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Congress is making noises once again about comprehen-
sive energy legislation—and claiming that the process will
be more bipartisan this time around to avoid the stale-
mates that doomed efforts in the previous two Congresses.
We should all hope this is the case.

For a variety of reasons, it is in this country’s interest for
the House and Senate agree on measures that would both
increase America’s energy production and slow the rate 
of growth of our energy demand. First, recent and steep in-
creases in energy prices , especially for oil and natural gas ,
have acted as a drag on the economy as a whole and have
hit certain sectors of the economy especially hard—trans-
portation and chemical production to name but two. Sec-
ond, our country’s energy choices have important implica-
tions for the quality of the environment here in the United
States. It’s impossible to understand why air quality has im-
proved so dramatically across the country over the past 30
years, for example, without acknowledging changes in the
types and amounts of energy we use and the efforts we have
made to burn fuels more cleanly. Energy exploration, pro-
duction, and use also affect water quality, as well as the
management of public lands, principally in the West.

There are also sound foreign policy reasons for altering
the way we use energy. The most obvious of these is our
country’s increasing dependence on foreign oil. Nearly 60
percent of our oil supply is now imported—including a
growing share from a socially and militarily turbulent Mid-
dle East. All signs indicate that our dependence on this
part of the world for oil will only increase with time. How-
ever, in the international arena, this is not the only reason
to act on our energy use. The decisions the United States
makes today will affect energy choices made by China, In-
dia, Brazil, and dozens of other rapidly developing coun-
tries. Not only do other countries often look to the United
States for technological leadership (or have in the past, at
least), but the choices we make here will also affect the
cost and availability of the technologies others will choose

from in the years ahead. Since these countries will account
for an increasingly larger share of energy use and global
economic growth in the future, the energy forms they use
to power their growth are of critical importance to the fu-
ture of all of our economies and environments.

For all these reasons, we dedicate most of this issue of 
Resources to energy matters. We’ve chosen to do so by focus-
ing on the United States and its varying sources of primary
energy. Although electricity is vital to this country’s energy
future, it is generated using several primary energy forms
we discuss and so is not treated separately. To be sure, we
might have written separate articles on the environment,
energy security, technology, and public policy issues, and
then talked about each primary energy form along those
dimensions. But that would have raised the same kinds 
of difficulties that attend a fuel-by-fuel organizing arrange-
ment. Instead, we settled on a schematic and narrative
presentation of the U.S. energy situation that we believe
captures the major alternatives available to policymakers.

It is our hope that you find these brief articles a useful
primer on America’s energy options, and that they spur you
to learn more and perhaps even encourage your elected
representatives to become seriously engaged in this critical
area of policymaking. As always, thanks for your interest in
and support for RFF’s work!

From the President

Energy Choices and Challenges paul r. portney
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Just after the election, RFF re-
leased a comprehensive set of
detailed policy recommend--
ations for the Bush administra-

tion and Congress, laying out an en-
ergy and environmental blueprint for
the nation. New Approaches on Energy
and the Environment: Policy Advice for the
President was launched at a Washing-
ton Press Club briefing, and the book
has since been distributed to all con-
gressional offices, key DOE and EPA
staffers, and media across the country. 

New Approaches on Energy and the En-
vironment, a collection of 25 analyti-
cal, stand-alone “memos to the Presi-
dent,” encompasses topics ranging
from global warming, oil dependency,
electricity regulation, brownfields re-
vitalization, and forest management,
to environmental health issues, such
as water quality, food safety, and the
growing threat of antibiotic resist-
ance. It was published by RFF Press.

“We believe that Americans want
actionable solutions to such concerns
as energy independence, climate
change, air and water quality, and
stewardship of land and forest,” said
Paul Portney, president of RFF and
coeditor of the new book. “Although
many of these issues were not central
to the debates of the 2004 election,
the re-election of George Bush signals
a prime opportunity to push forward
on a range of environmental and en-
ergy issues that have languished in

gridlock and stalemate.”
RFF scholars chose policy subjects for

the book based on their areas of exper-
tise. Each contributor addressed the
question, “Based on your own research
and knowledge, what policy recommen-
dation would you like to make to the
next U.S. president?” Writing in advance
of the 2004 election to keep their essays
free of partisan interpretation, authors
were asked not to confine their sugges-
tions to what prevailing wisdom says is
politically possible. They also took pains
to make their ideas accessible to a busy
president—as well as a wide range of
readers interested in a concise and au-
thoritative overview of energy and envi-
ronmental policy choices.

“The fact is, Americans want cleaner
air and water and healthy and attrac-
tive surroundings, but they also want
inexpensive fuel, comfortable cars and
houses, and continued economic
growth,” noted Richard Morgenstern,
RFF senior fellow and coeditor of the
book. “This collection of policy advice
is intended to refocus public attention
on how we can achieve those goals.”

“As our colleagues point out in their
recommendations, President Bush 
will confront competing perspectives
about the priorities and approaches
that should apply to energy and envi-
ronmental policy,” Portney says. In the
aftermath of the 2004 campaign, New
Approaches on Energy and the Environment
seeks to provide thought-provoking,
commonsense contributions—and
needed course corrections—to the crit-
ical energy and environmental issues
confronting the United States today.  ■

RFF Scholars Offer President Sound

Advice on Solving Major Energy and

Environmental Problems

The re-election of

George Bush signals a

prime opportunity 

to push forward on a

range of environ-

mental and energy 

issues that has lan-

guished in gridlock

and stalemate.

Goings On

New Approaches on Energy and the Envi-
ronment is available from RFF Press.
Please visit www.rffpress.org or call
800.537.5487. Each chapter of the
book may be downloaded on a compli-
mentary basis—see www.rff.org/
newapproaches for more information. 
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Few other industries have
shaped economic and social
growth in the United States as

the auto industry has. Yet increased
competition from overseas, techno-
logical challenges, calls for increased
fuel economy, and environmental
concerns now threaten the future of
this pivotal part of the American
economy. These concerns brought to-
gether auto and fuel industry leaders,
technological experts, environmental
experts, and others in November for
RFF’s Policy Conference, titled “Au-
tos, Energy, and the Environment:
Challenges for the 21st Century.” The
seminar was cohosted by New York
University’s Leonard N. Stern School
of Business, and was held on the NYU
campus.

The event kicked off with a dinner
and keynote address by Allan D.
Gilmour, retired vice chairman of the
Ford Motor Company. Panel partici-
pants the next day included Thomas
Sidlik, executive vice president of
global procurement and supply,
DaimlerChrysler Corporation; Don-
ald Paul, vice president and chief
technology officer of the Chevron
Texaco Corporation; Charles Shu-
lock, vehicle program specialist with
the California Air Resources Board;
and Christopher Grundler, deputy di-
rector of the Office of Transportation
and Air Quality at EPA.

Discussions over the course of the

three panels centered on two topics:
financial concerns within the indus-
try, and the challenges of meeting
the environmental requirements of
policymakers and consumers. Auto
executives touched on the pressures
they feel from stagnant volume sales,
competition from foreign manufac-
turers, steeply rising health care
costs, and pension issues as large
numbers of employees reach retire-
ment age. Maryann Keller, president
of Maryann Keller & Associates,
noted that after accounting for un-
profitable sales to rental car fleets or
friends and family discounts, U.S.
auto manufacturers aren’t really sell-
ing more cars in the United States
than their foreign counterparts.

Declining market share means that
production costs per unit are rising,
making it more difficult for auto man-
ufacturers to invest in alternative
technologies. Meanwhile, fuel 
industry experts acknowledge an in-
creased demand for energy security
and “zero impact” environmental per-
formance. Grundler believes that at

RFF Policy

Conference Tackles

Challenges to U.S.

Auto Industry

this stage, winners and losers in fu-
ture fuel and technology sources can-
not be predicted. RFF Senior Fellow
Raymond Kopp noted that there are
currently no viable fuel alternatives to
petroleum. Despite this, said Dennis
Cuneo, senior vice president of 
Toyota Motor North America and
Toyota Motor Manufacturing North
America, there is a waiting list for 
hybrid vehicles, such as the Toyota
Prius. Cuneo believes a viable hydro-
gen market is going to require 
competition within the auto industry
and help from the government, to
truly be successful.

While answers to these issues will
not be easy to find, conference
participants did clearly convey that
the challenges facing U.S. automak-
ers in the future are sizable and are
being felt throughout the industry.
Energy efficiency, alternative fuel
sources, and the future of American
carmakers depend upon their ability
to meet economic and research chal-
lenges at home and abroad in the
years ahead. ■



Over the past few years, state
programs addressing climate
change in general and emis-

sions from greenhouse gases more
specifically have proliferated. They
run the gamut from renewable energy
portfolio standards in about 20 states
to a proposed carbon dioxide (CO2)
emissions standard for automobiles in
California. Perhaps the most signifi-
cant of these programs is the joining
together of nine northeastern states
to develop a regional cap-and-trade
program known as the Regional
Greenhouse Gas Initiative (RGGI). It
was launched in April 2003 when New
York Governor George Pataki sent let-
ters to fellow governors in the region
proposing an emissions trading pro-
gram. Initially, RGGI seeks to address
CO2 emissions from the electric power
sector. Ultimately, the program may
be expanded to include additional
sectors and other greenhouse gases
(GHGs). RGGI advocates argue that
the program could serve as a model
for a future national GHG cap-and-
trade program.

Programs such as RGGI have en-
gaged state policymakers and stake-
holders in the important task of re-
ducing greenhouse gas emissions.
However, they also raise a number of
questions, including what the role 
of state governments should be in cli-
mate change, which is essentially a
global problem. Also, given the need

for a national if not international 
solution, will state programs help or
hinder the development of effective
national institutions for emissions
trading? In particular, can states pio-
neer innovative approaches to some
of the unique issues associated with
emissions trading of greenhouse
gases? 

Our answer to these questions is
that despite some significant chal-
lenges, efforts like RGGI can offer the
chance to experiment with some of
the features and institutions that will
be needed for future national efforts
to address greenhouse gases.

Does State Action Make Sense?

Unlike many of the pollutants we are
used to dealing with, greenhouse gas
emissions are a global phenomenon.
Ton for ton, CO2 emitted in the
northeastern United States matters no
more for climate change in the region
than CO2 emitted in China; emissions
from cars and power plants are the
same as emissions from residential fur-
naces. If state actions do not lead to
longer-term, comprehensive federal
and international action, they will not
make a significant impact on climate
change. This differs dramatically from
smog, particulates, and acid rain: the
emissions that cause these problems
are created locally from smokestacks
and traffic and have mostly local and
regional impacts. 

A regional greenhouse gas cap-and-
trade program like RGGI poses addi-
tional challenges because companies
can simply shift emissions to unregu-
lated emissions sources outside the re-
gion, causing what is known as leak-
age. For example, limits on power
plant emissions in the RGGI region
may simply shift power generation to
other parts of the country. In theory,
total emissions could even increase, if
regulated gas generation in the
Northeast, for example, is shifted to
unregulated coal generation in the
Midwest. This problem is considerably
less important under a national pro-

Regional Greenhouse Gas Initiative:

Prelude to a National Program?

Joseph Kruger and William A. Pizer
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gram, where the flexibility to move
economic activity out from under the
cap is lower.

Ultimately, whether leakage is a
small or large problem for RGGI will
be determined by a number of fac-
tors, including the level of the emis-
sions cap and constraints on the elec-
tricity transmission system that may
mitigate leakage. Stakeholders have
suggested several solutions, including
regulating distribution rather than
generation of electricity within the re-
gion or regulating regional electricity
imports as well as generation. 

Although such solutions are feasi-
ble if leakage is deemed a significant
problem, we believe that care should
be taken to avoid complex design fea-
tures that would complicate imple-
mentation, particularly because these
features would become obsolete if the
United States adopted a national pro-
gram. Instead, RGGI could focus on
innovative solutions to problems
more relevant to a national program
and address leakage by implementing
a more modest cap level.

Experimenting with Innovations Necessary

for Greenhouse Gas Trading

Although a state approach to green-
house gas trading presents challenges
such as leakage, RGGI policymakers
also have an opportunity to experi-
ment with several innovative features
that could be useful for a potential fu-
ture national cap-and-trade program
to address greenhouse gases. Several
of these features are discussed below.

Testing Emissions Allowance Approaches

Allowance distribution is one of the
most contentious issues policymakers
face in designing a cap-and-trade

program. Allowances are a valuable
asset, created alongside an equally
large liability for future emissions,
and the distribution of this asset has
important implications. Even with a
modest target, the value of al-
lowances in a national GHG trading
program could be 10 (or more)
times larger than those in the sulfur
dioxide trading program (currently
the largest and most successful emis-
sions trading program in the coun-
try). As a result, allowance distribu-
tion for a national program will raise
significant issues of fairness. 

Under RGGI, innovative allocation
approaches at the state level could be
tested, such as auctioning portions of
the annual allocations or allocating
some allowances (or the revenues
from the sale of allowances) directly
to groups that are adversely affected
by the costs of a cap-and-trade pro-
gram. State governments could also
experiment with alternative formulas
for allocating to existing sources and
addressing new source needs. These
approaches could be helpful to devel-
oping a strong national program in
the future.

