine life causing damage to the 
turbines or to themselves. Other problems, such as sediment or modi-
fication of the clarity of the water, can be significant. The total effects 
on an ecosystem depend on the specific site and location. In summary, 
tidal energy makes sense in some locations.

Tide-turbine electricity costs about the same as wind-turbine 
electricity. Authorities are planning a total of 100–300 turbines for 
Roosevelt Island in the East River of New York City. The 3-bladed 
turbines, each 16 feet in diameter, are made by Verdant Power of 
Arlington, Virginia. According to the MIT Technology Review (April 
23, 2007), at full capacity the project could produce 10 megawatts of 
electricity, enough for 8000 homes in New York.
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WAVES

Wave motion and consequent swells can turn a turbine, which then 
produces electricity. Wave motion is clean, definitely renewable, but 
variable. Wave-motion systems are not particularly expensive to install 
or maintain. Also, they blend in well with their surroundings because 
of their low profile, and they do not unreasonably or adversely affect 
marine life. Large systems can produce great quantities of usable 
electricity.

Like wind, wave motion is not constant. Therefore, the output 
is intermittent and must be used in conjunction with some back-up 
source of power. Also, wave-motion systems can be annoyingly noisy 
and can, because of their low profile, present a hazard to navigation. 
Many analysts speculate that to make these systems safe from a once-
in-a-lifetime storm, they would become prohibitively costly. As the 
world moves forward with these systems, technological innovations 
should, over time, reduce the cost and mitigate some problems.

Again, while these hydro-electric sources of energy will help, they 
cannot rescue us—far from it. However, I hope that the world contin-
ues to find places and ways to exploit all sources of hydropower.

GEOTHERMAL  ENERGY

“Geothermal” in Greek literally means “earth heat.” The earth’s core 
is extremely hot as a result of radioactive activity deep in the earth. 
Wherever you go, you will find heat at a reasonable depth. In some 
places this heat is exploited as a source of energy. The temperature 
of the earth increases about 80 degrees Fahrenheit for every mile of 
depth. If you drill deep enough you find magma, which is molten rock. 
Volcanic eruptions bring this magma to the surface. However, if one 
wanted to build a geothermal energy plant, one would look for the 
hottest temperature that is closest to the surface.

Geothermal energy offers many advantages, and I do not know 
why the United States and others in the world have not done more 
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to exploit this resource. Iceland generates 25 percent of its electrical 
energy and almost 90 percent of its hot water from geothermal. Obvi-
ously the potential of geothermal energy is huge. (See Figure 9.1.) 
There must also be serious reasons why this energy source is not more 
aggressively pursued.

Figure 9.1. Hottest Known Geothermal Regions

Source: Geothermal Education Office.

Geothermal energy is essentially renewable and eternal because of 
its long, potential life. Geothermal energy is clean and requires no fuel, 
because even the energy required by its pumps is derived from the 
resource itself. Once built, a geo-
thermal plant requires relatively 
little cost to operate, maintain, or 
repair. A geothermal plant does 
not take a lot of space, and when 
placed next to the ocean, it can 
desalinate water. As steam is made to drive the generating turbines, the 
steam must condense. This condensate is saltless and can be used for 
many purposes, including drinking and irrigation.

Geothermal energy sure sounds like a freebie, and I encourage fur-
ther development of geothermal sources. However, finding good sites 

Geothermal energy seems plentiful, 

uncomplicated, and likely very 

economical in places.
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for a plant is a challenge, and getting approval from local residents or 
governments can be difficult. One wonders if such decisions are made 
rationally, based on sound science and careful study, or if they are based 
purely on political considerations, or by misdirected activists.

Some issues relating to geothermal energy must be managed care-
fully. Subterranean rocks can release toxic and flammable gases which 
could rise up in the wells, just as gases rise during a volcanic eruption. 
In some cases natural gas or crude oil will come up in the well, reduc-
ing overall costs. In other cases it is difficult to manage this effluent, 
which can run up operating costs to an unacceptable level. 

It seems that geothermal energy should be given a harder look 
around the world. It seems plentiful, uncomplicated, and likely very 
economical in places. I suspect that geothermal possibilities have not 
been sufficiently explored. Low-hanging fruit?

OTHER

Other energy sources, such as wood and biomass, exist in many 
forms. I discuss ethanol and biodiesel elsewhere. Other renewable 
energy sources are not worth mentioning because they are insufficient 
to make a meaningful difference in the world’s quest toward energy 
independence.

BOTTOM  LINE

q Economic deployment of the renewable energy systems 
discussed in this chapter should be part of our overall 
energy strategy, but none seem capable of making much of 
a contribution.

q One must conduct sufficient study to determine if a new 
renewable source of energy will cause more damage than 
the energy source it is replacing.
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Chapter 10

NuCleAR eNeRGY
pr ov i d i n g a cle a n ,  a ffo r da b le fu t u r e

Only nuclear energy can provide enough clean, reliable energy to 
accommodate the earth’s growing population and development 
needs. Absolutely no other power source can do it. No other source. 
No other choice.

NO OTHER SOURCE:  
THE NUCLEAR ENERGY POWERHOUSE

Only nuclear energy delivered by modern fast neutron reactors can res-
cue the world from energy disaster—simple as that. Only fast neutron 
reactors can generate the necessary 
nuclear energy cleanly, reliably, and 
affordably. Light-water reactors can’t 
do it.

Light-water reactors, the ones most-
ly in operation today throughout the 

Only nuclear energy delivered 

by modern fast neutron reactors 

can rescue the world from energy 

disaster—simple as that.
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world, will not solve our problems because they are unsustainable. 
They use less than 1 percent of the energy available in the uranium 
fuel. This wasteful practice of using only 1 percent of the fuel, then 
sending the rest to a mountain for disposal, will cause the world to run 
out of uranium in 50–100 years, and to run out of places to store the 
“spent fuel.” Thus, the world faces the unavoidable, long-term need for 
fast neutron reactors and safer recycling of spent fuel.

Nuclear energy from fast neutron reactors (also known as integral 
fast reactors) is essentially eternal and environmentally sound. Nuclear 
energy from these reactors is eternal because it can power the world’s 
needs for more than 100,000 years or, as one scientist put it, until the 
sun engulfs the earth. Nuclear energy from fast neutron reactors is 
also environmentally sound, because these power plants produce far less 
of the dangerous nuclear wastes produced by light-water reactors, and 
the waste is less toxic. The waste (spent fuel) remains toxic for only 
300–500 years rather than for more than 10,000 years. Also, the pro-
posed Global Nuclear Energy Partnership (GNEP), when consum-
mated, guarantees safer, more responsible use of nuclear energy by all 
partner nations.

The requirements are clear: The United States and the world need 
a lot of fast neutron reactors. (I offer details below about fast neutron 
reactors and the Global Nuclear Energy Partnership, and I quantify 
this point with costs and a timetable in Chapter Sixteen.) There are 
issues to be sure, as there are issues with all energy sources, but all issues 
surrounding nuclear energy are manageable. There are also trade-offs 
among energy sources, but for the next 100 years nuclear energy gener-
ated by fast neutron reactors provides the best balance by far. I’m sure 
of it, as are lots of premier scientists.

Many former opponents of nuclear energy have become whole-
hearted advocates. Even some environmentalists are embracing 
nuclear power. Environmental sage James Lovelock sparked a debate 
in England in 2006 when he published an impassioned defense of 
nuclear energy—on environmental grounds. “I am a Green,” he wrote, 
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“and I entreat my friends in the movement to drop their wrongheaded 
objection to nuclear energy.” His argument: Splitting atoms is the 
only way to generate huge quantities of electricity without producing 
the volumes of global-warming gases emitted by plants fired by coal 
or natural gas.

Even in the United States nuclear power is growing in respecta-
bility. According to Nicholas Varchaver in Fortune magazine, “the 
bipartisan National Commission on Energy Policy included it 
[nuclear power] in a December [2004] proposal to ‘end the energy 
stalemate.’” Columbia University’s Earth Institute considers nuclear 
energy an option in its State of the Planet assessment. And Richard 
Smalley, a Nobel Prize-winning chemist at Rice University who has 
been delving into energy issues, echoes Lovelock: “We ought to, and 
probably will, start building nuclear power plants again.”

The United States and the world better get started. We don’t 
have much time. We will stand at the edge of an imminent disaster 
if we don’t get moving. Given the 
rapid depletion of fossil fuels and 
the rapid accumulations of pollut-
ants, it will be too late for a smooth 
transition to alternative energy 
sources if we don’t immediately 
launch a massive, national and 
international nuclear-energy program. Any plan short of immediate, 
aggressive action will put the economies of the world in a tailspin.

The world still needs and must continue to build light-water reac-
tors until fast neutron reactors are ready, which I hope will be very 
soon. Russian submarines are powered by fast neutron reactors. Elec-
tricity-producing, fast-neutron-reactor plants include the Superphé-
nix, the Fermi, and the Monju; however, these are not of the most 
recently proposed design.

Scientists have demonstrated the efficacy of the process that cou-
ples an advanced fast neutron reactor with the appropriate recycling of 

Any “debate” about whether 

nuclear power will be used to 

generate a major portion of the 

world’s electricity is really over.
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the spent fuel—fuel otherwise destined for Yucca Mountain, Nevada. 
Scientists in several countries, including the United States, want to 
pilot the entire process before proceeding to final, optimum plant 
design. Others don’t believe a pilot plant is necessary; they think we 
can move directly to commercial plant design. Why argue? Let’s build 
the pilot plant now so the very stuff you worry about can be used to 
fuel fast neutron reactors rather than fill Yucca Mountain.

Any “debate” about whether 
nuclear power will be used to gen-
erate a major portion of the world’s 
electricity is really over. Distract-
ing nuisances who vigorously criti-
cize nuclear energy—notably the 
Union of Concerned Scientists 
and Helen Caldicott—are too 
late. There are already 441 reac-

tors operating in the world—and more on the way—and 103 oper-
ating in the United States. The storage of spent fuel is manageable. 
Proliferation is manageable. The combination of fast neutron reactors 
and the Global Nuclear Energy Partnership—in one fell swoop—
minimizes today’s problems of spent-fuel storage and proliferation. 
What are we waiting for? What’s left to debate? Nuclear energy from 
fast neutron reactors takes care of every energy issue facing the world 
today—depletion of oil, pollution from fossil fuels, and even the pros-
pect of global warming from greenhouse gases.

NO OTHER CHOICE, NO OTHER OPTION

I acknowledge that solar, wind, and hydrogen energy may contribute 
more significantly to the world’s total energy mix in the distant future, 
but I would not bet much on the prospects. None of the promising 
energy research that I know of is going to yield results that are timely 
or sufficiently robust to rescue the world from its present energy 

The combination of fast neutron 

reactors and the Global Nuclear 

Energy Partnership—in one 

fell swoop—minimizes today’s 

problems of spent-fuel storage and 

proliferation.
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problems. Nuclear energy must be the backbone of any viable future 
energy system. Period. I invite your disagreement, but don’t bother me 
unless you quantify your comments and offer a realistic timeline.

Wind and sun can never pro-
vide baseload energy, because the 
sun doesn’t shine all the time and 
the wind blows intermittently. 
Each source needs a back up since, 
by definition, a baseload source 
must operate continuously. Wind 
energy and solar energy, because 
they are intermittent, can be only 
partial substitutes for nuclear, hydro, or fossil-fuel power plants. Solar 
and wind power can reduce total toxic emissions if they are backed 
up by fossil-fuel power plants. However, if nuclear plants provide the 
back-up, then the wind and solar energy are redundant and unneces-
sary, because nuclear energy is cheaper and cleaner. Wind and solar 
energy could contribute electricity during high-demand, peak peri-
ods—that is, for peakloads—and for some site-specific applications.

There’s more to the story: A growing consensus holds that wind 
and sun together will probably not account for more than about 20–40 
percent of total energy production, at least not in this century. So, 
before we get too excited or confident about their potential contribu-
tions, let’s first see them generate 10 percent of total energy produc-
tion, a daunting and ambitious task. Although I encourage it, I won’t 
believe the 10 percent until I see it.

In the meantime, be wary of breakthrough announcements. A 
“breakthrough” is just the first adventurous step on the journey to 
commercialization. Such journeys can take decades.

But none of nuclear energy’s virtues really matter if nuclear energy 
is too dangerous to deploy. Is nuclear energy safe?

q Yes, nuclear energy has been the safest energy source by far 
over the last 50 years.

Nuclear energy from fast 

neutron reactors resolves every 

energy issue facing the world 

today—depletion of oil, pollution 

from fossil fuels, and even the 

prospect of global warming from 

greenhouse gases.
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q Yes, nuclear power plants are absolutely safer than previous 
generations because of new technologies, new reactor 
designs, and better process management.

q Yes, because fast neutron reactors will be safer than 
reactors built in the past.

q Yes, since nuclear energy is definitely safer than the 
continued use of fossil fuels, which annually kills 2 million 
people worldwide, 50 thousand in the United States, and 
gets worse every year.

q Yes, because the spent fuel problem essentially goes away 
with fast neutron reactors.

q Yes, because the proposed Global Nuclear Energy 
Partnership will establish a fuel- and waste-management 
process that will greatly decrease proliferation 
opportunities and the misuse of nuclear materials.

NUCLEAR ENERGY BACKGROUND

Many of us grew up fearing nuclear energy: the secretly developed 
bombs that put an abrupt end to World War II, the Three Mile 
Island accident in the United States, the Chernobyl accident in Rus-

sia, the threat of annihilation 
from nuclear weapons, and pro-
liferation fears. Most of us, how-
ever, do not know much about the 
real outcomes of these accidents, 
about nuclear power’s ability to 
generate electricity, or about the 
many other useful applications of 
nuclear technology.

Despite the public’s lack of familiarity, a large majority of the pub-
lic supports nuclear energy. As long ago as February 1989, a Gallup 

Except for research on nuclear 

energy, none of the promising 

energy research that I know of is 

going to yield results that are timely 

or sufficiently robust to rescue 

the world from its present energy 

problems.
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poll asked “How important do you think nuclear energy plants will be 
in providing this nation’s electricity needs in the years ahead?” The 
poll also asked exactly the same question 
about coal-burning plants. Forty-five per-
cent of respondents thought nuclear energy 
would be “very important” (29 percent for 
coal), and 34 percent thought nuclear energy 
would be “somewhat important” (37 percent 
for coal). That is, 79 percent of respondents thought nuclear energy 
would be important. A similar poll in July 1989, from TeleNation 
Market Facts, asked, “How important a role should nuclear energy 
play in the U.S. Department of Energy’s National Energy Strategy for 
the future?” The results were virtually identical. Among respondents, 
50 percent thought nuclear energy “important,” and 31 percent thought 
it “somewhat important.”

Although one might guess that fears of nuclear energy have dimin-
ished as the memories of Three Mile Island and Chernobyl fade, pub-
lic support in the United States today is lower than in the 1980s, 
although supporters are still a clear majority. Various polls conducted 
in the last few years report 50–70 percent of the U.S. population sup-
ports nuclear energy.

More importantly, the people who know more about this technol-
ogy—scientists and experts—are very strong supporters of nuclear 
energy. In 1980, in the immediate after-
math of the Three Mile Island accident 
and during a strong wave of anti-nuclear 
sentiment, a random sample of scien-
tists listed in American Men and Women 
of Science, the “Who’s Who” of scien-
tists, received 741 responses to ques-
tions about nuclear energy. One question asked, “How should we 
[the nation] proceed with nuclear power development? ” Responses 
appear in Figure 10.1.

Scientists and experts are 

very strong supporters of 

nuclear energy.

Nuclear power is the only 

energy source that can fully 

supply all the clean energy 

the world will ever need. 
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Figure 10.1. Percentage Support for Nuclear Energy Among  
Scientists, 1980

All  
Scientists Energy Experts nuclear Experts

proceed rapidly 54 70 92

proceed Slowly 36 25 8

Halt Development 7 4 0

Dismantle plants 3 1 0

With such support for nuclear energy among experts and the gen-
eral public, why so little progress on this elegant form of energy? Poli-
ticians and decision makers can’t make it happen. Or they don’t want 
to make it happen. You decide. Are vested interests trumping popular 
support and the public good? This strong support existed even before 
the development of safer modern fast neutron reactors, nuclear batter-
ies, or the proliferation-resistant UREX+ processing. Nuclear energy 
should be even more attractive now than in 1980 and 1989.

HOW ELEGANT IS NUCLEAR ENERGY?

One pound of uranium converted to energy produces 3.8 million 
times more energy than a pound of coal. One golf-ball-size chunk of 
uranium fuel converted to energy can provide 4 people with a life-
time’s worth of energy for electricity, transportation, and heating. For 
a breathtaking comparison, the same job requires 8000 barrels of oil, 
and 22 million cubic feet of natural gas, and 1200 tons of coal.

The process of nuclear fission is awesome, beautiful, elemental, 
and elegant. Albert Einstein changed the world when he quantified 
the energy released when converting mass to energy. This conversion 
is defined by the formula E = MC2. As a simple translation, certain 
isotopes of some elements lose weight in a nuclear reactor. The lost 
weight represents the material that no longer exists because it was con-
verted to energy. Einstein’s genius assures sufficient energy for future 
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generations. We can’t argue with the basic chemistry or physics or 
with the realities and limitations of all other proposed energy sources: 
Nuclear is the only energy source that can fully supply all the clean 
energy the world will ever need.

HISTORY of NUCLEAR ENERGY in the UNITED STATES

Origins

On December 2, 1942, Enrico Fermi and Leo Szilard, both at the 
University of Chicago, first built a nuclear pile and demonstrated a 
controlled nuclear chain reaction. Not long afterward the United 
States and the Soviet Union were making nuclear bombs, long before 
nuclear reactors were generating electricity. It is well known that a 
country does not really need a reactor to make uranium-based atomic 
bombs. In the mid-1950s, the Soviet Union and Western governments 
secretly expanded nuclear research to include non-military uses of the 
atom. On December 20, 1951, electric power from a nuclear-powered 
generator was produced for the first time, near Arco, Idaho.

The 103 operating reactors in the United States generate 22 percent of 
U.S. electricity and about 80 percent of U.S. carbon-free electricity.

The U.S. Navy—under the leadership of one of my heroes, Admi-
ral Hyman Rickover—became the first organization to develop use-
ful nuclear power for the propulsion of submarines and, eventually, 
of aircraft carriers. On January 17, 1955, with the words “Underway 
on nuclear power,” Commanding Officer Eugene Wilkinson ushered 
in the U.S. Navy’s nuclear era by reporting the launching of the USS 
Nautilus, which continued in service until 1980. The U.S. Navy has 
operated more nuclear reactors than any other entity in the world, 
with perhaps the exception of the Soviet Navy. These reactors have 
operated with no—zero—serious mishaps. Two submarines, the 
USS Scorpion and USS Thresher, were lost at sea with no expectation 
of harmful environmental effects. Nuclear power permits submarines and 
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carriers to be at sea for close to 20 years without refueling. Newer ships may 
operate for over 30 years without refueling.

Naïve Nuclear Policy in the United States

In the United States the most significant problem with develop-
ing and using nuclear energy is a big one—a political problem. Not an 
engineering problem. Not a chemistry or physics problem. A political 
problem! The United States, once the world’s leader in nuclear tech-
nology, more or less went out of the nuclear plant business after build-
ing over 100 light-water reactors. To a large extent the United States 
has since abandoned the ongoing development of nuclear technology. 
Our leaders lacked vision and resolve, and protestors caused project-
killing delays. These delays amounted to a vote for dirty coal and a 
fouler environment.

The decision of the Carter Administration to end the reprocess-
ing of spent fuel ably illustrates political failings. The choice was based 
on the naïve belief that if the United States didn’t reprocess, then the 
rest of the world wouldn’t. PUREX reprocessing (Plutonium and 
Uranium Recovery by EXtraction), the reprocessing method avail-
able when Carter issued his ban, can increase the use of the original 
uranium fuel by about 20 percent. However, PUREX reprocessing 
can also produce Plutonium-239 of sufficient chemical purity to make 
a weapon. Sufficient concentrations of Plutonium-239, necessary to 
construct a plutonium-based nuclear weapon, are obtainable only via 
reprocessing spent fuel. However, a ban on reprocessing does not end 
the opportunity to create nuclear weapons; one can devise a uranium-
based nuclear weapon by “enriching” uranium.

A second problem was the success of U.S. anti-nuclear activists in 
killing the nuclear industry by causing construction delays. These 
delays created astronomical cost overruns and often caused the aban-
donment of projects and of the billions of dollars invested. Even before 
the 1979 accident at Three Mile Island, new orders for nuclear plants 
in the United States had ceased, primarily because of construction 
delays caused by court-mandated injunctions. Some plants were never 

Shuster_BOOK_2nd.indb   190 7/15/08   9:52:34 PM



191

n u cle a r e n e r gy

completed. As of 2007, no new nuclear plants have been started in the 
United States for almost 30 years—an unbelievable lack of foresight. I 
believe a terrible flaw in the U.S. legal system permits a small minority 
to pre-empt what the majority wants and needs.

Present Position

The 103 operating nuclear power 
plants in the United States are located 
in 31 states. These plants generate 22 
percent of America’s electrical energy, 
all essentially emission-free. This is 
more electricity than the total electri-
cal energy consumed by France and Spain together. To generate the 
same amount of energy from coal, you would have to mine, transport, 
and burn about 400 million tons of coal. If a coal car is 90 feet long 
and carries 60 tons, then a train to transport 400 million tons of coal 
would be 110,000 miles long.

Governments and the public throughout the world must support 
the nuclear-energy industry. What should the United States do? The 
United States must vigorously add conventional light-water reactors 
to our reactor fleet now. Within 5–7 years we must be building com-
mercial fast neutron reactors. These reactors are presently scheduled 
to be ready in 20 years. Not good enough. The United States needs 
these reactors now. General Electric, Toshiba, and some other compa-
nies already have modern fast-neutron-reactor designs ready to go—
there would be no delay between pilot-plant operation and commercial 
construction. Also the world must launch the Global Nuclear Energy 
Partnership as soon as possible.

Most specifically, the United States must build the fast-neutron-
reactor and recycling pilot plants immediately, now, today. The Rus-
sians will likely build their own pilot plant, and the United States may 
partner with them. At best, this plan promises red tape, delays, and 
compromise. Instead, the U.S. government should immediately build 
a pilot plant using technology already developed in U.S. government 

One golf-ball-sized chunk of 

uranium fuel does the same job 

as 8000 barrels of oil, and 22 

million cubic feet of natural gas, 

and 1200 tons of coal.
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labs. The cost would be less than $6 billion, which could be funded 
from energy surcharges I recommend (see Chapter Sixteen). In the 
interest of time and technology, I think U.S. National Laboratories—
the labs that did the development work—should run the pilot pro-
gram. At a minimum the National Labs should partner with a 
commercial company. Such an investment would save trillions of dol-
lars over time; delays could easily cost the country additional tens of 
billions of dollars per year.

We need no more studies, 
which are often window dress-
ing, an excuse to do nothing. We 
need action. Government must 
do everything it can to accelerate 
these programs. In all energy mat-
ters, we must bring the future closer 
to the present as quickly as possible. 

It takes only money and commitment. We have the money. Commit-
ment has been much harder to come by, particularly in Washington, 
D.C. 

In his speech “Reminiscences of Reactor Development at Argonne 
National Laboratory,” Charles E. Till, Associate Laboratory Direc-
tor, 1980–1998, reports that the Clinton Administration stopped the 
advanced fast-neutron-reactor pilot program. In my view, this was an 
unforgivable mistake, for which Americans will pay dearly. Till claims 
the Administration made its decision due to a lack of understanding 
and political motivations, rather than technical concerns. In fact, the 
technical matters were humming along with no problems. I quote Till 
at length.

Two elements of the system—the fuel and the fuel 
cycle—were our principal focus. They were the necessary 
first steps. But by 1986, we had also prepared for many 
months for a series of demonstrations of the unusual 
safety characteristic made possible by the excellent heat-

The United States cannot remain 

a world power—or provide a 

reasonable standard of living for our 

children and grandchildren—without 

abundant, safe, inexpensive energy.
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transfer characteristics of metallic fuel and the liquid 
sodium coolant. It made unaided shutdown of a properly 
designed reactor under accident conditions possible—
power reduction and shutdown just from the interplay 
of the heat transfer characteristics of the new fuel with 
the sodium coolant. No operator action, no operation of 
safety systems, would be needed just to ride through the 
two major accident-initiating events: Loss of Heat Sink, as 
in the [Three Mile Island] accident, and Loss of Flow, an 
accident possibility that at the time had not occurred in 
any power reactor, but which had long been studied.

In early April of that year, both accident cases were 
initiated in our test reactor EBR-2—both while at full 
power. In the morning, the reactor was suddenly isolated 
from the steam system, cutting off the heat sink. The 
reactor responded by 
smoothly shutting down. 
Then in the afternoon, 
after starting up again, the 
pumps were turned off; 
the flow coasted down, but 
… so did the power—in lockstep with the flow coast-
down. In both tests the reactor had quietly shut itself down 
[emphasis added]. DOE duly issued a press release.

Nobody paid any attention.

Then the loss of flow accident happened. And it hap-
pened on the world stage, with riveting TV coverage, and 
the greatest possible concern—at Chernobyl.

An alert science reporter at the Wall Street Journal, 
Jerry Bishop, made the connection immediately. He 
remembered the press release and he made the connec-
tion himself. A reactor in Idaho had lost its coolant flow, 

We have the money. Commitment 

has been much harder to come by, 

particularly in Washington, D.C. 
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and at full power, in this same month, and NOTHING 
WHATEVER had happened. He contrasted this with 
the tragedy unfolding at Chernobyl.

The Bush Administration revived the fast-neutron-reactor pro-
gram, but the 2006 Democratic Congress blocked funding. The 

Energy Policy Act of 2005 proposed 
funds for up to 6 new nuclear reactors. 
This was too few reactors, and funding 
issues remain. 

Republicans do no better. Accord-
ing to the Minneapolis Star Tribune (July 

12, 2007), Norm Coleman, Minnesota’s Republican senator for the 
2002–2008 term, in an effort to maintain his public visibility, played 
up the possibility of a dirty nuclear bomb in another cheap, sensa-
tional, unwarranted nuclear scare.

We need a president and Congressional representatives who are 
informed and able to address the national and global energy problems. 
Candidates preening for the 2008 national elections just don’t seem 
to “get it.” I fear they will continue fumbling the most important issue 
of this century. Any candidate from any party who is not prepared to 
deal with the U.S. energy problem is not worthy of public office.

U.S. leaders spend untold billions and send young men and women 
to Iraq to fight and die for freedom and oil, which won’t solve U.S. 
energy problems anyway. But these same leaders are unwilling to 
spend a few billion dollars to assure the country’s future well being. 
Build the pilot plant. The United States cannot remain a world 

power—or provide a reasonable 
standard of living for our children and 
grandchildren—without abundant, 
safe, inexpensive energy. Business-as-
usual politics will not get the job done.

We need no more studies, 

which are often window 

dressing, an excuse to do 

nothing. We need action.

Other nations are on the move, 

and what the United States 

does is becoming less and 

less relevant.
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NUCLEAR ENERGY WORLDWIDE

According to the World Nuclear Association, the world has 441 oper-
ating reactors, 33 reactors under construction, 94 reactors planned 
for future construction (most with improvements upon traditional 
designs), and 222 proposed reactors. China, the most active by far, has 5 
reactors under construction, 30 planned, and 86 proposed. The United 
States has zero under construction, 7 planned, and 25 proposed, but it 
remains a political question whether the United States will ever build 
these plants. Nevertheless, the United States has more operating reac-
tors than any other country (103 of the global total of 441).

Over 20 percent of U.S. electrical energy and 17 percent of the 
world’s energy comes from nuclear-power plants. France generates 78 
percent of its electrical energy from 59 nuclear plants, and Lithuania 
generates 72 percent of its electricity from nuclear plants. Five coun-
tries generate over 50 percent of their electrical energy from nuclear 
sources, and 8 countries generate 30–50 percent. Japan, currently gen-
erating 29 percent of its national electricity from nuclear plants, plans 
to go to 35 percent; the United States, now at 22 percent, plans to go 
to 23 percent.

Other countries plan big expansion programs. By 2050 China 
plans to expand its production of nuclear-generated electricity by 240 
gigawatts, which is almost equal to China’s total electrical consump-
tion in 2004. India’s plans are similar. Such production represents 
approximately 2.5 times all U.S. nuclear-produced electricity today. 
Japan, China, and India are all actively developing the technologies 
for fast neutron reactors and are building light-water (thermal) reac-
tors. South Korea, South Africa, Finland, France, and others are 
developing advanced nuclear technologies. Other nations are on the 
move, and what the United States does is becoming less and less rel-
evant. However the entire world is not building nuclear plants any-
where near fast enough.

In 2003 the United States spent $49 million on nuclear fission 
research. France spent $394 million. Japan spent $2.3 billion. The 
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United States has seemingly opted out of the most important energy 
technology for the world, although its fast neutron reactor technology 
is still among the world’s best. The United States must not perma-
nently opt out. It must regain its leadership role.

Since nuclear energy is here to stay, all nations should help each 
other manage it safely. A significant concern is the possible prolifera-
tion of nuclear weapons. However, the problem is not with electrical-
energy-producing reactors. Rather, the problem is all the bombs and 

highly enriched uranium and plu-
tonium lying around the world. 
The good news is that new nuclear 
plants, particularly fast neutron 
reactors, are better, more efficient, 
more proliferation-resistant, and 
safer than the plants already in 

service. So let’s spend our collective time and effort on making nuclear 
energy even safer as we accept the inevitability of fast neutron reac-
tors—as we must. The adoption of advanced fast neutron reactors and 
of the proposed Global Nuclear Energy Partnership would be giant 
steps toward solving the world’s most daunting challenge—energy 
independence for all nations—and achieving freedom from the dire 
consequences of burning fossil fuels.

Why are we still arguing over whether nuclear energy has a 
future?

NUCLEAR ENERGY and the MEDIA

Concerns with nuclear energy have been relentlessly pounded into the 
public by the media and some of the groups they quote, such as the 
Union of Concerned Scientists. I don’t blame the media for quoting the 
rants of Chicken Littles about the-sky-is-falling and nuclear-energy-
will-doom-us-with-radiation. Those sensational claims sell. Rather, 
the media could do a great service to the country and the world by 

Any candidate from any party who 

is not prepared to deal with the U.S. 

energy problem is not worthy of 

public office.
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presenting credentialed points of view by real experts, particularly on 
complex, science-based topics that the writers themselves often do not 
understand. It is very difficult to debate these very complex technolo-
gies in the popular media driven by sound bites and catchy headlines 
to appeal to a public with a short attention span and a limited appetite 
for complexity.

The media should call for and provide real debate by real experts 
on issues that could seriously affect the future of the country. Some of 
the best, real, credentialed, scientific experts I interviewed for this book 
felt they have no voice in the media, no voice to the public, and no voice in 
making policy. On top of that, we have know-it-all leaders who are tech-
nically illiterate. The world seems impressed by Al Gore because he has 
a better-than-basic understanding of some issues. Yet he’s wrong on 
some key points, and his solutions and proposals are anemic, if not 
ridiculous. Imagine what other politicians know or think they know. 
This is a horribly sad state of affairs in a technology-driven world.

Sometimes very vocal groups 
with strong opinions based on 
inaccuracies and too few facts 
change their minds, but often only 
after causing considerable damage. 
Dr. Patrick Moore, a co-founder 
of Greenpeace, said, “Rather than 
promote unilateral boycotts based 
on misinformation and coercion, organizations like Greenpeace 
should recognize the need for internationally accepted criteria.” Moore 
also said, “Fifteen years of Greenpeace later, I had some new insights. 
It was time to switch from confrontation to consensus, time to stop 
fighting and start talking with the people in charge.”

Dr. Moore also made the following landmark statement on April 
28, 2005: “Nuclear energy is the only non-greenhouse gas emitting 
power source that can effectively replace fossil fuels and satisfy global 
demand.” How many of you read this comment in the news? Did you 
even hear about it? Of course not.

“Nuclear energy is the only  

non-greenhouse gas emitting 

power source that can effectively 

replace fossil fuels and satisfy 

global demand.”
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Excerpts from Dr. Moore’s Testimony to a Congressional 
Subcommittee on Nuclear Energy, April 28, 2005

What does environmental extremism have to do with 
nuclear energy?

I believe the majority of environmental activists, includ-
ing those at Greenpeace, have now become so blinded by 
their extremist policies that they fail to consider the enor-
mous and obvious benefits of harnessing nuclear power to 
meet and secure America’s growing energy needs.

These benefits far outweigh the risks.

There is now a great deal of scientific evidence show-
ing nuclear power to be an environmentally sound and 
safe choice.

Today nuclear energy supplies 20 percent of U.S. 
electrical energy.

Yet demand for electricity continues to rise and in 
the coming decades may increase by some 50 percent over 
current levels.

If nothing is done to revitalize the U.S. nuclear indus-
try, the industry’s contribution to meeting U.S. energy 
demands could drop from 20 percent to 9 percent.

What sources of energy would make-up the 
difference?

It is virtually certain that the only technically feasible 
path is an even greater reliance on fossil fuels.

Dr. Moore goes on:

In a “business as usual” scenario a significant reduction 
in greenhouse gas emissions (GHG) seems unlikely 
given our continued heavy reliance on fossil fuels. An 
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investment in nuclear energy would go a long way to 
reducing this reliance and could actually result in reduced 
carbon dioxide emissions from power generation.

According to the Clean Air Council, annual power 
plant emissions are responsible for 36% of carbon diox-
ide (CO2), 64% of sulfur dioxide (SO2), 26% of nitrogen 
oxides (NOx), and 33% of mercury emissions (Hg).

These four pollutants cause significant environmen-
tal impact, including acid rain, smog, respiratory illness, 
mercury contamination, and are the major contributors 
to GHG emissions.

Among power plants, 
old coal-fired plants 
produce the majority 
of these pollutants. By 
contrast, nuclear power 
plants produce an insig-
nificant quantity of these 
pollutants.

According to the Clean Air Council, while 58% of 
power plant boilers in operation in the U.S. are fueled 
by coal, they contribute 93% of NOx, 96% of SO2, 88% 
of CO2, and 99% of the mercury emitted by the entire 
power industry.

Prominent environmentalists see nuclear energy as a solu-
tion. Prominent environmental figures like Stewart Brand, 
founder of the Whole Earth Catalog, Gaia theorist James 
Lovelock, and Hugh Montefiore, former Friends of the Earth 
leader, have now all stated their strong support for nuclear 
energy as a practical means of reducing greenhouse gas emis-
sions while meeting the world’s increasing energy demands.

“Technology has now progressed 

to the point where the activist 

fear-mongering about the safety 

of nuclear energy bears no 

semblance to reality.”
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I too place myself squarely in that category.

U.K. environmentalist James Lovelock, who posited 
the Gaia theory that the Earth operates as a giant, self-
regulating super-organism, now sees nuclear energy as 
key to our planet’s future health. [ Lovelock, the author 
of over 200 scientific papers, has been described “as one 
of the great thinkers of our time” (in New Scientist) and as 
one of the world’s top 100 global public intellectuals (by 
Prospect).] “Civilization is in imminent danger,” he warns, 
“and has to use nuclear—the one safe, available energy 
source—or suffer the pain soon to be inflicted by our out-
raged planet.”

As Stewart Brand and other forward-thinking envi-
ronmentalists and scientists have made clear, technology 
has now progressed to the point where the activist fear-
mongering about the safety of nuclear energy bears no 
semblance to reality.

The Chernobyl and Three Mile Island reactors, often 
raised as examples of nuclear catastrophe by activists, 
were very different from today’s rigorously safe nuclear 
energy technology.

Today, approximately one-third of the cost of nuclear reactor 
is dedicated to safety systems and infrastructure. …

I want to conclude by emphasizing that nuclear 
energy—combined with the use of other alternative 
energy sources like wind, geothermal and hydro—
remains the only practical, safe and environmentally-
friendly means of reducing greenhouse gas emissions and 
addressing energy security [emphases added].

In contrast to Dr. Moore’s straight talk, other groups seem more 
satisfied to convey misinformation and misleading views. I believe one 
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group and one author routinely and seriously mislead the public and 
have caused much economic and environmental damage by their writ-
ings and declarations. I think they violate the public trust with reck-
less misstatements on a vital subject. I don’t begrudge their prejudices, 
but I do resent misinformation to support those prejudices.

How I Learned to Distrust the Union  
of Concerned Scientists

The Union of Concerned Scientists (UCS), a particularly strong 
and biased critic of nuclear energy, produces often misleading and 
inaccurate statements to support its scientific and political bias. I am 
disturbed that the media often preferentially quote the UCS press-
release machine that has a dedicated staff belching out information on 
a wide array of subjects.

The UCS purports to represent the scientific community as a 
whole and, in their name, to take positions on various scientific and 
other issues. The group’s name implies that the organization represents 
a large group of scientists. Nothing could be further from the truth. In 
a dated study, Rothman and Lichter in 1982 found that less than 2 per-
cent of UCS’s members are scientists. Two percent is about the same as 
the percentage of scientists in the general population. Even the group’s 
name is misleading. UCS officials declined to provide information nec-
essary for others to poll the Union’s members. The group isn’t sure how 
many members it has. In one place it claims 60 thousand members, in 
another place 100 thousand members. Sounds like the group needs a 
recount. Apparently the only requirement for membership is the will-
ingness to submit the membership fee.

If the rank and file members are not scientists, then perhaps the 
group is directed by renowned and active scientists. Nope. The UCS 
president and chief executive officer (CEO) is Kevin Knobloch, an 
English major. The UCS’s main nuclear expert, the oft-quoted David 
Lockbaum, passes himself off as a nuclear expert. He has an under-
graduate nuclear engineering degree, and he worked in a nuclear plant 
10 years ago—hardly cutting-edge credentials. I was the CEO of 
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Teltech, a national technical information service that provides techni-
cal experts to industry, and I can assure you his credentials would not 
qualify him as an expert, and certainly not an in-the-know, cutting-
edge expert.

The public has unwittingly given some people tacit authority to 
tell us what we should do and think, but with no responsibility for the 
outcome if they err or misinform. Authority without responsibility 
is always dangerous. I think we must put our trust in the country’s 
real experts, those who spend their careers studying all aspects of a 
technical subject. If you don’t trust them, then do you really think 
it is better to put your trust in those that have a vested interest in 
business as usual or who are self-proclaimed experts with insufficient 
background in the science?

