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by John Dernbach and the Widener University Law School Seminar on Energy Efficiency

Editors’ Summary: Rising global demand for energy, high energy prices, cli-
mate change, and the threat of terrorism all point to the need for greater energy
efficiency and conservation in the United States. While technological innova-
tion is plainly needed, our laws and institutional arrangements must also play
an important role. The United States has scores of legal and policy tools from
which to choose to improve energy efficiency and curb energy consumption.
This Article, which grows out of a Spring 2006 seminar at the Widener Univer-
sity School of Law, evaluates a handful of these tools: transit-oriented develop-
ment; fuel taxation; real-time pricing for electricity use; public benefit funds;
improving the efficiency of existing residential and commercial buildings; and
expanding the use of rail freight. Greater efficiency and conservation based on
those and other tools may allow us to stabilize U.S. energy consumption and
then reduce it. As challenging as that goal might be, there is considerable evi-
dence to believe that it is achievable.

I. Introduction

No energy policy choices available to the United States are
as attractive and necessary as energy efficiency and conser-
vation. Energy efficiency involves doing the same amount
of work, or producing the same amount of goods or services,
with less energy.1 Energy conservation is a broader term; it
involves using less energy, regardless of the whether energy
efficiency has changed.2 Energy efficiency and conserva-
tion provide environmental benefits, to be sure; the gallon of
gas or the kilowatt of electricity that is not used is the clean-
est of all. That unused gallon or kilowatt, moreover, is also

the cheapest of all. Even though energy efficiency often in-
volves additional up-front investment, savings from effi-
ciency provide a return on that investment and often exceed
it. Energy efficiency and conservation can also increase na-
tional security by reducing dependence on foreign sources
and reducing stress on energy infrastructure, such as trans-
mission lines and pipelines. Efficiency and conservation
can strengthen, and have strengthened, the national econ-
omy, creating jobs and reducing energy costs for businesses
and individuals, including the poor. Unlike many other en-
ergy policy choices, which involve long-term investments
and technology development, increased emphasis on effi-
ciency and conservation can deliver results in the short to
medium term.

Energy efficiency has an impressive track record. En-
ergy-efficiency improvement can be measured in terms of
energy intensity—energy consumption per dollar of gross
domestic product (GDP). Energy intensity reductions occur
for a variety of reasons, including higher energy prices,
technological improvements, economic restructuring, and
legal requirements. Between 1949 and 2004, energy inten-
sity in the United States (measured in 2000 dollars) declined
from 19.57 to 9.20 thousand British thermal units (Btus) per
dollar.3 Anumber of factors contributed to the improvement
in energy efficiency during this period, including more effi-
cient industrial and transportation equipment, more effi-
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cient lighting and appliances, and more efficient electric
generating equipment.4 The savings to consumers and busi-
nesses from energy intensity improvements in just one part
of that 55-year period—1973 to 2000—were more than
$430 billion.5 Between 1972 and 2000, energy intensity de-
clined at an average annual rate of about 2% per year.6 In its
Annual Energy Outlook 2006, the Energy Information Ad-
ministration projected energy intensity to decline at an aver-
age annual rate of 1.8% from 2004 until 2030.7

Yet no energy policy choice creates as much ambivalence
as energy efficiency and, perhaps more pointedly, energy
conservation. The United States produces and uses a great
deal of energy,8 and many equate American affluence with
energy use. They thus see using less energy as inconsistent
with the American lifestyle, and even as a form of martyr-
dom or impoverishment. When the bipartisan National
Commission on Energy Policy issued recommendations on
national energy policy in 2004, it felt compelled to define
energy efficiency as “doing more with less, as opposed to
suffering hardships or closing businesses.”9 So our national
understanding of energy efficiency has been defined by two
conflicting story lines—one about opportunities and the
other about limits.10

Our energy-efficiency and conservation laws reflect that
ambivalence. On one hand, energy-efficiency laws for ap-
pliances and electrical equipment have achieved consider-
able energy and cost savings.11 On the other hand, the aver-
age required fuel economy for new cars has not changed
since 1990.12 In the Energy Policy Act of 2005,13 the U.S.
Congress saw fit to expand or strengthen efficiency stan-
dards for a variety of products14 as well as commercial and
industrial equipment.15 But much of its work on energy effi-

ciency consisted of symbolic or token actions. The Act ex-
tends Daylight Savings Time by a month in the spring and a
month in the fall, beginning in 2007, which will save a real
but modest amount of energy.16 The Act also provides a gen-
erous and widely publicized tax credit for the purchase of hy-
brid vehicles after January 1, 2006.17 But for any given man-
ufacturer, the tax credit begins to expire after it has sold its
first 60,000 hybrid cars. Because Toyota already sold its
60,000thPrius inMay2006, its taxcreditwill end in late2007.18

At least three converging factors indicate that the United
States needs to resolve this ambivalence on behalf of an in-
tense commitment to increasing energy efficiency and re-
ducing energy consumption throughout all sectors of the na-
tional economy and at all levels of government. These three
factors—growth in global energy demand and consequent
higher fuel prices, climate change, and terrorism—all occur
in the context of an increasingly interconnected and compet-
itive world.

Growth in world energy demand is exemplified in recent
years by economic growth and energy demand in China and
India. Annual growth in energy demand from these and
other countries is expected to be three times as fast as annual
energy demand growth in developed countries.19 Growing
energy demand and other factors are leading to high and
fluctuating energy prices and the prospect of permanent
high (and fluctuating) energy prices. The aspirations of the
people in developing countries underscore another dimen-
sion to growing demand—sharp differences in per capita
energy use. Per capita energy consumption in the United
States is 340 million Btus per year, almost 10 times that of
the average Chinese citizen, and more than 25 times that of
the average Indian citizen.20 To the extent that people in
these countries aspire to the same standard of living as the
United States, and thus the same energy use, it is difficult to
conceive how the world can supply that energy at a reason-
able economic or environmental cost.