Developing an Effective GHG 
Offset Program

Offsets could be a particularly cost-
effective way to reduce the costs of a
mandatory greenhouse gas program.
Unfortunately, there are no functional

Efforts like RGGI can be constructive 

ways to experiment with some of the features

and institutions that will be needed for future

national efforts to address greenhouse gases.
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models for offset programs to draw
upon. Although project-based emis-
sions offset programs for conven-
tional pollutants have been around
for many years, many have had lim-
ited effectiveness because of high
transaction costs and uncertain envi-
ronmental integrity. More recently,
the Clean Development Mechanism
(CDM), an effort to incorporate off-
sets from developing countries used
under the Kyoto Protocol, has been
costly and cumbersome. 

If RGGI states advance an environ-
mentally credible program with low
transaction costs, they would make an
enormous contribution to a future
national program. To this end, RGGI
policymakers and stakeholders have
discussed developing performance
standards and other transparent, ob-
jective criteria that would provide
clear signals to investors about the
types of projects that would be accept-
able and the volume of credits that
would be generated.

Exploring International Linkages

RGGI’s launch has sparked great in-
terest in Europe, where an even
larger experiment with GHG trading
began on January 1, 2005. There

have already been informal contacts
between state officials and officials of
the European Commission and Euro-
pean member states to share informa-
tion on how the new European Emis-
sions Trading System (EU ETS) is
developing. These informal contacts
may provide opportunities to explore
linking issues that will be useful for
any future greenhouse gas program
seeking to trade with the EU ETS. A
consensus is growing that if or when
the United States adopts mandatory
GHG reductions, the most likely ap-
proach to international trading would
be to first develop the national pro-
gram and then negotiate trading
agreements with other countries.
Questions on linking that might be
explored in the RGGI effort include:

■ What metrics will be used to deter-
mine whether cap levels are compat-
ible in linked systems?

■ What are the implications of using
offset credits from the Clean Develop-
ment Mechanism or allowances from
the EU ETS in the RGGI program?

■ What enforcement and compli-
ance issues arise when there are
trades that cross national boundaries?

The Keys to Success

Ultimately, we believe that RGGI can
be a valuable building block for a na-
tional climate policy if it is designed
in ways that allow it to be successfully
scaled up to a federal, multisector
cap-and-trade program. Policymakers
and stakeholders should focus on
keeping the design as simple as possi-
ble. An emphasis on creating the
right institutions is more important
than pushing for an overly stringent
short-term emissions cap that might
place the region at an economic dis-
advantage, require special mecha-
nisms to combat leakage, and prove
to be politically untenable. 

Specifically, we believe RGGI
should experiment with new ap-
proaches on allocation, offsets, and
other features that could develop use-
ful experience and set positive prece-
dents for a future national effort. ■

Joseph Kruger is a visiting scholar at RFF.
William A. Pizer is an RFF fellow and a senior
economist at the National Center on Energy
Policy.

In Memoriam: Pierre Crosson 1926–2004

P ierre crosson, a member of the RFF staff for 38 years and one of the coun-
try’s leading agricultural economists, passed away in November 2004. A

prolific scholar, he wrote or edited more than 100 articles and books on the eco-
nomics of agriculture in the United States and developing countries. In recent
years, he focused particularly on problems associated with sustainability, soil ero-
sion, and environmental aspects of farming.
“Pierre was uncomfortable with the sense of despair associated with the neo-
Malthusian, limits-to-growth model that asserts that unchecked population growth
is bound to outstrip the world’s carrying capacity,” said his long-time RFF col-
league Joel Darmstadter. “Still, he recognized that meeting the food needs of a
world inhabited by many millions of poor and malnourished people confronted
agricultural policy and practice with a formidable challenge. But it was a chal-
lenge, Pierre believed, that serious scholarship and enlightened policymaking
could successfully help meet.” ■
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Navigating Energy
Choices in 

the 21st Century

W
hat has been called the “oil century” is

now history, and finding clean and abun-

dant fuels that address environmental

and security concerns clearly looms as a

central challenge to an expanding global economy in the

decades ahead. Extracting new forms of energy from the

earth will grow ever more complex , requiring technology

breakthroughs, market incentives, and difficult trade-offs.

In this Resources Special Report, RFF researchers exam-

ine the key energy options and assess how each stacks up

in availability, environmental and technological considera-

tions, international security, and cost projections. Among

the choices—fossil fuels, hydrogen, nuclear power, renew-

able sources—which are most likely to ensure a sustainable

energy future for the United States and the world? Not sur-

prisingly, these articles conclude, the devil is in the details.
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M
ore than 50 years ago, when RFF was
founded, there was widespread con-
cern about potential shortages of
crucial energy and natural resources
that might jeopardize economic well-
being in the United States. RFF schol-

ars, among others, helped to disprove that myth, showing
that free markets, free trade, and technological innovation
would alleviate pressure on resource constraints, an idea that
seems almost clairvoyant today. The United States has expe-
rienced remarkable economic growth since then, with the
real gross domestic product increasing by more than 400
percent. Our domestic reserves of natural gas and petroleum
are virtually unchanged over the same period, and global re-
serves have roughly doubled in the past 25 years alone.

Today, the United States finds itself facing a very different
set of issues over energy supplies, focusing mainly on security
and the environment. We currently spend more than half a
billion dollars a day on imported oil, overwhelmingly from
the Middle East, even as we fight a war on terrorism centered
in that region. We are increasingly concerned about the reli-
ability and resiliency of the electricity grid to both uninten-
tional and intentional disruptions. We are also the largest
emitter of greenhouse gases, primarily from the burning of
coal, oil, and natural gas, which are believed to cause changes
in the earth’s climate.

The perceived problem 50 years ago, resource scarcity, is
one best solved by letting free markets work out how to effi-
ciently extract and allocate limited supplies, simultaneously
signaling both conservation and innovation, and the devel-
opment of new technologies. But the new problems of energy
security and environmental challenges result from a funda-

mental failure of energy markets to address issues that fall
outside the market framework. This time, government clearly
must intervene to correct these problems.

The government’s role should be to intercede in ways that
allow the private sector the most flexibility to trade off equally
effective actions in the face of incentives that promote secu-
rity and environmental protection. Such interventions could
include an emissions trading program for greenhouse gases,
a petroleum tax to address concerns about oil use, or clear
rules for cost recovery associated with new electricity trans-
mission infrastructure.

Energy “Problem” or Functioning Marketplace?

Popular discussions of energy problems today tend to focus
either on increases in consumer energy prices or on high-
profile news events, such as the Northeast blackout in 2003
and the California energy crisis in 2000. Natural gas prices,
which stayed consistently in the range of $2 per million
British thermal units (MBtu) for virtually all of the 1980s and
1990s, have been above $4 since January 2003. Crude oil,
which similarly hovered in the $20 per barrel range from the
mid-1980s until 2002, has been above $40 since July 2004.
Adjusting for inflation, crude oil prices are still lower than
the levels experienced during the early 1980s, but both the
suddenness of the runup and the gut-level reaction to gaso-
line prices above $2 per gallon have propelled concern over
energy policy to higher levels.

But what kind of energy policy do we need? The reliabil-
ity and performance of electricity markets (as well as related
demand for natural gas) are clearly something that needs to
be addressed cooperatively by both federal and state agen-

Setting Energy 
in the William A. Pizer

NATURAL GAS HYDROGEN RENEWABLES NUCLEAR COALPETROLEUM



cies. Higher prices, on the other hand, may be part of a new
balancing of supply and demand and something that energy
policy can do little to relieve. In 2000, the Energy Informa-
tion Administration (EIA) forecasted prices of $2.50–3.00
per cubic foot (pcf) of natural gas and $20 per barrel of crude
oil by 2020. These estimates have clearly been exceeded, and
the higher prices are expected to continue. Government has
little room to intervene here.

Although many people express concern about national se-
curity and environmental issues, few see the connection to
national energy policy and especially to their own patterns of
energy use. The historical trend in new vehicle sales toward
less fuel-efficient pickup trucks, minivans, and SUVs and away
from more fuel-efficient cars has continued unabated despite
the events of 9/11 and hoopla surrounding the Kyoto Pro-
tocol. (One promising trend is the 89 percent annual growth
in hybrid sales since 2000, though they are still a tiny fraction
of the new-vehicle market.)

Security

Our ongoing national debate over energy security has so far
focused on the steady growth in oil use in the transportation
sector, the consequent rise in imports of oil from the Middle
East, and the threat of economic calamity should our oil sup-
plies be disrupted. But there are emerging concerns that de-
serve equal attention, namely the resilience of the domestic
energy infrastructure— oil and gas terminals and pipelines,
nuclear power plants, and the electricity grid—to terrorist
attacks and, in the future, the same problems for natural gas
imports as there are for oil. The former requires somewhat
conventional security policies—building stockpiles, fortify-

ing installations and control networks, and creating redun-
dant back-up systems. The latter requires thinking about how
various policies will affect natural gas supply and demand in
the future.

In this vein, electricity generation accounts for about half
the forecast growth in natural gas use over the next 20 years,
with about two-thirds of that supply coming in the form of
imported liquefied natural gas. Policies that emphasize coal,
renewables, and nuclear power generation—three energy
sources with abundant, secure domestic supplies—will re-
duce pressure on natural gas imports. Similarly, efforts to en-
courage and diversify natural gas supplies can diminish the
kinds of security concerns that are associated with oil imports.

Our large and increasing dependence on oil—supplied in
growing part from the Middle East—to fuel the transportation
sector nonetheless remains the 900-pound gorilla seated at the
policy table. As economists struggle to put a dollar value on the
risks posed by oil imports from the Middle East, two broad cat-
egories of consequences often emerge: economic dislocation
from actual or threatened supply disruptions, and the diplo-
matic and military costs associated with safeguarding access to
Middle East oil supplies. With the ongoing war on terrorism,
another concern has arisen: some of the oil revenue flowing
into the Middle East makes its way into the hands of the very
terrorists we are fighting.

The global nature of oil markets makes it impossible for the
United States to discriminate against oil from particular
sources. The idea of completely isolating ourselves from these
markets is also unappealing: despite costly fluctuations, in-
ternational markets still provide us with much cheaper oil sup-
plies than we could ever access domestically. The solution,
then, is for the government to encourage broad-based reduc-
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tions in petroleum use, reducing our exposure to supply dis-
ruptions, our need to intervene diplomatically or militarily,
and the flow of funds into the Middle East. A particularly sim-
ple (but politically unlikely) approach is to set a petroleum
tax at a level that reflects the estimated consequences—risk
and cost of a oil shock, diplomatic and military expense to
maintain global market access, and indirect support of ter-
rorism—associated with additional oil consumption.

A broad tax has the advantage of both encouraging less fuel
use and encouraging the development of energy-saving tech-
nologies, which are now more valuable. A second-best alter-
native might be to focus solely on energy-saving technologies
through a broad, market-based performance standard for all
vehicles or other incentives. In this scenario, the new-vehicle
fleet is forced to meet a miles-per-gallon standard on average
but can offset production of less-efficient vehicles with cred-
its gained from producing more-efficient vehicles. Under such
a standard, the new vehicle fleet is forced to meet a miles-per-
gallon standard on average, but production of more fuel-
efficient vehicles generates credits that can be used to offset
production of less fuel-efficient  vehicles by any manufacturer.
This approach focuses on the "technology" margin of reduc-
ing fuel use per vehicle mile travelled, rather than the “be-
havioural” margin of encouraging people to drive fewer miles.

Climate Change

Global awareness and acceptance of the problems associated
with carbon dioxide emissions are growing, but considerable
disagreement remains over what to do about it. Many nations
have embraced the idea of national caps for greenhouse gas
emissions embodied in the Kyoto Protocol, and most notably,
Europe has implemented an emissions trading scheme for
carbon dioxide. Other countries, including the United States,
have instead focused on voluntary programs and federal
spending on technology—even as emissions trading propos-
als sporadically appear in Congress and some states attempt
to implement regional programs.

U.S. technology programs center on nuclear, renewables,
coal with carbon capture and sequestration, and hydrogen as
a future energy carrier. Meaningful government efforts to
push these technologies will go only so far, however; govern-
ment also needs to provide incentives to encourage private-
sector investment in them. A flexible emissions trading pro-
gram or emissions tax sends a clear signal to the market about
the value of emissions reductions both now and in the future.
In a competitive environment, firms cannot invest signifi-
cantly in emissions-reducing activities or R&D designed to
lower the cost of these activities in the future if their com-

petitors do not; that reality will confound effective voluntary
programs. Most analysis also suggests that technology policy
alone is unlikely to displace entrenched carbon-emitting
technologies.

Markets and Innovation

Maintaining and expanding the efficiency of underlying en-
ergy markets poses a different set of challenges. Electricity
markets in particular exist somewhere between regulation and
competition with a great deal of uncertainty about their fu-
ture. Because electricity generation constitutes a large source
of natural gas demand, gas markets are also affected by this
uncertainty. Federal and state governments need to work out
a clearer roadmap for the future of these and other energy
markets.