Helen Caldicott

Dr. Helen Caldicott recently published Nuclear Power Is Not the 
Answer. I’ve not seen a published review of the book, but I cannot 
imagine any scientist knowledgeable about nuclear power ignoring the 
mathematical and factual faults throughout. She discounts as wrong 
and misguided her many high-profile colleagues: Patrick Moore, a for-
mer Greenpeace leader; Stewart Brand, founder of the Whole Earth 
Catalog; and Gus Speth, Dean of Yale University’s School of Envi-
ronmental Studies. Caldicott condemns these leaders because they 
changed their minds and now support nuclear energy. Her disdain 
strikes me as arrogant, inflammatory, and insulting.

Caldicott makes bold statements with no factual data to support 
many of them. For example, her Chapter Six expresses her lack of 
understanding of the recent generation of nuclear reactors. On page 
125 and elsewhere she fails completely to comprehend the importance 
of isotopic quality to plutonium bomb designers. In one glaring 
misconception, she says only 10 percent of the plutonium is converted 
into fission products by a fast neutron reactor, yet the correct number 
is close to 100 percent. (Her 10 percent figure assumes no recycling 
of fast-reactor fuel, which would defeat the whole purpose of fast 

Shuster_BOOK_2nd.indb   202 7/15/08   9:52:35 PM



203

n u cle a r e n e r gy

neutron reactors.) Pages 126, 127, 128, and 129 are so wrought with 
errors that a rebuttal would be as long as the chapter. The problems 
on these pages were identified by legitimate scientists and experts in 
nuclear energy, not by me.

She also references herself about 20 times, thereby perpetuating 
her past inaccuracies. In addition she references the Union of Con-
cerned Scientists approximately 40 times and specifically cites David 
Lockbaum about half of those times.

THE GLOBAL NUCLEAR ENERGY PARTNERSHIP

The Global Nuclear Energy Partnership (GNEP) is the idea of the 
century in my opinion. GNEP, the brainchild of the U.S. Depart-
ment of Energy, offers the most sensible means ever proposed for 
safely managing nuclear energy worldwide. GNEP promises almost 
limitless, environmentally friendly energy to all countries around 
the world that want to deploy nuclear energy for peaceful purposes. 
The Partnership’s ultimate promise is that every country will have 
adequate energy to grow and prosper. To this end GNEP proposes 
a global partnership to oversee all aspects of nuclear energy, including 
the management and control of nuclear fuel and waste. GNEP elimi-
nates or greatly reduces most potentially harmful aspects of nuclear 
energy and virtually eliminates the risk of nuclear-weapon prolifera-
tion. President George W. Bush supported the proposal in his 2006 
State of the Union Address.

What is GNEP?

As detailed by President George W. Bush’s Secretary of Energy, 
Samuel W. Bodman, GNEP has four main goals.

q Reduce America’s dependence on foreign sources of fossil 
fuels and encourage economic growth.

q Recycle nuclear fuel using new proliferation-resistant 
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technologies to recover almost all of the energy in the fuel 
and to reduce waste.

q Encourage prosperity, economic growth, and the 
development of clean energy around the world.

q Use the latest technologies to reduce the risk of nuclear 
proliferation worldwide.

If the Partnership is fleshed out and carried through to its expected 
result, then all participating nations will benefit and have a hand in a 

cooperative effort that will make 
the world cleaner and safer. Indeed, 
GNEP will contribute to world 
peace because nations will have no 
need to fight energy wars as fossil-
fuel resources run out. Within the 
reach of all nations is energy inde-
pendence, all the energy they need 

to grow and prosper in their own way and at their own pace. This pro-
posal constitutes the most profound win-win situation ever proposed 
on such a large, worldwide scale.

The U.S. Department of Energy will work with the Depart-
ment of State to engage international partners to participate in the 
GNEP initiative. Over 100 countries have been briefed on the GNEP 
proposal. The response has been positive, as it should be, because it 
paves the way for sensible and safe use of nuclear power worldwide. 
For example, Japan, the country that has suffered the most from the 
destructive effects of nuclear energy, issued the following statement  
on February 7, 2006, through its Ministry of Foreign Affairs, on the 
U.S. proposal for GNEP:

The Government of Japan welcomes the United States’ 
new initiative to enhance the worldwide development 
and expansion of nuclear power generation while ensur-
ing nuclear non-proliferation. It is particularly notewor-
thy that this initiative indicated clearly the orientation of 

GNEP will contribute to world 

peace because nations will have no 

need to fight energy wars as fossil-

fuel resources run out.
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the U.S. nuclear policy towards the promotion of spent 
fuel recycling in order to increase the energy efficiency 
and reduce the volume of radioactive waste. The Govern-
ment of Japan will study further this initiative with a view 
toward identifying the potential areas of cooperation.

As part of President Bush’s Advanced Energy Initiative, Secre-
tary Bodman announced a $250 million fiscal year (FY) 2007 request 
to launch GNEP. Congress subsequently appropriated $80 million, 
a very naïve, uninformed choice. Don’t Congressional representatives 
know what’s at stake? For FY 2008, the president requested $405 
million to further promote the GNEP, but the House rejected the 
request, believing that $120 million should be enough. There is no 
basis for this arbitrary number, nor for the $243 million the Senate 
proposed. Silly political games. Even though the United States origi-
nally proposed it, some observers believe that the U.S. political system 
will be the main cause for delay in deploying the Partnership. The 
U.S. public must fight delays and neglect, and it must compel Con-
gress to quickly allocate enough funding to insure a very ambitious 
timeline. The return on investment will be enormous.

How Will GNEP Work?

GNEP’s partner nations which will supply nuclear fuel (supplier-
partner nations) would become the “general partners” in GNEP’s opera-
tions. The supplier-partners will develop a program to provide nuclear 
fuel and services to other partner nations, thereby allowing those recip-
ient-partner nations to enjoy the benefits of abundant, clean, safe nuclear 
energy in a cost-effective manner. In exchange, all partners—whether 
developed or developing nations—will commit to forsake enrichment 
and reprocessing activities, which they won’t need. This arrangement 
further alleviates proliferation concerns.

Participating recipient countries will enjoy 3 substantial benefits:
q They will not incur the costs and suspicions concerning 

the development of their own nuclear technology.
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q They will not have to invest in expensive reprocessing or 
recycling equipment.

q They will not need waste-disposal facilities.

Yet GNEP suffers from 2 glaring shortcomings: The proposed 
funding is insufficient and the implementation timeline of 15–20 
years is much too long. Instead, the GNEP timeline should match 
the expected, rapid, global expansion of nuclear energy and the rapid 
depletion of the world’s fossil fuels. No let’s-do-it-later mentality will 
work. We need a man-to-the-moon mentality and comparable effort. 
In my professional experience, most, if not all, complicated projects 
take twice the money and twice the time originally projected. We must at 
minimum overwhelm the problems with money and talent. As Carl 
Sagan put it, “We all live in the same house, earth.” Our children’s 
well-being will be testament to our foresight or lack of it.

GNEP’s Contributions

The recycling of nuclear fuel—coordinated under GNEP’s 
authority and made possible by the combination of UREX+ recy-
cling and fast neutron reactors—solves several prominent problems 
simultaneously.

The problems begin with light-water reactors, the most common 
type of reactors operating today. Nations should however continue to 
build light-water reactors to replace coal and natural gas for generating 
electricity. The use of light-water reactors must be temporary because 
they are unsustainable. A contemporary light-water reactor uses less 
than 1 percent of the potential energy in the fuel. A measly 1 per-
cent. If these reactors continue to operate as they do today and if we 
continue to dispose of the waste as we currently do, then we will run 
out of affordable uranium fuel in 50–100 years and long-lived nuclear 
waste will continue to pile up. So, light-water reactors are merely a 
temporary improvement over fossil-fuel-fired plants and a bridge to 
the next generation of nuclear power.

Two elegant technologies set the foundation for the latest 
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generation of nuclear power. One technology is a fuel recycling process 
called UREX+. This proliferation-resistant process greatly reduces 
nuclear waste and produces fuel for fast neutron reactors. Fast neutron 
reactors are the second elegant technology. By recycling spent fuel 
from existing nuclear power plants and reusing the material as fuel for 
fast neutron reactors, these complementary technologies almost com-
pletely extract the energy contained in the original uranium. This 
combination of technologies delivers other benefits, too.

Recycling reduces waste and 
storage time

By recycling the existing waste 
from light-water reactors, no ura-
nium would have to be mined for 
more than 100 years. Recycling also 
means less total waste, less toxic 
waste, and shorter storage times.

The proposed recycling process begins with the waste from exist-
ing light-water reactors. Rather than store the waste on-site or in some 
repository such as Yucca Mountain for 10,000 years or more, fast 
neutron reactors will re-use nearly all of the waste as fuel—the ulti-
mate recycling process. Imagine a 100-pound block of such waste. After 
proper reprocessing at a UREX+ recycling plant, about 5 pounds goes 
to storage (for only 300–500 years); the other 95 pounds becomes fuel 
for fast neutron reactors. Subsequently, the small amount of waste 
(spent fuel) from the fast neutron reactor will also go to storage, where 
it must remain for only 300–500 years. Since the waste (spent fuel) 
from fast neutron reactors is less radioactive than waste from light- 
water reactors, it can be packed more closely together. As a result, Yucca 
Mountain can hold 5 times more waste than originally planned.

Recycling reduces proliferation concerns

The GNEP proposes that reprocessing and recycling occur in only 
a few, secure supplier-partner countries and only via UREX+. Under 

Rather than store the waste on-site 

or in some repository such as Yucca 

Mountain for 10,000 years or more, 

fast neutron reactors will re-use 

nearly all of the waste as fuel—the 

ultimate recycling process. 
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some specific conditions, PUREX reprocessing of spent fuel could 
produce weapons-grade material; therefore, the world is better off if 
all nations discontinue using this method. The proposed UREX+ 
recycling process (not the PUREX process) does not produce pure 
Plutonium-239, the best material for making nuclear weapons.

Scientists at U.S. National Laboratories have successfully demon-
strated the proliferation-resistant UREX+ processes. Scientists know 
the cost of these processes will be competitive with existing technolo-
gies, and that the recycled fuel will not be useful to any terrorist or 
rogue nation wanting to build a bomb. Once the new recycling tech-
nologies—UREX+ and pyroprocessing—are successfully piloted in 

conjunction with a fast neutron 
reactor to optimize performance, 
the world will have all the eternal, 
clean energy it will ever need.

BOTTOM LINE

q Fast neutron nuclear reactors are inevitable. They 
represent the only technology that can provide the world 
with all the energy it will ever need.

q Nuclear reactor waste-disposal problems are greatly 
relieved by the use of the proposed recycling and fast 
neutron reactors. Storage time is greatly reduced, along 
with the storage space required.

q GNEP essentially eliminates the potential problem of 
diverting reactor-grade materials to produce a nuclear 
weapon. Under GNEP, no nation will have to process 
its own nuclear fuel, except those few supplier-partner 
nations. The fuel and waste will be stored and managed by 
experienced supplier-partner nations. No more enrichment 
of uranium will take place anywhere in the world, except 

Two elegant technologies set the 

foundation for the latest generation 

of nuclear power: UREX+ recycling 

and fast neutron reactors.
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by experienced supplier-partnership nations that will 
supply fuel to all nations wanting to use nuclear energy for 
peaceful purposes.

q The goal is to have the fast neutron pilot plant with 
recycling facilities built and operating in less than 5 
years. The United States and the world must expedite 
all regulatory approvals, and clear all political hurdles. 
A plan that calls for fast neutron commercial plants 
operating in 7 years should be put in place. Designs 
should be done during the pilot-plant stage. Such designs 
will buttress the 30-year transition plan and will cause 
the United States to spend less on expensive transition 
“bridges” (see Chapter Fifteen).

q There is one last detail. The world cannot realize the 
enormous benefits of GNEP, UREX+ recycling, or fast 
neutron reactors until it commits to them. In the United 
States a fast neutron reactor pilot plant must be built 
immediately and funded from the energy surcharges, like 
those I recommend in Chapter Sixteen. The United States 
should take the lead and help all nations become GNEP 
partners. Chapter Sixteen illustrates how the United 
States and other wealthy nations can easily afford to help 
poorer nations.
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Chapter 11

CoNCeRNs ABouT NuCleAR PoWeR

All energy sources raise some concerns, and nuclear energy is no excep-
tion. Yet let’s be clear: Nuclear energy can kill people, but fossil fuels do 
kill. That said, the nuclear industry is by far the safest energy industry 
in the United States and the world, and indeed it enjoys the best safety 
record of all industries.

The nuclear accidents at Three Mile Island and Chernobyl received 
widespread publicity. These accidents, discussed in detail below, largely 
shaped public attitudes toward nuclear energy. These accidents not-
withstanding, the nuclear industry ably manages safety issues very well, 
but biased and often untruthful reporting often distorts public percep-
tions. Let’s begin to clear up some confusion about these concerns.
q Radiation. This vague, frightening term needs explanation 

and context.

q “China Syndrome” Accidents. This didn’t happen at 
Three Mile Island. An out-of-control reactor cannot become 
a bomb. It cannot happen.
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q Proliferation. The fear that a terrorist group or a rogue 
nation will get a bomb and detonate it, or threaten to, is a 
legitimate concern, particularly with all the bombs, highly 
enriched uranium, and weapons-grade plutonium lying 
around the world. The premise of the Global Nuclear 
Energy Partnership (GNEP) is that nations which pledge 
to forsake nuclear weapons but want nuclear energy should 
not be placed in the position of having to develop their 
own, indigenous reprocessing facilities, because such 
reprocessing could be diverted to producing weapons. 
Indeed, I believe that the entire issue of bombs can and will 
be effectively managed by the proposed GNEP.

q Disposal of spent fuel and nuclear waste. As one noted 
nuclear expert, declared, “The rational way to dispose of 
unwanted radioactive stuff is to put it in the silt at the 
bottom of deep ocean trenches, but that’s too cheap to 
generate any lobbying pressure to modify the Law of the 
Sea Treaty. Thus, we fritter away billions on boondoggles 
such as Yucca Mountain.” Even so, Yucca Mountain still 
provides a workable solution. Further, with recycling and 
fast neutron reactors, we only need about 20 percent or less 
of the disposal space we thought we would need. Storage 
time for waste from a fast neutron reactor is only 300–500 
years compared to 10,000 years plus for waste from today’s 
conventional reactors.

q Uranium supply. This becomes a non-issue with UREX+ 
recycling and fast neutron reactors.

q Transportation of nuclear materials. Such matters are 
well under control and have been for decades.

Let’s examine each of these issues.
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RADIATION

Perhaps the most important misunderstanding about nuclear 
energy is radiation. For the public, “radiation” has an aura of mys-
tery. It provokes primal fears of the unknown and vivid fears of 
mutation and painful death.

There have been many studies about nuclear radiation over the 
last 50 years. Much has been learned, and the world now effectively 
manages radiation exposure. For details I recommend Robert Mor-
ris’ fine book The Environmental Case for Nuclear Power (Paragon Press) 
and Bernard L. Cohen’s often-referenced The Nuclear Energy Option 
(Plenum Press). These are the most complete and coherent books on 
the safety of nuclear energy and radiation. Much of what immediately 
follows appears in Robert Morris’ book.

What We Know About Radiation

The nucleus of a radioactive atom—from, say, thorium or potas-
sium—typical sources of background radiation—may release ener-
getic particles (known as alpha or beta rays) or photons (gamma rays). 
These emissions are known as radiation. X-rays are also a form of 
radiation.

Let’s consider radiation doses. Please see Figure 1.3 for 
comparisons.

Extremely large doses of radiation, as happened during the atomic 
bombings of Hiroshima and Nagasaki, can kill people. (However, far 
more people died from the effects of the blasts, which were qualita-
tively the same as that of conventional explosives, only bigger.) Moder-
ately high levels of radiation may lead to the development of cancer and 
cause mutations in some of the lower animals, such as insects, but this 
has never been observed in humans. At low levels, such as most people 
are normally exposed to, there is good evidence that radiation appar-
ently causes no net damage, but can actually stimulate cellular-repair 
mechanisms.

People cannot escape from radiation; we are constantly exposed 
to it. Each second about 15,000 particles of radiation strike each of 

Shuster_BOOK_2nd.indb   213 7/15/08   9:52:36 PM



s o l u t i o n s

214

us, totaling 500 billion collisions per person per year and almost 38 
trillion collisions per person over an average lifetime. The source of 
almost all of this radiation is nature, not nuclear power plants. Much 
of this radiation comes from the soil and rocks, both of which contain 
a very small percentage of radioactive atoms, such as thorium, ura-
nium, and their decay products. Food grown in the soil is also radio-
active. An isotope of potassium (K-40) is the source of most of the 
radiation in our food and bodies. Finally, cosmic rays from space are a 
source of external radiation. Plainly, we cannot escape from radiation. 
We are all mildly radioactive. Nothing to worry about.

To distinguish the various levels of radiation, let’s talk numbers. A 
millirem is one-thousandth (0.001) of a rem, a measure of the damage 
done to biological cells by radiation. A normal medical x-ray delivers 
about 95 millirem; a fatal dose of radiation is several million milli-
rems. In the United States, the average person is exposed to about 
250–360 millirems of radiation per year. This exposure seems to have 
little effect on our health. The International Commission on Radio-
logical Protection sets 500 millirems as the maximum permissible 
annual dose an individual should receive. However, people who live in 
certain areas of India and Brazil, where the soil is rich in radioactive 
thorium, often receive over 1500 millirems per year without showing 
any increase in rates of leukemia or bone cancer.

About 130 of the 250 millirems we absorb yearly come from cosmic 
rays, the earth, and stone building materials. For example, if you live 
in a brick or stone building, you receive upwards of 30 millirems per 
year from the small quantity of radioactive substances in the minerals 
in the stone. And, although a person living at an altitude of 5000 feet 
in Denver, Colorado, receives 120 millirems per year from cosmic rays, 
one living at a lower altitude in Florida may receive only 35 millirems 
per year from the same source.

On average, humans absorb another 25 millirems from the food we 
eat. For the average person, this brings the total dose of radiation 
received from nature to about 155 millirems per year. An additional 95 
millirems is added from human-made sources, largely medical x-rays. 
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Color television accounts for roughly 1 millirem. Thus, the average per-
son is exposed to about 250 millirems of radiation each year. Little can 
be done to reduce this total aside from limiting the number of medical 
x-rays, which is obviously risky. Furthermore, there is no evidence that 
routine medical x-rays cause any adverse health effects.

Low Levels of Radiation

Normal exposure is not worth 
worrying about. Although high 
levels of radiation can cause bone 
cancer and leukemia, there is no 
evidence that low levels of radiation 
cause either. Doses of radiation 
below 10,000 millirems are gener-
ally considered to be low-level doses. 
Yet the International Commission on Radiological Protection wisely 
and conservatively recommends 500 millirems as an annual maximum.

In Denver, where radiation received from cosmic rays and miner-
als in the ground ranges from 100 to 150 millirems, depending on the 
elevation, the rate of both bone cancer and leukemia is lower than in 
New Orleans and San Francisco, where radiation from these sources 
averages only about 75 millirems. If lower levels of radiation caused very 
much bone cancer or leukemia, then the rates for these diseases should 
be highest in Denver, which has the highest background radiation due to 
its elevation. However, the opposite is true. Figure 11.1 shows the data.

Figure 11.1. Radiation

Location
Average Background 

radiation from natural 
Sources

Bone Cancer rate 
per 100,000  

people

Leukemia rate  
per 100,000 

people

New Orleans, Louisiana 75 millirems 2.80 6.90

San Francisco, California 77 millirems 2.90 10.30

Denver, Colorado 100-150 millirems 2.40 6.40

Source: Radiation by Martin D. Ecker, M.D. and other sources.

The average American receives 

250–360 millirems of radiation 

per year. Low-level exposure is 

less than 10,000 millirems. During 

the accident at Three Mile Island, 

people nearby were exposed to 

about 1.4 millirems.
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How does the radiation produced by nuclear power plants com-
pare with other sources of radiation? U.S. federal law requires that 
radiation levels at the fence line of a nuclear power plant not exceed 10 
millirems per year, which is only about one-tenth as much radiation as 
the average American annually gets from medical x-rays. Of course, 
hardly anyone lives this close to a nuclear power plant. The rest of us 
get less than 0.02 millirems of radiation per year from nuclear power 
plants. Unlike the standards set for air pollution, which are frequently 
violated, the standards set for nuclear power plants are closely moni-
tored and almost never exceeded. Even during the highly publicized 
accident at Three Mile Island, people nearby were exposed to only 
about 1.4 millirems. Actually, power plants that burn fossil fuels actu-
ally emit more radiation than nuclear power plants, but this is not a 
concern since the radiation is so low. Figure 11.2 shows the levels of 
radiation from various sources.

Figure 11.2. Various Annual Radiation Doses

Source of radiation Dose received  
in millirems per year

Average background in united states: cosmic rays, earth,  
and building materials 130

Average, all medical x-rays 95

Cosmic rays at sea level 35

living in a brick house 30

Food, internal sources 25

Fallout from weapons testing 3

each 3-hour flight in a jet 2

Watching color television 1

Maximum allowable level at the fence line of a nuclear power plant 10

All nuclear power plants: emissions over entire united states Less than 0.02

one coal-fired power plant: average within 20 miles 0.10

Sources: various sources, most notably:

-Lawrence Berkeley National Laboratory < http://ap.lbl.gov/LBL-Programs/tritium/natural-dosage.html >.

-Reports from National Research Council, Advisory Committee on the Biological Effects of Ionizing  
Radiations, (National Academies Press, 1980).

-Princeton University’s Open Source Radiation Safety Training at < http://web.princeton.edu/sites/ehs/
osradtraining/backgroundradiation/background.htm>. 
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For comparison, note that occupants of a brick house receive 
1500 times more radiation from the bricks and mortar than they do 
from nuclear power plants.

Medical Studies

The atomic bombings of Hiroshima and Nagasaki exposed over 
400,000 people to various levels of radiation. At least 300,000 peo-
ple survived. A U.S.-Japanese Atomic Bomb Casualty Commission 
(renamed in 1975 the Radiation Effects Research Foundation) studied 
these survivors and their descendants over the next 30 years. Results 
indicate that exposure to massive doses of radiation causes three pos-
sible health effects: genetic mutations, radiation sickness, and cancer.

Genetic mutations

Scientists have known since the 
early 1900s that large doses of radia-
tion can produce genetic mutations in 
insects. However, no “excess genetic 
mutations” have been observed in 
any children born to the Hiroshima and Nagasaki survivors. I wrote 
“excess” genetic mutations, because approximately 3 percent of all live 
births everywhere in the world show a mutation of some sort. That’s 
just Mother Nature at work.

Radiation sickness

Half of the people exposed to 400,000 millirems, which occurred 
during the atomic bombings, died. People exposed to over 100,000 
millirems develop “radiation sickness,” damage to the bone marrow 
which affects the production of white blood cells. Radiation sickness 
killed some people, but survivors saw their symptoms disappear within 
weeks or months. Below 100,000 millirems, radiation sickness usually 
does not occur.

The level of radiation produced by all nuclear power plants in the U.S. is 
over 5 million times too small to cause radiation sickness. The public need not 
worry about any radiation sickness caused by nuclear power plants.

Power plants that burn coal emit 

more radiation than nuclear 

power plants.
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Cancer

Cancer, including leukemia, is the most serious health concern, 
because somewhat lower levels of radiation may cause cancer (see Fig-
ure 11.3). Among people exposed to 20,000 millirems or less (which is 
a lot of radiation) at Hiroshima, where blast radiation produced espe-
cially dangerous neutrons, only the typical number of leukemia cases 
one normally finds in any population were present. Mother Nature at 
work again. At Nagasaki no excess leukemias were found at radiation 
levels below 100,000 millirems. To 1974, the carefully studied group 
of 80,000 Japanese survivors of Hiroshima and Nagasaki experienced 
only about 200 more cases of cancer than any randomly chosen popula-
tion. Among this group, 8500 people received 100,000 to 600,000 mil-
lirems. However, 200 cancers among 80,000 people is 0.25 percent, a 
miniscule increase in view of the large amounts of radiation involved.

Figure 11.3. Radiation Levels and Health Effects Among 
Survivors of Hiroshima and Nagasaki

radiation Dose in millirems Immediate Health Effects Later Health Effects

over 1,000,000 millirems Almost certain death No genetic mutations at any 
level of radiation

400,000 millirems Nausea and fatigue; 
50 percent chance of death excess cancers

100,000 millirems
Radiation sickness; 

temporary changes in blood 
cell count

No excess cancers below this 
level at Nagasaki

25,000 millirems
No medically detectable 
immediate effects below 

this level
None

20,000 millirems None No excess cancers below this 
level at Hiroshima

250 millirems (average  
annual exposure to radiation

in the united states)
None No excess cancers likely at 

this level

0.02 millirems (average 
annual radiation received 
from All nuclear power 

plants in the united states)

None None

Sources: Various sources, including The Nuclear Energy Option by Bernard L. Cohen, Chapter Five.
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A number of other important medical studies on the effects of radi-
ation have been conducted on large groups of people, some of whom 
were exposed to radiation for years before its dangers were realized.

q 15,000 people who received large doses of x-rays in an 
attempt to treat arthritis of the spine

q 10,000 employees of the Hanford nuclear materials-
production facility

q 36,000 U.S. hyperthyroid patients who underwent x-ray 
treatment

q 1600 Brazilians who live in an area of unusually high 
natural radiation

q Thousands of uranium miners

q 775 dial painters at a watch factory who, in the course of 
their work, ingested radioactive radium

These studies indicate that low-level radiation poses no threat to 
our health. In fact, some studies indicate that radiation below a certain 
threshold causes no damage and may be beneficial.

Although many Americans worry about radiation from nuclear 
plants, many studies confirm that the small amount of radiation emit-
ted by nuclear power plants poses absolutely no danger to the public or 
the environment—NO DANGER. The widespread misconception is 
little wonder given the barrage of misinformation from various sources, 
including statements from respected, high-profile, poorly informed indi-
viduals. Actually, people have a better chance of being killed by the stress 
brought on by such irresponsible misinformation than from radiation.

According to Dr. Bernard Cohen, one source of radiation we 
should worry about has nothing to do with nuclear energy. Many 
fear that radon gas in our homes may cause lung cancer. While an 
average American gets 80 millirems per year from medical x-rays, 
radon gas in our homes can give the average American 200 millirems 
per year, many hundreds of times higher than typical radiation from 
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a nuclear power plant. In some areas this radiation can be much 
higher. Public health authorities recommend carefully checking all 
houses for radon radiation.

ACCIDENTS

According to the Bazley Institute, radiation has caused only 1 death 
in the U.S. commercial nuclear industry, and this death occurred at 
a reprocessing site, not at a reactor. This data goes all the way back 
to the 1950s, when the world’s knowledge of nuclear energy was lim-
ited. Today, more than 50 years later, the nuclear industry has gained 
decades of operating experience and has gained much information 
from the few accidents that did occur. Since the United States has 103 
active reactors, each having operated an average of roughly 30 years, 
the U.S. nuclear industry has a truly outstanding safety record, due 
largely to safe practices and regulatory compliance.

Three Mile Island

The Three Mile Island reactor—located on an island in the Susque-
hanna River near Harrisburg, Pennsylvania—experienced a partial-
core meltdown at 4:00 AM on March 28, 1979. The accident, which 

started in the non-nuclear portion 
of the plant, unfolded over 5 days. 
The accident was caused by techni-
cal malfunction and human error. 
The main cooling-water pumps 
failed, which prevented steam gen-
erators from removing heat from 

the reactor. Due to operator error, the back-up system did not oper-
ate. First, the turbine and then the reactor automatically shut down. 
Immediately, the pressure in the nuclear portion of the plant began to 
increase. In response, an automated pressure-relief valve opened, but it 
did not close again when the pressure decreased, although indicators 

People have a better chance 

of being killed by the stress 

brought on by such irresponsible 

misinformation than by radiation.
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the operator was viewing showed that the valve had properly closed. 
Radioactive cooling water poured out of the stuck-open valve, which 
caused the reactor core to overheat. Finally, about 2.5 hours after the 
first malfunction, radiation alarms went off. Radiation reached 300 
times normal levels. Still the operators did not know they were experi-
encing a loss-of-coolant accident—a partial core meltdown.

The accident was exacerbated by poor decisions from operators 
under stress. The operators were receiving misleading, incorrect, irrel-
evant, and excessive information. Notwithstanding the magnitude of 
the accident, the partial meltdown did not create a “China Syndrome” 
event, nor did it cause massive deaths. A severe core meltdown occurred, 
the most dangerous kind of nuclear power plant accident. Even after 
a meltdown of one-third of the fuel, the reactor vessel functioned as 
designed, maintained its integrity, and contained the damaged fuel. 
Some feared a breakdown of the containment walls, but this did not 
happen. People living within 10 miles of the plant received about the 
same radiation a person would receive from a chest x-ray, and the high-
est amount of radiation any single individual received was equal to 
about one-third of the average background level of radiation received by 
a U.S. resident in a year.

Although the accident was a frightening experience, the design 
of the containment system worked—a remarkable and comforting 
conclusion. Experts were relieved by the outcome, while many less-
informed activists remained unconvinced.

After the accident

The accident at Three Mile Island caused near panic. The media 
made sure that every catastrophic possibility, and even some impos-
sibilities, were repeatedly reported. The media inaccurately extended 
these doomsday predictions to the entire nuclear industry. Yet the 
entire industry did not have such troubles. No one can blame mem-
bers of the media for doing their jobs as they saw fit, but more bal-
anced reporting would have provided a much greater public service. As 
is so often the case, media outlets typically quoted only activist groups 
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with full-time press release professionals selling their points of view. 
Hello, Union of Concerned Scientists.

Almost 70,000 anti-nuclear activists marched on Washington, 
D.C. to demand that all nuclear power plants be shut down. While 

these groups can assume all kinds 
of righteous authority, they take 
no responsibility for their actions 
and are short on viable alterna-
tives or solutions.

The accident put the nuclear 
industry on the ropes. Activists went in for the knockout punch. 
Their success was a victory for fossil fuels. As a result, many of us suf-
fer with respiratory diseases and rising medical costs. It was also a vic-
tory for other national catastrophes such as acid rain, acidic lakes and 
oceans, mercury contamination, and other environmental woes. The 
public now knows the cost of burning coal and fossil fuels is incalcula-
bly expensive. While new construction of nuclear plants had stopped 
even before the Three Mile Island accident, the incident and the out-
raged public reaction threatened to kill the nuclear power industry in 
the United States. Some utility companies tore down billions of dol-
lars worth of nearly finished nuclear power plants.

The world, and the United States in particular, pays a stupendously 
high price for the successful efforts by the media and special interest 
groups to demean and demonize the nuclear industry. We know that 
nuclear energy has proven itself safe, secure, reliable, affordable, and 
efficient in the United States, Europe, Japan, and many other parts of 
the world, not withstanding the very serious proliferation issue (dis-
cussed elsewhere in this chapter).

Chernobyl: The Good and the Bad

Seven years later, the worst nuclear accident in history took place 
at Chernobyl, Russia, on April 25, 1986. The accident dispersed 
about 5 percent of the radioactive core into the environment as air-
borne dust. This airborne dust is especially dangerous because it can 

The reactor vessel functioned as 

designed, maintained its integrity, 

and contained the damaged fuel.
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affect a very large area. A cloud of radioactive fallout drifted over 
parts of the western Soviet Union, Eastern Europe, Scandinavia, the 
United Kingdom, and the eastern United States. This accident was 
the result of a terribly flawed reactor design operated at the time by 
poorly trained personnel.

The Chernobyl accident occurred during an electrical engineering 
experiment conducted with no reactor experts in attendance. A chain 
of operating misjudgments took place, with little regard for several 
strict operating rules. Finally, about 2 hours after the experiment 
started, a computer warned that 
the reactor was unstable, unsafe, 
and should be shut down immedi-
ately. Yet the operators ignored the 
warning. Nobody knows why, and 
we will never know, because they 
died in the accident. The real trag-
edy, according to the designers of 
the plant, was that the operators knew the reactor was dangerously 
unstable under the test conditions proposed, but this information was 
not shared with the engineers conducting the experiment.

The operators tried to control the problem by inserting control 
rods, but the effort was too late. Some fuel tubes had already broken 
open, and the chain reaction went out of control. If this happened in 
a U.S.-designed light-water reactor, the loss of the water moderator 
would have stopped the chain reaction immediately, although there 
could be damage to the core, as occurred during the accident at Three 
Mile Island. Instead, Chernobyl’s graphite moderator, by design, is 
permanently in place, and accommodates the chain reaction. Dur-
ing the Chernobyl accident, the graphite moderator caught fire. In a 
short time reactor power was many times greater than the amount 
the structure could handle. A steam non-nuclear explosion blew the 
top off the reactor. It is believed there was a secondary hydrogen gas 
explosion. The speculation was that the hydrogen gas was generated 
in a chemical reaction when water or steam came in contact with the 

The world, and the United States 

in particular, pays a stupendously 

high price for the successful efforts 

by the media and special interest 

groups to demean and demonize 

the nuclear industry.
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hot zirconium fuel cladding. Radioactive material continued to spew 
into the environment for days.

Heroic firemen put out the graphite fires in the 4 hours after the 
reactor disintegrated. Many firemen later died from gamma radiation.

Helicopter pilots dropped fire retardant materials into the reactor 
in heroic efforts to stop the chain reaction. As a result, the radioac-
tive discharge dropped to a low level about 12 days after the acci-
dent. Many of the pilots died. During this entire tragedy there was 
no shortage of heroes.

At the reactor site 31 people died. Some were exposed to more 
than 1 million millirems.

This accident caused the press and others, particularly in the 
United States, to strongly question the nuclear industry. The media 
led people to believe that equipment was not and could not be properly 
designed, that people in the industry were simply not as competent as 
they should be, and that nuclear energy costs were simply too high. 
Also, the coal industry wasted no time in pointing out that since the 
United States has plenty of coal, who needs nuclear energy? Further, 
some people thought this kind of accident could happen in the United 
States. It can not happen.

 Let me be as clear as possible about the last point: A Chernobyl-like 
accident cannot—cannot—happen in the United States because the reac-
tors are designed differently, and a containment building is included 
in U.S. designs to prevent radioactivity from escaping into the envi-
ronment in case of an accident—exactly the problem that happened 
at Chernobyl. Soviet/Russian officials chose a less-safe design for the 
Chernobyl reactor because the facility was initially designed to pro-
duce Plutonium-239, primarily for making bombs and secondarily for 
producing electricity.

Although the Chernobyl accident could not have been worse and 
the facility lacked a containment structure to prevent radiation from 
escaping, the radioactive intensity of the fallout was so low that no 
adverse health effects have been documented, except for reports of 
excess thyroid cancers near the accident site, mostly in children.
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Before the accident, some prominent anti-nuclear activists issued 
many, scary predictions about a nuclear future. Perhaps the most 
noted of these activists, Ralph 
Nader, said, “I don’t think that a 
society can endure the disaster of 
one major meltdown…. I really 
don’t think that our country can 
tolerate the trauma of a couple of 
hundred thousand people dying 
all at once in one place, and many 
more dying over a period of time from cancer, leukemia, mutations 
and what have you.” Many others predicted similar consequences. 
Such fears are overstated and misplaced. While tragic, the Chernobyl 
accident had a small virtue. It actually removed much of the fear of an 
Armageddon-type disaster resulting from a reactor meltdown.

Since the accident

It is difficult to tally accurately the number of deaths caused by the 
Chernobyl accident, because most of the expected, long-term fatalities, 
especially those from cancer, have not yet actually occurred (or may 
never occur) and will be difficult to attribute specifically to the accident. 
However, a 2005 report from the International Atomic Energy Agency 
attributes 56 direct deaths to the accident (47 accident workers and 9 
children with thyroid cancer), including the 31 that died at the reactor 
site. The report estimates that as many as 4000 people may ultimately 
die from long-term, accident-related illnesses. This figure is much lower 
than the massive numbers of deaths initially predicted. Also, the figure 
of 4000 is more than 1000 times less than the number of deaths caused 
by the burning of fossil fuels, particularly coal, every year. Loss of life 
from this accident is about the same as the risk of contracting cancer 
from drinking 3 cups of coffee a day, 7 times less than from car acci-
dents, and 1000 times less than from smoking.

So far, there has been no increase in leukemia, congenital abnor-
malities, adverse pregnancy outcomes, or other radiation-induced 

A Chernobyl-like accident 

cannot happen in the United 

States because U.S. reactors are 

designed differently and include a 

containment building.
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diseases in the contaminated areas. The loss of life as a result of this 
accident, while tragic, was still far less than the infamous fossil fuel-
induced Smog of 1952, which enveloped London and killed 12,000 
Londoners.

Since the Chernobyl reactor did not have a containment structure 
like those in U.S. nuclear plants, the Chernobyl facility was an accident 

waiting to happen. A containment 
structure would have prevented 
radioactivity from escaping outside 
the plant, and there would have 
been no deaths. The accident was 
exacerbated by bad reactor design, 

the incompetence of local administration, and lack of proper equip-
ment and planning. The reactor crew could not even determine the 
radiation levels in various parts of the reactor building—the meters 
were wrong or were broken.

In 1992, almost 7 years after the accident, the International Atomic 
Energy Agency, the U.N. nuclear watchdog, attributed the root cause 
of the accident to the reactor’s design and not to operator error. In 
1986, at the time of the accident, analysts cited operator error as the 
likely principal cause of the accident.

In September 2005, news agencies around the world were report-
ing recent conclusions from the International Atomic Energy Agency: 
“Fewer than 60 deaths have been directly attributed to radiation 
released by the 1986 Chernobyl nuclear power plant accident, and the 
final total could be thousands less than originally believed.” Susanna 
Loof, writing for the Associated Press, reports: “The death toll could 
reach 4000, but [study] chairman Dr. Burton Bennett said that previ-
ous death tolls were inflated, perhaps to attract attention to the acci-
dent, to ‘attract sympathy.’” In any event, that 4000 number is based 
on a theoretical model of radiation damage (linear extrapolation from 
high-dose data) that has no empirical support.

This accident, however unlikely, could happen again in Russia 
since 12 identical or very similar reactors still operate there. These 

The International Atomic Energy 

Agency blamed the Chernobyl 

accident on the reactor’s design.

Shuster_BOOK_2nd.indb   226 7/15/08   9:52:37 PM



227

co n ce r n s a b o u t n u cle a r p ow e r

reactors have been made much safer, but still with no containment 
building. The particular design of this so-called RBMK reactor has 
serious design flaws regarding the management of the cooling water 
and control rods. However, the control rod problem has reportedly 
been resolved.

