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“We've embarked on the beginning of the Last Days of the Age of Oil. Nations of the world
that are striving to modernize will make choices different from the ones we have made. They
will have to. And even today’s industrial powers will shift energy use patterns....[T]he market
share for carbon-rich fuels will diminish, as the demand for other forms of energy grows. And
energy companies have a choice: to embrace the future and recognize the growing demand for
a wide array of fuels; or ignore reality, and slowly—but surely—be left behind.”

— Mike Bowlin, Chairman and CEO, ARCO,

and Chairman, American Petroleum Institute,
9 Feb. 1999

“My personal opinion is that we are at the peak of the oil age and at the same time the begin-
ning of the hydrogen age. Anything else is an interim solution in my view. The transition will
be very messy, and will take many and diverse competing technological paths, but the long-
term future will be in hydrogen and fuel cells.”

— Herman Kuipers, Business Team Manager,

Innovation & Research, Shell Global Solutions,
21 Nov. 2000*?

1. Bowlin 1999.
2 Kuipers 2000, “The days of the traditional oil company are numbered, in part because of emerging technolo-

gies such as fuel cells....”
3. Bijur, undated. — Peter I. Bijur, Chairman and CEO, Texaco, Inc.,
late 1990s?

4. Ingriselli 2001.
“Market forces, greenery, and innovation are shaping the future of our industry and propelling
5. Gibson-Smith 1998. us inexorably towards hydrogen energy. Those who don't pursue it...will rue it.”

— Frank Ingriselli, President, Texaco Technology
Ventures, 23 April 2001*

6. Fagan 2000.
“...[W]e'll evolve from a world of hydrocarbon dependency to a mixture of hydrocarbon and
alternative energies use. Vast quantities of liquid hydrocarbons (oil and gas) will be left behind
in the ground, just as solid hydrocarbons (coal) are being left behind today.”

— Chris Gibson-Smith, Managing Director, BP
25 Sept. 1998°

“Thirty years from now there will be a huge amount of oil—and no buyers. Oil will be left in
the ground. The Stone Age came to an end, not because we had a lack of stones, and the Oil
Age will come to an end not because we have a lack of oil....[Fuel cell technology] is coming
before the end of the decade and will cut gasoline consumption by almost 100 per cent....On
the supply side it is easy to find oil and produce it, and on the demand side there are so many
new technologies, especially when it comes to automobiles.”

— Sheikh ZakiYamani,
Oil Minister of Saudi Arabia (1962-86), June 2000 °©



“So why is Sheikh Yamani predicting the end of the Oil Age? Because he believes that some-
thing fundamental has shifted since...[1973]—and, sadly for countries like Saudi Arabia, he is
quite right. Finally, advances in technology are beginning to offer a way for economies...to
diversify their supplies of energy and reduce their demand for petroleum, thus loosening the
grip of oil and the countries that produce it....The only long-term solution...is to reduce the
world’s reliance on oil. Achieving this once seemed pie-in-the-sky. No longer. Hydrogen fuel
cells are at last becoming a viable alternative....One day, these new energy technologies will
toss the OPEC cartel in the dustbin of history. It cannot happen soon enough.”

—"“The End of the Qil Age,” editorial,
The Economist, 25 Oct. 2003

“The markets for renewable energy are the fastest growing energy markets in the world today.
***[S]uccessfully promoting renewables over the period to 2030 will prove less expensive than
...'business as usual’...within any realistic range of real discount rates.***[T]he G8 should give
priority to efforts to trigger a step change in renewable energy markets.”

— G8 Renewable Energy Task Force, July 20017

“We...need to make great strides in transport efficiency... \We need to engage the consumer, not 7. Clini & Moody-Stuart 2001,
force him or her into public transport. A European Environment minister once asked me how PP-5, 15,9, and 7.
to get people off their love affair with the motor car. | believe we should not even try and
interfere with that love. It is deeply imbedded, and interfering in other people’s love affairs is
seldom productive. But the love is with personal movement and space and the freedom that it
brings, not the internal combustion engine per se. VWe have to make eco-efficiency as fashionable
as 4-wheel-drive vehicles. We need to use the powers of social pressure and the attraction of _ ,

. . . . . . . . 10. Berlin event with

beautiful engineering. This is not hairshirt stuff—it should be eco-hedonism—taking pleasure Chancellor Schroder, quoted
from comfort, operating performance as well as eco-efficiency” in Autoweb.com.au 2000.

8. Moody-Stuart 2002.

9. Ford, Jr. 2000.

— Sir Mark Moody-Stuart, Chairman,
AngloAmerican, and former Chairman,
Royal Dutch/Shell Group, May 2002 ®

11. First part verified but not
dated or specifically cited

by speaker (personal commu-
nication, 25 January 2004);

“...1 believe fuel cells will finally end the 100-year reign of the internal combustion engine.... Zﬁf??ﬁtigétxﬁ?ﬁems AL
Fuel cells could be the predominant automotive power source in 25 years.” '

— William Clay Ford, Jr., Chairman and CEO,
Ford Motor Company, 5 Oct. 2000°

“There have already been two oil crises; we are obligated to prevent a third one. The fuel cell offers
a realistic opportunity to supplement the ‘petroleum monoculture’ over the long term. All over the
world, the auto industry is working in high gear on the fuel cell. We intend to be the market leader
in this field. Then we will have the technology, the secured patents and the jobs on our side. In
this manner, we will optimize conditions for profitable growth.”

— Jirgen Schrempp, Chairman of the Board of
Management, DaimlerChrysler, Nov. 2000 *

“General Motors absolutely sees the long-term future of the world being based on a hydrogen econ-
omy.***Forty-five percent of Fortune 50 companies will be affected, impacting almost two trillion
dollars in revenue.”

— Larry Burns, VP R&D and Planning, General Motors
Corporation, undated and 10-11 Feb. 2003 "
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Abstract:

This independent, peer-reviewed synthesis for American business and military leaders charts a roadmap for getting the
United States completely, attractively, and profitably off oil. Our strategy integrates four technological ways to displace oil:
using oil twice as efficiently, then substituting biofuels, saved natural gas, and, optionally, hydrogen. Fully applying today’s
best efficiency technologies in a doubled-GDP 2025 economy would save half the projected U.S. oil use at half its forecast
cost per barrel. Non-oil substitutes for the remaining consumption would also cost less than oil. These comparisons con-
servatively assign zero value to avoiding oil’'s many “externalized” costs, including the costs incurred by military insecurity,
rivalry with developing countries, pollution, and depletion. The vehicle improvements and other savings required needn'’t be
as fast as those achieved after the 1979 oil shock.

The route we suggest for the transition beyond oil will expand customer choice and wealth, and will be led by business for
profit. We propose novel public policies to accelerate this transition that are market-oriented without taxes and innovation-
driven without mandates. A $180-billion investment over the next decade will yield $130-billion annual savings by 2025;
revitalize the automotive, truck, aviation, and hydrocarbon industries; create a million jobs in both industrial and rural
areas; rebalance trade; make the United States more secure, prosperous, equitable, and environmentally healthy;
encourage other countries to get off oil too; and make the world more developed, fair, and peaceful.
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Executive Summary

inning the Oil Endgame offers a coherent strategy for ending oil

Wependence, starting with the United States but applicable world-

wide. There are many analyses of the oil problem. This synthesis
is the first roadmap of the oil solution—one led by business for profit,
not dictated by government for reasons of ideology. This roadmap is inde-
pendent, peer-reviewed, written for business and military leaders, and
co-funded by the Pentagon. It combines innovative technologies and new
business models with uncommon public policies: market-oriented without
taxes, innovation-driven without mandates, not dependent on major (if any)
national legislation, and designed to support, not distort, business logic.

Two centuries ago, the first industrial revolution made people a hundred
times more productive, harnessed fossil energy for transport and produc-
tion, and nurtured the young U.S. economy. Then, over the past 145 years,
the Age of Oil brought unprecedented mobility, globe-spanning military
power, and amazing synthetic products.

But at what cost? Oil, which created the sinews of our strength, is now
becoming an even greater source of weakness: its volatile price erodes
prosperity; its vulnerabilities undermine security; its emissions destabilize
climate. Moreover the quest to attain oil creates dangerous new rivalries
and tarnishes America’s moral standing. All these costs are rising. And
their root causes—most of all, inefficient light trucks and cars—also threat-
en the competitiveness of U.S. automaking and other key industrial sectors.

The cornerstone of the next industrial revolution is therefore winning the
Oil Endgame. And surprisingly, it will cost less to displace all of the oil
that the United States now uses than it will cost to buy that oil. Oil’s cur-
rent market price leaves out its true costs to the economy, national securi-
ty, and the environment. But even without including these now “external-
ized” costs, it would still be profitable to displace oil completely over the
next few decades. In fact, by 2025, the annual economic benefit of that dis-
placement would be $130 billion gross (or $70 billion net of the displace-
ment’s costs). To achieve this does not require a revolution, but merely
consolidating and accelerating trends already in place: the amount of oil
the economy uses for each dollar of GDP produced, and the fuel efficien-
cy of light vehicles, would need only to improve about three-fifths as
quickly as they did in response to previous oil shocks.

Saving half the oil America uses, and substituting cheaper alternatives
for the other half, requires four integrated steps:

* Double the efficiency of using oil. The U.S. today wrings twice as
much work from each barrel of oil as it did in 1975; with the latest
proven efficiency technologies, it can double oil efficiency all over
again. The investments needed to save each barrel of oil will cost

Winning the Oil Endgame: Innovation for Profits, Jobs, and Security



Executive Summary

Four integrated steps « Double the efficiency of using oil (continued)

only $12 (in 2000 $), less than half the officially forecast $26 price of
that barrel in the world oil market. The most important enabling
technology is ultralight vehicle design. Advanced composite or
lightweight-steel materials can nearly double the efficiency of
today’s popular hybrid-electric cars and light trucks while improv-
ing safety and performance. The vehicle’s total extra cost is repaid
from fuel savings in about three years; the ultralighting is approxi-
mately free. Through emerging manufacturing techniques, such
vehicles are becoming practical and profitable; the factories to pro-
duce them will also be cheaper and smaller.

Apply creative business models and public policies to speed the
profitable adoption of superefficent light vehicles, heavy trucks,
and airplanes. Combined with more efficient buildings and facto-
ries, these efficient vehicles can cut the official forecast of oil use by
29% in 2025 and another 23% soon thereafter—52% in all. Enabled
by a new industrial cluster focusing on lightweight materials, such
as carbon-fiber composites, such advanced-technology vehicles can
revitalize these three strategic sectors and create important new
industries.

Provide another one-fourth of U.S. o0il needs by a major domestic
biofuels industry. Recent advances in biotechnology and cellulose-
to-ethanol conversion can double previous techniques’ yield, yet
cost less in both capital and energy. Replacing fossil-fuel hydrocar-
bons with plant-derived carbohydrates will strengthen rural Amer-
ica, boost net farm income by tens of billions of dollars a year, and
create more than 750,000 new jobs. Convergence between the energy,
chemical, and agricultural value chains will also let versatile new
classes of biomaterials replace petrochemicals.

Use well established, highly profitable efficiency techniques to
save half the projected 2025 use of natural gas, making it again
abundant and affordable, then substitute part of the saved gas for
oil. If desired, the leftover saved natural gas could be used even
more profitably and effectively by converting it to hydrogen,
displacing most of the remaining oil use—and all of the oil use

if modestly augmented by competitive renewable energy.

These four shifts are fundamentally disruptive to current business models.
They are what economist Joseph Schumpeter called “creative destruction,”
where innovations destroy obsolete technologies, only to be overthrown in
turn by ever newer, more efficient rivals. In The Innovator’s Dilemma, Harvard
Business School professor Clayton Christensen explained why industry
leaders often get blindsided by disruptive innovations—technological
gamechangers—because they focus too much on today’s most profitable
customers and businesses, ignoring the needs of the future. Firms that are

Winning the Oil Endgame: Innovation for Profits, Jobs, and Security
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quick to adopt innovative technologies and business models will be the
winners of the 21st century; those that deny and resist change will join

the dead from the last millennium. In the 108-year history of the Dow Jones
Industrial Average, only one of 12 original companies remains a corporate
entity today—General Electric. The others perished or became fodder

for their competitors.

What policies are needed? American companies can be among the quick
leaders in the 21st century, but it will take a cohesive strategy-based
transformation, bold business and military leadership, and supportive
government policies at a federal or at least a state level. Winning the Oil
Endgame charts these practical steppingstones to an oil-free America:

e Most importantly, revenue- and size-neutral “feebates” can shift
customer choice by combining fees on inefficient vehicles with
rebates to efficient vehicles. The feebates apply separately within
each vehicle-size class, so freedom of choice is unaffected. Indeed,
choice is enhanced as customers start to count fuel savings over
the vehicle’s life, not just the first few years, and this new pattern
of demand pulls superefficient but uncompromised vehicles from
the drawing-board into the showroom.

e A scrap-and-replace program can lease or sell super-efficient cars
to low-income Americans—on terms and with fuel bills they can
afford—while scrapping clunkers. This makes personal mobility
affordable to all, creates a new million-car-a-year market for the
new efficiency technologies, and helps clean our cities’ air.

e Military needs for agility, rapid deployment, and streamlined
logistics can drive Pentagon leadership in developing key
technologies.

e Implementing smart government procurement and targeted tech-
nology acquisition (the “Golden Carrot”) for aggregated buyers will
accelerate manufacturers’ conversion, while a government-spon-
sored $1-billion prize for success in the marketplace, the “Platinum
Carrot,” will speed development of even more advanced vehicles.

e To support U.S. automakers’ and suppliers’ need to invest about
$70 billion to make advanced technology vehicles, federal loan guar-
antees can help finance initial retooling where needed; the invest-
ments should earn a handsome return, with big spin-off benefits.

e Similar but simpler policies—loan guarantees for buying efficient
new airplanes (while scrapping inefficient parked ones), and better
information for heavy truck buyers to spur market demand for
doubled-efficiency trucks—can speed these oil-saving innovations
from concept to market.

Winning the Oil Endgame: Innovation for Profits, Jobs, and Security Xi
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Xii

Practical steppingstones to an oil-free America (continued)

e Other policies can hasten competitive evolution of next-generation
biofuels and biomaterials industries, substituting durable revenues
for dwindling agricultural subsidies, and encouraging practices
that protect both topsoil and climate.

What happens to the oil industry? The transition beyond oil is already start-
ing to transform oil companies like Shell and BP into energy companies.
Done right, this shift can profitably redeploy their skills and assets rather
than lose market share. Biofuels are already becoming a new product line
that leverages existing retail and distribution infrastructure and can attract
another $90 billion in biofuels and biorefining investments. By following
this roadmap, the U.S. would set the stage by 2025 for the checkmate move
in the Oil Endgame—the optional but advantageous transition to a hydro-
gen economy and the complete and permanent displacement of oil as a
direct fuel. Oil may, however, retain or even gain value as one of the com-
peting sources of hydrogen.

How big is the prize? Investing $180 billion over the next decade to eliminate
oil dependence and revitalize strategic industries can save $130 billion gross,
or $70 billion net, every year by 2025. This saving, equivalent to a large tax
cut, can replace today’s $10-billion-a-month oil imports with reinvestments
in ourselves: $40 billion would pay farmers for biofuels, while the rest
could return to our communities, businesses, and children. Several million
automotive and other transportation-equipment jobs now at risk can be
saved, and one million net new jobs can be added across all sectors. U.S.
automotive, trucking, and aircraft production can again lead the world,
underpinned by 21st century advanced-materials and fuel-cell industries.
A more efficient and deployable military could refocus on its core mission—
protecting American citizens rather than foreign supply lines—while sup-
porting and deploying the innovations that eliminate oil as a cause of con-
flict. Carbon dioxide emissions will shrink by one-fourth with no additional
cost or effort. The rich-poor divide can be drastically narrowed at home by
increased access to affordable personal mobility, shrinking the welfare rolls,
and abroad by leapfrogging over oil-dependent development patterns.
The U.S. could treat oil-rich countries the same as countries with no oil.
Being no longer suspected of seeking oil in all that it does in the world
would help to restore U.S. moral leadership and clarity of purpose.

While the $180-billion investment needed is significant, the United States’
economy already pays that much, with zero return, every time the oil
price spikes up as it has done in 2004. (And that money goes into OPEC’s
coffers instead of building infrastructure at home.) Just by 2015, the early
steps in this proposed transition will have saved as much oil as the U.S.
gets from the Persian Gulf. By 2040, oil imports could be gone. By 2050,
the U.S. economy should be flourishing with no oil at all.
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How do we get started? Every sector of society can contribute to this nation-
al project. Astute business leaders will align their corporate strategies and
reorganize their firms and processes to turn innovation from a threat to

a friend. Military leaders will speed military transformation by promptly
laying its foundation in superefficient platforms and lean logistics. Political
leaders will craft policies that stimulate demand for efficient vehicles,
reduce R&D and manufacturing investment risks, support the creation of
secure domestic fuel supplies, and eliminate perverse subsidies and regu-
latory obstacles. Lastly, we, the people, must play a role—a big role—
because our individual choices guide the markets, enforce accountability,
and create social innovation.

Our energy future is choice, not fate. Oil dependence is a problem we need
no longer have—and it’s cheaper not to. U.S. oil dependence can be elimi-
nated by proven and attractive technologies that create wealth, enhance
choice, and strengthen common security. This could be achieved only
about as far in the future as the 1973 Arab oil embargo is in the past. When
the U.S. last paid attention to oil, in 1977-85, it cut its oil use 17% while
GDP grew 27%. Oil imports fell 50%, and imports from the Persian Gulf
by 87%, in just eight years. That exercise of dominant market power—
from the demand side—broke OPEC’s ability to set world oil prices for a
decade. Today we can rerun that play, only better. The obstacles are less
important than the opportunities if we replace ignorance with insight,
inattention with foresight, and inaction with mobilization. American busi-
ness can lead the nation and the world into the post-petroleum era, a
vibrant economy, and lasting security—if we just realize that we are the
people we have been waiting for.

Together we can end oil dependence forever.
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Foreword

rude prices are rising, uncertainty about developments in the
Middle East roils markets and, well, as Ronald Reagan might say;,
“Here we go again.”

Once more we face the vulnerability of our oil supply to political distur-
bances. Three times in the past thirty years (1973, 1978, and 1990) oil price
spikes caused by Middle East crises helped throw the U.S. economy into
recession. Coincident disruption in Venezuela and Russia adds to unease,
let alone prices, in 2004. And the surging economies of China and India are
contributing significantly to demand. But the problem far transcends eco-
nomics and involves our national security. How many more times must we
be hit on the head by a two-by-four before we do something decisive about
this acute problem?

In 1969, when | was Secretary of Labor, President Nixon made me the chair-
man of a cabinet task force to examine the oil import quota system, in place
since 1954. Back then, President Eisenhower considered too much depend-
ence on imported oil to be a threat to national security. He thought anything
over 20 percent was a real problem. No doubt he was nudged by his friends
in the Texas and Louisiana oil patches, but Ike was no stranger to issues of
national security and foreign policy.

The task force was not prescient or unanimous but, smelling trouble, the
majority could see that imports would rise and they recommended a new
monitoring system to keep track of the many uncertainties we could see
ahead, and a new system for regulating imports. Advocates for even greater
restrictions on imports argued that low-cost oil from the Middle East would
flood our market if not restricted.

By now, the quota argument has been stood on its head as imports make
up an increasing majority, now almost 60 percent and heading higher, of
the oil we consume. And we worry not about issues of letting imports in
but that they might be cut off. Nevertheless, the point about the importance
of relative cost is as pertinent today as back then and applies to the compet-
itive pressures on any alternative to oil. And the low-cost producers of oil
are almost all in the Middle East.