Government support for technological innovation is just as
important now as it was 50 years ago. Investment in research
and development tends to be undervalued because many of
the economic benefits of new discoveries are not captured by
those who discover them, but instead accrue to firms that im-
itate successful innovations. In the case of research into oil-
saving and greenhouse gas–reducing technologies, it is likely
that these innovations are further undervalued because poli-
cies to directly address those problems (such as petroleum
taxes and emission caps) may be weaker than security and en-
vironmental concerns justify.

Moving Forward

Part of the guidance we need to tackle today’s energy prob-
lems lies in the suggestions put forward by RFF researchers
decades ago. Then, as now, concern over scarcity and price
will be best addressed through well-functioning energy mar-
kets and government support for technological innovation.
However, concern over newer issues, where the market fails
to incorporate broader societal concerns over security and
the environment, requires government intervention, ideally
through flexible, market-based approaches. But the devil is
often in the details. Energy markets and particular fuel
choices are complicated by a variety of features. Market-based
approaches, because they raise prices, often face political re-
sistance.

There is no magic bullet for our energy problems, no sin-
gle way to address our security and environmental concerns.
Effective intervention and market reform requires attention
both to the peculiar features of energy markets and fuel
choices, as well as to broad incentives that promote society’s
security and environmental goals. ■



With heightened concerns about energy security and global warming, governments and busi-
nesses around the world are beginning to think seriously about a transition away from oil as
the crucial fuel for transportation. The central policy question is how to push this transition
forward without slowing or destabilizing the growth of economies to which rapid and con-
venient transportation has become essential.

Crude oil prices have tripled over the past three years and this has sparked predictions
of ever-rising prices in coming decades and exhaustion of the world’s oil reserves. We heard
these predictions before, during the energy crises of the 1970s; however, the subsequent
two decades in fact saw falling prices, increasing world oil production, and expanding re-
serves as the market responded to higher prices. On the demand side, energy conservation
and fuel-switching measures reduced the amount of oil used per unit of gross domestic
product (GDP), in the U.S. case, by half over the last three decades (see Figure 1). And on
the supply side, higher prices encouraged oil exploration and development of known but
previously uneconomic fields, through improved technologies for locating and extracting
reserves.

It is possible that we will see some reversal of recent price rises as these types of economic
forces come into play again; for example, breakthroughs in converting oil shales and tar
sands could significantly add to global supply. However, other factors appearing on the hori-
zon suggest that things may turn out rather different, this time around. Most importantly, is
large developing countries, particularly China but also India, are beginning to embark on
the path of wider automobile ownership that nearly all countries experience as they get
richer. With four times the population of the United States, China currently has eight vehi-
cles per thousand people compared with the United States’s 780 vehicles per thousand—a
ratio suggesting relentless pressure on oil markets in coming decades.

And now that U.S. electricity generators have more or less dispensed with oil, further re-
ductions in oil intensity are harder to come by. Two-thirds of American oil consumption is
now in transportation—highways, air routes, and long-distance railroads—and there is no
other fuel that is currently viable (see page 14 for a discussion of ethanol’s potential).

Growing Dependence on Foreign Oil

Concerns about the economy’s dependence on oil are compounded by three trends. First is
the steadily rising volume of imports, which currently account for well over half of the 20
million barrels a day that we consume (see Figure 1). Domestic American production is
falling as long-worked fields are exhausted, but demand keeps rising relentlessly.
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The problem of dependence on foreign oil is frequently
misunderstood and overstated: for a given amount of do-
mestic oil consumption, the increase in cost of producing
goods in the economy following an oil price shock depends
on the amount of oil used per dollar of production, and not
the share of oil consumption that is imported. And given
that the world oil market is fully integrated, the price we pay
for imports is the same whether imports come from the Per-
sian Gulf or from reliable sources such as Canada and Mex-
ico. But import dependence does exacerbate the macroeco-
nomic disruptions caused by oil price shocks: because extra
dollar payments for imports go out of the economy to OPEC
and other foreign suppliers, rather than being recycled
within the economy to domestic oil companies, oil depend-
ence leads to a further reduction in aggregate demand for
U.S. goods.

The second trend is that production is expected to be-
come increasingly concentrated in the Persian Gulf region,
where an estimated two-thirds of global reserves are located;
by contrast, estimated reserves for the United States are only
about 2 percent of the global total. Intense concentration of
supply in any one region would be cause for concern, but that
concern is intensified by the history of political upheaval and
violence in the Middle East.

A third trend is the growing U.S. trade deficit, which
many economists consider unsustainable. For 2004 it will
come to about $650 billion dollars, well over 5 percent of
GDP. At the current price—at this writing, over $40 a bar-
rel—U.S. oil imports total about $175 billion a year, more
than one-fourth of the total trade deficit. Pressure on the ex-
change rate of the U.S. dollar is rapidly becoming another
prominent reason for Americans to look for ways to reduce
oil use.

Calls for energy independence are unrealistic, to put it
mildly, for the foreseeable future; cutting oil consumption
to current domestic production would severely derail an
economy in which cheap and rapid transportation is taken
for granted. Like it or not, Americans must confront the re-
ality that oil prices are set by worldwide markets that respond
to many economic and political factors beyond the U.S. gov-
ernment’s control. Of all the reasons that make policymak-
ers uneasy about dependence on oil, the most immediate is
the impact of sudden and prolonged price swings on eco-
nomic growth, particularly given evidence that price in-
creases harm the U.S. economy more than price reductions
benefit it.

Source: U.S. Energy Information 
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Environmental Concerns and Technological
Challenges

Many of the traditional environmental concerns associated
with oil use have been alleviated through a combination of
regulation and technological improvements; for example,
new passenger vehicles are more than 90 percent cleaner
than 20 years ago and will become cleaner still with more
stringent emissions standards.

The big environmental issue is the carbon dioxide emis-
sions that form during fuel combustion and remain in the
globe’s atmosphere as a heat-trapping gas for hundreds of
years. As consensus has solidified among most scientists that
human-induced climate change is now occurring, calls for
policies to slow down and eventually stop further increases
in atmospheric greenhouse gas concentrations have in-
tensified. But the challenges are immense: reductions in
global emissions of 70 percent or more below current levels
would ultimately be required if atmospheric greenhouse gas
concentrations were ever to be stabilized before a doubling
of atmospheric concentrations over preindustrial levels is
reached.

No sector faces a tougher challenge for drastically reduc-
ing carbon dioxide emissions than the transportation sector,
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where, unlike power generation, the possibility of substitut-
ing existing low-carbon fuels or capturing exhaust gases for
underground or deep-ocean storage is simply infeasible.

As documented in a 2002 National Academy of Sciences
report, there appears to be a wide range of emerging tech-
nological possibilities for raising the fuel economy of new pas-
senger vehicles through improvements in engine efficiency,
reduced rolling resistance, and so on. Better fuel economy
for conventional gasoline engines would be a significant,
though not dramatic, help in reducing oil consumption and
carbon emissions. So would a shift toward diesel passenger
vehicles that use less fuel per mile driven. Although wide-
spread in European countries, diesels have been held back in
the United States for two reasons: they would complicate auto
manufacturers’ compliance with stringent federal emissions
standards for their vehicle fleets, and unlike in most Euro-
pean countries, diesel fuel is not taxed at a lower rate than
gasoline.

Hybrid vehicles, which supplement a conventional gaso-
line engine with an electric drive train, promise a significant
increase in gasoline mileage, particularly when the vehicle is
used in urban stop-and-start driving. Toyota led the way with
its hybrid Prius, and within the next few months, several ma-
jor manufacturers will have hybrids in their showrooms. How-

ever, whether hybrids will achieve substantial market pene-
tration in the foreseeable future is unclear; unless gasoline
prices reach unusually high levels, their cost, including fuel
costs over vehicle lifetime, is likely to exceed that of equiva-
lent all-gasoline models.

General Motors has put several experimental automobiles
powered by fuel cells on the streets of Washington, D.C. How-
ever before the fuel cell becomes a standard source of power
on the highway, chemists and engineers will have to resolve a
number of formidable technological challenges.

Policy Responses

In an ideal world, the instrument of choice to reduce the
country’s use of oil would be a modest tax on all oil uses,
perhaps $5 a barrel to begin with and increasing gradually
thereafter, to accelerate energy conservation measures and
remind people of the full costs to society from oil use. The
potential costs of global warming are not currently reflected
in U.S. oil prices. Neither are the full costs of oil depend-
ence: although businesses may try to account for risks to
themselves from oil price volatility in their investment and
inventory strategies, they may not consider other risks, such
as the cost of temporarily idled labor and capital following

Consumption of ethanol has

been rising fast in recent years,

pushed by subsidies—currently

set at 52 cents a gallon from 

the federal government, plus

additional help in several

states—and federal requirements

for oxygenation of gasoline.

Ethanol’s only competitor as an

oxygenating agent is MTBE
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nationally as a carcinogen that
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supplies.
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automotive fuel used last year.

However, it enjoys powerful

political support from farm

lobbies because nearly all of it is

made from corn, using one-tenth

of the corn crop and lifting corn

prices. Developing technologies

may soon make it possible to

make ethanol more cheaply from

cellulosic biomass, such as

cornstalks, sawdust, and waste

paper. One question for the

future of ethanol is whether its

political support will continue if

the industry moves away from

grain toward less expensive raw

materials.

Ethanol at Every Pump? 
Not Quite Yet . . .



energy price shocks. An oil tax would have implications for
productivity in an economy that depends on rapid and flex-
ible transportation. Still, society would benefit overall, so
long as the tax were appropriately scaled and revenues were
used productively—for example, in other tax reductions or
deficit reduction.

The Bush administration wants to expand domestic oil
production, particularly through legislation to open the Arc-
tic National Wildlife Refuge to drilling. The oil reserves there
could produce, at peak, some 1 million to 1.3 million barrels
a day, according to administration data. That would be a sub-
stantial contribution to correcting this country’s foreign
trade deficit. But since that new production would represent
slightly over 1 percent of world oil consumption and 5 per-
cent of American consumption, it would be unlikely to have
a significant effect on oil prices.

Furthermore, unlike an oil tax, increased domestic pro-
duction does nothing to reduce the overall oil intensity of
GDP, and hence our exposure to oil price shocks. A broad oil
tax would also be much more effective at reducing oil use
than a hike in the federal gasoline tax or higher fuel econ-
omy standards for new passenger vehicles, since the broader
tax would encourage energy conservation measures and in-
novation throughout the economy, rather than just in motor
vehicles. Although the chance of new energy taxes in the next
few years appears very remote, it is conceivable that this situ-
ation may change down the road, given continuing pressures
to “do something” about U.S. greenhouse gas emissions and
our looming deficit problems. There is strong opposition to
raising any tax in the United States; however, unlike for in-
come taxes, there is at least some support for in favor of
higher energy taxes because of the security and environ-
mental benefits.

But over the long haul, the problem is really a techno-
logical one: developing transportation vehicles with low or
zero conventional fuel requirements that can be manufac-
tured for prices consumers are willing to pay. Although the
market is engaging in some early R&D efforts on its own, in
response to higher oil prices and future anticipations of a
carbon-constrained world, a case can be made for strength-
ening and expanding grants and tax breaks for the de-
velopment and adoption of clean vehicles. Without such 
incentives, manufacturers are likely to underinvest in inno-
vative efforts, as they are not fully compensated for the en-
vironmental and energy security benefits from cleaner ve-
hicles, and the benefits to other firms in the United States
that may adapt their innovations, let alone potential
benefits to vehicle manufacturers in China and other parts
of the world. ■
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Oil Prices 
and Foreign Policy

When oil prices rise or fall, there's an impact on both

world politics as well as on country economies.

In 2002, Russia was working to attract foreign in-

vestment and appeared to be concerned about its rep-

utation in the West. Net direct foreign investment in

Russia that year was a little over $3 billion. But when

oil prices rose by 50 percent in 2004, increasing Russ-

ian oil export earnings at a rate of perhaps $30 billion

a year, one consequence was to diminish Russian need

for foreign capital. Last year, President Vladimir Putin

renationalized the major part of the country's largest

oil company, tightened the government's grip on the

press, and accelerated the trend toward centralized au-

thority in Russia.

Several European governments have been urgently

negotiating with Iran to dissuade it from pursuing nu-

clear weapons. One of the most attractive incentives

they could offer has been investment capital. But Iran

suddenly needs it much less: since early 2005, Iran's oil

export earnings are now projected to run about $15 bil-

lion a year higher than the year before.

Throughout the Middle East, this wave of unexpected

new revenue has flooded into countries not all of which

are well equipped to keep it from reaching violent po-

litical factions and terrorists. The routes and magni-

tudes are unknown. But it is evident that the insurgency

against the U.S. presence in Iraq is not suffering from

inadequate financial support.

To the extent that Americans have contributed to the

rise in oil prices through their steadily rising demand

for oil, they appear to have undercut their own foreign

policy goals and their own national security interests.