The steadily accumulating evidence on climate change
indicates that the problem is more severe and challenging
than we may have previously thought. Peer-reviewed sci-
ence journals and reports contain a steady stream of evi-
dence that climate change is occurring and that humans bear
most of the responsibility.21 Scientific evidence indicating
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5. American Council for an Energy-Efficiency Economy, Energy
Efficiency Progress and Potential, http://www.aceee.org/energy/
effact.htm (last visited July 21, 2006).

6. Lynn Price & Mark D. Levine, Production and Consumption of En-
ergy, in Stumbling Toward Sustainability 79, 87 (John C.
Dernbach ed., 2002).
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Energy Outlook 2006, at 7-8 (2006), available at http://www.eia.
doe.gov/oiaf/ieo/pdf/0484(2006).pdf. In 2003, China and India to-
gether had a GDP nearly as large as that of the United States; in 2030,
their combined GDP is projected to be almost double that of the
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can. Id.
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that climate change is causing more intense hurricanes is
perhaps the most dramatic example, particularly in light of
recent hurricanes.22 The economic impact of climate change
mitigation, of course, is a matter of considerable interest for
policymakers. Because of the potential for cost savings, en-
ergy efficiency is a tool employed by virtually every corpo-
ration that has set greenhouse gas reduction goals. Many of
these companies, including at least one major company
(Dupont) that has held energy use flat since 1990, report
considerable savings.23 Many industry sectors, in fact, see
high energy use as a growing business risk because of high
energy prices, unreliable supplies, climate change, compe-
tition from other industries over energy resources, and
other factors.24

Third, the threat and reality of terrorism against energy
supply chains increase the necessity of reducing depend-
ence on those supply chains through any means possible, in-
cluding reducing the need for that energy. The energy secu-
rity policy developed in the wake of the 1973 Arab oil em-
bargo was intended to protect against loss of supplies from
producing countries. Daniel Yergin argues that energy se-
curity should now “be expanded to include the protection
of the entire energy supply chain and infrastructure,”
which he describes as “an awesome task.”25 For these and

other reasons, a range of expert opinion strongly recom-
mends that the United States—public and private sec-
tors—make a substantially greater effort at energy conser-
vation and efficiency.26

This Article responds to these converging trends with a
simple but positive thesis: We have at our disposal the legal
and policy tools we need to stabilize the growth in U.S. en-
ergy consumption and, within a reasonable time, to reduce
energy consumption. We can do that by greatly improving
energy efficiency and by reducing the need to use energy. If
the United States decides to pursue that course, in fact, it has
scores of legal and policy tools from which to choose. Some
of these laws address a broad range of sectors, and some are
limited to particular economic sectors. Some of these laws
would be new, and some would repeal or modify existing
laws. Many have been implemented at the state level. These
laws and policies, if crafted properly, would do much more
than encourage or require energy efficiency. They would
also foster economic growth, increase American competi-
tiveness, encourage job growth, increase U.S. security, re-
duce dependence on foreign energy supplies, lessen demand
pressure that is contributing to higher prices, and lessen
emissions of greenhouse gases and other air pollutants. In so
doing, they would model an alternative form of develop-
ment—sustainable development—that would likely con-
structively influence the development model that other
countries are pursuing.27 These benefits, and this goal,
may even be prerequisites for a growing economy in the
years ahead.

This Article grows out of a Spring 2006 seminar at the
Widener University Law School. Many of the students
wrote about a legal tool for energy efficiency or energy con-
servation. These include transit-oriented development, fuel
taxation, the use of real-time pricing for electricity to en-
courage energy efficiency, and the use of public benefit
funds. Others wrote about a particular conservation or effi-
ciency option and the many legal and policy tools that could
be employed to address that issue. These options were im-
proving the efficiency of existing residential and commer-
cial buildings and expanding the use of rail freight. This Ar-
ticle synthesizes and summarizes the student papers as well
as other information28 and then evaluates these tools. In
some cases, the list of tools and issues has been expanded
beyond those addressed in the seminar. Even so, this analy-
sis is illustrative, not exhaustive. A great many other tools
and options exist to address the many energy consumption
issues that we face.

This approach—focusing on legal and policy tools for en-
ergy efficiency and conservation—seems particularly ap-
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ber, Duration, and Intensity in a Warming Environment, 309 Sci-

ence 1844 (2005). There is also evidence indicating that climate
change is contributing to an increase in the number of hurricanes.
Michael E. Mann & Kerry A. Emanuel, Atlantic Hurricane Trends
Linked to Climate Change, 87 EOS 233 (2006).
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propriate for two additional reasons. Much of the media dis-
cussion about energy efficiency is about what individuals or
businesses have done.29 These examples are important; they
make abstract ideas and policies appear more real and more
achievable. But that approach, if taken to an extreme, would
suggest that energy efficiency is a personal or business deci-
sion that has little to do with law. Vice President Dick
Cheney famously characterized that approach in 2001 by
describing energy efficiency as a matter of personal virtue.
He has more recently described energy efficiency as an ap-
propriate subject for law and policy, and this Article is in-
tended to underscore that point.

