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Foreword Eileen Claussen, President, Pew Center on Global Climate Change

Energy use and climate change are inextricably linked. In the current national energy policy debate,

choices made today will directly impact U.S. greenhouse gas (GHG) emissions far into the future. In addition,

near-term energy policy decisions will affect the costs of implementing any future climate policy. Decision-

makers face the challenge of crafting policies that allow the United States to meet its energy needs while act-

ing responsibly to reduce GHG emissions. This report contributes to the debate by examining a number of 

“climate-friendly” energy policy options for the near term—that is, policies that would advance U.S. energy pol-

icy goals during the next few decades while at the same time contributing to efforts to curb global warming.

For this most recent report in the Pew Center’s policy series, a diverse team of authors from Van Ness

Feldman, P.C. and The Brattle Group has identified key elements of a climate-friendly energy policy. The

authors describe important U.S. energy policy objectives, including: (1) a secure, plentiful, and diverse 

primary energy supply, (2) a robust, reliable infrastructure for energy conversion and delivery, (3) affordable

and stable energy prices, and (4) environmentally sustainable energy production and use.

Often, these objectives are thought of as competing goals – that energy policy and security issues are

in conflict with environmental objectives and vice versa. In reality, our authors find a substantial convergence

between the goals of energy policy and climate policy, and that many feasible and beneficial policies from

supply and security perspectives can also reduce future U.S. GHG emissions. Some key elements of a 

climate-friendly energy policy identified here include: increasing natural gas production and expanding natural

gas transportation infrastructure; developing and deploying renewable energy technologies and efficient elec-

tricity production technologies; enhancing efficiency of automobiles and light trucks, industry, and buildings;

and research and development on non-fossil fuels and carbon sequestration.

The authors caution, however, that a climate-friendly energy policy is not a substitute for climate 

policy. More significant GHG emissions reductions would be necessary in order to address climate change

than can be justified solely on the basis of traditional energy policy objectives. The policy options outlined in

this report represent sensible and important first steps in the United States’ efforts to reduce GHG emissions.

In other reports and workshops, the Pew Center is evaluating options to produce more dramatic

changes to the U.S. energy system, which could eventually lead us to an economy based on energy sources

other than the carbon-based fossil fuels that are the primary contributors to global warming. Indeed, in the

long run, we can only curb climate change by weaning ourselves of our reliance on fossil fuels.

The Pew Center and the authors wish to thank Ralph Cavanagh, David Greene, Tom Runge, Thomas

Casten, and Ev Ehrlich for their comments on previous drafts of this report. 

Designing a climate-friendly energy policy
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Designing a climate-friendly energy policy

Executive Summary
Energy policy and climate policy are closely linked because the majority of U.S. greenhouse gas

(GHG) emissions are in the form of carbon dioxide (CO2) emissions resulting from the combustion of fossil

fuels. Energy policies can reduce CO2 emissions by, for example, increasing energy efficiency, reducing

reliance on fossil fuels, and shifting from high-carbon to lower-carbon fuels. Conversely, energy policies that

miss opportunities to make such changes will leave unchecked the trend of increasing CO2 emissions.

Consequently, energy policy decisions made today can help reduce GHG emissions in the near term and can

significantly affect how costly it would be to implement any future climate policy. 

The federal government is in the throes of one of its periodic comprehensive reviews of U.S. energy

policy. It is likely that significant federal energy policy questions will be addressed in the near term, before

the development of any climate change regulatory program. Yet, there is also the distinct possibility that the

United States will eventually adopt a mandatory GHG reduction program. This report considers energy policies

that can be adopted in the context of the energy policy debate, short of adopting a GHG program now, to best

position the nation to reduce GHG emissions and to implement future climate change policies. These are the

options that make up a “climate-friendly energy policy.” 

In reviewing policy options, we have identified four key objectives that drive energy policy:

(1) Secure, plentiful and diverse primary energy supply,

(2) Robust, reliable infrastructure for energy conversion and delivery, 

(3) Affordable and stable energy prices, and

(4) Environmentally sustainable energy production and use.

In developing a template for a climate-friendly energy policy, we have limited ourselves to a review of

energy policy options, i.e., policies that serve one or more of these objectives. We have not considered climate

policies that lack a direct energy policy nexus. We have also limited ourselves to relatively near-term energy pol-

icy initiatives, i.e., initiatives that could begin to produce energy policy benefits over the next decade or two.

Climate-friendly energy policies fall into one of three general categories—policies that:

(1) Reduce GHG emissions now, 

(2) Promote technology advancement or infrastructure development that will reduce the costs of 

achieving GHG emissions reductions in the future, and 

(3) Minimize the amount of new capital investment in assets that would be substantially devalued (or

“stranded”) if a GHG program were implemented.
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Using these guidelines, the following are highlighted as key elements of a climate-friendly energy policy:

Fossil Fuels

Increased natural gas production and expanded natural gas transportation

infrastructure will lower the price and increase the availability of natural gas and, in turn, support the

continued use of gas in lieu of coal in new power plants. 

Electricity

Deployment of efficient electricity production technologies, including combined

heat and power, fuel cells, and highly efficient power plant technologies, can significantly increase the

amount of useful energy gleaned from fuels, and thus reduce both energy costs and GHG emissions. 

Maintaining a role for nuclear and hydroelectric power can enhance diversity of

energy supply. It also will reduce growth in fossil fuel consumption for electricity generation and may reduce

energy prices. 

Deployment of renewable energy technologies can help diversify the nation’s energy

portfolio. These technologies are environmentally beneficial—most produce little or no GHG emissions. 

Building and Industrial Efficiency

Enhancing end-use efficiency in buildings and industry can reduce overall con-

sumer costs in many cases, can reduce the need for new electric power plants, and can reduce GHG emissions

related to energy use. 

Transportation

Enhancing efficiency of automobiles and light trucks reduces oil consumption, and

thereby mitigates reliance on oil imports and reduces GHG emissions. 

Research and Development

Research and development on efficient technologies in all sectors can provide

options to reduce future energy costs to consumers and future energy consumption, with corresponding

GHG benefits. 

Research and development on non-fossil fuels and carbon sequestration can

provide future alternatives to reliance on oil and could enable continued use of coal consistent with a GHG

emissions limitation.
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In many areas, there is a substantial convergence between energy policy objectives and climate policy

objectives. In particular, climate-friendly energy policies aim to: (1) increase the efficiency of energy use; 

(2) increase the use of renewable (including biofuels) and other non-emitting technologies; (3) promote the use

of natural gas instead of coal or oil; and (4) encourage research and development on new energy technology.

This set of climate-friendly energy policies advances energy policy objectives. Taken together, these

measures would build on the policies implemented to date to: enhance energy security by reducing growth in

demand for oil, increase the diversity of the country’s energy mix, strengthen the energy delivery infrastruc-

ture, and contribute to improvements in air quality without significantly increasing consumer energy costs. In

addition to the policies listed above, there are other energy policy options that have no significant climate

change impacts but may address central energy policy concerns and, thus, should be considered for inclusion

in any comprehensive energy policy. These could include policies to increase domestic production of oil, to

expand electricity transmission infrastructure, and to promote competitive electricity markets.

The set of climate-friendly energy policies discussed in this report advances climate objectives, but it

does not constitute a fully elaborated climate policy. It does not produce the magnitude of reductions needed,

for instance, to meet the non-binding goal set forth for the United States in the 1992 Rio Framework

Convention on Climate Change, i.e., to return U.S. GHG emissions to 1990 levels. Based on the U.S.

Department of Energy’s analysis1 of a similar set of policy elements, it appears that this package could signifi-

cantly slow the projected growth of GHG emissions, but is not sufficient to reduce energy-related GHG emis-

sions from current levels, much less return them to 1990 levels. Moreover, trying to achieve climate goals

indirectly through energy policy tools will necessarily be more expensive than achieving the same climate

goals through an effectively designed, market-based GHG regulatory program covering all sectors of the 

economy. Instead, this is a collection of near-term energy policies that stand on their own as energy policies

and would help better position the U.S. economy for possible future GHG emissions limitations.
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I. Energy Policy Context

The energy policy choices the United States makes in the near term will

have long-term consequences for U.S. emissions of greenhouse gases (GHGs),

which contribute to climate change. The purpose of this paper is to review the range of 

energy policy choices available to address the energy issues currently facing the United States and to

describe a path to a more climate-friendly energy policy in the near term. 

As a foundation for this discussion, the paper reviews U.S. energy policies as they have devel-

oped over the past three decades, provides a snapshot of current levels of U.S. GHG emissions, and high-

lights some of the relevant insights from economic analyses of energy policies. The paper then embarks

on an analysis of potential energy policies and their implications for GHG emissions in the five principal

U.S energy sectors: (1) fossil fuel supply, (2) electricity production, (3) buildings,2 (4) industrial process-

es, and (5) transportation. On the basis of this analysis, the conclusions section identifies a set of poli-

cies that would achieve energy policy objectives while enhancing the position of the U.S. economy to

comply with a future GHG regulatory regime. 

A. The Link Between Energy and Climate

Eighty-four percent of U.S. GHG emissions are carbon dioxide (CO2)

emissions, resulting almost entirely from the burning of fossil fuels.3 Energy

policies that reduce fossil fuel use will reduce CO2 emissions. Fossil fuel use can be reduced by: 

(1) deploying technologies that increase energy efficiency (e.g., more efficient power plants, cars, and

appliances) and (2) employing non-fossil fueled energy sources (e.g., solar, wind, geothermal, biomass,4

hydroelectric, nuclear energy, or renewables-based hydrogen). CO2 emissions also can be reduced by

shifting from high-carbon to lower-carbon fuels (e.g., shifting from coal to natural gas in the electricity

production sector). Conversely, energy policies that increase fossil fuel consumption, discourage or miss

opportunities for efficiency improvements, and expand reliance on high-carbon fuels will increase CO2

emissions and thereby exacerbate climate change. 
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Given this close relationship between energy use and GHG emissions, near-term energy policy

choices have significant future implications for climate change. First, energy policies can affect GHG

emissions in the near term. Second, energy policy choices can enhance or impede development and

deployment of new technology and infrastructure that will reduce the cost of controlling GHG emissions

in the future. Third, energy policies can shape decisions about capital-intensive investment in equipment,

plant, and resource development, and thus can affect the degree of dislocation potentially associated with

implementing future GHG policies. Today’s energy policy choices can have important future ramifications,

influencing both energy and GHG emissions outcomes for years to come. 

B. Energy Policy Retrospective—How We Got to Where We Are Today

A discrete and unified U.S. energy policy does not exist. Rather, policies

affecting energy production and use in the United States have a multitude of

sources and take a multitude of forms. For example, while this report focuses for the most

part on federal energy policies, state and local governments also play a key role in regulating energy-related

activities. In addition, while there are federal policies aimed directly at achieving energy objectives, there are

also federal policies aimed at achieving other objectives—ranging from environmental protection to easing

traffic congestion—that have indirect but nevertheless substantial impacts on energy production and use.

Finally, even those policies aimed squarely at achieving energy-related objectives are shaped by other policy

concerns, such as labor and foreign policy issues. Energy policy, in short, operates in multiple dimensions.

While U.S. energy policy has many sources, forms, and influences, it is nevertheless possible to

identify four traditional objectives on which U.S. energy policy has focused: 

1. Secure, plentiful, diverse energy supply. Sources of primary energy need to be secure from inter-

ruption, adequate to meet short- and long-term needs, and diverse enough so that a natural or

political interruption of one source of supply will not cripple the U.S. economy. 

2. Robust, reliable energy infrastructure. The infrastructure for energy delivery and conversion (e.g.,

pipelines; refineries; and electricity transmission, generation, and distribution facilities) needs to

have adequate capacity (including a margin for unforeseen events), be reliable in normal opera-

tion, and be secure.

Designing a climate-friendly energy policy
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3. Affordable and stable energy prices. Delivered energy prices should be at levels that are afford-

able to consumers and support the nation’s overall economic health. Energy prices should give

consumers price signals that encourage efficient use of energy and producers sufficient returns

for providing new supply. Excessive price volatility also is a concern because highly unstable

prices dampen consumer confidence and create uncertainty for investors. 

4. Environmentally sustainable energy production and use. Energy production and use must be con-

sistent with the need to protect public health and safety and the environment in both the short

term and the long term. 