That is an area where the population is exploding out of control, where
youth is by far the largest group, and where these young people have little
or nothing to do. The reason is that governance in these areas has failed
them. In many countries, oil has produced wealth without the effort that
connects people to reality, a problem reinforced in some of them by the fact
that the hard physical work is often done by imported labor. The submissive
role forced on women has led to this population explosion. A disproportion-
ate share of the world’s many violent conflicts is in this area. So the Middle
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East remains one of the most unstable parts of the world. Only a dedicated
optimist could believe that this assessment will change sharply in the near
future. What would be the impact on the world economy of terrorist sabo-
tage of key elements of the Saudi pipeline infrastructure?

| believe that, three decades after the Nixon task force effort, it is long past
time to take serious steps to alter this picture dramatically. Yes, important
progress has been made, with each administration announcing initiatives to
move us away from oil. Advances in technology and switches from oil to
natural gas and coal have caused our oil use per dollar of GDP to fall in half
since 1973. That helps reduce the potential damage from supply problems.
But potential damage is increased by the rise of imports from 28 percent to
almost 60 percent of all the oil we use. The big growth sector is transporta-
tion, up by 50 percent. Present trends are unfavorable; if continued, they
mean that we are likely to consume—and import—several million barrels a
day more by 2010.

Beyond U.S. consumption, supply and demand in the world’s oil market
has become tight again, leading to many new possibilities of soaring oil
prices and massive macroeconomic losses from oil disruptions. We also
have environmental problems to concern us. And, most significantly, our
national security and its supporting diplomacy are left vulnerable to fears
of major disruptions in the market for oil, let alone the reality of sharp price
spikes. These costs are not reflected in the market price of oil, but they are
substantial.

What more can we do? Lots, if we are ready for a real effort. | remember
when, as Secretary of the Treasury, | reviewed proposals for alternatives to
oil from the time of the first big oil crisis in 1973. Pie in the sky, | thought.
But now the situation is different. We can, as Amory Lovins and his col-
leagues show vividly, win the oil endgame.

How do we go about this? A baseball analogy may be applicable. Fans
often have the image in their minds of a big hitter coming up with the
bases loaded, two outs, and the home team three runs behind. The big hit-
ter wins the game with a home run. We are addicted to home runs, but the
outcome of a baseball game is usually determined by a combination of
walks, stolen bases, errors, hit batsmen, and, yes, some doubles, triples, and
home runs. There’s also good pitching and solid fielding, so ball games are
won by a wide array of events, each contributing to the result. Lovins and
his coauthors show us that the same approach can work in winning the oil
endgame. There are some potential big hits here, but the big point is that
there are a great variety of measures that can be taken that each will con-
tribute to the end result. The point is to muster the will power and drive to
pursue these possibilities.
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How do we bring that about? Let’s not wait for a catastrophe to do the job.
Competitive information is key. Our marketplace is finely tuned to the
desire of the consumer to have real choices. We live in a real information
age, so producers have to be ready for the competition that can come out of
nowhere. Lovins and his colleagues provide a huge amount of information
about potential competitive approaches. There are home run balls here, the
ultimate one being the hydrogen economy. But we don’t have to wait for
the arrival of that day. There are many things that can be done now, and this
book is full of them. Hybrid technology is on the road and currently increas-
es gas mileage by 50 percent or more. The technology is scaleable. This
report suggests many ways to reduce weight and drag, thereby improving
performance. A big point in this report is evidence that new, ultralight-but-
safe materials can nearly redouble fuel economy at little or no extra cost.

Sequestration of effluent from use of coal may be possible on an economic
and comfortable basis, making coal a potentially benign source of hydrogen.
Maybe hydrogen could be economically split out of water by electrolysis,
perhaps using renewables such as windpower; or it could certainly be
made, as nearly all of it is now, by natural gas saved from currently wasteful
practices, an intriguingly lucrative option often overlooked in discussions of
today’s gas shortages. An economy with a major hydrogen component
would do wonders for both our security and our environment. With evident
improvements in fuel cells, that combination could amount to a very big
deal. Applications include stationary as well as mobile possibilities, and
other ideas are in the air. Real progress has been made in the use of solar
systems for heat and electricity. Scientists, technologists, and commercial
organizations in many countries are hard at work on these issues.

Sometimes the best way to get points across is to be provocative, to be a bull
in a china closet. Amory Lovins loves to be a bull in a china closet—any-
body’s china closet. With this book, the china closet he’s bursting into is ours
and we should welcome him because he is showing us how to put the closet
back together again in far more satisfactory form. In fact, Lovins and his
team make an intriguing case that is important enough to merit careful atten-
tion by all of us, private citizens and business and political leaders alike.

— George P. Shultz
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Foreword

n this compelling synthesis, Amory Lovins and his colleagues at Rocky

Mountain Institute provide a clear and penetrating view of one of the

critical challenges facing the world today: the use of energy, especially
oil, in transportation, industry, buildings, and the military. This report
demonstrates that innovative technologies can achieve spectacular sav-
ings in all of these areas with no loss of utility, convenience and function.
It makes the business case for how a profitable transition for the automo-
tive, truck, aviation, and oil sectors can be achieved, and why they
should embrace technological innovation rather than be destroyed by it.
We are not short of energy in this world of ours; we have large resources
of the convenient hydrocarbons on which our economies are based, and
even greater resources of the coal on which our economies were originally
built. But there are two serious issues relating to its supply and use.

First, some three fourths of the reserves sit in a few countries of the
Middle East, subject to actual and potential political turmoil. Second,
there are the long-term climatic effects of the burning of increasing
amounts of fossil fuels. While the normal rate of change of technology
is likely to mean that we will be on one of the lower impact scenarios of
climate change and not at the apocalyptic end favoured by doom mon-
gers, it is reasonably certain that our world will have to adapt to signifi-
cant climate change over the next century. These two factors mean that,
unless there is a change of approach, the United States will inexorably
become increasingly dependent on imported energy—»be it oil or natural
gas. At the same time, on the international scene, the United States will
be criticised by the rest of the world for profligate use of energy, albeit to
fuel an economy on whose dynamism and success the rest of the world
is also manifestly dependent. Furthermore, thoughtful people wonder
what we will do if the booming economies and creative people of China
and India have energy demands which are on the same development
curve as the United States.

The RMI team has approached this economic and strategic dilemma with
technical rigour, good humour, and common sense, while addressing two
key requirements often overlooked by energy policy advocates.

First, we have to deliver the utility, reliability and convenience that the
consumer has come to expect. As business people we recognise this. It is
no good expecting people in the United States to suddenly drive smaller,
less convenient or less safe vehicles. We have to supply the same comfort
and utility at radically increased levels of energy efficiency. Most con-
sumers, who are also voters, have only a limited philosophical interest in
energy efficiency, security of supply, and climate change. Most of us have a
very intense interest in personal convenience and safety—we expect gov-
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ernments and business to handle those other issues on our behalf. There is
a very small market in this world for hair shirts. Similarly, we cannot
expect the citizens of China and India to continue to ride bicycles in the
interests of the global environment. They have exactly the same aspira-
tions to comfort and convenience as we do. This book demonstrates how
by applying existing technologies to lightweight vehicles with the use of
composites, by the use of hybrid powertrains already in production, and
with the rapid evolution to new technologies, we can deliver the high lev-
els of convenience and reliability we are used to at radically increased lev-
els of energy efficiency, while also maintaining cost efficiency.

The second critical requirement is that the process of transition should be
fundamentally economic. We know in business that while one may be
prepared to make limited pathfinding investments at nil or low return in
order to develop new products and markets, this can not be done at a
larger scale, nor indefinitely. What we can do, and have seen done repeat-
edly, is to transform markets by delivering greater utility at the same cost
or the same utility at a lower cost, often by combining more advanced
technologies with better business models. When this happens, the rate of
change of markets normally exceeds our wildest forecasts and within a
space of a few years a whole new technology has evolved.

A good example of the rapid development and waning of technology is
the fax machine. With astonishing rapidity, because of its functional
advantages over surface mail, the fax machine became globally ubiquitous.
The smallest businesses around the world had one and so did numerous
homes. The fax has now become almost obsolete because of e-mail, the e-
mail attachment and finally the scanned e-mail attachment. The connectiv-
ity of the Internet, of which e-mail is an example, has transformed the way
we do business. What this book shows is that the delivery of radically
more energy-efficient technologies has dramatic cost implications and
therefore has the potential for a similarly economically driven transition.

The refreshingly creative government policies suggested here to smooth
and speed that transition are a welcome departure from traditional
approaches that often overlook or even reject the scope of enterprise to be
an important part of the solution. These innovative policies, too, merit
serious attention, especially as an integrated package, and | suspect they
could win support across the political spectrum.

The technological, let alone policy, revolution has not been quick in com-
ing to the United States. Yet as has happened before in the automobile
industry, others are aware of the potential of the technology. Perhaps
because of Japan’s obsession with energy security, Toyota and Honda
began some years ago to hone the electric-hybrid technology that is likely
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to be an important part of the energy efficiency revolution. As a result,
U.S. automobile manufacturers who now see the market opportunities of
these technologies are turning to the proven Japanese technology to deliv-
er it rapidly.

| believe that we may see a similar leapfrogging of technology from
China. China is fully aware of the consequences on energy demand, ener-
gy imports, and security of supply of its impressive economic growth.
Already China is using regulation to channel development into more
energy-efficient forms. The burgeoning Chinese automobile industry is
likely to be guided down this route—delivering the function and conven-
ience, but at greatly increased levels of efficiency. And it is not just in the
automobile industry—Dby clearly stated national policy it applies to all
areas of industrial activity. This has great implications both for the partici-
pation by U.S. firms in investment in China, and also in the impact of
future Chinese manufactures on a global market that is likely to be pay-
ing much greater attention to energy efficiency.

As a businessman, | am attracted by the commercial logic and keen
insight that this report brings to the marketplace struggle between oil and
its formidable competitors on both the demand and the supply sides.
Indeed, during my time in both Shell and AngloAmerican, RMI’s engi-
neers have helped ours to confirm unexpectedly rich deposits of mineable

“negawatts” and “negabarrels” in our own operations—an exploration
effort we’re keen to intensify to the benefit of both our shareholders and
the environment.

As a lifelong oil man and exploration geologist, | am especially excited

to learn about the Saudi Arabia-size riches that Amory Lovins and RMI’s
explorers have discovered in what they term the Detroit Formation—
through breakthrough vehicle design that can save vast amounts of oil
more cheaply than it can be supplied. And as a citizen and grandparent,

I am pleased that RMI proposes new business models to span the mobil-
ity divide that separates rich and poor, not just in the United States,

but in many places in the world. Concern about such opportunity divides
is increasingly at the core not just of international morality but also of
stability and peace.
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This book points the way to an economically driven energy transforma-
tion. And its subtitle “Innovation for Profit, Jobs, and Security” is both a
prospectus for positive change and a reminder that both the United States
and other countries can be rapid adapters of innovative technologies,
with equally transformative economic consequences. As someone who
has spent a lifetime involved in energy and changes in energy patterns,

| find the choice an easy one to make. The global economy is very much
dependent on the health of the U.S. economy, so | hope that the U.S.
indeed makes the right choice.

This report will help to launch, inspire, and inform a new and necessary
conversation about energy and security, economy and environment.
Its outcome is vital for us all.

— Sir Mark Moody-Stuart
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“On our present course, America 20 years from now will import nearly two of every three
barrels of oil—a condition of increased dependency on foreign powers that do not always
have America’s interests at heart.***But it is not beyond our power to correct. America
leads the world in scientific achievement, technical skill, and entrepreneurial drive. Within
our country are abundant natural resources, unrivaled technology, and unlimited human
creativity. With forward-looking leadership and sensible policies, we can meet our future
energy demands and promote energy [efficiency]...and do so in environmentally responsi-
ble ways that set a standard for the world.***Per capita oil consumption, which reached a
peak in 1978, has fallen 20 percent from that level. ***Today’s automobiles...use about 60
percent of the gasoline [per mile] they did in 1972, while new refrigerators require just
one-third the electricity they did 30 years ago. As a result, since 1973, the U.S. economy
has grown by 126 percent, while energy use has increased by only 30 percent. In the
1990s alone, manufacturing output expanded by 41 percent, while industrial electricity
consumption grew by only 11 percent. We must build on this progress and strengthen
America’s commitment to energy efficiency***[which] helps the United States reduce ener-
gy imports, the likelihood of energy shortages, emissions, and the volatility of energy
prices.***Qur country has met many great tests. Some have imposed extreme hardship and
sacrifice. Others have demanded only resolve, ingenuity, and clarity of purpose. Such is
the case with energy today.”

— National Energy Policy Development Group;
Reliable, Affordable, and Environmentally Sound
Energy for America’s Future; 2001

“If you want to build a ship, don't drum up the men to gather wood, divide the work and give orders.
Instead, teach them to yearn for the vast and endless sea.”
“As for the future, your task is not to foresee it, but to enable it.”

— Antoine de Saint-Exupéry ™

12. National Energy Policy Development Group 2001,
pp. X, viii-ix, 1-10, xi—xii, 1-4, and xv.

13. de Saint-Exupéry 1948.



Oil Dependence

ow can America—all Americans together—win the oil endgame?
Is a world beyond oil imaginable? Practical? Profitable?
Why might it be prudent to get there sooner rather than later?
How could we get there if we wanted to?
How could this build a stronger country and a safer world?

At the start of World War II, Detroit switched in six months from making
four million cars a year to making the tanks and aircraft that won the
war.” Today, even absent the urgency of those dark days, American
industry could advantageously launch a transition to different cars and
other tools for making oil use stabilize, dwindle, and in a few genera-
tions become but a memory in museums. Some farsighted oil and car
companies already envisage such a future (see inside front cover). Some
are striving to create it before their rivals discover how major asset rede-
ployments can yield more profit and less risk. These business leaders
see that if government steers, not rows, then competitive enterprise, sup-
ported by judicious policy and vibrant civil society, can turn the insolu-
ble oil puzzle into an unprecedented opportunity for wealth creation and
common security.

That opportunity rests on a startling fact proven in the next 101 pages:
most of the oil now used in the United States (and the world) is being
wasted, and can be saved more cheaply than buying it. To assess that
solution, let’s start with a common understanding of the problem.

Cheap oil,
Oil is the lifeblood of the world’s seemingly
modern industrial economies—but not forever irreplaceable
——>» addiction,
The United States of America has the mightiest economy and the most is no longer the only

or even the cheapest
way to do its vital
and ubiquitous tasks.

mobile society in the history of the world. Its mobility is 96%* fueled by
oil costing a quarter-trillion dollars a year™ and consuming seven of every
ten barrels the nation uses. Oil provides 40-43% of all energy used by

the United States, Europe, Asia, Africa, and the world. Oil dependence”’
varies—30% in China, 50% in Japan, 59% in Central and South America—
but it’s high everywhere. The whole world is happily hooked on conven-
ient, transportable, versatile, ubiquitous, cheap oil.

14. Wrynn (1993) states at p. 52 that by war’s end, “the automobile industry was responsible for 20 percent of the nation’s war production by dollar volume.”
He shows striking examples (pp. 30, 54, 75, 76) of automakers’ ads emphasizing fuel economy to help the war effort and to help civilians stretch rationed
gasoline. And in 1943, GM (p. 39) advertised not just “Victory Through Progress” but also “Progress Through Victory”: “...from what is learned in the stern
test of war are being gathered many lessons to make more bountiful the blessings of the coming peace.”

15. Measured by energy content, not volume; excluding energy (nearly all natural gas) used to run pipelines (2.7% of transportation energy); excluding here
(contrary to the “Hydrocarbon definitions” convention on p. 40, otherwise used throughout this report) the portion of gasoline-blended oxygenates (1.3% of
total oil use) that don't actually come from petroleum; and excluding the negligible miscellaneous transportation fuels in note 202, p. 36.

16. The U.S. energy statistics in this section and throughout this report are drawn, unless otherwise noted, from U.S. Energy Information Administration (EIA)
2003c, and forecasts from EIA 2004. Primary sources are often documented in Lovins 2003.

17. The fraction of total primary energy use that is provided by oil. Oil import dependence is how much of the oil used has been imported (usually net of oil
exports, unless specified as “gross” imports).
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Oil Dependence Qil is the lifeblood of modern industrial economies—but not forever

The average U.S. The oil we’re burning in two centuries took hundreds of millions of years
light vehicle each to form. When the Russian chemist D.l. Mendelyeev figured out what it
day burns 100 times was, he exclaimed it was far too precious to burn. We’ve been burning it
its weight in ancient . . .

olants in the form of ever since—ten thousand gallons a second in America alone. Each gallon
gasoline. of gasoline tqok eons to form (very inefficiently) frgm a qua}rter-million
pounds of primeval plants. Thus the average U.S. light vehicle® each day

Only an eighth o I - : '
nly an €ig burns 100 times its weight in ancient plants in the form of gasoline.* Only

of that fuel energy

even reaches the an eighth of that fuel energy even reaches the wheels, a sixteenth acceler-
wheels, ates the car, and less than one percent ends up moving the driver.
ch'ﬁif;tgs the car A 20-mile round trip in an average two-ton* new light vehicle to buy a
and less than gallon of milk burns a gallon of gasoline at about half the milk’s cost.?
one percent ends up The extraordinary global oil industry has made U.S. gasoline abundant,
moving the driver. cheaper than bottled water, a half to a fourth of Europe’s or Japan’s gaso-

line price.” We use it accordingly. A comedian’s acid remark, even if it
touches a sensitive nerve today, could as well have been made under at
least six of the past seven Administrations:*

Two dollars a gallon to go ten miles is too much, but five to the parking valet to
go ten feet is okay. The irony is [that] what we love most about our cars—the feel-
ing of freedom they provide —has made us slaves. Slaves to cheap oil, which has
corrupted our politics, threatened our environment, funded our enemies....Faced
with our addiction to oil, what does our leadership say? Get more of it! Strange
when you consider their answer to drug dependence is to cut off the supply.

The world consumes a cubic mile of oil per year. This is growing by just
over one percent per year and is forecast to accelerate. A third of the
growth supplies number two user China,® whose car sales soared 56% in
2003.% By 2025 its cars could need another Saudi Arabia or two. Just one-

18. “Light vehicles,” sometimes called “light-duty vehicles,” comprise cars, light trucks (sport-utility vehicles [SUVs], pickup trucks, and vans), and
“crossover vehicles” (a new category combining SUV with sedan attributes), with a gross vehicle weight not exceeding 10,000 pounds (4,537 kg).

19. Dukes (2003), adjusted from his assumed 0.67 refinery yield of gasoline to the actual 2000 U.S. average of 0.462 (EIA 2001a, Table 19) and using EIA's 2.46
kgCl/gal for gasoline and carbon contents of 0.855 for crude oil and 0.866 for gasoline (EIA 2002a, p. B-8, Table B-6). The average U.S. light vehicle in 2000
burned 591 U.S. gallons (2,238 L) of gasoline (ORNL 2002, Tables 7.1, 7.2) made from ~65,000 metric tonnes of ancient plants, using the adjusted Dukes coeffi-
cient of 111 T/gal. The average new light vehicle sold in 2000 weighed 3,821 Ib (EPA 2003). Annual ancient-plant consumption is thus ~37,000x its curb weight,
because, as Dukes explains, only a tiny fraction of the plants ends up in oil that’s then geologically trapped and ultimately recovered.

20. See Box 5 on pp. 39-42.
21. The average Model Year 2003 light vehicle, at 4,021 pounds, “broke the two-ton barrier for the first time since the mid-1970's™; Hakim 2004a.

22. Michael Lewis, head of Deutsche Bank’s commodity research in London, notes that if Safeway shoppers in Maryland bought a barrel of milk, it'd cost
$138; orange juice, $192; Evian mineral water, $246. By comparison, $40 oil looks cheap. The Wall Street Journal’s M.R. Sesit (2004) neatly concludes, howev-
er: “But oranges grow on trees; oil doesn’t. SUVs don’t run on mineral water. And, Mr. Lewis acknowledges, ‘Nobody’s blowing up cows.™

23.In 2000, 22 countries sold gasoline at below a nominal benchmark of retail cost, 25 at between cost and U.S. prices, and 111 at higher-than-U.S. prices.
Post-tax prices varied from Turkmenistan’s 8¢/gal to Hong Kong’s $5.53/gal (including $4.31 tax, vs. U.S. tax of 57¢). The U.S. tax rate of 32% of post-tax retail
price was half the OECD average of 67%; in absolute terms, the U.S. tax, pretax price, and post-tax price were respectively 26%, 128%, and 56% of the OECD
average. Diesel fuel was generally taxed substantially less per gallon than gasoline (Bacon 2004). See also Metshies 1999.