In addition, this approach focuses on energy efficiency
and conservation by themselves, for all of the reasons that
can be brought to bear on their behalf, rather than as one
suite of tools that can be used to address climate change or
energy policy. Analyses of climate change or energy policy
that conflate renewable energy, energy efficiency and con-
servation, greenhouse gas emissions reductions, and carbon
sequestration sometimes miss what makes energy effi-
ciency and conservation different. They are not merely an-
other set of choices; they represent the approach that most
directly addresses the core problem—high and growing en-
ergy consumption. This Article is not intended to discount
the importance of reducing greenhouse gas emissions, in-
creasing the use of renewable and other noncarbon-based
energy sources, providing for long-term carbon storage, and
protecting against the adverse effects of climate change. All
of these are needed.30 Nor does this Article take a position
on the many other energy choices and decisions that the
country faces in the decades ahead. Rather, this Article fo-
cuses on energy efficiency and conservation to provide a
clearer picture of what these approaches, by themselves,
could achieve. It also suggests that climate change would
more effectively be addressed in combination with eco-
nomic development and national security concerns than as a
stand-alone issue.

Part II of this Article shows that U.S. energy consump-
tion, which is already substantial, is projected to grow even
more over the next quarter century in every sector of the
economy. The George W. Bush Administration is working
toward a modest reduction in greenhouse gas intensity—a
measure of greenhouse gas emissions per dollar of
GDP—but the goal is too modest to have a significant im-
pact on greenhouse gas emissions or energy consumption. A

more direct and substantial approach, Section II suggests, is
to stabilize and reduce U.S. energy consumption.

Part III reviews selected legal tools and policies for re-
ducing energy consumption by increasing energy efficiency
and conservation. It begins with an overview of perhaps the
two most prominent and successful U.S. energy-efficiency
programs—one directed at appliances and equipment and
the other directed at fuel efficiency in motor vehicles. Part
III then describes a variety of other options and legal tools
that have been or can be employed to improve energy effi-
ciency or conservation at the state or federal level, focusing
on those tools described by students in the seminar.

Part IV examines additional evidence that the stabiliza-
tion goal is achievable, including other available energy-ef-
ficiency options and legal tools, projected energy savings
contained in a variety of energy-efficiency studies, and
more detailed data on energy intensity. The legal and policy
tools assessed by the students, as well as those contained in
this additional evidence, indicate that a goal of stabilizing
and then reducing U.S. energy consumption is within reach.
They also indicate that achieving this goal would bring con-
siderable economic, social, environmental, and security
benefits to the United States.

II. U.S. Energy Consumption

All of America’s energy challenges are rooted in two facts:
we consume a great deal of energy, and we are on course to
consume a great deal more. The United States is the world’s
largest energy consumer.31 On an annual basis, this country,
which has roughly 5% of the world’s population, is respon-
sible for about 25% of the world’s annual energy consump-
tion.32 In addition, as President Bush has acknowledged,
this country is the world’s largest producer of greenhouse
gases (as a percentage of the world’s greenhouse gas emis-
sions).33 The United States is also the world’s largest emitter
of fossil fuel-related carbon dioxide. With 24% of the
world’s carbon dioxide emissions from fossil fuels, U.S.
emissions are 66% greater than those of the next largest
emitter, China.34

U.S. energy use as well as greenhouse gas emissions are
also projected to grow in the coming decades. These projec-
tions would not be changed in any substantial way by
achievement of President Bush’s 2002 goal of reducing the
greenhouse gas intensity of the U.S. economy by 18% over
10 years.

A. Overview of Trends

Unless there are new energy conservation policies or behav-
ior changes, total U.S. primary energy consumption is ex-
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29. See, e.g., Chad Terhune, Frito-Lay Aims to Cut Gas Bill’s Bite,
Wall St. J., June 5, 2006, at B2 (describing actions to reduce en-
ergy required to cook Doritos and other chips that the company says
have saved $40 million); Tom Kenworthy, One Family Takes on
Carbon Dioxide, USA Today, June 1, 2006, at 7D (describing the
actions of a Colorado family that claims to be causing one-fourth of
the carbon emissions of a typical family in that state).

30. This is particularly true because of the substantial reductions in
greenhouse gas emissions that will be required to stabilize “green-
house gas concentrations in the atmosphere at a level that would pre-
vent dangerous anthropogenic interference with the climate sys-
tem.” United Nations Framework Convention on Climate Change,
art. 2, May 9, 1992, 1771 U.N.T.S. 107; James Hansen et al., Global
Temperature Change, 103 Proc. Nat’l Acad. Sci. 14288 (2006).

This Article’s focus on energy consumption is premised in large
measure on the substantial contribution that fossil fuel use makes to
greenhouse gas emissions. There will hopefully come a time when
energy use will not cause or contribute to greenhouse gas emissions.
At that point, the climate change basis for reducing energy consump-
tion will no longer exist, although other concerns with high energy
consumption may remain.

31. U.S. Dep’t of State, U.S. Climate Action Report—2002:
Third National Communication of the United States of

America Under the United Nations Framework Conven-

tion on Climate Change 14 (2002), available at http://yosemite.
Epa.gov/oar/globalwarming.nsf/UniqueKeyLookup/SHSU5BWHU6/
$File/uscar.pdf.

32. U.S. DOE, Energy Info. Admin., Energy Kid’s Page, http://www.
eia.doe.gov/kids/energyfacts/saving/efficiency/savingenergy.html
(last visited July 21, 2006).

33. George W. Bush, President Bush Discusses Global Climate Change,
http://www.whitehouse.gov/news/releases/2001/06/20010611-2.
html (last visited July 21, 2006).