—J.W.A.
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Natural gas is the fossil fuel du jour. It is less polluting than either coal or petroleum in con-
ventional uses, including residential, commercial, and industrial applications, as well as 
in electricity generation, where it has displaced coal as the premier fuel for new power
plants. Moreover, natural gas is a vital feedstock (that is, raw material) to the petrochemi-
cal industry and in the near term will be a driver for the evolving hydrogen economy of
the future.

Right now, petroleum accounts for the lion’s share of total U.S. energy consumption, with
coal and natural gas tied for second (see Figure 1). But that’s comparing apples and or-
anges—petroleum is predominantly used in the transportation sector. Natural gas is now
widely used in industry, accounting for almost a third of industrial applications, with elec-
tricity generation and residential use close behind (see Figure 2).

What’s the Problem?

Until the summer of 2003, when Federal Reserve Chairman Alan Greenspan began sound-
ing the alarm over high natural gas prices, few policymakers and even fewer members of the
public worried about such things as gas storage levels, drilling rates, and liquefied natural
gas (LNG). Spot market prices for natural gas edged lower toward the close of 2004 from
their record highs of over $9 per million British thermal units (MBtu) in October. However,
as recently as late winter 2002, the price was a mere $2.50/MBtu. After the Fed chairman
spoke on these issues in Capitol Hill appearances and gas prices rose to unprecedented lev-
els, the heretofore quiet world of federal natural gas policy became a lot noisier. High natu-
ral gas prices hurt the competitiveness of many segments of the economy, including the hard-
hit domestic petrochemicals industry, which relies heavily on natural gas as a feedstock.
Moreover, higher gas prices may even now be tipping the balance back toward using coal,
which is more polluting, in generating electricity.

Natural Gas Reserves

It is natural to ask what forces are causing gas prices in the United States to rise and what the
prospect is for lower prices in the future. Like petroleum and coal, natural gas is an ex-
haustible resource, and at some point the world may run short of it and prices will naturally
rise. But are we at that point?

The U.S. Energy Information Administration (EIA) reports global estimates of proven re-
serves of natural gas are 70 times the size of current world annual consumption. Moreover,
while consumption will rise in the future, the size of proven reserves has increased every year
since 1970. Therefore, one can reasonably conclude that recent high U.S. prices are not due
to the world’s running out of gas.

Raymond J. Kopp

Natural Gas
S U P P LY  P R O B L E M S  A R E  K E Y



More important than aggregate global reserves, however, is their distribution. Natural gas
reserves are not as concentrated as crude oil (with over 60 percent of all reserves located in
the Middle East), but the United States is not heavily endowed with gas deposits (see Fig-
ure 3). The largest gas suppliers are located in the Middle East, Eastern Europe, and coun-
tries of the former Soviet Union, which together have over 70 percent of known reserves.
The large gas consumers—North America and Western Europe—have only 7 percent. At
current rates, U.S. reserves are about eight to nine times greater than annual consumption,
which is considerably less than the world reserve-to-consumption ratio.

All things being equal, lower domestic reserves suggest that exploration and extraction
costs will be greater in the United States and, so too will be delivered natural gas prices. How-
ever, to the extent there are integrated competitive world markets for gas, as there are for
crude oil, gas prices should not differ from one county to another by more than the cost of
transport. Unless gas pipelines link supplying and consuming countries, however, transport
of natural gas becomes challenging, requiring specialized tankers and port facilities that are
quite different from petroleum tankers and ports. At the present time, the United States has
only four ports capable of importing natural gas from the countries with the greatest reserves.
These and other factors contribute to large price discrepancies from country to country.

Production

Reserves are only an estimate of what is in the ground. Annual production data describe how
much gas is actually being extracted. EIA forecasts U.S. production to grow at an annual rate
of 0.7 percent over the next 20 years, with consumption to grow at 1.6 percent. Herein lies
the problem. EIA cautions that regulatory and investment uncertainty exists in making those
natural gas supplies available. Failure of investments to materialize or approvals to be granted
will lead to upward price pressure on gas. And even with the anticipated added domestic pro-
duction, a significant shortfall will still have to be augmented with imports, which are ex-
pected to grow by 4.5 percent over the coming two decades.

Prices and Increased Supply

Natural gas prices are determined by the interplay of supply and demand. The overall level
of economic activity, continued use of gas to fire new electric power plants, and efforts at
conservation are all factors affecting the long-term demand for natural gas. However, it is
the factors affecting supply that are drawing the greatest attention from policymakers and
analysts.

The most straightforward way to increase U.S. supply is to drill more gas wells, but with
prices at all-time highs, the economics of natural gas suggests there is likely as much drilling
going on now in the United States as the available industry infrastructure can support. In-
creasing the rate of domestic exploration is problematic for two reasons: drilling is taking
place in the same, mostly depleted fields, and governmental restrictions currently do not al-
low additional drilling in new fields offshore (California and Florida) and in the inter-
mountain West. As might be predicted, many are opposed to drilling in these environmen-
tally sensitive areas, including the president’s brother, Florida Governor Jeb Bush.
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Others argue for more drilling and extraction of natural gas from the oil fields in Alaska.
But getting the gas from Alaska to the lower 48 will require a large and expensive pipeline
project. Language in a military construction appropriations bill passed in October 2004
smoothed the federal regulatory hurdles for the pipeline construction and provided some
$18 billion in loan guarantees but did not include federal guarantees on the price of natu-
ral gas once the pipeline is operating. It remains to be seen if these “sweeteners” will bring
forth the needed private investment.

A third enhancement to supply is imported liquefied natural gas (LNG), which becomes
economically competitive to domestic gas supply when the price of domestic gas rises above
$3.50/MBtu. This is well below the current spot and futures prices—indicating that the eco-
nomic climate for LNG is right. Although the troubled Middle East has large natural gas re-
serves, Venezuela and several Caribbean countries do as well, suggesting that increased LNG
imports might not carry the added international political burdens associated with oil.

But ports accepting LNG tankers are large, capital-intensive industrial facilities that are
expensive to build and must be operated for long periods to provide suitable rates of return
to investors. Moreover, there are those who believe such coastal facilities will have negative
effects on the local environment and might make tempting targets for terrorists as well.

Another option to consider is using renewable energy to stretch existing natural gas sup-
plies instead of increasing them. Sources of renewable energy, such as wind power, are im-
portant components of the country’s energy portfolio going forward, but the questions now
are how much natural gas can we expect renewables to displace, how fast, and at what cost?
Of course, gas supplies can be stretched through straightforward energy conservation as well.

In March 2003, then Energy Secretary Spencer Abraham asked the National Petroleum
Council (a federally chartered advisory committee) to undertake a major study of natural
gas supply and demand through 2025. In addition to increased efficiency and conservation,
the council report recommended increased access to domestic gas deposits and reduced per-
mitting impediments to development of natural gas resources in the lower 48 states. The
council also argued in favor of legislation enabling the construction of a new Alaska gas
pipeline and rapid, one-year processing of LNG project permit applications.

The recommended legislation has now passed, and it’s up to private investors to make
their move. Opening up more lands to exploration and extraction, whether onshore or off-
shore, will require a heavy political fight and even if successful, will have only near-term
benefits because domestic gas reserves in the lower 48 are limited and unlikely to increase
by much. So perhaps the greatest emphasis should be placed on imports and LNG.

While LNG fleets and facilities are costly investments, the economics of large-scale LNG
importation suggests investment funds will be forthcoming. The real obstacle is siting the
port facilities. Safety and environmental concerns are raised everywhere a new LNG port is
proposed, and increased fear of terrorist attacks on LNG tankers as they enter ports has only
heightened fears and opposition.

These facilities are too large, too expensive, and too politically vulnerable to ram down
the throats of reluctant communities. Some rational process by which the safety, security, and
environmental threats are credibly assessed, standards for acceptable risks established, and
siting decisions made without years of bureaucratic wrangling must be found—and found
quickly—for natural gas to be a viable option in the U.S. energy future. ■
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In the 1970s, several studies predicted a hydrogen fuel economy might emerge as early as
the year 2000. Flash to the present—where, in his 2003 State of the Union address, Presi-
dent Bush put forward the Hydrogen Initiative, which would involve spending $1.2 billion
over five years to develop hydrogen, fuel cell, and infrastructure technologies to reduce our
dependence on foreign oil. His goal is to make it possible for enough Americans to choose
hydrogen fuel cell vehicles by 2020, so that, as the president put it, “the first car driven by a
child born today could be powered by hydrogen.”

More recently, California Governor Schwarzenegger set out his Hydrogen Highway 
goal of building, by 2010, a network of 150–200 hydrogen fueling stations throughout the
state, making hydrogen fuel available to a majority of Californians. Meanwhile, hydrogen-
fueled demonstration vehicles and related filling stations are making news in the nation’s
capital.

So what’s all the buzz about? In addition to being a potential substitute for oil, hydrogen
use in fuel cells is pollution-free, thereby eliminating emissions that cause air quality prob-
lems. The impact on carbon dioxide emissions and global climate change depends on how
the hydrogen itself is produced—whether it is from nuclear or renewable energy sources or
from fossil fuels—and what is done with the emissions generated by its production. Poten-
tially, a “hydrogen economy” could evolve that addresses both the energy security and envi-
ronmental concerns associated with our current “carbon economy.”

Significant scientific and practical hurdles must be surmounted before hydrogen becomes
a cost-effective part of the energy system, however. These hurdles extend from the initial pro-
duction of hydrogen, to its distribution and storage, and through to the final conversion of
hydrogen into energy through fuel cells or other means. A reasonable person might ask, “In
20 years, will we be reading again that the hydrogen economy is only 20 years away?” To shed
some light on this question, this essay briefly reviews the challenges to the widespread hy-
drogen use in light-duty vehicles and offers some perspective on the likely timeframe in which
they might be overcome.

Hydrogen production

About nine million tons of hydrogen are produced per year in the United States, with about
one-third used in the manufacture of ammonia and most of the remainder in petroleum
refining. A recent National Research Council (NRC) report suggested that under an opti-
mistic timetable, hydrogen-fueled vehicles could replace light-duty vehicles by 2050. But that
would require about 111 million tons of hydrogen per year—more than 12 times current
production levels. For this to be a plausible and desirable future, at least two major produc-
tion challenges must be met: cost and climate friendliness.

The Hydrogen
L AY I N G  O U T  T H E  G R O U N D W O R K

Richard G. Newell



Hydrogen gas does not exist naturally on earth as an isolated element. Rather, it must be
produced by chemically separating it from other elements, particularly carbon and oxygen.
One way to do this is through electrolysis, whereby hydrogen is separated from the oxygen
in water, producing water vapor and heat as the only by-products. This process is simple, but
it is also very expensive because the electricity that drives the process must itself be gener-
ated. At current electricity prices, producing hydrogen through electrolysis costs about seven
times more than gasoline per unit of usable energy. Hydrogen production using electricity
generated from renewable sources, such as wind, solar, and biomass, faces
the same cost disadvantage of those options in producing electricity
but emits little or no carbon dioxide.

Currently, fossil fuels containing both carbon and hydrogen
are used to produce hydrogen. Natural gas is the most com-
mon feedstock, through a relatively cost-effective process
known as catalytic steam reforming. Hydrogen produced
from natural gas is much cheaper than electrolysis-
based hydrogen but still presents a significant cost bar-
rier, being about two to four times the price of gaso-
line per unit of usable energy. Also, if the price and
amount of natural gas imported continues to increase,
its desirability as a method of producing hydrogen will
decrease.

Another concern about hydrogen from fossil fuels is
the stream of carbon dioxide released as a by-product.
While the NRC hydrogen report finds that many of the pos-
sible future supply chains would release significantly less car-
bon dioxide than hybrid gasoline-electric vehicles, the least ex-
pensive options based on natural gas and coal still emit significant
amounts. Therefore, if hydrogen is to be produced from fossil fuels in a
climate-friendly manner, it will need to be coupled with carbon emissions capture
and storage. This is technically feasible but currently very expensive (at least $50 per ton of
carbon dioxide) and faces its own technical, political, and environmental challenges if it is
to help mitigate the climate problem.

Coal is also used in much smaller amounts for current hydrogen production but it could
be a key feedstock in the future, given its widespread domestic availability. But coal contains
the most carbon dioxide per unit of energy. In response to this environmental challenge, the
Department of Energy set up a 10-year, $1 billion program (known as FutureGen) to research
producing hydrogen cost-effectively through integrated gasification combined-cycle (IGCC)
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plants for electricity production and other uses, and storing the resulting carbon dioxide
emissions underground.

Nuclear-based hydrogen production is also a possibility, through either electrolysis or more
speculative high-temperature thermochemical processes. Nuclear-based hydrogen has the
advantage of generating no carbon dioxide emissions but also the usual safety, security, and
cost disadvantages of nuclear power. Other innovative (but currently very expensive) ap-
proaches include photochemically producing hydrogen using algae, sunlight, and catalysts
to split water molecules directly.