History and the safety of nuclear reactors

Senator Pete V. Domenici, in his fine book A Brighter Tomorrow, 
cites a 1998 study by Stefan Hirschberg and associates of the Paul 
Scherrer Institute in Switzerland. The study analyzes accidents in 
energy-related industries from 1969 to 1996, the time period that 
includes the accidents at Three Mile Island and Chernobyl. The Insti-
tute reports 31 deaths from the Chernobyl accident and none from 
Three Mile Island. The Institute’s database of 13,914 severe industrial 
accidents (across all industrial sectors) includes 4290 energy-indus-
try-related incidents. The comprehensive data analysis found that of 
all energy sources—including coal, oil, natural gas, liquefied petroleum gas, 
nuclear, and hydropower—nuclear power is significantly safer than all 
other forms of generating energy. Natural gas, the next safest com-
pared to nuclear, has a fatality rate 10 times higher than nuclear—10 
times higher. 

According to Senator Domenici, the study from Hirschberg and 
colleagues concludes that for each terawatt-year of energy use, the 
number of fatalities worldwide was 8 for nuclear, 85 for natural gas, 
342 for coal, 418 for oil, 884 for hydro, and 3289 for liquefied natural 
gas. A terawatt-year is an extremely large quantity of energy, much more 
than the yearly electrical energy consumed in the United States.

Earthquake Damaged Japanese Reactor in 2007

A very strong earthquake in Japan registering 6.9 on the Richter 
scale severely damaged peripheral buildings and equipment at a large 
nuclear electricity generating plant, although the reactors themselves 
were undamaged. Some mildly radioactive water leaked from the plant, 
but harmed nobody. Early media reports predicted dire consequences. 
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Simultaneously, official sources reported that, in spite of the severe 
damage, the safety systems operated as expected and the facility was 
well under control shortly after the earthquake subsided.

Lessons Learned from Reactor Accidents

The Chernobyl accident did not really teach us much, except 
that the reactor was poorly designed and that a containment struc-

ture is absolutely necessary. However, 
the Three Mile Island accident taught 
valuable lessons. Existing and future 
plants were made safer and more secure, 
and permanent and sweeping changes 
improved how the U.S. government’s 
Nuclear Regulatory Commission regu-

lates the industry. Any plant built in the future will be safer than any built 
in the past, even though the industry has enjoyed an exemplary safety record 
that is the envy of the entire energy and chemical industries—and indeed of the 
industrial world. The experience of the nuclear reactor damaged in the 
Japanese earthquake vividly illustrates the integrity, safety, and dura-
bility of new nuclear plants.

PROLIFERATION and GLOBAL STOCKPILES of 
NUCLEAR WEAPONS

The 5 major nuclear powers—the United States, Russia, Britain, France, 
and China—have more than 30,000 nuclear weapons in their war arsenals. 
More than 125,000 nuclear bombs have been built since 1945. Most 
existing bombs are in the United States or Russia. The United States 
has over 10,000, down from 70,000. Russia has somewhere between 
9000 and 18,000, down from over 50,000. Britain has approximately 
180, down from 350; France maintains approximately 350, down from 
over 1200; China has approximately 400. U.S. defense agencies pre-
dict that China may increase the number of warheads aimed at U.S. 
targets from 20 to 75–100.

Natural gas, the next safest 

energy source compared to 

nuclear, has a fatality rate 10 

times higher than nuclear.
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Other countries have nuclear weapons, too. Israel, while it has nei-
ther confirmed nor denied possession of nuclear weapons, is believed 
to have approximately 200 warheads. India and Pakistan have approx-
imately 100 between them, and experts believe these countries will 
increase their stockpiles. As of this writing, North Korea is the new-
est member of this getting-to-be-not-so-exclusive club. Iran seems on 
the way to becoming the next member, and I believe many more will 
follow without concerted international action to bring the situation 
under control.

Countries claim to need nuclear weapons for self-defense and for a 
retaliatory capability—that is, the ability to inflict nuclear destruction 
on those who might attack first. This is a balance of terror or a balance 
of insanity that experts call “mutually assured destruction.” The rest 
of us call it M.A.D. With more and more countries joining the club, 
where will it stop? New weapons, like new toys and new tools, tend to 
get used.

The Obvious Solution

If world leaders really want to make the world a safer place, then 
they must begin to eliminate the nuclear arsenals of the world. There 
simply is no other solution. The United States and Russia should lead 
the effort. Short of that, the arsenals must be reduced to a minimum, 
maintained under the direction of the United Nations or the proposed 
GNEP, and used only to disarm any cheating nation. And short of 
that, nations that keep nuclear weapons must agree to possess only 
a minimal deterrent arsenal. For example, I don’t think the United 
States needs more than 300 warheads. No nation, however honorable, 
should have the ability to annihilate the world.

Non-proliferation treaties help as much as a bandage “helps” a 
deep gouge—a temporary measure for symptoms, but not for under-
lying causes. Countries can and have decided to withdraw from the 
Nuclear Nonproliferation Treaty, as North Korea did when it chose 
to make nuclear weapons.
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Objecting to nuclear energy based on the proliferation argument 
makes no sense, because the world is already awash in nuclear weap-
ons and nuclear power-plant waste. Further, governments can build 
nuclear weapons without building nuclear power plants. The United 
States built bombs in the 1940s and did not have a nuclear power plant 
until the 1950s. Eighteen countries already own uranium enrichment 
capabilities, the technologies and material to create “bomb stuff.”

The only real answer is a 3-pronged approach: the total or near 
total elimination of nuclear weapons, the deployment of fast neutron 
reactors, and the proposed GNEP. This approach would hasten a 
safer world and abundant energy for all nations. It would also save 
countless billions of dollars currently spent to maintain and update 
these weapons. Governments should spend that money on education, 
health, and averting the energy crisis.

Can Rogue Nations and Terrorists Make Weapons From 
Nuclear Material Used to Generate Energy?

The short answer is an emphatic no. The long answer is no, no, 
no. It would be infinitely easier to acquire a credible nuclear weapon by 
buying one on the black market or by buying or stealing some Pluto-

nium-239 than to try to make a bomb 
from reactor-grade waste, particularly 
the waste from a fast neutron reactor. 
The crucially essential point: Reactor-
grade material is not the same as weap-
ons-grade material.

To be sure, many glaring, troubling proliferation problems exist, 
but managing the spent fuel from power reactors is not one of them. 
Creating weapons-grade Plutonium-239 is a fairly detectable and 
expensive endeavor. For example, observers detected such efforts in 
Iraq, North Korea, and elsewhere. Once a government invests in the 
necessary facilities, a power-generating reactor must be run in brief 
cycles designed specifically to extract weapons-grade Plutonium-239. 
The extracted plutonium must then be enriched in an additional 

Governments can build nuclear 

weapons without building 

nuclear power plants.
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process (PUREX). Such extraction and processing is enormously 
expensive. To minimize proliferation risks and costs for partner 
nations, advocates of GNEP want to centralize reprocessing in a few, 
secure locations in the world—the supplier-partner nations—and cre-
ate a system of shared use, distribution, and recycling among recipient-
partner countries.

Whether new nuclear power plants are built or not, any nation 
with reasonable technical capabilities and adequate resources can 
make a nuclear bomb, and there is nothing the United States or any 
other nation can do about it except exert political pressure or military 
action. Yet the ability of the United States to exercise political leader-
ship or exert political influence has waned. U.S. actions and rhetoric 
squandered our once formidable political position in the world. A vain 
waste. In my old ghetto neighborhood only fools unnecessarily pro-
voked others, especially enemies. Why provoke a potential future ally 
or spark vengeance?

Rogue nations

Since nations have considerable financial and technical resources, 
they could acquire the means to build a nuclear weapon. The effort 
is expensive and requires non-trivial interdisciplinary technical skills. 
Let’s see how nations, especially rogue nations, could acquire nuclear 
weapons, listed in order of possible success.

1.  Steal or buy a nuclear weapon. This is not easy because 
of security, size, and weight. Such a weapon would likely be 
detected in transit. The smallest weighs approximately one-
half ton, but most are much larger. A stolen bomb probably 
could not be detonated because of built-in safeguards. 
However, if a nation had the requisite technical capability, 
the stolen weapon could possibly be disassembled and 
reassembled to work. 

2.  Buy or steal highly enriched uranium or weapons-
grade Plutonium-239. This is a troubling prospect 
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because so much of this stuff sits around the world. 
Numerous reports suggest some of this material has 
already been sold clandestinely, much of it from Russia 
shortly after the collapse of the Soviet Union. Of course, 
after acquiring such material, one still faces the non-trivial 
task of fabricating a usable weapon.

3.  Buy uranium ore and equipment to enrich the 
content of Uranium-235 to a concentration sufficient 
for bomb-making, and employ many scientists in 
various disciplines to fabricate a bomb. They don’t 
need a nuclear reactor, but they do need considerable 
money and technical talent to be successful.

4.  Build a light-water reactor and use it to make 
weapons-grade Plutonium-239. Run the reactor for 
short periods of time (30–60 days), then extract and 
concentrate the Plutonium-239 until one has enough to 
fabricate a bomb. The longer the reactor runs, the more the 
Plutonium-239 is subjected to neutron bombardment. The 
more bombardment, the heavier the plutonium becomes, 
converting to Plutonium-240, then Plutonium-241, then 
Plutonium-242. These isotopes are lousy for making a 
bomb. Also, a nation would still need significant financial 
and technical resources to fabricate a nuclear weapon.

5.  Steal, buy, or use “waste” (used, spent fuel) from a 
light-water reactor—the material destined for storage 
in Yucca Mountain or recycled for use in fast neutron 
reactors. This nasty material is easily detected and 
difficult to handle and transport. The spent fuel is very 
radioactive and is in 6- to 12-foot rods weighing hundreds 
of pounds each. Only an idiot would try to use it to make 
a weapon, even though theoretically one might be able 
to make a low-grade device if the builder doesn’t fatally 
irradiate or otherwise kill himself in the process. For the 
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danger and effort, the almost certain result would be the 
construction of a weapon that won’t work.

6. Steal, buy, or use some fuel or waste from a fast 
neutron reactor. If creating a nuclear weapon from spent 
fuel from a light-water reactor is essentially impossible, 
then doing so with the recycled fuel for a fast neutron 
reactor is doubly impossible because the fuel is much 
more radioactive. Also, the waste material from a fast 
neutron reactor contains only the faintest, trace amounts of 
plutonium, so serves no purpose as a weapons component.

Only the first four possibilities listed above are conceivably viable 
paths to making nuclear weapons.

Terrorists

While just about any nation could build a nuclear weapon, it would 
be extremely difficult for any terrorist group to acquire or steal weapon-
making materials and then fabricate a workable weapon. Although 
there is a remote possibility that a ter-
rorist group could acquire a bomb, 
bomb-grade uranium, or pluto-
nium, and then devise a weapon, it 
is virtually impossible for them to 
access reactor-grade material and 
fabricate a credible weapon.

The 6 scenarios above apply. 
However, scenarios 3 and 4 seem out of reach for terrorist groups, 
either economically, technically, or both. Also, terrorist groups con-
front the added burden of detection and interdiction. Scenarios 1 and 
2 above seem the most reasonable for a terrorist group, but the daunt-
ing task of actually making a usable weapon and the strong possibility 
of detection are formidable deterrents. Scenarios 5 and 6 above—mak-
ing a nuclear weapon from spent fuel and nuclear-plant waste—offer 

It would be extremely difficult for 

any terrorist group to acquire or 
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then fabricate a workable weapon.
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no hope for a terrorist group, and only fools would try. Besides, there 
are easier ways to destroy life.

There is only a small, scant possibility that a sub-national or ter-
rorist group—even one as well organized and financially well-to-do 
as al-Qaida—could develop its own nuclear weapons without a lot of 
outside help in obtaining the necessary nuclear material and the nec-
essary technologies to fabricate the device and still avoid detection. 
However, to repeat, there exists a remote risk of well-organized terror-
ist groups somehow acquiring a fully assembled nuclear weapon from a 
friendly nuclear state or somehow acquiring sufficient weapons-grade 
material to significantly reduce the barrier to making one. I believe the 
proposed Global Nuclear Energy Partnership is the answer to these 
potential problems. 

If GNEP is implemented soon, then everybody today and in the 
future could feel safe from the proliferation of nuclear weapons. GNEP 
proposes to manage fuel and waste worldwide. The nearly total elimi-
nation of existing nuclear weapons, and weapons-ready uranium and 
plutonium, would provide even greater worldwide security.

Building more nuclear power plants will not make the prolifera-
tion issue any worse since the opportunities to make a bomb cited 
above already exist all over the world. 

Dirty bombs 

A dirty bomb, sometimes called a radiological dispersal device (RDD), 
refers to a bomb that combines some radioactive material with a natu-
ral explosive to create a device designed to disperse radioactive mate-
rial over a large area.  Since the attacks of 9/11 on New York City and 
Washington, D.C., many people around the world have been worried 
about such a bomb. However, a dirty bomb is unlikely to cause many 
deaths, except for those deaths from the initial conventional explosion.  
In fact, in the 1960s the U.K. Ministry of Defense decided that using 
conventional explosives in place of radioactive material would be more 
destructive.  Nevertheless, the prospect of a dirty bomb and radioac-
tive exposure causes great fear, perhaps its greatest threat.  
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Radioactive material for a RDD could come from millions of 
sources used for medical and industrial purposes around the world.  
Reactor-grade radioactive material would be the most difficult to 
acquire, because of its size, inherent properties, and accompanying 
security systems.  

To build a RDD, handlers must overcome many logistical hur-
dles. The material must be sufficiently radioactive, the material must 
be safely transportable, and the material must be dispersible. Satis-
fying all three requirements is difficult. In any case, assembling and 
transporting a RDD bomb without severe radiation damage and pos-
sible death to the perpetrators would be extremely difficult, too. For 
example, if the radioactive material were properly shielded to prevent 
contamination during assembly and transport, then the bomb would 
be very difficult to transport, easier to detect, and much less effective 
if detonated. If the material were not shielded, then transporting the 
material and assembling a weapon would be very difficult before the 
handlers succumbed to radiation sickness and perhaps death.  

No radioactive dirty bomb has ever been detonated, although some 
groups have assembled lethal chemical weapons. Since the world has 
no experience to draw upon, many fear the unknown. However, the 
experiences at Chernobyl, the experiences at some accidents involving 
radioactive material, and the results of several analyses indicate that 
RDDs will neither sicken nor kill many people.

NUCLEAR WASTE DISPOSAL

Operation in the United States of all 103 nuclear reactors, with no 
recycling, generates about 2000 tons of nuclear waste per year. This 
waste would occupy only the space of a medium-size house. However, 
the storage space must be much greater because of the heat generated 
by the waste—thus Yucca Mountain.

The proposed storage site at Yucca Mountain is insufficient to sup-
port vast deployment of light-water reactors. To comply with current 
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legislation, Yucca Mountain will be filled with the waste from cur-
rent light-water reactors within a decade. By coupling recycling to fast 
neutron reactors, the storage capacity of Yucca Mountain would be 
increased five fold. Moreover, the storage period is reduced from 10,000 
to 300–500 years.

ABOUT URANIUM

Natural Uranium

The use of some forms (oxides) of uranium dates back to the second 
century AD, when it was used to add a yellow color to certain glasses 
made in Italy. Credit for the discovery of uranium goes to Martin 
Klaproth, a German scientist, in 1789. It was named after the planet 

Uranus, which was discovered at 
about the same time. The pure 
metal, which is silvery-white in 
color, was isolated in 1841, and by 
1850 it was being used commer-

cially in the glass industry. It wasn’t until about 1900 that a French 
physicist, Henri Becquerel, discovered that uranium was radioactive.

When refined, uranium is weakly radioactive, softer than steel, 
and almost twice as dense as lead. Natural uranium consists almost 
entirely (99.28 percent) of the isotope Uranium-238, and almost all 
the rest is Uranium-235 (0.7 percent). Only Uranium-235 is used to 
fuel light-water reactors. To make fuel for light-water reactors, the 
uranium ore must be “enriched” to raise its Uranium-235 content to 
about 4 percent.

Depleted Uranium

The uranium in the leftover “tailings” from the enrichment process 
is called “depleted uranium.” While no longer useful for thermal-reac-
tor fuel, the depleted uranium tailings still contain more than 80 per-
cent of the energy that was in the original ore. Since that energy can be 

GNEP is one of the genius ideas of 

the twenty-first century.

Shuster_BOOK_2nd.indb   236 7/15/08   9:52:37 PM



237

co n ce r n s a b o u t n u cle a r p ow e r

accessed with fast neutron reactors, the depleted uranium constitutes a 
very large energy resource. In fact, the energy in the depleted uranium 
waste already on hand in the United States far exceeds the energy in 
the coal reserves still in the ground.

Since it is so very dense, depleted uranium is sometimes used to 
clad military vehicles. After many studies and considerable research, 
there was no evidence to support any concern whatsoever for the safety 
or health of military personnel or anybody else.

TRANSPORT of NUCLEAR MATERIALS

Many believe the transportation of nuclear materials is the most vul-
nerable link in the chain of nuclear-material handling. This has posed 
no problems in the past, and, using fast neutron reactors, will pose even 
less of a problem in the future. Also, if deemed necessary, the nuclear 
industry could easily afford armed protection of materials in transit 
and at other vulnerable sites.

BOTTOM LINE

q Any new nuclear plant will be safer and more efficient than 
any built in the past. The United States has over 30 years 
of exceptionally safe operating experience—the safest of 
any industry.

q Storage and proliferation problems are greatly reduced 
by using fast neutron reactors and the new UREX+ 
recycling process, which was designed to be proliferation-
resistant. Waste-storage space will also be greatly reduced 
and long-term waste-storage time would be dramatically 
less—300–500 years instead of 10,000 plus years.

q The United States must expedite the building of the fast 
neutron reactor pilot plant. Start immediately, and be 
operational in 4 years.
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q Fast neutron reactors must be fast tracked and the GNEP 
should be aggressively pursued in cooperation with other 
nations. GNEP in my opinion will one day be deemed the 
most enlightened idea of the twenty-first century.

It is worth repeating that nuclear energy (fast neutron reactors) is 
inevitable if the nations of the world are to maintain their economies 
and provide energy for future generations.
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Chapter 12

WATeR
a n ot h e r cr i s i s  av e r t e d?

A discussion of water is essential to any discussion about energy. 
Huge amounts of water are needed to produce electricity and some 
fuels. Of course, huge amounts of water are also necessary to sustain 
all life on earth and to modulate the earth’s climate. Yet the world is 
running out of uncontaminated fresh water. Already a full 20 percent 
of the world’s population does not have access to uncontaminated 
drinking water. So here’s the crisis: To remedy the shortage of water 
by creating fresh water from sea water—a process called desaliniza-
tion, which removes salt from ocean water—requires a lot of energy, 
yet burning fossil fuels for energy strongly contributes to the contam-
ination of water. This is a catch-22. The horns of a dilemma. World 
shortages of clean, fresh water are a first-class, three-alarm, condition-
red, world-scale crisis—a crisis that can be averted only by chang-
ing human behavior (good luck with that) and/or by using renewable 
energy sources to desalinate seawater.

Without food a human can live for 30–40 days, but without water 
one can live only 4–5 days. Does the world need desalinization plants 
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to produce clean, fresh water? Absolutely.
That means the water crisis is also an energy issue. Access to 

abundant, inexpensive, non-polluting energy is the only solution to 
the water crisis.

GRASPING the PROBLEM

There have always been conflicts and even major wars over access to 
water. In fact the word “river” is derived from the Latin word riva-
lis, which implies rivals in conflict over the same stream. When not 
enough water is available, people can pray for rain, start digging wells, 
or go to war.

There is no agreed standard for the amount of water a person 
needs every day, but experts put the minimum at about 13 gallons. 
For personal use Americans consume about 140 gallons per person 
per day—far more than anybody else on the planet, about 9 times 
more than the average African. The Japanese and most Europeans 
consume less than half that amount. China consumes 23 gallons per 
person per day, yet people in Mozambique use less than 3 gallons per 
person per day.

Water, sometimes thought 
of as the ultimate renewable 
resource, covers over 70 percent of 
the earth’s surface. Over 97 per-
cent of the earth’s water is in our 
saltwater oceans. Glaciers and 
polar ice caps hold over 2 percent 

of the total water, and fresh water in lakes, streams, aquifers, soils, and 
the atmosphere hold less than 1 percent of the total. For every gallon 
of fresh water in the world’s lakes and streams, 50 gallons sit in the 
ground in large aquifers. Water is always in motion through evapora-
tion and precipitation and through the take up and dispersal of water 

Already a full 20 percent of the 

world’s population does not 

have access to uncontaminated 

drinking water. 
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by plants and animals. However, the ability of the water cycle to pro-
vide adequate fresh water faces three monumental problems: rising 
demand, falling supplies, and deteriorating water quality.

The demand for fresh water from the rapidly growing world pop-
ulation and growing industrialization far exceeds the supply and the 
ability of nature to provide it. Throughout history many of the great 
cities on earth have grown and been sustained by large rivers, yet today 
no river can satisfy the demands of the world’s largest cities. Some 
places already face a water crisis, even at present population levels. 
We recognize the tragic images, if not the names and locations: Dar-
fur, Ethiopia, Somalia. The scope and intensity of regional and local 
water crises will accelerate as the world adds the equivalent of 2.5 more 
Chinas to the global population in the next 30–50 years. In 30 years 
water use is predicted to increase by approximately 50–60 percent—
far faster than population growth.

What of water quality? The burning of fossil fuels releases large 
volumes of gases that form acids and emit mercury and other pol-
lutants into the environment. These pollutants end up primarily in 
the earth’s water. Other human activities have damaged water as 
well: The extensive use of fertilizers, herbicides, pesticides, animal 
and human waste, and other chemicals, as well as excessive irrigation, 
have all played a role. Add mismanagement and wasteful practices to 
this mess, and you have an almost irreversible problem—part of the 
perfect storm.

The Struggle for Safe Water

Clean water has had as much or more to do with human health than the 
development of miracle drugs. The lack of clean, fresh water is as devastating 
as famine, plague, epidemic, and war.

q In the last decade more children died from diarrhea than 
have been killed in all the wars since World War II.

q 40,000 children under age 12 die every day from diarrhea, 
an illness worsened by lack of fresh water.
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q 6000 children under age 5 die every day specifically 
because of unsafe water and poor sanitation.

q 1.1 billion people in developing countries have inadequate 
access to safe drinking water and have never seen a toilet.

q Water-related diseases are the single largest cause (50 
percent) of human sickness and health-related death in the 
world.

q Many women and children spend up to 6 hours per day 
fetching water.

q Many families in the developing world often spend up to 
25 percent of their income to purchase water and carry it 
home.

The United Nations desig-
nated 2000–2009 as the “Water 
for Life” decade and established 
in 2000 eight decade-long Millen-
nium Development goals aimed at 
eliminating the world’s most des-
perate poverty. One goal seeks to 

cut in half the number of people without access to clean drinking water. 
Another goal sets a similar standard for improving access to sanitation 
facilities. As of 2007 there is no chance of meeting either goal, and 
they never will without abundant, relatively inexpensive energy.

Irrigation Miracle? Yes, But…

Which is more important? Drinking water or eating? Amid the 
growing frenzy over access to fresh water, the world’s farmers and 
agricultural businesses must continue to irrigate crop lands because of 
the strong link between irrigating food crops and alleviating poverty. 
In many countries, a full 60–70 percent of all water use is for irrigation, 
which helps feed the world’s surging population.

Quite simply, the world trades fresh water for food.

Water-related diseases are the 

single largest cause (50 percent) of 

human sickness and health-related 

death in the world.

Shuster_BOOK_2nd.indb   242 7/15/08   9:52:38 PM



243

wat e r

According to Sandra Postel in Pillar of Sand, “some 40 percent of 
the world’s food comes from irrigated cropland.” A stable supply of 
food for the world’s hungry mouths now depends on an increasing 
global water deficit. According to the Worldwatch Institute, over-
pumping for irrigation is sucking out too much of the world’s under-
ground fresh water, leaving insufficient amounts for health, sanitation, 
industry, and future generations. As a result of irrigation, for large 
portions of the year many major 
rivers now run dry—including the 
Yellow River in China, the Indus 
River in Pakistan, the Ganges in 
South Asia, and the Colorado in 
the American Southwest. Irriga-
tion’s heavy demands for water also damage the health of the aquatic 
environment by shrinking wetlands, reducing fish populations, and 
pushing species toward extinction.

At the same time, the productivity of irrigated lands is in jeop-
ardy from the buildup of salts in the soil from over-pumping water and 
from the growing diversion of irrigation water to cities. As population 
grows, the amount of irrigated land per person shrinks.

To meet food needs, many countries—especially those low on 
water and viable soil—import grain. Indeed, a landmark study by 
Henery Kindall and David Pimentel reports that only 2 countries in 
the world are major food exporters: the United States and Canada, 
and these countries irrigate extensively. Janet Raloff reported that in 
2002, “for the third year in four, world per capita grain production fell 
… [and] last year’s per capita grain yield was the lowest in more than 
30 years.” Raloff, quoting from Vital Signs 2003, a joint publication of 
the Worldwatch Institute and the United Nations Environment Pro-
gramme, adds that “production of the world’s three major cereals fell 
in absolute terms in 2002.” In May 2006, Stewart Wells of Canada’s 
National Farmers Union (NFU) predicted “a calamitous shortfall in 
the world’s grain supplies in the near future… [because] in five of the 
last six years global population ate significantly more grains than 

World shortages of clean, fresh 

water are a first-class, three-alarm, 

condition-red, world-scale crisis.
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farmers produced.” The NFU adds, “North America’s industrial-style 
agricultural system [with its heavy reliance on irrigation and chemical 
pesticides, herbicides, and fertilizers] is a really bad idea and may be 
the worst on the planet.” In the “Hope” section of the report, the NFU 
encourages progress on all relevant fronts to assure that “poor regions 
[will be] using renewable energy to power a new, and clean, era of pros-
perity” [emphasis added].

A SURVEY of PROBLEMS

The United Nations World Water Assessment Program reports that 
the Asian continent, which supports 60 percent of the world’s popula-

tion, has only 36 percent of the world’s 
freshwater resources. North and Cen-
tral America, with 8 percent of global 
population, enjoy 15 percent of the 
world’s freshwater. Others? Europe 

has 13 percent of global population and 8 percent of freshwater. Africa 
has 13 percent of the population and 11 percent of water. Then there 
is South America with about 6 percent of the world’s population and 
26 percent of the freshwater—an enviable combination.

United States

The United States has a bigger problem than you might think. 
According to the U.S. Geological Survey, the United States uses about 
350 billion gallons of fresh water every day or almost 128 trillion gal-
lons per year. Americans use a total of 15 trillion gallons per year for 
personal use. Where does the water come from?

Over 90 percent of the fresh water in the United States is under-
ground. Approximately 42 percent of the water used for irrigation 
comes from underground water. The largest aquifer is the Ogallala, 
which provides irrigation water for about 20 percent of the irrigated 
land in the nation. The aquifer is being depleted far faster than it is 

Quite simply, the world trades 

fresh water for food.
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being replenished by rain. The Ogallala lies under 8 states, from North 
Dakota to Texas, and as it is being depleted, it is also getting polluted. 
The amount of water extracted from the Ogallala aquifer each year is 
approximately equivalent to the flow of 20 Colorado rivers.

Irrigation water should be better managed or allocated by state and 
federal authorities to allow slow replenishment of aquifers for use by 
future generations. For example, state and federal laws should protect 
the Ogallala and other depleting aquifers. Such protection will require 
major political intervention since many will want to dip their political 
straws into this great aquifer. Portions of the Ogallala aquifer have 
dropped 100 feet since the 1940s, according to a study by the National 
Academy of Sciences mentioned in an editorial in the Minneapolis Star 
Tribune on November 14, 2007. One way to protect the aquifers is to 
produce irrigation water by using a renewable energy source.

According to the U.S. Geological Survey, about 83 percent of 
water used in the United States goes to producing electricity (50 per-
cent) and irrigating crops (33 percent). Electricity production uses 
over half of all fresh, surface water in the United States, while irriga-
tion consumes the largest total amount of fresh water, including water 
from lakes, reservoirs, ground water, and aquifers. In 2000, over 40 
percent of irrigation water was drawn from underground sources. 
Much water is used for cooling energy-producing equipment then 
returned to its source, making it available for other uses. Personal use 
from publicly supplied water consumes about 11 percent; aquaculture 
and mining use about 3 percent of the total water used in the United 
States. Industrial use consumes the rest.

Water conservation is always 
appropriate because there’s a cost 
to every drop of water that we use. 
Yet even if we all stopped bathing, 
drinking, and cooking with water, 
the reduced use would only mod-
estly affect overall use of water in 
the United States.

The amount of water extracted from 

the Ogallala aquifer each year is 

approximately equivalent to the 

flow of 20 Colorado rivers.
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Why not build more dams to create more reservoirs? They make 
sense in many instances, but dams are also damnable for several rea-
sons: Dams alter habitats, threaten species, alter water quality, and 
generally do not remain viable for more than a century or two.

Michael Zuzel quotes Rebecca Wodder, president of the conser-
vation group American Rivers: “We have blocked the flows, straight-
ened the curves and hardened the banks of thousands of miles of 
waterways. By changing the most fundamental qualities of rivers—
their natural shapes and flows—we’ve made it difficult for them to 
support life.” Dams on many North American rivers cause native 
freshwater species—including several varieties of fish, mussels, cray-
fish, frogs, and snails—to go extinct as fast as some species living in 
tropical rainforests. Dams on U.S. rivers have transformed the once 
free-flowing river into a series of slack water ponds, thereby bringing 
salmon and steelhead to the brink of extinction.

The National Hydropower Association claims that hydropower 
dams produce pollution-free power while enhancing biodiversity 

and improving habitat. However, 
Anthony Ricciardi, a freshwater 
biologist at Canada’s Dalhousie 
University, is unimpressed with 
this assertion. He declares that 
dams pose a major problem for 

the ecological health of rivers, and contribute to other problems. Amy 
Souers quotes him: “We also have to look at water quality, organic and 
chemical pollution and runoff from streets and yards…The invasion of 
exotic species—the zebra mussel for example—is also something that 
has to be addressed.” Ricciardi also points out that if the current trend 
of river and wildlife destruction continues, then more species will be 
lost in the next century than during the past century.

India

India’s water issues are among the most severe on earth. With 
approximately 18 percent of the world’s population, India has less than 

About 83 percent of water used in 

the United States goes to producing 

electricity and irrigating crops.
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4 percent of the earth’s fresh water. Two-thirds of the Indian people 
lack access to clean water. More and more extreme measures are taken 
every day to access water, often just for basic needs. Selling water often 
produces more profit than growing a crop.

The Indian government promises 10 gallons per person per day, 
but it has failed to come close to that number in some areas. In many 
parts of India, inhabitants use as little as one-half to three-quarters 
of a gallon of water per day for drinking. The rest—2–9 gallons per 
person per day—is used for cooking, bathing, hygiene, and sanitation. 
Also, Indians use a surprising amount of water to produce food, par-
ticularly meat.

There are 23 million wells in India. As the population grows from 
today’s 1.1 billion people to approximately 1.7 billion in 30 years, Indi-
ans will have to keep drilling. But as one digs or drills deeper, saltwa-
ter and other contaminants begin to seep into the shafts, rendering 
entire aquifers useless. Conflicts already rage throughout India over 
water, and farmer suicides are occurring by the thousands because of 
drought and water-related poverty and debt.

China

China has a lot to worry about too. The Chinese character for 
“political order” is based on the symbol for “water.” The clear meaning 
is “those who control the water, control the people.” The mighty Yang-
tze, the backbone of the country’s economy, is so polluted that by 2011 
it may not be able to sustain marine life, much less human life. As 
if China’s energy problems are not enough, the Chinese people grow 
about 70 percent of the nation’s crops in a region having only 20 per-
cent of its water. Also, there is growing competition for water among 
cities, industry, and all phases of agriculture. The water level beneath 
the North China Plain fell by 25 feet from 1991 to 1996.

Africa

Africa’s rivers support the economies, food production, and drink-
ing water for their respective regions. The largest rivers and many other 
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African rivers are polluted to catastrophic proportions. For example, 
only half the population in Nigeria has access to clean water, and many 
Africans must walk hours to get fresh water. A United Nations report 
predicts that water will be the major cause of conflict in Africa in the 
next 25 years. There is already conflict over water for irrigating and 
generating power. But what is the point? Both the winner and loser 
will still be running out of water.

The Middle East

Water has historically been the most valuable resource in the Mid-
dle East. The politics of the region are closely linked to water and access 
to it. Muslim Turkey and Jewish Israel recently entered into a military 
alliance based in large part on Turkey sharing water with Israel. On a 
per capita basis Israel uses 4 times the amount of water used by people 
in Palestine, and this imbalance causes considerable tension.

Central Asia

The once-majestic Aral Sea, one of the world’s largest inland seas, 
used to support a large fertile area, but mismanagement has turned this 
area into a toxic wasteland rendering it unfit to supply the water needed 
in that region. The two rivers feeding this lake were diverted to grow 
cotton in the desert. From 1962 to 1994 the level of this once great sea 
fell by over 50 feet.

Mexico

Mexico City, one of the largest cities in the world, is at risk of 
running out of fresh water. Lakes have been drained and forests cut 
down to accommodate the growing population. So much water has 
been pumped out from beneath the city that Mexico City is sink-
ing. A water disaster is sure to come. Old pipes and gross misman-
agement contribute much to the problem. For example, 40 percent of 
the city’s water leaks back into the ground from leaky pipes, many 
cracked or displaced by the sinking ground; others fractured from age 
and neglect.
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Europe and Japan

On a per capita basis, Europeans and Japanese use about one-half 
the water that people in the United States use. Still, over half of Euro-
pean cities use ground water at unsustainable rates. About 5 million 
Spaniards experience chronic water shortages. The proposed solution 
is to redirect water from the Rhine River in France. I suspect this 
plan may upset some French citizens and others relying on the Rhine. 
Wouldn’t a desalinization plant using renewable energy be a much 
better and safer alternative? Many Europeans and Japanese think so.

Australia

Australia is the driest continent. Australians have tried to correct 
water problems by various innovative techniques. The Murry-Darling 
Basin produces over 70 percent of Australia’s irrigated crops. How-
ever, many worry that overuse of irrigation water will make a large 
part of this area unusable for irrigation in 20 years. The availabil-
ity of clean drinking water will become a problem at the same time. 
Another water-related problem is saltwater, which often moves in to 
replace the extracted freshwater. In some regions the water tables are 
rising, thereby pushing deadly quantities of saltwater to the surface. 
The saltwater destroys once-fertile farm land.

WHAT CAN BE DONE?

Conservation and more recycling always make a lot of sense. One exam-
ple was the redesign of the toilet, which decreased the water required 
per flush from 6 gallons to 1.6 gallons. This redesign saves approxi-
mately 5 billion gallons of water per year in the United States alone. Yet 
you can’t recycle what you don’t have in the first place. Residents of the 
United States, Europe, Hong Kong, Japan, and Australia have signifi-
cantly decreased their per capita use of water over recent decades. In the 
United States, per capita use has decreased 25 percent since 1950, but 
the total population has grown 33 percent, resulting in a net increase 
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in water use. Japan’s use of water to produce $1 million worth of goods 
dropped from 13 million gallons in 1965 to approximately 3 million 
gallons in 1989. No matter, water seems destined to take many people 
to a disastrous end unless the world “produces” more fresh water.

The only solution that can make a significant difference is one that 
supplements nature’s production of fresh, clean water—in this case 
Mother Nature will need a lot of help. The world desperately needs more 
non-polluting renewable energy to desalinate saltwater or to clean up contami-
nated or dirty water from other sources.

How much energy would be needed? Really not very much. There 
are several desalinization options. Membrane separation is the most 
efficient, and it requires about 12 kilowatt hours to produce 1000 gallons 
of fresh water. An energy cost of 7.5¢ per kilowatt hour (U.S.) would 
put the cost of fresh water at 90¢ per 1000 gallons, or less than one-
tenth of a cent per gallon. Water in New York City costs about $3 per 
1000 gallons, while water in London costs about $7 per 1000 gallons.

For perspective, it would take 30 trillion gallons of water per year 
to provide everyone on earth with 13 gallons of water per day, consid-
ered a practical minimum. At 7.5¢ per kilowatt hour, the energy to pro-

duce this much water today would 
cost approximately 30 billion dol-
lars, about what the world spends 
on “defense” in 10 days. Renew-
able energy—wind, solar, and fast 
neutron reactors—would have to 
be used to avoid air and water pol-
lution. These costs are easily man-

ageable, and would represent only a 2 percent increase in the cost of 
electricity worldwide. These costs will likely fall with improved mem-
brane technology, although the population will grow in the meantime. 
Notwithstanding the water issue, the world cannot endure unbridled 
population growth. If only people could receive a drop of education 
along with every sip of water.

Education, education, education. Consider this macabre thought. 

The world desperately needs more 

non-polluting renewable energy to 

desalinate saltwater or to clean up 

contaminated or dirty water from 

other sources.
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As more people maintain better health with access to clean water, the 
population of the earth will increase even faster. One hopes, however, 
that the world will learn to manage some of the potentially devastating 
effects of population growth—and perhaps population growth itself—
by differently distributing resources and providing basic human ser-
vices, such as health care, education, and access to water, medicine, 
and electricity. Compared to a girl without a basic education, a girl 
who receives the equivalent of a sixth-grade education gives birth to far 
fewer children, enjoys a better quality of life, provides a better life for 
her children, and makes a bigger contribution to her community, fam-
ily, and economy. Pretty good payback for such a small investment.

But we can not as easily manage disease, epidemics, resource deple-
tion, mounting pollution, and the crime, violence, and despair that 
accompany these conditions. This is no way for people to live, no way 
for a planet to exist. And there is no need.

BOTTOM LINE

Here are several specific recommendations:
q Limit amount of water per acre that can be used for 

irrigation. In turn, such limits will encourage water-
conserving irrigation practices.

q Build desalinization plants worldwide to stave off the 
inevitable, grave consequences of the lack of fresh water—
the single most essential substance of life.

q Where possible, tax the use of water to encourage 
conservation and pay for desalinization plants. The tax, of 
course, could be waved for those that can’t afford to pay.

q Manage aquifer water to end depletion and begin 
replenishment.

Some of these suggestions are easy to put down on paper, but will 
be difficult to implement. Yet when a practice is unsustainable, it must 
be changed.
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Chapter 13

THe HYDRoGeN eCoNoMY
n ot n ow a n d m ay b e n e v e r

In 1973, when writing my first paper on the energy crisis, I believed 
that fuel cells using hydrogen would become the ultimate alternative to 
fossil fuels and the internal combustion engine. I was dead wrong. Yet 
articles on hydrogen as a fuel would fill a library. It’s way past time to 
get more realistic. Besides, hydrogen is not itself a fuel source; it is just 
an energy carrier, like electricity.