34. G. Marland et al., Global, Regional, and National CO2 Emissions,
http://cdiac.ornl.gov/trends/emis/tre_usa.htm (last visited July 21,
2006).
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pected to grow by one-third over the next quarter century.
Energy use is projected to grow from 98 quadrillion Btus, or
quads, to 134 quads, or 1.1% per year until 2030, according
to the Energy Information Administration.35 These in-
creases can be examined in three ways: (1) the projected
shortfall between consumption and production; (2) the eco-
nomic sector in which they occur; and (3) fuel type. These
approaches, taken together, provide a sense of the landscape
upon which any further effort to improve energy efficiency
and conservation would need to be built. The data show that
energy consumption is projected to increase for all eco-
nomic sectors and for all fuel types. Differences in energy
consumption exist across economic sectors and fuel types,
however, in no small part because of the presence or absence

of laws that would drive greater efficiency. The data also in-
dicate that energy efficiency has made, and will likely con-
tinue to make for the foreseeable future, a greater contribu-
tion than renewable energy.

The Bush Administration’s National Energy Policy iden-
tifies projected growth in energy demand as the source of
the nation’s energy problems. Growing consumption is a
problem, according to the Administration, because it will
outpace the rate of energy production. “A fundamental im-
balance between supply and demand defines our nation’s
energy crisis. As [Figure 1] illustrates, if energy produc-
tion increases at the same rate as during the last decade
our projected energy needs will far outstrip expected levels
of production.”36
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35. Annual Energy Outlook 2006, supra note 7, at 11, 65, 66. Total primary energy consumption or use “is the total consumption of all forms of en-
ergy in both the conversion of one form of energy to another, such as the production of electricity, and by end use sectors such as government, busi-
ness and households.” Austalian Government, Securing Australia’s Energy Future: Energy in Australia, http://www.dpmc.gov.au/publications/
energy_future/chapter1/2_sector.htm (last visited July 12, 2006).

36. Nat’l Energy Policy Dev. Group, supra note 1, at viii.

37. Id.

Figure 1
Growth in U.S. Consumption Is Outpacing Production

37
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Figure 2 provides a broader perspective on U.S. energy
use over the next several decades. It shows that GDP is pro-
jected to more than double by 2030, and that total U.S. en-
ergy use (and carbon dioxide emissions) will increase by
about one-third.38 That energy consumption is projected to
increase by only one-third, rather than doubling, can be at-
tributed in substantial part to energy-efficiency measures
and practices that have been built into the U.S. economy
over the past several decades.39

Figure 2
Energy Use and Related Statistics

(Quadrillion Btus per year unless otherwise noted)
40

As Figure 3 indicates, energy use is projected to grow in
each of the four sectors into which the U.S. economy is di-
vided—residential, commercial, industrial, and transporta-
tion. Electricity is listed separately, after the total, because it
crosses all sectors.41

Figure 3
U.S. Energy Consumption by Sector

(Quadrillion Btus per year)
42

Two sectors are projected to grow faster than the 1.1% an-
nual growth rate projected for total energy use—commer-
cial and transportation. Together, these two sectors account
for 21.29 quadrillion Btus, or about two-thirds of the pro-
jected overall growth in energy consumption. The growth in
commercial energy consumption is driven in part by the
growth in commercial floorspace, which is projected to in-
crease at about 1.6% per year during this period. The transi-
tion to a more service oriented economy is also occurring at
a time when these services require more electricity because
of growing use of computers and Internet services. In addi-
tion, an aging population is expected to require more elec-
tricity for medical equipment where these people live or re-
ceive medical care.43

The transportation sector is projected to account for more
of the nation’s increased energy use than any other sector,
and is projected to be nearly the largest sector by 2030.
Growth in energy use for transportation is driven in large
part by growth in automobile and other light-duty vehicle
travel. Significantly, light-duty vehicle travel is projected
to increase by 1.8% annually, compared to a 2.9% annual
growth over the past three decades. By transportation
mode, a somewhat different story emerges. Energy use by
freight trucks is projected to increase 2.3% per year, com-
pared to 3.0% annually in the past. Energy use for air
travel is projected to increase 1.8% annually, compared to
3.3% historically.

The largest share of energy use by sector, now and in
2030, is in the industrial sector. This is also the sector in
which energy use is growing most slowly. The manufactur-
ing part of the industrial sector includes such energy inten-
sive industries as cement, bulk chemicals, iron, and steel.44

Overall industrial energy intensity dropped by 3.0% annu-
ally between 1980 and 2004, due in large part to greater at-
tention to energy efficiency in the 1970s and the early
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38. Figure 2 also shows a significant difference shown between total en-
ergy use and delivered energy use. For electricity, most of this differ-
ence occurs

at steam-electric power plants (conventional and nuclear) in
the conversion of heat energy into mechanical energy to turn
electric generators. . . . In addition to conversion losses, other
losses include power plant use of electricity, transmission,
and distribution of electricity from power plants to end-use
consumers (also called “line losses”), and unaccounted for
electricity. . . . Overall, approximately 67 percent of total en-
ergy input is lost in conversion; of electricity generated, ap-
proximately 5 percent is lost in plant use and 9 percent is lost
in transmission and distribution.

U.S. DOE, Energy Info. Admin., Annual Energy Review

2006 at 64 (2006), available at http://www.eia.doe.gov/aer/pdf/aer.
pdf.