As a predicate to understanding today’s energy policy debate and its focus on these four objec-

tives, it is useful to review quickly the history of the debate. The U.S. energy policy debate began in

earnest almost 30 years ago with the Arab oil embargo of 1973–74. The embargo exposed the vulnerabili-

ty of the U.S. economy to concerted action by foreign producers to withhold crude oil supplies from the

United States. The initial U.S. reaction to the embargo was to impose price controls on petroleum, to

adopt emergency conservation measures, and to mandate that power plants that had switched from coal

to oil (to comply with Clean Air Act requirements) switch back to coal. The Nixon Administration’s Project

Independence Study concluded (to no one’s surprise) that it was infeasible for the United States to

become wholly independent of imported oil. The Ford Administration in 1975 submitted legislative pro-

posals to reduce U.S. vulnerability to action by the Organization of Petroleum Exporting Countries

(OPEC). The proposals included steps to decontrol oil and natural gas prices, encourage U.S. fossil fuel

production, establish a strategic petroleum reserve (SPR), participate in the International Energy Program

(IEP), and provide better information to consumers on the energy efficiency of products. The Democratic

Congress responded by enacting the Energy Policy and Conservation Act, which maintained price controls

on oil and natural gas, mandated efficiency standards for automobiles and appliances, established the

SPR, and authorized participation in the IEP. In the same time frame, Congress enacted the Alaska

Natural Gas Transportation Act (ANGTA) to facilitate development of Alaska’s gas resources. Because of

market conditions, however, this project has not yet been constructed.

By the late 1970s, severe interstate natural gas shortages and the continuing vulnerability of the

United States to oil supply interruptions gave rise to Carter Administration proposals to increase gasoline

3
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taxes; impose new taxes on crude oil, natural gas, and petroleum products; require virtually all new base

load electric generation5 to use coal; promote energy efficiency and renewable energy; and ultimately

remove price controls on new natural gas. Congress balked at the energy taxes, but enacted most of the

Carter program.

Within months after the Carter program was enacted, and before it could have any effect, 

the Iranian revolution triggered a second oil shock in which crude oil prices tripled. This, in turn, 

led to another round of Carter Administration proposals that resulted in energy legislation aimed at

increasing domestic supply through incentives for production of domestic fuels and synthetic fuels. 

In response to a third oil shock—the crude oil price increase associated with the Persian Gulf War—the

Bush Administration proposed and Congress enacted a further set of supply enhancement and energy 

efficiency proposals in the Energy Policy Act of 1992.

In retrospect, the crude oil supply interruptions in 1973, 1979–80, and 1990 and the associat-

ed world crude oil price run-ups that occurred in connection with those interruptions have been important

drivers for U.S. energy policy. In each case, the crude price increases triggered contractions in gross

domestic product (GDP), and, in the case of the 1970s oil shocks, severe inflationary pressures. The 

policy prescriptions for reducing supply vulnerability have included increasing U.S. production of conven-

tional and alternative fuels, emphasizing market forces, reducing demand through efficiency measures,

establishing and maintaining the SPR,6 and maintaining international arrangements under the IEP to

coordinate petroleum stock drawdowns. As a result of both price increases and policy measures, and the

diversification of the sources of its petroleum supply, the United States has reduced its vulnerability to a

physical interruption of crude oil supplies. However, the OPEC cartel countries continue to be the source

of significant oil imports, leaving the transportation sector in particular and the economy in general

exposed to supply and price risk. 

C. Energy Policy Today

Today’s energy policy debate confronts a mixture of old and new issues.

World crude prices increased from less than $10 per barrel in late 1998 to a high of $31 in late 2000,

which once again contributed to an economic slowdown.7 The United States remains vulnerable to 

Designing a climate-friendly energy policy
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concerted action by oil-producing nations to curtail production and increase prices. Moreover, conflicts in

Central Asia and the Middle East have brought fuel supply concerns again to the fore. In addition, the

events of September 11, 2001, have given rise to a new energy policy priority: securing domestic energy

facilities from terrorist attack. Finally, sharply increased rates of U.S. economic growth in the late 1990s

exposed energy supply shortages, transportation and transmission bottlenecks, and regulatory idiosyn-

crasies that sharply increased prices of natural gas, electricity, and petroleum products in some regions. 

Energy policy today operates in a different regulatory environment than it did 25 years ago: The

prices of natural gas, oil, and wholesale electric power have been substantially deregulated (though the

rates for transmission and distribution services8 in all three sectors remain regulated, as do rates for retail

sale of electricity and natural gas in many areas), energy efficiency standards are in place for a number of

consumer products, environmental regulation has expanded, and the prospect of future climate change

policy has emerged as a significant uncertainty in business planning. Perhaps the most striking of these

changes is the greater market-orientation of energy policy. Overall, energy policy is much more market-

oriented, less focused on cost-based price regulation, and more focused on environmental regulation than

it was in the 1970s.

Accordingly, after three decades, U.S. energy policy is primarily focused on four key objectives:

(1) a secure, plentiful, and diverse primary energy supply; (2) a robust, reliable infrastructure for energy

conversion and delivery; (3) affordable and stable energy prices; and (4) environmentally sustainable

energy production and use. This report’s assessment of energy policy options will take into account the

extent to which each option serves one or more of these four basic energy policy goals, and whether it

achieves these objectives in a climate-friendly manner. 

5
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II. Current Energy Picture

The United States consumed nearly 100 quadrillion British Thermal

Units (or “quads”) of energy in 2000, at a cost of nearly $700 billion.9 As back-

ground, this section breaks down the current energy picture in the United States, discussing fuel mix,

imports, end uses of energy, and energy efficiency. 

A. Fuel Mix 

Fossil fuels provided 85

percent of U.S. primary energy10

in 2000: petroleum products

accounted for 39 percent,

natural gas 24 percent, and

coal 22 percent. (See Figure 1.)

Non-fossil sources provide about 

15 percent of U.S. primary energy. Nuclear

energy represents approximately 8 percent

and renewable energy resources account for

7 percent (about half of the renewable ener-

gy is hydropower). The amount of energy

provided by nuclear sources is peaking for

the next several years. It is then expected to decline markedly over the next 15–20 years as existing nuclear

power stations reach the end of their operational lifetimes and are not replaced. Hydropower output is expect-

ed to be static. Other renewable sources (biomass, wood, municipal solid waste, ethanol, wind, and solar) 

now supply only 3.6 percent of total U.S. energy and only 2.1 percent of total U.S. electricity generation.

Renewable sources have the potential to provide much more energy, but this is highly dependent on the 

relative price of other energy supplies, technological advancements, regulatory policies, and consumer choice. 

Designing a climate-friendly energy policy

Figure 1

Sources of Primary Energy

2000 U.S. Total: 98.5 quads

Source: U.S. DOE, EIA. Annual Energy Review 2000, Table 1.3.
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The mix of fuels consumed in the 

different sectors varies significantly. Electricity

production, which accounts for approximately 37

percent of total energy use, is quite diversified,

with significant contributions from coal, nuclear,

natural gas, and hydropower. (See Figure 2.)

Transportation fuels, in contrast, are nearly all

petroleum-based. 

B. Domestic Fuel Production

The United States supplies

about three-quarters of its energy

needs from domestic sources. The

nation has ample sources of coal and, indeed, is a

coal exporter. The United States supplies much of

its own natural gas; imports, mostly from Canada,

account for about 15 percent of consumption. 

Oil presents a very different picture, however. The United States imported 53 percent of its

petroleum in 2000 and imports are projected to increase.11 The nation’s reliance on oil imports from

regions outside of North America has been a key issue for U.S. energy policy because of concern about

supply disruptions and the consequent economic impacts. 

C. End Uses of Energy 

The United States consumed 98.5 quads of energy in 2000.12 Industrial con-

sumers accounted for 36 percent; residential and commercial uses accounted for 37 percent; and transporta-

tion accounted for 27 percent, allocating the primary energy used for electricity generation to each sector in

proportion to its electricity consumption. (See Figure 3.)

Petroleum-based fuels predominate in the transportation sector. Given the level of oil imports,

the transportation sector has been a focal point for concern about possible energy supply disruptions.

7
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Figure 2

Electricity Generation by Fuel

2000 U.S. Electrical Output: 

3.8 million gigawatt-hours

Source: U.S. DOE, EIA. Annual Energy Review 2000, Table 8.2.
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Hydro
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GDP and energy use moved in

lockstep from the late 1950s until the

early 1970s, i.e., energy intensity (meas-

ured by energy used per dollar of GDP cre-

ated) was relatively constant. The first oil

price shocks severed this link. From the

early 1970s to the mid-80s, energy inten-

sity declined by an average of 2.3 percent

per year. More than half of this rapid

decline was due to the use of more energy-

efficient equipment in response to

increased energy prices as well as the

introduction of corporate average fuel

economy standards. Major structural shifts

in the economy (decline of the manufacturing sector and rise in the service and high-tech sectors)

accounted for the balance of the decrease.13 From 1986 to 1999, the decrease in energy intensity slowed

to an average 1.3 percent per year as energy prices moderated. 

D. Conversion, Transmission, and End-Use Efficiency

Much of the primary energy used is lost (as waste heat) in the 

conversion of primary fuels to useful energy forms, in energy delivery,

and in conversion of energy into desired services at the point of end-use.

A new conventional steam boiler/turbine generator combination converts about 35 percent of fuel energy

into electric power, while new natural gas combustion turbines and natural gas combined cycle units are

about 35 percent and 52 percent efficient, respectively. A combined heat and power (CHP) facility, which

puts otherwise wasted thermal energy to use for process steam or space heating, can achieve efficiency

levels of about 80 percent. Investments in higher efficiency conversion technologies, and broader use of

CHP technologies, can substantially reduce the amount of fuel needed to produce energy in useful forms. 

Designing a climate-friendly energy policy
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Figure 3

End Uses of Energy

Source: U.S. DOE, EIA. Annual Energy Review 2000, Table 2.1a,
and Annual Energy Outlook 2002, Table A2.
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Transmission efficiency is another concern for energy policy. About 9 percent of the electricity

generated in the United States is lost as heat in the system that transmits and distributes electricity to

end-users.14 The extent of such losses is a function of the distance that the electricity must travel along

the transmission and distribution lines as well as the voltage. Distributed generation (DG), where smaller

generators are located near the electrical load, improves efficiency by minimizing such losses. 

End-use equipment (e.g., cars, appliances, industrial motors) that uses fuel or electricity varies

substantially in technical efficiency. The internal combustion engine that powers the vast majority of auto-

mobiles is less than 20 percent efficient. Processes to provide heat (such as process heat for industry and

space heating for buildings) are much more efficient; furnaces typically achieve 90 percent efficiency and

boiler systems for steam/hot water are more than 85 percent efficient. Consequently, the opportunities for

technology improvements, and subsequent energy savings, vary widely across sectors and technologies.

9
Designing a climate-friendly energy policy
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III. Current Greenhouse Gas Emissions Picture

Greenhouse gas emissions from U.S. energy use and production are 

primarily CO2 emissions from the combustion of fossil fuels in electricity

generation, buildings, industrial processes, and transportation activities.15

CO2 from fossil fuel burning accounts for 82 percent of total U.S. GHG emissions.16 Energy-related CO2

emissions are distributed evenly through the main end-use sectors of the economy: the buildings (residen-

tial/commercial) sector accounts for 37 percent of energy-related CO2 emissions; transportation accounts 

for 33 percent; and industry accounts for 30 percent, with electric generation emissions allocated to 

the end-use sectors by sales. (See Figure 4a.) When electricity is accounted for separately, it represents

about 41 percent of CO2 emissions. (See Figure 4b.)

Designing a climate-friendly energy policy

Figure 4

CO2 Emissions by Sector

Source: U.S. DOE, EIA. Emissions of Greenhouse Gases in the United States 2000, DOE/EIA-0573 (2001).
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When broken down by fuel source, petroleum accounts for 42 percent of U.S. CO2 emissions,

coal accounts for 37 percent and natural gas accounts for 21 percent. (See Figure 5.)