Hydrogen distribution

The next link in the hydrogen economy chain is developing the necessary infra-
structure for distributing hydrogen from production sites to fueling stations

and storing it there. Because of its very low density and high flamma-
bility, hydrogen presents unique cost, safety, and convenience chal-

lenges at every step. But if hydrogen-fueled cars are ever going
to make it, hydrogen must at some point be widely available

to consumers. This quintessential chicken-and-egg problem
is what has gotten the attention of policymakers, including
the president and the governor of California.

A big question is whether hydrogen should be pro-
duced at central facilities and distributed as molecular
hydrogen for end use or at smaller facilities located di-
rectly at filling stations. This involves a trade-off between
economies of scale in centralized production and the cost

and safety of a transportation infrastructure, which would
be less necessary with distributed generation of hydrogen.

In the long term, the NRC report predicts that the most eco-
nomic approach will likely be large-scale centralized generation

with pipeline distribution.
Under this scenario, the cost of distributing the hydrogen is ex-

pected to be approximately equal to the cost of producing it. In the in-
terim, however, distributed generation using small-scale natural gas reformers

or electrolysis is more feasible and is likely to be a necessary part of any transition. Transport
of low-temperature liquid hydrogen via trucks or rail could also play a significant role. If hy-
drogen were distributed as part of a chemical compound, a whole different system would be
required. All of these options face significant technical and economic hurdles.

Onboard hydrogen storage

Perhaps the biggest technical challenge facing widespread use of hydrogen is safely storing
adequate quantities onboard vehicles. As the lightest element, hydrogen takes up far more
space than other fuels, even when compressed. With current technology, enough compressed
hydrogen gas to move a car about 300 miles takes up about four times as much space as a typ-
ical gas tank. Liquefying hydrogen can reduce its volume several times, but that requires chill-
ing it to minus 253°c, taking up to 30 percent of the hydrogen’s energy to do so and using
larger insulated tanks to maintain this low temperature. Currently, most experts are skepti-
cal that onboard hydrogen storage in a gas or liquid form can meet the capacity, size, and
safety requirements of the automotive industry.
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Advanced materials for “solid-state” storage are also under investigation, including metal
hydrides and carbon nanotubes. These options typically involve adsorbing—or coating ma-
terials with a thin layer of a substance—the hydrogen into the advanced materials and later
releasing it when needed for driving. Each of these options faces serious technical obstacles,
however, requiring further research and development. In addition to these concerns, an ac-
ceptable storage system must be capable of being refueled within just a few minutes, be safe,
and be reliable over the decade-plus lifetime of a car. Even if technical problems can be met,
there is still the issue of cost.

Hydrogen use

The final piece of the hydrogen puzzle is the conversion of hydrogen into useful energy
through fuel cells or advanced internal-combustion engines. While fuel cells were invented
well over a century ago and have been successful on spacecraft for decades, the current
cost of power from them is about 100 times higher than from internal-combustion engines.
Some estimates place the potential price of a fuel-cell vehicle at over $1 million, with the
fuel cell and storage tank contributing most of the cost. Other challenges include dura-
bility of fuel cells under continuous vibration and consistency of operation under differ-
ent conditions. It took about 20 years for wind and solar power to see tenfold declines in
cost, and current penetration of these technologies is still under 1 percent of electricity
generation.

Some automakers are also pursuing the alternative course of developing internal-
combustion engines that run on hydrogen instead of gasoline, at least as a transition tech-
nology to hydrogen fuel cells. This course would not require the parallel creation of an eco-
nomic fuel-cell car and a hydrogen infrastructure, but still would require facing the hydro-
gen infrastructure as a major stumbling block. While such engines do face technical hurdles,
they are not typically thought to be as great as for the fuel cell. On the other hand, these en-
gines would still produce small amounts of nitrogen oxides and would not be as efficient in
converting hydrogen to useful energy as are fuel cells.

Conclusion

Widespread, cost-effective use of hydrogen will come only when the very large cost and tech-
nical barriers that now exist are removed. Each aspect of the hydrogen system—from pro-
duction, to distribution, storage, and use—faces a cost disadvantage several times that of
competitive alternatives. But the negative security and environmental consequences of pe-
troleum use, and the dearth of attractive alternatives, make further research into hydrogen’s
potential absolutely essential.

Many of the most pressing questions surrounding the hydrogen economy are still largely
technical at this time. Economics will play an increasing role, however, if and when these
questions get resolved and hydrogen moves toward a commercially viable fuel choice.

Given the magnitude and complexity of the challenges that lie ahead for hydrogen, suc-
cessful resolution will probably take several decades, not 15 years as the president predicted.
Now is not the time to close out options or focus too much on deployment due to near-term
policy goals and political pressures, but rather to explore a wide range of options, many of
which may not pay off in the end. And in the interim, more effort and more funding need
to go toward reducing petroleum use by advancing the development of new gas-electric hy-
brids, advanced diesel-fueled vehicles, and the like. ■
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Excluding hydropower, renewable energy makes up a tiny portion of the nation’s overall elec-
tricity supply—its roughly 2.2 percent share is dwarfed by fossil energy, nuclear power, and
hydroelectric dams (see the table on age 27). But given all the environmental and safety
caveats associated with more traditional energy sources, a lot of people are paying closer at-
tention to how renewables can play a larger role in the domestic energy mix.

Hydropower continues to overwhelm all other renewable resources in magnitude, but even
existing dams, much less newly built ones, are widely seen as unpopular because of their ef-
fect on commercial and recreational fishing and on ecosystems as a whole. Virtually no one
expects any meaningful addition to the nation’s current hydropower capacity.

In the current marketplace, the dominant renewables are wind power, wood products
(used mainly as a fuel source in manufacturing), municipal solid waste, and geothermal re-
sources. Wind power has taken the lead in this race, with an 11 percent rate of growth since
1990, pushing it from 4 percent of total renewables generation (excluding hydropower) in
1990 to 13 percent in 2003. This trend of relatively strong growth for wind power is likely to
continue.

Virtues

A useful way to appreciate the virtues of renewable energy resources is to look at some of the
disadvantages associated with their conventional counterparts—fossil fuels and nuclear
power—that dominate today’s world energy scene. Coal is cheap and abundant but its com-
bustion produces pollutants only partially controlled by prevailing regulations, while control
of carbon dioxide emissions awaits sequestration technologies not yet at hand. As trade in
liquefied natural gas increases, natural gas may in time present challenges similar to those
currently associated with large dependence on oil imports. And even if the nuclear option
could be revived on technological and economic grounds, the public remains divided about
such problems as disposal of nuclear waste.

In all of these respects, renewables are attractive. Typically, though not invariably, their use
produces far less environmental damage than conventional energy. Burning of biomass such
as fuelwood does result in some air pollution. At some locations, wind farm opponents cite
danger to wildlife and aesthetic affronts. But these environmental concerns pale in compar-
ison with those associated with conventional fossil fuels. Even with current pollution controls,
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coal-generated power still causes more
pollution than that produced by wind
turbines, and that’s before consider-
ing greenhouse gas emissions from
coal combustion. Also, renewables are
largely insulated from the rising costs
that, in time, may hit depletable re-
sources like natural gas. Finally, in
moderating the demand for fuels im-
ported from unstable parts of the
world, renewables indirectly provide
an energy security benefit.

To be sure, these contrasting features
are a bit overdrawn: some renewable en-
ergy sources might be limited while
some nonrenewables are effectively in-
exhaustible. For instance, among re-
newables, geothermal resources are,
strictly speaking, exhaustible because a
given site may lose heat after a number
of years of extraction. Among alterna-
tives to renewables, one could cite nu-
clear power, whose underlying resource
requirements are effectively limitless.

Drawbacks

Although renewable energy might be
beneficial overall, it is no panacea. Re-
newables clearly do have some draw-
backs. The most important is their high
cost. To compare costs, we use each technology’s “levelized”
cost—that is, the real cost of generation, including capital
cost, over the estimated life of the plant. For some technolo-
gies, such as solar photovoltaics, the levelized cost of pro-

ducing a kilowatt-hour (kWh) can be
three or four times as high as that for a
new natural gas-fired combined-cycle
plant, even at today’s high natural gas
prices. For other technologies, such as
wind power, the cost differential from
natural gas is smaller.

Except for biomass, renewable tech-
nologies have no fuel costs, and their
other operating costs are typically low
as well. So the bulk of their expense
consists of the fixed costs of equip-
ment and land. The translation of that
fixed cost into a levelized cents per
kilowatt-hour (kWh) of generation de-
pends on how much electricity the fa-
cility generates. Because wind genera-
tion depends on when and how fast
the wind blows, wind power installa-
tions typically operate at capacity fac-
tors of 10 to 35 percent, contributing
to higher costs per kWh.

Renewables aren’t on a level playing
field with fossil energy. Competing coal-
and gas-fired generators escape having
to pay the full cost of the air pollution
and other consequences they impose
on society. Such externalities, though
they certainly exist, are surely minimal
for wind and solar generation.

The potential for renewable sources
of energy to gain a larger share of the electricity market is fur-
ther constrained by physical and political limits. Geothermal
energy sources are limited primarily to southwestern states.
Biomass generation requires conversion of large quantities
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of land from other uses. A relatively strong, steady wind and
land that is amenable to construction of wind towers and rea-
sonably accessible to the transmission grid are prerequisites
for the development of commercial-scale wind projects.
Many offshore sites can meet these criteria, but efforts to de-
velop offshore windpower in the United
States have met with substantial resist-
ance from those—like residents of
Cape Cod—whose coastal views would
be affected. Meeting the demands of
opponents could add to the cost of de-
veloping windpower resources in par-
ticular sites.

All that being said, the costs of re-
newables have come down over time.
Research at RFF shows that over the
course of the 1980s and 1990s, the cost
of electricity from renewable sources
typically fell faster than had been pre-
dicted. But despite achieving lower
costs, renewables failed to meet prior
expectations regarding trends in the
volume of future generation. This is be-
cause a simultaneous decline in the
cost of competing fossil fuels and gen-
eration continued to place renewables
at a relative cost disadvantage. How re-
newables fare in the years ahead will,
similarly, be at least partly determined
by concurrent trends in fossil or nu-
clear generation costs.

Policy Options

A totally hands-off governmental
stance—subjecting renewables exclu-
sively to market discipline—has ab-
stract appeal. But fairness would dictate
that other fuels would then no longer
qualify for subsidies and also be subject
to their full environmental costs, some-
thing that is not likely at the present
time.

A number of different policies have been implemented in
the United States to promote greater use of renewables in
the electricity sector. One approach that gained currency
with the introduction of competition in electricity markets
in numerous states is “green power” marketing. Under this
voluntary approach, renewable generators seek to appeal to

households willing to pay a premium—ranging, in 2003,
from 0.6 to 17.6 cents per kWh—to purchase power wholly
or largely generated by renewables. Roughly 400,000 house-
holds participated in such green power programs by the end
of 2003—an inconsequential 0.3 percent of nationwide res-

idential power customers.
Another, far more significant trend

is the evolution of renewable portfolio
standards (RPS). As of early 2005,
nearly 20 states had introduced re-
quirements that a minimum amount of
electricity distributed (as well as, in
some cases, produced) in the state be
generated using qualified renewable
systems. These rules typically impose
increasingly stringent requirements
over the next several decades. An im-
portant feature of RPS programs in nu-
merous states is a tradable-credit sys-
tem. Such credits, created whenever
renewables-based power is generated,
allow for the fact that electricity dis-
tributors vary in the ease with which
they can incorporate a renewables
component in their sales. In a system
somewhat analogous to tradable emis-
sions rights in sulfur dioxide and ni-
trogen oxides to meet stipulated clean
air targets, utilities overcomplying in
their renewables requirement can sell
excess credits to those utilities failing to
meet their quotas. Some state pro-
grams have an important provision that
effectively sets an upper limit to the
cost of such credits.

Undoubtedly, a nationwide renew-
able credit trading system would be
more efficient than one limited to intra-
or multi-state transactions. Indeed, sev-
eral proposals to adopt a federal RPS
have been introduced in Congress. For
example, Congress considered com-

prehensive energy legislation in 2002 in the form of the En-
ergy Policy Act, which included a requirement that renew-
ables account for 2.5 percent of electricity generation in
2005, increasing 0.5 percent per year until reaching a 10 per-
cent target in 2020. This legislation, similar to some state pro-
grams, included a cap of 3 cents per kWh on the price of re-
newable credits, but recent analysis suggests that the credit
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price for a 10 percent federal RPS would fall well below this
threshold. But thus far, such congressional initiatives have
failed—in part because of strong opposition from traditional
electricity providers.

A production tax credit (or subsidy) has so far been the
main policy instrument to promote renewable generation at
the federal level. In 1992, Congress authorized a renewable
energy production credit (REPC) now amounting to 1.9
cents per kWh of electricity produced from wind and dedi-
cated closed-loop biomass generators, later expanded to in-
clude electricity from geothermal, solar, and landfill gas re-
sources. The REPC could be claimed by new generators for
the first 10 years of their operation. The federal government
also grants a tax credit equal to 10 percent of investment
costs for new geothermal and solar generation facilities; this
policy has no expiration date. Both credits make renewables
more competitive than they would otherwise be.