39. See supra note 4 and accompanying text.

40. Annual Energy Outlook 2006, supra note 7, at 136. The data in
the right hand column was derived by calculation.

41. Id. at 66.

42. Id. at 134-35. The data in the right hand column was derived by cal-
culation.

43. Id. at 69.

44. Id. at 72. The nonmanufacturing part of this sector is comprised of
agriculture, mining, and construction. Id.

2004 2030 Annual
Growth

2004-2030
(percent)

Total
Growth

2004-2030

Delivered Energy
Use

73.18 98.40 1.1% 25.22

Total Energy Use 99.68 133.88 1.1% 34.20

Population
(millions)

294.10 364.79 0.8% 70.69

GDP (billion
2000 dollars)

10,321 23,112 3.0% 12,791

Carbon Dioxide
Emissions
(million metric
tons)

5,795.5 8,114.5 1.2% 2,319.0

Sector 2004 2025 2030 Annual
Growth
2004-
2030

(percent)

Total
Growth
2004-
2030

(quadrillion
Btus)

Residential 21.04 25.88 26.64 0.9% 5.60

Commercial 17.37 24.82 26.73 1.7% 9.36

Industrial 33.27 38.77 40.58 0.8% 7.31

Transportation 28.00 37.52 39.93 1.4% 11.93

TOTAL 99.68 126.99 133.88 1.1% 34.20

Electricity 38.57 50.86 53.71 1.3% 15.14
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1980s, and also because of a decline in U.S. manufactur-
ing.45 Energy intensity in the industrial sector is expected to
decline at a slower annual rate, 2.1%, between 2004 and
2030.46 Projected changes in energy intensity tend to vary
by industry. In the steel industry, for example, more efficient
electric arc furnaces are being installed to meet new demand
or to replace old and less efficient furnaces.47

The residential sector is projected to be the smallest of the
four sectors in 2030 in terms of overall energy use, although
it will likely grow at a steady pace. Electricity use per capita
has increased by more than 50% in this sector since 1980,
even as natural gas and petroleum use per capita have de-
clined. A major reason is demographic; as people move
south and west, they require more electricity for air condi-
tioning and less natural gas and petroleum for heating. Over-
all energy use for space heating, water heating, and refriger-
ation is projected to decline due to more energy efficient ap-
pliances. Electricity use from computers, larger televisions,
and the like, however, is projected to increase signifi-
cantly.48

Electricity is used primarily in the residential, commer-
cial, and industrial sectors. Electricity use is expected to
grow by an average annual rate of 1.3% between 2004 and
2030. Overall, growth in electricity consumption is ex-
pected to account for almost one-half of the growth in U.S.
energy use. Growth in electrical demand will require the
construction of as many as 1,300 power plants, each with a
generating capacity of 300 megawatts (MWs), during the
same period. Some existing facilities will likely be shut
down, but most of this generating capacity will be new.49

Figure 4 provides an overview of the projected energy
consumption during the same period by fuel type:

Figure 4
U.S. Energy Consumption by Fuel Type

(Quadrillion Btus per year)
50

Renewable energy is the fastest growing but smallest
fuel type (except for electricity imports); it is projected to
be more than 50% larger in 2030 than it is today. State laws
and policies that encourage the use of renewable energy,
including renewable energy portfolio standards, provide
much of the reason for this growth. New technologies,
higher natural gas and oil prices, and federal tax credits
provide other reasons.51

Just behind renewable energy in its annual growth is coal.
Coal use is projected to grow more rapidly after 2020 be-
cause it is expected to replace natural gas for many uses and
because coal-to-liquids production is expected to grow in
earnest. Chief among these liquids would be petroleum
products.52 Because coal is abundant in the United States,
facilities that could turn coal into gasoline and oil would re-
duce the demand for foreign petroleum.

Coal and petroleum account for 25.46 quads of the pro-
jected growth of 34.20 quads in energy consumption, or
about 60%. Petroleum, now and in 2030, is the largest
type of fuel used in the United States; it represents about
40% of the total energy supplied by all fuels. The pro-
jected annual growth rate of 1.1%, however, is lower than
the growth rate projected only one year earlier because of
higher oil prices.53

The two slowest growing fuel types are natural gas and
nuclear power, both of which are expected to grow at rates
that are much lower than the 1.1% annual growth rate for en-
ergy. The growth rate for natural gas, 0.7%, is lower than the
growth rate projected in 2005, mostly because of higher nat-
ural gas prices, but also because it is expected to lose market
share to coal.54 Growth in nuclear power is nearly flat. Be-
cause of the Energy Policy Act of 2005, which included pro-
visions to support development of new nuclear plants, in-
creased production is projected from new plants that would
begin to generate electricity after 2013.55

B. Greenhouse Gas Intensity Goal

The United States has no goal concerning overall energy con-
sumption or per capita energy consumption. Instead, the Unit-
ed States has a greenhouse gas intensity goal. While an ambi-
tious greenhouse gas intensity goal could be employed to re-
duce overall greenhouse gas emissions, or even energy consump-
tion, greenhouse gas intensity is not the same as either. More-
over, the U.S. goal does not appear likely to have a significant
effect on greenhouse gas emissions or energy consumption.

In February 2002, President Bush established a goal of re-
ducing the greenhouse gas intensity of the U.S. economy by
18% by 2012, which is projected to prevent the emission of
500 million metric tons of emissions over the decade.56
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45. Id. at 71.

46. Id. at 74.

47. Id. at 73.

48. Id. at 67.

49. Organisation for Economic Co-Operation and Develop-

ment, OECD Economic Surveys: United States 176 (2005).

50. Annual Energy Outlook 2006, supra note 7, at 136. The data in
the right hand column was derived by calculation.

51. Id. at 6.

52. U.S. DOE, Energy Info. Admin., The National Energy Modeling
System: An Overview 2003, http://www.eia.doe.gov/oiaf/aeo/overview/
petroleum.html (last visited July 21, 2006) (explaining coal to liq-
uids production).

53. Annual Energy Outlook 2006, supra note 7, at 6.

54. Id.

55. Id. at 7.

56. The White House, Global Climate Change Policy Book (2002),
http://www.whitehouse.gov/news/releases/2002/02/climatechange.
html (last visited July 21, 2006).