24. Maher 2002, pp. 29-30.

25. IEA 20034, p. 13; average of 2001 through projected 2004 global demand growth; updated by Mallet 2004. China’s ascendancy to number two was seven
years earlier than forecast. In the first four months of 2004, China imported 33% more oil than a year earlier (CNN 2004).

26. People’s Daily (Beijing) 2004; Auffnammer 2004; NAS/NRC/CAE 2003; cf. Wonacott, White, & Shirazou 2004 (~80% growth 2002, 36% 2003).
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Qil is the lifeblood of modern industrial economies—but not forever

eighth of the world’s people own cars; more want one. Africa and China
have only the car ownership America enjoyed around 1915.”

Yet it’s the superaffluent United States whose growing call on a fourth of
the world’s oil is the mainspring of global demand. During 2000-25, oil
use is officially forecast to grow by 44% in the United States and 57% in

the world.”? A fifth of that global increase is to fuel the U.S., which by 2025

would use as much oil as Canada, Western and Eastern Europe, Japan,
Australia, and New Zealand combined. As the richest nation on earth, we
can afford it. But five, soon seven, billion people in poor countries, whose

economies average more than twice as oil-intensive,® want the same oil to

fuel their own development. The forecast 2000-25 increase in U.S. oil
imports exceeds the 2001 oil use of China and India (plus South Korea).
Competing with those emerging giants can’t be good for their vital devel-
opment, for fostering their hoped-for friendship and cooperation, or for
the prospects of a peaceful and prosperous world community.

Qil, the world’s biggest business, bestrides the world like a colossus.®
Surely such a stupendous source of energy is indispensable, its cost a
necessity of sustaining modernity and prosperity. Surely its possible sub-
stitutes are too small, slow, immature, unattractive, or costly to offer real-
istic alternatives to rising oil consumption—unless, perhaps, forced down

our throats by draconian taxes or intrusive regulation. And surely it’s pre-

mature to speculate about life after oil:* let our grandchildren, or some-
one else’s grandchildren, do that.

This study tests all these comfortable assumptions and finds them
unsound. On the contrary, rigorously applying orthodox market econom-
ics and modern technologies, it proves that the services Americans get from
oil could be more cheaply provided by wringing more work from the oil we use
and substituting non-oil sources for the rest. And because the alternatives to
oil generally cost less and work better, they can be implemented quickly
in the marketplace, with all its free choice, dynamism, and innovation.

If guided more by profit and less by regulation and subsidy, this
approach could even help to make government leaner, more flexible,

and more valuable.

28. EIA 2004b.
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The services
Americans get from
oil could be more
cheaply provided by
wringing more work
from the oil we use
and substituting
non-oil sources

for the rest.

27. Greene 2004. Demand
growth for personal mobili-
ty becomes obvious in the
vast world market only for
big countries with a bur-
geoning middle class. But
for countries at the bottom
of the development ladder,
oil is for most people an
unimaginable luxury: desti-
tute Chad’s nine million
people, with just 80 miles of
paved roads, use oil at only
the rate of two jumbo jets
making a daily transatlantic
round-trip. (“A 747-400 [the
newest, most efficient
jumbo] that flies 3,500
statute miles [5,630 km] and
carries 126,000 pounds
[56,700 kg] of fuel will con-
sume an average of five
gallons [19 L] per mile.”
[Boeing, undated] The nom-
inal flight distance New
York to London is 3,461
statute miles, so a round
trip uses ~824 barrels,
unadjusted for refining.
Chad used ~1,500 bbl/d in
2002 [www.theodora.com
2003]). If rich countries use
too much oil, Chad can
scarcely afford any. But all
this could change now that
Chad has discovered oil—
and signed a pathfinding
transparency agreement
guiding its development.

29. IEA 2003, p. 74. The IEA's May 2004 update (IEA 2004b) finds that oil price rises are twice as damaging to the Asian economy as to OECD’s, four times in

“very poor highly indebted countries,” and at least eight times in sub-Saharan African countries.

30. Oil economist and World Bank consultant Mamdouh G. Salameh (2004) summarizes: “One could not imagine modern societies existing without oil....Oil
makes the difference between war and peace. The importance of oil cannot be compared with any other commodity because of its versatility and dimen-
sions, namely, economic, military, social, and political. The free enterprise system...and modern business owe their rise and development to the discovery of

oil. Oil is the world’s largest and most pervasive business....Of the top 20 companies in the world, 7 are oil companies.”
31. Roberts 2004.
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Justaswhaleoilwas ~Even an important industry

outcompeted before can be displaced by competitors
it was depleted, -=<—-

powerful technologies  Discovering such a startling, unseen, seemingly radical possibility right
and implementation under our noses is not a pipe dream; it’s a normal event in the history of

methods couldmake o 0hnnlogy, as Figure 1 illustrates.
oil uncompetitive even

at low prices before In whaling’s 1835-45 heyday, millions of homes used the clean, warm,

Itbecomes unavailable gy0n |ight of sperm-oil lamps and candles. As sperm whales got scarcer,

even at high prices. . o . . . .
the fleet hunted more plentiful but less oil-rich species whose inferior oil
fetched half the price. But meanwhile, whale-based illumination’s price
had stayed high enough for long enough to elicit two fatal coal-based
competitors (Technical Annex, Ch. 1): “town gas” and “coal-oil” kerosene.*
As both steadily spread, whaling peaked in 1847. Ten years later, Michael
Dietz’s clean, safe, smokeless, odorless kerosene lantern was imported
and promptly entered cheap U.S. production. In just three more years,
whale oil’s disdained competitors became dominant: the whalers lost
their customers before they ran out of whales, as the “public abandoned

Figure 1: Rise and fall of the U.S. whaling fleet, 1821-84
Whale oils already were uncompetitive and losing share before populations crashed and Drake struck oil.*

120

100
whale oil production (100,000 gally) — 80
sperm oil production (100,000 gally) —
sperm oil price (2000 $/gal) ----- 60

whaling fleet displacement (10,000 tons) 40

whale oil price (2000 $/gal) ----- 20

various units (see legend)

crude-oil wellhead price (2000 $/gal) ---

crude-oil production (100,000 gally) =

Source: RMI analysis based on Goode 1887 (note 32), U.S. Bureau of the Census 1975.

32. Goode 1887, pp. 168-173. CPI (Consumer Price Index) deflator from McCusker 1991, completed for 1999-2000 using CPI-U (CPI for All Urban Consumers)
of the U.S. Department of Commerce, Bureau of Economic Statistics. A GDP implicit price deflator was also kindly provided by Dr. Philip Crowson, calculated
from U.S. Bureau of Mines 1993 at pp. 51-52 (copper) and 201, but was not used here because that series goes back only to 1870, and the near-doubling of
consumer prices during 1860-65 makes earlier deflators relatively unreliable. All the real prices graphed here should therefore be taken as indicative but not
necessarily accurate. Petroleum data (deflated with same McCusker CPI): USCB 1975.

33. Camphene (from ethanol and turpentine), lard oil, various mixtures, and tallow candles were also lesser competitors. Camphene was the most important;
it gave good light but sometimes caused accidents. It had about a tenth of the market for the main illuminants and lubricants until 1862—-64, when a $2.08/gal
alcohol tax to help fund the Civil War, meant to apply to beverage alcohol but written to tax all alcohol, threw the lighting market to kerosene. Davis, Gallman,
& Gleiter 1997, pp. 365-366; Kovarik 1998.
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Even an important industry can be displaced by competitors

whale oil almost overnight.””* In the 1850s, whale oils lost two-thirds of
their total market share (by value), even more if lubricants are factored
out.* By the end of the decade, whale-derived illuminants sold under

$3 million,* while coal-derived kerosene sold $5 million in 1859,* and
221 town-gas networks, up from 31 in 1850,* sold $12 million in 1860.*
But also in 1859, Drake struck oil in Pennsylvania, making kerosene ubig-
uitous within a year, and by 1865, a third to a fourth the price of sperm
or whale oil per unit of energy.® Ultimately, town gas got replaced in turn
by natural gas; gas and kerosene lights, by Edison’s 1879 electric lamp.
But by the 1870s, the whaling industry was already nearly gone, pleading
for federal subsidies on a national-security rationale.” The remnant whale
populations had been saved by technological innovators and profit-maxi-
mizing capitalists.®

Around the mid-1850s, an astute investor with no gift of prophecy could
have foreseen that the better and cheaper substitutes on the market

and in inventors’ laboratories could quickly capture whale oil’s core mar-
ket. Oddly, nobody at the time seems to have done a clear-eyed assess-
ment adding up whale oil’s competitors, so the industry didn’t see them
coming until too late.

A century and a half later, history looks set to repeat itself in the petroleum
(“rock-oil”) industry. Its mature provinces are in decline, more-volatile
prices show new upward bias, and exploration is being driven to remote,
costly, and hostile frontier provinces, just as in this 1887 comment:*

The general decline of the whale-fishery, resulting partly from the scarcity of

whales, has led to the abandonment of many of the once famous grounds,

and cargoes of sperm oil are obtained only after the most energetic efforts in
scouring the oceans.

35. Davis, Gallman, & Gleiter 1997, p. 362.

Oil Dependence

34. San Joaquin Geological
Society 2002. As Doug
Koplow points out, the tran-
sition was quick because it
took only individual action,
not collective action like
creating a town-gas net-
work. Lamp expert Heinz
Baumann (personal com-
munication, 1 June 2004)
notes that lamps designed
for any fuel—whale oil,
camphene, etc.—were

“commonly converted” to

the superior kerosene prod-
uct, facilitated by de facto
standardization to three
thread sizes. Kerosene
providers often offered the
needed conversion kit.

It cost ~$0.5-1 in nominal
dollars, comparable to a
gallon of kerosene ($0.59 in
1859), whale oil ($0.49 but
inferior), or $1.36 (sperm
oil), and typically paid back
in months.

36. Goode (1887) shows $5.4 million in total whale-and-sperm-oil sales in 1860, of which, however, $3.2 million was sperm oil almost wholly committed to

lubricant and export markets (Davis, Gallman, & Gleiter 1997, p. 345).
37. Yergin 1991, p. 23. This 1859 comparison is in nominal 1859 dollars.

38. Tarr 1999, pp. 19-37; Tarr 2004. In 1850, manufactured gas had one-fourth the value of whale, sperm, and fish oils; in 1860, twice their value (Davis,

Gallman, & Gleiter 1997, pp. 353-4).
39. Davis, Gallman, & Gleiter 1997, p. 353, citing the 1865 Eighth Census of Manufactures for 1860.

40. Kerosene sold for $0.59/gal nominal in 1859 (Robhins 1992), or $6.20/gal in 2000 $. A gallon of sperm oil has the same energy content (~41.9 MJ/kg) as a
gallon of light petroleum, or 91% that of kerosene (Hodgman, Weast, & Selby 1961, pp. 1945, 1936); we assume whale oil does too.

41. Starbuck 1878/1989, p. 113.

42. The authors have been unable to find time-series data for the production or consumption of U.S. town gas or coal-oil before 1859, but these fuels clearly
won before Drake struck oil: Robbins 1992; Davis, Gallman, & Hutchins 1988; Davis, Gallman, & Gleiter 1997, pp. 342-362, 515.

43. Starbuck 1878/1989. “The increase in [human] population would have caused an increase in [whale-oil] consumption beyond the power of the fishery to
supply, for even at the necessary high prices people would have had light. But...[t]he expense of procuring [whale-]oil was yearly increasing when the oil-
wells of Pennsylvania were opened, and a source of illumination opened at once plentiful, cheap, and good. Its dangerous qualities at first greatly checked
its general use, but, these removed, it entered into active, relentless competition with whale-oil, and it proved the more powerful of the antagonistic forces.”
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Techniques for find-
ing and lifting oil
have made stunning
progress too.

But innovations to
save and replace oil
are progressing even
faster. Oil thus has
dwindling resources
and rising costs;

its competitors have
expanding resources
and falling costs.

44, Griibler, Nakicenovic,
& Victor 1999.

45. Abernathy 1978, pp.
18-19, 65, 183-5. The
closed-body price premium
fell from ~50% in 1922 to 5%
in 1926 (p. 19).

46. By April 2004, more peo-
ple owned cellphones in
China (296 million) than
there are people in the U.S.
(293 million), and China was
adding two subscribers per
second—even though only
a fifth of Chinese people yet
had cellphones, vs. half in
the U.S., two-thirds in
Japan (Bloomberg 2004),
and >100% saturation in
Hong Kong and Taiwan.
The world’s 1.2 billion cell-
phones in 2001, one for
every 5.2 people, are
expected to become 2 bil-
lion by 2006, one for every
3.3 people. By 2002, wire-
less telephony was a global
half-trillion-dollar-a-year
business. In Germany, not
traditionally a hotbed of
innovative telecom
providers, the fraction of
the population with cell-
phone subscriptions dou-
bled to nearly 60% in the
single year 2000.

Even an important industry can be displaced by competitors

Fortunately, the power of today’s technologies is immeasurably greater
than that of 1887. The modern competitors that could capture petroleum’s
key markets range from doubled-efficiency hybrid-electric cars to ultra-
thin heat insulation and superwindows, from windfarms and asphalt sub-
stitutes to advanced aircraft. Information systems hook up the world,
streamline business operations (design, process control, freight logistics,
building management), and optimize everything with cheap microchips.
Laboratories are hatching such marvels as doubled-efficiency heavy
trucks, competitive solar cells, liquid-hydrogen cryoplanes, and quintu-
pled-efficiency carbon-fiber cars powered by clean hydrogen fuel cells.

To be sure, techniques for finding and lifting oil have made stunning
progress too. But innovations to save and replace oil are progressing even
faster. Oil thus has dwindling resources and rising costs; its competitors
have expanding resources and falling costs. Shrewd investors are starting
to hedge bets and re-allocate assets.

Nobody knows how quickly these new oil-displacing techniques will
spread, but to a great degree that speed is not fate but choice. Transitions
can be swift when market logic is strong, policies are consistent, and insti-
tutions are flexible. It took the United States only 12 years to go from 10%
to 90% adoption (in the capital stock, not new sales) in switching from
horses to cars, from uncontrolled automotive emissions to catalytic con-
verters, and from steam to diesel/electric locomotives; 15 years from vacu-
um-tube to transistor radios and from black-and-white to color televisions.
Even such a big infrastructure shift as intercity rail to air travel took just
26 years.* U.S. autobody manufacturing went from 85% open and made
of wood in 1920 to more than 70% closed and made of steel just six years
later.” Techniques available to any individual, like cellphones, tend to
spread fastest.*

The powerful portfolio of ways to accelerate oil efficiency and non-oil
supplies isn’t only technological: innovations in implementation are
equally rapid and important, and they all reinforce each other. Nations
can speed up spontaneous market transitions by turning purpose into
policy. Creative, common-sense frameworks can clear away decades of
underbrush and obstacles, solve problems at their root cause, and com-
mand wide support across ideological boundaries. Global challenges are
starting to reinspire the public engagement that empowers citizens to
manifest their patriotism in their everyday choices. Major sectors of the
economy need the revitalization and job growth that this agenda can
deliver. If Americans, with business in the vanguard, chose to mobilize
their resources—and to help make markets more mindful of new profit
potential—the world’s premier market economy could pivot and charge
through obstacles as unstoppably as football legend Walter Payton.

Winning the Oil Endgame: Innovation for Profits, Jobs, and Security



Even an important industry can be displaced by competitors

By combining new technologies, business strategies, marketing methods,
policy instruments, and community and personal choices, we can displace
more oil, faster, cheaper, than ever imagined. This report shows how.
And there’s a precedent.

America can replace oil quickly—
and already has

The United States last paid attention to oil during 1977-85, spurred by
the 1979 “second oil shock,” which raised prices even more than the 1973
Arab embargo had done. In those eight years, the United States proved it
could boost its oil efficiency faster than OPEC could cut its oil sales: the U.S. had
more flexibility on the demand side than OPEC had on the supply side. While
U.S. GDP rose by 27%, oil consumption fell by 17%, net oil imports fell

by 50%, and net oil imports from the Persian Gulf fell by 87%.* The drop
in oil use was three times 1977 imports from Saudi Arabia, nearly twice
today’s imports from the Gulf. Faced with suppliers’ “oil sword,” we
drew our own and won the day as plummeting American imports took
away one-seventh of OPEC’s market. The entire world oil market shrank
by one-tenth, OPEC’s global market share was slashed from 52% to 30%,
and its output fell by 48%, breaking its pricing power for a decade.®
During 1977-85, U.S. oil intensity (barrels per dollar of real GDP)
dropped by 35%. If we’d resumed that pace of oil savings—5.2% a year—
starting in January 2001, the United States could have eliminated the
equivalent of its 2000 Persian Gulf imports by May 2003 at constant GDP,
or by 2007 with 3%/y GDP growth. And we could rerun that old play,
only better—starting, as we did then, with our personal motor vehicles.

The cornerstone of the 1977-85 revolution in U.S. oil savings—when
Washington led with coherent policy and Detroit rose to the occasion—
was 7.6-mpg-better domestic cars. On average, each new car drove 1%
fewer miles on 20% fewer gallons, achieving 96% of that efficiency gain
from smarter design, only 4% from smaller size.® During 1975-84, the
fuel economy of the entire light-vehicle fleet rose by 62% while vehicles
became safer, far cleaner, and no less peppy.* Detroit then kept on inno-
vating, but once its success had crashed the world oil price in 1985-86,
ever-better powertrains were used to make cars more muscular, not more

-
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In the eight years
when we last paid
attention to oil
(1977-85), GDP grew
3% a year, yet oil use
fell 2% a year.

That pace of reducing
oil intensity, 5.2%l/y,
is equivalent, at a
given level of GDP,
to displacing a Gulf's
worth of oil every
two and a half years.

47. EIA 2003c shows gross
imports from the Gulf as
2.448 Mbbl/d in 1977 and
0.311 (0.309 net) in 1985. The
gross-minus-net-imports dif-
ference—exports from the
U.S. to the Gulf—was only
0.002 Mbbl/d in 1985, aver-
aged 0.0034 Mbbl/d (0.54%)
during 1981-85, and is
unpublished and apparently
unavailable from EIA for all
years before 1981. Plausibly
applying the 1981-85 aver-
age export rate to 1977-80
yields inferred 1977 net
imports of 2.448 — 0.003 =
2.445 Mbbl/d, falling 87.4% to
1985's 0.309 Mbbl/d. By men-
tioning Persian Gulf imports
in this report, we don’t mean
to imply this is a critical
index; more important is
how much of its oil the U.S.
imports and how much of
world supply (and of world
traded supply) comes from
the Persian Gulf.

48. The U.S. contribution was vital but not unique, and was part of longer-term trends throughout the industrialized world. During 1973-2002, oil as a fraction
of total primary energy fell from 80% to 48% in Japan, 64% to 33% in Europe, and 48% to 37% in the world, but only from 47% to 39% in the U.S., which in
these terms did worse than the global average. Even during 1979-85, the golden age of U.S. oil savings, oil’'s share of primary energy fell only from 45% to

40% in the U.S., vs. 72% to 55% in Japan, 55% to 45% in Europe, and 45% to 38% in the world: Franssen 2004.

49. Patterson 1987: “If the 1976 size class shares for autos were applied to the 1987 car class fuel economies, the resulting new car MPG would be 27.7 in 1987
(just 0.4 MPG less than the actual values). Thus, if in 1987 the nation had reverted back to the 1987 new car size mix, the eleven year gain of 10.9 MPG would
have been reduced by only 4 percent.” This is not valid for light trucks, whose size shift was dominated by sale of smaller imports to new pickup buyers.

50. NAS/NRC 1992, Fig. 1-1; ORNL 2003; EPA 2003.
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oil

(or more precisely,
the service provided
by oil)

makes us strong,
but oil dependence
makes us weak.

Which would be
worse—if Saudi
Arabia couldn’t meet
huge forecast
increases in output,
or if it could?

One attack on a key

Saudi oil facility could

crash the world econ-
omy at any moment.
American business

is particularly
vulnerable to
oil disruptions.
Yet the rising dangers
of dependence on

the world’s most
vulnerable sources,
both abroad and at
home, are a self-
inflicted problem.