One way to view the broad relationship between economic growth and CO2 emissions is to exam-

ine shifts in two intermediate indices: energy intensity (measured by energy used per dollar of GDP creat-

ed) and carbon intensity (measured by CO2

emissions per dollar of GDP created). The

first value indicates the economy’s overall

energy efficiency, while the second is a

function of the fuel mix used to meet the

nation’s energy needs. With regard to fuel

mix, it is important to understand that dif-

ferent types of fossil fuels have different

levels of carbon content. (See Figure 6.)

Both energy intensity and carbon intensity

are influenced by energy policy choices.

As the U.S. economy has grown,

CO2 emissions have increased, although at

a slower rate than conventional measures of

economic output. During the 1990s, the

divergence between CO2 and GDP was primarily a result of lower energy intensity. From 1990 to 2000,

GDP grew by about 3.2 percent per year, while CO2 from energy grew by about 1.6 percent per year, i.e.,

CO2 grew at half the rate of GDP. Energy use per dollar of GDP fell by 1.6 percent per year, while CO2

emissions per unit of energy consumed fell by only 0.1 percent per year.17

The primary CO2 growth components during the 1990s were electricity generation and transporta-

tion. Emissions from electricity generation grew by 21 percent between 1990 and 1999.18 CO2 emissions

from transportation increased 15 percent during the 1990s. The demand for electricity has grown with

the growth in the U.S. economy and with substantial increases in the market penetration of electricity-

consuming electronic equipment, consumer appliances, and manufacturing technologies. In the 

11
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Figure 5

CO2 Emissions by Fuel

Total Energy-related Emissions: 5,700 MMT CO2

Source: U.S. DOE, EIA. Emission of Greenhouse Gases in the 
United States 2000, DOE/EIA-0573 (2001).
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transportation sector, an increasing proportion of vehicles on the road (e.g., minivans, sport utility 

vehicles, and light trucks) are not subject to the passenger car Corporate Average Fuel Economy (CAFE)

standards, but instead are subject to the significantly less stringent “light-duty truck” CAFE standards.

Moreover, the CAFE standards themselves have not changed since the passenger car standard was 

adjusted in 1985. Finally, all vehicles are being driven more miles as a result of relatively low gasoline

prices and land-use patterns characterized by sprawl.
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IV. Economic Analysis of Energy Policy

The body of economic work on energy and climate change contains 

several important themes to be considered in any effort that aims to identify 

“climate-friendly” energy policies. These key themes are discussed below.

The first key theme is that energy use in the U.S. economy is largely a

function of the current equipment (or “capital stock”) used to extract, produce,

convert, and use energy. Examples include machinery used in longwall coal mining, technology

used to explore for and produce oil and natural gas, boilers and turbines used to convert fossil fuel to

electric power, automobiles and trucks used to transport people and goods, furnaces and air conditioners

that heat or cool homes and offices, and even light bulbs used to illuminate houses. All of this equipment

has been purchased under the assumption that it will produce the desired service over a long period of

time, but also that it eventually will wear out or break down and need to be replaced. This “natural” rate

of capital stock turnover, retirement, and replacement, however, is not easily or cheaply accelerated. On

the other hand, when capital stock is retired and replaced, there is often a cost-effective opportunity to

enhance energy efficiency or improve environmental performance.19

A second key theme, related to the first, is that new energy technologies

usually take time to develop, mature, and find broad acceptance in the market.

Thus, premature actions (e.g., policies that require specific technologies in the near term) may actually “lock

in” capital that could have been superseded by superior technologies. Moreover, technological improvements

that do not translate into economic advantages (whatever their beneficial emissions characteristics might be)

may never gain a foothold in the market unless encouraged or required by regulation or policy.
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A third important finding is that the market penetration of improved

equipment reflects economic behavior, not just technological potential. The

behavioral aspect of energy efficiency requires policy analysts to model consumer and firm choices in

markets that do not necessarily conform to the stylized ideal (e.g., information is poor, decisions are not

always made with life-cycle cost considerations). There is considerable dispute in the economic literature

regarding the impact of market imperfections, and their importance is likely to vary across different tech-

nologies and alternative policies.20 Therefore, predicting the full effect of policies that are designed to

alter or influence market choices is prone to substantial uncertainty, which often complicates the process

of selecting among policy alternatives. 

A fourth key theme is that energy or fuel prices can play a substantial

role in energy use and emissions outcomes, apart from long-run technology

choices. For example, gasoline prices can influence how much one may drive an existing car. Likewise,

the relative prices of coal and natural gas can impact the utilization rates of different electric generation

plants and thus can impact overall emissions. Over the longer term, fuel prices play a role in technology

selection (e.g., high gasoline prices may encourage people to buy more fuel-efficient cars; high natural

gas prices may lead to construction of new coal-fired generation plants). While there exists a broad range

of estimates of the responsiveness of fuel consumption to the prices of fuel and other goods, these

responses are crucial to understanding the impact of energy policies that create incentives through

changes in prices. 

Fifth, to the extent that policy actions alter the market supply or

demand of specific fuels or energy types, such policies can change energy

prices. As a consequence, future energy use decisions would be based on a new set of prices, which

may affect the expected level and cost of eventual emissions reductions. For example, policies that might

encourage natural gas as an electricity generation fuel may increase the demand for and price of natural

gas, which may limit the role of natural gas for other uses, such as heating and cooking in homes.

Policies that improve natural gas production and delivery infrastructure could lower natural gas prices and

encourage its use in all sectors.
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Sixth, expectations regarding future prices, technologies, and policies

can play a large role in shaping current investment decisions. Thus, the form and

direction of energy policy enacted in the near term can encourage market participants to alter longer-term

decisions even before regulatory compliance deadlines or other milestones occur.

Finally, it is critical to assess the impact of today’s energy policy 

choices in terms of the future cost of pursuing future GHG reduction policies.

A mandatory program of GHG emissions reductions, no matter how well constructed to minimize overall

economic costs, will have a significant and immediate impact on the value of energy-related capital stock

already in place. Energy policy choices made today will influence the types of investments made in the

near term, and these investments vary considerably in their likely value under GHG policies. Some invest-

ments would appreciate in value, while others would be substantially impaired. One of the hallmarks of a

climate-friendly energy policy is to encourage investments in long-lived energy-related capital stock that

addresses current energy policy objectives without increasing economic risks when GHG policies are pur-

sued. This report does not attempt to conduct a full-scale cost-benefit analysis of energy policy options,

but rather identifies policies most likely to encourage the energy-related investments that would retain

substantial value in a GHG policy scenario. 

Policies promoting investments in long-term research and development

(R&D) on some energy technologies will be a critical element of any compre-

hensive set of climate-friendly energy policy options. Such policies may have little or

no impact on near-term GHG emissions, and could incur costs that may or may not be fully recouped (in

the form of economic benefits) under a future policy scenario that does not emphasize GHG reductions.

On the other hand, some amount of energy-related R&D almost certainly will contribute to the achieve-

ment of energy policy objectives. And the same R&D may have substantial economic and environmental

benefits if aggressive future actions to curb GHG emissions are taken. 
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V. Energy Policy Choices

Outlined below is a review of key energy policy options receiving consid-

eration in the current debates. The options are organized into five categories reflecting the prin-

cipal U.S. energy sectors: (1) fossil fuel supply, (2) electricity production, (3) buildings, (4) industrial

processes, and (5) transportation. The discussion for each category identifies representative energy policy

proposals, describes the energy policy objectives served by such proposals, flags key limitations on such

policies, and assesses the significance of such policies for GHG emissions and costs of compliance with a

future climate change policy. 

A. Fossil Fuel Supply 

Traditionally, many elements of U.S. energy policy have focused on

increasing domestic production of fossil fuels to enhance energy security or

increasing fuel supply overall to put downward pressure on consumer prices.

These policy choices on fuel supply have an indirect influence on GHG emissions. To the extent that fossil

fuel supply policies result in lower energy prices, they can result in greater overall energy use and therefore

increased GHG emissions. In addition, if fuel supply policies drive down the price of higher-carbon fuels

relative to lower-carbon fuels, they can increase GHG emissions by increasing the carbon intensity of the

U.S. economy.21 On the other hand, fuel supply policies that reduce the price of lower-carbon fuels will

have favorable effects on carbon intensity. The relative price and availability of different kinds of fuels is

an important determinant of CO2 emissions, particularly in the electricity production sector. 

In overview, policies relating to domestic oil production are potentially important for energy 

supply security, but have little impact on prevailing world market prices and thus little impact on GHG

emissions. Policies to promote increased North American production of natural gas and construction of

adequate delivery infrastructure, on the other hand, lay the foundation for enabling increased use of natu-

ral gas at reasonable prices and are a key part of climate-friendly energy policy. Little has been proposed

with regard to promoting enhanced domestic coal production or deliverability. The principal constraints on
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coal use now are not production or delivery, but rather regulations limiting emissions of conventional 

pollutants from power plants. As discussed in the Electricity Production section below, the key 

opportunity with respect to coal is in the areas of developing and deploying highly efficient combustion

technologies at power plants to reduce GHG emissions per kilowatt-hour (kWh), and developing carbon

capture and sequestration technologies.

Oil 

The nation’s reliance on fuel imports has been a key energy policy con-

cern for decades, because of concern about vulnerability to foreign supply dis-

ruptions and the consequent economic impacts. In 2000, 53 percent of the petroleum

consumed in the United States was imported, and this figure is growing. The focus of energy security 

policy has been on responding to the high and increasing reliance on imported oil. However, as explained

below, while reducing dependence on imported oil contributes to energy security, it has little direct effect

on consumer prices and thus little secondary effect on GHG emissions.22 

A number of energy policy options related to increasing production of domestic petroleum 

products have been identified, including:

• Increasing access to public lands for exploration and development,

• Providing tax or royalty incentives for production,

• Funding research and development on exploration and production technologies, and 

• Streamlining air pollution regulatory programs to facilitate development of new or 

expanded refinery capacity. 

Increasing domestic crude oil production will contribute to enhancing energy security by holding

down dependence on oil imports. However, increased domestic production would have little impact on

overall consumer prices because crude oil is traded in a worldwide market and increased supply from the

United States would have only a small impact on world market prices.23 Because displacing foreign crude

oil imports with domestic production would not lower the price of oil consumption, it would not have a

significant effect on U.S. or global GHG emissions resulting from oil consumption. 
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It is possible that policies aimed at enhancing or expanding domestic refining capacity could

lower petroleum product prices, or at least mitigate some regional price spikes when refinery capacity is

fully utilized. However, in normal circumstances, refining costs are not a large fraction of product prices,

and some regions (e.g., the Northeast) can import refined products when refinery capacity is tight.

Foreign policy on matters such as relations in the Middle East and energy infrastructure develop-

ment in Asia can affect U.S. access to foreign oil supplies and world oil prices. International energy poli-

cies, such as mitigating the risk of oil price shocks in the United States by supporting efficient world oil

markets and maintaining or expanding the SPR, are important components of an overall energy policy.

However, as with policies aimed at increasing domestic production, such international energy policies will

have little or no impact on domestic GHG emissions unless they noticeably affect the world oil price. 

Natural Gas

Actions that increase supply and delivery capability for natural gas 

can have an important downward effect on its price and thus encourage, at

the margin, its use in lieu of coal and oil. Fuel policies that tip the relative attractiveness 

(price and availability) of competing fuels—natural gas and coal, for example—can have significant climate

effects because of the differences in carbon content. For example, until cost-effective carbon capture and

sequestration technologies are developed and employed, combustion of one Btu of natural gas will produce

40 percent less CO2 than combustion

of one Btu of coal. (See Figure 6.) 

In the electricity sector, natu-

ral gas has been the fuel of choice for

new generating capacity over the past

decade. Recently, however, several

energy companies have announced

plans to build new coal-fired units

after many years of virtually no new

coal capacity coming on line. 
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Figure 6

Carbon Content of Fossil Fuels

Source: U.S. DOE, EIA. Emission of Greenhouse Gases in the United States
2000, DOE/EIA-0573 (2001), (Appendix B) Table B1.
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Market decisions concerning fuel choice are driven by a number of considerations. Many factors

favor natural gas, such as the relative capital costs of coal versus natural gas capacity (natural gas plants

are cheaper and quicker to build), the advantages of natural gas over coal with respect to conventional

pollutants, and the higher efficiency of converting natural gas to electricity in modern combined-cycle

plants. Other factors favor coal, such as historically lower and less volatile fuel costs. 