Fuel Type 2004 2030 Annual
Growth

2004-2030
(percent)

Total
Growth

2004-2030
(quadrillion

Btus)

Petroleum 40.08 53.58 1.1% 13.50

Natural Gas 23.07 27.66 0.7% 4.59

Coal 22.53 34.49 1.7% 11.96

Nuclear Power 8.23 9.09 0.4% 0.86

Renewal
Energy

5.74 9.02 1.8% 3.28

Electricity
Imports

0.04 0.05 0.9 0.01

TOTAL 99.68 133.88 1.1 34.20
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Greenhouse gas intensity (greenhouse gas emissions per
dollar of GDP) is closely related to, but not the same as, en-
ergy intensity. The greenhouse gas intensity goal, which
President Bush described as an alternative to the Kyoto Pro-
tocol, is a centerpiece of the Bush Administration’s climate
change strategy.57 About one year earlier, in March 2001,
President Bush repudiated the Protocol.58 This greenhouse
gas intensity policy works out to a 1.96% annual reduc-
tion.59 The Administration claimed that this would be an im-
provement over the 1.4% annual improvement in green-
house gas intensity that was then projected for the same
period.60 If the effort succeeds, U.S. greenhouse gas emis-
sions for this decade will be 2% lower than otherwise pro-
jected.61 By contrast, the Kyoto Protocol would have re-
duced U.S. greenhouse gas emissions by about 30% below
projected emissions.62

The Administration has put in place a variety of voluntary
programs to achieve this goal.63 For example, the U.S. De-
partment of Energy’s (DOE’s) Climate VISION (Voluntary
Innovative Sector Initiatives: Opportunities Now) program
is a voluntary government-industry partnership that in-
volves the Business Roundtable as well as trade and busi-
ness associations representing 14 energy-intensive indus-
tries.64 In return for their commitment to adopt more ad-
vanced energy-efficiency practices, participating industries
receive a variety of assistance for business planning, assess-
ment, software, and energy technology.65

In addition, the Energy Policy Act of 2005 directed that a
newly created Committee on Climate Change Technology
submit to the president 18 months after its enactment a “na-
tional strategy to promote the deployment and commer-
cialization of greenhouse gas intensity reducing technolo-
gies and practices.”66 The Committee is also required to
develop recommendations for the removal of barriers for
the development and deployment of such technologies
and practices.67

Both energy intensity and greenhouse gas intensity are
relative measures, and both are determined by their relation-
ship to GDP. Neither measures absolute improvements in
energy efficiency, absolute reductions in greenhouse gas
emissions, or absolute reductions in energy consumption. In
2004, for example, U.S. greenhouse gas intensity was 2.1%
lower than it was in 2003.68 GDP grew by 4.2%, but U.S.
greenhouse gas emissions were just 2% higher than they
had been in 2003.69 Because GDP grew faster than green-
house gas emissions, the greenhouse gas intensity of the
economy declined.

Both greenhouse gas intensity and energy intensity have
been declining, in similar ways and by similar amounts, for
decades. There have been considerable decade-to-decade
variations in the rate of energy intensity decline. The annual
average decline in energy efficiency was zero in the 1960s,
1.7% in the 1970s, and 2.4% in the 1980s.70 Between 1992
and 2004, the average annual decline was 1.9%.71 Some-
what similarly, the average annual decline in carbon inten-
sity (a proxy indicator for greenhouse gas intensity prior to
1990) was 0.3% in the 1960s, 1.9% in the 1970s, 2.7% in the
1980s, and 1.6% in the 1990s.72 In its Annual Energy Out-
look 2005, the Energy Information Administration pro-
jected a 1.6% annual decline in energy intensity for the next
several decades. One year later, in its Annual Energy Out-
look 2006, it projected energy intensity to decline at an aver-
age annual rate of 1.8% from 2004 until 2030.73 Higher en-
ergy prices, and consequent lower energy consumption, are
the primary reasons for this change.74 The projected 1.8%
annual reduction for energy intensity is similar to the 18%
reduction goal for greenhouse gas intensity by 2012 that
President Bush established in 2002.75

On the other hand, reducing greenhouse gas intensity in-
volves a greater range of choices than reducing energy in-
tensity. Approximately 80% of U.S. greenhouse gas emis-
sions are energy-related,76 but the rest are not. Reductions in
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57. Id. The United States is a party to the U.N. Framework Convention
on Climate Change, supra note 30. Parties to the Framework Con-
vention subsequently agreed, at a meeting in Kyoto, Japan, to a pro-
tocol to that Convention under which developed countries would re-
duce greenhouse gas emissions by approximately 5% from 1990
levels by 2008 to 2012. Kyoto Protocol to the United Nations
Framework Convention on Climate Change, Dec. 10, 1997, U.N.
Doc. FCCC/CP/197/L.7/Add. 1, reprinted in 37 I.L.M. 22 (1998).
Under the Kyoto Protocol, the specific obligation of the United
States was to reduce its emissions by 7% below 1990 levels. Id. An-
nex B.

58. Letter from President George W. Bush to Senators Chuck Hagel,
Jesse Helms, Larry Craig, and Pat Roberts (Mar. 13, 2001), avail-
able at http://www.whitehouse.gov/news/releases/2001/03/20010314.
html. The president claimed that the Kyoto Protocol would be costly
to the American economy and that it failed to impose emissions re-
duction requirements on major developing country emitters such as
China and India. Id.

59. Stephen Pacala & Robert Socolow, Stabilization Wedges: Solving
the Climate Problem for the Next 50 Years With Current Technol-
ogies, 305 Science 968, 969 (2004).