We can profitably
eliminate it by

choosing the best buys

first.

-

America can replace oil quickly—and already has

frugal. The average new U.S. light vehicle in 2003 had 24% more weight,
93% more horsepower, and 29% faster 0-60-mph time than in 1981, but
only 1% more miles per gallon. If 1981 performance had instead stayed
constant, light vehicles would have become 33% more efficient,* displac-
ing more than™ 2000 Persian Gulf imports. America’s light-vehicle fleet
today is nearly the world’s most fuel-efficient per ton-mile, but with more
tons, it uses the most fuel per mile of any advanced country. It needn’t.
We’ll see how the same engineering prowess, harnessing a whole new set
of advanced technologies, could make that fleet the world’s least fuel-
intensive® while continuing to offer all the sizes and features that cus-
tomers want.

Similar opportunities beckon throughout the U.S. economy. To under-
stand their true value, let’s review how, as security scholar Michael Klare
puts it, oil (or more precisely, the service provided by oil) makes us
strong, but oil dependence makes us weak.

Oil supplies are becoming more concentrated
and less secure

The imported fraction of U.S. oil is officially projected to rise from 53% in
2000 to 70% in 2025 (Fig. 2), vs. 66% in the E.U. and 100% in Japan. By 2025,
U.S. imports are projected to rise by half, while imports from OPEC’s 11
member nations and from the Persian Gulf are nearly to double.

In 2000, 2.5 million barrels per day (Mbbl/d*) and nearly half of world oil
exports came from the Persian Gulf, an unstable region racked by violent
ethnic, religious, and political conflicts.** The Gulf provided 24% of U.S.
net imports or 13% of total oil consumption. The 1980 Carter Doctrine
declared that “any attempt by an outside force to gain control of the
Persian Gulf will be regarded as an assault on the vital interests of the
United States of America, and...will be repelled by any means necessary,
including military force.” U.S. forces have since engaged in at least four

51. EPA 2003. Roberts (2004, p. 155) states that “of the nearly twenty million barrels of oil that America uses every day, more than a sixth [actually 13% in 2000]
represents a direct consequence of the decision by automakers to invest the efficiency dividend in power, not fuel economy.” That remains true regardless of
whether automakers were passively responding to the demands of sovereign consumers or designing their marketing to influence those demands.

52. Schipper 2004: “...[AJutomobiles in the United States actually use less energy per kilometer and per unit of weight than do those in nearly every other
country. By that measure, U.S. cars are efficient. But they also use more energy per kilometer because they weigh more than cars elsewhere. Thus, one can
say that the U.S. car fleet is more fuel intensive than fleets in any other advanced countries. The reason is that American behavior ‘favors’ large cars, largely
due to low car prices and low fuel prices”—and to the habit, no longer necessary (see pp. 53-67), of making them out of heavy steel.

53. Throughout this report, as noted in Box 5 (“Conventions”), “bbl” means barrel (42 U.S. gallons) and “M” is used in its scientific sense of “million” rather
than in its engineering sense of “thousand.” We therefore avoid the ambiguous usages (common in the energy literature) of Mbpd, MMBTU, etc.

54. More than 90 conflicts in the whole Middle East killed 2.35 million people between World War 1l and sometime in the early 1990s: Delucchi & Murphy
1996, p. 2, note 3, citing Cordesman 1993, pp. 5-8.

55. Protecting U.S.-reflagged Kuwaiti tankers in the Iran-lraq war of 1980-88; the 1991 Gulf war; the subsequent containment of Saddam Hussein; and the
2003 Irag war. This doesn’t include the 2001 Afghanistan war or many other skirmishes. Klare (2004) notes that most of Central Command’s casualties have
been incurred in the Gulf and in its well-documented primary mission—ensuring access to Middle Eastern, chiefly Persian Gulf, oil.
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Figure 2: U.S. net oil imports and sources in 2000 and (approximately) in EIA's 2025 projection
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Since EIA projects only gross (not net) 2025 imports by region, we approximate the distribution
between red, yellow, and green for 2025 by using EIA 2025 gross regional imports, minus EIA 2025
exports prorated to these regions according to 2000 data (when 98 percent of U.S. oil exports went
to non-OPEC, 1.75 percent to non-Gulf OPEC, and 0.25 percent to Gulf OPEC). The bar charts show
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Above graph shows gross imports, from which 1.02 Mbbl/d of
exports with unknown regional distribution would be subtracted
to arrive at the 19.68 Mbbl/d of net imports shown in the 2025 bar
chart. The Caribbean share of gross imports for 2025 correctly
represents EIA data (but not the graph on p. 68 of AEO04) and
may represent products refined in the Caribbean from crude oil
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Source: (left) EIA 2001a, EIA 2004, EIA NEMS Database; (right) EIA 2004, p. 68, fig. 44.

conflicts there® without stabilizing the region. Moreover, despite intensive
worldwide efforts to find alternative oil sources, the Gulf’s ~65% share of
declared global reserves (and even more of the cheapest oil) is up from
54% two decades earlier.*® Thus the U.S. depends ever more on the

region* that’s most volatile, militarized, geopolitically challenged, and
hostile to American values.

Today the U.S. imports twice as much oil as it did in 1973, when a hiccup
in one-eighth of the supply doubled unemployment, slashed 1975 GDP by
3-5.5%, and quadrupled oil prices in weeks. Prolonged shortages could rip
the fabric of American society, throttling everything from daily commuting
and air travel to food trucking.® And that could actually happen.

Saudi Arabia, the world’s sole “swing producer” (with spare capacity to
ramp up if prices soar), holds one-fourth of global oil reserves and ~80-
85% of spring 2004 spare output capacity,” and provided 63% of U.S. net
imports from the Gulf in 2000. Saudi Arabia’s fractious, fragile monarchy
faces a “slow-motion insurrection”® and rising terrorism “focused on the

56. BP 2003, pp. 4-5.

57. Its complexities and het-
erogenities are surveyed by
Cordesman 2004.

58. The average molecule
of American food is said to
travel ~1,400-1,500 miles,
mainly by truck, before it's
eaten. If trucking stopped
(or a few bridges across
the Mississippi went down),
the East Coast could run
short within days.

59. Bahree & McKay (2004) report that although Saudi Arabia could (barely) offset “a sharp drop in output from Irag, which is producing an estimated 2.5 mil-
lion barrels a day,...the world’s oil exporters are mostly pumping flat out and, taken together, couldn’t make up a loss of even a 15% reduction in output, ana-
lysts say.” Russia was hoped to become a second swing producer, but this is now in doubt, and the two countries may even be increasing their cooperation
more than becoming independent counterweights to each other. The ~80-85% estimate of the Saudi share of world crude-oil swing capacity is from EIA
2004c. A year earlier, most estimates were around two-thirds. Unfortunately, most Saudi crudes are too sour (high in sulfur) for many developed-country and

Chinese refineries, so the 2004 shortage of sweet crudes is more acute than the aggregate supply/demand balance implies.
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60. Dyer (2004) says a 2001
secret poll by the Saudi
Interior Ministry found that
95% of Saudi males aged
19-34 approved of hin
Laden’s attacks on the U.S,,
whose alliance with and
presence in the Kingdom
has exacerbated severe
underlying economic and
demographic pressures.

61. Ever since King Abd al-
Aziz [Ibn Saud] struck a
bargain with President
Roosevelt in 1945, Saudi
Arabia, or more precisely
the Saudi royal family, has
been an American protec-
torate in all but name—
shielded by American mili-
tary might from external and
internal enemies in
exchange for selling oil
(except in the 1973-74
embargo). The intricate his-
tory, including a failed 1943
U.S. effort to buy the major
Saudi oilfields outright
through the Petroleum
Reserves Corporation, is
summarized by Klare 2004
and more fully reviewed by
Pollack 2002.

Oil supplies are becoming more concentrated and less secure

two pillars of the Saudi relationship® with the West: energy and defense.”®
About half of Saudi oil capacity comes from one oilfield. Two-thirds of
Saudi oil goes through one processing plant and two terminals, the larger
of which was the target of a foiled Saudi Islamist attack in mid-2002.%
Simple attacks on a few key facilities, such as pipeline nodes, could choke
supply for two years.* The defenders can’t always win. Anticipating
trouble, the global oil industry has achieved impressive supply diversifi-
cation, routing flexibility, stockpiling, hedging, and other precautions,
including International Energy Agency (IEA) member nations’ stockpiles®
(nearly half in the U.S. Strategic Petroleum Reserve®). Yet the IEA’s for-
mer Chief Economist concludes that “reliance on the sole Saudi pillar” of
world oil-market stability “will continue”—and that a few months’ halt in
Saudi exports “would spell disaster” and “throw the global economy into
chaos,”® even if nothing else were harmed.®®

That’s a big if. The world’s key oil terminals, shipping lanes, ports,
pipelines, refineries, and other facilities could be devastated by plausible
small-group attacks.® Oil facilities are routinely attacked in Irag, Colombia,
Ecuador, Nigeria, and Russia, and are buffeted by political turmoil in
Venezuela, Iran, and Nigeria. They fuel rivalries and secessionism in
Indonesia, Sudan, the Caspian, and Central Asia. The next act in this
drama may be attacks in three key marine straits (Hormuz, Malacca, and
Bab el-Mandab), perhaps in league with local pirates armed with rocket-
propelled grenades and even ship-to-ship missiles.” FBI Director Mueller

62. Kerr (2004), quoting Kevin Rosser of Control Risks Group, referring to the 1 May 2004 attack on ABB Lummus’s Yanbu office. These attacks were clearly
meant to spark an exodus of the 6 million expatriates, including ~35,000 Americans, on whom the Saudi oil industry heavily relies. Many have since left.
The murder of 22 people at Khobar on 29-30 May 2004 and subsequent attacks have speeded that exodus (MacFarquhar 2004).

63. Luft & Korin 2003; Bradley 2004; Arabialink.com 2002; Lumpkin 2002.
64. Hersh 2001. See also Baer 2003 and Baer 2003a.

65. Financial managers, tempted by mature spot and futures markets and wrongly believing that financial hedges and physical inventories are equivalent,
have tended to wring out private buffer stocks as a carrying cost while hedging in futures and options markets. This further burdens the inadequate public
stockpiles. Nonetheless, the total of all public and private stockpiles worldwide is probably around four billion barrels (Warren 2004). Some of this is required
to keep oil systems operating. Stockpiles of refined products must be changed periodically to prevent spoilage.

66. This 0.7-billion-barrel-capacity underground reservoir complex in the Gulf of Mexico was 94% full in May 2004, aiming at 100% by summer 2005. Its 0.65
billion barrels, available on two weeks’ notice, are equivalent to 58 days of 2003 net imports, but its maximum drawdown rate is only three-eighths as big as
total net imports, and can deliver 4.3 million bbl/d, or 173% of 2003 Gulf gross imports, for an initial 90 days; the other two-fifths of its capacity has only a 1
Mbbl/d delivery rate. Its facilities and pipeline links to refineries are highly centralized and could be destroyed by a small group of saboteurs.

67. Franssen 2004.

68. Besides ~2.6 billion barrels of private stocks, not all usable due to operational constraints, IEA public emergency stocks of 1.4 billion bbl can produce 12.8
Mbbl/d for a month, or 8 Mbbl/d for three months, or 3 Mbbl/d for five months. The biggest historical supply disruption, in 1978-79, was 5.6 Mbbl/d for six
months. In 2002, exports were 7 Mbbl/d from Saudi Arabia and totaled 15.5 Mbbl/d from the Persian Gulf (EIA 2003a). By May 2004, Saudi output had risen to
an estimated 9.1 Mbbl/d and Saudi spare capacity had shrunk to ~1.5 Mbbl/d (both quite uncertain). China kept little stockpile but is starting to create a more
robust one, with a goal of 22 million tonnes (~161 Mbbl) by 2010 (CNN 2004). Until China and other Asian nations have large stocks, IEA stocks and shortage-
sharing arrangements could be badly stressed.

69. Lovins & Lovins 1982: a 1981 report to DoD, 436 pages, 1,200 references.

70. Pirates, often from international criminal syndicates, have attacked and plundered 96 ships along Africa’s coast; 22% of pirate attacks on worldwide
shipping in 2003 were on tankers (Hosken 2004). The coordinated 24 April 2004 attacks on Irag’s two offshore oil terminals by dhow and speedboat suicide
bombers are further worrisome illustrations of the risk.
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reports that “any number of attacks
on ships have been thwarted,”™
but in 2003 alone, about 100 tankers
were attacked. Some hijacked ves-
sels became unregistered “ghost
ships.”” The Strait of Hormuz is now targeted by anti-ship missiles
emplaced by Iran’s mullahs, perhaps to discourage awkward inquiries
into their apparent nuclear-weapons program.

of the crusader community.”

Oil facilities attract terrorists,
undermining the stability of the
regimes they are fighting and eco-
nomically weakening foreign powers with vested interests in their

region.”” Al Qa‘eda calls oil the “umbilical cord and lifeline of the crusad-

er community,”™ and in April 2004 specifically incited attacks on key
Persian Gulf installations.” As those attacks began, the market, seeing
Gulf oil “in the crosshairs,”” added a ~$5-12/bbl risk premium.” This
may mark the start of a new level of interacting social, economic, and
political instabilities that lead global oil into an unpleasant era of anxiety
and chronic disruption. Saudi Arabia, spending 36% of its budget on
defense,” might yet avoid both social upheaval™ and external attacks on
its concentrated oil facilities—for example, via aircraft that could be
hijacked anywhere in the often security-lax region. Nevertheless a slow,
“dripping” kind of sabotage could block the Kingdom’s swing produc-
tion—the mainstay of liquidity from “the world’s central banker for
petroleum.”® Insider collusion in the 2003 Riyadh bombings and 2004
Yanbu shooting, Al Qa‘eda efforts to assassinate Saudi security officials,*
and weekly sabotage of Iraqi oil facilities® all suggest that such scenarios

74. Luft & Korin 2003.

Oil Dependence

About half of Saudi oil capacity comes from one oilfield.

Two-thirds of Saudi oil goes through one processing plant and two
terminals, the larger of which was the target of a foiled Saudi Islamist
attack in mid-2002. Al Qa‘eda calls oil the “umbilical cord and lifeline

A handful of people could halt three-fourths of the oil and gas supplies
to the eastern states in one evening without leaving Louisiana.

71. Luft & Korin 2003.

72. The International
Chamber of Commerce’s
International Maritime
Bureau’s annual piracy
report for 2003 reports 469
incidents (including 100
armed attacks), 21 seafar-
ers killed and 71 missing,
359 taken hostage, 311
ships boarded, and 19
hijacked (ICC Commercial
Crime Services 2004). The
Bureau recommends add-
ing electrified anti-boarding
barriers (ICC Commercial
Crime Services 2004a).

73. Luft & Korin 2003.

75. Both the 1 May 2004 shooting spree in Yanbu and the 24 April 2004 dhow-and-speedboat-bombs attack on the Basra oil terminal (which exports ~85% of
Irag’s oil) were called for in early April by Al Qa‘eda (Sachs 2004). Days before the Basra attack, U.S. intelligence had warned all Gulf states of such attacks

using boats, jet-skis, or explosives hidden in marine shipping containers (Jordan Times 2004; Agencies 2004).

76. Pope 2004. The quotation is from John Kilduff, senior VP for energy risk management at Fimat USA (Société Générale): Banerjee 2004.

77. Cummins 2004; Banerjee 2004a.
78. Karl 2004.

79. Franssen 2004; Baer 2003; Baer 2003a; UNDP 2002/3; McMillan 2001; Sciolino 2001; and Hersh 2001. Cordesman 2002-04 provides extensive background.

80. This phrase is due to Bahree & McKay (2004). Saudi prospects are also questioned because of high (>30%) and increasing water cuts in production from
the immense but mature Al Ghawar field—about half of Saudi production capacity—and analogous issues in other fields: Darley (2004, pp. 16-17) summariz-
ing the stark contrast between the 24 February 2004 Center for Strategic and International Studies presentations by Simmons (2004) and Abdul Bagi & Saleri
(2004); Reed 2004; Bahree 2004. Similar issues are arising elsewhere, e.g., Gerth & Labaton 2004. The popular view that “the Middle East was poorly explored
and has a huge potential” for future giant and supergiant oilfield discoveries may be geologically unsound (Laherrere 2004).

81. Jehl 2003. See also Pope 2004a.

82. Luft (2004a) notes that “an average of one to two sabotage attacks a week against Iraq’s oil pipelines” cut prewar exports of 2.5 Mbbl/d to 1.5 Mbbl/d
despite nearly 14,000 security guards and electronic surveillance equipment. “After more than 100 pipeline attacks in northern Iraq, terrorists last month
began hitting the pipelines in the south near Basra.” (Mid-June pipeline bombings then cut off all Basra exports, costing several hundred million dollars.)
Saudi Arabia, with over 10,000 miles of pipelines, mostly aboveground, has over twice the network size of Iraq. In all, pipelines, “moving 40% of the world’s
oil across some of the world’s most volatile regions,...are a real prize for terrorists.” See also IAGS 2004; Lovins & Lovins 1982; Baer 2003b.
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aren’t fanciful.® Some in Washington continue to muse about seizing the
Kingdom’s oil-rich east if the House of Saud implodes.* Understanding the
scope for American mobilization to stop needing that oil would seem more
prudent. Executing such a contingency plan could preemptively blunt the
oil weapon that America’s enemies increasingly seek to wield.

83. Bahree & McKay 2004.
84-88. See next page.

The United States Even if the United States imported no oil and its economy weren’t inter-

produces 21% of twined with others that do, its own oil still wouldn’t be secure. Its infra-
Gross World Product structure is so vulnerable that a handful of people could halt three-fourths
and uses 26% of the of the oil and gas supplies to the eastern states in one evening without
world's oil, but leaving Louisiana.® Some is as vulnerable as the most worrisome Persian
produces only 9% Gulf sites (Box 1).%

and owns

a mere 2-3%,
sowecant <

drill our way out of . ] . . .
depletion. America’s domestic output has declined for 34 years, returning in 2003 to

its ~1955 level. Prolonged reversal is not a realistic or profitable option.

o After 145 years of exploitation, U.S. reserves are mostly played out, so
The policy issue new oil typically costs more at home than abroad.®” The United States,
Is the level of oil, with 4.6% of the world’s people, produces 21% of Gross World Product
not import, depend- o - o
ence. so more “oil and uses 26% of the world’s oil, but produces only 9% and owns a mere
independence” 2-3% (including all off-limits areas),” so we can’t drill our way out of
is not an optimal goal.  depletion. Over time, other non-Mideast oil areas will follow this pattern

too. But a market economy with relatively limited and costly oil of its own

Domestic oil is limited

1: An example of domestic energy vulnerability

The 800-mile Trans-Alaska Pipeline System (TAPS) delivers one-sixth of U.S. refinery input and of
domestic oil output. TAPS is rapidly aging, suffers from thawing permafrost, has persistent and
increasingly serious maintenance and management problems (shown from the accidental destruction
of a key pumping station in 1977 to repeatedly botched recent restarts), and has been shot at more
than 50 times and incompetently bombed twice. It luckily escaped destruction by a competent bomber
caught by chance in 1999, and by a fire averted at the Valdez terminal in 2000. It was shut down for 60
hours in 2001 by a drunk’s rifle shot and for two days at New Year’s 2004 by a terrorism alert. If inter-
rupted for a midwinter week, at least the aboveground half of TAPS’s 9 million barrels of hot oil would
probably congeal into the world’s largest Chap Stick™. TAPS is the only way to deliver potential
reserves beneath the Arctic National Wildlife Refuge (ANWR), the biggest onshore U.S. oil prospect,
estimated by the U.S. Geological Survey to average 3.2 billion barrels—enough to meet today’s U.S. oll
demand for six months starting in a decade. But if Refuge oil were exploited despite what USGS found
to be dismal economics, it would double TAPS’s throughput, making TAPS for several more decades an
even more critical chokepoint than the famously vulnerable Strait of Hormuz.
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Oil supplies are becoming more concentrated and less secure: Domestic oil is limited

can cut dependence on cheaper oil imports in only three basic ways,
of which the first two have been officially favored so far:

* Protectionism taxes foreign oil or subsidizes domestic oil® to distort
their relative prices. (In the case of subsidies, it also retards efficient
use and substitution.) This approach, at the heart of present U.S. poli-
cy, sacrifices economic efficiency and competitiveness, violates market
principles and free-trade rules, and illogically supposes that the solu-
tion to domestic depletion is to deplete faster—a policy of “Strength
Through Exhaustion.”®

e Trade, being nondiscriminatory, unsentimentally buys oil wherever it’s
cheapest. Such big economies as Japan and Germany import all their
oil, and pay for it by exporting goods and services in which they enjoy
a comparative advantage. U.S. oil imports are 24% of world oil trade,
yet major U.S. allies and trading partners import an even larger frac-
tion of their oil, and many developing countries rely still more on
imports. Trade can be economically efficient, dominates world oil use,
sets its price, and underpins the global economy on which the U.S.
economy depends. But it exacerbates the issue of unreliable and vul-
nerable supplies, because for a fungible commodity (Box 2), everyone
shares shortages as well as surpluses.

e Substitution replaces oil with more efficient use or alternative supplies
wherever that’s cheaper. These domestic substitutes have all the
advantages of protectionism without its drawbacks, and all the advan-
tages of trade without its vulnerabilities. Substitution offers a major
opportunity to all countries, both rich and poor. It has so far received
less attention and investment than it merits, but it generally turns out
to have lower costs and risks than buying oil in the world market, so
it forms this study’s main focus.