The U.S. Department of Energy (DOE) projects that the use of natural gas for electricity genera-

tion will grow by 110 percent by 2015 and its share of total generation will rise from 12 percent to 26

percent.24 By contrast, DOE projects that coal use will increase by 23 percent by 2015, and that the

share of electricity generation fueled by coal will decline from 55 percent to 49 percent.

Energy policies intended to enhance availability of natural gas include: 

• Increasing access to public lands for exploration and development,

• Providing tax or royalty incentives for production,

• Funding research and development on exploration and production technologies,

• Expediting construction of an Alaska natural gas pipeline, 

• Providing incentives for enhancement of natural gas pipeline and storage infrastructure in the 

lower 48 states,

• Promoting development of new liquefied natural gas (LNG) facilities, including streamlining 

regulatory review of proposals to construct such facilities, and

• Providing tax incentives for production of coalbed methane.

Virtually all of the natural gas used in the United States is from North American sources. Sixteen

percent of domestic consumption is supplied by imports, nearly all from Canada.25 Accordingly, natural

gas does not raise, at present, the same energy security concerns about political or economic disruptions

of supply that crude oil does.26 There are, however, issues about the sufficiency of the natural gas delivery

infrastructure that must be addressed to ensure that adequate supplies can reach key markets.

Significant additional pipeline capacity will be needed to transport gas to growing markets, continuing a

healthy trend of natural gas transmission pipeline investment that began in the 1990s.27 Estimates vary
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widely regarding the level of investment in new delivery capacity needed to support a rapidly growing 

natural gas market. While lower estimates are in the $10–$15 billion range over the next 10 to 15 years,

some analysts have indicated that between $40 and $80 billion may be required over the next 20 years

to provide a robust delivery system for increased gas use.28 Tax and rate incentives can be effective tools

for promoting pipeline infrastructure investment while still balancing the interests of taxpayers and gas

consumers. Siting of new pipeline facilities can be contentious, especially in highly developed areas,

fueled by citizen concern about safety and environmental issues. Likewise, major expansion of domestic

gas production may raise environmental issues to the extent that it involves opening up areas currently

not available for drilling.

Tax incentives can have a substantial impact on gas production. For example, during 1989–99,

when tax incentives were available for coalbed methane production, production grew from 91 billion

cubic feet (Bcf) to 1,252 Bcf.29 

As with production tax incentives, policies that promote development of gas production technolo-

gy can increase domestic natural gas supply by significant amounts. According to the U.S. Energy

Information Administration, technology advances would increase domestic natural gas production by

about 1.5 percent in 2010 and 4 percent in 2020. Impacts on U.S. domestic prices would be even more

pronounced, with projected prices 8 percent lower in 2010 and 16 percent lower in 2020.30 

Another area that offers promise is methane recovery from landfills and coal mines. The process

of methane recovery converts potential methane emissions (a GHG) into useful energy. There are currently

335 landfill methane recovery projects in the United States with a total generating capacity of about

1,000 megawatts (MW), which corresponds to approximately 0.1 percent of total U.S. capacity. Some of

these projects were built as a result of now expired tax credits, while others are the result of more strin-

gent landfill air pollution emissions standards introduced in 1996, which required many landfills to

install gas collection systems. The U.S. Environmental Protection Agency (EPA) estimates that there may

be 500 additional landfill sites that are candidates for methane recovery and energy utilization projects.31

Because natural gas markets are regional, not worldwide, enhancements to U.S. natural gas sup-

plies can directly decrease prices and perhaps reduce price volatility.32 Likewise, increased investment in

natural gas infrastructure can enhance availability of natural gas to consumers, and may lower delivered
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prices. To the extent that lower prices and improved availability of natural gas result in displacement of

coal or oil use at the margin in the near term, overall U.S. GHG emissions would decrease. 

Coal

Coal is an abundant and relatively inexpensive domestic energy

resource. Energy policies designed to enhance coal production and delivery include: 

• Enhanced access to public lands, and

• Policies to promote competitive rail transport rates and reliable delivery.

Policies that reduce the cost of using coal for generating electricity may keep electricity prices low,

but may increase CO2 emissions because coal is a high-carbon fuel. Current energy policy proposals have not

focused on tax or regulatory incentives to increase coal production, since coal production responds reliably

to economic signals. Perhaps the most important policy issues affecting delivered coal prices are railroad

competition issues and environmental regulation of mining practices such as mountain-top removal. 

The key climate-related issues on coal use relate to emissions regulation and technology develop-

ment for coal-fired power plants. These are discussed in the Electricity Production section below.

B. Electricity Production

Electricity production is a central focus of both energy policy and 

climate change policy. U.S. electric power production accounts for 41 percent of U.S. CO2

emissions. (See Table 1.) Four principal factors drive CO2 emissions from this sector: choice of fuels,

generation technology, conversion and transmission efficiency, and end-use demand. If all else were held

equal, any move from coal to low-carbon or no-carbon fuel would decrease emissions; any move from

emitting to non-emitting generation technologies would decrease emissions; any increase in the conver-

sion or transmission efficiency of the fossil-fuel-fired segment would decrease emissions; and, in general,

any decrease in end-use demand would lower emissions. 

There is a substantial, but not complete, convergence between energy policy and climate policy

objectives for the electric power sector. Improvements in efficiency and decreases in end-use demand

both reduce GHG emissions and decrease and stabilize energy prices. Switching to lower-carbon fuels in
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electricity generation, on the other hand,

may not unambiguously advance energy poli-

cy goals, depending on the extent to which a

switch from coal to natural gas puts upward

pressure on natural gas prices, or strains the

gas delivery infrastructure. Similarly, policies

promoting GHG-free generation technologies

can result in significant climate benefits, but

also can lead to higher energy prices and, in

the case of nuclear and hydropower, are sub-

ject to significant environmental constraints. 

The discussion below focuses on:

(1) policies affecting the choices among fos-

sil fuels used in electricity production, (2) policies affecting the choice between fossil-fuel-fired and non-

fossil-fuel-fired electricity production, and (3) policies affecting the efficiency with which electricity is

produced and delivered. Policies concerning end-use efficiency, including efficiency of electricity use, are

discussed in the subsequent sections on the buildings and industrial sectors. The implications of end-use

efficiency for the electricity sector are discussed at the end of this section. 

Choosing Between Coal and Natural Gas as a Generation Fuel

Fuel choices—whether influenced by the market or dictated by govern-

ment regulation—have important consequences for all the U.S. energy policy

objectives. Because of slow capital stock turnover in the generation sector—generating units last for

40 to 60 years in the current environment—most changes in fuel use occur at the margin in the form of

new capacity and replacement of retired units. Absent a regulatory mandate, significant changes in the

mix of generation fuels would ordinarily occur over the space of several decades.

Two fossil fuels—coal and natural gas—dominate electricity production. Compared to natural gas,

coal offers lower cost and higher supply security, but much higher carbon content. Accordingly, federal

policies affecting levels of coal utilization could have very substantial impacts on CO2 emissions. 
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Table 1

Fuel Use and GHG Emissions

in the Electric Power Sector

Coal

Gas

Oil

Nuclear

Hydro

Other Renewables

Total

52

16

3

20

7

2

100

Percent of 
Electricity Sector

81

15

4

0

0

0

100

Percent of 
U.S. Total

33

6

2

0

0

0

41

Energy Source CO2 Emissions

Percent
of U.S.
Electricity
Output 

Source: U.S. DOE, EIA. Annual Energy Review 2000, Table 8.2; and U.S. DOE,
EIA. Emissions of Greenhouse Gases in the United States 2001, pp. 23, 28.
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A policy that has the effect of increasing, or even just maintaining, coal’s current share of 

U.S. electric power output will significantly increase GHG emissions as demand grows unless there are

offsetting decreases in net CO2 emissions rates resulting from dramatic efficiency improvements, new 

generation technologies, or significant advances in “carbon capture” and sequestration technologies. 

For example, if electric output were to increase by 30 percent over the next 20 years and coal maintains

its current percentage share of the output, CO2 emissions from coal-fired power plants would increase by

500 million metric tons (MMT) CO2/yr (a 9 percent increase in overall U.S. CO2 emissions from 2000 lev-

els). By contrast, if that output increase were supplied by efficient combined cycle natural-gas-fired gen-

eration, the increase would be substantially less, because these plants can produce electricity with about

60 percent less CO2 per kWh than a pulverized coal plant.33 However, retiring existing coal-fired plants

and replacing them with efficient gas plants on a scale that would substantially decrease U.S. CO2 emis-

sions could impose major capital requirements on the generation sector, stress the existing gas pipeline

network, and trigger increases in natural gas prices. For example, switching enough coal-fired generation

to natural gas to lower U.S. CO2 emissions by 10 percent would require the production and delivery of

more than 5 trillion cubic feet (Tcf) of additional natural gas (a 25 percent increase from 2000 levels).34 

Federal policy options that can influence the choice between coal and natural gas as a fuel for

electricity generation include:

• Policies affecting availability and relative price of coal and natural gas (see discussion regarding 

“Fossil Fuel Supply” above),

• Tax or other incentives to promote utilization of particular fuels or advanced technologies,

• Reforming Clean Air Act regulations, including adoption of a “multi-pollutant” regulatory regime, and 

• Supporting R&D for carbon capture and sequestration technologies.

To be sure, it would be possible to establish federal policies that mandate or prohibit the utilization of

particular fuels. One of the Carter Administration initiatives developed in response to the oil crisis of the late

1970s was the Fuel Use Act, which prohibited the construction of power plants that could use only oil or natu-

ral gas as a baseload generation fuel.35 These substantive requirements of the Fuel Use Act were repealed in

the 1980s. Today, most federal policies affect the choice of coal or gas for electricity production only indirectly,
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but nevertheless significantly. Most importantly, Clean Air Act regulatory policies, including the current multi-

pollutant proposals and New Source Review policy, influence both fuel choice and conversion efficiency. Multi-

pollutant proposals would replace or supplement existing Clean Air Act regulations addressing power plant

emissions of sulfur dioxide (SO2), nitrogen oxides (NOx), and mercury with a comprehensive new program that

includes a nationwide emissions limit and inter-source emissions trading. An outstanding question in the

debate over multi-pollutant legislation is whether requirements to limit or reduce CO2 also should be included. 

Major studies on different options for multi-pollutant legislation36 indicate that in the absence of a

requirement also to control CO2, the owners of most existing coal-fired generation would comply with a three-

pollutant program (SO2, NOx, and mercury) primarily by retrofitting their coal units with additional pollution

controls rather than retiring the units, “repowering” those units with more efficient combustion control tech-

nologies, or converting them to use natural gas. Thus, under a three-pollutant approach, CO2 emissions likely

would not be significantly reduced and in fact might increase because the retrofit devices themselves 

consume energy; devices such as scrubbers to remove SO2 can increase CO2 emissions per megawatt hour 

by about 1 to 2 percent. 

On the other hand, a four-pollutant approach (implementing SO2, NOx, mercury, and CO2 controls

contemporaneously) could have a higher near-term cost, but also might be less costly in the long term,

assuming GHG regulation ultimately is adopted. This is a possibility because an approach that regulated

SO2, NOx, and mercury in the near term, left the timing and stringency of future CO2 controls uncertain,

and then ultimately imposed stringent CO2 controls could end up “stranding” many of the three-pollutant

control costs.37

Another federal policy area that could affect the choice of fuel for electricity production is research

and development policy regarding carbon capture and storage technologies and practices. DOE has given 

priority to research on technologies that can collect CO2 emissions at the stack and store the carbon in under-

ground formations or in the ocean. In addition to such “direct” sequestration technologies, it also is possible

to sequester CO2 emissions indirectly through various types of agricultural and forest management activities.

The long-term viability of coal could depend on the pace at which such sequestration strategies develop and

mature. Significant advances in this area could allow coal, which is in abundant supply and is central to the

economy of some states, to continue to play a substantial role in electricity production without compromising

the future ability of the United States to address net GHG emissions. 
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Encouraging Non-Emitting Generation Technologies

Increased use of zero-emissions energy technologies (e.g., nuclear,

hydropower, wind, solar, and other renewable fuels) offers significant opportu-

nities for CO2 displacement, particularly in the electricity sector. However, these

technologies can raise other significant challenges, such as the nuclear waste disposal problem for

nuclear power, the protection of fisheries (which could give rise to conflicts with hydropower), and the

capital costs and intermittent nature of wind and solar power.