60. Global Climate Change Policy Book, supra note 56. The 1.4% figure
is slightly lower than the annual intensity reductions forecast during
the same period. In 2002, a 1.5% annual energy intensity reduction
was projected for 2002 to 2020. U.S. DOE, Energy Info. Admin.,

Annual Energy Outlook 2002 With Projections to 2020:
Overview (2002), available at http://www.eia.doe.gov/oiaf/archive/
aeo02/index.html. The projected energy intensity reduction one year
earlier, in 2001, was 1.6%. U.S. DOE, Energy Info. Admin., An-

nual Energy Outlook 2001 With Projections to 2020, at 5
(2001), available at http://tonto.eia.doe.gov/FTPROOT/forecasting/
0383(2001).pdf.

61. Letter from John B. Stephenson, Director, Natural Resources and
Env’t, U.S. Gen. Accounting Office (GAO), to Senators Ernest F.
Hollings & John F. Kerry (Oct. 28, 2003), available at http://www.
gao.gov/new.items/d04146r.pdf (concerning climate change: trends
in greenhouse gas emissions and emissions intensity in the United
States and other high-emitting nations).

62. Nat’l Comm’n on Energy Policy, supra note 9, at 25.

63. See Global Climate Change Policy Book, supra note 56.

64. U.S. DOE et al., Climate VISION: Program Mission, http://www.
climatevision.gov/mission.html (last visited July 21, 2006).

65. Id.

66. Energy Policy Act of 2005, §1610(a), (b); 42 U.S.C. §13389(a), (b).

67. 42 U.S.C. §13389(g)(1).

68. Emissions of Greenhouse Gases in the United States 2004,
supra note 4, at 1.

69. Id.

70. Annual Energy Outlook 2001, supra note 60, at 23.

71. Annual Energy Outlook 2006, supra note 7, at 7.

72. Emissions of Greenhouse Gases in the United States 2004,
supra note 4, at 4.

73. Annual Energy Outlook 2006, supra note 7, at 65.

74. Id. at 6.

75. See supra note 60.

76. Carbon dioxide is the dominant greenhouse gas, contributing
5,988.0 of the 7,074.4 teragrams, or 84.6%, of carbon dioxide equiv-
alent that were emitted in 2004. The overwhelming majority of car-
bon dioxide emissions, in turn, 5656.6 of 5988.0 teragrams in 2004,
or 94.5%, are from fossil fuel combustion. U.S. EPA, Inventory

of U.S. Greenhouse Gas Emissions and Sinks: 1990-
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greenhouse gas intensity can be achieved through means
that have little to do with energy consumption. On the en-
ergy side, many means other than energy efficiency are
available to achieve reductions in greenhouse gas emis-
sions. These include renewable energy, long-term carbon
storage or sequestration, and fuel switching to lower carbon
fuels (e.g., natural gas instead of coal).

The Bush Administration’s greenhouse gas intensity goal
may, if successful, achieve slightly more energy efficiency
than would otherwise be achieved. Because the greenhouse
gas intensity goal is so modest, however, it will be difficult
to demonstrate that any further improvement was generated
by this initiative. The 1.96% annual reduction over the 2002
to 2012 period is somewhat higher than the 1.6% annual re-
duction in the 1990s and the 1.4% annual reduction other-
wise projected. On the other hand, it is comparable to the
1.9% annual reduction in carbon intensity achieved during
the 1970s and lower than the 2.7% annual reduction
achieved in the 1980s. These decade-to-decade fluctua-
tions are much greater than the projected reduction in
greenhouse gas intensity. This “background noise” is
likely to be amplified by the impact of recent high energy
prices. Energy Information Administration projections of
greater future energy intensity are supported by abundant
anecdotal evidence that higher energy prices are driving
greater energy efficiency.77

Despite the limitations of this particular goal, greenhouse
gas intensity and energy intensity are useful indicators of
U.S. climate change and energy policy. The relative nature
of both measures is a strength because the measurement is
explicitly connected to GDP. These indicators thus show the
relationship between energy efficiency or greenhouse gas
emissions, on one hand, and economic growth on the other.

The relative nature of these measures, on the other hand,
can be confusing at best and misleading at worst. How did
the United States do on greenhouse gas emissions in 2004?
Some will say emissions were up, others will say green-
house gas intensity was down, and many will not understand
the difference. Similarly, energy intensity is an imperfect
proxy for energy conservation. It is common for improve-
ments in energy efficiency to be outpaced by greater energy
consumption. Houses cost less to heat and light on a
per-square-foot basis than they did several decades ago, but
the average American now lives in a bigger house that uses
more energy for electronic equipment than the average and
smaller house of years past.78

The National Commission on Energy Policy (NCEP) is-
sued a report in 2004 recommending that the United States
adopt, beginning in 2010, “an annual emissions target that
reflects a 2.4 percent per year reduction in the average
greenhouse gas emissions intensity of the economy.”79 Ac-

cording to the NCEP, this cap would cause U.S. greenhouse
gas emissions in 2020 to be 6% to 11% below “business as
usual” levels.80 If the average annual reduction in green-
house gas intensity is great enough, in other words, that re-
duction can effect absolute reductions in greenhouse gas
emissions. Similarly, if the average annual reduction in
greenhouse gas intensity or energy intensity is great enough,
overall energy consumption will stabilize and then fall even
as GDP continues to grow.

C. Stabilizing and Then Reducing U.S. Energy
Consumption

The real problem—large and growing energy consump-
tion—cannot be addressed successfully by proxies alone.
Nor does it appear likely to go away on its own.81 The prob-
lem must be addressed, if it is to be addressed at all, directly
and on its own terms. That is, we must consider what for
many is unthinkable—stabilizing and then reducing U.S.
energy consumption.