HOPE and HYPE

As Stephen and Donna Leeb point out in their book, The Oil Factor, 
“Hydrogen is the holy grail of energy research.” You take water, any 
water, from anywhere. Then you take sunlight to split water molecules 
(H2O), thereby freeing up hydrogen (H2). The hydrogen can then be 
burned, recombining it with oxygen to generate energy to run factories 
and power homes and cars. The by-product is water. Fresh, clean water. 
In the lingo of alternative energy, if you can crack water with sunlight, 
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then you have a source of cheap, limitless, pollution-free energy and 
abundant fresh water.

“Hydrogen powered fuel cells promise to solve just about every 
energy problem on the horizon,” writes David Stipp in an article called 
“The Coming Hydrogen Economy.” In September 2000, T. Nejat 
Veziroglu, president of the International Association for Hydrogen 
Energy, proclaimed, “It is expected that the petroleum and natural 
gas production fueling this economic boom will peak around the 
years 2010 to 2020 and then start to decline. [JS: Many believe it 
has already peaked, but who’s to argue?] Hydrogen is the logical next 
stage, because it is renewable, clean, and very efficient.”

There is no doubt that hydrogen would be helpful in the effort to 
get the most direct benefit from the sun’s potential as a fuel. Unfor-
tunately, we have been unable to convert enough of the sun’s energy 
that hits the surface of the earth into useful energy. Indeed, the con-
version rate with current technology is a very low 2 percent. Even at 
much greater conversion efficiencies, a solar-based hydrogen economy 
is far-fetched.

Many believe hydrogen and the so-called hydrogen economy will 
be ready for prime time in the relatively near future. Some of my well-
informed engineering colleagues believe hydrogen will rescue us from 
an impending economic meltdown caused by the depletion of fos-
sil fuels. One legislator told me not to worry about energy, because 
hydrogen is the solution, and “the solution is just around the corner.”

The world cannot afford such false and poorly informed state-
ments. Such declarations are dangerous, and they mislead just 
about everyone, including world leaders, to believe that the solution 
to the world’s energy problems is close at hand. Without a disci-
plined plan and a quantified timetable to get us there, these kinds 
of statements are just hot air. Don’t believe vague, generic claims. 
No hydrogen economy is going to happen any time soon—and it 
may never happen.
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THE  LOW  DOWN

Many believe hydrogen—a colorless, tasteless, flammable, non-toxic 
gas—is an ideal fuel because it is abundant and combusts without cre-
ating pollution. Hydrogen is certainly abundant. It is the most plenti-
ful element on earth, found in every living thing and all fossil fuels. 
However, hydrogen is not found in nature as a stand-alone substance, 
except in minute amounts—about 5 parts per million (ppm)—in 
the air we breathe. Rather, hydrogen is always in combination with 
other elements. For example, every water molecule contains a pair of 
hydrogen atoms. Thus, hydrogen must be isolated to create a fuel. 
Said simply, hydrogen is not an energy source; it is a carrier, and it 
must be produced by separating hydrogen from other elements, such 
as separating water into hydrogen and oxygen. This separation pro-
cess, called hydrolysis, requires a lot of money, facilities, and energy. In 
short, the cost to produce hydrogen is simply out of economic reach 
any time in the foreseeable future.

Several additional problems plague a potential hydrogen economy. 
First, separating hydrogen from the elements it combines with in nature 
always uses more energy than is contained in the resulting hydrogen. 
If the hydrogen is derived from any source other than water, then the 
separation process produces greenhouse-gas emissions. Hydrogen 
derived from water also adds greenhouse gases, unless the electric-
ity used to separate the hydrogen is generated from nuclear energy or 
some other renewable, non-polluting source of energy. But if you have 
the electricity, why convert it to chemical energy and then back again 
to electricity?

Second, while hydrogen can be burned directly in an internal 
combustion engine, it is most efficiently used in a fuel cell, which 
chemically recombines hydrogen and oxygen to produce electricity. 
This technology is very attractive because its efficiency is approxi-
mately double that of an internal combustion engine. However, exist-
ing fuel-cell technologies have a long way to go before they are ready 
for the market.
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Third, the logistics of handling hydrogen as a gas or liquid are 
impractical. The element hydrogen is the lightest of all gases, 15 times 
lighter than air. One gallon of hydrogen weighs only 0.6 pounds. As 
a liquid, hydrogen is 14 times lighter than water. However, hydro-
gen cannot exist as a liquid at atmospheric pressure at a temperature 
higher than minus 423 degrees Fahrenheit. No matter how you look at 
it, hydrogen is extremely difficult to transport or handle as a very light 
gas or as a super-cold liquid.

Fourth, the energy content in a gallon of hydrogen is only 27 per-
cent that of the energy contained in a gallon of gasoline. This means it 
takes approximately 3.7 gallons of hydrogen to have the same energy 
content as a gallon of gasoline. Here are the numbers:

q One gallon of hydrogen contains 31,000 BTU.

q One gallon of ethanol contains 76,000 BTU.

q One gallon of gasoline contains 114,000 to 125,000 BTU.

Other problems exist. Let’s take a best-case situation. Let’s say all 
of the many technical problems associated with hydrogen are solved. 
Then only the distribution problem remains. Still, the country would 
be many decades away from adopting hydrogen for large-scale produc-
tion of electricity or use as a fuel for transportation. Experts estimate 
that the necessary infrastructure for distributing hydrogen—that is, 
an infrastructure for storing and distributing hydrogen that is compa-
rable to the scope and capacity of the infrastructure in place today for 
automotive fuels—would cost at least 1 trillion dollars, and perhaps 
several trillion dollars.

The conclusion is clear: There will be no hydrogen economy any 
time soon. We are decades or generations away. Personally, I don’t 

think hydrogen will ever be an 
important transportation fuel. 
Creation of the so-called hydrogen 
economy requires several major 
technical breakthroughs and many 

There will be no hydrogen 

economy any time soon. We are 

decades or generations away.
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minor breakthroughs. Achieving such breakthroughs will be a very 
tough task, even with a lot of time and money. From experience I can 
tell you that if a business must rely on a technical breakthrough to suc-
ceed, then its chances for survival are slim. If it must rely on 2 or 3 
major breakthroughs, then forget it. For example, even the production 
of inexpensive fuel cells has been a tough nut to crack, as costs have not 
yielded to heavily funded research. Fuel cells work, but the price needs 
to be reduced by a factor of 10 to be of interest to manufacturers and the 
public. Achieving such an innovation or breakthrough will be a formi-
dable task, especially given the lack of success to date, in spite of the 
money and effort devoted to this endeavor.

A  DEBATE

The great promise and possibilities of the so-called hydrogen econ-
omy have been debated for the last 30 years. Below is one of the lat-
est debates, moderated by Mitch 
Jacoby, which appeared in Chemi-
cal and Engineering News in 2005. 
One of the debaters is Dr. Steve 
Chalk, a development manager for 
hydrogen and fuel-cell research at 
the U.S. Department of Energy 
(DOE). In 2006 he was also the acting manager for the DOE’s Solar 
Technology Program. Dr. Joseph Romm presents the opposing point 
of view. He is Principal Deputy Assistant Secretary for Energy Effi-
ciency and Renewable Energy at the DOE. Both men have impres-
sive credentials and backgrounds, and we can assume a great deal of 
experience with all aspects of energy production and deployment. 
Excerpts from the introduction and debate appear below, along with 
my comments in italics.

The necessary infrastructure for 

distributing hydrogen would cost at 

least 1 trillion dollars, and perhaps 

several trillion dollars.

Shuster_BOOK_2nd.indb   257 7/15/08   9:52:39 PM



s o l u t i o n s

258

Introduction to the Debate from the Editors of Chemical 
and Engineering News

In terms of atomic size and structure, hydrogen stands 
out as small and simple. Yet discussion of hydrogen’s pos-
sible future role as a primary energy carrier sparks debates 
that are big and complicated.

For years, some scientists and policymakers have 
argued that replacing petroleum-based fuels with hydro-
gen in a so-called future hydrogen economy would be an 
ideal solution to numerous energy-related problems. For 
example, using hydrogen as the fuel in stationary and 
automobile-based fuel cells would cut down on pollu-
tion, they say, because fuel cells running on hydrogen 
generate electricity and water but produce virtually zero 
pollutants. Switching to hydrogen as the primary fuel 
also would lessen the growing U.S. dependence on for-
eign oil, proponents argue.

No person would disagree with this, if you can get there.

The case in favor of hydrogen has been made in aca-
demic circles for years. In 2003, President George W. 
Bush gave the idea of the hydrogen economy a shot in 
the arm and boosted public awareness by announcing the 
launch of a $1.2 billion hydrogen research initiative. Now 
[2005], as the price of crude oil exceeds $60 per barrel 
and prices at the gasoline pump approach $3 per gallon in 
some states, arguments in favor of hydrogen can be heard 
loud and clear.

If we can’t get it to work relatively soon, then it will deflect our attention 
from real solutions, and it will cost a lot of money and time. Since this debate 
appeared in print, the cost of crude oil has risen to $135 (U.S.) per barrel, gas 
prices have approached $4 per gallon, and prices are rising.
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But critics point out that the overwhelming majority of  
hydrogen prepared industrially—more than 90%—is 
made from fossil fuel sources such as natural gas via reform-
ing processes that produce carbon dioxide and other green-
house gases. And although hydrogen can be produced 
renewably—for example, by using wind- or solar-cell- 
generated electricity to electrolyze water—those processes 
are expensive.

In addition, critics contend that even if pollution and 
petroleum dependence are taken out of the equation, 
questions remain concerning the safety of hydrogen use 
by large numbers of motorists. Critics also stress that a 
storage and distribution infrastructure similar to the 
one in place today for automotive fuels will need to be 
designed, built, and tested before it can be used to supply 
a nation with hydrogen.

At a likely cost of trillions of dollars. Luckily, we have better alternatives.

Furthermore, technology for carrying an adequate sup-
ply of hydrogen compactly on board an automobile will 
need to be invented to provide motorists with an accept-
able driving range between hydrogen fill-ups.

Lots of money has been poured into this problem for decades, and I believe 
we are still very close to square one. If hydrogen gas were used, heavy high-
pressure cylinders would be required. Not a good solution from the perspective 
of weight or efficiency. If hydrogen were used as a liquid, a vulnerable cryo-
genic vessel would be required—also not good. In the 1970s, under my direc-
tion, MVE Cryogenics built 20 hydrogen fuel tanks and gave them free to any 
organization doing research on hydrogen-fueled vehicles. We proved that an 
efficient liquid hydrogen tank could be built for an acceptable price, but we did 
not prove it could survive on the road.
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Dr. Chalk: A Proponent

Business-as-usual approaches have not reversed and 
cannot reverse our increasing dependence on imported 
oil. Since the oil crisis of 1973, oil imports have grown 
from about 35% of total U.S. consumption to over 55%. 
This dependence is caused primarily by the transporta-
tion sector’s growing demand and overwhelming reliance 
on petroleum. In fact, by 2025 imports are projected to 
be 68%, threatening both energy security and economic 
stability. The Hydrogen Fuel Initiative addresses our 
long-term dependence on imported oil while reducing 
emissions of pollutants and greenhouse gases. A recent 
National Academies [of Science] report supports this 
concept and concludes, “A transition to hydrogen as a 
major fuel in the next 50 years could fundamentally trans-
form the U.S. energy system, creating opportunities to 
increase energy security through the use of a variety of 
domestic energy sources for hydrogen production while 
reducing environmental impacts, including atmospheric 
CO2 emissions and pollutants.”

A transition to a hydrogen economy could fundamentally transform the 
national energy system, but if it takes 50 years, then it will be way too late. 
Moreover, inherent safety issues would still be a big problem, as would the cost.

The Department of Energy’s plan shows that it will take 
decades to fully realize the benefits of hydrogen.

I haven’t been able to find the plan Dr. Chalk mentions. Is it quantified? 
Costs? Milestones? Completion date?

Therefore, DOE is continuing to develop high-efficiency 
technologies for near-term hybrid vehicles. The DOE 
FreedomCAR Program is investing over $90 million per 
year to make hybrid batteries, electronics, and materials 
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more affordable. Hybrids are emerging in today’s market 
and will provide the best approach for reducing petroleum 
consumption over the next 20 years. But efficiency alone 
will not enable our transportation sector, which accounts 
for two-thirds of our oil use, to eliminate its dependence 
on oil. Dramatically improved efficiency can slow the 
growth in transportation energy demand, but after a 
while the increase in population, the number of vehicles, 
and the miles of travel will cause oil demand to resume its 
upward trend. Therefore, fuel substitution must accom-
pany fuel efficiency to achieve long-term energy security.

Conservation should be a part of our energy strategy—Dr. Chalk is dead 
right about that. But conservation buys the world only 10 years or less to find and 
deploy other sources of energy. And Dr. Chalk is right about another point: “ fuel 
substitution must accompany fuel efficiency,” but we should replace gasoline with 
biofuels and electric motors, not with hydrogen.

As a substitute for gasoline or diesel, hydrogen provides a 
long-term solution.

The word “provides” implies a great leap of faith. Hydrogen provides 
promises and potential only, but definitely not a solution. Chalk’s claim strikes 
me as a very dangerous, bet-the-farm assumption that can easily mislead every-
one, especially leaders and policymakers.

In partnership with auto and energy companies, … the 
DOE program brings together leading scientists and engi-
neers from hundreds of institutions—including univer-
sity, industry, and government laboratories—to address 
the key challenges. These technical and economic chal-
lenges are formidable but not insurmountable:

Improving hydrogen storage energy density by a 
factor of three, allowing a vehicle range of greater than 
300 miles.
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Increasing fuel-cell durability five-fold and lower-
ing cost from $200 per kW [kilowatt] (today’s projected 
high-volume cost) to less than $50 per kW [kilowatt].

Reducing hydrogen cost by a factor of four to be com-
petitive with gasoline.

DOE is also addressing hydrogen safety. Like other 
fuels, hydrogen can be used safely with appropriate engi-
neering and handling. In fact, industry produces over 9 
million tons of hydrogen annually and safely operates 
hundreds of miles of hydrogen pipelines. To ensure safe 
commercial use of hydrogen, DOE’s program includes 
underlying safety research leading to new materials and 
components and new practices and building codes.

C’mon. This is taking on the feel of a fairy tale. Hydrogen safety in the 
hands of millions of motorists is very different from industrial handling.

Unlike previous alternative fuel vehicle programs, this 
initiative includes neither quotas nor sales targets; criteria 
for the commercialization decision are market driven. If 
successful, the Hydrogen Fuel Initiative will facilitate a 
2015 decision on commercialization.

With subsequent investment in vehicle manufac-
turing and refueling infrastructure, hydrogen fuel-cell  
vehicles could enter the market in the 2020 time frame. 
Replacing the existing vehicle fleet takes time; there-
fore, significant energy and emissions benefits will occur  
after 2030. However, the DOE strategy of development- 
advanced hybrid vehicle technologies enables the coun-
try to begin the transition to hydrogen and fuel-cell  
vehicles while achieving petroleum savings and emis-
sions reduction in the near term.

Too little, too late.
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Transforming to a hydrogen-based transportation system 
is synergistic with reducing greenhouse gas emissions 
in the power sector. Because the total amount of energy 
required for the transportation sector rivals that for elec-
tricity generation, increased hydrogen demand can stim-
ulate the expansion of carbon-free renewable and nuclear 
power. The U.S. is investing more than any other coun-
try in carbon capture and sequestration technologies, 
enabling virtually carbon-free hydrogen and electricity 
from America’s abundant fossil resources such as coal…. 
Business-as-usual approaches haven’t worked, and it is 
time to get serious about our over reliance on foreign oil.

Sequestering carbon dioxide is expensive and potentially dangerous 
if large amounts of carbon dioxide were to escape from the sequestered site. 
Where should the site be? And why bother sequestering carbon dioxide when 
a better solution exists? Also, Dr. Chalk made a big leap from “investing” to 
“enabling”—kind of like confusing “is” and “may.” All too often, investing does 
not produce expected results.

Let’s see what Dr. Romm has to say.

Dr. Romm: A Critic

The time has come for action on global warming. The 
scientific consensus is strengthening that human- 
induced global warming will not be on the mild side, 
and may well be catastrophic if we do not quickly start 
cutting greenhouse gas emissions. Hydrogen cars have  
little chance of being a cost-effective strategy for reduc-
ing those emissions through 2035. They should be put 
on the back burner while we push fuel efficiency and  
hybrid vehicles now, followed quickly by hybrids that can 
be plugged into the electric grid.

British Prime Minister Tony Blair said in Septem-
ber 2004 that he believes climate change is the world’s 
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“greatest environmental challenge” and committed to 
“reduce our carbon dioxide emissions by 60% by 2050” 
to avoid catastrophic climate change. So we must move as 
fast as possible to zero-carbon sources of energy for our 
electricity and transportation fuel.

Yet even two well-known California hydrogen  
advocates, Joan Ogden and Daniel Sperling of the Uni-
versity of California [at] Davis, acknowledged in a 2004  
Issues in Science & Technology article, “Hydrogen is neither 
the easiest nor the cheapest way to gain large near- and  
medium-term air pollution, greenhouse gas, or oil reduc-
tion benefits.” So a focus on hydrogen represents a misdi-
rection of resources away from strategies that can achieve 
far larger benefits for far less money for decades to come.

When will hydrogen fuel-cell cars be practical? As 
Bill Reinert, U.S. manager of Toyota’s advanced technol-
ogies group said in January 2005, absent multiple tech-
nology breakthroughs, we won’t see high-volume sales 
until 2030 or later. Reinert was asked when fuel-cell cars 
would replace gasoline-powered cars, and he replied, “If I 
told you ‘never,’ would you be upset? ”

We need a major breakthrough in fuel-cell technology 
to bring down the cost by more than a factor of 10 while 
increasing durability and maintaining efficiency. And as 
a March 2004 report by the American Physical Society 
concluded, “A new material must be discovered” to make 
onboard hydrogen storage practical.”

Although Dr. Chalk states that the cost needs to be reduced by only a factor 
of 4, the consensus is closer to 10, as Dr. Romm states. Needing a “new mate-
rial” is just one of many daunting breakthroughs required.

Absent breakthroughs, hydrogen cars will remain infe-
rior to the best clean cars available today, gasoline-
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electric hybrids such as the Toyota Prius, in virtually 
every respect—cost, range, annual fueling bill, conve-
nience, safety—and in providing cost-effective reductions 
of greenhouse gas emissions and oil consumption.

For transportation, plug-ins and all-electric cars are the final solution—
and within reach today. Why must we have automotive fuel cells? Am I miss-
ing something? Why use electricity to make hydrogen with all its headaches, 
when we can use the electricity directly? Simplicity is a beautiful thing.

Don’t get me wrong. I favor keeping the hydrogen option 
open. I helped oversee the Energy Department’s program 
for clean energy and alternative fuels, including hydrogen, 
for much of the 1990s, during which time we increased 
funding for hydrogen ten-fold. But DOE is cutting the 
budget for efficiency and renewables—technologies that 
can reduce greenhouse gas emissions cost-effectively 
today—to fund the hydrogen program, which cannot do 
so anytime soon. This is a mistake.

Moreover, a 2004 report from the European Union’s 
Joint Research Centre found that hydrogen cars would 
likely increase greenhouse gas emissions. Hydrogen is not 
a primary fuel, like oil, for which we can drill. It’s bound 
up tightly in molecules of water or hydrocarbons such as 
natural gas. A great deal of energy must be used to unbind 
it. Making that energy causes pollution.

Delivering pollution-free hydrogen to a car is expen-
sive, likely costing the equivalent of $6.00 per gallon of 
gasoline (untaxed) or more for a long time. So we get a 
bait and switch, with politicians promising renewable 
hydrogen but then subsidizing polluting hydrogen filling 
stations. More than 95 percent of U.S. hydrogen is made 
from fossil fuels and, as a prestigious National Academy 
of Sciences (NAS) panel concluded in 2004, “It is highly 
likely that fossil fuels will be the principal sources of 
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hydrogen for several decades.”

Furthermore, using renewables to make hydrogen 
is simply bad policy, even if prices drop sharply. Renew-
able electricity can achieve far greater pollution reduction 
by directly displacing coal—or even natural gas—in the 
power sector. And those savings can be achieved without 
a massive investment in the hydrogen infrastructure.

So we are several decades from a time when serious 
investments in hydrogen cars or infrastructure make sense 
environmentally. While we wait, we must push fuel effi-
ciency and advanced hybrid vehicles to address the urgent 
problems of global warming and oil imports. We should 
promote ethanol from sources other than corn as a gaso-
line blend and begin deploying hybrids that can be plugged 
into the grid and can run four times as far on a kilowatt-
hour of renewable electricity as fuel-cell vehicles.

Hybrids now; hydrogen much, much later.

Dr. Chalk rebuts, and Dr. Romm responds in turn, but the fun-
damental arguments don’t change. The dream of hydrogen and the 
hydrogen economy will remain just that—a dream.

I don’t envision a hydrogen economy in the next 50 years, or even 
in this century, no matter how much money is thrown at the prob-
lems. Besides, why put all that money into such an elusive technology 
when we already have a better, more immediate solution, a solution that is 
more compatible with traditional energy distribution?

AUTO INDUSTRY

Has anyone in the automotive industry presented the case for hydro-
gen cars? Has any source detailed how much energy would be saved 
and what reductions in emissions could occur if the hydrogen economy 
became a reality? Car and Driver did in its October 2006 issue. Patrick 
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Bedard presents the case. Bedard references an expert, Dr. Donald 
Anthrop, Ph.D., who did the necessary calculations. Anthrop is pro-
fessor emeritus of environmental studies at San Jose State University. 
Here are some excerpts. I paraphrase.

q The overall efficiency from hydrogen production to useful 
energy to propel the car, including either compressing the 
gas or liquefying it, is only 12 percent. Therefore, hydrogen 
production for transportation use consumes roughly twice 
as much energy as the use of gasoline.

q If the electricity to produce the hydrogen came from the 
current mix of electricity-producing energy sources—coal, 
natural gas, nuclear, hydro, wind, and solar—then the 
carbon emissions would double compared to the use of 
gasoline.

q Hydrogen can also be produced by steam reforming 
natural gas. This process is only 30 percent efficient. 
Consequently, burning the natural gas directly makes 
more sense from the perspective of energy consumption 
and emissions.

Mr. Bedard concludes the article with the following:

Presumably BMW knows all of this, yet it has been 
thumping the tub for hydrogen since the 1970s. Along 
with hundreds of other attendees, I attended BMW’s 
hydrogen hootenanny at Paramount Pictures in 2001. 
Mostly, it amounted to a day of preening before Califor-
nia’s greenies…I summed up the science of this column, 
in writing, and passed it up through BMW’s official chan-
nels, along with the obvious questions: Where will the nec-
essary quads and quads of energy come from for hydrogen 
cars? [Note: a quad is 293 billion kilowatt hours.] That 
was nearly two years ago. BMW has not answered.

No answer, of course, is the answer.
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BOTTOM  LINE

q Hydrogen has often been called “the fuel of the future,” 
and it probably will always remain so.

q We cannot count on the so-called hydrogen economy to 
help us anytime soon—period. Let’s not let the possibility 
of a hydrogen economy distract us from solving the world’s 
daunting energy challenges with proposals founded in real 
possibilities.
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Chapter 14

TRANsPoRTATioN

Cars and trucks are not merely transportation vehicles. They are sym-
bols of who we are as individuals and as a society. Some vehicles putter 
along with practicality and convenience. Others roar with speed and 
flash. Our vehicles reflect some of our values, including some values 
that are misplaced. Although many people die in their autos, fossil-
fueled vehicles may be the death of us all. On the other hand, new 
technologies may lead us to a clean transportation future. Let’s see.

The current transportation system has lots of problems. The con-
venience and necessity of travel by car has given us heavy-duty pol-
lution, urban sprawl, smog, and even 
road rage. Complaining about traffic 
is a national pastime … and for good 
reason. Americans take 411 billion 
trips and drive about 4 trillion miles 
annually. The average length of a trip is 
10 miles. Traffic congestion is getting 
worse in the United States and throughout the world. Traffic delays 
in the United States cost $65 billion a year according to the Texas 

Americans take 411 billion trips 

and drive about 4 trillion miles 

annually. The average length of 

a trip is 10 miles.
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Transportation Institute, and this cost is rising. In the United States 
the annual delay per driver is almost 50 hours per year. If the pollution 
doesn’t affect your health, the stress might.

Traffic jams waste more than 2.3 billion gallons of fuel every year. 
This wasted fuel puts 20 million tons of CO2 and other pollutants into 
the air.  At that rate you can see how we throw stupendous amounts of 
CO2 and other foul stuff into the atmosphere even when idling.

We can be more precise. In the United States there are approxi-
mately 8 cars for every 10 people. That calculates to approximately 
250 million cars consuming approximately 5 billion barrels of oil per 

year. That’s 1.5 billion tons of CO2 
per year. And that’s just cars and 
light trucks in the United States. 
Forget other countries, large 
trucks, buses, planes, trains, ships, 
bulldozers, golf carts, riding mow-
ers, snowmobiles, and so on. The 
CO2 has no place to go except into 
the air we breathe and into the 

world’s oceans—damaging plant, animal, human, and aquatic life.
To make matters worse, the global market for new cars and small 

trucks is growing rapidly. According to Economist magazine (February 
24, 2007), more vehicles will be produced in the next 20 years than 
during the whole of the twentieth century. Some 180 new factories, 
each producing 300,000 vehicles, are set to double global annual pro-
duction to 110 million units a year—a terrifying thought. Most cars 
will be basic and designed to sell for $3000 to $13,000. Some will be 
more motorcycle than car. If the internal combustion engine remains 
the main power plant, then world oil reserves will not be able to sustain 
this market—period. See Depletion Chart (Figure 1.1).

As demand for gasoline rises and supplies dry up, gasoline prices 
will skyrocket. Expect prices in the range of $5–10 per gallon in the 
relatively near future. We will also see gasoline rationing. It is inevi-
table. The sooner the better. Again see the Depletion Chart, which 

Each vehicle creeping and 

crawling to its destination spews 

17 pounds of CO2 and a quantity 

of other pollutants into the 

atmosphere for every single gallon 

of gasoline burned.
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shows fossil fuels falling to zero, but we all know huge problems with 
supply and cost will emerge well before then.

Before turning to transportation options for the future, let’s look 
to the past for lessons learned and to the present for details of current 
transportation problems.

CHALLENGES

Can we learn anything from the past about our present challenges? 
Few people recognized any pressing transportation problems 100 
years ago. After all, horses and horse-drawn vehicles had been the pri-
mary forms of overland travel for many centuries. What horses could 
not do, railroads and steamboats could. As the human population 
grew, the need for horses grew. The more horses, the more horse “pol-
lution.” In the early 1900s, even small cities were burdened with—or 
buried under—horse manure. In Chicago, where over 10,000 dead 
horses had to be hauled away every year, tens of thousands of pounds 
of horse manure piled up every day. Imagine the manure dust, the 
stench, the flies, the pathogens, and the illness. The main form of 
transportation created enormous environmental and health problems. 
To the rescue came the automobile. Gasoline at the time was less than 
20¢ per gallon in today’s dollars—a tremendous bargain compared 
with the cost of the feed, tack, and stables required to maintain the 
horse-centered transportation system, and it was cleaner.

The world again faces a huge 
problem with too much of a good 
thing. The cost of car fuel (feed) rose 
almost 40 percent in 2007, with no 
relief in sight. Now add the climbing 
environmental costs that humanity 
cannot afford. Yet, it is difficult to change the driving habits of Amer-
ica and the world. People “love” their cars as they love their pets and 
used to love their horses. To change driving habits and transportation 

In 2007 sales of SUVs rose over 

20 percent and sales of gas 

guzzlers rose 15 percent.
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preferences is often not about making rational choices. Rationality 
and reason often do not apply when people think about cars. Is love 
rational? For example, in 2007 the sales of sport-utility vehicles rose 
over 20 percent. U.S. sales of huge, luxury gas guzzlers are up 15 
percent. Sales will remain strong, so exhaust pollution will continue 
to foul our skies and darken our prospects. This is difficult to under-
stand with all the rhetoric about global warming and pollutants. One 
wonders if people are listening, are desensitized, or just don’t care. 
Instead of stopping the march to the disastrous end some predict, we 
in the United States continue our wasteful, consumptive ways—that’s 
not rational.

What is rational is to end government efforts to keep the price of 
fuels artificially low. I don’t believe America’s car-centered culture and 
its ho-hum attitude will see much change until drivers are staggered 
by the price of fuel. No pain, no gain? But then it will be too late. Can 
you imagine $200 or $300 per tank full? It is coming.

What do people pay elsewhere? In November 2007 gas sold for 
$7.76 per gallon in Norway, $7.00 in Germany, and $6.50 in France. 

That’s why you see so many smaller and fun-
to-drive cars in Europe. Europeans don’t 
like our gas-guzzling habits. On a per capita 
basis, they use half the fuel we use. Europe 
has much better public transportation and 
higher population densities, which partially 
explains their need for less automotive fuel.

Reserves and Consumption

Let’s start with a few facts. I note these facts elsewhere, but they 
bear repeating. In 1800, decades before the beginning of the Oil and 
Gasoline Era—whether it started in West Virginia in the 1820s or at 
the Drake well in Pennsylvania in 1859—the world was blessed with 
approximately 2 trillion barrels of conventional oil that took Mother 
Nature many hundreds of millions of years to produce. We’ve used up 
about half.

More vehicles will be 

produced in the next 20 

years than during the 

whole of the twentieth 

century.
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Let’s imagine the world could produce another trillion barrels or 
more from unconventional sources such as the oil from the oil sands in 
Canada, heavy oils in Venezuela, or the oil shale in the United States. 
However, these sources will require a great deal of energy to extract. 
Reserve estimates of these vast unconventional sources vary greatly. 
Much is there, but the oil actually recoverable with present technology 
stands at approximately 315 billion barrels from oil sands, 35 billion 
barrels from heavy oils, and 580 billion barrels from oil shale. The cost 
to produce oil from these unconventional sources is $25–40 per barrel. 
While I cannot quantify the environmental damage of the techniques 
for extracting and processing these unconventional sources, the dam-
age is reported to be very significant—but repairable.

Even if we extract and consume these unconventional resources, 
how long will they last? Let’s look at some details and make a few rea-
sonable assumptions.

Baseline assumptions about population and oil use 

1.  The United States—about 5 percent of the global 
population—consumes approximately 7.5 billion barrels 
per year. The remaining 95 percent of the world uses 
approximately 22.5 billion barrels per year, making total 
global oil consumption about 30 billion barrels per year.

2.  Predicted population growth rates are all over the map (see 
Chapter Three on population). The consensus holds that 
the world’s population is growing at approximately 1.25 
percent per year. The U.S. population grew 1.24 percent 
from 1996 (265 million) to 2005 (296 million). Let’s use 
1.25 percent for global population growth and 1 percent 
for U.S. population growth.

3.  Assume consumption of oil grows mainly in proportion 
to population growth with some additional consumption 
from economic growth in China and India.
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Combining current rates of population growth with current rates 
of oil use, we’ll run out of oil in 28 years. What if we double our total 
oil? At current consumption rates, if we double our total oil with 1.1 
trillion barrels from unconventional sources, then the oil would last 74 
years. That’s just to 2082. Yet again, we’ll actually run out much sooner, 
because if we combine population growth, some economic growth, and 
current consumption rates, then total oil reserves will last less than 60 
years. That gets us to 2068.

The bottom line is inescapable: We don’t have much time. The oil 
is running out. And look, China is just beginning its love affair with 
the car.

Step on the Gas Pedal and Hand Me a Gas Mask

This is what Economist (June 4, 2005) had to say about the grow-
ing auto culture in China. Below are some excerpts from under the 
heading “China is not yet an auto-culture in the mould of the United 
States. But it may only be a matter of time.”

“China has begun to enter the age of mass car consump-
tion. This is a great and historic advance.” So proclaimed 
the state-run news agency, Zinhau, last year. Environ-
mentalists may feel a twinge of fear at this burgeoning 
romance with motoring. But a rapid social and economic 
transformation is under way in urban China, and the car 
is steering it.

China’s rapidly growing dependence on imported 
oil—one-third of it now for car use—is causing deep 
anxieties about the country’s energy security. Petrol con-
sumption will no doubt be curbed by taxes, better tech-
nologies or the use of alternative fuels.

China has fallen in love with cars; and despite gov-
ernment efforts to cool the passion down, it burns as hot 
(and as noxiously) as ever.
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Has anybody asked where the needed oil and gasoline will come 
from? China and India are lucky—they can go directly to plug-in 
hybrids and all-electric vehicles. Will they? If they do, they may cause 
all automobile manufacturers to enter into the new age of motoring, 
and that would be a virtue.

Is the world doomed to inhale exhaust fumes until the engines quiet 
and the lights fade? No. We are not doomed, but we need to take our 
heads out of the proverbial sand. Each time someone slips behind the 
wheel, we all slide a bit further behind the 8-ball. The world needs to 
act fast, to move rapidly to hybrid plug-ins and all-electric vehicles. We 
may already be too late to avoid an economic meltdown. Also, unless we 
act fast we may lose the economic and political ability to take the neces-
sary steps to deploy the available solutions. However, to act quickly we 
need the world’s leaders to understand the stakes and to act decisively. 
Just talking about “change” doesn’t change anything.

For the moment let me draw your attention to the cars you drive, 
the firms that produce the vehicles, and the politicians who deceive you 
about their performance. Prepare to get steaming mad.

EVEN POLITICAL FAVORS CANNOT CURE 
INCOMPETENCE

General Motors was the greatest American company of my youth. 
Ford was one of the greatest companies in U.S. history. A prominent 
saying was “As GM goes, so goes the country.” Ford used to adver-
tise that “Quality is Job 1.” Still true? Today, GM is an automotive 
and corporate also-ran. Ford operates in the fading glow of its for-
mer glory. For decades, U.S. automakers simply have not been build-
ing world-class cars. Many observers think GM or Ford is headed for 
bankruptcy.

Futility and Incompetence: GM, Ford, and Chrysler

GM loses money like a leaky bucket loses water. Ford hasn’t pro-
duced a quality, world-class product in decades. U.S. designs haven’t 
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turned any heads for years. Where are the top-flight engineers, 
designers, and the stylists? American cars often look like they were 
designed by tired and bored executives, styled by accountants, and 
built by distracted workers. U.S. cars are no longer deft and won-
derfully engineered triumphs. Instead, they are daft and woefully 
embarrassing trifles. Rarely does a GM product make it onto a Top 
Ten list for overall quality, but many are permanent fixtures in the 
Bottom Ten. The executives and professional staff at GM, Ford, and 
Chrysler should be required to read Consumer Reports and Car and 
Driver. Their customers do.

Perhaps GM and Ford officials were too busy building poorly 
designed and poorly performing vehicles to notice the big changes 
in energy, environment, and public dissatisfaction. In the face of our 
energy problems and soldiers fighting in oil-soaked lands, GM gave 
us the monster Humvee, apparently taking styling tips from the U.S. 
military. Toyota, Honda, and others gave us high-efficiency hybrids. 
There are no plug-in hybrids yet, but they are coming. The formerly 
great companies of GM, Ford, and Chrysler—with thousands of 
engineers, handsomely paid executives, and what are supposed to be 
top-notch Boards of Directors—are not responding to the country’s 
energy woes or transportation tastes, and the companies seem not to 
know what to do about these troubles. If they would just look around, 
they would see an incredible opportunity and a possible rebirth. For-
tunately, at last I see some positive stirrings at the so-called Big Three 
auto companies—GM, Ford, and Chrysler.

In my opinion, due to gross ineptitude GM has become one of 
the greatest immobilized forces on earth. The Chevy name is now 
synonymous with high maintenance and poor performance. GM 
vehicles—along with many Ford and Chrysler products—consis-
tently come out at or near the bottom in competitive comparison 
tests (see Figure 14.1).
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Figure 14.1. Automobiles and Light Trucks Recommended by  
Consumer Reports in April 2007

Company Number of 
Vehicles Reviewed

Number 
Recommended

Percent 
Recommended

Honda 15 14 93

Toyota 27 20 74

Ford 22 8 36

GM 44 13 30

Chrysler 22 4 15

Mercedes Benz 11 0 0

In the meantime poorly run U.S. automakers are getting their 
technological, performance, and production butts severely kicked by 
foreign competitors.

This mounting futility, incompetence, and inefficiency will be 
difficult to overcome for the Big Three, even though current models 
look better, are more reliable, and are more efficient than models in 
the recent past. These legacies will be especially difficult to overcome 
because U.S. automakers are no longer in the habit of innovating and 
improving. In fairness, I like the look of Chevy’s new hybrid Malibu. 
I rented one on a recent trip, and I must admit I loved it. It looks 
world-class in every respect. Only time will tell if its performance 
matches its looks.

GM lost market share because its 
executives didn’t think the company 
would have to improve to survive. Instead, 
Big Three officials travel to Washington, 
D.C., to lobby for special treatment, favor-
able laws, and protection. Big Three executives were confident that 
Washington officials would protect them and their honored place in 
American history, industry, and economy, just as Washington offi-
cials had done for them in the past and just as they did to protect 
Chrysler from bankruptcy in the late-1970s and early-1980s. Even 
when they buy special favors in Washington, D.C., the Big Three U.S. 

U.S. automakers are no 

longer in the habit of 

innovating and improving.
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automakers simply cannot compete successfully with other car manu-
facturers. People just don’t trust GM, Ford, and Chrysler anymore, 
and they don’t have to. They just buy Toyotas and Hondas, the world 
standard for efficient, world-class vehicles. Toyota’s Lexus, Honda’s 
Acura, and Nissan’s Infinity further improve the package by adding 
terrific service and customer care to the mix.

A Ford Man Defects to Toyota

Toyota, the undisputed leader in the worldwide car industry, has 
nearly displaced GM as the Number One builder of cars in the world. 
How? A former Ford executive, Jim Press, tells the story. Press, who 
was in charge of Toyota’s sales in North America, left Ford in frustra-

tion 40 years ago because he did not 
think Ford handled customer rela-
tions properly. The Economist (Janu-
ary 29, 2005) quotes Mr. Press, “The 
Toyota culture is inside all of us. Toy-
ota is a customer’s company.” He says, 

“Mrs. Jones is our customer; she is my boss. Everything is done to 
make Mrs. Jones’ life better. We all work for Mrs. Jones.” Even this 
simple concept has eluded U.S. automakers. Mr. Press has recently 
left Toyota to try to bring Toyota’s magic to Chrysler.

Advice for U.S. Automakers: Innovate or Wave Goodbye

GM, Ford, and Chrysler have similar problems, opportunities, 
and challenges. Each is in dire straits, but each is also lucky because 
profound changes in the auto industry and in society give each com-
pany new unprecedented opportunities, if—if—the companies adapt 
thoughtfully and quickly. Change brings opportunity.