Policy options for non-GHG emitting technologies include the following: 

Nuclear

• Expediting nuclear license extensions, 

• Approving nuclear plant upratings38 where warranted, 

• Reauthorizing the Price-Anderson Act,39 

• Addressing nuclear waste storage issues, and

• Funding research on new nuclear technologies and development of standard-design facilities 

and fundamentally redesigning the nuclear fuel cycle.

Renewables

• Reforming the hydropower relicensing process, 

• Easing access to land for renewable resource deployment,

• Funding research and development of renewable technologies, 

• Providing tax credits for renewable energy development,

• Providing for better consumer information through “green power labeling,”

• Adopting a renewable portfolio standard, and

• Establishing net metering and uniform interconnection standards.
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Maintaining or increasing use of nuclear energy to generate electricity has very large CO2 emis-

sions benefits, but raises other important policy issues, such as adequately addressing the problem of

nuclear waste disposal. Also, concerns about safety and security (such as vulnerability to direct terrorist

attack or the possibility of having nuclear material used for weapons) present important challenges. While

license extensions and upratings for existing nuclear plants are possible, and provide large near-term GHG

benefits, it does not appear that investment in significant new nuclear plant capacity is likely in the fore-

seeable future, given nuclear waste issues and the public’s continuing health and safety concerns with

this technology. Any development of new nuclear power plants seems to depend largely on the industry’s

ability to build public confidence in the cost, safety, and waste issues associated with nuclear plants.

Even maintaining current levels of nuclear generation will be a challenge because nearly all

existing nuclear plants face a relicensing requirement in the next 25 years. To the extent they are not

relicensed, nuclear plants are likely to be replaced by fossil-fueled capacity, and electric sector CO2 emis-

sions would increase as a result. Importantly, even if nuclear plants are relicensed and their nuclear

waste storage and disposal issues resolved, most current plants will come to the end of their useful lives

in 20 to 40 years. 

Hydropower dominates the current renewable energy picture. In the United States, most of the

attractive hydropower sites have already been developed or are protected for natural resource values.

There are opportunities for increasing energy production at some existing dams, and thereby displacing

the GHG emissions of fossil generation, but such changes are subject to regulatory delays and can also

trigger problems with fisheries and other resources. Thus, at present, there appears to be little prospect

of addition of any significant new U.S. hydropower electric capacity.40 Given the absence of opportunities

for significant new or expanded hydro capacity, maintaining existing capacity is likely to become a near-

term priority for both energy and climate policy purposes. Streamlining the relicensing process for non-

federal hydropower projects could make an important contribution in this regard. In addition, discussions

are underway about the possibility of breaching certain federal dams to restore salmon populations;

because the electricity from breached dams almost certainly would be supplanted by fossil fuel energy,

these decisions will have GHG impacts. 
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Current non-hydro renewable generation accounts for only 2 percent of total electric output and

is expected to increase to about 3 percent in 2020.41 The economics of non-hydro renewable resources

(including solar, wind, geothermal, and biomass) are improving. A number of policy approaches are avail-

able for expanding the market for renewable resources. One example is consumer choice policies for retail

electric markets. These policies, which have been adopted by a number of states, give end-use consumers

the opportunity to purchase renewable energy products, often at a premium. In some cases, there has

been strong public demand for these products. The federal government itself can be an important con-

sumer; federal facilities could set an important example and help increase demand by purchasing more

renewable energy. 

A more ambitious regulatory alternative is a renewable portfolio standard (RPS). Several states

have adopted RPS requirements as part of their retail restructuring initiatives, and a federal RPS was

included in the energy bill recently adopted by the U.S. Senate.42 RPS laws typically provide for “renew-

able energy certificates” to be issued to renewable electricity generators, and then require retail sellers of

electricity to hold certificates equal to a certain percentage of the electricity they sell. This approach

allows retail sellers to comply by employing renewable generation resources or by acquiring certificates,

and creates a market for certificates. In general, RPS policies impose a greater up-front cost than volun-

tary approaches because they force more renewable power generation than might occur under prevailing

market conditions. On the other hand, RPS policies allow the industry the freedom to meet the 
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Box 1

Implementing Climate-Friendly Energy Policies 
Presents Coordination Challenges

One challenge in implementing the kinds of climate-

friendly energy policies identified by this report is achiev-

ing coordination among the myriad federal, state, and

local institutions that make policies affecting energy. In

the United States, no individual agency has total control

over energy policy, as energy policy has been described in

this paper. Rather, even in discrete areas of energy policy,

authority over key issues can be spread among multiple

federal agencies or between federal and state agencies.

For example, hydropower licensing involves the Federal

Energy Regulatory Commission, the Department of the

Interior, the Department of Commerce, the Department of

Agriculture, and state resource agencies. While national

energy policy is nominally the province of the Federal

Energy Regulatory Commission and the DOE, the EPA

promulgates many regulations with perhaps more substan-

tial impacts on the energy sector than policies or regula-

tions established by the “energy” agencies. 
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requirement through the least-cost mix of renewable output from different generating units; in theory, this

market-based approach should minimize compliance costs. In any event, the ultimate cost of an RPS pol-

icy will depend on a number of factors, including the level of the percentage requirement. A recent study

by DOE’s Energy Information Administration concluded that a federal RPS requiring 10 percent of total

electricity sales to be generated from renewable power by 2020 would result in an approximately 1 per-

cent increase in electricity prices, and would lower projected electricity sector GHG emissions by 53 mil-

lion metric tons of carbon equivalent per year (MMTCE/yr), or about 7 percent.43

While renewable energy’s market share (particularly wind) is increasing rapidly in percentage terms,

it starts from a low base. The cost of wind energy in the United States has declined from 40 cents/kWh to

4–6 cents/kWh over the past two decades, and is projected to decline further.44 U.S. wind energy production

increased from 3.0 billion kWh in 1990 to 4.9 billion kWh in 2000.45 It is expected to provide 24 billion

kWh by 2020 (increasing from 0.1 percent to 0.4 percent of total U.S. electricity).46 It is unlikely that new

renewable capacity could be added fast enough to do more than capture a portion of the growth in electricity

demand in the near term, much less displace a share of existing output. But renewables and low- or 

no-carbon fuels will be important from a long-term energy policy perspective as their costs decline and fossil

fuels face increasing economic and environmental limitations. The long-term potential for displacement is

much greater if federal financial and regulatory incentives are consistently pursued.47

Although they are more expensive currently, renewables contribute to fuel diversity and environ-

mental improvement. In the context of a climate-friendly energy policy, renewable energy should be

encouraged as its value will substantially appreciate if GHG reductions are mandated in the future.

Conversion and Transmission Efficiency

Energy policies that encourage developers of new and repowered fossil-

fuel-fired generation to use highly efficient and clean technologies can do

much to retard growth in CO2 emissions associated with increased electricity

demand. Advances in gas and coal generation technology promise to significantly increase the thermal

efficiency (lower the heat rate) of power production using these fuels.48 Gas-fired combined cycle units

that achieve a heat rate of 6,350 British thermal units per kilowatt-hour (Btu/kWh) and advanced coal

technologies (integrated gasification combined cycle) at 7,000 Btu/kWh are expected by 2010.49

Designing a climate-friendly energy policy

28



+

+

+

Compared with average existing coal-fired generation heat rates, these technologies represent a 65 per-

cent and 30 percent reduction (respectively) in CO2 emissions per kWh from emissions rates of current

coal plants. (These reductions result from increased conversion efficiency and, in the case of gas-fired

combined cycle plants, the lower carbon content of natural gas relative to coal.) Combined heat and

power can achieve overall efficiencies of approximately 80 percent, depending on the nature and size of

the thermal application. Distributed generation can reduce transmission and distribution losses.

Policy options relating to conversion and transmission efficiency include:

• Funding research and development on improving electricity generation and transmission efficiency,

• Tax incentives to encourage high-efficiency technologies such as combined heat and power 

and fuel cells,

• Adoption of regulatory policies that support faster deployment of combined heat and power 

and distributed generation (e.g., reforms on interconnection, access to back-up power, 

and net metering),

• Reform of Clean Air Act regulation to remove obstacles to repowering with efficient technologies 

and to encourage new investment in efficient technologies,

• Reducing transmission losses through better management of the grid, and 

• Research on superconductivity.

Shifting the focus of “clean coal technology” R&D to emphasize efficiency improvements could

produce significant GHG benefits if new higher-efficiency technologies are used in new or retrofitted coal

plants. In addition, replacing existing coal generation with integrated gas combined cycle (IGCC) could

reduce emissions of conventional pollutants to well below current standards for new coal plants and

reduce CO2 emissions per megawatt hour by about 30 percent. Current coal plants have a heat rate that

averages about 10,000 Btu/kWh. IGCC heat rates are expected to reach 7,000 Btu/kWh with a concomi-

tant decrease in CO2 emissions. If one assumes that the alternative to construction of IGCC plants is con-

struction or continued operation of conventional pulverized coal plants, policies promoting IGCC plants

will produce substantial benefits in terms of reductions in CO2 emissions. In addition, to the extent that
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carbon capture and sequestration systems become increasingly feasible, it will be more economical to 

utilize such technologies with IGCC than with pulverized coal units. Alternatives to IGCC include super-

critical pulverized coal or fluidized bed combustion. While not as efficient as IGCC, these technologies

allow for the co-firing of biomass with coal.

Uncertainty as to whether efficiency upgrades trigger expensive Clean Air Act requirements may

have discouraged some generators from undertaking efficiency improvements that could have GHG reduc-

tion benefits. The Clean Air Act’s New Source Review (NSR) program requires any stationary source that

undergoes a “major modification” (i.e., a “non-routine” physical or operational change that significantly

increases annual emissions of any of the conventional air pollutants), to comply with extensive permitting

requirements and to install costly state-of-the-art emissions control technologies. One key NSR issue is

whether upgrading a generating unit’s thermal efficiency should trigger NSR; such a policy discourages

investment in plant efficiency. It may be preferable from a climate change policy perspective to distinguish

investments that raise conversion efficiency from those that simply increase the capacity of existing coal-

fired plants. The former can be a source of “emissions-free” generation (at the margin). Although estimates

vary, studies suggest that existing coal-fired capacity could increase efficiency by 4 to 8 percent under

conditions where competition encourages cost-effective investment in improving heat rates. This would

translate into carbon emissions reductions of 20 to 40 MMT, compared to a scenario in which such 

efficiency improvements are discouraged either by regulatory treatment or by lack of market incentives.50

Other reforms to the Clean Air Act also could significantly affect the ability of new highly efficient

generation technologies to enter the market. For instance, air regulations that express emissions limits on an

output basis (e.g., lbs/kWh) as opposed to input basis (e.g., lbs/Btu of fuel) would encourage investment in

new efficient plants. Vintaging rules also put new investments in clean technologies at a competitive 

disadvantage relative to existing plants functioning under less stringent air quality standards.

On-site electric generation, including combined heat and power (CHP)51 and distributed generation

(DG), can improve the reliability of electricity supply to a specific location, reduce congestion on the transmis-

sion grid, and avoid losses associated with transmission and distribution. Moreover, use of CHP, for example,

can greatly improve conversion efficiency. In the regulated monopoly framework, however, incumbent utilities
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have economic incentives to raise obstacles to distributed generation and other forms of self-supply. Obstacles

to the development of DG, such as discriminatory practices related to interconnection and access to back-up

power, can be addressed through legislation or rules promulgated by the Federal Energy Regulatory Commission

or state regulatory commissions. 

The impact of DG development on system efficiency and GHG emissions depends on the DG technol-

ogy used, considering the GHG benefits of avoided transmission and distribution losses and the net impact on

emissions of substituting on-site generation for system power. Efficient CHP systems and distributed zero-

emissions technologies such as photovoltaics can produce significant GHG benefits. Increased use of diesel

generators for DG, in contrast, could result in increased emissions of conventional pollutants and GHGs.