Net metering is another renewables-promoting program
at the state level. Under net metering, customers who gener-
ate electricity on site—for example, through fuel cell or so-
lar photovoltaic systems—can sell any excess electricity back
to the supplier at the retail price, essentially running the me-
ter backward. Many states have special programs to fund R&D
on renewables, and the U.S. Department of Energy has been
devoting $300 million annually to R&D into renewable en-
ergy sources, though that level may be hard to sustain under
the administration’s latest budget. A variety of technological
improvements, in part benefiting from such support, might
bring about a substantially expanded volume of wind-gener-
ated power. Possibilities include continuing advances in the
aerodynamics of wind turbines, electricity storage systems to
provide power availability during poor wind-speed periods,

and cost-reducing breakthroughs to reduce line losses in
long-distance electricity transmission.

What’s in Store for Renewables?

Although technological advances and unexpected steep price
increases for conventional energy can contribute to expanded
use of renewables, their prospective growth—as projected in
the just-released Annual Energy Outlook 2005 by DOE’s Energy
Information Administration (EIA)—remains modest. Absent
major energy policy departures, non-hydropower renewables
are projected to increase their share of total electricity gen-
eration only to about 3.2 percent by 2025, compared to 2.2
percent in 2003. This is in spite of the fact that the absolute
volume of renewables, mostly in the form of wind, will likely
grow substantially over that period.

A strategy for a stronger renewables role would have to be
embedded in a broader national energy policy. Dealing with
the problem of greenhouse gas emissions from fossil-fuel
combustion is one component of such a policy. Well-designed
R&D funding for both renewable and other innovative energy
systems is another. To stimulate renewables more directly, one
of the most cost-effective approaches would be a national
RPS, providing for an efficient nationwide trading system and
a mechanism to protect against high costs. It will be very chal-
lenging to integrate a federal renewables policy with the va-
riety of existing state-level RPS policies. Nevertheless, the RPS
provision of the Energy Policy Act of 2002 provides a feasible
approach. Complementary to other elements of a more ra-
tional energy policy than either political party or its leaders
have given us in recent years, the RPS would represent one
creative step forward. ■
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Fuel Type Capacity Generation

1,000 MEGAWATTS PERCENTAGE BILLION KWH PERCENTAGE

Fossil/nuclear 823 89.4 % 3,493 90.7 %

All renewables 98 10.6 359 9.3

Hydropower 79 8.6 275 7.1

Non-hydropower 19 2.0 84 2.2

Wind 7 0.7 11 0.3

Geothermal 2 0.2 13 0.3

Solar 0.5 0.1 1 0.0

Wood/MSW 9 1.0 59 1.5

Total 920 100 % 3,852 100 %

U.S. Electricity Capacity
and Generation, 2003

Notes: Capacity refers to summer

availability. Because of rounding,

numbers may not add to totals. 

MSW = municipal solid waste.

SOURCE: U.S. ENERGY INFORMATION ADMINISTRA-

TION, 2005.
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For quite some time, nuclear power was the United States’
most controversial energy source. While it is still not without
its share of problems, some of them formidable, nuclear
power has enjoyed a clear resurgence of late. For the first
time in many, many years there is at least talk about begin-
ning construction on a new nuclear power plant in the
United States, something that hasn’t happened here since
the 1970s. Even some environmental advocates, once among
the most implacable opponents of nuclear power, are casting
a less jaundiced eye its way.

Nuclear power—harnessing the energy that results from
the splitting of atoms—enters the energy mix in the United
States in the form of electricity generation. Currently, slightly
more than 100 operating nuclear power plants together pro-
vide about one-fifth of the electricity we use to power our fac-
tories, office buildings, homes, schools, and shopping malls.
This makes nuclear power the second-largest source of elec-
tricity generation in the country; coal accounts for more than
half of electricity generation, and natural gas (the fastest-
growing source) for about one-sixth. Among all the devel-
oped countries in the world, nuclear power accounts for al-
most a quarter of electricity generation, a slightly larger share
than in the United States.

The Case for Nuclear Power

What accounts for the second look that nuclear power is get-
ting from energy experts and even some environmental ad-
vocates? First, it is free from some of the serious air pollution
problems that can accompany coal-fired and, to a lesser ex-
tent, natural gas-fired electricity generation. This includes
both conventional pollutants, such as sulfur dioxide, hydro-
carbons, and nitrogen oxides—and mercury, cadmium, and
other heavy metals present in coal. While emissions of all
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these pollutants have been reduced significantly since the
1970 Clean Air Act took effect, electricity generation is still a
major source of them all. Much more importantly, nuclear
power is carbon-free. That is, unlike coal, natural gas, and pe-
troleum, it does not release carbon dioxide into the atmos-
phere in the process of generating electricity. At a time when
there is growing concern about the link between carbon diox-
ide and other greenhouses gases on the one hand and the
warming of our planet on the other, this advantage of nuclear
power has begun to loom larger.

A second advantage of nuclear power has to do with en-
ergy security. Concerns have existed since the early 1970s
about the extent to which the United States is dependent
upon petroleum imports to fuel our transportation sector,
particularly from countries in the Middle East. For the first
time, a concern about possible import dependence has be-
gun to extend to the electricity generation sector. This is not
because petroleum is used for electricity generation—its role
there has almost disappeared. Rather, the concern is that nat-
ural gas production in the United States cannot keep pace
with demand growth and that an ever-greater share of the
natural gas we use for home heating and industrial produc-
tion, as well as for electricity generation, will have to come
from abroad (including from some of the same countries
whose share of world oil reserves makes us nervous). Because
of the likely adequacy of North American uranium reserves,
this is not a concern for nuclear power (nor is it for coal, for
which domestic reserves are ample).

There is a third attraction to nuclear power, though it cur-
rently pertains only to those plants that are already in opera-
tion—once built and paid for (a big qualification, as we’ll see
below), these plants are extremely inexpensive to operate. In-
deed, the incremental cost of generating electricity from an
existing nuclear plant is on the order of 1.5 cents for each

kilowatt-hour (kWh) of electricity generated. This compares
with about 2 cents/kWh for a conventional coal plant and, at
current natural gas prices, about 3.5 cents/kWh for a natu-
ral gas plant. With the average retail cost of electricity in the
United States currently standing at 7.5 cents/kWh, the 100
or so nuclear units in the country are quite profitable.

The Case Against

Despite those advantages, the last nuclear plant to commence
operation in the United States began generating electricity
in 1996, and no new plant has been started since 1973. Four
liabilities have accounted for this disappointing record.

First and perhaps foremost, although nuclear plants are
cheap to operate once they are up and running, they are by
far the most expensive to build. Based on recent construction
costs in Japan and Korea and on estimates from the vendors
who would likely build plants in the United States, a new
1,000-megawatt (MW) nuclear power plant would cost on the
order of $2 billion and take five years to build. By contrast, a
new 1,000-MW pulverized coal plant would cost $1.2 billion
and take three to four years to build, and a new clean coal
plant (one in which the coal is first converted to cleaner-
burning natural gas) would cost about $1.4 billion and take
four years. Illustrating why natural gas has been the fuel of
choice for most of the recent growth in electricity generation,
a new 1,000-MW combined-cycle gas turbine can be built in
less than two years at a cost of $500 million.

The longer construction time and higher capital cost of a
new nuclear plant currently more than offset its operating cost
advantage. According to a recent report by experts at the Mass-
achusetts Institute of Technology, the “all-in” costs (capital plus
operating) of electricity from a new nuclear plant operating
for 40 years at 85 percent capacity would be 6.7 cents/kWh.
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This compares with 4.2 cents/kWh for a coal plant and 4–5.6
cents/kWh for a new gas turbine, depending on the assumed
price for natural gas. Even if it faced no other obstacles, then,
nuclear power would have a formidable economic challenge
to overcome.

Other obstacles exist, however. For one thing, there has
long been concern in the United States about the safety of
commercial nuclear reactors, concern that predated the ac-
cident at Three Mile Island in 1979, where the core of one of
the reactors was damaged. The operating record of the U.S.
nuclear industry has improved significantly over the past 20
years, with safety and other related downtime having been re-
duced to as little at 10 percent at many plants. However, prob-
lems still arise from time to time, such as those at the Davis-
Besse reactor in Ohio, where shoddy maintenance could have
led to a serious accident had it not been caught in an in-
spection. Unless plant safety continues to improve, not
merely stay the same, nuclear power faces an uphill climb,
economics aside.

Opponents of nuclear power also point to the risk that the
spent fuel from nuclear plants could be stolen and diverted
to the production of so-called dirty bombs or even thermo-
nuclear weapons. While this is a risk that must be taken ex-
traordinarily seriously everywhere, it is a much larger con-
cern outside the United States—especially in countries that
have no obvious need for nuclear power. One example is
Iran, which has vast natural gas reserves that could be used
for electricity generation, but which has elected not only to
build nuclear power plants, but also to do so using a fuel cy-
cle providing easier access to the plutonium required for nu-
clear weapons.

The final challenge associated with nuclear power has also
to do with spent wastes—namely, where in the world they will
be stored. Currently, almost all the wastes that result from nu-
clear-powered electricity generation are being stored on the
grounds of the power plants. No one believes this is the best
place for these wastes, and at some plants storage capacity has
been or soon will be exceeded. For this reason, the federal
government committed long ago to build and open a high-
level nuclear waste repository. Yucca Mountain, Nevada, was
chosen as its site, and the repository has now been com-
pleted, at an eventual cost to the public of $50 billion, per-
haps more. There’s just one problem. Nevadans have no in-
terest in being home to these wastes and have been successful
in preventing the first shipments to Yucca Mountain, aided
by a recent U.S. Court of Appeals ruling that the Environ-
mental Protection Agency erred in establishing a safety stan-
dard Congress had directed it to set. Until and unless this
stalemate is resolved, the future of new nuclear plants—not

to mention the continued viability of the existing ones—is
uncertain.

Policy Issues

Yucca Mountain notwithstanding, the real policy question
facing the United States is this: should the government take
steps to facilitate the construction of at least some new nu-
clear plants in the United States, or should it leave this de-
cision solely to the privately owned companies that build vir-
tually all of the nation’s electricity generating capacity? Some
type of federal assistance would enable the companies build-
ing the first handful of plants (likely in consortia) to over-
come the “first-of-a-kind” costs that can make them much
more expensive than subsequent units. If these latter units
then became as cheap as some vendors suggest, their up-
front costs would be quite competitive with new clean coal
and even pulverized coal units and perhaps even competi-
tive with natural gas plants on an all-in basis if gas prices re-
main high. Not surprisingly, the industry is seeking such
government assistance in the form of a contribution toward
the cost of building the first new plants, like the production
tax credit afforded to wind power and other emission-free
sources, as well as possible loan guarantees and other pro-
tections.

Government subsidies are not the only way to ensure that
nuclear power gets to compete as a clean and secure source
of electricity generation, of course. In the same way that the
conventional air pollution problems associated with coal-
fired generation have been substantially internalized through
federal emissions-control requirements, so too could the
comparable externalities associated with climate change. This
could be done through a carbon tax or through a mandatory
cap-and-trade program that forced both coal- and gas-fired
plants to reduce their carbon dioxide emissions. Similarly, the
energy security costs associated with an increasingly interna-
tional market for natural gas could be internalized through
an appropriate tax. Once these external costs had been in-
ternalized, along with those associated with nuclear power
and other sources of electricity generation, of course, the gov-
ernment could step aside and let nuclear battle with coal, nat-
ural gas, wind, biomass, solar, and any other means of power
production one could think up.

Far from the “dead duck” nuclear power was once pro-
claimed to be, it has arisen phoenix-like from the ashes.
Whether this revival will extend to a new fleet of commercial
nuclear reactors in the United States depends in large part
upon how the inherent problems are resolved and how a nu-
clear program would be implemented. ■
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continue to meet nearly one-fourth of the world’s steadily

rising demands for energy in the coming decades. 

World consumption of coal, 5.3 billion tons in 2001, will

go up to about 7.6 billion tons by 2025, the U.S. Energy

Information Administration recently projected.



Almost all of that increase will come from three coun-
tries—in order, China, the United States, and India. All three
have large and easily accessible deposits of coal, a major con-
sideration for governments concerned about the instability
of oil prices and the insecurity of oil imports. This increase is
contrasted with Western Europe and other regions, where
coal use is expected to decline, partly because of a greater
availability of natural gas. See the table on page 33 for pro-
jected coal use worldwide.

The policy challenges of reconciling rapid economic
growth with clean air and reduced risks of climate change
will be met—or evaded—with the deepest consequences for
the planet’s richest country and the two biggest of its poor
countries.

In the United States, where it is used almost exclusively to
generate electricity, coal has been competing recently with a
cleaner fuel, natural gas. Partly for environmental reasons,
the electric power sector swung to increased use of gas in the
1990s. One result was a rapid rise in gas prices, which have
more than doubled since 1999. And that, in turn, is currently
causing the power companies to swing back toward greater
reliance on coal. 