Quit wringing your corporate hands and expending energy on 
bureaucratic trivia. Get back to basics. Your battlefield is lined with 
engineering, design, and production trenches. Your warriors are engi-
neers, designers, stylists, and factory workers. Mobilize your vast 
engineering assets to become world-class developers, designers, and 

People just don’t trust GM, Ford, 

and Chrysler anymore, and 

they don’t have to.
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builders of plug-in hybrids and all-electric cars. Challenge your man-
agers, designers, engineers, and factory workers to build the most 
effective imaginable versions of these automobiles. Stop lamenting the 
past, trim your staffs, bring management and labor together to work 
toward common goals, and begin building the cars of the future. An 
exciting future awaits if you find the courage to grab and shape it. In 
short, return pride to your company and employees.

Let’s take a lesson from Chrysler’s example of an old maxim: 
Necessity is the mother of invention. In the late-1970s and early-1980s 
the Chrysler Corporation teetered on the brink of bankruptcy. Con-
gress agreed to back large loans to Chrysler, and the company had a 
new lease on life. The company had to turn around quickly, so it had 
incentive to try new ideas. Hal Sperlich, a young executive with the 
firm, and a small group of designers and engineers broke all the rules 
and came up with a company savior—the minivan. It was an incred-
ibly successful and timely idea. What will be the Big Three’s new 
“minivan,” their breakthrough product, their legacy? Without great 
products, all other corporate activities will ultimately fail.

Gimmicks won’t work. The public and commentators view the 
long warranties that GM and Ford recently offered as a desperate move 
previously reserved only for new entrants into the U.S. auto market. 
Think Hyundai and Suzuki. These long warranties are just another 
short-term fix that creates future liabilities.

Complaining won’t work either. Automakers should stop going 
to Washington to whine and beg legislators not to mandate fuel-effi-
ciency increases. Where is your once-honored leadership? As people 
say, “lead, follow, or get out of the way.” Those people forget to men-
tion that if you don’t, you may get run over by the competition.

I’m Too Slow to Get Out of the Way,  
So I’ll Follow as Well as I Can

A GM executive, Chris Preuss, described GM’s plans for plug-
in hybrid vehicles as watching and waiting for “viable battery break-
throughs.” Greg Gordon, in the Minneapolis Star Tribune, quotes 
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Preuss: “Right now we’re not seeing a specific approach that would 
meet most of the expectations of consumers,” he said, but if such tech-
nology becomes available, “there would be a fierce race to get that tech-
nology first.” Does this statement sound like the plans of a leading, 
forward-looking company? Or the wishful-thinking of a follower hop-
ing to get lucky? Waiting for someone else to create your good luck is 
not a sound plan. Why don’t GM, Ford, or Chrysler develop or create 
their own future by creating the technologies they need? They sound 
resigned to wherever business as usual takes them. I can’t imagine such 
a comment coming from what was once the world’s top car company.

THE PAST

Fuel Efficiency

Americans, you are the victims of corporations that pay off politicians 
in order to secure favorable treatment to the detriment of the U.S. 
public. One of the most dishonest and dishonorable programs aris-
ing from such deals is called the Corporate Average Fuel Economy 
measurement. People call the program CAFE. We’ll call it what it is: 
political acquiescence to a powerful special interest group.

What Is CAFE?

Corporate Average Fuel Economy (CAFE) is the sales-weighted 
average fuel economy, expressed in miles per gallon (mpg), for any given 
model year of a manufacturer’s fleet of passenger cars or light trucks. 
The Environmental Protection Agency (EPA) defines fuel economy 
as the average mileage traveled by an automobile per gallon of gaso-
line consumed (or the consumption of an equivalent amount of other 
fuel), as measured in accordance with the EPA’s testing and evaluation 
protocol.

That sounds pretty wordy and technical, however the idea is pretty 
clear. What’s the point of passing legislation to encourage car man-
ufacturers to produce efficient vehicles and to make the efficiencies 
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known to the public if the testing and reporting of the efficiencies is 
inaccurate and misleading?

In the midst of the oil crisis of the 1970s, Congress set manda-
tory fuel-economy standards for passenger vehicles in future years. 
The goal was to double 1974’s passenger-car-fuel-economy average by 
1985—that is, to raise the average fleet fuel consumption to 27.5 mpg. 
Congress set fuel economy standards for the intervening years:

18 mpg for model year 1978
19 mpg for model year 1979
20 mpg for model year 1980
27.5 mpg for model year 1985 and thereafter

Consumers Union, an organization that takes no money from 
manufacturers or anybody else, including advertisers, ran an exposé 
on this unholy alliance of car manufacturers and the EPA in the 
October 2005 issue of Consumer Reports, its consumer-advocacy and 
product-testing magazine. Consumer Reports declares that the EPA 
tests misrepresent the miles per gallon for cars and trucks 90 percent 
of the time and always in favor of the car manufacturers. Ninety per-
cent of the time. The magazine is not the only one calling for more hon-
est testing. Other articles in leading auto magazines also complain 
about the same thing.

Mr. Csaba Csere, a well-known car commentator, in the Decem-
ber 2005 issue of Car and Driver wrote,

General Motors touts it has 19 cars that get more than 30 
mpg. Toyota makes similar ad claims.

And their claims are true, at least according to the 
EPA’s highway fuel economy test. But there’s not a snow-
ball’s chance that any of these vehicles will match their 
EPA-certified mpg when you drive them on a U.S. high-
way. In fact based on the fuel economy we get from Car and 
Driver test cars, most vehicles barely matched their EPA city 
fuel economy numbers while being driven on the highway.

Shuster_BOOK_2nd.indb   283 7/15/08   9:52:41 PM



a  n e w  d a w n

284

CAFE Penalties and More Confusion

Why is the U.S. government so unscrupulous with the mileage 
numbers and so cavalier with the American people? Consumer Reports 
speculates that U.S. government officials have “paid special favors to 
their big political campaign contributors.”

The result? The U.S. government and special interest groups cost 
American drivers about 75¢ more for every gallon of gas they buy. 
(See Figure 14.2.) This cost burden gets worse as gasoline prices rise. 
Today, the price of gasoline hovers near $4.00 per gallon.

Figure 14.2. Inaccurate MPG Claims for City Driving

Vehicle Type make and model

City mpg

ePA
mpg

Consumer 
Reports mpg

ePA error 
(percent)

small suV Jeep liberty Diesel ltd. 4WD 22 11 50

Hybrid Honda Civic sedan 48 26 46

large sedan Chrysler 300 C 17 10 41

Midsized suV Chevrolet TrailBlazer eXT lT 4WD 15 9 40

Minivan Honda odyssey eX 20 12 40

luxury sedan BMW 7 series 745li 18 11 39

Pickup Dodge Ram 1500 slT crew cab 4WD 13 8 38

Family sedan oldsmobile Alero Gl 21 13 38

large suV Dodge Durango limited 4WD 13 8 38

small sedan Ford Focus ZX4 ses 26 17 35

Source: Consumer Reports, October 2005.

How you’re shortchanged

Inaccurate mileage figures can cause real pain in the pocketbook 
over the 5 years you’re likely to own the vehicle. The extra fuel cost 
depends on the actual versus tested efficiency and how much of your 
driving is in the city. Moreover it varies from model to model: At least 
$3200 more for a BMW 7-series, an extra $3700 for a Chrysler 300C, 
and $3000 more for a Honda Odyssey EX. That assumes driving 
12,000 miles per year, gas at $3 per gallon, and half of the annual 
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driving done in the city. Even worse is the fuel we are wasting and the 
added pollution we put into the atmosphere—not to mention the bal-
ance of payments problems and U.S. troops in Iraq. This is a big deal. A 
very big deal.

Who benefits and who doesn’t?

The winners:
q Automakers, which avoid 

paying costly penalties.

q Government, which claims 
to do its jobs while keeping automakers and Big Oil happy.

q Oil companies, which sell a lot more product.

The losers:
q Consumers, who don’t get what they pay for.

q Health, which is assaulted and compromised by pollution.

q The Environment, which is fouled and poisoned by 
pollution.

q The Economy, which takes a double hit—the balance of 
payments and the value of the dollar.

By now you should be disgusted. Our government officials, in col-
lusion with their automobile buddies, are totally frustrating the spirit of 
the law aimed at cutting gasoline consumption and lowering emissions.

And why did the average vehicle in model year 2006 weigh 500 
pounds more than the average vehicle weighed in 1996? We are headed 
in the wrong direction just when world oil reserves are scarce and auto-
created pollution is such a problem. Either automakers don’t think 
global warming is a problem, or they don’t care, or ignoring the prob-
lems is more profitable.

The automobile industry makes a lot of money on the hulking, 
behemoth vehicles they sell, and it repeatedly tells the public the mon-
sters are safer. While larger vehicles fare better in a collision with 
smaller vehicles, more and more data show that monster-mobiles may 

The EPA tests misrepresent the 

miles per gallon for cars and trucks 

90 percent of the time and always 

in favor of the car manufacturers.
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not be safer at all. Why not? Because they have a strong tendency to 
roll over—the bigger they come, the harder they fall. In fact, according 
to a study from the Journal of Pediatrics, SUV’s are 4 times more likely 
to roll over than a car. Also, the size and weight make them poor at 
avoiding accidents. If everybody drove smaller and lighter vehicles, this 
problem wouldn’t exist.

No Silver Bullet or Magic Remedy

If all vehicles today were as efficient as the EPA-specified CAFE 
number, then the nation would save approximately 40 billion gallons 
of gasoline per year—every year. Compare this potential savings of 40 
billion gallons of gasoline per year to the promise advertised by British 
Petroleum to save 25 million gallons of oil—a drop in the ocean—
by the year 2015 through various innovations and efficiencies. Now 
there’s a fossil-foolish promise. Also, if all vehicles today were as effi-
cient as the EPA-specified CAFE number, there would be 350 million 
fewer tons of CO2 spewed into the atmosphere every year. It takes 
about 9 billion trees to use up that amount of CO2 through photo-
synthesis. (Note: In December 2007, the U.S. Congress revised the 
CAFE standards. Full compliance is not necessary until 2020.)

THE PRESENT

The competitive battles of the present and the future will be won by 
the companies that bring products to market that are most respon-
sive to the world’s energy realities. The winning vehicles will be plug-

in hybrids and all-electric cars in the 
most attractive packages. Unsurpris-
ingly, Toyota and Honda lead the 
march toward innovative development 
of hybrid vehicles. Small, forward-
thinking companies are also introduc-
ing important innovations. All-electric 

Either automakers don’t think 

global warming is a problem, or 

they don’t care, or ignoring the 

problems is more profitable.
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cars are the ultimate goal, because the fuel costs for operating all-elec-
tric cars would be 6–10 times less than the costs for operating internal 
combustion engines, assuming a comparable “fuel” tax. Such vehicles 
will make a tremendous contribution to society and our environment. 
Most importantly, they will play a large role in our march to energy 
independence. By eliminating internal combustion engines, we can 
kiss oil shortages and their attendant pollution goodbye.

Of course, there are issues with hybrids, hybrid plug-ins, and all-
electric cars, but they are already very functional, and all of the issues 
will be resolved with time. Toyota’s Prius, for example, is far from per-
fect, but it is headed in the right direction and will improve. Cost is 
one issue. The sticker price for a hybrid is more than for a small, gaso-
line-powered car. However, operating costs for a hybrid, for example, 
should reclaim all or part of their initial cost disadvantage. Progress is 
already being made on alleged problems with the materials used to 
make batteries and extend battery life. Cold-weather driving is another 
limitation that affects some batteries more than others, and here again 
progress is being made. My Prius loses about 10 percent of its effi-
ciency in our Minnesota winters. The makers of Phoenix and Tesla 
all-electric cars report that their vehicles have integrated heating sys-
tems. Such heating permits these vehicles to operate down to minus 
40 degrees Fahrenheit without sacrificing much performance, accord-
ing to Bob Goebel of Altairnano, battery supplier to Phoenix.

Patrick Bedard in Car and Driver confirms that GM is nowhere 
near the cutting edge of regular 
hybrids. Here are excerpts from 
the article:

After its first cautious step 
toward hybrids in 2004 
with full-size pickups, GM 
now takes a second [step]. 
The game plan for the Sat-
urn Vue Green Line is less 

All-electric cars are the ultimate 

goal, because the fuel costs for 

operating all-electric cars would 

be 6-10 times less than the costs 
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hybrid for less money. You get three shiny ‘HYBRID’ 
badges and a weak engineering effort for $22,995.

EPA mileage improves to 27 mpg in the city and 32 
on the highway, from 22 and 27 for the 2.2-liter nonhy-
brid Vue…

Cheap and joyless, there’s not even a mileage com-
puter for keeping score of your adventures in thrift. Then 
again, there’s little thrift here to bother with.

But perhaps Car and Driver exaggerates. A study released on 
June 29, 2006, reveals humbling conclusions for U.S. automakers, as 
reported by the Bloomberg financial news agency. “Toyota and Honda 
have done the best job building energy-efficient vehicles, while General 
Motors has done the worst.” What do consumers think? “Seventy-
seven percent of [American] consumers believe that either Toyota 
or Honda lead in developing vehicles such as hybrid gasoline-electric 
vehicles. GM is viewed as having the poorest record in developing 
alternative-fuel vehicles.” How will GM counter this lousy public per-
ception? “To compete with hybrids sold by Toyota and Honda, GM 
plans to introduce an SUV with an engine that runs on gasoline and 
electric power in the 2007 model year.” Guess what? That vehicle was 
the Saturn Vue, described immediately above by Car and Driver. Per-
haps Senator Pete Domenici, a Republican from New Mexico and a 
former Chairman of the Senate Appropriations Committee, had good 
reason for declaring, “Gee, those Neanderthals in Detroit just don’t 
get it. We’ve got to save them from themselves.”

So, the nagging concern about whether the world can find an 
alternative to the polluting internal combustion engine is resolved. 
New battery technology is the final enabler that makes hybrid plug-
ins and all-electric cars a viable alternative to the internal combus-
tion engine. GM, Ford, and Chrysler should get into high gear and 
mobilize their vast resources to develop world-class versions of such 
vehicles. There are reports that their new products are getting much 
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better. We wish them good luck. Perhaps they will re-establish their 
automotive leadership.

So far we have discussed the past and the present: EPA promises 
to become more realistic. Higher, much higher standards are needed 
until we finally retire the internal combustion engine. In the meantime 
auto mileage stickers will be more accurate as of January 1, 2008. Very 
good news for the consumer.

I personally believe all automakers, including GM, Ford, and 
Chrysler, will be introducing wonderful new products in the near 
future. Why? Because they must—their future depends on it.

FUTURE TRANSPORTATION

Cars of the future must be cost efficient, fuel efficient, and carbon effi-
cient. We can drive hybrids now, but in the future we must drive hybrid 
plug-ins and all-electric cars. Since hybrid plug-ins and all-electric cars 
are so efficient, much less fuel will be needed to generate the electricity 
needed to charge the cars’ batteries than we use now by the U.S. trans-
portation fleet burning gasoline. In effect, the use of hybrid plug-ins or 
electric cars would be the same as taking 60–90 percent of the cars off 
the roads of the United States and the world. In the United States this 
is equivalent to saving the potential oil in the Arctic National Wildlife 
Refuge every year.

All-electric cars would reduce CO2 emissions by 900 million tons 
a year. We eliminate a large, significant chunk of CO2 emissions just 
by switching to a new propulsion system for the nation’s cars. In cit-
ies, hybrid plug-ins could reduce auto emissions to near zero, since 
most car trips are short and wouldn’t require the car to use the inter-
nal-combustion back-up engine. The production of efficient, reliable 
hybrid plug-ins is now possible with the present state of technology. 
However, work needs to be done to further improve the energy density 
and charging systems of batteries.
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Electric Cars

The internal combustion engine is dead. Make no mistake about 
it. The internal combustion engine will be a relic, an antique, a quaint 
reminder of the past. It will go the way of the horse and buggy, the 
Stanley Steamer, and the tube tire. We are witnessing the “extinction” 
of a mechanical marvel, but many simply refuse to acknowledge its 

inevitable passing. I’ve loved it all my 
life, and many will lament its passing, 
but my grandchildren’s children will 
remember it as a complicated mechan-
ical contraption. It is dead because it 
no longer makes sense. Even its most 
efficient configurations are still dirty 

gas hogs. Small and smaller internal combustion engines will enjoy an 
extended life in hybrids and hybrid plug-ins, but they too will disap-
pear as light, all-electric cars will take over the market. Of course, the 
electricity used must be produced from renewable sources, and not 
from fossil fuels.

A quick history of electric cars

The earliest cars were Battery-Electric Vehicles (BEVs). Built as 
early as the 1830s, they flourished for a while. Early in the twentieth 
century, BEVs out-sold gasoline-powered vehicles. However, after the 
invention of the radiator to keep an internal combustion engine cool 
and the introduction of an electric starter to replace hand cranking, 
the electric car could no longer compete. By the late 1930s, the electric 
car completely disappeared.

The invention of the transistor in 1947 brought new life to electric 
vehicles (EVs), but this new life was short. In 1961 production of EVs 
again stopped. This vintage of electric cars could reach speeds of more 
than 60 miles per hour and travel for an hour on a single charge, but 
they were too expensive to build.

Despite their “extinction,” BEVs were always inherently far more 
efficient than the internal combustion engine (ICE). For example, a 

We eliminate a large, significant 

chunk of CO2 emissions just by 

switching to a new propulsion 

system for the nation’s cars. 
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gasoline-powered ICE is approximately 20–25 percent efficient, and 
a diesel engine is approximately 30–40 percent efficient; however, an 
alternating-current induction electric motor is over 90 percent effi-
cient. BEVs also outperform ICEs. The peak torque curve of BEVs 
starts close to zero revolutions per minute (rpm) and stays almost flat 
over the entire rpm range. Such performance is simply not available 
with even the most sophisticated ICEs. Further, BEVs produce nei-
ther CO2 nor noxious emissions. When charged by electricity gen-
erated from nuclear or other renewable energy sources, BEVs create 
virtually no pollution.

The killer flaw in early BEVs was the battery. They cost a lot, pro-
vided very limited driving range, and took a long time to charge. All 
of these shortcomings are now disappearing. Many are adequate now. 
As of July 2006, between 60,000 and 75,000 battery-powered vehicles 
were in use in the United States.

The past is the future

Electric motors have been around a long time and are mechanically 
simple, inherently reliable, and extremely efficient—far more efficient 
than ICEs. The replacements for ICEs will be all-electric cars and 
hybrids with household plug-in capability to charge the batteries that 
go 250 or more miles between charges. We know how to build these 
vehicles, and some are now for sale on a limited basis. These develop-
ments must accelerate.

A gallon of gasoline used to generate electricity for an electric vehi-
cle takes you at least 2 times farther than the same gallon of gasoline 
takes you in a car with an internal combustion engine. The electricity 
costs a few pennies per mile, yet gasoline costs approximately 12¢ per 
mile in the average car, both before taxes. Why bother arguing about 
whether global warming is severe or why it is happening? Why argue 
over fossil fuel’s merits and problems? We can reduce transportation 
emissions now and ignore the arguments.
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The near future

The Discovery Channel broadcast an amazing program called 
Future Car. Because computational capabilities of computers double 
about every 2 years, automotive computers will soon be able to control 
… well … everything. Sensors will essentially eliminate accidents. Sen-
sors will manage traffic and minimize congestion by spacing moving 
vehicles only inches apart. In fact, computers will operate cars better 
than humans could. Sounds great. Oh, but we must sustain ourselves 
in order to get there.

As improvements to hybrids and hybrid plug-ins are made, the 
internal combustion engines in hybrids will be used less. Of course, 
hybrids and hybrid plug-ins are valuable stepping stones to all-electric 
vehicles, but they still consume precious oil and continue to pollute.

Plug-in hybrids have zero emissions most of the time. However, 
this claim holds true only if nuclear energy or other renewable energy 
sources generate the electricity. With plug-in hybrids, drivers can run 
most day trips on battery power only and reserve the gas engine for 
longer trips.

The future is now: Tesla and Phoenix 

Most components required for battery-operated electric vehicles 
are fairly mature and cost competitive. The batteries, and to some 
extent the chargers, will determine how fast the world adopts BEVs. 
The rate of adoption will depend on the cost, availability, and abil-
ity to recycle batteries. Lithium-ion, lithium-ion polymer, and zinc-air 
batteries have demonstrated energy densities high enough to deliver 
reasonable driving ranges and recharge times (as low as 10 minutes 
using specially designed charging systems) comparable to filling the 
gasoline tank of a regular car.

Tesla Motors, a small company, is one of the most advanced elec-
tric-car manufacturers in the world. A Tesla Roadster (see Figure 
14.3) can go over 200 miles between charges. Each charge takes 3.5 
hours from ordinary house current, but it is always charged and ready 
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to go if kept plugged into your house current when the car is not in 
use. Tesla cars use recyclable lithium-ion batteries to store the charge, 
the same batteries used in laptops, cell phones, and other consumer 
electronic devices. A set of batteries is predicted to last over 100,000 
miles. According to Tesla, if one uses off-peak electric current at 5¢ per 
kilowatt hour, then the fuel cost would be approximately 1¢ per mile. 
This, of course, does not include taxes. Compare this to the 12¢ per 
mile pre-tax fuel cost of a conventional car. The average gasoline tax in 
the United States is about 47¢ per gallon, or about 2.5¢ per mile.

The Tesla motor is over 90 percent efficient and weighs about 
200 pounds. Tesla’s all-electric car is efficient to operate, and it is a 
screamer—faster than just about any thing else on the road—0–60 
miles per hour in about 4 seconds. Tesla’s motto is “Burn rubber not 
gasoline.”

All in all, Tesla’s superb car is priced well below other luxury 
sports cars such as the Ferrari Enzo or the Lamborghini Diablo, and 
will equal or surpass their performance. A Tesla sedan is coming, too. 
Tesla planned to produce 10 roadsters per month in 2007 and plans 
100 cars per month in 2008. I’m not surprised Teslas are sold out until 
late 2008. Besides being clean and efficient, they are beautiful cars 
built by the Lotus Car Company in England.

Figure 14.3. Tesla Roadster
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What about service? Probably expensive, right? Wrong. Service 
costs are far less than gasoline-powered cars. A Tesla car has no oil or 
oil filters to change, no air filters to replace, and no smog equipment 
because the cars emit no exhaust fumes to filter or reduce. The only 
service required will be to inspect and maintain the brakes, suspen-
sion, steering, and tires. Many service expenses essentially go away.

The car costs $90,000–$100,000 depending on accessories. As 
with all new production, costs will likely go down as more units 
are built. Consider also that over 100,000 miles of driving you will 
save over $10,000 in fuel costs and some in service charges. And 

you will never have to pay a gas-
guzzler tax.

Another innovative small com-
pany, Phoenix Motor Cars, pro-
duces sport-utility trucks (SUTs) 
that go 135 miles between charges 
(see Figure 14.4), and they can 

be recharged in only 10 minutes using a special charger costing about 
$30,000. (Phoenix plans to bring a companion sport-utility vehicle to 
market in 2008.) This handsome truck can be purchased for the very 
competitive price of approximately $45,000. How much did you pay 
for your last gas-guzzling SUV or pickup truck? The fuel cost to drive 
the Phoenix SUT is 10 percent of the cost to drive a typical SUV. 
Also, Phoenix uses a nano-enhanced lithium-ion battery. This bat-
tery permits rapid charging and is said to be safer than other lithium-
ion batteries. In addition, the recyclable battery will have a working 
life beyond the life of the vehicle. Phoenix plans to build over 20,000 
vehicles in the next 3 years.

Thank you, Tesla and Phoenix. The country owes you a debt of 
gratitude for showing us the way to pollution-free transportation. 
You’ve shown us the way to the future. Batteries will get better, the 
range between charges will be extended, and charge times will be 
reduced—you can bet on it.

According to Tesla, if one uses 

off-peak electric current at 5¢ per 

kilowatt hour, then the fuel cost 

would be approximately 1¢ per mile.
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Hybrid plug-ins are available today only as after-market add-ons. 
They should be available soon directly from some of the big car compa-
nies. How about it GM and Ford? GM announced that the Chevy Volt 
will be ready by 2010 or so. GM is 
hyping the Volt now to prove the 
company is in tune with fuel reali-
ties. Performance tests have been 
excellent. If GM cannot deliver the 
Volt sooner, GM risks remaining a 
follower.

Figure 14.4. Phoenix Truck

BEvs in other countries

q France. Citroën Berlingo Electrique built several 
thousand BEV delivery vans, mostly for fleet use in 
municipalities and by Électricité de France. Production 
and use of these vans is almost completely clean since most 
of the electric energy used to produce and operate them 
was/is nuclear.

q Norway. BEVs are tax exempt and can use the bus lanes.
q Switzerland. BEVs are popular with private users, and 

there is a national network of public charging locations 
called Park & Charge. There are also some charging 

A Tesla car has no oil or oil filters 

to change, no air filters to replace, 

and no smog equipment because 

the cars emit no exhaust fumes to 

filter or reduce.
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stations in Germany and Austria. The Swiss always seem 
to make sense.

q United Kingdom. Electric vehicles in London are exempt 
from certain taxes. Most cities use low-speed electric milk 
trucks to deliver fresh milk to homes.

q Italy. BEVs are exempt from taxes and enjoy substantial 
reductions in insurance fees. In many cities the trash 
collection is performed by BEV trucks.

q India and China. These countries are starting to build 
BEVs. India has built over 1000 since 2001 and exports 
some.

Coming down the road

Some major and minor automobile manufacturers are hinting at 
coming breakthroughs in the availability of plug-in hybrids and elec-
tric vehicles suitable for everyday use in general traffic. Here are some 
of the hints:

q California Cars Initiative, E drive Systems, HybridsPlus, 
and Hymotion—These small companies plan to produce 
plug-in hybrid electric vehicles in the near future. By 
adding more battery capacity, these firms expect to attain 
250 miles between plug ins.

q Mitsubishi—The Mitsubishi Corporation is committed 
to creating a flexible-fuel vehicle that it can produce in 
alternative forms: as a BEV, a hybrid, or as a fuel-cell 
vehicle. According to a report on the MSNBC cable 
television network, Mitsubishi plans to unveil its electric 
car in 2010. According to AutoWeek and MSNBC, 
Mitsubishi’s Colt is expected to have a range of about 100 
miles between plug-ins using lithium-ion batteries and 
electric motors attached directly to the wheel. The target 
price is about $19,000.
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q Société de Véhicules Electriques (SVE)—This French 
firm plans in 2008 to mass produce only for the French 
market an all-electric car based on the Renault Rangoo.

q Toyota—Ken Thomas of the Associated Press reports 
in the Chicago Sun-Times (July 19, 2006), that Toyota 
officials hint that the company’s next generation hybrid 
will have lithium-ion batteries with a 9-mile battery-only 
range that results in over 100 mpg in certain conditions. 
I hope Toyota is measuring the miles per gallon under 
normal driving conditions and not under the cooked books 
used by the Environmental Protection Agency’s industry-
friendly mpg ratings. For example, the EPA inflated the 
original Prius’s ratings by almost 30 percent. 

q Subaru—In response to high and rising fuel prices, 
Subaru may accelerate development of its R1e electric 
car. Subaru’s advanced in-house battery technology and 
Toyota’s hybrid Synergy Driver technology will be shared 
by both companies so both will benefit. A win-win for 
both automakers.

Consider this exciting news about Subaru’s R1e, as reported online 
by Megawatt Motorworks.

Subaru Canada, Inc. (SCI) today unveiled the R1e proto-
type electric vehicle at the Canadian International Auto 
Show in Toronto. The R1e, which is based on the R1 
mini-car currently available in Japan, was created using 
new manganese lithium-ion (Li-ion) battery technology 
that means the vehicle could recharge to 90 per cent of its 
capacity in just five minutes with the use of an exclusive 
charger.

This means that recharging the R1e could be done 
almost as fast as completely refueling a gasoline pow-
ered car, which typically takes about three minutes. It’s 
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certainly a significant improvement over other electric 
vehicles, many of which can take eight hours to recharge. 
The R1e is designed to go about 120 kilometres [80 
miles] on a full charge. The new Li-ion batteries are also 
extremely small and lightweight—the R1e’s battery pack 
is about the size of a VCR—and designed to last for 10 
years or 150,000 kilometres [100,000 miles]...

These high-technology vehicles are part of Subaru’s 
broad approach to environmental responsibility that 
takes into account vehicle emissions and fuel efficiency, 
as well as reduced environmental impact from all facets 
of automobile development, production and marketing.

In addition, FHI [Fuji Heavy Industries] is currently 
conducting performance tests on prototype cells of a new 
Li-ion capacitor with enhanced power density (instanta-
neous force) and high energy density (cruising distance) 
for a next-generation vehicle that meets goals for sustain-
ability without sacrificing performance. The success-
ful commercialization of Li-ion capacitors for compact 
cars would open up many other business opportuni-
ties, including helping to meet the increased demand for 
alternate fuel buses, trucks and other passenger vehicles. 
This new capacitor also has potential as an alternative to 
conventional lead-acid batteries in the future.

Other companies are working on plug-in hybrids and BEVs. Ford, 
Honda, Lexus, Pininfarina, Volvo, Smart, and Suzuki are some of 
them. The race is on, and that is good for all of us. I’m sure this race will 
realign the automobile industry. The biggest winners: the early adapt-
ers, the environment, our children, and grandchildren.
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Assault on Batteries

In the future, batteries will perform in larger and more important 
applications. They will propel our cars, buses, and trains. Batteries 
will render wind and solar energy much more efficient by providing 
high current density storage of electricity, when the grid does not need 
the energy being generated when the wind is blowing or the sun is 
shining. Battery technology enables and improves many energy-related 
technologies. The future belongs to batteries.

We must mount a man-to-the-moon research blitzkrieg to develop 
better batteries that are long-lived, recyclable, economical to manu-
facture, and provide greater current-
carrying capability. Much research 
is being done now—but not nearly 
enough. Many researchers around the 
globe hope to apply nanotechnology—the engineering of functional 
systems at a molecular scale—to increase battery cycles and current 
density 20 times higher than the batteries used today. Such develop-
ments could conceivably permit a car to go 500 plus miles between 
plug-ins. I can hardly wait. Companies will have to get into the game 
or wave goodbye from the sidelines.

Battery-electric vehicles have used many types of batteries, includ-
ing lead-acid, nickel-cadmium, nickel/metal hydride, lithium-ion, lith-
ium-ion polymer, and, less frequently, zinc-air and molten salt. Batteries 
are getting better and better, but progress has been slow and should be 
accelerated. In the interest of time, the U.S. government should devote 
at least $1 billion to research directed to developing new and improved 
batteries and to investigating how to apply nano-science and other 
cutting-edge technologies to battery development. As with most tech-
nologies, the engineering challenge is 
to create the proper balance of charac-
teristics: range vs. performance, range 
vs. charge time, and battery capacity 
vs. weight, for example. Attention to 
small advantages becomes important. 

The future belongs to batteries.

Companies will have to get into 

the game or wave goodbye 

from the sidelines.
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As an example, using braking energy to recharge the battery can 
extend the range of a battery-electric vehicle from 10–50 percent 
depending on driving conditions.

Lithium-ion batteries 

Many lithium-ion batteries—over 6000 of them—are innovatively 
connected to power the Tesla car discussed above. Tesla engineers 
chose these batteries for several compelling reasons: their availability, 
long life, high current density, charging ease, light weight, ability to 
recycle, and the ability to configure them in a car for optimum weight 
distribution.

Further, because lithium-ion batteries are important to the elec-
tronics industry, a great deal of research has been and is being done to 
improve them. In fact, in recent years their energy-storage capacity has 
improved by an impressive 8 percent annually. If this rate of improve-
ment continues, their capacity will double in fewer than 10 years, 
thereby permitting the Tesla car to travel twice as far on a charge. This 
could mean 400 miles per charge.

Nanotechnology batteries

Phoenix Motor Cars use NanoSafe™ batteries from Altairnano, 
Inc., another innovative company of note and a leader in advanced nano-
materials and alternative energy solutions. Altairnano officials believe 
their technology represents a giant leap forward in the design of bat-
teries for electrical vehicles. Altairnano has developed novel electrode 
nano-materials, and its rechargeable, nano-titanate NanoSafe™ battery 
system provides fundamental advantages over current lithium-ion bat-
tery designs.

Altairnano’s goal was to develop electrode materials to enable a 
battery to be charged in minutes, deliver high power, and be long lived. 
Fundamental research on the electro-chemistry of battery materials 
led to the conclusion that nanotechnology could provide dramatic new 
material properties that could enhance these parameters. Altairnano’s 
engineers, already possessing substantial knowledge of nano-titanate 

Shuster_BOOK_2nd.indb   300 7/15/08   9:52:42 PM



301

t r a n s p o r tat i o n

materials, postulate that replacing graphite in conventional lithium-
ion batteries with nano-titanate materials would result in batteries 
that solve issues of charge time, lifecycle, power, and safety.

Batteries affect range

The range of an electric vehicle depends on the energy-carrying 
capacity of the battery. However, battery choice must be subject to 
some practical limitations such as weight and volume. As a result, the 
current density (expressed in energy per pound or energy per cubic 
inch) becomes all-important. The lead-acid batteries used in some 
hybrid plug-ins have a range of 20–80 miles, yet lithium-ion batteries 
can achieve ranges of 250 miles or more.

Charging ahead

Batteries must be charged (or recharged) from time to time. Since 
the time and ease of charging will make a big difference in the deploy-
ment of BEVs, charging is a fertile area for innovation and improve-
ment. Obviously, a vehicle’s range between charges becomes much less 
important if the battery can be charged quickly. However, most cur-
rent batteries have a fixed, specific charge rate and cannot be charged 
faster. Most people would prefer to recharge their batteries at home at 
night when electricity rates are usually lower. Charging does not need 
attention and plugging in takes only seconds. As all-electric vehicles 
become more popular, work places, hotels, schools, restaurants, and 
shopping centers will provide facilities with charging equipment.

In 2006 Subaru demonstrated its R1e car can recharge to 90 per-
cent capacity in 5 minutes using an exclusive charger. In 2007, Altair-
nano’s Nano-Safe battery could charge to 80 percent capacity in about 
1 minute and is fully rechargeable in a few minutes. This industry is 
well on its way.

Retrofit Kits

Converter kits on the market can change some hybrids into plug-
in hybrids, and other kits completely replace an internal combustion 
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engine with batteries to convert the car to an all-electric vehicle. A 
popular battery for these retrofit kits is the deep-cycle, lead-acid bat-
tery. Retrofitted cars with these batteries could have a range of up to 
80 miles. Still, a range of even 40 miles would satisfy most drivers for 
most short, around-town trips.

I strongly encourage such innovations and experiments. We all 
know that this kind of thinking can produce amazing results. These 
early, in-their-own-garage innovators believe all things are possible. 
And they often prove it. That’s American ingenuity at its best.

FOOT-DRAGGERS, RESISTERS,  
and OPPONENTS

An all-electric car transportation fleet will deliver a big blow to those 
who hang on to and earn their livelihoods from the internal combustion 
engine. The advantages of no gasoline, no internal combustion motors, 
no complicated transmissions, no cooling systems, no mufflers, no cata-
lytic converters, and no exhaust systems are overwhelming. Will the 
owners of gasoline stations, muffler shops, and repair garages embrace 
the changes? Will the manufacturers and factory workers producing 
conventional batteries, oil filters, air filters, radiator hoses, drive trains, 
transmission fluid, and the diverse other components and accessories 
of internal combustion engines eagerly embrace the changes? Of course 
not. Expect reluctance and resistance. Technical changes will come, 
and they are as inevitable as the opposition they will spark.

Be very skeptical of people with vested interests criticizing new 
technologies that threaten their interests. It is natural for people to 
protect their positions and defend their turf. However, these self-inter-
ested criticisms, protections, and defenses are often not in the broad 
interests of the general public. They can cause delay, sow confusion, 
and inhibit progress. Delay can lead to oil depletion, resource wars, 
and an earth that becomes less and less habitable as it becomes more 
and more toxic.

Shuster_BOOK_2nd.indb   302 7/15/08   9:52:42 PM



303

t r a n s p o r tat i o n

Many companies and their employees will suffer unless they 
embrace the new technologies and find opportunities there. They 
can’t win or survive by hanging on to old technologies any more than 
the horse and buggy people could endure the onslaught of the auto-
mobile. Come to think about it, how far could a horse travel before it 
had to be recharged?

Consider for a moment the global market for batteries. No oil 
company or automotive company yet controls the lithium battery mar-
ket. Lithium-ion batteries were developed by East Asian and Cana-
dian firms for use in portable computer equipment. That means the 
patents and production are currently beyond the legal and financial 
reach and control of U.S. automakers and oil companies, rendering 
them powerless to stop this technology.

POLITICAL ISSUES

Never underestimate what large political contributions to political par-
ties and candidates can achieve. Entrenched industrial interests will 
seek regulations that suppress potential business competition. We 
understand the self-interest at work. But the public has interests, too. 
Entrenched industrial interests will work through political lobbyists 
and advocate their (self-interested) positions under the guise of some 
broader virtue, such as protection of consumers, of electricity grids, and 
of jobs in the automotive industry. Such claims remain a threat to com-
petitive markets and to a sensible energy policy in the United States.

I recommended that you see the movie Who Killed the Electric Car? 
The subject was General Motors and its all-electric car. The reality, 
however, is that nobody can kill the battery-electric vehicle, because 
BEVs just make too much sense. It will be fun to watch progressive 
companies roll out their own unique versions of future automobiles. 
Still, the public must help where it can.

We must take some risks, which is a problem in a country where 
the legal profession has taught us that a failed risk is likely a lawsuit. 
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This must change since a riskless society eventually becomes a second-
rate, sickly, morbid society. Pioneers, adventurers, and entrepreneurs 
embrace risk. We cannot execute a rational energy plan without some 
risk, and to do that we need freedom from senseless legal road blocks.

Why do I make these political points in a book about energy? 
Because energy is political. Because energy policy is deeply political. 

Because every single scientist I asked 
about the lack of sane laws, policies, 
and technologies to deal with our huge 
energy problem answered me with 
one word—“POLITICS.” Politics as 
usual. The politics of special interests. 

Corporate politics. The politics of privilege, power, party advantage, 
and big bucks prevailing over common sense and common people. 
Some scientists were keenly aware that if they did not support the 
current political “scientific” agenda, then they would lose their fund-
ing. Big money can bend even science to do its bidding.