Microturbines have relatively low efficiency ratings, typically 25–30 percent.52

Fuel cells have been around for more than 100 years, but current research is improving their 

efficiency, reducing their cost, and making them viable for real-world stationary (particularly DG) and trans-

portation applications.53 Until an inexpensive, renewable-source method of providing hydrogen to power fuel

cells is found, most fuel cells will run on hydrogen derived from a fossil fuel, usually natural gas. Today’s fuel

cells, which use natural gas, emit less than half the CO2 per unit of electricity emitted from a coal-fired power

plant, but still more than an efficient combined cycle gas plant. Accordingly, while fuel cells are not, at this

point, a non-emitting technology, they are highly efficient relative to many current technologies and, depend-

ing on the alternative, their use can result in substantial reductions in GHGs. In addition, in all cases, fuel

cells virtually eliminate emissions of criteria pollutants (NOx, SO2, and particulates).

Efficiency of Electricity Use 

Increased efficiency in the end use of electricity in the buildings sector

and industrial sector offers cost-effective alternatives to construction of new

electricity generating capacity. Moreover, such policies also can attain significant climate ben-

efits in the form of reduced CO2 emissions from power plants.

The Electric Power Research Institute (EPRI, the electric power industry’s research organization)

estimates that a $4.2 billion annual investment in energy efficiency and other demand response programs
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would reduce U.S. peak demand by 45,000 MW (about 6.4 percent).54 Fifty-eight percent of their predict-

ed decrease in demand would result from energy efficiency rather than shifting demand from peak to off-

peak. By contrast, building new generation to serve this 45,000 MW of demand would have annual costs of

about $8.5 billion per year and CO2 emissions would be about 100 million tons higher (about 2 percent of

U.S. emissions).55

C. Buildings

Office, commercial, and residential buildings—and the energy-consuming

appliances and products in them—account for two-thirds of the nation’s elec-

tricity use. They also account for approximately 36 percent of natural gas and 6 percent of oil use.

Therefore, decreases in building energy use can contribute significantly to achieving reductions in the

emissions that contribute to global climate change. Current forecasts indicate that energy use in residential

and commercial buildings will increase by nearly 20 percent by 2010.56 It is often difficult to develop sim-

ple policies that substantially alter patterns of energy use in the buildings sector because of the very large

number of building owners and operators, high first costs, and the fact that energy costs are, in some

cases, borne by tenants while investments are made by building owners. Not only is the buildings sector

market fragmented, the regulatory regime for the sector is fragmented as well. Authority over key matters is

divided among federal, state, and local agencies, making the development and implementation of compre-

hensive energy policies for the buildings sector difficult. Consequently, although many highly efficient

technologies and processes for the sector are available and extremely cost-effective, market penetration has

been disappointing. Nevertheless, DOE estimates that a 30 percent reduction in building energy use

nationally is a goal well within reach.57 In addition to energy use and CO2 reductions, such an improvement

would reduce building operating costs and reduce demands on the electricity infrastructure. 

Available energy-efficient technologies for the buildings sector include efficient lighting, space

conditioning, control systems, water heating, and office equipment and appliances installed in the build-

ing, all of which have shown efficiency improvements over the past two decades. Utilization of green

building design and materials in new building construction and retrofits provides further, although longer-

term, ways to achieve significant reductions in building sector energy use. 
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Policy options in the buildings sector include:

• Adopting stricter appliance energy efficiency standards in combination with market incentives 

to go beyond the standards,

• Expanding the range of products covered by appliance efficiency standards,

• Encouraging inclusion of efficiency requirements in building codes and construction standards,

• Encouraging utility incentive payments for purchase of energy-efficient equipment,

• Expanding product labeling and certification programs (e.g., Energy StarTM program), 

• Providing tax credits for manufacture or purchase of high-efficiency products,

• Encouraging federal investment in building efficiency (e.g., energy savings performance 

contracts) and green building design,

• Providing funding for efficiency upgrades in low-income housing,

• Promoting energy-efficient mortgages,

• Reforming retail utility regulation to shift away from incentives for utilities to maximize energy sales,

• Adopting “public benefits charges” that support investments in efficiency, and 

• Providing funding for research and development on efficient end-use technologies.

Federal appliance efficiency standards have been effective—reducing energy use by more than 

1 quad annually.58 This program could have a greater impact if there were an expansion of the products

covered and more frequent updates. However, the actual impacts (including the net costs to consumers

and manufacturers) of strengthening standards will depend on the standards promulgated, the technolo-

gies developed, and the market reaction to the new equipment. 

Consumer information strategies, such as efficiency labeling and the Energy StarTM ratings and

rewards program, can be effective tools for encouraging consumers to make cost-effective energy efficien-

cy investments.59 Another market-based approach is energy performance contracting programs. In such
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programs, private companies or utilities audit building energy use, propose energy saving opportunities,

and contract to install the improvements using their own capital. In return, they receive a share of the

savings from the customer’s utility bill to pay for the improvements.60 (Such programs are most effective

when customer savings are guaranteed by the contractor.) Expanded use of energy savings performance

contracting could be achieved by increasing the use of such programs in federal facilities and by provid-

ing tax incentives for use of such programs in the private sector. 

Monetary incentives, in the form of tax credits or utility rebates for either the purchase or manu-

facture of highly efficient products, also can be effective tools for encouraging investment in efficiency

improvements. However, to remain cost-effective, such programs must be carefully designed to maximize

the marginal efficiency impact while limiting the degree to which the monetary rewards flow to those who

would make such investments even in the absence of the incentive. Another financial incentive is a 

system that factors building energy use into mortgage decisions. For example, the Federal Housing

Administration’s energy-efficient mortgage program allows new home buyers to qualify for a larger loan

amount if the home is highly energy efficient, because more disposable income is available to make mort-

gage payments. 

A number of efficiency policies in the buildings area can be implemented at the state or local

level. For instance, state or county governments can promote efficiency improvements through climate-

zone-appropriate building codes and the establishment of retrofit standards. Similarly, state regulation of

electric utilities can encourage investment in real-time metering (or time-of-day metering as an interim

step), which would allow sophisticated building operators to manage their energy demand according to

the varying market price of electricity. Such metering provides a more accurate price signal to consumers

and thereby encourages cost-effective management of energy use. Perhaps most importantly, state regula-

tion of retail gas and electric utilities can seek to redirect the incentives for utilities. Under the current

regulatory framework, utilities profit by maximizing their sales.

Federal policy-makers can provide leadership in such traditionally state and local activities by

adopting model building codes, developing regulatory standards to be considered by state agencies,61 or

providing funding to support such initiatives. The federal government also can provide leadership by

adopting ambitious efficiency measures and green building design for federal facilities, insisting on 
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performance improvements by federal agencies, and rewarding agencies that achieve significant reduc-

tions in energy use. 

Policies that result in increased end-use efficiency can have substantial energy policy and GHG

benefits. For example, as discussed above, EPRI has concluded that policies to improve the efficiency of

electricity use can avoid the need for investment in new generation costing billions of dollars per year,

and can reduce CO2 emissions by about 100 million tons per year. 

D. Industrial Processes 

The industrial sector accounts for about 36 percent of primary 

energy use in the United States. Of this energy use, 35 percent is from petroleum, 35 percent

from natural gas, 13 percent from electricity, 9 percent from coal, and 8 percent from renewables. Two-

thirds of this energy provides process heat and power. 

The industrial sector is highly diverse; it ranges from the transformation of raw materials to the

production of highly finished goods. This diversity complicates the design of public policies to improve

energy efficiency. On the other hand, industry has the clearest incentive to reduce energy use where it

leads to cost savings, since successful companies can gain competitive advantage. For this reason, the

industrial sector can be expected to be somewhat more aggressive about identifying and taking advantage

of efficiency improvements compared with the buildings sector. Nevertheless, there is still a role for poli-

cies that can provide information and promote new technologies that enable investments in cost-effective

energy efficiency improvements. 

The most energy intensive sectors are petroleum refining, chemicals, forest products, steel, alu-

minum, glass, metal casting, and cement. Historically, energy efficiency improvements (measured in terms of

Btu/$ value produced) in the industrial sector have been maintained at a rate of about 1.1 percent per year. 

While some improvement in energy efficiency can be realized through changes in behavior (main-

tenance and operations), more significant gains are achieved through the introduction of new, more effi-

cient processes and technologies. These process and technology changes can be classified into three

groups: (1) changes in equipment and operating practice; (2) improvements in existing processes (e.g.,

advanced sensors and use of recycled inputs); and (3) fundamental process changes. The most dramatic
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improvements in energy efficiency may require research, development & deployment (RD&D) investments

in breakthrough technologies. 

As discussed above with regard to electricity production,62 increased use of on-site CHP technolo-

gies represents another opportunity for reducing the amount of energy consumed by industry. Depending

on steam utilization, CHP can double fuel efficiency. Four industries make the most extensive use of

CHP: chemicals, forest products, petroleum refining, and primary metals. 

Companies also can reduce their energy use through better steam recovery, more efficient end-

use systems, and better waste heat utilization. Other possibilities exist in improving materials efficiency

through more recycling/reuse and dematerialization or material substitution opportunities. All industries

can benefit from increased use of best practices and the adoption of more efficient equipment. 

Policy options for the industrial sector include:

• Providing tax and regulatory incentives for investment in energy efficiency or combined 

heat and power,

• Expanding coverage of efficiency standards for standard-design equipment, 

• Establishing standards on minimum levels of recycling and reclamation, 

• Providing information and energy audit programs, and

• Providing funding or tax incentives for research, development, and deployment on energy-

efficient industrial processes (including public-private partnerships).

Although the industrial sector is diverse, opportunities for effective efficiency-oriented regulatory

programs do exist. Setting recycling/reclaiming standards could greatly lessen the energy needed for

materials input in several sectors, notably aluminum and iron and steel. For example, producing alu-

minum with recycled aluminum as the input uses only 5 to 8 percent of the energy required when 

aluminum is produced from raw materials.

While the industrial sector ordinarily is adept at identifying opportunities for improving energy

efficiency, in some areas there are unexploited efficiency gains. For example, many firms fail to take into
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account relative energy efficiency when they go into the market to purchase a range of small and 

ubiquitous items, even where there are opportunities to save enough money in energy costs to “pay back”

the added incremental purchase cost in months rather than years. Accordingly, energy policy could help

provide better information to enable better decisions and possibly establish minimum efficiency standards

for certain equipment categories such as pumps, fans, compressors, process heat boilers, belts, and

refurbished motors. The energy-saving and CO2 reduction opportunities are greatest for standards applied

to equipment that is used broadly in the industrial sector.

Various information programs, including efficiency labeling for standard equipment, energy audit

programs, and best-practices education, also are useful tools for informing industrial sector consumers of

opportunities for cost-effective efficiency investments. These can complement product marketers’ efforts

to demonstrate the economic benefits of energy efficiency.

There is also a role for using tax incentives to spur efficiency investments. For example, the 

government could provide tax credits and favorable depreciation schedules for qualifying equipment.

Increases in industrial energy efficiency typically occur when new equipment replaces older, less efficient

capital stock. Tax credits (or more rapid depreciation) targeted for investment in new highly energy-

efficient capital will result in immediate energy efficiency improvements and will encourage development

of additional efficient technologies over the long term. Although these policies may lead to reduced 

federal tax revenues, the benefits can justify such expenses from an energy policy standpoint. 

Another area for industrial energy policy is research and development. One estimate indicates

that expanded R&D alone could double improvement in industrial energy intensity.63 The Energy

Information Administration’s Annual Energy Outlook 2002 estimates a decline in energy intensity of the

industrial sector of 25 percent over the next 20 years; one quarter of that improvement is due to

improved efficiency in equipment and production.64 If the rate of efficiency improvement were doubled,

by 2010 annual energy use by industry would decline by 2 quads, or about 2 percent of all current ener-

gy use. As an example, if support were increased to commercialize black liquor gasification for the forest

products industry, that industry could meet all of its energy needs using renewable resources and produce

surplus electricity for sale on the grid. This expansion of biomass energy alone could offset 1.5 quads of

annual fossil fuel use,65 and thereby reduce 132 MMT of annual CO2 emissions.66 
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As discussed above in Section V(B) regarding conversion and transmission efficiency, combined

heat and power is also an important option for industry to meet its energy needs in a cost-effective man-

ner. Use of CHP can be supported with tax incentives and with reforms of utility and air regulation to

address existing obstacles to CHP development.

E. Transportation

The transportation sector accounts for approximately two-thirds of U.S.

oil consumption (see Figure 7), and about 60 percent of transportation-related

oil consumption is for passenger cars and light trucks. Because of our dependence on

imported oil, the political volatility of the Middle East, and the continuing cartel behavior of OPEC, there

is a strong link between transportation energy policies and U.S. energy security. This vulnerability has

been a major driver of energy policy over the past three decades. 