The value of substitution depends on the costs it incurs and avoids.
Besides business risks from insecure sources and brittle infrastructure,
America’s oil habit burdens us all with purchase price, foregone growth
and competitiveness, trade and budget deficits, inflated and volatile
prices, compromised public and environmental health, faster resource
depletion, damage to national reputation and influence, the prospect

of growing rivalry rather than friendship with countries like China

and India, and erosion of the global stability and security on which all
commerce depends. In 1975, 1979, 1981, 1989, 1995, and 2000, U.S. presi-
dents indeed officially found that oil imports threaten to impair national
security.” So what'’s it worth to reduce U.S. oil dependence?

Oil Dependence

84. E.g., Peters 2002; Pryce-
Jones 2002; Frum & Perle
2003, p. 141; Barone 2002,
p. 49; Podhoretz 2002;
Henderson 2002; Murawiec
2002 (see also Ricks 2002
and Ricks 2002a); R.E. Ebel,
quoted in Dreyfuss 2003;
Margolis 2002; K. Adelman,
quoted in Marshall 2002; cf.
Buchanan 2003. The risks
today would probably be
far greater than envisaged
in CRS 1975, or by former
Ambassador Akins (Higgins
2004; see note 127).

85. Lovins & Lovins 1982.

86. Lovins & Lovins 2001,
particularly the detailed
annotations to the severely
abridged security discus-
sion on p. 75. See also
online updates at
www.rmi.org, Library,
Energy, Security.

87. “The United States is a
high cost producer com-
pared to most other coun-
tries because it has
already depleted its known
low cost reserves™:
DOC/BEA 1999.

88. The lower figure is from
the U.S. Energy Information
Administration, the higher
from the American
Petroleum Institute and
British Petroleum, both
using the canonical Oil and
Gas Journal denominator.

89. Foreign oil is also heavi-
ly subsidized (and its ship-
ping lanes defended at tax-
payer expense, pp. 20-21);
the leading independent
authority on energy subsi-
dies (D. Koplow, personal
communication, 28 May
2004) says it's uncertain
whether foreign or domes-
tic oil is now more heavily
subsidized to U.S. users.

90. This phrase is due to
the late conservationist
and USA Tenth Mountain
Division Maj. (Ret.) D.R.
Brower.

91-96: See Box 2 on p. 14.

97. DOC/BEA 2001. These findings under the Trade Expansion Act of 1962 authorized the president to adjust oil imports, as was done in 1973 (licensing fees),
1975 and 1979 (tariffs), 1979 (Iran embargo), and 1982 (Libya embargo). In 1989, 1995, and 2000, the threat finding was still made, but no action beyond exist-

ing energy policy was deemed to be required.
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2: Oil is fungible

Many commentators imagine that we can sim-
ply shift from hostile to friendly oil sources. But
because oil is freely traded, the only path to
reliable supply and stable price is to use less
total oil, not just to import less oil. Although the
world market trades a great variety of crudes—
light and heavy, sweet and sour—crude oil is
basically a fungible (interchangeable) commodi-
ty.” Saving 1 Mbbl/d therefore can’t reduce U.S.
imports from a particular country or region by

1 Mbbl/d: rather, world flows of oil will re-equili-
brate at 1 Mbbl/d or ~1.3% lower supply and
demand (and at a slightly lower price®). If a low-
cost producer like Saudi Arabia chose to under-
cut, say, costly marginal wells in the U.S., as has
happened before,” then unconstrained imports
might not decrease at all. (The aim of the OPEC
cartel is to constrain supply, and thereby force
others to produce higher-cost all first, then sell
the cartel’s cheap oil for that higher price—and
by depleting others’ oil first, make buyers even
more dependent on the cartel later.)

Cutting U.S. oil use by, say, one-eighth will thus
save the equivalent of imports from the Gulf (the
sort of comparison sometimes made in this
report to illustrate magnitudes), but one way or
another, the same amount of oil may still flow
from the Gulf to the U.S., as low-cost exporters
share reduced sales. Even the 1973 Arab
embargo couldn’t stop large oil flows from
reaching the U.S. by transshipment or by freeing
up other supplies. Saving oil is vital and valu-
able: it saves the purchase price, helps dampen
world prices, avoids indirect economic and
social costs, erodes the leverage of any particu-
lar supplier, and enables any given substitute to
meet a larger share of the decreased demand.
But if we keep the oil habit, we’ll still need a fix
from the same pushers in the same market.

The policy issue is the level of oil, not import,
dependence, so more “oil independence” is not

an optimal goal. As President George H.W.
Bush’s 1991 energy plan explained,*

Popular opinion aside, our vulnerability to price shocks
is not determined by how much oil we import. Our vul-
nerability to oil price shocks is more directly linked to:
(1) how oil dependent our economy is; (2) our capacity
for switching to alternative fuels; (3) reserve oil stocks
around the world; and (4) the spare worldwide oil pro-
duction® capacity that can be quickly brought on line.

And as President George W. Bus%h’s energy plan
rightly reiterated ten years later,

We should not...look at energy security in isolation
from the rest of the world. In a global energy market-
place, U.S. energy and economic security are directly
linked not only to our domestic and international ener-
gy supplies, but to those of our trading partners as
well. A significant disruption in world oil supplies
could adversely affect our economy and our ability to
promote key foreign and economic policy objectives,
regardless of the level of U.S. dependence on oll
imports.***The first step toward a sound international
energy policy is to use our own capability to produce,
process, and transport the energy resources we need
in an efficient and environmentally sustainable man-
ner. Market solutions to limit the growth in our oil
imports would reduce oil consumption for our econo-
my and increase our economic flexibility in respond-
ing to any...disruption. ...

91. This is decreasingly true of U.S. gasoline because of a prolif-
eration of “boutique” state and regional formulas. The resulting
difficulty of swapping supplies can create local shortages of gaso-
line meeting local regulatory requirements, even if there’s plenty
of total gasoline in the market.

92. Based on the Greene and Tishchishyna (2000) analysis, a 1%
decrease in U.S. oil demand reduces world oil price by ~0.3-0.5%;
p. 20 in NAS/NRC 2001 concurs.

93. For example, low oil prices from late 1997 to early 1999 squeezed
the ~7,000 independent operators who produce two-fifths of lower-
48 oil, forcing them to cut staff and exploration, increase debt,

and shut in or abandon high-cost wells. Such squeezes periodically
endanger nearly 1 Mbbl/d of marginal production, mainly from
small “stripper” wells.

94. DOE 1991, p. 3.

95. By industry and economic convention, we use the term “pro-
duction” in this report, even though people only extract the oil that
geological processes have produced. We similarly use “consump-
tion” in its economic sense; burned oil simply reacts with oxygen
to form combustion products of identical total weight, plus heat.

96. National Energy Policy Development Group 2001, pp. 8-3 and 8-1.
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Counting the direct cost of oil dependence

In 2000, Americans paid $362 billion for retail oil. Although that’s $334 bil-
lion less than they would have spent at the 1975 o0il/GDP ratio, they spent
nearly as much just on transportation fuel ($285 billion*®) as on national
defense ($294 billion in FY2000%). Transportation’s need for light refined
products, especially gasoline, causes ~93% of projected growth in oil
demand to 2025.*° Worse, it propels oil imports, which met 53% of U.S. oil
demand in 2000. Those imports’ net cost, $109 billion, was 24% of that
year’s goods-and-services trade deficit, now a major economic concern
that erodes the U.S. dollar’s value and hence boosts dollar oil prices.*

It’s getting worse. In 2003, imports cost $10 billion a month. And the bill
mounts up. During 1975-2003, Americans have sent $2.2 trillion (2000 $)
abroad for net oil imports. Those high and rising imports have strength-
ened OPEC’s ability to price oil above its fair market value. By sucking
purchasing power and reinvestment out of the U.S. economy, that pricing
power has incurred a total economic cost estimated at $4-14 trillion (1998
present-valued dollars) over the past three decades—about a GDP-year,
rivaling total payments on the

- 3

Oil Dependence

Sending $2 trillion
abroad for oil and
empowering OPEC to
charge excessive
prices has cost the
U.S. many trillions of
dollars. Volatile oil
prices buffet the
economy, and still
would even if all our
oil were domestic—
to the extent we still
depend on oil.

In 2000,

Americans spent
nearly as much

on transportation fuel
as on national
defense.

National Debt.**

In 2003, oil imports cost $10 billion a month.
During 1975-2003,
Americans sent $2.2 trillion (2000 $)

Figure 3: World oil consumption and real price, 1970-1Q2004"
Demand grew quickly at low prices until the 1973 “first oil shock,”
then slowly at high prices, until 1979's worse “second oil shock” sent demand
into decline, softening price until demand began to rise again.
Prices spiked in the 1991 Gulf War. In 2003, the Iraq War and OPEC discipline
returned prices to 1974-79 levels, and in 2004, they rose further.

abroad for net oil imports.

3
. 60
98. EIA 2003, Table A3, converting 2001 to 2000 $. %
99. DoD 2001, Table 1-11. & 50 -
=]
100. EIA 2004, p. 97. S
8N 40
101. Leone & Wasow (2004) correctly note that from the 25
end of February 2002 to two years later, the world oil price o -g,
rose 51% in dollars but only 4% in euros, as the exchange ‘s = 30 - 1974 102004
rate plunged from 1.16 to 0.80 euros per dollar, for reasons oo (preliminary,
. . . X T K 30 Apr 04
the authors ascribe largely to loss of international confi- 2o 201 price)
dence in U.S. tax and fiscal policy. “In this situation, it is © §f,
perfectly rational for foreign suppliers of oil to charge 5
more in dollars to make up for the falling value of our cur- g 10 —
rency.” On these figures, ~96% of the increase in the U.S.- (%] 1970 1973
dollar oil price was simply an exchange-rate adjustment g 0 L | | | | | |
relative to the euro, although OPEC spends dollars too. : =) 2 o 3 9 w0 2 9

102. Greene & Tishchishyna 2000. Competing, but in our
view unpersuasive, theoretical arguments are presented

world oil consumption, annual average (Mbbl/d)

by Bohi & Toman 1996. Kohl (2004) notes that the ORNL

Source: RMI analysis from EIA: March 2004 International Petroleum Monthly, “U.S. Petroleum Prices” 2004.

estimate assumes oil would compete at ~$10/bbl absent
the cartel, and that opinions differ on that assumption.

It is indeed controversial; yet noted oil economist Phil Verleger has reportedly estimated that real GDP would be higher by about 10% in the U.S., 15% in the

EU, and 20% in Japan if hydrocarbon prices had been determined by free markets over the past quarter-century.

103. Consumption data 1970-2003 from EIA 2004a, Table 46. Price data (applying implicit GDP price deflator) from EIA, undated; 2004 data are preliminary,
for 1Q only, and 30 April instead of 2 January data. Prices are opening-of-year snapshots, not annual averages, for the standard Saudi light marker crude,

excluding shipping costs.
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3: The uncounted economic cost of oil-price volatility

Oil-price volatility (often measured by the stan-
dard deviation of log-price differences) incurs
up to 11 kinds of economic costs compared to
less- or nonvolatile alternatives. These costs
seem not to have been well explored in the eco-
nomic literature, even though oil price volatility
is important, and might better explain output
and unemployment than the level of oil price
does.”™ RMI commissioned a review of these
costs by researcher Jamie Fergusson, summa-
rized in Technical Annex, Ch. 2. The uncounted
costs are partly overlapping, hard to assess
accurately, but large: one illustrative economet-
ric analysis found on the order of $20b/y but
was methodologically unconvincing.™ At RMI’s
request, therefore, Dr. Richard Sandor, Vice
Chair of the Chicago Board of Trade, discovered
the volatility’s value in the derivatives market
using forward option pricing. As of 2 June 2004,

104. Hooker 1996; Awerbuch & Sauter 2002.

105. EIA 2001. The same is true of the ~$6-9 billion/y estimate by the
CRS (1992), updated by Moore, Behrens, & Blodgett (1997).

over a five-year time horizon, the market valued
oil-price volatility at ~$3.8/bbl, a ~10% premi-
um.® This figure, which we adopt as $3.5/bbl in
2000 $, would theoretically (not practically)™
equate to ~$7-8b/y to hedge the portion of U.S.
oil consumption traded in the market, or nearly
$30b/y if notionally extended to all current U.S.
oil consumption. (Volatility’s value is usually
higher over a shorter time horizon,"® and varies
over time according to real-time oil-price volatil-
ity itself: Technical Annex, Ch. 2) Displacing oil
with alternatives whose prices are less volatile
than oil’'s, or may even be nonvolatile (such as
end-use efficiency, which is financially risk-
less'™ because once installed it has zero price
fluctuation), would thus create major economic
benefits. Any risk premium on oil price must be
included in a properly risk-adjusted comparison
of oil vs. such less risky alternatives (p. 101).
The social cost of volatility may be higher than
that risk premium implies.

106. Dr. Sandor and his staff at the Chicago Climate Exchange (CCX) obtained 5-year “at-the-money” option pricing—prices for contracts to buy oil at
the 2 June 2004 price of $40, using the West Texas Intermediate (WTI) U.S. marker crude. CCE economist Murali Kanakasabai (personal communica-
tions, 26 May and 11 June 2004) used a $40 spot price, a strike price of $31.70 equal to the 5-y NYMEX futures price, and the 2 June 2004 forward price
volatility of 17% (from Lewis Nash, Morgan Stanley). Under these conditions, contracts on the New York Mercantile Exchange, valued using standard
Black-Scholes option calculators as of 2 June 2004 with a 5% riskless interest rate, were priced at $3.31/option for a call and $0.52 for a put for 5-year
Asian Options, which entitle the holder to buy oil for cash five years hence at the average price during the five-year period, thus separating secular
trends from mere fluctuations. The corresponding European Options cost $15.88 call and $0.572 put; American Options, $15.89 call and $0.774 put. (An
American Option costs more than the Asian Option because it entitles the holder to exercise anytime between purchase and expiration, rather than
only at expiration, exposing the option seller to the most extreme price of the underlying commodity during the entire period; a European option car-
ries the same risk but can be exercised only on its expiry date.) We interpret the Asian Option call-plus-put price as a broad metric of volatility’s mar-
ket value. (Banker’s Trust’s Tokyo office invented Asian Options in 1987 precisely for the purpose of laying off crude-oil price risk.) The owner of Asian
Options for both a call and a put has paid the sum of these instruments’ cost to eliminate price risk and be subject only to secular trend.

107. Extending the ~$4/bbl price discovered from small-quantity option quotations to the entire U.S. oil market (or at least the ~1.8 billion bbl/y traded in
the market—not the bulk of oil supply that comes from vertically integrated suppliers) is theoretical, in the sense that the market couldn’t stand the
hedging of such a large volume, nor is there a sufficiently large and creditworthy private counterparty. (Just the 5-year maturity would require a AAA
rating.) Despite this lack of a clear interpretation at large volumes, we believe the small-quantity marginal price is a helpful contribution to under-
standing the reality of oil-price volatility and its economic cost: as in any hedging transaction, the option seller is being compensated for a real risk.

108. This is because the market, correctly or not, assumes long-term reversion to mean. At 2 June 2004, exceptionally, the 1-year call-plus-put Asian
Options cost a total of $2.98/bbl, because the oil price was so anomalously high that most or all of the upside price risk was presumed to have already
occurred. However, the 90-day volatility price was higher than the 1-year, presumably because the market anticipated a greater short-term risk of
Middle Eastern supply disruptions. Going in the other direction, it would be possible to obtain longer-than-5-y option pricing, say for 7 or even 10y,
but at that maturity, the market becomes quite thinly traded, and unfortunately there is no 20-y market deep enough to be validly quoted.

109. In financial economics, “riskless” means the price is known or constant, not that there are no other risks in a transaction (such as equipment
breakdowns or installer malfeasance). Thus a fixed-rate mortgage and the yield of a Treasury note are riskless. Such cashflows cost more because
they lack the price-fluctuation risk of an adjustable-rate mortgage or of the market value of a stock. (Treasury debt also yields less and costs more
than junk bonds because it lacks their credit risk.)
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Counting the direct cost of oil dependence

But the oil problem isn’t just about imports from unstable countries and
from a global cartel. That’s because replacing unstable suppliers with
diversified, stable, friendly sources is helpful but inadequate: even if the
U.S. imported no oil, it would still be a price-taker, its domestic markets
whipsawed by the world oil market’s price volatility (Fig. 3), which
exceeds that of the stock market or of most commaodities. Oil price shocks
hurt far more than declines help, cutting the annual GDP growth rate
by about half a percentage point.*® Eight of ten postwar U.S. recessions
closely followed an oil-price spike,”* and according to Fed Chairman
Alan Greenspan, “All economic downturns in the United States since
1973...have been preceded by sharp increases in the price of oil.”*? Each
$1/bbl price rise amounts to a gross tax of $7 billion per year (less any
return flows). For more than a century, oil prices have been random, just
like other commodity prices, increasingly exposing the U.S. economy—
as many key partners abroad have long been exposed—to costly short-
and long-term perturbations. The market itself values oil-price volatility
at several dollars per barrel (Box 3).

Oil-price volatility, let alone cutoffs, poses major risks to key industries.
One American private-sector job in ten is linked to the auto industry,** and
almost all jobs ultimately depend on mobility. The Big Three automakers
earn 60% of their global profits from North American sales of light trucks,
but surging oil prices in 2004 stalled those sales, swelling inventories and
requiring ~$4,000 incentives to “move the metal.”** Hard-pressed U.S. air-
lines, which lose $180 million a year for every penny-per-gallon rise in fuel
cost, may see their precarious gains scuttled.”™ Independent truckers can’t
pay both their truck loans and sky-high fuel prices. As such bellwether
sectors falter, the damage reverberates through the whole economy. And
that’s just the tip of a giant iceberg of hidden security, fiscal, environmen-
tal, and foreign-relations costs.

Oil dependence’s hidden costs
may well exceed its direct costs

One-fourth of all the oil America uses comes from OPEC countries,
one-seventh from Arab OPEC countries, one-eighth from Persian Gulf
countries. Reliance on unstable oil sources incurs costs for both buying
and defending it. Those costs are compounded by how some oil exporters
respend the petrodollars. The $2.2 trillion paid for U.S. oil imports since
1975 has financed needed development by neighbors and allies, but has
also paid for profligacy, polarizing inequities, weapons of mass destruc-
tion, state-sponsored violence, and terrorism—perhaps indirectly and
unofficially including the 9/11 attack on the American homeland.
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“All economic down-

turns in the United
States since 1973...
have been preceded by
sharp increases

in the price of oil.”

— Alan Greenspan

104-109: See Box 3, p. 16.