Why do I spend so much time on automotive fuel performance 
and the politics of American car companies? I do this to caution 
against making the same mistakes in the future. Further, I believe 
a vital American auto industry will help us achieve energy indepen-
dence sooner. GM, Ford, and Chrysler command a large part of the 
American auto market and can be a large part of the solution.

BOTTOM LINE

An exciting, clean, healthy, and profitable future awaits us when we 
mobilize and “electric-motorize” the future. Benefits: lower transporta-
tion costs, less imported oil, improved balance of payments, a stronger 
dollar, fewer resource wars, less pollution, and more will result from 
the new realignment of the auto industry and energy sources.

What must we do now?

Technical changes will come, 

and they are as inevitable as the 

opposition they will spark.
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q Rapidly move to hybrid plug-ins and all-electric cars. 
This is essential to our march to energy independence by 
2040. Since this is a “critical path” to our goal, we must 
spare no cost or effort to succeed.

q We must strive to have 90 percent of our automobile 
fleet be plug-in hybrids or all-electric vehicles by 2040.

q Speed up research and development of batteries and 
battery-charging systems suitable for use in electric 
vehicles.

q Phase-out gasoline-powered vehicles. Establish a legal 
maximum on the number of such vehicles that can be 
sold each year, and aggressively reduce that number each 
succeeding year. Little hardship was caused when we 
couldn’t buy new cars during World War II. The public 
can accelerate the transition by simply not buying new cars 
until hybrid plug-ins and all-electric cars become available.

q Add a surcharge of 50¢ per gallon of gasoline. The 
surcharge must be fully dedicated to developing and 
deploying clean, renewable energy and transportation 
systems. More on this in Chapter Sixteen.

q Charge customers a surcharge of 5 percent of the vehicle’s 
sticker price for cars getting less than 30 mpg, and levy a 
10 percent surcharge for vehicles getting less than 20 mpg. 
In 5 years the surcharge should be increased: 5 percent 
surcharge for cars under 40 mpg, 10 percent for cars under 
30 mpg, and a 20 percent surcharge for cars under 20 mpg. 
Again, see Chapter Sixteen for details.

q Ration gasoline. Rationing may also help to stabilize 
prices.

q Deploy plug-in stations at convenient locations. Service 
stations could sell electricity instead of gasoline for fast 
charges. Retail companies might find it good business 
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to install charging stations. Hilton Hotels has installed 
charging stations at three of its hotels. Companies 
should be mandated to provide charging outlets for their 
employees.

q Increase the penalties auto manufacturers pay for  
non-compliance with efficiency standards.

q Support GM, Ford, and Chrysler as they get back in the 
game. Besides, more competition begets more innovation, 
and innovation is exactly what the world needs now, more 
than ever.
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Chapter 15

BRiDGiNG THe GAP
to e n e r gy i n d e pe n d e n ce by 2040

A tremendous gulf separates our present situation from the sustain-
able-energy future I envision. The gulf is deep and wide. A future of 
clean, affordable, renewable, environmentally sound energy must be 
attained by 2040. That gives us a bit longer than a single human gen-
eration—3 national censuses, 7 summer Olympics, the opportunity 
for a newborn to grow, start a family, settle into a career, and vote in 3 
presidential elections. I recommend an aggressive 30-year transitional 
plan to get us to that future. In short, the United States needs a 
“bridge” to span the gulf that separates our present energy woes and 
economic dependence from our future energy independence and eco-
nomic prosperity.

Every individual, government, corporation, organization, and 
school should adopt this slogan: 
“Energy Independence by 2040.” 
A longer transition is simply too 
dangerous, as we shall see.

The transformation to clean 
electrical energy and all-electric 

Every individual, government, 

corporation, organization, and 

school should adopt this slogan: 

“Energy Independence by 2040.”
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vehicles will take decades. If the U.S. public procrastinates, then we’ll 
likely need 50 years—but 50 years is too long. What kind of a bridge 
is necessary for a 30-year transition?

30-Year Transition:

q Oil. The United States needs 175 billion barrels of oil. 
With only 20 billion barrels in reserve, the United States 
must find or buy 155 billion more barrels. At a cost of $100 
per barrel, the total will be $15.5 trillion dollars. However, 
over the 30-year transition, the price of oil will likely 
increase to $200 per barrel or more. Over the same 30-year 
period, the world will need approximately 700 billion 
barrels, and, as a result, fierce competition will erupt for the 
world’s dwindling supply of oil.

q Natural Gas. In 30 years the U.S. reserves of natural gas 
will be dangerously low. At current consumption rates, the 
reserves will last only about 65 years until bone dry.

q Coal. Coal reserves are okay.
q Nuclear. In the next 30 years U.S. utilities must build 

a minimum of 400 nuclear plants—ideally, 800 plants. 
Progress will be slow initially, but it must accelerate over the 
30 years. Rapid implementation would, of course, relieve 
pressure on natural gas resources and help conserve coal and 
oil as a feed stock for plastics, chemicals, and more.

q Transportation. In the next 30 years the United States 
and the world must move rapidly to biofuels, hybrid plug-
ins, and all-electric vehicles. This is a crucial point. The 
more rapidly the world moves to these fuels and vehicles, 
the longer oil reserves will last.

Since it is unlikely that the United States will be able to import 
the quantity of oil it needs in coming years, it is essential—indeed 
imperative—that the U.S. public vigorously support the extraction 
of oil from vast U.S. oil shale deposits. Also, by 2040 cellulosic 
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ethanol and algae biodiesel must supply most of the liquid fuel 
required for hybrid plug-ins and other U.S. transportation needs. 
These are the key features of the proposed bridge: Move rapidly to hybrid and 
all-electric vehicles to reduce the need for oil, develop needed oil from domestic 
oil shale resources, develop biofuel alternatives to gasoline, and generate all 
new electricity needs from renewable energy sources. We must become the 
masters of our own destiny, not dependent upon essential resources 
controlled by others.

For a dire comparison, consider a potential 50-year transition.

50-Year Transition:

q Oil. The United States 
needs 420 billion barrels. 
Over the same 50-year 
period, the world needs at 
least 1.6 trillion barrels, 
but probably needs closer to 2 trillion barrels. But here’s 
the problem: The world has only 1.1 trillion barrels 
of conventional oil left. The extra oil must come from 
unconventional sources. But I have little confidence that 
the world can recover enough unconventional oil in time.

q Natural Gas. The United States and the world will 
face serious shortages as world reserves approach total 
depletion.

q Coal. Coal reserves are okay, unless coal is used to make 
gasoline as oil supplies dwindle.

You can readily see that a 50-year transition would be extremely 
difficult. The world can and must make this transition within about 
30 years—that is, by 2040. All nations of the world must be encour-
aged to adopt the same 30-year transition plan.

We must become the masters of our 

own destiny, not dependent upon 

essential resources controlled  

by others.
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FALSE BRIDGES

We must avoid “false bridges”—options that look or sound good only 
when promoted by special interest groups, or options that will take 
too much time and effort yet will still fall short. Such exercises could 
cause delay deploying a real solution, delays the world can ill afford. 
During this 30-year plan the United States must NOT:

q Drill in the Arctic National Wildlife Refuge (ANWR), 
in the National Petroleum Reserve of Alaska (NPRA), or 
in the Beaufort Sea because of the potential environmental 
harm, and because there is not enough oil there.

q Drill offshore because it is environmentally risky, and the 
total reserves are likely to be woefully short of the amount 
needed.

q Invest in the so-called hydrogen economy.

For several reasons—the extent and significance of the area to be 
disturbed, the timetable, and the costs—extracting and refining oil 
shale is a much better alternative to the options listed above. I believe 
extracting and refining oil shale is the only workable solution in con-
structing the necessary bridge.

False Bridge 1: Drilling in Alaska

An unnecessary environmental tragedy could unfold if the U.S. 
federal government permits oil companies to drill for oil in ANWR, 
in NPRA, or in the Beaufort Sea—there is not enough oil in these 
places to be much of a bridge. Drilling would be a waste of time, effort, 
and money better directed to producing oil from oil shale.

According to Joel Bourne in National Geographic, “In the petroleum-
rich wilderness Alaskans simply call it ‘the slope,’ where big money, 
power politics, and hype run as thick as mosquitoes, oil companies 
have paid $120 million to lease nearly 2 million acres.” What a bar-
gain, since $120 million would not come close to paying for environ-
mental damage that would result with wholesale drilling on this land, 
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most of which belongs to the citizens of Alaska and to you and me. 
The National Geographic article further declares:

Most of our [U.S.] holdings are split between the scenic 
ANWR and a 23-million-acre chunk of western arctic 
known as the National Petroleum Reserve, Alaska, or 
NPRA. The NPRA contains the largest piece of unpro-
tected wilderness in the nation, along with a half million 
caribou, hundreds of grizzlies, wolves, and in summer 
more waterfowl, raptors, and shorebirds than anyone 
can count.

Biologists have argued for decades that areas of NPRA are more 
critical to wildlife than the ANWR. While hard data on human-
induced global warming has been elusive, the damage that could be 
caused by wholesale drilling on the North Slope is accurately predict-
able based on experience.

National Geographic reports that “while federal and state biologists 
have been warned to hold their tongues while the battle over drilling 
in the refuge rages in Congress, the Bush Administration leased vast 
tracts of the petroleum reserve [NPRA] and offshore waters to the 
highest bidder.”

I’m getting steaming mad as I write this. You, too? Government 
officials are muzzling the very people who know the most about the 
situation and selling leases to their friends who provide political cam-
paign funding. Since when do politicians get to muzzle scientists or 
anybody else? Citizens simply cannot trust elected officials in Wash-
ington to consistently serve the public interest as long as the existing 
political system permits well-funded lobbyists and corporate warriors 
to buy off politicians and frustrate the democratic process. Money 
corrupts Washington, so corrodes and befouls our democracy, thereby 
condemning our nation to politics by the highest bidder and the deep-
est pockets. Is “follow the money” the simplest description of national 
politics? Has George Washington on the dollar bill become more 
important and influential than George Washington the man and his 
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principles? Perhaps America has adopted a new set of heroic icons: the 
athlete in the movie Jerry Maguire who shouts “Show me the money.” 
and the character Gordon Gecko, who ominously intones “Greed is 
good” in the film Wall Street. Have mountains of cash replaced Mount 
Rushmore as symbols of the national spirit?

OK, I’ve declared that not enough oil sits in ANWR and NPRA, 
and I’ve condemned the influence of corporate money in national 
politics and a political process that too often rewards the rich. Let’s 
look at details.

Environmental damage

Some politicians, even some from Alaska, claim that the North 
Slope is a bleak wasteland good for nothing except the oil beneath the 
surface. However, ANWR, NPRA, and the Beaufort Sea are sensi-
tive and important habitats, breeding grounds, and summer sanctu-

aries for many species of birds, marine 
life, and land animals. In addition, 
the area is also a vast feeding ground 
for marine life. Phytoplankton and 
marine algae—the bottom of the food 

chain—abound in ANWR, NPRA, and the Beaufort Sea like no 
other places on earth. An offshore oil spill would devastate these eco-
systems. Should the rest of the world have the opportunity to voice 
views about this risk? Would anyone bet against an offshore spill, no 
matter what security systems and safety precautions are in place? A 
spill would upset not only the arctic ecosystem, but also ecosystems 
world-wide, since the genesis of much life on this planet begins in the 
arctic. Let’s face it—oil spills are frequent, about 100 spills each year. In 
fall 2007 a large spill occurred in San Francisco Bay, where safety pre-
cautions are well-known. A different spill by British Petroleum totaled 
200,000 gallons. BP earns almost $20 billion per year, yet can’t seem to 
properly maintain its pipelines. Out of sight, out of mind? Clean up in 
remote areas can be practically non-existent. Federal agencies are still 
trying to clean up the contaminated soils at Umiat, Alaska, nearly 60 

Oil spills are frequent, about 

100 spills each year.
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years after the U.S. Navy drilled there. Of course, in such remote areas, 
who’s to notice?

Experts predict that recovering oil from ANWR and NPRA 
would cause irreversible damage to the animals and plant life. Recov-
ering oil from oil shale also damages the environment, but the damage 
is reversible, and we know how to restore disturbed areas.

Not enough oil in ANWR and NPRA to make a difference in an 
energy crisis 

Estimates vary on the combined amount of oil in ANWR and 
NPRA. No matter how you count or what estimates you work with, 
the amount could provide only 5–15 percent of the “bridge” required 
for the 30-year transition plan. While it would provide great returns 
to the oil companies, any statistician or gambler will quickly tell you 
that the odds are stacked against the Alaska option providing much of 
a bridge. In a sane world it is no option.

Mission creep

If drillers encounter more than a bucket of oil in ANWR or 
NPRA, then they will apply tremendous pressure to drill in the Beau-
fort Sea to recover offshore oil. Again, oil companies have already bought 
leases.

The politics of profit 

After the Clinton Administra-
tion engaged in a lot of political 
posturing and policy pussy-foot-
ing, critics blasted the administra-
tion for treating Alaska as a “cookie jar” for oil companies to reach in 
to. The administration of President George W. Bush claimed oil 
exploration and drilling would have a lesser impact on wildlife than 
previously predicted. This claim—and the accompanying Environ-
mental Impact Study (EIS)—bars oil exploration on only 6 percent of 
the Alaskan coastal plain. Has anyone seen this EIS? Some critical 

If drillers encounter more than a 

bucket of oil in ANWR or NPRA, 

then they will apply tremendous 

pressure to drill in the Beaufort Sea.
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wags describe Bush’s energy policy as “no oil man left behind.” 

False Bridge 2: Drilling Offshore

Recovering oil offshore is a better option than drilling in Alaska, 
but still an insufficient and unnecessarily risky choice. Why risk 
environmental calamity by drilling offshore into deeper and deeper 

waters when safer and cheaper 
options exist? Offshore drilling 
in the United States makes little 
sense because it costs approxi-
mately the same as recovering oil 
from oil shale and is very much 
riskier. This startling claim is from 
a 2004 report entitled Strategic Sig-

nificance of America’s Oil Shale Resource, volume II, a report prepared by 
the Office of Deputy Assistant Secretary for Petroleum Reserves of 
the U.S. Department of Energy. Yes, the potential profits are a strong 
incentive, but there are safer profits to be made in oil shale. Offshore 
drilling only makes sense for countries that lack other resources and 
options. Oil deposits are uncertain, but even the maximum estimates 
are insufficient for the proposed 30-year bridge.

False Bridge 3: Hydrogen

Forget the so-called hydrogen economy, as detailed in Chapter 
Thirteen. For now, simply put hydrogen out of your mind. One must 
produce hydrogen just as the world currently produces electricity. If 
we burn polluting fossil fuels to produce clean-energy hydrogen by 
separating water into oxygen and hydrogen, then there is no environ-
mental benefit. Finally, producing hydrogen requires more energy than 
is contained in the hydrogen produced.

Oil Shale Wins

By process of elimination and by virtue of its merits, extracting 
oil from oil shale triumphs over drilling in environmentally sensitive 

Offshore drilling in the United 

States makes little sense because 

it costs approximately the same as 

recovering oil from oil shale and is 

very much riskier.
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ANWR and NPRA, where not enough oil sits anyway. Oil shale also 
trumps offshore drilling and the fantastic allure of a potential hydro-
gen economy. Ignore these temptations.

Only oil shale offers a reasonable, reliable, available solution. Oil 
shale reserves are very large, reasonably economical to recover, and 
would surely provide the United States an adequate bridge to a future 
of clean, renewable energy. No matter what we do in Alaska, we still 
need oil from oil shale for a stable energy bridge into the future. So 
why not turn to oil shale right away? At a production cost of even 
$60–80 per barrel, oil shale is economical to recover. However, 
according to Strategic Significance of America’s Oil Shale Resource, the 
cost to recover oil from oil shale will be closer to $20 per barrel—but 
more likely to be $25–50 per barrel. Besides, oil shale is not located in 
sensitive wildlife areas.

Before turning in detail to the specific merits of oil shale, let’s first 
look at Canada’s production of oil from oil sands. Canada’s efforts 
show the world the way.

CANADIAN OIL SANDS

Let’s review: We can and must immediately reduce our use of coal to 
generate electricity. We must replace coal and other fossil fuels with 
nuclear power and other renewable energy sources to generate elec-
tricity. However, we need time to solve U.S. transportation needs and 
slash the huge volumes of petroleum our vehicles guzzle. Therefore, 
we need to find oil we can use for the next 30 years—or longer, if need 
be. Thus, the United States and the world at large will need to recover 
oil from unconventional sources. We can partly fill our transportation 
needs with ethanol and biodiesel supplemented with conventionally 
produced oil—but that falls well short of providing enough of a bridge. 
That brings us to oil sands and oil shale. Industry experts consider oil 
shale, oil sands, and heavy crude oil as “unconventional” sources.
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Tar sands, which our Canadian neighbors prefer to call “oil sands,” 
are a cousin to oil shale. I learned much about oil sands during inter-
views with incredibly cooperative Canadian government officials and 
oil industry experts. I am particularly grateful to Patti Lewis of Sun-
cor, who was especially knowledgeable and helpful. (For comparisons 
of oil sands and oil shale, see Figure 15.1. You will note that U.S. oil 
shale compares quite favorably with Canadian oil sands in most evalu-
ation criteria.)

Figure 15.1. Comparison of Principal Factors Influencing the 
Economics of Unconventional Crude Oil Production

Source:  U. S. Department of Energy, Office of Naval Petroleum and Oil Shale Reserves, Strategic  
Significance of America’s Oil Shale Resource, volume II.

Processors can mine oil sands and truck the “ore” to a plant for 
processing, or they can heat the sands in the ground and extract the oil 
with a conventional oil rig. Although engineers working with oil sands 
and oil shale have learned much from each other, oil shale appears to 
present greater processing and financial challenges than oil sands.

Canada presently produces approximately 1 million barrels of oil 
per day from oil sands and will spend $65 billion to increase capacity 
by 2030 to almost 5 million barrels of oil per day, which equals 25 per-
cent of current U.S. daily oil use. Total production cost per barrel of 
oil from oil sands, including the capital invested, is $20–25 per barrel.

With present technology Canada can potentially and economi-
cally recover over 175 billion barrels of oil, which is about 10 percent 
of its massive oil sands resource of 1.7 trillion barrels. New, more 

Characteristics Canadian Oil Sand U.S. Oil Shale

Resources More than 1 trillion More than 1 trillion barrels

Grade (Richness) 25 gallon bitumen/ton 5 gallon kerogen oil/ton

Hydrogen Content (bitumen/raw 10.5% by Weight 11.8% by Weight

Nitrogen & sulfur Requiring 
Removal

6.2% by Weight  
(mostly sulfur)

4.0% by Weight  
(mostly Nitrogen)

loss of liquids to Coke and Gas 40 pounds/ton-ore 11.6 pounds/ton-ore

Net Yield of oil 0.53 barrels/ton pro- 0.60 barrels/ton processed

Quality of oil 34° APi 38° APi
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economical technologies are almost certain to come and will permit 
even greater recovery at lower costs. Indeed, the costs of producing 
oil from oil sands will surely fall. Canadian engineers have developed 
a new, state-of-the-art technology for surface processing (retorting) 
of oil sands. The process, called the Alberta Taciuk Process (ATP), 
increases the yield of oil and combustible gas, improves thermal effi-
ciency, and reduces water requirements.

Anyone experienced with new products and processes would 
quickly agree that costs always fall as engineers and scientists discover 
or innovate new ways to reduce costs. The oil sands industry in Can-
ada is a fine example: It has reduced the cost of a barrel of oil from oil 
sands by about $5 per barrel in the last 10 years, and Canadian proces-
sors are confident of significant cost reductions in the future.

The Canadian government provided a key incentive to develop 
the oil sands industry. The government forgives oil sands royalties 
(the government owns most oil sands reserves) until project payback 
is achieved. No other incentive exists. However, those I interviewed 
said the Canadian government has done everything possible to clear 
obstacles so the oil sands industry could prosper.

I believe the Canadian government sees initiatives to solve the 
world’s energy problems as a hugely attractive business opportu-
nity, not as an occasion to make it difficult to develop alternative oil 
sources or to be beholden to Big Oil interests and unfriendly suppli-
ers. Quite clearly, the Canadian government paves the way for prog-
ress and is careful not to obstruct progress or permit others to erect 
hurdles. This position comes through loudly and clearly when one 
reads the professional journal Industries for Renewable Energy and the 
Environment. One can’t compare Canada’s oil sands industry to the 
U.S. oil shale industry—because no U.S. oil shale industry exists. 
No comparison.
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U.S. OIL SHALE

While the United States is doing very little to develop U.S. oil shale 
resources, in spite of having the largest deposits in the world, oth-
ers are aggressively exploiting oil from oil sands and oil shale. Wake 
up, America. The resources for a transitional bridge are right here in 
the USA. We only have to dig. Also, if we are to help other nations 
become energy independent, we should plan on providing them oil 
from oil shale at a reasonable cost because all nations will have the 
same problem of not having a sufficient bridge to energy indepen-
dence. U.S. deposits contain the most extensive and economically 
recoverable oil from oil shale on earth.

Oil shale is a hydrocarbon contained in porous oil-bearing 
rocks. The hydrocarbon, called kerogen, can be converted to oil 
through a chemical process. Oil shale can also be burned directly as 
a low-grade fuel. Indeed, because the rock can actually ignite, it is 
sometimes called “the rock that burns.”

Approximately 2 trillion barrels of recoverable oil sit in U.S. oil 
shale deposits, a total roughly equivalent to all conventional oil ever 

discovered. A significant portion of 
oil from oil shale can be recovered 
for $25–40 per barrel, depending 
upon on-site circumstances. We 
can produce oil from oil shale right 
now; we know enough about these 
resources and the relevant technol-
ogies to begin producing as soon as 

a plant is built. Why the United States has not developed this resource 
in the sure knowledge of conventional oil’s rapid depletion is a testa-
ment to greed, misleading oil industry propaganda, political campaign 
financing, and political incompetence, sprinkled with a good dose of 
confusion and ignorance.

Oil shale is located in places in the United States less ecologi-
cally sensitive than most locales, and the sites can be restored after 

Approximately 2 trillion barrels 

of recoverable oil sit in U.S. oil 

shale deposits, a total roughly 

equivalent to all conventional oil 

ever discovered.
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the oil is removed. The largest and most economically attractive oil 
shale deposits are in the western United States. Found in semi-arid 
regions of Colorado, Utah, and Wyoming, the deposits are known 
collectively as the Green River Formation, located in the river basin 
of the Green River. Nearby towns include Grand Junction, Meeker, 
Rangely, Rifle, Rock Springs, and Vernal (see Figure 15.2).

Figure 15.2. Map of Green River Formation Oil Shale and  
Its Main Basins

Here is what Dan Denning 
said about the area.

You won’t think much of 
Rio Blanco County if you 
ever drive through it. In fact, 
unless you take a right turn 
off Interstate-70 West at 
Rifle, head north on Rail-
road Avenue and then west 
on Government road to 
Colorado state highway 13, 
odds are you’ll never even 
step foot in Rio Blanco 
County.

But even if you keep 
heading west toward Grand Junction, through the town 
of Parachute and the shuttered oil shale refineries from 
the 1970s, you’ll see the Book Cliffs geologic formation 
on your right. For miles and miles. It’s a bleak landscape. 
Almost lunar. At first glance, it’s the kind of land you’d 
never want to explore, much less settle down in. In the 
small world of geologists, though, the region is well-known. 
In fact, you might even say it’s the single most important 
patch of undeveloped, unloved, and desolate looking land 
in America. But you’d never guess this particular corner 
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of the Great American Desert may play an integral role in 
America’s strategic future just by looking at it. You’d never 
guess that the whole stretch of brown, red, and orange land 
contains enough recoverable oil and gas to make you forget 
about the Middle East for the rest of time.

Oil shale deposits in the eastern United States are extensive in 
Kentucky, Ohio, Indiana, and to a lesser degree in some other states, 
but these deposits do not hold any promise in the near-term or medium-
range future.

There are problems with oil shale to be sure, but the challenges 
can be ably managed. I am convinced that avoiding other problems and 
successfully developing a U.S. oil shale industry requires the public 
and policymakers to sidestep Big Oil. What has it done to develop our 
vast unconventional oil resources or to make our country petroleum 
independent? The U.S. government should encourage investment syn-
dicates to provide the money and the talent to secure properties and 
facilities necessary to produce oil from oil shale. It is difficult to trust 
Big Oil, and small companies move faster and are more innovative. 
Even if Big Oil does begin to exploit oil shale, the U.S. government 
should make it easy for other investors to actively enter this business. 
Of course, one would extract oil from the most concentrated depos-
its first. If those mining leases are tied up, then leaseholders should be 
required to release them unless the holders commit to exploitation over 
the next 12 months.

Much of the following information comes from various reports 
listed in the references section of this book, but the principal source 
is Strategic Significance of America’s Oil Shale Resource, volume II: Oil Shale 
Resources Technology and Economies. Another valuable source is Robert 
Loucks’ Shale Oil: Tapping the Treasure.

Most of the extensive work on American oil shale was discontin-
ued when oil was less expensive. However, everybody in government 
and in the oil industry must have known about the U.S. and world-
wide oil supply becoming dangerously depleted in a relatively short 
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time—or they darn well should have known. They also should know 
the time it takes to bring oil from unconventional sources into produc-
tion. The purely economic excuse to end research and development of 
oil shale sources was, under the circumstances, incredibly stupid or 
naïve in my view, because simple supply and demand tells us that oil 
prices will increase at an accelerating rate as oil becomes more scarce.

Oil Shale History

Using oil shale as a fuel dates to around 1840. A fuel shortage 
during World War I accelerated the exploitation of this resource in 
the United States. In Estonia, mining began in 1918 and continues 
today. Oil shale fuels 2 large Estonian power stations: A 1400-mega-
watt plant opened in 1965, and a 1600-megawatt power station went 
online in 1973. These plants could provide enough energy for over 2 
million U.S. households. Eventually a nuclear plant reduced the need 
for Estonian shale since nuclear power is cheaper and much less pol-
luting. Brazil, China, and Russia have also been producing some oil 
from oil shale for a long time on a limited basis. The relatively low 
price of conventional oil in recent decades has discouraged the more 
expensive recovery of oil from oil shale.

For the last century experts have known the vast extent of U.S. oil 
shale, more than 7 times the oil reserves of Saudi Arabia. How lucky 
can we get? Right here in the good ol’ USA, we have oil shale reserves 
in the ground to become oil-energy independent or at least enough oil 
to last through the planned 30-year transition—a bridge—to other, 
cleaner, renewable energy sources.

It has been nearly 20 years since anything has been done to develop 
U.S. oil shale deposits. In that time technology has advanced, the 
global economic, political, and market conditions have changed, and 
the regulatory landscape has matured.

Where Is the Oil Shale?

Oil shale, deposited across millions of square miles, is known to 
exist in at least 100 major deposits in 38 countries. Some deposits can 
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yield up to 100 barrels of oil per ton of oil shale. Obviously the key 
question is how much can be economically recovered. I will discuss 
only those deposits containing 25–100 gallons of oil per ton of shale. 
On this basis world reserves could be as high as 8 times all the conven-
tional oil ever discovered.

As a worldwide average, it would take about 1300 square miles 
to produce 1 billion barrels of oil from oil shale. By comparison, the 
Green River area of the western United States would require only 14 
square miles to produce 1 billion barrels of oil. At present, less than 
1 percent of all oil shale deposits are economically feasible for oil pro-
duction. The U.S. Energy Information Administration estimates the 
world supply of oil shale contains 2.9 trillion barrels of recoverable oil. 
Reserves of over 750 billion barrels—that is, 25 percent of recoverable 
oil from oil shale—sit in the United States. In contrast, the United 
States has fewer than 20 billion barrels of conventional oil in reserve. 
The U.S. Office of Naval Petroleum and Oil Shale offers different 
numbers. It estimates oil shale worldwide contains 1.6 trillion barrels 
of recoverable oil, of which 1.1 trillion barrels are in the United States. 
Both sets of numbers are supportable depending on the assumptions 
made. Bottom line: There is a lot of oil in oil shale around the world, 
and the United States has most of the good stuff (see Shale Oil by Rob-
ert Loucks).

Muddle or Manage?

In Shale Oil Robert Loucks quotes Dr. Armand Hammer, one of the 
country’s most innovative and notorious industrial leaders, a man who 
invested over $100 million in recovery and processing of oil shale through 
his firm Occidental Petroleum. Hammer’s statement from 1979, when 
he was over 80 years old, remains relevant today.

The current and future availability of crude oil is the 
nation’s most pressing energy problem. No other fuel 
source or known technology can be expected to power our 
cars, trucks, tractors, planes and ships, nor our machines 
of defense, within this century.
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We must develop alternative liquid fuels. One such 
alternative fuel—shale oil—is ready now, and could be 
providing us with significant quantities of liquid fuels 
by the mid-1980s. This nation has vast quantities of oil 
shale. We now have the technology for recovering oil 
from this domestic resource. What we have so far lacked 
is the determination to commit the resources and provide 
the incentives necessary to develop a national shale oil 
capability.

Since the Oil Embargo of 1973, this nation has done 
little to expand domestic production of liquid fuels or 
to develop alternative energy sources. Charles Schultz, 
Chairman of the President’s Joint Council of Economic 
Advisors, stated this most directly in his testimony 
before the Joint Economic Committee, Subcommittee 
on Energy, on April 25, 1979: “our controls on oil dis-
courage the development and production of alternative 
energy sources. Every barrel of oil equivalent that is pro-
duced from non-oil sources, like synthetic fuels, saves the 
nation some $17–$18 in reduced oil import costs. [JS: 
How prices have changed.] But we force producers of 
alternatives to sell into a market where they just compete 
with oil, whose price is controlled at the lower average 
price. Thus we discourage investment in such alternative 
sources, at a direct loss to the nation. Incredibly, under the 
current control system, we pay OPEC more for oil than we are 
willing to pay Americans who produce oil substitutes. It would be 
hard to design a system more carefully calculated to encourage oil 
imports and slow down the development of alternative domestic 
sources” [emphasis in original].

A number of technologies hold promise for the 
future—solar, geothermal, nuclear fission and fusion. But 
none of these is capable of making major contributions to 
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supplement or replace our dwindling petroleum supplies 
during the next ten to twenty years. You cannot run an 
automobile on any of these energy forms.

Oil from the rich oil shale deposits in the Rocky 
Mountains can provide significant quantities of domes-
tic liquid fuels at a reasonable price over the near term. 
The technology for the large-scale production of shale 
oil has been demonstrated. We know how to do it. And 
we believe we can do it in an economic and environmen-
tally acceptable manner. Over 500,000 barrels of oil from 
shale have been recovered by other private companies and 
us. This shale oil is compatible with our existing fuels, as 
produced shale oil without upgrading has been burned 
directly in utility boilers. Shale oil has been refined to 
provide gasoline and has been used successfully as a jet 
aircraft fuel by the Navy.

In testimony before the Congress, I have outlined a 
plan to foster the development of a two-million-barrel-
per-day shale oil industry by the year 1990. [JS: About 
10 percent of our current needs.] I have offered the gov-
ernment free license for defense purposes to Occidental’s 
Modified In Situ oil shale process, and we stand ready to 
license other commercial firms for a reasonable fee.

The Oil Embargo of 1973 warned us of the danger we 
face of having the major supply of our imported oil cut off 
at any time. We know that oil worldwide is a depleting 

asset and will decline signifi-
cantly over the next 10 to 20 
years. Six precious years have 
passed since the Embargo. 
The need is here, now, today, 
to begin the very large-scale 

America never really had a 

coherent energy policy. The United 

States muddled through as national 

leaders let Big Oil and Big Coal call 

the shots.
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production of oil substitutes if this nation’s economy is to 
survive. In this document, I have set forth a blueprint for 
building energy independence from imported oil. Remem-
ber, you cannot drill a dry-hole in shale; the oil is there. If 
we can put an American on the moon, surely we can get 
this oil out in an environmentally acceptable manner at a 
reasonable cost. I am confident we can do the job, and I 
am proud that Occidental is leading the way.

Hammer wasn’t the only critic and seer. Many citizens officially 
voiced their concern. I too joined that chorus in 1973, when I wrote 
a report entitled The Oil Crisis in Perspective for the U.S. Congress. 
America never really had a coherent energy policy. The United States 
muddled through as national leaders let Big Oil and Big Coal call the 
shots. We need a national renewable energy plan—now. You are hold-
ing a plan—this book—in your hands. Muddling through won’t work 
anymore, if it ever did.

Technology

Energy firms typically extract oil from oil shale with either of 2 
processes. It can be mined as in conventional ore-mining operations 
and then processed in a plant, or the oil can be recovered by fractur-
ing the shale underground and then heating the shale in the ground to 
extract the oil with a conventional oil rig. Plant processing is similar 
to the processing of oil sands in Canada. Both extraction processes are 
economically feasible today, and costs will drop in future.

Mining technologies continue to advance. I strongly recommend 
that U.S. firms immediately test the effectiveness of the Alberta 
Taciuk Process (ATP)—developed in Canada specifically for min-
ing Canadian oil sands—for recovering oil from U.S. western shale 
deposits. Since oil shale deposits can vary in specific characteristics, 
the same process may not work in all cases. To my knowledge ATP 
has not been tested for U.S. western oil shale.

Shuster_BOOK_2nd.indb   325 7/15/08   9:52:44 PM



a  n e w  d a w n

326

Mining costs are a minor economic factor, since direct mining 
costs about $1 per ton, which translates to about 4¢ per barrel of oil. 
Restoration procedures for depleted open-pit mines are well known 
and do not present an economic or environmental problem.

Shell Oil has patented a process for heating shale in the ground for 
up to 4 years to release the oil, which is then pumped out of the ground 
in the conventional manner. This process promises to produce fuels 
from oil shale in a manner more environmentally sound and economi-
cal than the conventional surface process. However, this process will 
be too late to contribute much to the bridge.

Experts conclude that the current state of shale oil production, 
mining, processing, and technologies are sufficiently advanced to sup-
port the immediate implementation of a new generation of oil shale 
projects that could go on-stream in 5 years. A dedicated nation could 
do it sooner. Experts also tell us that the development and commer-
cialization of a domestic oil shale industry producing 2 million barrels 
per day by 2020 is in reach. Such production would cover about 10 
percent of our present oil needs and about 7 percent of our needs in 
2030. Not good enough, but a start.

Costs

The economics of oil shale are confusing since many conflicting 
numbers circulate. Production figures range from $25–40 per barrel, 
depending upon the depth of the oil, mining and processing methods, 
and concentration of oil per ton of shale. However, production costs 
of less than $40 per barrel, the highest cost I’ve seen, make oil from oil 
shale not only competitive with conventional oil, but also an incredible 
investment opportunity. The $40 figure includes all costs, including 
mining, transporting, refining, disposing of depleted shale, cleaning 
up the environment, and using approximately 40 percent of the pro-
duced energy during the processing.

What is the basis for such optimistic projections and positive state-
ments regarding oil shale? The answer is the experience with oil sands 
that are similarly mined and processed in Canada. There is no doubt 
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about it—recovery of oil from oil shale is cost effective today and will 
be even more economical over time.

Consider Australia’s oil shale program. Australian firms calcu-
lated in U.S. dollars that the cost of recovering oil from oil shale is about the 
same as the cost of offshore oil, and with a lot less risk.

Environmental Issues

Ecological concerns over the use of oil shale have been thoroughly 
researched and are quite manageable. The environmental issues aris-
ing from the mining and processing of oil shale are the same issues that 
occur with many other mining and processing operations. Disposal 
of depleted shale and its remediation does not present any particular 
technical challenge, and the cost of disposal is usually included in pric-
ing plans and implementation proposals.

Western oil shale is located in 
a relatively concentrated land area, 
but mining and processing oil shale 
could injure the environment. The 
region is largely rural and is remote 
from larger population centers. 
The small towns presently make 
their livelihoods from producing 
oil and gas, ranching, and agricul-
ture. However, oil shale develop-
ment is consistent with historic activities and is an extension of what 
people and firms in these areas are already doing. As mentioned earlier, 
the sites of greatest interest are close to current oil and gas production, 
where roads and utilities are pretty well developed. Recovered oil could 
be piped through existing pipelines as current conventional oil produc-
tion continues to decline.

To be sure there will be temporary environmental damage. For 
those people who want and enjoy relatively inexpensive energy, it is 
naïve to think we don’t have to pay some environmental price. The 
public pays some environmental price for deploying every known 

The public pays some 

environmental price for deploying 

every known energy source—even 

for wind and solar energy. The 

best we can do is to choose wisely 

between the alternatives. The worst 

choice is coal. The next worse 

choice is oil.
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energy source—even for wind and solar energy. The best we can do 
is to choose wisely between the alternatives. The worst choice is coal. 
The next worse choice is oil.

With today’s knowledge and technology, environmental damage 
can be minimized. Also as far as oil shale is concerned, the United 
States has a good reference point in Canada’s oil sands industry, which 
has dealt with environmental issues and set aside funds for eventual 
remediation.

Oil Shale Is the Best Bridge

There is no reason we can’t get started right away. As early as 1978 
the U.S. Department of Energy concluded that the development of 
domestic oil shale was technically feasible and was ready for the next 
steps toward aggressive commercialization. Only political leadership 
was lacking. Relatively low oil prices in the 1980s lulled us to sleep, but 
even then our political leaders were warned of pending price hikes for 
oil based on the dwindling supply.

Developing oil shale builds upon the advantage of a pretty good 
infrastructure of existing roads and pipelines originally built to trans-
port oil, gas, and other materials. Since oil and natural gas are indige-
nous to the area, the gas could be used in the recovery of oil from shale. 
There is also sufficient electrical energy in the region to support the 
early stages of development. Future electrical needs could and should 
be provided by clean nuclear power.

Large quantities of water will be required to develop a large-scale 
oil shale industry. Most of the water will be required for reclaiming the 
land and supporting the population and economic growth associated 
with this new industry. Fortunately, there is enough water to support 
production of 2 million barrels of oil per day from oil shale. The coun-
try should begin immediately to engineer and build a processing plant 
and necessary town facilities to support a growing oil shale industry. 
These activities should be done simultaneously, since we don’t have 
time to do them consecutively.
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Although Big Oil has no obligation to enhance the long-term 
energy security of the United States, the public similarly has no obli-
gation to provide it subsidies. It seems oil companies find it easier and 
more profitable to invest in lobbyists, political favors, and ANWR 
drilling than to develop our vast oil shale reserves. To be sure, oil com-
panies will continue to grip the levers of governmental influence they 
control and will continue to foist misleading statements upon an inat-
tentive and unsuspecting public.