The transportation sector accounts

for about 27 percent of total energy

demand. Energy demand for transportation

is projected to grow at an average annual

rate of 1.9 percent, to 39.4 quadrillion Btu

in 2020. The transportation sector

accounts for 33 percent of CO2 emissions.

Notably, GHG emissions from the trans-

portation sector are projected to increase at

a higher rate in the next two decades than

emissions from any other sector, including

the electricity sector.67 

In overview, improving vehicle fuel efficiency presents very important opportunities to reduce

GHG emissions and reduce dependence on oil imports at reasonable cost. Thus, enhancing vehicle effi-

ciency is a key element of climate-friendly energy policy. Reducing vehicle miles traveled (or VMT) also

leads to direct energy and GHG benefits, but the policy options practically available seem less likely to

have a significant impact on VMT. New technologies such as fuel-cell-powered cars offer large potential
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Figure 7

Petroleum Users

Source: U.S. DOE, EIA. Annual Energy Review 2000, Tables 2.1b,c,d,e,f.
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energy security and climate change benefits in the long term, but face important cost and infrastructure

hurdles in the near term. Investing in R&D for such technologies now will help make their widespread use

a viable option for the future.

Vehicle Efficiency

The opportunities for making automobiles more efficient, and thereby

reducing gasoline use, are significant. Typically, only 12 to 20 percent of the energy value of

fuel is converted into useful energy in an automobile. The greatest opportunities include improving engine

efficiency, reducing vehicle weight, reducing aerodynamic drag, and reducing rolling friction of tires. 

More substantial redesigns are also just entering the market. Hybrid vehicles, for example, cap-

ture and use energy otherwise lost in braking and use smaller, more efficient engines to power electric

motors without any sacrifice in performance. Fuel-cell-powered vehicles also have substantial promise; for

example, using hydrogen derived from natural gas, fuel-cell vehicles emit half as much CO2 as conven-

tional automobiles. 

Policy options in the area of improving vehicle efficiency include:

• Tightening CAFE standards for passenger automobiles and light trucks, 

• Establishing efficiency standards for tires,

• Extending the “gas guzzler” tax to light trucks and raising the mileage thresholds, 

• Providing tax credits for very high-efficiency automobiles, including hybrid and fuel-cell vehicles, 

and related fuel infrastructure,

• Funding research and development for advanced transportation technologies, and 

• Coordinating emissions and efficiency policies for the transportation sector.

The largest impacts on oil consumption in this sector are likely to come from improving vehicle 

efficiency, as are the most significant potential climate benefits. One tool for increasing new vehicle fuel

economy is to impose stricter CAFE standards. The 2002 National Research Council report on CAFE stan-

dards concludes that significant efficiency benefits can be achieved using technologies that will leave the
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consumer better off economically. Improvements that would pay for themselves in fuel savings in three years

would generate mileage gains of 3 to 22 percent; improvements that would pay for themselves in fuel sav-

ings over the typical 14-year life of a vehicle would produce mileage gains of 16 to 47 percent, depending

on vehicle size.68 These levels of improvement can be achieved without affecting the vehicle size or weight. 

CAFE standards have proven an effective policy tool for reducing oil consumption. CAFE standards

in place today, for instance, are estimated to have reduced U.S. oil consumption by about 2.8 million 

barrels per day (or 13 percent) and avoided emissions of 100 MMTC/yr.69 Phasing in new car fuel economy

improvements of 15 percent by 2013, for example, would produce fuel savings of about 22 billion gallons

per year (almost 12 percent) from projected levels by 2030, with approximately the same percentage

reduction in projected GHG emissions.70

In addition to regulatory approaches, financial incentives can be created to promote fuel econo-

my. These include tax incentives for very high-efficiency vehicles using hybrid or fuel-cell technologies,

reforms to the “gas guzzler” tax to increase its effectiveness,71 and “feebates” which create symmetrical

taxes and rebates for buying low- or high-fuel-economy cars. These measures can produce significant

reductions in both oil consumption and GHG emissions. 

There are some constraints on

improving vehicle fuel economy. First, some

argue that making vehicles lighter, which is

one means of enhancing fuel economy,

could create safety problems.72 As discussed

above, however, significant efficiency

improvements can be gained without reduc-

ing vehicle weight. Moreover, others argue

that automobile safety has improved since

the introduction of CAFE standards in the

1970s, and that such improvements in

safety engineering can be expected to 
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Figure 8

Energy Use in Transportation

Source: U.S. DOE, EIA. Annual Energy Outlook 2002, Table A7.
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continue. Also, while increasing use of diesel engines could have significant climate benefits due to their

efficiency relative to internal combustion engines, diesel use may be constrained by other environmental

factors such as ability to comply with new criteria pollutant emissions limits.

Elements of the transportation sector other than light-duty vehicles (heavy trucks and buses, air-

craft, railroads, and maritime shipping) cumulatively account for 41 percent of the sector’s energy con-

sumption. (See Figure 8.) As with the industrial sector discussed above, these commercial elements of

the transportation sector have strong economic and competitive incentives to reduce fuel costs and invest

in fuel efficiency. Perhaps for this reason, current energy policy proposals do not focus on these elements

of the transportation sector to any significant degree.

By 2007, heavy-duty trucks and off-road equipment will be subject to new requirements for 

reductions in criteria air pollutants; compliance with these requirements could lead to efficiency losses 

and therefore higher GHG emissions. Better coordination between energy and environmental policy-makers

could help head off this potential conflict between Clean Air Act and climate change policy concerns.

Alternative Fuels 

Another means of reducing consumption of gasoline is to increase the

use of alternative transportation fuels. These include compressed natural gas, liquefied

natural gas, hydrogen, propane, methanol, ethanol, and electricity. Currently, alternative fuels account for

only about 0.2 percent of transportation fuel consumption. In order to make significant increases in the

use of alternative fuels, issues of vehicle cost, fuel cost, refueling infrastructure, and vehicle range will

need to be overcome. It should be recognized, moreover, that not all alternative fuels offer GHG benefits

relative to gasoline.

Replacement fuels, such as methyl tertiary-butyl ether (MTBE, made from natural gas) and

ethanol (a biofuel), have had a more significant effect on gasoline displacement. Replacement fuels are

added to gasoline for environmental reasons. Replacement fuels now account for 2 to 3 percent of vehicle

fuel consumption.
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Policy options relating to use of alternative fuels in the transportation sector include: 

• Expanding alternative fuel vehicle purchase requirements, 

• Requiring use of alternative fuel in alternative-fuel vehicles in government and commercial fleets, 

• Expanding use of ethanol and methanol blends in conventional automobiles through regulatory 

requirements or tax incentives, and 

• Expanding incentives for use of alternative fuels in buses. 

Unless there is a dramatic increase in the penetration of alternative fuel vehicles along with

increased alternative fuel use in dual-fuel vehicles, alternative-fuel policies will have only a small impact

on oil consumption. Climate impacts of using alternative fuels vary considerably from fuel to fuel. 

Moreover, in addition to considering GHG emissions from the vehicle itself, there are important

differences in the GHG emissions associated with the production of each fuel. Electricity and hydrogen,

for instance, produce no GHG emissions when used to power a vehicle, but typically involve significant

GHG emissions at the generation stage. Ethanol, by contrast, has CO2 emissions when combusted, but the

biomass used to produce the fuel is a carbon sink.73 The increased use of ethanol (the largest non-petro-

leum-based transportation fuel) either as an oxygenate or as a larger component of the fuel may reduce

GHG emissions, but its life-cycle GHG characteristics vary depending upon the biomass feedstock and the

ethanol production process. The current method of producing ethanol from corn requires the use of fossil

fuels and nitrogen-based fertilizers in agricultural production and refining. Newer methods of obtaining

cellulosic ethanol from organic waste, however, may yield greater GHG reduction benefits. Hydrogen may

be an important long-term transportation fuel in conjunction with fuel cells. (See Box 2.) 

Reducing Vehicle Miles Traveled (VMT) and Traffic Congestion 

There are many opportunities for crafting policies that provide alterna-

tives to automobile use. For instance, transit systems can be expanded and their use encouraged,

employees can be encouraged to increase their use of telecommuting in lieu of driving, carpooling can 

be encouraged, support for inter-city rail services such as AMTRAK can be continued and new high-speed

rail developed, and zoning and other development policies can reduce the need for driving. 
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Policies for reducing automobile use or increasing the efficiency of their use include: 

• Funding public transit expansion, 

• Funding inter-city rail service,

• Expanding tax benefits for transit passes, 

• Promoting telecommuting,

• Promoting carpools by, for example, establishing high-occupancy vehicle (HOV) lanes,

• Establishing electronic toll collection,

• Utilizing “smart” traffic technologies, and

• Establishing “pay at the pump” auto insurance.
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Box 2

Hydrogen: The Transportation Fuel of the Future?

The use of hydrogen in fuel cells offers a technologi-

cally viable alternative to gasoline in internal combustion

engines as a primary transportation fuel. Hydrogen can be

manufactured in several ways – the most common are

reforming natural gas and water electrolysis powered by

electricity. Indeed, substantial amounts of hydrogen are

manufactured today, mostly for use in petroleum refining

and other industrial processes. 

The use of hydrogen in a fuel cell to power a car

could be attractive from an energy policy perspective,

because it offers an alternative to reliance on petroleum-

based transportation fuels. Moreover, the use of hydrogen

in a fuel cell produces no emissions of conventional pollu-

tants or GHGs. However, the process of producing hydro-

gen does have climate impacts associated with extracting

it from fossil fuels or generating electricity for use in elec-

trolysis. One “well-to-wheel” analysis finds that use in fuel

cells of hydrogen produced by electrolysis has about the

same overall GHG emissions as a conventional gasoline-

powered engine, but that, in the future, use of hydrogen

produced by reforming natural gas has the potential to

reduce GHG emissions by as much as 70 percent relative

to conventional engines.74

Cost is a very substantial challenge for use of hydro-

gen as a transportation fuel in the near term. The change-

over to hydrogen-using cars will involve developing new

infrastructure to produce, transport, and store hydrogen,

as well as the transformation of the automobile fleet to

fuel-cell technologies. One estimate is that the infrastruc-

ture alone would cost $100 billion in the United States.75

Moreover, the costs of fuel cells themselves must come

down substantially for fuel-cell vehicles to be cost com-

petitive. Thus, the near-term energy policy agenda should

focus on research and development to advance fuel-cell

and related technologies, so that if regulatory and market

conditions make the relative economics of hydrogen-pow-

ered fuel cells more attractive, these technological options

will be readily available.
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Transportation policies may be undertaken for energy policy reasons. The advent of right-turn-on-

red laws, for instance, was an element of Carter Administration energy policy designed to save fuel.

Transit and car-pooling policies often are elements of regional programs to control transportation-related

air pollutant emissions in areas deemed “nonattainment” with regard to Clean Air Act air quality stan-

dards. Doubling the rates of carpooling and transit use would reduce oil consumption by about 0.3 and

0.1 million barrels per day, respectively.76 Any success with these programs to reduce vehicle-miles trav-

eled or increase the average speed of daily automobile commutes by reducing congestion may produce

GHG reduction benefits.77

With respect to commercial trucking, one option identified is to provide incentives to retrofit

truck stops to allow trucks to be “plugged in” at night. This would reduce truck idling and therefore

reduce emissions and fuel use. Policies can also promote intermodal freight transportation, in which

trucks deliver freight to trains for more efficient long-distance transport.78

Another policy tool for reducing vehicle-miles traveled is to raise the marginal cost of driving.

Higher gasoline taxes would discourage consumption by raising consumer costs, but such taxes are politi-

cally difficult to implement. A more novel mechanism is “pay at the pump” automobile insurance, which

would base insurance premiums on the amount of driving. This would not raise overall consumer costs,

and thus may not be as politically charged as tax increases, but they would change the costs borne by

different drivers; drivers with above-average vehicle use would face higher costs, while drivers with lower-

than-average vehicle use would face lower costs. 