This shift is not without consequences to human health
and the environment. Coal smoke contains fine particu-
lates — soot, ash, and gases such as oxides of sulfur and ni-
trogen—that threaten the health of those who breathe them.
Coal is also a prolific source of carbon dioxide, which, of all
the greenhouse gases generated by human activity, is the one
that contributes by far the most to global warming. 

Some writers have speculated that shortages of fossil fuels
might soon push the world
toward cleaner sources of en-
ergy. In the case of coal, that
is highly unlikely. Current
production amounts to 0.5
percent a year of the world’s
proven and economically re-

coverable coal reserves, and the United States is in no dan-
ger of running low in the future. 

A shift to renewable energy or other cleaner sources would
require strenuous pushing by governments. The necessary
political will and financial support will emerge only when so-
cieties decide that the negative effects of coal smoke on
health, human welfare, and the environment outweigh the
benefits of power at the lowest possible price.

China is beginning to consider action against the air pol-
lution that coal causes. It has chosen Taiyuan, a city notori-
ous for its bad air, as the site of an experiment in cutting emis-
sions of sulfur dioxide with a cap-and-trade program based
on the highly successful American model. With support from
the Asian Development Bank, the Chinese government pro-
poses to cut emissions in Taiyuan by half, allowing the sources
of these emissions to trade permits among themselves to hold
the cost down. One question is whether this American con-
cept can be transferred to a country with a very different eco-
nomic and political system. The  percent goal is ambitious
and the proposal is complex, but the fact that Taiyuan is
thinking seriously about reducing emissions that dramatically
is itself evidence of changing attitudes.

Here in the United States, energy policies sometimes work
at cross-purposes with one another. Deregulation of electric-
ity, for example, promises lower prices to consumers. But that
leads to less use of natural gas, which is cleaner but more ex-
pensive, and more use of coal, which is cheaper but dirtier.

When utilities were regulated, state authorities were able
to encourage electric companies to reduce pollution by guar-
anteeing them a return on their outlays. But under deregu-

lation, the competitive pres-
sure to push down prices is
relentless. It is possible to
combine deregulation with
policies to curb emissions,
possibly through a cap-and-
trade program or a federal

One popular response to the ris-

ing emissions of carbon dioxide

is the renewable portfolio stan-

dard, which typically requires a

certain level or percentage of

electricity to be produced from

renewable sources.
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carbon tax. But in either
case, one effect would be to
raise the price of electricity.

One popular response to
rising carbon dioxide emis-
sions is the renewable port-
folio standard, which typi-
cally requires a certain level or percentage of electricity to be
produced from renewable sources. In the United States, since
the mid-1990s, about 20 states have imposed such standards
on electricity producers or retailers. But policies to promote
clean technologies such as renewables may not have a large
effect on coal consumption. A renewable portfolio standard
will decrease usage of natural gas more than coal, in part be-
cause of the price differential. For that reason, encouraging
renewables will not have a large effect on coal use or carbon
dioxide emissions from the electricity sector in the absence
of other policy measures, such as a tax on carbon.

The cost of pollution re-
duction will be heavily in-
fluenced over the coming
decades by technological de-
velopments. One promising
avenue is the integrated
gasification combined-cycle
(IGCC) process, which chem-
ically turns coal into a syn-
thetic gas that can then be
burned in a turbine. This
method permits the segre-
gation and capture of most
of the pollutants, including
carbon. In the form of car-
bon dioxide, it can be in-
jected underground for per-
manent storage in geologi-
cal formations that are com-

mon throughout most of the
United States, without harm-
ing the environment. 

But the IGCC technology
has yet to be shown to work
reliably at the scale of a large
utility power plant. In a

deregulated market, investors appear unwilling to risk the
cost of a big plant based on an uncertain process. Experience
so far indicates that substantial public subsidies will be re-
quired to put this concept into actual practice.

To demonstrate how this would all work, the Department
of Energy is currently pursuing a project it calls FutureGen, a
partnership between the federal government and industry to
design and build an industrial-scale electric power plant with
carbon emissions pushed close to zero. It is to run on gasified
coal, with the carbon dioxide to be injected into permanent
underground reservoirs. When the project was announced in

early 2003, the department
estimated that the investment
in public and private funds
would come to about $1 bil-
lion over a decade.

According to one care-
ful estimate, carbon capture
and storage would become
profitable at a price of
roughly $200 to $250 a ton of
carbon—that is, the point at
which public policy, through
regulatory limits or taxation,
pushed the cost of emitting a
ton of carbon into that range.
That is approximately the
price that would result from
public action in this country
to comply with the Kyoto

The cost of pollution reduction

will be heavily influenced over

the coming decades by tech-

nological developments. One

promising avenue is the inte-

grated gasification combined

cycle (IGCC) process.

COAL CON SU M PTION,  2001 TO 2025 
(in millions of tons)

R EG ION 2001 2025 PE RCE NT
PROJ ECTE D CHANG E

United States 1,060 1,567 47.8 %

Western Europe 574 463 -19.3

Japan 166 202 21.7

Former Soviet Union 446 436 -2.2

China 1,383 2,757 99.3

India 360 611 69.7

Rest of the world 1,274 1,538 20.7

Total world 5,263 7,574 43.9

SOU RCE:  U.S .  E N E RGY I N FOR MATION ADM I N I STRATION,  2004.
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treaty on climate change, which would have required the
United States to cut its emissions of carbon dioxide by
about 30 percent from the amount that it would otherwise
reach in 2010. The United States has dropped out of the
Kyoto treaty on grounds, among others, of the cost. But Ky-
oto continues to set a marker, in general terms, of the cost
of a serious effort to protect the global climate from accu-
mulating greenhouse gases. 

At present there are no nationwide restrictions on car-
bon dioxide emissions in the United States, although most
of the state governments have begun to move toward con-
trolling them. To raise the cost to $200 per ton of carbon
would require a very substantial change in national policy.
But most studies indicate that the cost of carbon capture
and storage is likely to come down significantly with tech-
nological improvements. The Energy Department an-
nounced in late 2004 that it would provide up to $100 mil-
lion in federal subsidies over the next four years for
field-testing promising carbon sequestration technologies. 

Of all the fuels, coal poses the basic policy questions in
their simplest form. The first choice is between dirty and
cheap or clean and less cheap — possibly a good deal less
cheap. Conservation is always highly desirable, but in a so-
ciety in which the demand for electricity is growing
steadily, voluntary conservation alone does not offer a way
out of the hard choices. A serious effort to combat re-
gional air pollution and global climate change will require
the development of new technologies, probably with pub-
lic financial support. It will also require forceful public ac-
tion, through regulation, to ensure that power producers,
if they burn coal, adopt these new technologies. ■

34 RESOURCES

An Energy Options Matrix 

Setting energy policy in the 21st century requires balanc-
ing competing factors and making tough choices. For ex-
ample, framing an argument in favor of promoting coal
over natural gas to produce electricity would involve weigh-
ing lower costs against greater environmental liabilities.
The accompanying table (opposite) provides a framework
of how various energy options stack up in terms of avail-
ability, costs, environmental and security concerns, and
technological challenges. For more detailed information
on RFF’s work on energy issues, visit www.rff. org/energy.

Contributors to This Issue

J.W. Anderson is a former staff writer for The Washington
Post who serves as RFF’s journalist in residence. 

In his recent work, Senior Fellow Joel Darmstadter ad-
dresses energy, climate change, and the economic viabil-
ity of renewable sources of energy.

Senior Fellow Raymond J. Kopp studies the environmen-
tal aspects of energy policy and technological responses to
environmental issues and geopolitical stability. 

Richard G. Newell, an RFF fellow, analyzes the economics
of technological change, looking at the influence of gov-
ernment programs and market incentives on energy tech-
nologies.

Senior Fellow Karen Palmer is an expert on the environ-
mental and economic consequences of deregulation and
restructuring of the electricity industry. 

Senior Fellow Ian W.H. Parry looks at a wide range of pol-
icy approaches to address the social and political costs of
motor vehicle use, including gasoline taxes, transportation
financing, and fuel economy standards. 

William A. Pizer, an RFF fellow, studies the design of poli-
cies to address climate change risks caused by man-made
emissions of greenhouse gases. He also is a senior econo-
mist at the National Commission on Energy Policy.

RFF President and Senior Fellow Paul Portney is an expert
on the role of economic analysis in energy and environ-
mental regulation, especially the regulation of automo-
biles, power plants, and other industrial facilities.



Fuel Supply 
Problems?

Yes and no.
Many trillions of 
barrels are left, but
perhaps several
decades’ worth is
readily available at
current prices.

No.
Current estimates of
proven reserves are
70 times present an-
nual world consump-
tion, and the size of
proven reserves has
increased every year
since 1970.

Yes and no.
The lightest gas, hy-
drogen does not 
exist naturally on
earth. However, it can
be produced using a
wide variety of pri-
mary energy sources.

Yes and no.
Most renewables 
occur in large but not 
inexhaustible,
amounts. However,
ancillary problems 
exist, such as the pos-
sibility of running out
of wind farm sites. 

No.
By most accounts, the
world has a sufficient
supply of uranium to
accommodate greatly
increased nuclear
power generation. Re-
processing spent fuel
could stretch this even
farther.

No.
Proven reserves in 
the United States
alone are huge. 
China and India also
have large reserves.

ISSUE PETROLEUM NATURAL GAS HYDROGEN RENEWABLES NUCLEAR COAL

Major Cost 
Concerns?

Yes.
Unexpected rise in 
demand or decline in
production can have
a sharp effect on
prices, with often 
dramatic economic
consequences.

Yes.
Although large 
quantities of gas can
be found underground,
they are not always 
located in places of
high demand.

Yes.
Every piece of the 
hydrogen puzzle 
(production, storage,
use in vehicles) faces
a cost disadvantage 
of several times 
relative to competing
alternatives. 

Yes.
Costs have declined,
and some windpower
installations produce
cost-competitive 
electricity. In spite of
this, currently subsi-
dies are essential.

Yes.
Nuclear power is 
unlikely to be econom-
ically viable unless
the cost of building a
new plant can be re-
duced significantly.

No.
Coal is by far the
cheapest, per Btu of
energy, of the fossil
fuels, and its price
has steadily declined.

Adverse 
Environmental 

Impact?

Yes.
Although less damag-
ing than coal, burning
oil generates green-
house gases, and
spills affect marine
life.

Some.
Natural gas contains
less carbon and is 
less of a problem than 
coal or petroleum, 
but it still emits pollu-
tants, including 
nitrous oxides and
solid particulates.

Yes and no.
Combusting or using
hydrogen in fuel cells
produces very little, 
if any, direct pollution.
But producing the 
hydrogen itself can
harm the environment.

No.
Environmental attrib-
utes are, on balance,
highly positive, though
with some caveats.
Wind turbines and
biomass use may
present some environ-
mental challenges.

Yes and no.
Nuclear power does
not emit conventional
air pollutants when
used to generate 
electricity. However,
finding safe storage
for spent fuel has
been extraordinarily
difficult.

Yes.
Burning coal gener-
ates gases and 
airborne particles 
that threaten human
health and, through
acid rain, natural
ecosystems. 

Dependence 
on Unreliable 

Suppliers?

Yes.
Ongoing wars and 
increasing terrorism 
in the Middle East,
along with growing
concerns about relia-
bility of Russian oil,
make this an impor-
tant issue.

Some.
The United States 
imports only 15% of
its natural gas at this
time, but this percent-
age is likely to in-
crease in the future.

Maybe.
Hydrogen can be pro-
duced using domestic
sources, such as coal
and renewables. 
However, the domi-
nant current method
uses natural gas,
which is increasingly
being imported.

No.
Renewables, because
they substitute for 
fuels subject to supply
or price risks, enhance
energy security. 

No.
Both the United
States and Canada, 
as well as other
friendly nations, have
significant uranium
deposits.

No.
The biggest con-
sumers, including 
the United States, 
are the biggest 
producers.

Serious 
Technical  

Challenges?

Yes and no.
Major breakthoughs
would be required to
extract oil from new
sources, such as tar
sands. Improvements
to cars and trucks can
lessen pollution but
may not greatly re-
duce oil dependence. 

No.
Normal improvements
in exploration and 
extraction technology
can be expected to
continue.

Yes.
Significant technical
barriers apply to all
facets of a hydrogen
system. On-vehicle
storage and fuel cell
technology are the
most daunting, but
hydrogen production
and distribution are
challenging as well.

Yes.
For some time to
come, certain renew-
ables, such as solar
photovoltaics and
nonethanol biofuels,
will be critically 
dependent on R&D
and technological
progress. 

No.
There are no real 
R&D or technological
challenges to produc-
ing nuclear energy.
However, success will
depend on keeping
plant construction
costs down and find-
ing a politically 
acceptable way to 
dispose of wastes.

Yes.
It is possible to hold
emissions of noxious
gases and particles 
to low levels, but this
technology is rare in
industrializing coun-
tries. Likewise, tech-
nology for capturing
and storing carbon
dioxide has yet to be
fully developed. 
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the hard data to back them up, and
this is where RFF could play a critical
role. 

Congressional passage of comprehensive

energy legislation remains an elusive goal.