Other Considerations

If the United States can produce 2 million barrels per day with 
current knowledge, then we can and should produce at least 3–5 times 
more as knowledge and experience develop, and the United States 
should aggressively supplement this production with cellulosic ethanol 
and algae bio diesel. This amount, along with some modest imports, 
should be enough to support the proposed 30-year transition plan. No 
matter how fast we transition to clean, renewable energy, we will need 
liquid fuels as a bridge to a clean-energy future.

My understanding is that oil shale plants will be required to obtain 
over 50 permits and approvals from all levels of government. These 
permits can take years to obtain. Too many and too long. Some per-
mits are based on EPA-required studies that cannot resolve the con-
troversies at issue with present test procedures, yet long delays result 
from these inadequacies. Let’s hope that governments will streamline 
these procedure in light of their importance. Once permits are issued 
and developers comply with the terms of the permit and with all other 
laws and regulations, litigation to delay and harass this industry should 
be greatly restricted. Should litigation be permitted, a fast-track pro-
cess should exist.
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BOTTOM LINE

q The bridge for a 30-year transition to all renewables will be 
difficult, but manageable. A bridge for a 50-year transition 
will be very difficult, and consequently the world will 
probably be unable to avoid extreme economic difficulties.

q The United States should not count on Alaskan or 
offshore oil to help us much in transition. There isn’t 
enough there.

q The United States must begin immediately to exploit oil 
shale opportunities. Inactive leases should be terminated. 
The main criteria for authorizing permits should be how 
quickly the project can begin producing.

q The U.S. government must do everything possible to make 
it easier for an oil shale industry to flourish. Permitting 
processes should be streamlined and regulations simplified 
and liberalized, while protecting all stakeholders.

q Produce 2 million barrels of oil per day within 3 years 
and 10 million barrels daily within 5 years. Anything less 
may frustrate our march toward clean, renewable energy 
independence.

q If necessary (though I doubt it will be needed), the 
government should guarantee a minimum price to protect 
risk investments.

q I believe that recovering oil from oil shale as a bridge is not 
just an option, but is an absolute necessity. Therefore, we 
must begin to exploit this resource immediately.

Planned oil shale production should anticipate the needs of other 
countries wanting to bridge themselves to a renewable energy future.
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Chapter 16

eNeRGY iNDePeNDeNCe BY 2040

At last, at last … the good news chapter. In short, the United States 
can afford clean, renewable energy and energy independence in the 
relatively near future.

I am extremely happy to report that the transition to all-renew-
able, clean energy sources, if done over the next 30 years, will cost the 
American people nothing. The direct cash benefits will actually exceed 
the cash outlays. I tell you how in this chapter. However, delays will 
be extremely expensive, since the costs of a transitional “bridge” rise 
dramatically with time. Further, if the United States makes the tran-
sition in 30 years—and I know we can with proper leadership—then 
we should be able to stave off a deep, broad, worldwide, energy-related 
economic depression. I am excited about the future, and I am anxious 
for you to consider the following.

Thirty years is the magic number, the realistic window of oppor-
tunity, because within this timeframe the necessary changes are 
achievable. Twenty years is too little time for the magnitude of change 
required. Forty years is too long, because it brings the United States 
and the world too close to catastrophe. Recall that with business as 
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usual, conventional oil will be essentially gone in about 30 years. The 
more quickly the United States embarks on this transition, the more 
we extend the reserves of oil at hand, and the less we will have to rely 
on unconventional sources.

The costs of nuclear energy are competitive with the costs of gen-
erating electricity from coal, oil, and natural gas. Most studies also 
show that nuclear power is considerably less expensive than wind 
power and very much less expensive than solar power, except in some 
specific applications. In any case it is pointless to argue over these dif-
ferences, because nuclear power is clean, the least expensive, and also 
inevitable. Regardless of the cost, wind power and solar energy make 
sense in some applications, such as using solar power for meeting sum-
mer peakload needs or for where electric grids do not make sense, as 
in Indonesia.

Keep in mind that when analysts assess the cost competitiveness of 
nuclear energy, they include the costs of decommissioning facilities and 
disposing of waste. However, when analysts calculate the costs of gen-
erating electricity from non-nuclear sources, they rarely calculate such 
“external” costs. That’s not comparing apples to apples, so is confus-
ing. Actually, it is worse; it is a deceptive comparison. If one consid-
ers the external costs for coal, oil, and natural gas—that is, the costs 
for society, health, and the environment—then nuclear energy would 
cost many times less than energy from coal and considerably less than 
energy from natural gas. And this calculation does not include the con-
sequences of possible global warming. The same comparison would 

show that energy from wind, solar, 
and other renewable sources costs 
less than the continued use of fossil 
fuels.

Arguments about what causes 
global warming or tipping points 
do not really matter since we have 

learned there are many other reasons that compel us to abandon fossil 

Procrastination is quickly 

becoming our most formidable 

obstacle to clean power, energy 

independence, and a reasonable 

economic future.
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fuels. It would be idiotic to bet our children’s or grandchildren’s lives 
on the outcome of such debates over climate change. Quite simply we 
must get off the fossil fuel disaster train. When we do, the possibility of 
global warming and other impending environmental disasters will dis-
appear. It is time to stop being fossil foolish and become energy wise.

Imagine today’s costs to society, health, and environment from the 
use of fossil fuels. Now grab your calculator. Considering the present 
consumption rate of fossil fuels and the anticipated growth of 60 per-
cent in the world’s population over the next 50 years, the cost of fossil 
fuels in the future will be dramatically higher than today. I believe fos-
sil fuels will be rationed in the near future, even if the United States 
immediately begins producing electricity using more nuclear, wind, 
and solar energy and even if automakers accelerate the development 
and deployment of hybrid plug-ins and all-electric vehicles. Procrasti-
nation is quickly becoming our most formidable obstacle to clean 
power, energy independence, and a reasonable economic future. 

We no longer have the gift of time. U.S. leaders in Washing-
ton don’t seem to have a clue about the urgency. Nor do the 2008 
candidates for president appre-
ciate the urgency. They won’t 
unless we let them know we want 
action—now. We have the neces-
sary technology and the talent, 
but who will lead us?

My main concern is that we 
will run out of time to get clean renewable energy sources in place 
before there is great disruption in global and national economies and 
before fossil-fuel pollution causes accelerating, irreversible damage to 
the earth. And let’s not forget a few oil wars and oil spills along the way. 
It takes approximately 5 years to design and clear the regulatory pro-
cess and a minimum of 5 years to construct a large nuclear plant. Count 
on 10 years. Too long, so shorten it. Japan took a little over 4 years to 
design and build a 1300-megawatt-electric reactor, which began opera-
tion in 1997. The United States must “fast track” the process.

The costs of nuclear energy are 

competitive with the costs of 

generating electricity from  

coal, oil, and natural gas.
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USE of NUCLEAR POWER PROVIDES MANY BENEFITS

When the United States transitions to nuclear energy, we will have 
all the clean electrical energy the country will ever need. Here are 11 
more advantages to developing and using nuclear energy:

1. We save the fossil fuel we have for future generations to use 
as feed stock for the chemical, pharmaceutical, and plastics 
industries.

2. We need not send our young people to die in foreign lands 
to secure oil or natural gas to keep our economy afloat. 
Each American consumes about 24 times more energy than a 
person in China, about 45 times more than a person in India, and 
about 2 times more energy than a person in the European Union. 
Most of the world is starting to figure out something is 
wrong with this picture. Sooner or later the leaders and 
citizens of other nations will want to correct this marked 
imbalance since their people want to share in the good life 
that only abundant energy can bring as a reward for their 
labors. Seeds of conflict?

3. We eliminate the pollution caused by fossil fuels. Pollution 
kills well over 2 million people per year worldwide and 
50,000 in the United States. This pollution also destroys 
or stunts forests and wildlife, poisons lakes and people 
with mercury, and changes the ecology of the oceans.

4. We would no longer have to worry about the so-called 
tipping point at which global warming spirals out of 
control and destroys human life on earth, as some predict.

5. We could abate or eliminate poverty worldwide. Education 
would follow, then better population control.

6. We can alleviate the dire water shortages anticipated for 
much of the world. With abundant, inexpensive energy, 
potable water can be produced from sea water or recycled 
from other sources.
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7. We eliminate one of the major reasons for conflict—
imbalances of energy, water, and other resources.

8. We will not have to worry about escalating fuel costs. The 
price of uranium can rise 100-fold and fuel costs for fast 
neutron reactors would still be negligible. Of course, the 
fuel costs for wind and solar are zero.

9. We will have inexpensive, clean, electrical energy to 
support an all-electric automotive fleet. The result will be 
dramatically lower automobile-operating costs. Here again, 
consumers would never have to worry about fuel costs 
increasing.

10. We eliminate the present problem of nuclear waste. This 
“waste” would be used for fuel in fast neutron reactors. In 
turn, the waste from fast neutron reactors would have to be 
stored for just 300–500 years instead of over 10,000 years.

11. Economic benefits: Balance of payments greatly improved, 
value of the dollar restored, significant jobs created, and 
reduced cost of living for all.

Solar and wind energy costs are discussed in their respective 
chapters. We must now discuss the cost of nuclear energy.

Calculating Costs

The costs of nuclear energy have often been bandied about with 
no accurate basis, even lied about, so I feel it important to give you 
some sense of the real cost. Since fuel costs for nuclear plants are a 
minor portion of total generating costs, capital costs are the greatest 
financial concern. At present, capital costs represent approximately 55 
percent of the total operating costs for a fast neutron reactor and about 
45 percent of the total operating costs for a coal-burning plant.

Analysts and experts draw wildly different conclusions, depending 
on their assumptions, about the economic viability of nuclear energy. I 
wondered about such divergent views, so conducted my own economic 
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analysis for a 1000-megawatt-electric fast neutron reactor with inter-
nal pyroprocessing. I came up with a total cost of approximately 4.2¢ 
per kilowatt hour. Although I have done many such analyses in the 
past, in this case I was assisted by several others who helped me with 
the assumptions and the final analysis. I wanted several sets of eyes on 
the calculations. A cost of 4.2¢ per kilowatt hour is fairly consistent 
with other studies, even though some put this cost as high as 8¢–10¢ 
per kilowatt hour. However, I’ve not seen any quantified justification 
for such high numbers, and I’m quite certain there aren’t any.

Here are my assumptions for the cost calculation: 
q Plant cost @ $1500 per installed kilowatt of output 

(Argonne National Laboratory estimate).

q Plant life @ 40 years.

q Cost of money @ 8 percent.

q Plant service factor @ 85 percent.

q Construction time @ 7 years.

q Security, operating, waste disposal, and maintenance costs 
@ 1.65¢ per kilowatt hour.

q Decommissioning cost @ 0.1¢ per kilowatt hour.

q Fuel cost and fuel preparation costs negligible.

The basic economic computation is not complicated. Of course, costs 
will vary with different assumptions. For example, the actual operating 
life of a nuclear plant could be as much as 60 years, thereby lowering the 
cost. Also, the cost of money (interest) could be more or less. Further, 
when fast neutron reactors are used instead of light-water reactors, sig-
nificant savings result from the reduced cost of waste disposal.

Let’s look at some other data and studies.
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Economic Specifics

According to a report published in 2005 by the Organization for 
Economic Co-operation and Development (OECD)—an interna-
tional organization of 30 developed countries that accept the principles 
of representative government and a free market economy—nuclear-
generated electricity from a conventional light-water reactor costs 5.28¢ 
per kilowatt hour, of which 3¢ represents capital costs. Coal-generated 
electricity costs 4.70¢ per kilowatt hour, with about 2¢ representing 
capital costs. Electricity generated by natural gas costs 4.56¢ per kilo-
watt hour.

The surcharge of $50 per ton of coal burned (called for in this 
chapter) would add approximately 1¢ per kilowatt hour to the cost 
of electricity from a coal plant. Coal-generated electricity costs would 
then rise to 5.7¢ per kilowatt hour. According to Robert Socolow and 
Stephen Pacala in Scientific American, a tax of $200 per ton of carbon 
emissions—that is, a tax on the carbon emitted from burning coal—
has been proposed in the United States, yet even this would not be 
enough to compensate for the environmental damage.

Since numbers can vary depending on authors’ assumptions and 
the year published, I decided to study several sources—such as OECD, 
World Nuclear Association, Nuclear Energy Association, the Ura-
nium Institute, U.S. Energy Information Administration, and others. 
The main conclusion is that the numbers are similar and fairly consistent 
when assumptions are normalized. By tweaking a variable—depreci-
ate over 30 years versus 60?—you obviously get different numbers, 
but they can be factored for comparison.

The OECD projects the costs for generating electricity for various 
countries in 2010. The costs appear below as “U.S. cents per kilowatt 
hour” (see Figure 16.1). OECD anticipates that nuclear energy costs 
in 2010 will be lower than fossil-fuel-generated electricity.
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Figure 16.1. Comparative Cost Projections for Generating 
Electricity in 2010

nuclear Coal gas

Finland 2.76 3.64 --

France 2.54 3.33 3.92

Germany 2.86 3.52 4.90

Switzerland 2.88 -- 4.36

Netherlands 3.58 -- 6.04

Czech Rep 2.30 2.94 4.97

Slovakia 3.13 4.78 5.59

Romania 3.06 4.55 --

Japan 4.80 4.95 5.21

South Korea 2.34 2.16 4.65

United States 3.01 2.71 4.67

Canada 2.60 3.11 4.00

Costs calculated assuming: US 2003 cents per kilowatt hour, discount rate of 5 percent, and  
40-year lifetime of electricity plant operating at 85 percent service factor.

Source:  OECD/IEA NEA 2005.

University of Chicago Study

“The Economic Future of Nuclear Power,” a study conducted at 
the University of Chicago, is probably the most complete and in-depth 
study of the current costs of energy. Professor George S. Tolley, pro-
fessor emeritus at the University of Chicago, and Donald W. Jones, 
vice president of RCF Economic and Financial Consulting, Inc., co-led 
the study. They were assisted by 17 graduate students and advanced 
undergraduate students with varying, relevant academic backgrounds. 
In addition, over 25 highly credentialed and respected scientists and 
economists contributed their considerable knowledge to this study. In 
short, this study was conducted by an eminently qualified group.

This study goes out of its way, where many other studies didn’t 
or couldn’t, to compare like costs, to compare apples to apples so to 
speak. The study includes both light-water reactors and fast neutron 
reactors (called integrated fast reactors by the researchers). The study 
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also covers all operating and capital costs, even for early, new, and pro-
totype nuclear plants. Prototypes, of course, cost more and are called 
first-of-a-kind-engineering plants; they are of little interest here. I con-
centrate only on plants that operate beyond the testing stages, have 
emerged from the operational learning curve, are of stable design, and 
have achieved operating “maturity.” Also, I focus only on busbar costs, 
that is the cost of electricity delivered to the grid. The study generally 
reports costs per megawatt hour, but I converted this to the cost per 
kilowatt hour, since this is the unit used to bill you for electricity.

The researchers determined the cost of electricity generated from 
a mature light-water reactor. If the plant was built in 5 years and oper-
ated at 85 percent of capacity, then the cost would be 4.7¢ per kilo-
watt hour. This includes all costs, including long-term storage of the 
nuclear waste and the decommissioning of the plant at the end of its 
life cycle. If the plant took 7 years to build, then costs would increase 
to 5.3¢ per kilowatt hour. However, if the capacity factor at the same 
plant increased to 90 percent, then the cost would drop to 4.4¢ per 
kilowatt hour. Although other variables affect the conclusions, these 
figures illustrate how costs vary with even modest changes to a few 
variables.

In comparison, a pulverized-coal plant produces electricity for 
3.3¢–4.1¢ per kilowatt hour. A natural gas plant generates electricity 
for 3.5¢–4.5¢ per kilowatt hour. These figures assume relatively stable 
prices for coal and gas. Based on use patterns, population growth, and 
dwindling supplies, the assumption of stable prices makes no sense, 
since we all know that prices are escalating and will continue to esca-
late. For example, the study anticipated the natural gas prices in 2005 
to be $3.61 per 1000 cubic feet. In fact, it was about $7.50 per 1000 
cubic feet. Coal prices have also escalated from projections.

Uranium prices, projected to be $15 per pound through 2006, 
actually rose to $72 per pound ($160 per kilogram) in summer 2007. 
This increase has little effect on the overall price of electricity from a 
light-water reactor and no effect whatsoever for a fast neutron reactor. 
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The fuel cost for a light-water reactor is less than 0.2¢ per kilowatt 
hour, and the fuel cost for fast neutron reactors is almost zero, less 
than one-hundredth of a cent per kilowatt hour. Even if uranium 
prices increase 100-fold, fuel costs for a fast neutron reactor remain 
negligible.

Other variables affect the price of electricity. In 2004, the most 
economical power plants fired by natural gas and coal begin with about 
the same costs and produce electricity at 3.5¢ per kilowatt hour. The 
costs necessary to reduce emissions raise the price of electricity from a 
gas plant to 5.2¢–6.4¢ per kilowatt hour; for coal plants, to 7.1¢–10¢ 
per kilowatt hour. A carbon tax would further raise costs.

The most economic and mature nuclear plant, an advanced light-
water reactor, produces electricity for 4.7¢ per kilowatt hour. If the 
U.S. government would guarantee the capital investment, provide 
accelerated depreciation, and offer an investment tax credit of 20 per-
cent in a show of support, then the cost of nuclear energy would fall by 
approximately 1.06¢ per kilowatt hour, thereby lowering the price to 
3.64¢ per kilowatt hour. If a proposed production tax credit were also 
added, then the price would drop 2.1¢ per kilowatt hour. In the inter-
est of time, I do not recommend any government subsidies; I recom-
mend only outright capital grants to build energy infrastucture. The 
government should become an aggressive facilitator, but not a grantor 
of subsidies, which are often arbitrary and cause delays.

Some uncertainty surrounds 
costs of fast neutron reactors, but 
all indications suggest these reac-
tors will be just as economical, or 
more so, than light-water reactors. 
The study from the University of 
Chicago does not show this, since 

it projects a price of 5.7¢ per kilowatt hour, but the study’s researchers 
did not give credit for the more efficient use of fuel or for the much 
lower costs of waste disposal.

The most economic and mature 

nuclear plant, an advanced light-

water reactor, produces electricity 

for 4.7¢ per kilowatt hour.
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The paragraphs immediately above are a bit tedious, but I thought 
them important to illustrate costs and factors affecting costs. 

Costs for wind and solar energy are thoroughly discussed in their 
respective chapters. Given the scope and severity of the world’s energy 
problems, small differences of a couple of cents here or there are really 
meaningless. The bottom line is clear: We must get off of fossil fuels, and 
fast neutron reactors are inevitable. Even adding a penalty of 5¢–10¢ per 
kilowatt hour for an all-renewable-energy future would be a good buy. 
Let’s end studies and hypothetical planning, and let’s move to deter-
mined action—now. We need commitment. Once we have it, we will 
find even more economical and safe ways to produce all forms of renew-
able energy. I guarantee this. Once in the game, you always get better. 

The U.S. government and public must commit to a 30-year transi-
tion to a clean renewable energy future. We should also encourage and 
help the rest of the world to do the same. The benefits cited here apply 
to all nations.

ABOUT U.S. ELECTRICITY

The average price Americans pay for electrical energy is about 8.5¢ per 
kilowatt hour, but in some areas the price can be as high as 10¢–12¢ 
per kilowatt hour or as low as 7¢ per kilowatt hour.

In 1940 the United States used about 
10 percent of its energy resources to pro-
duce electricity. Now we use 40 percent of 
our energy to produce electricity. National 
security and a modern, healthy economy 
are impossible without this electricity, which transmits both energy 
and information. We all know how difficult it is for communities to 
meet basic needs like food, shelter, water, and law enforcement when 
there is a lack of electricity for even a brief period of time. Remember 
Hurricane Katrina? Recall riots in major cities during brown outs and 
black outs?

Fast neutron reactors are 

inevitable. 
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America has almost 160,000 miles of high-voltage transmission 
lines. These lines have been neglected in recent years, resulting in grid 
congestion, which in turn prevents lower-cost electricity from reaching 
some consumers. It also prevents the diversion of large amounts of elec-
tricity to places experiencing a serious shortage or an emergency. The 
grid needs attention.

HOW MANY NUCLEAR, WIND, and SOLAR POWER 
PLANTS DOES the UNITED STATES (and WORLD) NEED 
and WHAT WILL THEY COST?

The following numbers are the result of my own broad-brush calcula-
tions of electricity needs and costs for the world and for the United 
States. All calculations and charts are based on electricity produced 
by standardized, 1000-megawatt-electric nuclear plants, 2-mega-
watt windmills, or photovoltaic solar cells. I assume these plants will 
be built over a 30-year time span. I calculate the number of plants 
needed and their cost for 3 scenarios for both the world and for the 
United States:

q Generating traditional electricity needs only.

q Generating traditional electricity needs plus electricity for 
an all-electric transportation system.

q Generating electricity for a fully integrated, all-electric 
economy in which almost all energy is electric. Obviously 
this will never happen, but as an exercise, it sets the high-
end boundary.

The following figures—Figures 16.2, 16.3, and 16.4—are abso-
lutely essential to my argument in this book. I hope you spend a few 
moments looking at the details. From this information one can deter-
mine the capital costs of any combination of nuclear, wind, and solar 
power plants. Examples are given.
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Scenario 1: Meeting Traditional Electricity Needs

Notice first that the world needs almost 2 thousand 1000-mega-
watt-electric plants by 2040 just to meet traditional electricity needs 
(see Figure 16.2). These plants are in addition to the 441 nuclear 
plants and other renewable-energy facilities currently operating in the 
world. Building the necessary plants would cost $100 billion annually 
for 30 years. [Note: In reading Figure 16.2 (and 16.3 and 16.4 below), 
be aware that electricity already produced by nuclear energy, hydro-
power, and biomass were subtracted from the totals.]

Figure 16.2. Number and Capital Cost of Non-Polluting 
Power Plants Required to Generate Traditional Electricity 
Needs Only

(1) Nuclear “Number” is number of 1000-megawatt-electric nuclear generating plants required.  
Wind “Number” is number of 2-megawatt generating plants required.

(2) Capital cost per megawatt installed: 
Nuclear @ $1,500/megawatt-electric. 
Wind @ $1,800/megawatt (5,400 megawatt-electric) at 33 percent service factor. 
Solar @ $6,000/megawatt (18,000 megawatt-electric) at 33 percent service factor.

Source: Created by author from various sources.

Capital Cost (nuclear vs. Wind vs. Solar) — Electricity generation Only

World United States

Year
(1)

Number
Required

(2)
$ Cost
Trillions

Build over 30 Yrs.
(1)

Number
Required

(2)
$ Cost
Trillions

Build over 30 Yrs.

No/Yr 
Required

$ Cost/Yr
Billions

No/Yr
Required

$ Cost/Yr
Billions

nuclear
2008  1,570 2.4 52  80  360 0.5 12 18

2038  2,000 3.0 67  100  470 0.7 16 24

Wind
2008 2,000,000 7.2  67,000  240 450,000 1.6  15,000 54

2038 2,600,000 9.4  87,000  310 590,000 2.1  20,000 70

Solar
2008 N/A 24.0 N/A  800 N/A 5.0 N/A 180

2038 N/A 31.0 N/A  1,000 N/A 7.0 N/A 230
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Scenario 2: Meeting Traditional Electricity Needs and the 
Needs of an All-Electric Transportation System

Next, if the world wants to address both the rapid depletion of oil 
and the attendant pollution, then we must generate sufficient non-pol-
luting renewable energy to satisfy traditional needs for electricity 
and the needs of an all-electric transportation system (see Figure 
16.3). The costs are substantial, but the savings are even greater. For 
example, if all vehicles were electric, then the United States would 
decrease oil consumption by 4.9 billion barrels a year (valued at $500 
billion per year), improve U.S. balance of payments by $300 billion 
per year, and reduce CO2 emissions by over 1 billion tons per year. The 
average cost per mile to drive a car would fall to 1¢–2¢, not including 
taxes. Compare this to the pre-tax 12¢ per mile cost U.S. most drivers 
now pay. After the transition the cost to drive a car should decrease by 
about 10¢ per mile, a huge national savings. This represents a giant 
step toward clean-energy independence. We can afford to pay for it 
and reduce the living expenses for every American. Other countries 
would achieve the same savings. Does anyone have a better plan?

Figure 16.3. Number and Capital Cost of Non-Polluting 
Power Plants Required to Generate Traditional Electricity 
Needs Plus Electricity for an All-Electric Transportation Fleet

Electricity generation + Electricity for Electric Transportation

World United States

Year
(1)

Number
Required

(2)
$ Cost
Trillions

Build over 30 Yrs
(1)

Number
Required

(2)
$ Cost
Trillions

Build over 30 Yrs

No/Yr 
Required

$ Cost/Yr
Billions

No/Yr
Required

$ Cost/Yr
Billions

nuclear
2008  2,800 3.8 93 130  650 0.9 21 30

2038  3,700 5.0 123 170  850 1.1 28 37

Wind
2008 3,500,000 12.6  117,000 420 810,000 2.9  27,000 97

2038 4,800,000 17.3  160,000 580 1,100,000 4.0  37,000 133

Solar
2008 N/A 42 N/A 1400 N/A 9.7 N/A 320

2038 N/A 58 N/A 1900 N/A 13.3 N/A 440
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(1) Nuclear “Number” is number of 1000-megawatt-electric nuclear generating plants required.  
Wind “Number” is number of 2-megawatt generating plants required.

(2) Capital cost per megawatt installed: 
Nuclear @ $1,500/megawatt-electric. 
Wind @ $1,800/megawatt (5,400 megawatt-electric) at 33 percent service factor. 
Solar @ $6,000/megawatt (18,000 megawatt-electric) at 33 percent service factor.

Source: Created by author from various sources.

Scenario 3: Meeting Electricity Needs for a Fully 
Integrated All-Electric Economy

Now let’s make a pie-in-the-sky assumption. What would be necessary 
to generate the electricity needs for a fully integrated all-electric econ-
omy—that is, the electricity necessary to meet all energy requirements 
for traditional electrical needs, plus transportation, plus all residential and 
commercial needs, including heating and cooling, and all industrial energy 
needs? Probably not practical, but such an economy and energy-producing 
system would take us to a totally clean, energy-independent future, but 
this example defines the high limit (see Figure 16.4).

Figure 16.4. Number and Capital Cost of Non-Polluting 
Power Plants Required for a Fully Electric Economy

(1) Nuclear “Number” is number of 1000-megawatt-electric nuclear generating plants required.  
Wind “Number” is number of 2-megawatt generating plants required.

(2) Capital cost per megawatt installed: 
Nuclear @ $1,500/megawatt-electric. 
Wind @ $1,800/megawatt (5,400 megawatt-electric) at 33 percent service factor. 
Solar @ $6,000/megawatt (18,000 megawatt-electric) at 33 percent service factor.

Source: Created by author from various sources.

Electricity + Transportation + residential/Industrial = All-Electric Economy

World United States

Year
(1)

Number
Required

(2)
$ Cost
Trillions

Build over 30 Yrs
(1)

Number
Required

(2)
$ Cost
Trillions

Build over 30 Yrs

No/Yr 
Required

$ Cost/Yr
Billions

No/Yr
Required

$ Cost/Yr
Billions

nuclear
2007  6,500 9.8 216 330  1,500 2.3 50 77

2037  8,400 12.6 280 420  1,950 2.9 65 97

Wind
2007 8,300,000 30  275,000 1000 1,900,000 6.8  63,000 230

2037 10,400,000 37  350,000 1200 2,400,000 8.7  80,000 290

Solar
2007 N/A 100 N/A 3300 N/A 23.0 N/A 770

2037 N/A 123 N/A 4000 N/A 29.0 N/A 1000
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The favorable economics of all 3 scenarios would permit wealthy 
nations to assist poorer nations to achieve energy independence as well. 
At that time everyone will be breathing clean air and drinking clean 
water.

If you want to determine the 
capital costs of various combina-
tions of nuclear, wind, and solar, 
then the above charts are all you 
need. For example, let’s consider 
Scenario 2 and say you believe that 

by 2040 the United States should produce 15 percent of its electri-
cal and transportation energy from wind, 15 percent from solar, and 
70 percent from nuclear sources. Then, following column (2) under 
the heading “United States,” the needed capital costs, drawn from 
Figure 16.3, are:

  0.70  x  $1.1 trillion (for nuclear)  
 +  0.15  x  $4.0 trillion (for wind)
 +  0.15  x  $13.3 trillion (for solar)

 =  $3.4 trillion TOTAL, or  
 =  $112.0 billion per year for 30 years.

Let’s then say the proposed combination calls for contributions 
of 25 percent from wind, 25 percent from solar, and 50 percent from 
nuclear. Here are the costs derived from Figure 16.3:

  0.50  x  $1.1 trillion (for nuclear)  
 +  0.25  x  $4.0 trillion (for wind)
 +  0.25  x  $13.3 trillion (for solar)

 =  $4.9 trillion TOTAL, or  
 =  $163.0 billion per year for 30 years.

After the transition the cost to drive 

a car should decrease by about 10¢ 

per mile, a huge national savings.
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The math presented in the tables above is simple and clear. But 
there is more. For comparison, the United States spends about $500 
billion per year for defense (2007); the world spends $1.2 trillion (see 
Figure 16.5). Does anyone else think these priorities are criminally 
whacko? Also consider what is being spent in Iraq and Afghani-
stan to protect U.S. petroleum sources and political interests—
probably $1–1.5 trillion before U.S. forces leave Iraq. And still the 
sources and interests will not be secure. If only we could divert some 
of this money to improve worldwide education and eliminate pov-
erty. A moratorium on worldwide hostilities and military spending 
for 5 years would take care of all of the world’s electrical needs in 
2040. More to the point, once the world makes the transition to all-
renewable energy sources, there will be fewer reasons for conflict, 
and maybe money currently spent for national defense could be used 
to respect and enhance life, not destroy it. Do we want to continue 
killing each other for scarce fossil fuels, or would we rather build a 
secure, clean energy future for all?

Figure 16.5. Population and Military Expenditures,  
2008 and 2038

Country

2008 
Population 

Millions

2038 
Population 

Millions

2008
Military  

expenditures  
Billions of Dollars

2038 estimated 
Military  

expenditures (Same 
% GDP as 2008) 
Billions of Dollars

Amount Global 
%

Amount Global 
% Amount Global %

Amount Global %

estimates estimates

united states  300 4.6  390 4.1  520 43  670 39

eu  460 7.1  480 5  220 18  230 13

China  1,300 20  1,600 16.8  82 6.7  180 11

india  1,100 17  1,700 17.9  19 1.6  80 5

Russia  145 2.2  140 1.5  18 1.5  30 2

Rest of World  3,200 49  5,200 54.7  340 28  510 30

World  6,500 100  *9,500 100  1,200 100  1,700 100

*Population projections range from 9 billion to 10.2 billion. GDP = gross domestic product.

Source:  2007 CIA - World Fact Book; 2038 figures calculated and compiled by author from  
various sources.
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A WISE MAN SPEAKS: DR. DAN MENELEY’S 
PRESENTATION in 2006

I was impressed by Dr. Dan Meneley’s incisive presentation entitled 
“Transition to Large Scale Nuclear Energy Supply,” a strong argument 
for why the world must move rapidly to nuclear power delivered from 
fast neutron reactors. He presented his report at the twenty-seventh 
annual conference of the Canadian Nuclear Society in 2006. Dr. Mene-
ley is a highly respected and credentialed nuclear scientist. He holds a 
Ph.D. in reactor science, and he was the chief engineer (now engineer 
emeritus) at Atomic Energy of Canada Limited (AECL). He is the cur-
rent president of the Canadian Nuclear Society. The Canadians almost 
always seem to get it right.

Here is how Dr. Meneley described “Where Do We Stand?” in 
his presentation.

q World oil production is at or near its historical peak.

q Most production capacity is controlled by national oil 
companies—and is not part of a market economy.

q The oil demands of China and India are increasing 
rapidly—they expect to import mainly from OPEC, but 
the supply is limited, of course.

q Demand increases must be satisfied by new discoveries—
oil extracted from oil sands and oil shale may help satisfy 
the increasing demand.

My calculations and Dr. Meneley’s calculations led us to precisely 
the same conclusion—the immediate need to move decisively toward 
nuclear energy—though with somewhat different results at the mar-
gins of our arguments. Yet our conclusions are close enough to pro-
vide mutual confidence in each other’s projections. With his approval 
I gratefully borrow from his presentation.

Dr. Meneley projects that the world must build 6000 1000-mega-
watt-electric nuclear plants or their equivalents to satisfy the world’s 
projected needs for electricity and transportation over the next 30 years. 
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(In the following discussion, any reference to a nuclear power plant 
means a 1000-megawatt-electric nuclear power plant.) He contends, 
and I agree, that to build 6000 plants over the next 30 years—that 
is, 200 plants per year—is not trivial, but not that difficult a task for 
a committed world. In comparison, my calculations actually indicate 
that by 2040 the world needs to build 3700 1000-megawatt-electric 
nuclear power plants, or approximately 123 per year, after subtract-
ing the nuclear energy and other renewable energy sources already in 
place. I’ve also reduced the number of plants required because of my 
expectation that many more higher-efficiency electric cars (compared 
to gasoline-powered cars) will be on the roads.

You may find interesting some excerpts from Meneley’s speech.

Conservation, along with a number of alternate energy 
supply options, has been studied in great detail for a num-
ber of years with limited success. It has slowly become obvi-
ous that nuclear energy is the only resource available today that 
could take over a large fraction of the world demand for oil and 
gas, and yet remain neither capacity nor resource limited, that is, 
to be “inexhaustible” or ”renewable.” There is enough acces-
sible uranium to supply the total present-day demands of 
humanity for at least several thousand years….

Modern assessments differ little from that described 
in the International Institute for Applied Systems Analy-
sis (IIASA) study carried out more than 20 years earlier. 
The main change since the IIASA study is that the needed 
replacement for fossil fuels is now very urgent. Nuclear 
energy using uranium offers the only practical answer 
for filling in a major part of the gap between supply and 
demand. Even then, the enormous scale of the replacement 
task cannot be over-emphasized. This is not to belittle con-
tributions of other renewable resources and conservation. 
The statement is meant only to emphasize the central role 
of nuclear energy in any sound plan, regardless of what 
other partial solutions are adopted [emphases added].
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FUTURE  ELECTRICITY  NEEDS

Fossil fuel prices are much higher today than predicted even a few years 
ago. While prices will drop from time to time, the trend will rise steadily 
and more sharply. The Middle East holds 65 percent of the world’s oil; a 
glitch in that region could easily put oil at $200 per barrel. Other fossil-
fuel-caused problems are on the way—the perfect storm of economic 
crises triggered by rising fuel prices; gasoline rationing; mounting 
pollution and the associated deaths, illness, and environmental harm; 
climate change; and international resentment and anger. Besides, many 
people, including the Chinese, Indians, Europeans, and Japanese are 
deeply upset that Americans consume such a huge percentage of the 
world’s energy and other resources. At the same time we must encourage 
other countries to embark on their own 30-year plans because the same 
energy issues that apply to the United States also apply to all other 
countries. We will all run out of fossil fuels together, and we all share 
the same pollution problems.

FINANCIAL  EPIPHANY:  THIS  PLAN  IS  AFFORDABLE

Many believe the transition to clean, renewable, eternal energy will break the 
bank. Not so. Read on.

You could argue that my numbers are high or low. If they are high, 
then we should be happy. However, there is a strong tendency for such 
analyses to be low. As a precaution I built a 10-percent contingency 
into all my projections. Even counting this 10-percent addition, my 
figures are still somewhat lower than Dr. Meneley’s numbers. So, for 
planning purposes, let’s really put our finger on the scales and, in addi-
tion to the 10-percent built-in contingency, add a hefty 25 percent to 
all of the numbers, except for the cost of solar power, which I believe 
will fall significantly over the next 30 years. What do those numbers 
look like?

q If the United States builds fast neutron nuclear reactors 
to support all U.S. electrical needs and the electrical 
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needs of an all-electric transportation fleet, then the 
capital cost per year for 30 years would be:

• 1.25 (i.e., the additional 25 percent) x $37 billion (from far-
right column, second row, Figure 16.3) = $45 billion per 
year for 30 years.

q If the United States satisfies all of its electrical needs 
and the electrical needs of an all-electric transportation 
fleet with wind (practically impossible), then the capital 
cost per year for 30 years would be:

• 1.25 (i.e., the additional 25 percent) x $133 billion (from 
far-right column, fourth row, Figure 16.3) = $165 billion 
per year for 30 years.

q If the United States satisfies all of its needs with solar 
power (also practically impossible), then the capital cost 
per year for 30 years would be:

• $440 billion per year for 30 years (from far-right column, 
bottom row, Figure 16.3). Note: As mentioned above, I 
anticipate the costs for solar power will fall, so I do not add 
an additional 25 percent “contingency” penalty.

Note : For wind energy and solar energy, I assumed a service 
factor of 33 percent. If the wind was blowing all the time and 
the sun was shining all the time, the above capital costs could be 
reduced to one-third the numbers shown.

How do we pay for this completely clean, pollution-free, energy-
independent future? The answer is surprisingly easy and painless, but we 
must insist that the role of government be limited to facilitating the process. 
The allotted funds should not come from the government treasury, 
but should be held in a separate dedicated fund managed by, say, the 
Department of Energy, which will work with electrical utilities across 
the country. The process—which may serve as a model for other coun-
tries—should be designed to expedite and facilitate the building of neces-
sary infrastructures to hold at bay the economic meltdown that would 
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result from delay. The entire plan must be built around speed of deployment. 
More positively, government facilitation can fundamentally assist eco-
nomic growth and adaptation to new and changing market realities. I 
cannot over-emphasize the urgency. If you doubt it, please review the 
chapter on building a “bridge” to a future of renewable energy.

Where Does the Money Come From?

How does the United States get the money, and where does the 
money come from?

q Each of us should at least conserve as much energy as 
possible to buy time—time we will need.

q Levy a temporary surcharge of 50¢ per gallon of gasoline, 
which will yield about $70 billion per year.

q Charge a temporary surcharge of 2.5¢ per kilowatt hour for 
electricity, which will yield about $90 billion per year.

q Create a surcharge of $50 per ton of coal burned and a 
surcharge of $1 per 1000 cubic feet of natural gas burned, 
which would yield about $80 billion per year.

q Apply a gas-guzzler surcharge of 5 percent of the price of 
the vehicle for cars getting less than 30 miles per gallon, 
and a surcharge of 10 percent of the price of the vehicle for 
those getting less than 20 miles per gallon. Total revenue 
generated? I hope zero.

Here’s an important point: The above should more appropriately 
be called an investment because over time the cash returns to every 
American will be more than this “investment.” The environmental 
benefits would be even greater. Of course, energy for our children and 
grandchildren to enjoy will be the greatest benefit of all.