Reducing VMT would produce direct energy security and GHG benefits. However, the policy

options receiving serious consideration are not likely to significantly affect VMT.
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VI. Conclusions

The premise of this paper is that in making energy policy, there are

important choices to be made with respect to climate change policy. In reviewing

policy options, we have identified four key objectives that drive energy policy:

(1) Secure, plentiful, diverse primary energy supply,

(2) Robust, reliable infrastructure for energy delivery and conversion,

(3) Affordable and stable energy prices, and

(4) Environmentally sustainable energy production and use.

In developing a template for a climate-friendly energy policy, we have limited ourselves to a review

of energy policy options, i.e., policies that serve one or more of these objectives. We limit ourselves also to

relatively near-term energy policy initiatives, that is, initiatives that could begin to produce tangible energy

policy benefits over the next decade or two. We did not focus on longer-term issues, such as whether

renewable energy sources and hydrogen will displace coal and gasoline in 2050 or 2100. This focus on rel-

atively near-term measures mirrors the focus of policy-makers in the current energy policy debate.

In identifying energy policy options that are “climate-friendly,” we have considered the following:

(1) Does the policy reduce GHG emissions now?

(2) Does the policy promote technology advancement or infrastructure development that will 

reduce the costs of achieving GHG emissions reductions in the future? 

(3) Does the policy minimize the amount of new capital investment in assets that would be 

substantially devalued (or “stranded”) if a GHG program were implemented?
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Using this approach, we have identified the following elements of a climate-friendly energy policy: 

Fossil Fuels

Expand natural gas transportation infrastructure. Encouraging expansion of

the natural gas transportation system in North America through, for example, rate incentives,

streamlined pipeline right-of-way permitting, and expediting approvals needed for construction of

an Alaska natural gas pipeline, will increase the delivery capability for natural gas and lower the

price of the delivered product. This will, in turn, permit the use of gas as a substitute for coal in

electricity production and thus reduce GHG emissions. 

Increase natural gas production. Encouraging increased production of natural gas in

North America through, for example, providing tax incentives, royalty relief, and access to public

land for resource development, will lower the price and increase the availability of natural gas.

This, in turn, will permit the use of gas as a substitute for coal in electricity production and thus

reduce GHG emissions. 

Electricity

Encourage deployment of efficient electricity production technologies.

Encouraging developers of new generation capacity to employ very efficient generation technolo-

gies—with tools such as tax incentives for combined heat and power and high-efficiency distrib-

uted generation—can significantly increase the amount of useful energy gleaned from fuels, and

thus reduce both energy costs and emissions. Moreover, support for repowering existing plants

with technology that improves the efficiency of the electricity generation process, through tax

incentives and relief from obstacles arising from New Source Review, can reduce electricity

prices and reduce fuel consumption per kWh, with corresponding GHG benefits. Conversely, poli-

cies that discourage such investments in improved efficiency, and instead result only in energy-

consuming pollution control retrofits, may be counterproductive from a climate perspective. 
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Maintain role for nuclear and hydroelectric power. Policies that allow the safe

continued use of nuclear power plants—such as granting license extensions, approving plant

upratings where warranted, and finding new solutions to the nuclear waste problem—preserve

diversity of energy supply, may reduce electricity prices, and avoid very substantial coal consump-

tion for electricity generation. Likewise, maintaining or expanding hydroelectric capacity consistent

with natural resource protection goals provides low-cost electricity without GHG emissions.

Encourage development of renewable energy resources. Policies that encour-

age the development of renewable energy resources—such as production tax credits, a renewable

portfolio standard, transmission policies that do not discriminate against intermittent renewable

resources such as solar and wind, and net metering for small distributed renewable resources—

can help diversify our energy portfolio and are environmentally attractive. Wind, solar, geother-

mal, and hydropower generation produce no GHG emissions, and use of biomass produces no net

GHG emissions. Increasing renewable generation may be constrained, however, by the economics

associated with their high capital costs and (for some technologies) intermittent power output. 

Buildings End-Use Efficiency

Promote use of efficient technologies and green design in buildings.

Policies that require increased efficiency of energy end-use (such as building codes or appliance

efficiency standards), and policies that encourage use of highly efficient equipment and tech-

nologies (such as tax incentives, product efficiency labeling, and Energy StarTM programs) can

significantly reduce energy consumption, can reduce consumer operating costs over a product’s

or building’s lifecycle, can reduce the need for investment in new power plants, and can reduce

emissions related to energy use. 

Industrial End-Use Efficiency

Promote the use of more efficient processes and technologies in industry.

Policies that provide incentives for investment in efficient processes and combined heat and

power technologies, expand coverage of efficiency standards to standard-design equipment, and

provide more information on efficient technologies to industrial consumers in the industrial sec-

tor can lead to further emissions reductions in the industrial sector. 
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Transportation

Enhance end-use efficiency of automobiles and light trucks. Regulatory and

tax policies—such as more stringent CAFE standards, reforms to the “gas guzzler” tax, efficiency

standards for tires, and tax or other incentives for the purchase of highly efficient hybrid vehicles

—can significantly reduce fuel consumption per mile, thus reducing oil consumption and mitigat-

ing reliance on oil imports. Very significant energy and climate policy benefits can be gained in

this area. According to a recent National Research Council study, if lead times are long enough,

automakers can produce substantially more fuel-efficient vehicles without increasing net consumer

costs or compromising safety.79 Moreover, fundamental redesigns such as hybrid vehicles and 

fuel-cell vehicles offer important further potential benefits.

Research and Development 

Promote research and development on efficient electricity production

technologies. Federal funding or tax incentives for R&D on improving the efficiency of the

electricity generation process, regardless of fuel source, can provide options to reduce future

energy prices and reduce future fuel consumption per kWh, with corresponding GHG benefits.

Promote research and development on efficient end-use technologies.

Federal funding or tax incentives for R&D on improving transportation, building, and industrial

end-use efficiency can provide options to reduce future energy costs to consumers and to reduce

future energy consumption, with corresponding GHG benefits. Support for R&D is particularly

important in areas where fundamental changes are possible, such as the widespread use of

hydrogen in fuel cells to power vehicles.

Promote research and development on non-fossil fuels and carbon

sequestration. Federal funding or tax incentives for R&D on alternatives to fossil fuels, such

as biofuels and hydrogen, can provide future viable alternatives to oil. Development of economi-

cal carbon sequestration technologies could enable continued reliance on coal consistent with a

GHG regulatory regime.
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The elements described above include four types of policies: Those that increase the efficiency

of energy use, increase the use of non-emitting technologies, enable greater use of natural gas in lieu of

coal or oil, and encourage research and development on new energy technologies.

There are important constraints on the use of various types of federal policy tools aimed at

achieving national energy objectives. For example, budget dynamics limit the use of federal appropria-

tions and tax incentives, concern for the economic welfare of consumers limits the use of regulatory

requirements (e.g., product efficiency rules that reduce product utility or significantly raise life-cycle

costs), and concern about maintaining safety may constrain further development of nuclear power and

lightweight vehicles.

The ways in which policy options are pursued can have a significant impact on how effectively a

government program achieves its goals. This assessment does not attempt to evaluate the options for how,

for instance, the CAFE program might be reformed, although such details are quite important in deter-

mining how effective it is as an energy policy, what its climate impacts are, and what its costs are.

There are also a number of key energy policies that have no significant climate change impacts,

and thus can be included or excluded based on other factors. These include, for instance, policies to

increase domestic production of oil, to expand the electricity transmission infrastructure, and to promote

competitive electricity markets. While such policies have little or no effect on GHG emissions, they can

address central energy policy concerns and thus should be considered in crafting an energy policy. 
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Box 3

An International Perspective on Climate-Friendly Energy Policies

What can readers from other countries draw from this

paper? The paper’s general finding—that a range of energy-

sector policies not only can promote traditional energy poli-

cy objectives but also contribute to GHG emissions reduc-

tion goals—holds true across all countries with highly devel-

oped energy sectors. In addition, the elements of the 

“climate-friendly” energy policy outlined in the paper reflect

general approaches that likely could be effective in most

other countries, e.g., encouraging the development of

renewable energy policies and promoting end-use efficiency. 

Non-U.S. readers should be aware, however, that 

the specific recommended policies might not make sense

for all countries. The authors have developed these 

recommendations on the basis of particular fuel supply,

electricity-production, and end-use characteristics of the

U.S. energy sector. Moreover, the recommendations reflect

the distinct opportunities and constraints inherent in

existing U.S. energy policies and politics.
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Does a climate-friendly energy policy advance energy policy objectives?

Yes. The climate-friendly steps described in this report would: enhance energy security by reducing

growth in demand for oil, increase the diversity of the country’s energy mix, strengthen the energy delivery

infrastructure, and contribute to improvements in air quality without significantly increasing consumer

energy costs. While calculating the economic costs and benefits of such policy measures is beyond the

scope of this paper, the overall directions are consistent with attaining coherent energy policy objectives.

As mentioned above, there are also important energy policy options (such as transmission system expan-

sion or electricity restructuring) that may advance energy policy goals but are either ambiguous or neutral

on GHG emissions. Such options must also be considered in framing comprehensive energy policy initia-

tives.

Is a climate-friendly energy policy a substitute for a climate policy? 

No. This collection of steps would produce some significant GHG emissions reductions over the coming

years, but it would not produce the magnitude of reductions needed, for instance, to meet the goal set in

the 1992 Framework Convention on Climate Change to reduce emissions to 1990 levels. Moreover, trying

to achieve climate goals indirectly through energy policy tools will necessarily be more expensive than

achieving the same climate goals through an effectively designed policy to directly control GHG emissions

such as a “cap-and-trade” system. Instead, this collection of steps can be thought of as a list of federal

policy steps that will help address the problem of climate change and are independently justified as useful

energy policies. Perhaps more importantly, pursuing these options will start gradually moving capital invest-

ments in energy-producing or energy-consuming equipment in a direction that is consistent with a climate

policy to reduce GHG emissions, so that the economic dislocations and “stranded costs” associated with

implementing a climate change regime later will not be made worse by investment over the coming decade.

Can the impact of these policies be quantified? 

Only roughly. The policies are discussed only in general terms, and are not sufficiently specific to

permit formal estimates of energy use, market price, and emissions impacts. However, the electricity,

buildings, industry and transportation sector options discussed are similar to packages analyzed as the

“moderate” scenario in a recent DOE interlaboratory study.80 That study found that a broad menu of mod-

erately aggressive efficiency, renewables, and R&D policies pursued in this decade could reduce overall
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primary energy use from projected levels by about 4 percent in 2010 and 8 percent by 2020, with nearly

uniform percentage reductions obtained in all sectors. Overall energy consumption, however, would be

higher than current levels, i.e., these policies could reduce but not eliminate growth. Energy prices are

moderately lower than projected levels under those policies, and CO2 emissions reductions were about 

5 percent and 9 percent lower than projected 2010 and 2020 levels, respectively, but still well above

current levels and not even close to 1990 levels. 

As an additional point of reference, the interlaboratory study also examined a set of additional,

much more aggressive policies focused on reducing CO2 emissions, including a $50/metric ton of carbon

fee on primary fossil energy and “pay at the pump insurance” that increased gasoline prices. That

“advanced” scenario reduced CO2 emissions by 17 percent in 2010 and 29 percent in 2020, nearly

returning U.S. CO2 emissions to 1990 levels by 2020. However, those policies also implied substantial

increases in energy prices and significant changes in patterns of U.S. energy production and use. 

The broad findings of the interlaboratory study reinforce the conclusions of this paper, namely,

that near-term energy policies exist that can help reduce the projected growth in U.S. energy-related 

CO2 emissions, but that significant reductions in CO2 require concerted effort and more substantial 

energy market interventions than can be justified on the basis of the traditional objectives of energy 

policy. However, a “climate-friendly” energy policy can meet energy policy objectives and place the U.S.

economy on a more advantageous footing to address climate change in the future.
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notes





This report examines a number of “climate-friendly”

energy policy options for the near term—that is,

policies that would advance U.S. energy policy

goals during the next few decades while contribut-

ing to efforts to curb global warming. The Pew

Center on Global Climate Change was established

by the Pew Charitable Trusts to bring a new 

cooperative approach and critical scientific, 

economic, and technological expertise to the 

global climate change debate. We intend to inform

this debate through wide-ranging analyses that 

will add new facts and perspectives in four areas: 

policy (domestic and international), economics, 

environment, and solutions. 
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