110. This summary assess-
ment by Hamilton is
described and supported in
Fergusson’s Ch. 2 of the
Technical Annex.

111. Kohl 2004.
112. Greenspan 2002.

113. Including multipliers
from the direct employment
of 1.3 million direct employ-
ees of automakers and 2.2
million employees of the
industry’s suppliers, plus the
rest of the value chain
(McAlinden, Hill, & Swiecki
2003). The multiplier is large
because the motor-vehicle
manufacturing sector adds
value of $292,000/worker,
143% above the U.S. manu-
facturing average—the third-
highest value-added per
worker of any major sector,
with wages also 60% above
the average U.S. worker’s.
The total reaches 13.3 million
if it also includes 3.9 million
professional drivers.

114. Freeman, Zuckerman, &
White 2004.

115. Trottman 2004.

Military, subsidy,

and environmental
costs could at least
double oil’s true price
to society.

One-fourth of all the oil
America uses comes
from OPEC countries,
one-seventh from

Arab OPEC countries,
one-eighth from
Persian Gulf countries.
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Oil dependence
creates incentives
and structures that
make most oil-export-
ing countries
uniquely ill-governed,
unfree, unjust,
unstable, militarized,
and conflict-prone.

116. The “Publish What You
Pay” campaign (www.pub-
lishwhatyoupay.org) nearly
got BP expelled from
Angola in 2001, but is now
becoming the “gold stan-
dard” for extractive indus-
tries, especially in Africa.
The World Bank Group
endorsed the Extractive
Industries Transparency
Initiative in 2003 (www.
worldbank.org/ogmc/) and
is considering in 2004 the
wider and more controver-
sial recommendations

of the Extractive Industries
Review, which include phas-
ing out oil-project invest-
ments within five years.

116a. Moody-Stuart 2003.

117. DoD sought funding in
2003 to train Colombian sol-
diers to protect assets of
private U.S. oil operators
there (BBC News World
Edition 2003). The two main
pipelines, each over 400
miles long, suffered 98
bombings in 2000 alone
(Karl 2004).

118. Klare (2004) gives
details.

119. Klare (2001) lists (pp.
227-231) 19 separate con-
flicts then underway over
oil, involving an overlapping
total of 49 countries.

120. Karl 2004.

121. Luft & Korin (2003),
citing Freedom House 2003
and Transparency Inter-
national 2003.

122. Gary & Karl 2003, pp.
77, 18; see also Karl 1997.
The $200 billion, chiefly
from the Gulf of Guinea, is
about ten times expected
Western aid flows.

123. Nunn et al. 2000.
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Oil dependence’s hidden costs may well exceed its direct costs

Petrodollars tend to destabilize

The costs of oil imports (broadly defined) include political ties to unstable
countries. Prospects of those countries’ achieving greater political stability
simply by acquiring oil wealth are slim, as historic experience amply
demonstrates. There are some commendable exceptions, and recent initia-
tives by BP and others to post on the Web the amounts and recipients of
all payments to governments®® are important and laudable blows against
corruption. Oil-driven development failure is not inevitable.”** But more
often, oil wealth has fomented power struggles among governmental,
sociopolitical, and industrial factions. Such rivalries, social divisions, and
developmental distortions can threaten price and supply stability, incur
escalating protection costs,*” and overstress oil reservoirs (as under
Saddam Hussein). Indeed, countries often become unstable once they dis-
cover oil. Of the top eight non-Gulf oil prospects—Angola, Azerbaijan,
Colombia, Kazhakstan, Mexico, Nigeria, Russia, and Venezuela—not one
is stable.® In some, buying rights to a new multi-billion-dollar oilfield
might mean bargaining with both the government and other sellers such
as rebels, clan chieftains, warlords, or druglords.*®

Flows of oil revenue to governments that start off neither transparent nor
fair tend to create incentives and structures that then exacerbate destabi-
lizing corruption, inequity, and repression:*® only 9% of world oil reserves
are held by countries considered “free” by Freedom House, and oil riches
correlate well with Transparency International’s corruption ratings.'*
An NGO report on the more than $200 billion destined for sub-Saharan
African governments in the next decade from their rapidly expanding oil
reserves notes:*”
The dramatic development failures that have characterized most other oil-
dependent countries around the world...warn that petrodollars have not helped
developing countries to reduce poverty; in many cases, they have actually exacer-
bated it.***Countries that depend upon oil exports, over time, are among the

most economically troubled, the most authoritarian, and the most conflict-ridden
states in the world today.

Nigeria, for example, has received more than $300 billion in oil revenues
in the past quarter-century, but its per-capita income remains below $1 a
day, and its economy has performed worse than that of sub-Saharan
Africa as a whole, let alone other developing regions. The Center for
Strategic and International Studies’ energy task force found in 2000** that
the nations now counted upon to moderate U.S. Gulf dependence often

...Share the characteristics of “petro-states,” whereby their extreme dependence

on income from energy exports distorts their political and economic institutions,

centralizes wealth in the hands of the state, and makes each country’s leaders

less resilient in dealing with change but provides them with sufficient resources
to hope to stave off necessary reforms indefinitely.

Winning the Oil Endgame: Innovation for Profits, Jobs, and Security



Oil dependence’s hidden costs may well exceed its direct costs: Petrodollars tend to destabilize

The vicious circle of rent-seeking behavior and concentrated power also
often reinforces prevalent over-militarization, which in turn is both inter-
nally and externally destabilizing:**

In the decade from 1984 to 1994...OPEC members’ share of annual military
expenditures as a percentage of total central government expenditures was three
times as much as the developed countries, and two to ten times that of the non-
oil developing countries. From the perspective of poverty alleviation, the sheer
waste of this military spending is staggering....Fights over oil revenues become
the reason for ratcheting up the level of pre-existing conflict in a society, and oil
may even become the very rationale for starting wars. This is especially true as
economies move into decline. Petroleum revenues are also a central mechanism
for prolonging violent conflict and only rarely a catalyst for resolution. Think,
for example, of Sudan, Algeria, the Republic of Congo, Indonesia (Aceh),
Nigeria, Irag, Chechnya [a key transit point for Caspian oil pipelines] and
Yemen.

Of these eight states, at least seven, not coincidentally, now harbor
Islamic extremists.'®

Sociopolitical instability drives military costs >

Thus arise threats to regional stability: the wars, terrorist movements,

and decaying state structures that the U.S. Central Command’s forces must
address in order to keep the oil flowing. But that mission presupposes that
the United States needs the oil (or is willing to protect it for others’ sake).
Financially, net of other countries’ ~$54 billion contributions, the 1991 Gulf
War cost the U.S. only $7 billion—equivalent to a $1/bbl price increase for
a year. Yet spending $7 billion each year to buy oil efficiency technologies
then available could have permanently eliminated the equivalent of Gulf oil
imports.** This comparison suggests a serious and continuing misalloca-
tion of America’s capital and attention.

The United States has multiple interests in the Middle East, including its
commitment to Suez Canal/Red Sea navigation and to Israel. But those
interests are at best distorted and at worst overwhelmed by the vital need
for oil. Three decades ago, President Nixon was even prepared as a last
resort to use airborne troops to seize oilfields in Saudi Arabia, Kuwait,
and Abu Dhabi—perhaps for up to a decade—if the Arab oil embargo
weren’t lifted, because the U.S. “could not tolerate [being]...at the mercy
of a small group of unreasonable countries.”** Historians will long debate
whether the United States would have sent a half-million troops to liber-
ate Kuwait in 1991 if Kuwait just grew broccoli and the U.S. didn’t need
it. Decades hence, historians may be better able to say whether an odious
tyrant would have been overthrown with such alacrity in 2003 if he didn’t
control the world’s second-largest oil reserves. But even in peacetime,
without lives directly at stake, the United States has for decades routinely
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Countries often
become unstable
once they discover oil.

Financially, the 1991
Gulf War cost the

U.S. only $7 billion;
spending less than this
to buy oil efficiency
instead could have
eliminated the equiva-
lent of Gulf oil imports.

Dependence on oil
from the world’s
least stable region
has created the
largest single burden
on America’s military
forces, their costs,
and their likelihood
of success.

124. Gary & Karl 2003, p. 24.

125. Their presence is obvi-
ous in all but the Republic
of Congo, whose weak
state structure nonetheless
sustains activities that
would be useful support
structures for terrorism,
such as money-laundering
and illicit arms sales.

126. Lovins & Lovins 2001,
hypertext to p. 77, “cost

the United States.” Today's
technologies are even better
(Fig. 28, p. 100 below), and
the cheapest ones have
negative or very low costs.

127. Frankel 2004; Alvarez
2004. According to Higgins
(2004), James Akins, the
U.S. Ambassador to Saudi
Arabia, sent a confidential
cable to Washington calling
the notion of seizing Saudi
oil “criminally insane,”

and was fired a few months
later—because of that view,
he says.
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We pay two to three
times as much to
maintain military
forces poised to inter-
vene in the Gulf as
we pay to buy oil from
the Gulf.

128. Delucchi & Murphy
1996; extensive further
evidence is marshaled
by Klare (2004).

129. The White House 2002.

130. Quoted, with extensive
historical analysis, in
Delucchi & Murphy 1996.

131. Donnelly, Kagan, &
Schmitt 2000, pp. 14, 17, 74.

132. Koplow & Martin 1998,
Ch. 4; ORNL 2003, Table 1.9.
The estimates are by Earl
Ravenal (Cato Institute and
Georgetown U. School of
Foreign Service), William
Kaufmann (Brookings
Institution), and Milt
Copulos (National Defense
Council Foundation), whose
detailed unit-by-unit cost
assessment included no
general DoD overheads, yet
yielded peacetime readi-
ness costs of $49.1 billion
(2002 $).

Oil dependence’s hidden costs may well exceed its direct costs: Sociopolitical instability drives military costs

maintained large forces whose stated primary mission is intervention in
the Persian Gulf. In every issue of their United States Military Posture
Statement from FY1979 to FY1989, the Joint Chiefs said this was even more
important than containing Soviet ambitions in the region.*”® The 2002

U.S. national-security strategy mentioned neither oil nor the Gulf,*® but
the 18 February 1992 draft of Defense Planning Guidance for the Fiscal Years
1994-1999 forthrightly stated America’s “overall objective” in the Gulf:
“to remain the predominant outside power in the region and preserve
U.S. and Western access to the region’s oil.”* Big U.S. military bases now
blanket the area. By 2000, prominent conservatives wrote,**

The presence of American forces, along with British and French units, has
become a semipermanent fact of life....In the decade since the end of the Cold
War, the Persian Gulf and the surrounding region has witnessed a geometric
increase in the presence of U.S. armed forces, peaking above 500,000 troops dur-
ing Operation Desert Storm, but rarely falling below 20,000 in the intervening
years....[R]etaining forward-based forces in the region would still be an essen-
tial element in U.S. security strategy given the longstanding American interests
in the region***[where] enduring U.S. security interests argue forcefully for an
enduring American military presence.

Gulf-centric forces’ 1990s readiness cost, allocating DoD’s non-regionally-
specific costs pro rata, was ~$54-86 billion per year in 2000 $.*** That is,

the U.S. pays two to three times as much to maintain military forces poised to
intervene in the Gulf as it pays to buy oil from the Gulf. By claiming that we’d
need most of those forces anyway, and that their presence is largely altru-
istic, some analysts select numerators and denominators that can translate
$54-86b/y into per-barrel costs around $2 rather than, say, $77.*** Econo-
metrics™ and calculations of military-plus-Strategic-Petroleum-Reserve
costs** estimated just $10/bbl before 1991. But all these figures understate
the distortion of paying oil-related military costs in taxes and blood, not
at the pump,** because they count only Central Command. The Pentagon’s
other unified commands are also having to set aside many of the other
missions that they have trained for, as they are “slowly but surely being

133. Koplow & Martin (1998) very conservatively allocated only one-third of this military cost to oil-related missions, then divided it by all oil exports from
the Gulf (mainly to Europe and Japan, which get about one-fourth and three-fourths of their oil from the Gulf, respectively, but contribute inversely to the
Gulf's G7 military costs: Johnson 2000, p. 87). Accepting the rationale that U.S. consumers benefit too from resulting improvements in price stability and
global economic health, the U.S. military subsidy cut the cost of Gulf exports to all countries by ~$1.65-3.65/bbl, or 4-9¢/gal. But one might wonder whether
an oil-independent United States would be quite so altruistic. If not, a different cost allocation could be warranted. If the entire nominal $70 billion of 2000
Gulf-related military costs were allocated to the one-eighth of Gulf exports that the U.S. imports, they’d be equivalent to $77/bbl—2.7 times the landed price
of Saudi crude in 2000—and would boost the 2000 pump price to $4.29 a gallon. The complexities of assessing the military costs of oil dependence are well
discussed by Delucchi & Murphy (1996).

134. Broadman & Hogan 1988.

135. Hall 2004.

136. The belief that this distortion is large spans a wide spectrum of politics and methodology. For example, M.R. Copulos (2003) reckons that imported oil
incurs U.S. economic costs of $5.28/gal of gasoline, annually comprising (2002 $) $49 billion military cost, $99 billion direct import cost, $61 billion indirect cost
of sending that money abroad, $13 billion lost tax revenue on the wages of domestic petroleum workers assumed to supply the oil instead, and $75-83 hillion
from amortizing three historic oil shocks’ economic cost (totaling $2.2-2.5 trillion) over the 30 years they spanned.
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Oil dependence’s hidden costs may well exceed its direct costs: Sociopolitical instability drives military costs Oil Dependence

converted into a global oil-protection service”**—for example, Southern
Command in Colombia, European Command in Africa (except the Horn)
and the Republic of Georgia, Pacific Command in two oceans, and
Northern Command in undisclosed places. DoD doesn’t do activity-based
costing, so how much of its peacetime budget relates to oil is unknown.
But if you think, for example, that half might be a reasonable estimate,
and should be ascribed to oil use by the United States but not by its oil-

using allies, that would be equivalent to ~$25/bbl. Subsidies and
environmental costs
(including climate
risks), combined with
oil’'s military costs,
could easily cost

Nonmilitary societal costs

Y

Oil dependence also bears other important hidden costs to U.S. society:

e Direct federal subsidies to both domestic and imported oil in 1995 society more than the
added several dollars per barrel, may well have been higher for ?h" p”Ci"‘t’e pay in
e market.

imports (disadvantaging domestic producers), and are rising.**®

e Federal net subsidies to oil-using systems are probably larger still—
by one reckoning, $111 billion a year just for light vehicles,*
equivalent to $16/bbl.

e Oil’'s unmonetized air-pollution costs have been estimated at Whatever all these

~$1/bbl* to ~$15/bbl 4 hidden costs turn out
to total—clearly

e That doesn’t yet count ~$2-5/bbl for oil combustion’s potential upwards of $10/bbl,
contribution to climate change.*? That may well be understated for plausibly comparable
irreversible processes that threaten to submerge some countries, starve  to oil's market price,
or flood others, and export environmental refugees to others. This and perhaps much
could in turn destabilize whole regions, raise major national-security higher yet—they
contingencies with possibly tremendous associated costs,* and should hide no longer.

increase catastrophic-risk costs to the private sector.**

137. Klare 2004, p. 7; Cummins 2004a (~30 U.S. warships now patrol in and around the Persian Gulf); Glanz 2004.

138. Subsidies are complex, arcane, and often artfully concealed (e.g., by waiving normally required payments or rules), but their net effect is to transfer
government-provided goods, services, or risk-bearing to private firms that must otherwise buy them in the marketplace. In 1995, annual nonmilitary subsidies
to the U.S. petroleum industries (both domestic and via imported oil, net of federal revenues from oil-industry user fees and consumer excise taxes) totaled
upwards of $5.2-11.9 hillion; those to domestic oil, $4.4-10.2 billion, totaled $1.2-2.8/bbl according to Koplow & Martin (1998; see also Koplow 2004). Their
analysis included subsidies mainly in tax breaks, R&D support, subsidized credit, below-market resource sales, subsidized oil transport, and socialization of
private-sector liabilities, but excluded subsidies to the car, aircraft, and other oil-using industries; subsidies from eight hard-to-analyze federal programs;
effects on oil supply and demand and on employment; and leveraging of private investment into the oil sector beyond the levels attractable at fair market
prices. Some other oil-subsidy estimates are much higher. For example, ICTA (1998) estimate annual subsidies to U.S. ail (1997 $, including defense) at
$126-273 billion plus $0.4-1.4 trillion in externalities of using the oil, including all side effects of the transportation system. (For example, vehicular combus-
tion products can be a major threat to public health, especially in the teeming cities of the developing world. Congestion, collision, and inequitable access to
mobility add to the social toll.) ICTA therefore finds an order-of-magnitude underpricing of gasoline, because of externalities totaling $4.6-14.1/gal.
Conversely, the American Petroleum Institute strongly disputes Koplow & Martin 1998 (Dougher 1999); they have responded
(www.earthtrack.net/earthtrack/index.asp?pagelD=144&catID=66).

139. Roodman 1998, Ch. 5.

140. NAS/NRC (2001, Ch. 5, summarized at p. 86), estimated gasoline’s environmental externalities at ~14¢ per U.S. gallon (~$35 billion/y in 2000), or $6 per
barrel, with a range from one-fifth to twice that much “not implausible” and perhaps not inclusive; 12¢ of the 14¢ was for climate change, which we show
separately in the next bullet.

141. Hall 2004 and that article’s journal citations. 142. NAS/NRC 2002a and Hall 2004, respectively.
143. Stipp 2004, Schwartz & Randall 2003. 144. See next page.
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Oil dependence
compromises funda-
mental U.S. security
and foreign-policy
interests and ideals,
harms global
development,
and weakens the
nation’s economy.
And even if world oil
output peaks later
than some fear,

it's none too early to
begin an orderly
transition that could
capture its manifest
profits sooner.

U.S. oil dependence
is intensifying com-
petition over oil with
all other countries,
ultimately including
China and India.

It sets the stage for
billions of people to
blame their poverty
and oil shortages on
what demagogues
could portray as
America’s uncaring
gluttony.

144. As “global weirding” (in

Oil dependence’s hidden costs may well exceed its direct costs: Nonmilitary societal costs

Whatever all these hidden costs turn out to total—clearly upwards of

$10/bbl, plausibly several tens of dollars per barrel, and perhaps even
higher—they should hide no longer. President Nixon got the economic
principle of truthful pricing right when he told the Congress in 1971,**

One reason we use energy so lavishly today is that the price of energy does not
include all the social costs of producing it. The costs incurred in protecting the
environment and the health and safety of workers, for example, are part of the
real costs of producing energy—but they are not now all included in the price of
the product.

< Adding up the hidden costs

To be sure, despite all of oil’s direct and hidden costs, oil revenues are
important drivers of national development in such places as Mexico,
Russia, and potentially West Africa, the Middle East, and the Caspian
region. The need to diversify economies trapped in petro-codependency,
the needs of oil-dependent industries, and oil’s pivotal role in today’s
economy must be dispassionately balanced against the benefits of oil dis-
placement. But taken together, the costs of continuing America’s current
dependence on oil pose a potentially grave impediment to achieving stat-
ed national security and economic objectives. In sum, U.S. oil dependence:

e erodes U.S. national security by:

o engaging vital national interests in far-off and unfamiliar places
where intervention causes entanglement in ancient feuds and
grievances, and even in oil wars;

o requiring military postures—such as deployments in the midst of
proud traditional societies—that reinforce Islamist arguments and
Islam/West friction, arousing resentment and inciting violence
among some of the world’s 1.3 billion Muslims;*¢

o thereby turning American citizens and assets worldwide into
symbolic targets;

o providing resources for legal but excessive and destabilizing arms
acquisitions: as a 2000 CIA assessment dryly remarked, OPEC
revenues “are not likely to be directed primarily toward core
human resources and social needs”* despite staggering develop-

Hunter Lovins's phrase) shifts
weather patterns and increases
weather’s volatility, the escalat-
ing costs of drought, fires, ocean temperature changes, devastating storms, crop and fishery failures, etc. could double catastrophic losses to $150 billion in
ten years, including insured losses of $30-40b/y (Heck 2004). U.S. oil subsidies are equivalent to ~$7-59 per ton of carbon emitted, so they more than offset
the value of CO, abatement discovered in emerging carbon markets (Koplow & Martin 1998).