The total revenue produced by the relatively modest surcharges 
listed above would be $240 billion per year. I call these surcharges “rela-
tively modest,” because even with these penalties in place, Americans 
would still pay about half of what citizens in other countries pay for 
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their energy. Remember, if we do nothing, then energy costs will rise 
far beyond these recommended surcharges. Recall also that Americans 
pay an average of 8.5¢ per kilowatt hour for electrical energy. Yet, Ger-
mans pay 18¢ and Japanese pay 21¢ per kilowatt hour for electricity 
(see Figure 6.1). Europeans pay almost $8 per gallon for gasoline.

For the year 2040, let’s assume a reasonable mix of nuclear (80 per-
cent), wind (10 percent), and solar power (10 percent), per the “solar 
roadmap.” Let’s further assume that the entire U.S. transportation fleet 
is all-electric by 2040. Finally, as before, let’s assume a worst-case sce-
nario for the United States by saying that costs are 25 percent higher 
than predicted by the accompanying charts. Under these assumptions, 
what will the costs be?

Answer: $110 billion per year for 30 years. Here’s the calculation 
from Figure 16.3: 1.25 (i.e., the additional 25 percent) x [(0.8 x $1.1 
trillion for nuclear) + (0.1 x $4 trillion for wind) + (0.1 x $13.3 trillion 
for solar)] = $3.26 trillion total, or $110 billion per year for 30 years.

IMPLEMENTATION

Here are 19 things the United States must do now. If not now, then we 
squander valuable and fleeting time.

1. Surcharges must begin immediately.

2. The pilot plant for a fast neutron reactor must be funded 
immediately, and the funds must be sufficient to accelerate 
completion of the project. Start now. Do it in 4 years. A 
crash program must be initiated to accelerate fuel recycling 
and fast neutron reactor deployment. The program must 
be overwhelmed with qualified people and money.

3. Fast neutron reactors must be made the foundation for 
all future electricity-generating systems. Wind, solar, 
and other renewable energy sources must be added as 
appropriate.
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4. The latest designs of light-water reactors should be built 
now until fast neutron reactors are ready for center stage. 
No more coal-fired power plants should be built, and 
existing coal-fired power plants should be retired as soon 
as possible.

5. The proposed Global Nuclear Energy Partnership 
(GNEP) must be aggressively supported and 
implemented.

6. All renewable energy research must be aggressively funded 
to accelerate all programs.

7. Research on batteries must be given high priority and 
amply funded to accelerate development of advanced, high 
current density, recyclable batteries.

8. Everything possible must be done to ensure a rapid and 
critical transition away from the internal combustion 
engine to hybrid plug-ins and all-electric vehicles.

9. Ethanol and biodiesel are needed to help “bridge” us to 
an all-clean, renewable-energy future. The growth of the 
cellulosic ethanol and algae biodiesel industries must be 
accelerated.

10. All monies raised by surcharges should go directly to the 
U.S. Department of Energy, where a separate fund will 
be set up to provide the capital for the transition to an all-
renewable energy future.

11. A special board will oversee this Department of 
Energy fund. This board could be made up of, say, 4 
representatives from government, 4 from industry, and 
4 from the country’s technical community (from the 
country’s academic and national laboratories, for example).

12. Funds should be allocated to all parties submitting 
acceptable proposals in order to build energy facilities 
aimed at an initial goal-mix of 80 percent nuclear, 10 
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percent wind, and 10 percent solar. Utilities should 
receive high priority in the interests of time, because they 
know best the kind of energy that would best fit their 
circumstances, such as access to land, water, and the 
electrical grid. Other companies and individuals can also 
submit proposals for approval.

13. In order to expedite this plan, monies should be given directly to 
utilities and others building the new energy infrastructure, with 
the only requirement being that the capital costs not be 
included in subsequent billing to energy customers. This 
would lower the cost for electrical energy by about 50 
percent once these new plants are built, because capital 
costs represent 50 percent or more of the cost of electricity.

14. The final arbiter on all projects will be the special board 
cited in Point 11 immediately above. All reasonable 
regulations must be respected and followed. However, 
there are many regulations that regulators will tell you are 
nonsense and arbitrary. These should be investigated and 
eliminated as appropriate.

15. This is a “war” that requires a “wartime footing.”  As in 
war and as with wartime decisions, the board must be held 
harmless from lawsuits. This entire effort is analogous to 
war, and it must be “waged” to prevent more Americans 
and others from getting killed in resource wars. Without 
this protection from lawsuits, the people we would want to 
serve would likely decline. Some honest mistakes will be 
made, as they are in any war effort. The alternative is to do 
nothing while the country is tied up in legal knots. This 
cannot be tolerated.

16. The government should be extremely active in enabling 
this process in every way possible, including encouraging 
the cross-licensing of patents in the interest of rapid 
deployment of the most cost-effective technologies.

Shuster_BOOK_2nd.indb   355 7/15/08   9:52:46 PM



a  n e w  d a w n

356

17. The U.S. Department of Energy should monitor and 
quantify the economic benefits of deploying renewable 
energy: money saved on healthcare, development of jobs, 
jobs kept in the country, forest revitalization, balance 
of payments benefits, and, of course, the reduction of 
pollutants in water and air, and the effect on temperature 
change, if any.

18. Incentives should be provided for students wanting to 
study engineering, particularly nuclear.

19. Finally, if need be, we must drag our political leaders into 
this process. We need them to lead us in this challenge.

If this transition drags on for 50 years, then the United States and 
the world would face incredible economic disruptions. In such a case, 
neither the United States nor the world as a whole will likely have 
enough oil and natural gas to make a smooth, reasonable transition. 
Besides, there are no fallback positions or workable alternatives.

JULY 4, 2040: ENERGY INDEPENDENCE DAY

Let’s designate July 4, 2040, as Energy Independence Day. A double 
celebration. Now to the details.

The surcharges described above can be ended in 20 years. All rec-
ommended surcharges would end in 2028, since all necessary fund-
ing would be in hand. This could be stretched out over a longer time 
period, but the costs at the beginning of the transition will be greater 
than in later years, and there is the very welcome possibility of accel-
erating the transition. The full transition to clean, renewable energy 
should be complete by July 4, 2040. That must be our goal.

If we put our considerable national will behind this task, I have no doubt 
we will succeed because we must. Implementation of this plan should be 
invigorating, exciting, and a great boost to the U.S. economy. The 
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countries that transition first will have a tremendous economic advan-
tage over those that delay.

ECONOMIC  EXPECTATION: VERY  GOOD  NEWS

Figures 16.6 and 16.7 report the overall costs and benefits, the economic 
bottom line. In short, the U.S. public invests a maximum of $4.8 trillion and 
gets back $8.3 trillion in cash. It’s not alchemy. It’s savvy planning, energy 
independence, and a cleaner, healthier world. In addition to the cash pay-
back, the savings derived from a clean environment alone could easily 
total several trillion dollars. Here are the numbers. Over a 30-year span:

Figure 16.6. Cost-Benefit Ledger for Energy Independence

Surcharges Collected through 2028 $4.8 trillion

Transition Capital Costs through 2038

 Nuclear 80 percent of total u.s. 
energy production $1.1 trillion

 Wind 10 percent $0.5 trillion

 Solar 10 percent $1.7 trillion

 Transportation N/A $0.5 trillion

Total $3.8 trillion

Cash Surplus (for unknown costs [upgrading electric grid?] or refund) $1.0 trillion

Figure 16.7. Actual Cash Payback to the American People 
Over the 30-Year Transition from Investments in All-
Renewable Energy

Automobile fuel savings @ 10¢ per mile net of taxes 
0.10 x (4.5 trillion miles)/2 (average over 30 years) x 30 (years) $6.8 trillion

 electricity savings (capital charge eliminated) 
0.025 x ($4 trillion)/2 (average over 30 years) x 30 (years) $1.5 trillion

TOTAL $8.3 trillion
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Figure 16.8. Summary of Costs for the 30-Year Bridge/Transition

Consumers Contribute $4.8 trillion See Figure 16.6

 -energy Transition Costs 

 -surplus for unknowns (or Refund) 

$3.8 trillion

$1.0 trillion
See Figure 16.6

Cash Payback Via Energy Cost Savings $8.3 trillion See Figure 16.7

Total Net Benefit  $3.5 trillion

For the United States, it is important to look beyond 30 years.
q U.S. residents will perpetually save $500 billion per year, 

or about $1300 per person per year in direct energy costs.

q U.S. residents will enjoy a cleaner environment. The world 
atmosphere and the oceans will recover only if the rest of 
the world also converts to clean renewable energy.

q U.S. residents will have stable energy prices long into the 
future.

q The United States will be energy independent, resulting in 
an economic bonanza.

q The U.S. balance of payments will dramatically improve, 
and the U.S. dollar will recover.

q The U.S. should encourage and help other nations by 
example to adopt this model—with the same economic 
benefits. After all, we all live on the same planet.

Let’s look at the global consequences, over the same 30 years, if 
most countries make a similar transition.

q Oceans would recover, mercury will dissipate, acid rain 
and toxic gases will disappear—and human-caused global 
warming will no longer be debated.

q If the whole world becomes energy independent, then 
a major cause of conflict, violence, and war would be 
eliminated.
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q Last but not least, the legacy given to the world’s children 
will be a reasonably sound economy and ample energy to 
grow and prosper.

BOTTOM LINE for the UNITED STATES and the WORLD

There you have it. We can grab the moment and the opportunity, or 
we can go on with business as usual and apply a multitude of ineffec-
tive Band-Aid fixes. Which will it be? Your children and grandchil-
dren want to know.

I am encouraged. Americans typically choose to do the right thing 
during crises. And this is a crisis. Doing the right thing in this crisis 
will not cost one American life. In fact, over the proposed 30-year time 
frame, it will not cost the American people any money either. As the 
United States helps other nations solve their energy and environmental 
problems through GNEP and other programs, America would once 
again assert her leadership role by helping the world win this colossal 
world energy war—a war at least as serious as any the United States or 
the world has faced in the past.

Indeed, with diligent effort the United States can transform a 
colossal problem, a perfect storm of epic proportion and cataclysmic 
prospects, into a golden opportunity and a glorious future.

I sincerely hope this book stimulates optimism, courage, spirited 
discussion, and rapid action.
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Epilogue
w e n e e d a d e d i c at e d gov e r n m e n t

If the president, your congressman, or your senators do not take an 
aggressive position in respect to our most dangerous energy problems 
and they do not make it a priority—SEND THEM HOME. This 
single issue, if not fixed, puts our nation and other nations at an almost 
doom’s day risk.

While the prospects of solving our energy problem can be invigorat-
ing, we need the kind of vision John F. Kennedy instilled in the public 
when he decided the United States should go to the moon. The nation 
made a commitment and did it. However, some of us have lost confi-
dence in our leaders doing what is necessary to enable a timely solu-
tion. Elected officials have not had the courage to deal with many of the 
important and difficult issues of the day—poverty, healthcare, campaign 
finance reform, deficit spending, education, huge negative trade deficits, 
or pollution—why would the most important issue of all, energy, be any 
different?
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As retired congressman Tim Penny from Minnesota wrote in his 
book Common Cents, “I can’t tell you how many times in twelve years in 
Congress I sat awake at night wondering to myself, ‘Why are we doing 
these things? Why are so many decent and honorable public servants 
so incapable of acting responsibly on the central issues of the day? ’”

Representative Tim Penny goes on to say that bogus bills are 
sometimes passed: 

It was the first of many examples I witnessed in which one 
part of Congress engaged in political theatrics purely to 
satisfy selected special interests. Meanwhile, the general 
interest of the country was once again ignored as voters 
witnessed another display of nonsense in the nation’s 
capitol.

The culture of Congress invests vast power in the 
hands of an elite few lawmakers. It cultivates conformity 
and punishes originality. It acquires and protects perks 
that debase the concept of ‘public service.’ It confuses cow-
ardice with courage, hypocrisy with virtue.

I’ve seen this culture operate for twelve years. I’ve seen 
the ways it encourages legislators to duck decisions. I have 
seen the way it causes us to invent ‘crises.’ I have seen law-
makers propose feeble legislative initiatives designed to 
provide political cover instead of addressing the problem 
at hand. I have witnessed the waste of time and energy 
devoted to petty partisan bickering. I have seen good and 
able legislators ignore their better judgment for fear of 
angering a constituency or special interest group.

I am depressed when I think about some other fundamental 
governmental/political issues that hinder our political leaders from 
doing the job for which they were elected. We need campaign reform, 
so that the wants of special interest groups can no longer trump good 
legislation. I’ve managed and lead a number of companies, and it’s 
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always been a fulltime job—how can our president and other national 
leaders spend so much time on the road raising money? I don’t get it. 
We should adopt a system where politicians have a limited time to 
campaign and their campaigns should be publicly funded. Our nation 
can no longer provide special interest groups with the legal means to 
control our political leaders. I doubt my thoughts on this issue will 
cause the money-laden business of politics to change, but over time I 
am hopeful.

I’ve heard it said that if any of our leaders were to disclose to the 
American people the dire consequences of not doing enough to solve 
our energy problems, then the story would be so disturbing that he or 
she would run the risk of not being elected or reelected.

I believe the opposite is true. The average American citizen has 
always been able to handle the truth and take the necessary steps, 
including some sacrifice, for the collective good of our nation. Of late, 
our leaders have insulted us by deceiving us even on such a grave issue 
as going to war for—you guessed it—oil. While democracy is our 
preference, it is not the reason for our keeping a military presence in 
the Middle East—oil is. Our fine men and women are dying in a for-
eign land while we and all nations on earth can, with commitment, 
eliminate the need for energy wars.

The United States decided to invade another country on what 
seems to be in hindsight bogus data. Our behavior and rhetoric con-
tinues to inflame and upset people around the world. We have never 
been more disliked by even those who at one time had respect for us 
and our ideals. A study of history and the experience of others should 
have taught our government more reasonable behavior.

Here is what Winston Churchill had to say about starting any 
kind of war, 

Never, never, never believe any war will be smooth and 
easy, or that anyone who embarks on the strange voyage 
can measure the tides and hurricanes he will encounter. 
The statesman who yields to war fever must realize that 
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once the signal is given, he is no longer the master of policy 
but the slave of unforeseeable and uncontrollable events. 

Rather than fighting for energy and spending prodigious amounts 
of money to secure the oil-rich Middle East region, we could put our-
selves well on our way to energy independence. But no sense “crying 
over spilled milk.”

Together, despite past mistakes and current difficulties, the people 
and countries of the world can solve our shared energy problems. I 
think we sometimes forget the power of the idea “We the People.” 
The people are the government. However, we must make our message 
loud and clear. On the issue of energy, we the people must press for 
action now.

Some of you may think, however, that our great innovative nation 
can solve this problem on the fly—we can’t. My fear is that as time 
passes, and the problem gets much worse, it will be too late. It will 
take decades to exploit alternative, eternal, energy sources. I and others 
worry that it could already be too late to make a painless transition.

There are no technical problems keeping us from a final energy 
solution. There are powerful special interest groups (fossil fools) how-
ever that want to ride the dying horse of fossil fuels because the money 
potential is huge in the short run while devastating to all of us in the 
long run. Do not be fooled by the rhetoric of vested interest groups.

Some indecision springs from the complexity of the options. But 
finally we have to do what we know will solve the energy problem in the 
near term (20–30 years) so that we can deploy even better solutions in 
the future, when new technology catches up with new opportunities.

Three final, very encouraging points:
q The deployment of clean, eternal energy for our nation 

is actually not very expensive, and it would cause an 
unprecedented economic boom.

q When nations all have the energy they need to grow and 
prosper, they can begin to eliminate poverty.
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q Most importantly, energy independence for all nations 
removes a huge barrier to peace and becomes the basis for 
peaceful interaction and cooperation.

Further

Energy independence is really not a single issue, since energy weaves 
its way through just about every aspect of our lives. Our economy and 
our way of life are dead in the water without adequate, clean, reliable, 
inexpensive energy. Historians will look back at the early decades of 
the twenty-first century and know that energy was by far the most 
important issue of the time. What we do now will have a profound 
impact on how the rest of history will be written. Will our inaction 
cause the United States and the world to slip into another dark age 
shackled by poverty, economic ruin, and war? Or will we choose to 
take action for a better world?

The future shines brightly. We must find the courage and exercise 
the will to realize that future and to bring it quickly and securely into 
being. Shine on.

You have the power. Now promote the right kinds of energy. End 
fossil foolishness.
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All-electric vehicle. A vehicle that oper-
ates and propels itself entirely on 
electricity stored in rechargeable bat-
teries. Also known as a Battery Elec-
tric Vehicle (BEV). Examples include 
the Tesla Roadster and the Phoenix 
sport-utility truck.

Anthracite (coal). A hard, shiny coal that 
has a high carbon content. It is valued 
as a fuel because it burns with a clean 
flame and intense heat, but without 
smoke or odor. Also called “hard coal.” 
It is much less abundant than bitumi-
nous coal. See also Bituminous (coal); 
Lignite (coal). 

Avoirdupois. A system of weight (for 
bodies or goods) based on one pound 
equaling 16 ounces. 

Back-up power. The electrical generat-
ing power necessary to supplement or 
“back-up” solar energy and wind power 
for those periods when the sun is not 
shining or the wind is not blowing. 

Baseload power. Baseload power is the 
power that a utility generates continu-
ously and at a constant rate through-
out the year in anticipation of the 
minimum (base) customer demand 
(load) that occurs regardless of daily 
or seasonal fluctuations; the minimum 
amount of electrical power that a util-
ity can deliver steadily over time. 

Battery Electric Vehicle (BEV). A vehi-
cle powered by electricity stored in a 
battery. 

Bituminous (coal). A soft type of coal 
that burns with a smoky, yellow flame. 
Bituminous coal is the most abundant 
form of coal. It has a high sulfur con-
tent, and, when it burns it gives off 
sulfurous compounds that contribute 
to air pollution and acid rain. See also 
Anthracite (coal); Lignite (coal).

British Thermal Unit (BTU). A unit 
of heat equal to the amount of heat 
energy required to raise the tempera-
ture of one pound of water from 60 
to 61 degrees Fahrenheit at one atmo-
sphere pressure; equivalent to 251.997 
calories. 

Capacity factor. See Service factor
Carbon dioxide  . Colorless, odor-

less, incombustible gas formed during 
respiration, combustion, and organic 
decomposition. 

CANDU (CANada Deuterium 
Uranium). CANDU is a Canadian-
designed nuclear power reactor of 
PHWR type (pressurized heavy 
water reactor) that uses heavy water 
(deuterium oxide) or moderator and 
coolant, and uses natural uranium 
for fuel. 
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Chlorofluorocarbons (CFCs). Chemi-
cal compounds consisting of carbon, 
hydrogen, chlorine, and fluorine, once 
used widely as aerosol propellants and 
refrigerants. Believed to deplete the 
atmospheric ozone layer. 

Cooling tower. Device that dissipates heat 
from water-cooled systems through a 
combination of heat and mass transfer, 
whereby the water to be cooled is dis-
tributed in the tower and exposed to 
circulated ambient air. 

Demand (electric). Electrical power 
delivered to a system at a given time 
or averaged over a designated period. 
Expressed in kilowatts. 

DUPIC (Direct Use of spent light-water-
reactor Plutonium In CANDU reac-
tors). DUPIC is a manufacturing 
process that turns an American-style 
light water reactor’s spent fuel pel-
lets into Canadian fuel pellets for use 
in Canadian reactors (CANDUs). 
Canadian reactors are much more 
efficient than light-water reactors and 
can directly use what is traditionally 
thought to be spent fuel. There is no 
change made to the composition of the 
“spent” fuel. This is not reprocessing; 
reprocessing recycles, but DUPIC reuses. 
Canadian reactors are simply more 
efficient and can get more energy out of 
the same amount of enriched uranium. 

Efficiency. Ratio of power output to 
input. 

Energy. (Also known as potential 
energy.) The capacity to do work. See 
also Power.

Fast Neutron Reactor [FNR]. (Also 
called Fast reactor [FR], Fast-spec-
trum reactor [FSR], Fast-breeder reac-
tor [FBR], and Integrated fast reactor 
[IFR].) In a fast neutron reactor, the 
fission chain reaction is sustained by 
fast neutrons. On average, more neu-
trons per fission are produced from 
fissions caused by fast neutrons than 

from those caused by thermal neutrons 
(contrast with “thermal reactor”). A 
fast neutron reactor can extract energy 
via fission from all types of uranium, 
including depleted uranium, which is 
otherwise waste from enrichment, and 
from all isotopes of the transuranic 
elements. Neutrons are kept at higher 
average energy in a fast neutron reac-
tor than in a thermal reactor, and these 
higher energy neutrons are able to fis-
sion more isotopes. Though conven-
tional thermal reactors also produce 
excess neutrons, fast reactors can pro-
duce enough of them to breed more 
fuel than they consume. Such designs 
are known as fast-breeder reactors. 
One example of such a reactor is the 
Phénix (or Superphénix) reactor near 
Cadarache, France. 

Fossil fuels. Energy sources derived from 
dead plant material. The three main 
kinds are coal, natural gas, and oil 
(petroleum).

Gigawatt. A unit of power equal to one 
billion watts. See also Watt.

GNEP (Global Nuclear Energy Part-
nership). The Global Nuclear Energy 
Partnership (GNEP) seeks to develop 
a global consensus on expanding the 
use of economical, carbon-free nuclear 
energy to meet growing electricity 
demand. GNEP will use a nuclear fuel 
cycle that enhances energy security 
and promotes non-proliferation. The 
Partnership would achieve its goal by 
having nations with secure, advanced 
nuclear capabilities provide fuel ser-
vices — fresh fuel and recovery of used 
fuel — to other nations that agree to 
employ nuclear energy for generat-
ing power only. The closed fuel cycle 
model envisioned by this Partnership 
requires development and deployment 
of technologies that enable recycling 
and consumption of long-lived radio-
active waste. In so doing, the Partner-
ship would demonstrate the critical 
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technologies needed to change the 
way used nuclear fuel is managed— 
to build recycling technologies that 
enhance energy security in a safe and 
environmentally responsible manner, 
while simultaneously promoting non-
proliferation. See: http://www.gnep.
energy.gov/gnepProgram.html 

Gray. The Systeme International (SI) 
unit for the energy absorbed from ion-
izing radiation, equal to one joule per 
kilogram. 

Hybrid plug-in vehicle. A “full hybrid” 
vehicle that can also recharge its bat-
teries to drive the electric motor by 
plugging in to an electrical outlet. Once 
charged, a hybrid plug-in becomes a 
Battery Electric Vehicle (BEV) for as 
long as the charge lasts (200+ miles in 
some models). If the electrical energy 
from the outlet/grid is produced by 
clean, renewable sources, then the vehi-
cle is “clean and green”. A hybrid plug-
in functions only as a “full hybrid” if 
the batteries are not recharged from 
the electrical grid. 

Hybrid vehicle. (Also called a hybrid 
electric vehicle [HEV].) A vehicle with 
more than one power source, typically 
a gasoline-powered internal combus-
tion engine and an electric motor 
powered by energy stored in batteries. 
A true hybrid vehicle also embodies 
other features. First, it uses “regen-
erative braking”—that is, it brakes a 
car in part by converting the kinetic 
energy of a vehicle’s forward motion 
into electricity to be stored in batter-
ies. Second, both the electric motor 
and the gasoline engine must be able to 
propel the vehicle. These two features 
describe a “mild hybrid.” Examples 
include the Honda Civic and Accord 
models. Next, a “full hybrid” can accel-
erate and operate using only the elec-
tric motor and batteries. The gasoline 
engine takes over only at high speeds, 
when the engine is most efficient; the 

electric motor starts the car and func-
tions at low speeds, so is especially 
valuable for short trips and city driv-
ing. The Toyota Prius is an example. 
A hybrid plug-in vehicle contains addi-
tional features. See also Hybrid plug-in 
vehicle.

Joule. A unit of electrical energy equal to 
the work done when a current of one 
ampere passes through a resistance of 
one ohm for one second 

Kilowatt. A unit of power equal to 1000 
watts. See also Watt.

Kilowatt hour (kWh). Unit of electrical 
consumption equal to the work done 
by one kilowatt acting for one hour. 

Lignite (coal). A soft, brownish-black 
form of coal having more carbon than 
peat, but less carbon than bituminous 
coal. Lignite is easy to mine, but it does 
not burn as well as other forms of coal. 
It is a greater polluter than bitumi-
nous coal because it has a higher sul-
fur content. See also Anthracite (coal); 
Bituminous (coal).

Load. The demand upon the operating 
resources of a system. In the case of 
energy loads, the word generally refers 
to heating, cooling, and electrical (or 
demand) loads. 

Megawatt. A unit of power equal to one 
million watts. See also Watt.

Millirem. One-thousandth of a rem. See  
also Rem.

Nitrogen (Nitrous) oxides. Chemi-
cal compounds that contain nitrogen 
and oxygen. They react with volatile 
organic compounds in the presence 
of heat and sunlight to form ground-
level ozone and are a major precursor 
to acid rain. 

Octane. A numerical representation of 
the anti-knock properties of motor 
fuel, compared with a standard refer-
ence fuel, such as isooctane, which has 
an octane number of 100. Also called 
octane rating. 
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Off-peak. A utility rate schedule when 
the costs of energy and demand are 
typically less expensive. 

On-peak. A utility rate schedule when 
the costs of energy and demand are 
generally more expensive. 

Organization of Petroleum Exporting 
Countries (OPEC). An organiza-
tion consisting of the world’s major 
oil-exporting nations, OPEC was 
founded in 1960 to coordinate the 
petroleum policies of its members and 
to provide member states with techni-
cal and economic aid. OPEC is a car-
tel that aims to manage the supply of 
oil in an effort to set the price of oil 
on the world market in order to avoid 
fluctuations that might affect the 
economies of both producing and pur-
chasing countries. Comment: OPEC 
membership is open to any country 
that is a substantial exporter of oil and 
that shares the ideals of the organiza-
tion. OPEC member nations currently 
supply about 40 percent of the world’s 
crude oil and 16 percent of its natural 
gas. At the end of 2003, OPEC nations 
possessed about 78 percent of the 
world’s total proven crude oil reserves.  
OPEC’s founding members are Iran, 
Iraq, Kuwait, and Venezuela. OPEC 
currently has 11 member nations: 
Algeria, Indonesia, Iran, Iraq, Kuwait, 
Libya, Nigeria, Qatar, Saudi Arabia, 
United Arab Emirates (UAE), and 
Venezuela. (Source of definition and 
comment: Investopedia, June 2007.) 

Oxide. Any compound of oxygen with 
another element or a radical. 

Oxidize, oxidation. To combine with 
oxygen, to make an oxide, especially 
to remove hydrogen. Also, to increase 
the positive charge or valence of an ele-
ment (atom or molecule) by removing 
electrons. 

Peakload power. The energy gener-
ated by utilities to meet energy needs 
during periods of highest (peak) 

consumption, as during summer day-
light hours when demand for air con-
ditioning is highest. 

pH level. The measure of acidity or alka-
linity in a solution. 

Photocell. A device that responds electri-
cally to the presence of light. 

Photovoltaics. 
1. (used with a singular verb) a field 

of semiconductor technology 
involving the direct conversion of 
electromagnetic radiation, such as 
sunlight, into electricity. 

2. (used with a plural verb) devices 
designed to perform conversion 
of electromagnetic radiation into 
electricity. 

Power. Work done or energy transferred 
per unit of time.

PUREX. PUREX (or Purex) is the acro-
nym for Plutonium and Uranium 
Recovery by EXtraction. PUREX is the 
de facto standard for recovery of ura-
nium and plutonium from nuclear fuel. 

Pyroprocessing. A generic term for sev-
eral kinds of pyrometallurgical repro-
cessing. In a fast neutron reactor this 
term refers to a process that recycles 
spent fuel at the reactor site.

Quad. One quad equals one quadrillion 
BTU or about 293 billion kilowatt 
hours. 

Rad (Radiation Absorbed Dose). A 
unit of energy absorbed from ionizing 
radiation, equal to 100 ergs per gram 
or 0.01 joules per kilogram of irradi-
ated material. Note: The term rad has 
been replaced as a standard scientific 
unit by the gray. 

Rem (Roentgen Equivalent in Man). A 
unit for measuring absorbed doses of 
radiation, equivalent to one roentgen 
of x-rays or gamma rays; the amount 
of ionizing radiation required to pro-
duce the same biological effect as one 
rad of high-penetration x-rays. Note 1: 

Shuster_BOOK_2nd.indb   386 7/15/08   9:52:48 PM



387

m at t e r t e x tg los s a ry

a normal medical x-ray delivers about 
0.02 rem; a fatal dose of radiation is 
several thousand rem. Note 2: the 
term rem has been replaced in most 
scientific contexts by the term sievert. 

Semiconductor. Any solid substance, typ-
ically crystalline (such as silicon, ger-
manium, and gallium arsenide), that 
conducts electricity more easily than 
insulators but less easily than conduc-
tors. As crystals of these materials are 
grown, they are “doped” with traces 
of other elements called “donors” or 
“acceptors” to make regions or “holes” 
in which current will pass in one 
direction, but not the other, thereby 
forming a diode. In semiconductors, 
thermal energy is enough to cause a 
small number of electrons to escape 
from the valence bonds between 
atoms (the valence band). They orbit 
instead in the higher-energy conduc-
tion band, in which they are relatively 
free. The resulting gaps in the valence 
band are called holes. Semiconductors 
(also known as “chips” or “integrated 
circuits”) are used to make diodes, 
transistors, memory and computer 
processing circuits, and other “solid 
state” electronic components and cir-
cuitry. (Sources: American Heritage 
Science Dictionary and Free On-line 
Dictionary of Computing, accessed 
July 1, 2007.) 

Service factor (also called capacity fac-
tor). The portion of the time that a 
facility is operating; the portion of the 
time that an energy-producing facility 
is generating energy. 

SI (Systeme International d’Unites or 
International System of Units). A 
comprehensive metric system of mea-
surements used by scientists around 
the world, with the exceptions of Libe-
ria, Myanmar, and the United States. 
The fundamental measures include 
length (meter), mass (kilogram), time 
(second), electric current (ampere), 

temperature (kelvin), amount of mat-
ter (mole), and luminous intensity 
(candela). 

Sievert. The official SI measure of ion-
izing radiation required to produce 
the same biological effect as one rad of 
high-penetration x-rays; equivalent to 
100 rem. 

Terrawatt. A unit of power equal to one 
trillion watts. See also Watt. 

Ton. A short ton, also called a freight ton, 
is an amount weighing 2000 pounds 
avoirdupois (or 0.907 metric tons).  
A long ton, a weight unit used in Great 
Britain, is an amount equal to 2240 
pounds (or 1.016 metric tons. A met-
ric ton is a unit of weight equivalent to 
1000 kilograms (2204.62 pounds). 

Transesterification. A reversible chemi-
cal reaction between an ester of one 
alcohol and a second alcohol to form 
an ester of the second alcohol and 
an alcohol from the initial ester. For 
example, the reaction that transforms 
methyl acetate and ethyl alcohol into 
ethyl acetate and methyl alcohol. 

Urex Plus (+) or UREX+. UREX+ is 
the acronym for URanium EXtrac-
tion. This process is a proliferation-
resistant modification of the PUREX 
process. 

Voltage, volts. International System (IS 
or SI) unit of electrical potential or the 
amount of electrical flow, also referred 
to as “electromotive force.” 

Watt. An International System (IS or 
SI) unit of power equal to one joule 
per second. 
Kilowatt (KW). A unit of power 

equal to one thousand watts 
Megawatt (MW). A unit of power 

equal to one million watts 
Gigawatt (GW). A unit of power 

equal to one billion watts 
Terawatt (TW). A unit of power 

equal to one trillion watts. 
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Acid rain: burning fossil fuels, 29, 32, 33, 34, 

36–38, 49, 60, 166, 172, 222, 241; coal, 16, 
34, 41, 199 

Activists: anti- and pro-nuclear, 190, 199, 200, 
221–222, 225; misguided, misinformed, 
180, 197 

Africa, 105, 107, 122, 244, 247–248 

Agriculture, 41, 164; water and, 4, 242, 243, 
244, 247. See also Crops; Food 

Air, airborne, atmosphere, atmospheric, 17, 36, 
41, 45, 82, 222, 240, 255; air pollution and 
pollutants, 2, 32, 39, 46, 47–48, 141, 216, 
260, 264, 272, 285, 286, 356; air quality 
standards, 32, 49, 216; carbon, carbon dioxide 
and, 13, 34, 35, 59, 62, 86, 87, 148, 153, 164; 
greenhouse gases and, 63–64, 67, 80 

Alaska, USA: drilling in, 22, 26–27, 78, 310–
314, 315; oil insufficient, 315, 330 

Alberta Taciuk Process (ATP), 317, 325 

Algae biodiesel. See Biodiesel 

All-electric economy, 146, 342, 345 

All-electric transportation fleet, 146, 302, 335, 
342, 344, 345, 351 

All-electric vehicles, 3, 85, 94, 146, 153, 
156, 165, 277, 305, 307–308, 309, 349; 
automakers and, 281, 286–288, 292–295, 
333; batteries, 301, 302; efficiency, 289, 
291; internal combustion engines and, 288, 
290, 291, 301–302, 354 

Altairnano, 287, 300, 301

Alternative energy. See Biodiesel; Biofuels; 
Energy; Ethanol; Geothermal energy; 
Hydro-electric power; Hydrogen; Nuclear 
energy; Solar energy; Wind energy 

America. See United States 

Animals, 27, 35, 213, 241, 246, 311; acid rain 

and pollution and, 36, 38, 42, 272, 312, 313; 
aquatic and marine, 177, 247; wildlife, 44, 
163, 246, 313, 315, 334. See also Animals; 
Birds; Fish 

Antarctica, 75, 76, 79 

Anthracite. See Coal 

“Apocalypse Cancelled” (Christopher 
Monckton), 82–83 

Aquifers, 240, 247, 248, 251; Ogallala aquifer, 
244–245 

Arctic National Wildlife Refuge (ANWR): 
drilling in, 26–27, 78, 310–313, 329; 
environmental harm, 27, 78, 310, 311, 312; 
insufficient for energy problems, 27, 310, 
312, 313, 315; oil reserves, 26, 289 

Arctic Ocean, Arctic region, 75, 77, 78 

Argonne National Laboratory, 66, 336

Asia, 42, 105, 107, 243, 244, 248, 303 

Atlantic Ocean, 36, 44, 74, 76, 79 

Australia, 102, 122, 143, 249, 327

Automakers: 261, 283, 286, 303, 306; Big 
Three, 278, 279, 281, 288, 304; hybrid 
vehicles, 287, 288, 333; inaccurate mileage, 
284, 285; “Neanderthals,” 288; U.S. 
automakers, incompetent, 277–281, 288–
289. See also automakers by name 

B
Back-up energy, 142, 178; solar energy, 119–

120, 122, 127–128, 135, 146, 185; wind 
energy, 140, 141, 146, 147, 185 

Balance of payments, 154, 156, 158, 170, 285, 
304, 335, 344, 356, 359 

Baseload, 118, 119, 120, 140, 142, 185 

Batteries: back-up for solar and wind power, 
119, 126, 127, 136, 146, 151–152; chargers, 
charging, recharging, 289, 292, 295, 
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297, 299, 300, 301, 305; energy carrying, 
energy density, energy storage, 151, 289, 
292, 298, 299, 300, 301; hybrid and all-
electric vehicles, 260, 281, 287, 288, 289, 
291, 292, 293–294, 296; lead-acid, 298, 
299, 301, 302; lithium-ion, 292, 293, 
296, 297, 298, 299, 300, 301, 303; nano-
enhanced, nanotechnology, 294, 299, 300, 
301; nuclear, 188; power density, current 
density, 298, 299, 300, 301, 354; range, 
292, 298, 299, 300, 301, 302; recyclable, 
151, 294, 299, 300, 354; research and 
development, 26, 299–301, 305, 354; 
technology, 288, 297, 299–301; types, 299; 
zinc-air, 292, 299 

Battery electric vehicles (BEVs), 290–291, 292, 
295–298, 300, 301, 303

Beaufort Sea, 27, 77, 78, 310, 312, 313 

Bedard, Patrick, 266–267, 287 

Beijing, China, 40, 101, 108, 109 

Big Coal. See Coal companies, coal industry 

Big Oil. See Oil companies, oil industry 

Big Three automakers. See Automakers 

Biodiesel, 166–170, 172; algae biodiesel, 3, 153, 
165–166, 169, 309, 315, 329, 354; soybean 
biodiesel, 153, 154, 164, 166, 170, 173. See 
also Biofuels; Ethanol 

Biodiversity, 87, 164, 246 

Biofuels, 22, 26, 104, 166–173; energy 
independence and, 153, 308, 309; ethanol, 
154–165. See also Biodiesel; Ethanol 

Biomass (organic matter), 12, 25, 167, 168; 
ethanol and, 158, 160, 163, 164; United 
States, 12, 153, 175 

Birds, 36, 42, 44, 149, 311, 312 

Bituminous. See Coal 

Blair, Prime Minister Tony (Britain), 263

“Blenders.” See Ethanol; Oil companies, oil 
industry 

Bodman, Samuel W., 203, 205 

Bourne, Joel K., 26, 310 

Bradford, Travis, 120, 127, 140 

Brand, Stewart, 199, 200, 202 

Brazil, 55, 101, 102, 121, 157, 214, 219 

Bridge (30-year transitional plan): bridges, 
false and necessary, 308–309, 310–314; 
costs and benefits, 331, 357–359; fast 
neutron reactors, 209, 348, 350–351, 354; 
oil sands, oil shale, 28, 308, 309, 310, 

315–317, 318–329, 330, 348; plan and key 
features, 3, 309; scenarios, 343–346; U.S. 
government, 330, 341, 351–352, 353–356. 
See also Transition to energy independence 

Britain, British, 17, 82–83, 99, 102, 105, 143, 
144, 182, 223, 228, 234, 262, 293, 296; air 
pollution, 38, 45, 47; electricity costs, 121; 
London, 39, 40, 226, 250, 296 

Bush, President George W., Bush 
Administration, 108, 110, 194, 203, 205, 
258, 311, 313–314 

C 
CAFE. See Corporate Average Fuel Economy 

Caldeira, Ken, 34, 35, 87–88

Caldicott, Helen, 184, 202–203

Campaign contributions: corporate influence, 
49, 124, 125, 126, 160, 284, 303–304, 311; 
favorable legislation, 49, 86, 124, 125, 
126, 160, 284, 303–304; thwarting public 
interest, 95, 124, 284, 318. See also Politics; 
United States 

Campaign finance reform, 362, 363 

Canada, Canadian, 20, 27, 36, 37, 38, 83, 124, 
143, 243, 297, 303, 338; oil sands, 28, 275, 
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