Having served under both Clinton and

Bush, do you think this situation will ever

change?

Many things will have to happen for
real change to come about—it will
take a deeper and much more sus-
tained effort than we’ve seen up until
now. There needs to be one person
in Congress who can get everyone to
come to the table. Energy policy can-
not be seen as a partisan issue—the
need for affordable energy cuts
across all demographic groups. 

As a practical matter, do you think it is

possible to lessen America’s economic de-

pendence on foreign oil? Shouldn’t we just

learn to live with it?

There’s really no alternative. The
United States is never going to be-
come truly energy independent and
it’s naïve to think otherwise—de-
mand is just too great. Oil is now a

global commodity, with suppliers out-
side the Middle East—like Canada,
Russia, and West Africa—starting to
play a more dominant role. 

Electricity deregulation appears to have

stalled. Do you think this is a permanent

state of affairs?

Given what happened in California a
few years ago and ongoing price
volatility in the power market, I think
deregulation is possibly stalled, but
not dead. You can’t put the genie
back in the bottle—this issue will re-
turn in a few years. The Federal En-
ergy Regulatory Commission can do
more to monitor and referee the in-
evitable fights over open access. I still
believe that competition among
power generators can work, if the
right legislative checks and balances
are in place. ■

R esources recently interviewed Vicky A. Bailey, who joined the RFF Board last year, about the ongoing evolution of U.S. en-

ergy policy. Now a partner at Johnston and Associates, a strategic legislative and public affairs consulting firm, Bailey

was a primary adviser to Energy Secretary Spencer Abraham and senior DOE management on domestic and international

energy policy during President Bush’s first term. Previously, she was the president of PSI Energy Inc., Indiana’s largest electricity sup-

plier, which is part of Cinergy Corp. Before that, she was nominated by President Clinton to the Federal Energy Regulatory Commis-

sion and served two terms as a commissioner.

Fresh Perspectives on the Future of U.S.

Energy Policy: Insights from RFF Board

Member Vicky A. Bailey
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Inside RFF

How did you first become aware of 

RFF’s work?

Through my friendship with Paul
Portney! I first met him many years
ago, when I was serving as an Indiana
state energy commissioner, and we
have stayed in touch ever since.
Paul’s genuine sense of excitement
and passion about RFF is contagious.
He always made sure that I knew
about upcoming events and new re-
search going on at RFF. 

Based on your experience in both the pub-

lic and private sectors, are there things

RFF could be doing to better communicate

the results of its work? 

RFF scholars have always been good
at predicting the future of environ-
mental policy but they could do more
to influence how companies respond
to new environmental, energy, and
regulatory demands. Reality is start-
ing to merge with theory: companies
are now taking a much closer look at
energy technologies that were once
considered far-fetched, like cars be-
ing powered by hydrogen fuel cells.
They are hungry for new ideas and
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Corporate Donors Under

$25,000

RFF extends its thanks to the cor-
porations and associations that
supported our research and out-
reach efforts in 2004. These dedi-
cated organizations realize that
while they may not always agree
with RFF’s recommendations, they
truly value RFF’s objective and un-
biased voice in environmental and
natural resource policy debates.
The unrestricted support from our
Corporate Associates enables RFF
to continue providing its unique
brand of research and helps ele-
vate the quality of discussions
across the country and around the
globe.

AIG Environmental

ALLETE

American Forest & Paper 
Association

Ashland Inc.

Cargill, Inc.

CF Industries, Inc.

Cinergy Corporation

Consolidated Edison Co. of
New York, Inc.

Constellation Energy Group,
Inc.

Cummins Engine Company, Inc.

Eastman Kodak Company

Electric Power Research 
Institute

Electricité de France Interna-
tional North America Inc.

Electronic Industries Alliance

Entergy Corporation

Georgia-Pacific Corporation

Green Diamond Resource 
Company

Hamilton & Hamilton

Hawaiian Electric Company, Inc.

Industrial Economics, Inc.

Koch Industries, Inc.

MeadWestvaco Corporation

Merrill Lynch

Midwest Generation EME, LLC

National Railroad Passenger
Corporation

Novartis Corporation

Nuclear Energy Institute

Pepco Holdings

Plum Creek Management 
Company

Shell Oil Company Foundation

TCW Economics

The Soap & Detergent 
Association

The Stout & Teague Company

TXU Corp.

Vinson & Elkins LLP

Wisconsin Energy Corporation

Government Agencies

RFF receives approximately 20
percent of its annual budget in the
form of project grants and con-
tracts from government sources.
Government-sponsored research
must be nonproprietary. That is,
RFF insists on the right to share
the results of its work with all
participants in the policy process.

Canadian Federal Government
Network of Centers of Excel-
lence Program

The Government of Colombia

Jet Propulsion Laboratory

Maryland Department of Nat-
ural Resources

National Institutes of Health

National Science Foundation

National Aeronautics and
Space Administration

New York State Energy 
Research and Development
Authority

U.S. Agency for International 
Development

U.S. Department of Agricul-
ture, Economic Research 
Service

U.S. Department of Commerce,
National Oceanic and Atmos-
pheric Administration

U.S. Department of Energy

U.S. Environmental Protection
Agency

Foundations and Other 

Institutions

RFF would like to thank the many
philanthropic foundations and
other independent organizations
that provided support in 2004.
These gifts help to diversify our
funding base and extend our re-
search on exciting new policy issues.

American Meteorological 
Society

Americans for Equitable Cli-
mate Solutions

Asian Development Bank

Baumol Family Foundation, Inc.

Better World Fund

The Harold and Colene Brown
Family Foundation

Buehler Foundation, Inc.

The Cadeau Foundation

Center for Global Partnership

Electricity Innovation Institute

The Energy Foundation

Environmental Law Institute

The Foundation for Strategic
Environmental Research

The Ford Foundation

Fuji Research Institute

The William and Flora Hewlett
Foundation

Island Press

The Robert and Ardis James
Foundation

Japan Research Institute

The Johnson Foundation

The Lincoln Institute of Land
Policy

The Andrew W. Mellon 
Foundation

National Academy of Sciences

National Commission on 
Energy Policy

Pew Initiative on Food and
Biotechnology

Regional Environmental 
Center for Central and Eastern
Europe

The Rockefeller Foundation

The Smith Richardson 
Foundation

The G. Unger Vetlesen 
Foundation

Vrije University Institute of 
Environmental Studies

Waseda University Environ-
mental Institute

The World Bank

In fiscal year 2004, RFF’s operating revenue was $8.7
million, 78% of which came from individual contribu-
tions, foundation grants, unrestricted corporate contri-
butions, and government grants. RFF augments its in-
come by an annual withdrawal from its reserve fund to
support operations. At the end of fiscal year 2004, the
reserve fund was valued at $19.0 million.

RFF research and educational programs continued to
be vital in 2004, representing 70% of total expenses.
Management and administration, and development
expenses combined were only 17% of the total. The
balance is made up of goods sold and building opera-
tions related to facilities rented to other nonprofit 
organizations.

revenue percentages

4% SALES & MISCELLANEOUS

78% GIFTS AND GRANTS

18 % 

INVESTMENTS 

AND 

REAL ESTATE 
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expense percentages

12% BUILDING 

OPERATIONS

1% COST 

OF GOODS 
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5% 

DEVELOPMENT

12% MANAGEMENT 
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70%
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New Approaches on Energy and the
Environment
Policy Advice for the President

Richard D. Morgenstern and 
Paul R. Portney, editors
Cloth, ISBN 1-933115-00-9 / $45.00
Paper, ISBN 1-933115-01-7 / $16.95

Choosing Environmental Policy
Comparing Instruments and Out-
comes in the 
United States and Europe

Winston Harrington, Richard D. 
Morgenstern, and Thomas Sterner, editors
Cloth, ISBN 1-891853-87-2 / $70.00
Paper, ISBN 1-891853-88-0 / $32.95

The Bioengineered Forest
Challenges for Science and Society

Steven H. Strauss and 
H. D. Bradshaw, editors
Cloth, ISBN 1-891853-71-6 / $45.00

Collaborative Environmental 
Management
What Roles for Government?

Tomas M. Koontz, Toddi A. Steelman,
JoAnn Carmin, Katrina Smith 
Korfmacher, Cassandra Moseley, and
Craig W. Thomas
Cloth, ISBN 1-891853-80-5 / $50.00
Paper, ISBN 1-891853-82-1 / $23.95

Common Waters, Diverging Streams
Linking Institutions and Water Man-
agement in Arizona, California, and
Colorado

William Blomquist, Edella Schlager, and
Tanya Heikkila
Cloth, ISBN 1-891853-83-X / $70.00
Paper, ISBN 1-891853-86-4 / $30.95

The Equitable Forest
Diversity, Community, and Resource
Management

Carol J. Pierce Colfer
Cloth, ISBN 1-891853-77-5 / $65.00
Paper, ISBN 1-891853-78-3 / $29.95

Northern Landscapes
The Struggle for Wilderness Alaska

Daniel Nelson
Cloth, ISBN 1-891853-84-8 / $36.95
Paper, ISBN 1-891853-85-6 / $22.95
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Painting the White House Green
Rationalizing Environmental Policy
Inside the Executive Office of the
President

Randall Lutter and Jason F. Shogren,
editors
Cloth, ISBN 1-891853-73-2 / $55.00
Paper, ISBN 1-891853-72-4 / $25.95

Alternating Currents
Electricity Markets and Public Policy

Timothy J. Brennan, Karen L. Palmer,
and Salvador A. Martinez
Paper, ISBN 1-891853-07-4 / $26.95

The Economics of Waste

Richard C. Porter
Paper, ISBN 1-891853-43-0 / $30.95

Policy Instruments for Environmental
and Natural Resource Management

Thomas Sterner
Paper, ISBN 1-891853-12-0 / $38.95

Private Rights in Public Resources
Equity and Property Allocation in
Market-Based Environmental Policy

Leigh Raymond
Cloth, ISBN 1-891853-69-4 / $55.00
Paper, ISBN 1-891853-68-6 / $21.95

Science and Technology Advice for
Congress

M. Granger Morgan and Jon Peha,
editors
Cloth, ISBN 1-891853-75-9 / $55.00
Paper, ISBN 1-891853-74-0 / $22.95

Siren Song
Chilean Water Law as a Model for
International Reform

Carl J. Bauer
Cloth, ISBN 1-891853-79-1 / $33.95

Pricing Irrigation Water
Principles and Cases from Develop-
ing Countries

Yacov Tsur, Terry Roe, Rachid Doukkali,
and Ariel Dinar
Cloth, ISBN 1-891853-76-7 / $65.00

True Warnings and False Alarms
Evaluating Fears about the Health
Risks of Technology, 1948–1971

Allan Mazur
Cloth, ISBN 1-891853-55-4 / $50.00
Paper, ISBN 1-891853-56-2 / $18.95

Environmental Protection and the
Social Responsibility of Firms
Perspectives from Law, Economics,
and Business

NEW!

Bruce L. Hay, Robert N. Stavins, and
Richard H. K. Vietor, editors
Cloth, ISBN 1-933115-02-5 / $80.00
Paper, ISBN 1-933115-03-3 / $39.95
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Determining the Economic 
Value of Water Concepts and Methods

Robert A. Young
“Every economist working in water resources
would want a copy of this book. Young has done
the best job I have ever seen of outlining the par-
ticular conceptual problems of valuing water re-
sources.”—Mark Smith, Colorado College 

Cloth, ISBN 1-891853-97-X / $80.00
Paper, ISBN 1-891853-98-8 / $39.00

Environmental Protection and 
the Social Responsibility of Firms 
Perspectives from Law, Economics, 
and Business

Bruce L. Hay, Robert N. Stavins, and
Richard H. K. Vietor, editors
This collection of essays by the nation’s leading
scholars in law, economics, and business exam-
ines the concept of corporate social responsi-
bility—or the voluntary participation of firms in
environmental protection.

Cloth, ISBN 1-933115-02-5 / $80.00
Paper, ISBN 1-933115-03-3 / $39.95

National Environmental Accounting
Bridging the Gap between 
Ecology and Economy

Joy E. Hecht
“Fills an important void for a clear
and comprehensive introduction.
Appropriate for those interested in
both the essential how-to’s as well as
the larger policy implications of na-
tional environmental accounting.”
—Gernot Wagner, Harvard 
University  

Cloth, ISBN 1-891853-93-7 / $60.00
Paper, ISBN 1-891853-94-5 / $24.95

Toward Safer Food Perspectives on
Risk and Priority Setting

Sandra A. Hoffmann and 
Michael R. Taylor, editors
“This volume by an unsurpassed group of re-
searchers and policy experts traces the history
and describes the status of current government
food safety efforts. It examines impediments to
reducing food-related illness and provides a com-
prehensive guide for improving public health
protection by creating and harnessing new tools
for risk analysis and priority setting.” 
— Carol Tucker Foreman, Distinguished Fellow
and Director, The Food Policy Institute 

Cloth, ISBN 1-891853-89-9 / $70.00
Paper, ISBN 1-891853-90-2 / $32.95
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