145. Nixon 1971.
146. Johnson 2004.
147. NIC 2000, p. 5.

148. Most of all in the 280-million-person,
22-nation Arab world (UNDP 2002/3; Economist 2002).

ment deficits;**

If you worry that depletion may happen sooner rather than later,

this study offers profitable and practical solutions;

if you're a depletion skeptic, it’s a negative-premium insurance policy
against the chance that the depletionists might prove right.
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Oil dependence’s hidden costs may well exceed its direct costs: Adding up the hidden costs

o

giving oil-exporting states extra leverage to demand to be sold
advanced weapons that may later be turned against the U.S.
or its allies;**

providing resources for state-sponsored terrorism and for rogue
states’ development and fielding of weapons of mass destruction;**

requiring an unusually centralized energy production and trans-
portation system inherently vulnerable to terrorism;

e constrains U.S. actions, principles, ideals, and diplomatic effective-
ness by:

o

distorting relationships with,”*® and appearing to apply double
standards in dealing with, oil-producing states;

undermining the nation’s moral authority by making every issue
appear to be “about oil” and national policy in thrall to oil inter-
ests: this is arguably one of the most important contributors to
rampant anti-American sentiment in much of the world—hostility
that has itself “become a central national security concern”;*

accelerating the militarization of foreign policy at the expense of
the international norms, institutions, and relationships crafted by a
century of diplomacy;**

injecting climate-driven irritants into relations with current partners,
such as Europe and Japan, and potential ones, such as China and
India, whose long-term friendship is a key to robust counter-terror-
ism collaborations and many other elements of global stability;

intensifying competition over oil with all other countries, ultimately
including China and India—a likely path not to friendly relation-
ships but to geopolitical rivalries akin to those that helped to trig-
ger World War II;*

setting the stage for billions of people to blame their poverty and
oil shortages on what demagogues could portray as America’s
uncaring gluttony;

e retards global development, perpetuating injustice and breeding
unrest, by:

o

supporting unaccountable governments and undiversified
economies based on resource extraction at the expense of balanced,
broad-based development;

thereby perpetuating regimes unable to meet the growing aspira-
tions and demands of their populations, thus heightening political
tension, instability, and extremism;

engendering corruption, opacity, rent-seeking, and concentration
of wealth, all of which can be exploited by terrorists and criminal
cartels, including the drug trade, and can undermine emerging
democratic institutions and norms of human dignity;
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148a. Roberts (2004a) reports
Chinese offers of ballistic
missiles for Saudi oil.

149. Outside North Korea,
most proliferation of
weapons of mass destruc-
tion appears to be financed
by oil revenues and moti-
vated by oil-linked rivalries;
current concerns focus on
oil-funded terrorists’
becoming a customer for
North Korean bombs.
However, oil funding is
abundantly sufficient but
not necessary as a revenue
source for terrorists and
proliferators: they could still
find other funds, e.g. from
the drug trade, even if their
oil-derived revenues fell to
zero. A world buying no oil
may well sprout less terror-
ism, but more by trimming
its roots than by cutting off
its water.

150. Partly through unilater-
alist foreign policy, in the
view of Daalder & Lindsay
(2003). But probably all for-
eign-policy experts would
agree that, as DOE’s 1987
report to the president,
Energy Security, put it,
“Increased dependence on
insecure foreign oil sup-
plies reduces flexibility in
the conduct of U.S. foreign
policy.”

151. Today, “[T]he bottom
has indeed fallen out of
support for the United
States,” and “hostility
toward the United States
makes achieving our policy
goals far more difficult™:
Djerejian 2004.

152. Priest 2003.

153. From Iraq to the six-
claimant Spratly (aka
Spratley) Islands, from the
Baku subplot of World War
| to the Ploesti and East
Asian oil roots of World
War Il to the oil-driven
intrigues and tyrannies and
civil wars of West Africa
and Central Asia, oil's
wasteful use and concen-
trated supply remain pre-
eminent among causes of
rivalry and conflict.
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4: Hedging
the risk

of oil
depletion

Former Shell
USA chief geol-
ogist M. King
Hubbert pre-
dicted in 1956
that U.S. ol pro-
duction would
peak in the
early 1970s and
then decline. It
peaked in 1970.
In 1974 he pre-
dicted world oil
production
would peak in
1995. His suc-
cessors, such
as noted petro-
leum geologists
Colin Campbell
and Kenneth
Deffeyes, now
predict that
peak around
2004-2010.
They warn that
the resulting
shift from a
buyer’s to a
seller's market
would trigger
higher prices
and ultimately
severe econom-
ic disruption if

(continued next page)
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Oil dependence’s hidden costs may well exceed its direct costs: Adding up the hidden costs

®  retards global development (continued)

o increasing oil prices and hence the unserviceable Third World
debt:*** in 2001, low- and middle-income countries’ fuel (mainly oil)
imports equaled two-thirds of their new borrowings;** and

* weakens the national economy by:

o imposing huge deficit-financed burdens on the U.S. for military
forces able to protect and secure access to oil and to deter mischief
in oil-related regions;***

o increasing U.S. trade deficits, compromising currency reserves and
the strength of the U.S. dollar, thereby straining import-dependent
industries and monetary policy while encouraging exporters to
raise dollar oil prices, or even redenominate oil trade in euros, and
to shift their reinvestments into stronger currencies;

o escalating price volatility and supply risks that hazard not only
oil-sensitive sectors, such as automotive and aviation, but ultimate-
ly the entire economy;

o extracting from unduly influenced legislators ever larger deficit-
financed domestic oil subsidies (which distort markets by sup-
pressing fair competition and retarding cheaper options that could
reduce national costs);

o creating major environmental liabilities both at home and abroad,
increasing social and economic pressures, raising health-care costs
and lost labor productivity, adding expense to development proj-
ects and reclamation efforts, and raising the risk of costly and
irrevocable climate change;

o incurring large domestic opportunity costs in jobs, education,
environment, and other benefits achievable through a different
allocation of national resources.

Thus even if nothing goes badly wrong in the Middle East, the routine
direct and indirect costs of oil dependence, plus the rising contingent
risks of serious political or terrorist disruptions of supply elsewhere, are
compelling arguments for using less oil. They would remain so even if
the ultimate depletion of affordable global oil resources were infinitely
remote. But in fact the industry’s only debate about economic depletion is
timing (Box 4), and all experts predict a worrisome and inexorable rise in
Gulf dependence regardless of timing.

154. The debt crisis is rooted in the dizzying 150% increase in the foreign debt of 100 developing countries during 1973-77:
IMF 2002.

155. Imports of ~$147b (World Bank 2003, Table 4.6) vs. disbursements of new debt (World Bank 2003a). B. Bosquet (World
Bank), personal communication, 21 January 2003.

156. For the broader resource context of such issues, see Klare 2001.
157-160. See Box 4.
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4: Hedging the risk of oil depletion (cont.)

policies weren't adjusted timely and we noticed
the shift too late to respond gracefully.*” In some
circles, these predictions arouse deep anxiety.™
The depletion debate™ is partly about geology
and the integrity of and agendas behind various
parties’ published oil-reserve and -resource
data; most key data are proprietary and opaque,
many are disputed, “geological” reserves differ
from “political” reserves (on which OPEC quotas
depend), and many producers cheat, leaving
tanker-counting scouts to estimate actual ship-
ments. Differing units and definitions,* reporting
cumulative discoveries as if they were remain-
ing reserves, and not backdating reserve decla-
rations to discovery dates, all add to the confu-
sion. (To an economic geologist, “reserves” are
resources profitably exploitable with present
technology, hence varying with price and time
even without new discoveries. Economic theo-
rists, for whom reserves are simply an inventory
replenished by investment, presume supply
forecasts’ historic understatement will continue.
Geologists are increasingly split.)

Unconventional oil, such as newly competitive
(though capital-, water-, and energy-intensive)
Albertan tar sands, may or may not be included.

157. Sources on this view are collected at www.peakoil.net and
www.peakoil.org. See also Bakhtiari 2004, pp. 19-21, and Berenson 2004.

158. For example, British Environment Minister (1997-2003) Michael
Meacher (Meacher 2004) warns that “if we do not immediately plan to
make the switch to renewable energy—faster, and backed by far greater
investment than currently envisaged—then civilisation faces the sharpest
and perhaps most violent dislocation in recent history.”

159. Laherrere (2004) provides an unusually clear summary of all the key
supply-side issues. Greene, Hopson, & Li (2003) provide a more optimistic
non-geological overview, summarized in Greene, Hopson, & Li 2004. Yet
they still find non-Middle-East oil production is likely to peak by 2025. The
timing of the Middle East production peak is less certain because the key
geological and reservoir-engineering data are secret and disputed.

160. For example, in 2003, differences between SEC rules (which require
an accounting standard of proof) and normal industry practice based
on geologically probable reserves, as well as internal assessment and
reporting problems linked to decentralized management, led Shell to
debook 3 billion bbl of petroleum reserves.

Oil Dependence

And should past demand growth be extrapolat-
ed, or will substitutions automatically avert
scarcity? Most industry strategists say that
while oil resources are finite, modern technolo-
gies for finding and extracting them at declining
real cost are so powerful that barring major
political disruptions—a key and sanguine
assumption—oil depletion is unlikely to cause
big problems for decades. Such analysts reject
depletionists’ concern of physical shortages
unpleasantly soon. We agree. But historically,
major shifts in energy supply have also required
decades, so if world production will peak in (say)
2020-40, a common view among oil optimists,
then starting action now would seem sensible.

If you worry that depletion may happen sooner
rather than later, this study offers profitable and
practical solutions; if you're a depletion skeptic,
it's a negative-premium insurance policy against
the chance that the depletionists might prove
right. Such hedging seems prudent for three
basic reasons. Peak production, whenever it
occurs, will be visible only in hindsight, too late
to respond. Both producers and consumers have
strong market disincentives to express any con-
cern about depletion, so farsighted public poli-
cies lack wide support. And the market inversion
caused by cartel behavior—OPEC'’s output
restrictions force others to extract costlier oil
first—masks the smooth price run-up that would
otherwise provide early warning of depletion.
EIA, among the most optimistic resource estima-
tors, thinks world oil output will peak sometime
after 2020 or 2030—but it also projects rapidly
rising oil demand in that period, implying a colli-
sion. The transitional dynamics analyzed in this
study therefore suggest that it's none too soon to
begin graceful adaptation—especially if post-
poning the displacement of oil delays major
profits by needlessly prolonging the use of oil
that costs more than its substitutes.

Winning the Oil Endgame: Innovation for Profits, Jobs, and Security
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If, as we’ll show,
oil’s replacements

work betterand -=——

cost less, then buying
them instead would
make sense and make
money. This would be
true even if oil had no
hidden costs to society.

To the extent oil’s
replacements proved
more lucrative than
oil itself, even for oil
companies,

the option of
dramatically reducing
oil dependence
would become

an imperative.

Contrary to some
economic theorists’
presumption that all
efficiency worth
buying has already
been bought, plenty
of low-hanging fruit
has fallen down

and is in danger of _

mushing up around
the ankles. Noticing
and picking it offers
enticing business
opportunities.

161. Bizarrely, this is some-
times assumed even for
mixed and nonmarket
economies.
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Could less oil dependence be
not only worthy but also profitable?

In 1987-88, this report’s senior author was asked by Royal Dutch/Shell
Group Planning to estimate how much of the oil used by the United
States in 1986 could have been saved if the most efficient oil-using tech-
nologies demonstrated in 1986 had been fully deployed in that year, and
if similar savings in natural gas had been substituted for oil in the fur-
naces and boilers where they’re interchangeable. The shocking conclusion
(Technical Annex, Ch. 3): 80% of 1986 U.S. oil use could have been saved at
an average 1986 cost of $2.5/bbl. This was said to be “very influential” in
shaping Shell’s thinking about how supplying more oil would have to
compete with its more efficient use; where an energy company could find
profits on the demand side; and what market risks its supply-side invest-
ments might face if customers bought efficient use instead.

The potential for oil saving and gas substitution, when far more closely
examined, remains impressive 18 years later: the technologies have
improved by even more than their potential has been used up. Moreover,
other supply-side oil displacements that didn’t look so attractive 15 years
ago—nby biofuels and waste-derived fuels, even by hydrogen—are now
possible and potentially profitable. This study therefore explores for the
first time the combined potential of all four ways to displace oil by domes-
tic (or North American) resources, and hence to surmount the national-
security, economic, and environmental challenges of oil dependence. And
it suggests that much if not all of this diverse portfolio of opportunities
for the next energy era may also enable oil companies and oil-exporting
countries to make more profit at less risk than they do now (pp. 248-257).

To the extent this were true—to the extent oil’s replacements proved better,
cheaper, and more lucrative than oil itself, even for oil companies—the
option of dramatically reducing oil dependence would become an impera-
tive. Using less oil would not only reduce or ultimately eliminate the
many risks just described; it would make money, even in the short term.
But if that bonanza were real, why wouldn’t it already have been captured?

Beliefs that hold us back

A central dogma of dimly recalled Economics 101 courses, widely sloga-
nized by pundits (good economists know better), holds that existing mar-
kets are essentially perfect,”® so if smarter technologies could save energy
more cheaply than buying it, they’d already have been adopted. Actually,
perfect markets are only a simplifying assumption to render theory tract-
able. Practitioners of energy efficiency find it utterly contrary to their

Winning the Oil Endgame: Innovation for Profits, Jobs, and Security
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experience. Every day they battle scores of “market failures”—perverse
rules, habits, and perceptions that leave lucrative energy savings
unbought. A huge literature documents these obstacles and explains how
to turn them into business opportunities.’®> Armed with such “prospec-
tor’s guides,” firms like DuPont,*** IBM, and STMicroelectronics are cut-
ting their energy use per unit of output by 6% every year with 1-3-year
paybacks. That’s among the highest and safest returns in the whole econ-
omy. If markets were perfect—if it’s not worth picking up that $20 bill
lying on the ground, because if it were real, someone would have picked
it up already—these and other real-world examples of big, cheap, rapid,
continuing energy savings couldn’t exist.** In fact, if markets were per-
fect, all profit opportunities would already have been arbitraged out and
nobody could earn more than routine profits.*®® Fortunately, that’s not
true: the genius of the free-enterprise system lets entrepreneurs create
wealth by exploiting opportunities others haven’t yet noticed. This messy,
squirming hubbub of innovation, even to the point of “creative destruc-
tion,” is at the heart of wealth creation.

The old debate about how much energy can be saved at what cost by
more productive technologies has largely ascended to the rarified plane of
theology, partly because the policy priesthood includes more ordinary
economists than extraordinary engineers, and the two rarely connect.

We therefore alert you to this dispute up front. If you believe that eco-
nomic theory is reality and physical measurement is hypothesis, you may
doubt many of our findings.**® Market competition will ultimately reveal
who was right. But if you’re a pragmatist who weighs the evidence of
costs and savings rigorously measured by engineers in actual factories,
buildings, and vehicles; if you believe that price is an important but not
the sole influence on human behavior; if you consider economics a tool,
not a dogma; and if you think markets make a splendid servant, a bad
master, and a worse religion; then we have good news: displacing most,
probably all, of our oil not only makes sense, but also makes money, without even
counting any reductions in o0il’s hidden costs.

This view reflects four insights from basic economics (but not the pundits’
glib and corrupted slogans):

e High energy prices are neither necessary nor sufficient for rapid energy
savings. They’re not necessary because modern, well-deployed ener-
gy-saving techniques yield phenomenal returns even at low prices—
as the leading firms mentioned above are demonstrating quarter after
guarter. Nor are high energy prices sufficient by themselves to over-
come force of habit: DuPont’s European chemical plants were no more
efficient than its U.S. ones despite having long paid twice the energy
price, because all the plants were similarly designed.*

Winning the Oil Endgame: Innovation for Profits, Jobs, and Security
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Firms like DuPont,
IBM, and STMicro-
electronics are
cutting their energy
use per unit of output
by 6% every year with
1-3-year paybacks.
That’s among the
highest and safest
returns anywhere.

High energy prices
are neither necessary
nor sufficient for
rapid energy savings.

162. Lovins & Lovins 1997.

163. DuPont’s goal “is to
never use more energy no
matter how fast we grow”;
it has cut greenhouse gas
emissions by 67% since
1990 without profits’ suffer-
ing (Wisby 2004). Raising
output 35% while cutting
energy use 9% has saved
~$2 billion (A.A. Morell,
personal communication,
11 June 2004).

164. Dr. Florentin Krause
says each $20 bill is actual-
ly more like 2,000 pennies.
As field practitioners, we
prefer another simile: sav-
ing energy is like eating an
Atlantic lobster. There are
big, obvious chunks of ten-
der meat in the tail and the
front claws. There’s also a
roughly equal quantity of
tasty morsels that skilled
and persistent dissection
can free from crannies in
the body. They're all tasty,
and they’re worth eating—
scraps, broth, and all.

165. For a critique of the
foundations of many con-
temporary economic con-
structs, see DeCanio 2003.
As a senior staff member of
President Reagan’s Council
of Economic Advisors, his
cogent arguments carry
special weight. See also
McCloskey 1996.

166. Lovins 2004.
167. See next page.
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Four insights from
basic economics
(continued):

167. J.W. Stewart (DuPont),
personal communication, 9
October 1997. All these
examples are readily expli-
cable in economic terms
and described in economic
literature dealing with orga-
nizational behavior, transac-
tion costs, information
costs, etc. (Lovins & Lovins
1997, pp. 11-20). Our point is
rather that too many policy-
makers and analysts, whose
economic tools may not be
sharp enough, tend to treat
market failures as ad hoc
add-ons—contrived to
explain supposedly minor
departures from an underly-
ing near-perfect market. In
reality, market failures can
be considered more impor-
tant than market function,
not just because they're so
pervasive, but because cor-
recting them first is the main
opportunity for innovation
and profit.

168. Hawken, Lovins, &
Lovins 1999, p. 254.

169. For example, much of
the 1979-85 energy effi-
ciency revolution was driv-
en by energy price decon-
trols long and rightly urged
by economists, launched by
President Carter, and
accelerated by President
Reagan.

170. Namely, 2.9%ly, vs.
4.6%/y at the record-high
and rising energy prices of
1979-85.

171. As inventor Dean
Kamen puts it.
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Could less oil dependence be not only worthy but also profitable? Beliefs that hold us back

e Ability to respond to price is more important than price itself.
During 1991-96, people in Seattle paid only half as much for a kilo-
watt-hour of electricity as did people in Chicago, but in Seattle they
saved electricity far faster (by 12-fold in peak load and 3,640-fold in
annual usage), because the electric utility helped them save in Seattle
but tried to stop them from saving in Chicago.**® That logical outcome
is the opposite of what the bare price signals would predict.

e Energy prices are important, should be correct,**® and are a vital way
to interpret past behavior and guide future policy; yet price is only
one way of getting people’s attention. U.S. primary energy use per
dollar of real GDP fell by nearly 3% a year* in 1996-2001 despite
record-low and falling energy prices—evidently spurred by factors
other than price.

e Some theorists, their vision perhaps strained by years of peering
through econometric microscopes, suppose that the potential to save
oil in the future can be inferred only from the historic ratio of percent-
age changes in oil consumption to percentage changes in oil price.
This “price elasticity of demand” is real but small, though it gradually
rises over many years. In fact, it says little about what’s possible in the
future, when technologies, perceptions, and policies may be very dif-
ferent. Supposing that the nation can never save more energy than his-
toric price elasticities permit, and that we must interpret and influence
choice only through price signals, is like insisting a car can be steered
only in a straight line chosen by staring in the rear-view mirror. Such
drivers, who pay dangerously little attention to what’s visible through
the windshield, risk getting slammed into by speeding technological
changes.

We therefore take economics seriously, not literally, and we blend it with
other disciplines to gain a more fully rounded picture of complex realities.

From this perspective, Americans still use so much oil mainly because
they’ve been inattentive to alternatives and overly comfortable in the
assumption that optimal progress will automagically*™* be provided by a
competitive market. Americans have also been too ready to accept dismis-
sive claims, often from those whom change might discomfit, that any
improvement will be decades away, crimp lifestyles and freedoms, and
require intrusive interventions and exorbitant taxation. Such gloom rejects
the rich American tradition of progress led by business innovation.
Consumer electronics every month get smaller, better, faster, cheaper;
why can’t anything else? And although cars normally last 14 years and
are getting even more durable, why can’t we accelerate the turnover of
the fleet—thereby opening up vast new markets for earlier replacement—
while revitalizing the factories and jobs that make the cars?
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Whatever exists is possible

— > Today’s doubled-
Americans are starting to discover this different reality. Exhibit A is efficiency hybrid cars
Toyota’s 2004 Prius hybrid-electric midsize sedan (Fig. 4). Secretly devel- illustrate how
oped and brought to market without government intervention, it’s rated dramatic ol savings
at 55 mpg, more than twice the fuel efficiency of the average 2003 car on Sz?hzitas:;ﬁ\;?cde
the U.S. market,'” yet it costs the same—between Camry and Corolla in compromise, or even
size and price, but more value-loaded:* it has more features, and protects  appreciable cost.
you just as well.*” Sluggish? “Impressive performance, with unexpectedly
quick acceleration,” noted a tester for Motor Trend, which measured 0-60
mph in 9.8 seconds.” Unpopular? Ever since it went on sale in October
2003, the Wall Street Journal has listed it as the fastest-selling automobile
in the United States, flying off dealers’ lots in 5-6 days—after 3-12
months on a waitlist. Car and Driver named Prius among its “Best Ten.”
It was Automobile’s Design of the
Figure 4: Toyota's 2004 Prius Year and the Society of Automotive
The Prius is a 5-passenger, near-zero-emission, Engineers’ magazine Automotive
55-mpg, ~$20,000 midsize sedan Engineering International’s Best
Engineered Vehicle. At Detroit’s
January 2004 North American
International Auto Show, the auto
journalists’ panel straightfacedly
named the Japanese-made Prius
North American Car of the Year.

172. When introduced in October 2003, the 2004 Prius’s Manufacturer’s Suggested Retail Price (MSRP) before destination charges was $19,995, the same as
when Prius first entered the U.S. market in 2001. On 3 April 2004, Toyota raised Prius's MSRP to $20,295 as part of a ten-model general price increase to offset
the stronger yen. The 2005 model released 14 September 2004 has a base price of $20,875—triple the increase for other models. Most dealers still report
~6-12-month waitlists.

173. At 55 adjusted EPA mpg, the 2004 Prius is 107% better in ton-mpg than the best midsize model or 113% better than the average of all midsize and com-
pact models. (Based on some contractors to the Big Three/federal PNGV [Partnership for a New Generation of Vehicles] program, Congress’s Office of Tech-
nology Assessment predicted in 1995 that hybrids could do this, and DOE established that as its program goal for hybrids: OTA 1995, pp. 175-176.) In size,
Prius is toward the lower end of the midsize range, but through innovative design, it has more cargo space than many midsize sedans. Like all hybrid cars,
Prius must be properly driven to approach or exceed its EPA-rated fuel economy; failure to do so typically yields in the low 40s of mpg (Rechtin 2003). “Pulse
driving” is recommended—accelerating rather rapidly, because a brief high engine load uses less fuel than a prolonged low engine load, and braking well
ahead of a stop to maximize brake regeneration. Prius can then reach or exceed 55 mpg (one driver got 70 mpg, albeit at <40 mph). Toyota USA's executive
engineer reports that his 2004 Prius, driven with his expert knowledge, averages 53-55 mpg (Rechtin 2003), confirming that the issue is one not of automotive
technology but of driver re-education. (It’s too early for population-based data on the 2004 Prius, but the Prius-expert at (John’s Stuff 2004) shows that his
2001 Prius, rated at 48 mpg, has averaged 45.4 over 59,827 miles—close agreement in view of his Minnesota location’s predominance of cold weather, which
hurts regeneration, and snow tires, which cost 1-3 mpg.) Similar variations are observed among Honda /nsight hybrid drivers, who can fall far short of the
rated 62—-64 mpg if they ignore the tall gearing and upshift light. But without correcting for minor model differences or snow tires, the self-selected drivers at
www.insightcentral.net report lifetime averages of 63.0 mpg for 77 owners (the senior author of this study gets 63.4) and 61.92 mpg for 295 owners. Of course,
non-hybrid cars with average U.S. drivers also typically underperform their adjusted EPA mpg by ~5-15%; what’s different with hybrid cars is the technical
reasons—and the hybrids’ greater ability to approach or achieve their mpg ratings if well driven.

174. Specifications, features, and options at Toyota 2004b. The fullest option package adds $5,245 and offers many features absent from the costlier top-of-
the-line Camry option package. Hybrid cars in 2003 got a $2,000 federal tax deduction (which phases down starting in 2004), plus a tax credit in a half-dozen
states (www.fueleconomy.gov, undated). Japan currently offers a ~$2,300 rebate to hybrid-buyers (originally worth ~$3,500 at the exchange rate then prevail-
ing), and subsidized 31,000 hybrids during 1998-2001.

175. The crash “star” ratings at NHTSA 2004, frontal-crash driver/passenger and side-impact front/rear, are 5/4/4/4 (5-star is the best possible rating). Prius
in 2003 was 4/4/3/3; the 2004 Corolla and Camry are respectively 5/5/4/4 and 4/4/4/3. All these 2004 ratings are considered excellent. The 2004 Prius also has a
good rollover rating (4-star, 13%, no tip), matching the best-rated MY2004 SUV on the market.

176. Some initial Toyota remarks claimed 10.1 s (4.9s for 30-50 mph) with a 103-mph top speed. An & Santini (2004) and current official Toyota presentations
say 10.5 s, and emphasize the 9% increase in interior volume, to 110 cubic feet, from the 2001 Prius.
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If all US. cars

(not light trucks)
were Priuses today,
they’'d save

15% more oil than the
U.S. got in 2002 from
the Persian Gulf.

177. Italics added. All
Motor Trend quotations in
this paragraph are from
December 2003 issue and
Motor Trend 2003a.

178. Some commentators,
including Motor Trend, ini-
tially speculated that the
2004 Prius was a loss-
leader, as it probably was
in its early years; Detroit
experts estimate added
production cost at about
$2,500—4,000. But Toyota
denies a loss; Executive
Vice President Yoshio
Ishizaka confirmed 5
January 2004 that after
reducing hybrid-system
costs by more than 30%
since 1997, “Every Prius we
sell, we make a profit”
(Hakim 2004). Welch (2004)
says Prius didn’t turn prof-
itable until MY2003, but
Chairman Hiroshi Okuda
was already saying Prius

Whatever exists is possible

Its coveted Motor Trend “Car of the Year” award came with this editorial
comment:'”’

The Prius is a capable, comfortable, fun-to-drive car that just happens to get
spectacular fuel economy. It also provides a promising look at a future where
extreme fuel-efficiency, ultra-low emissions, and exceptional performance will
happily coexist. That makes it meaningful to a wide range of car buyers.

Toyota “says it’ll make money on each one it builds,”*® and “a large por-
tion of its model lineup will offer hybrid power by 2007.” President Fujio
Cho plans to make 300,000 hybrids a year (about half for the North Ameri-
can market'”), boosted U.S. production by 31% and has been asked for
more,* and licensed the powertrain technology to Nissan and Ford** and
offered it to GM and DaimlerChrysler.*®* Economic theory notwithstand-
ing, you can pick up several $100 bills a year off the ground at your local
gas station without extra cost. If all U.S. cars (not light trucks) were Priuses
today, they’d save 15% more oil than the U.S. got in 2002 from the Guilf.

Toyota, whose ¥1-trillion 2003 profits and ¥2-trillion liquidity lets it place
multiple technology bets, is widely considered at least three or four years
ahead of Detroit with this third-generation hybrid technology. As the
world’s number-two automaker (it passed Ford in 2003), with market
capitalization exceeding that of the Big Three combined, and as arguably
the world’s premier manufacturing company, Toyota can price its cutting-
edge innovations aggressively and deploy them in many sizes, shapes,
and segments:*

“This Prius is an industry sputnik,” says Jim SanFillippo, [executive VP] of
Automotive Marketing Consultants Inc., Warren, Mich. “The question is will
there be a serious response, particularly from American competitors—because
there should be. It is a serious, serious piece of technology.”

was profitable in a 29 September 2002 Financial Times story. Reuters explains how: the 2004 Prius is assembled at a rate of one per minute on the same

Tsutsumi line as four other mass-production sedans, where every other car made is now a Prius (Kim 2003). The 2004 global Prius sales target of 76,000 was
recently increased as U.S. targets were boosted by 31%; first-month global sales of the 2004 model matched 2003's total (Toyota 2003). An authoritative
source confirms that in early 2004, the 2004 Prius was incurring an extra production cost corresponding to a ~$4,000-higher (2003-04 $) retail price, but that
this marginal MSRP is intended and expected to fall to $2,000 (~2007 $): D. Greene, personal communication, 25 March 2004. Normal industry cost structure
would imply marginal manufacturing costs roughly half as big, but a Toyota official has estimated they’re ~$2,500-3,000, yielding a reduced but still positive
factory margin, rumored to be ~$1,100 (~2003 $): Peter 2003. These figures depend on accounting conventions: Toyota probably assumes that every Prius is a
sale it wouldn’t otherwise make, and undoubtedly amortizes the powertrain R&D over many future models. It’s not clear whether the attractive margins on
options are included. And these Prius data are consistent—if adjusted for powertrain complexity and vehicle size—with current Honda Civic Hybrid esti-
mates of at least $3,000 extra MSRP, intended to be reduced to ~$1,500.

179. Nihon Keizai Shimbun reported (AFP 2004) in March 2004 that Toyota plans a North American hybrid version of its best-selling Camry in 2006:
M.P. Walsh 2004 (pp. 32-33; pp. 45-48) reports this as a Toyota announcement.

180. Mid-May 2004 press reports indicate a 150% rise in Prius sales in April 2004 vs. April 2003, and say Toyota expects to sell 50,000 Prius cars in 2004 vs. its
original target of 34,000. Lyke (2004) reports a monthly AutoVIBES report from Harris Interactive and Kelley Blue Book finding that 17% of U.S. new-car buy-
ers have already changed their minds about which vehicle to buy because of fuel prices, 21% are strongly considering models they hadn’t previously consid-
ered, and 15% say they’d strongly consider more fuel-efficient vehicles if gasoline prices rose just 25¢/gal (Automotive.com 2004).

181. The license, announced (probably belatedly) in March 2004, is for 20 Toyota patents on hybrid systems and control technology, but does not include the
use of hybrid powertrain components as the 2002 Nissan licensing agreement does (Toyota 2004), and may not be as advanced as the 2004 Prius.

182. Peter 2003.
183. Italics added. Freeman 2003.
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Oil Dependence

Figure 5: Four hybrid SUVs

From L-R, they are: 2005 Ford Escape, 5 seats, 32 mpg in 2WD, 1,000-Ib towing, ~$27,000; 2005 Lexus RX 400h, 5 seats, 3.3-L V-6,
270 effective hp, 0-60 mph in <8 s, range >600 miles, SULEV, AWD option, 1,000-Ib towing, =28 mpg, ~$39,000;
2005 Toyota Highlander, 7 seats, similar characteristics, 3,500-Ib towing option; and the 2005 Mercedes Vision Grand Sports Tourer,

6 seats, 314 hp, 0-62 mph/6.6 s, 155 mph, 33 mpg.
| P ;

Detroit is of course striving to emulate this brilliant achievement of
Japanese engineering. GM, a leader in hybrid buses, postponed its gener-
al-market hybrid cars to 2007, dismissing them as an “interesting curiosi-

ty”” that does not “make sense at $1.50 a gallon,”** and is introducing only

slightly more efficient “mild-hybrid” pickups in 2004 while focusing on
longer-term fuel-cell development.*® But Ford is launching in October
2004 the 2005 Escape SUV (Fig. 5a) with a hybrid powertrain like Prius’s.'®
It’ll offer roughly three-fifths better fuel economy than the 2004 201-hp
V-6 Escape’s 20 mpg—32 mpg with front-wheel or somewhat less with
four-wheel drive—yet provide comparable acceleration with only a 2.3-L,
4-cylinder Atkinson engine. But initial production is targeted for just
20,000 a year, one-sixth of the 2004 Prius’s volume, and priced at a few
thousand dollars’ premium.*” A fancier Mercury Mariner model will fol-
low about a year later, then a midsize car after 2006.**® Analysts differ on
whether Ford can make money on these early hybrids. Clearly Detroit has
a lot of catch-up to do with its four planned SUV hybrids in 2005-07—
and its competitors are rapidly moving targets.

Four months after Ford’s hybrid Escape is launched, Toyota will unleash
brawnier versions of Prius’s powertrain: in February 2005, both the Lexus
RX 400h luxury hybrid SUV based on the RX 300,** combining V-8-like
acceleration from a V-6 with the “fuel economy of a [4-cylinder] compact
car,”*® and the Toyota Highlander 7-seat hybrid SUV (Fig. 5b).** Honda is
meanwhile launching its peppy Accord V-6 hybrid midsize sedan in
autumn 2004.**2 Hybrids’ powerful torque also boosts acceleration in
Honda’s beefy 2003 SU-HV1 concept SUV and CS&S roadster, GM’s 2003
Chevy S-10 concept pickup (which can “smoke” a Corvette™®), and

187. Information from Ford Vehicles 2004(a); a Prius-like $3,500 premium was estimated by WardsAuto.com (2004).
By mid-May 2004, 34,000 potential buyers had signed up for the Escape E-newsletter (Schneider 2004).

188. Crain 2004.

189. Information from Lexus, undated (downloaded 6 January 2004).

190. All data from Lexus, undated (downloaded 1 January 2004).

191. All data from Toyota, undated (downloaded 6 January 2004).

192. Its acceleration is expected to beat that of the 240-hp nonhybrid Accord.
193. GM 2003.
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184. Robert Lutz (GM Vice
Chairman/Product
Development), remarks at
the Detroit auto show, 6
January 2004 (Isidore 2004).

185. Hakim 2003. Originally
GM had planned to offer a
hybrid option on its MY2005
Saturn Vue small SUV. The
new plan would put it on
two MY2008 full-sized
SUVs, using a scalable sys-
tem that fits in a 6-speed
transmission envelope and
is expected to boost mpg
by 25-35%. Meanwhile, late
in 2003 GM began offering
mild-hybrid Chevrolet
Silverado and GMC Sierra
pickup trucks to fleet cus-
tomers; these hybrid-assist
models should reach other
customers in the third quar-
ter of 2004, as will a
Chrysler Dodge Ram mild-
hybrid pickup. Such heavy
vehicles’ fuel savings in
gallons will be substantial.

186. Information from
Ford Vehicles, undated.

By the end of 2005,

at least a dozen diverse models of hybrid-electric
cars, pickups, and SUVs
will be in American showrooms.
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A self-interested
melding of advanced
technology with bold
business strategies
can present
extraordinary
opportunities for
private enterprise

to lead in making a
better world.

194. From Mercedes-
Benz, undated (down-
loaded 7 January 2004);
Mercedes-Benz 2004;
DaimlerChrysler AG
2004; Germancar-
fans.com 2004.

195. Greene 1997.

The 1979 oil price shock
(Fig. 3, p. 15) certainly
helped too.
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Mercedes-Benz’s six-seat diesel-hybrid Grand Sports Tourer (Fig. 5d), to be
launched in Europe early in 2005.** Automakers will introduce hybrids in
middle and high-end products with greater amenity and performance
requirements and richer margins. But they won’t stop there.

As hybrids become cheaper, they’ll diffuse downmarket and become
ubiquitous. At the October 2003 Tokyo Motor Show, 10 of 25 cars featured
in Car and Driver were hybrids, by Daihatsu, Honda, Jeep, Lexus, Mazda,
Mercedes-Benz, Subaru, Suzuki, and Toyota, plus Nissan.

The 2004 Prius shows more than the competitive challenge to U.S. auto-
makers. In the global marketplace, a self-interested melding of advanced
technology with bold business strategies can present extraordinary
opportunities for private enterprise to lead in making a better world.
Toyota didn’t wait for government to tell it what to do or pay it to inno-
vate; it simply led.

Likewise in America, the 1977-85 “practice run” (p. 7) shows there’s
nothing mysterious about saving oil quickly and massively. It takes atten-
tion; leadership at all levels and in many sectors of society; a comprehen-
sive and systematic but diversified and flexible approach; a spirit of
adventure and experimentation; enlisting cities and states as policy labo-
ratories to speed up learning; openness to other countries’ technical and
policy innovations; and intelligent exploitation of today’s tripolar world,
where the private sector and civil society increasingly collaborate to fill
gaps left by government. In 1977-85 federal policy and industrial innova-
tion succeeded beyond all expectations.*® But today, not all action need
await decisions by the national government. Our more dynamic society,
empowered by the Internet and its self-organizing networks, has far more
ways to get things done. Gridlock in Washington—captured by the
bumper-sticker “Progress: Opposite of Congress”—is no longer a reason
for inaction, but a spur to private-sector, civil-society, and state- and local-
government experimentation and initiative. And we daresay America
could mobilize to get off oil even faster by drawing on the leadership
gualities and organizing skills of certain retired military personnel,

who understand why displacing oil defends the values we hold dear,

and how to execute that new mission decisively.

The rest of this report outlines how—by technology, business strategy,
and policy innovations—the United States of America can rise together to
the greatest challenge of this generation: winning the oil endgame in a
way that preserves and enhances our freedoms, our prosperity, and our
guest for common goals of substance and spirit, applying the problem-
solving prowess that for two centuries has helped to make the nation and
the world better and safer.
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his Report

Structure and methodology

Pages 29-126 summarize an independent, transdisciplinary analysis of
four ways to displace oil:

1. Using oil more efficiently, through smarter technologies that wring
more (and often better) services from less oil (pp. 29-102).

2. Substituting for petroleum fuels other liquids made from biomass or
wastes (pp. 103-111).

3. Substituting saved natural gas for oil in uses where they’re inter-
changeable, such as furnaces and boilers (pp. 111-122). Note that gas
and oil, though sometimes found and thought of together, are utterly
different in geology, economics, industry, and culture.

4. Replacing oil with hydrogen made from non-oil resources (postponed
to pp. 228-242).

These options will be described first separately and then in integrative
combination, because together they can do more than the sum of their
parts. Efficiency options are presented for each end-use of oil. Each class
of oil-displacing technology is presented as two different portfolios:**

e Conventional Wisdom: Expectations broadly accepted by industry and
government; technologies on or soon to enter the market using thor-
oughly proven methods; surprisingly often already overtaken by the
best technologies already on the market.

o State of the Art: Best technologies sufficiently developed by mid-2004,
applying established principles and techniques, to be expected confi-
dently as timely and competitive market entrants; well supported by
empirical data and industry-standard simulations; require no techno-
logical breakthroughs; not all off-the-shelf, but no longer heretical.

The current public-policy approach to implementation might be
described as:

e Gridlock as Usual: Political will, chiefly focused on national policy and
driven by traditional constituency politics, can make modest, incre-
mental advances comparable to those of the past two decades, but
cannot execute gamechanging shifts in the status quo.

In contrast, pp. 127-168 present the business case, and pp. 169-226 the
policy content, of:

* Coherent Engagement: Advanced technologies are rapidly and widely
adopted via innovative business strategies and a diverse portfolio of
innovative policy instruments with trans-ideological appeal, weaving
a rich tapestry of experiments by diverse actors.
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This study
transparently and
rigorously applies
orthodox market
economics and
measured performance
data to assessing

how much oil can be
displaced at what cost.
We present

two portfolios of
technologies and
contrast two imple-
mentation methods to
highlight key choices
and consequences.
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This Report

Our calculations can be
reproduced on a hand
calculator or with a
simple spreadsheet. All
calculations are shown
and documented in the
Technical Annex.

196. We use this term in
this report to mean a clus-
ter of internally consistent
assumptions that help to
understand the nature and
implications of choices.
This differs from the mean-
ing in scenario planning:
Schwartz 1996.

197. We don’t explore the
off-diagonal matrix element
combining State of the Art
technologies with Gridlock
as Usual implementation
because those technolo-
gies are unlikely to be com-
mercialized within that poli-
cy framework.

198.