This is about maintaining, even increasing, GDP growth,
not reducing it. There is no law of thermodynamics or eco-
nomics that requires energy use to increase with GDP
growth. The fact that U.S. energy consumption grows at
only one-third the rate of GDP growth, rather than the
same rate, is evidence that energy use and GDP growth do
not need to march in lockstep. The NCEP proposal would
have overall levels of greenhouse gas emissions being re-
duced even while GDP grows at almost the same rate as it
would anyway.82 Because greenhouse gas intensity and
energy intensity are closely related, GDP should be capa-
ble of growing at the same rate, or even a greater rate, with
significantly increased energy intensity and thus reduced
energy consumption.

The path to this approach is guided by three markers.
First, increases in energy efficiency can be, and often are,
driven by changes in law and policy. Second, a 2004 article
in Science by Stephen Pacala and Robert Socolow83 sug-
gests that the problem of growing greenhouse gas emissions
be addressed by dividing the growth curve into smaller parts
or wedges and addressing these parts through a multifaceted
set of legal and policy tools. The objective is to stabilize
greenhouse gas emissions at a future point and then reduce
them. Third, the “stabilization wedge” analysis in the Pacala
and Socolow article can be applied to U.S. energy consump-
tion. If we divide growth in U.S. energy consumption by
economic sector and fuel type, and then identify cost-effec-
tive conservation and efficiency options for each sector and
fuel type, we are likely to find that we can do the unthinkable
and be better off for having done it. Much, of course, de-
pends on the laws and policies that would be selected.

NEWS & ANALYSIS1-2007 37 ELR 10011

2004, at ES-4 (2006), available at http://yosemite.epa.gov/oar/
globalwarming.nsf/UniqueKeyLookup/RAMR6MBLP4/$File/
06ES.pdf.

77. See, e.g., Timothy Aeppel & Melanie Trottman, As Energy Costs
Soar, Companies Retool Operations, Wall St. J., Apr. 22-23, 2006,
at A1; Dan Miller, Fuel Costs Force Midstate Businesses to Adapt,
Sunday Patriot-News (Harrisburg, Pa.), Apr. 23, 2006, at C1.

78. Marilyn A. Brown et al., Towards a Climate-Friendly

Built Environment 2-3 (2005), available at http://www.
resourcesaver.org/file/toolmanager/CustomO16C45F65020.pdf
[hereinafter Climate-Friendly Built Environment].

79. Nat’l Comm’n on Energy Policy, supra note 62, at x.

80. Id. at 22.

81. A contrary set of scenarios involve abrupt loss of energy supply
for a variety of reasons, and whose effects range from disruptive
to apocalyptic.

82. Nat’l Comm’n on Energy Policy, supra note 9, at x and 22.

83. Pacala & Socolow, supra note 59.
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1. Measuring the Potential for Greater Energy Efficiency

The potential for energy-efficiency improvements can be
measured in different ways.84 This set of approaches pro-
vides a structure for understanding how much is possible
and under what circumstances. It also provides a way of un-
derstanding some of the obstacles to greater energy effi-
ciency. Finally, it indicates that current levels of energy effi-
ciency are not fixed or immutable, but rather are capable of
being modified by changes in price, behavior, law and pol-
icy, and other factors. In fact, there is an enormous gap be-
tween what is theoretically and technically possible, on one
hand, and what we now experience.

The theoretical potential represents the thermodynamic
limit of what can be achieved. Many scientists and engi-
neers believe that an 80% improvement or more over exist-
ing levels of energy efficiency is possible in this century.85

The technical potential is what can be achieved by the
most energy efficient technology that is commercially avail-
able, or nearly commercially available. Cost and investment
cycles are not supposed to be factored into this method of
measuring potential.86 While the technical potential could,
in principle, reach 100% because it is not bound by costs,
most studies of technical potential only review measures
that “may be cost-effective.”87

The market trend potential is what can be expected under
current and projected market conditions. This is essentially
the business-as-usual approach and assumes the continued
existence of behavioral and market obstacles that prevent
greater improvements in energy efficiency.88

The economic potential is what would be achieved if all
investments “were shifted to the most energy-efficient
technologies that are still cost-effective at given energy
market prices.”89 The economic potential assumes that
many of the behavioral and market obstacles are re-
moved.90 Most estimates are based on economic potential,
though economic potential is not always calculated from
the same perspective.91

The social potential is based on a different understanding
of cost-effectiveness. The social potential is what would be
achieved if externalities (costs that are not included in the
price, such as climate change, air pollution, and national se-
curity) were incorporated into conventional energy prices.92

Because the energy sector produces many external costs, the

social potential for energy efficiency is considerably greater
than the economic potential.

Finally, the policy-based achievable potential is what
would be achieved through a particular policy or package of
policies.93 The policy-based achievable potential depends
on the choice of laws and policies proposed, as well as the
intensity of the projected effort in implementing them. This
policy-based potential is also the potential on which most of
the studies are based that indicate greater opportunities for
energy-efficiency improvement.

As these approaches indicate, there is a wide gap between
what is possible and what we do now. In addition, studies of
energy-efficiency potential all depend, to a great degree, on
assumptions about the choice of legal and policy tools.

2. Stabilization Wedges for Global Climate Change

In their 2004 article, Pacala and Socolow introduced the
concept of “stabilization wedges” for addressing climate
change.94 The concept of stabilization wedges can be ap-
plied, by analogy, to improving energy efficiency in the
United States. The idea, as shown in Figure 5, is that green-
house gas emissions are rising, and that we should imple-
ment a set of laws and policies that would, at a minimum,
flatten those emissions. (In this way, they apply something
akin to the policy-based achievable potential, described
above, to climate change.) Each of those approaches is a
slice or “wedge” in the triangle created by the rising busi-
ness-as-usual line, the flat line, and the vertical line repre-
senting 2054, 50 years after the article’s publication. Pacala
and Socolow provide insight into the multi-dimensional ap-
proach needed to address climate change. The article also
underscores the importance of energy efficiency in address-
ing climate change.

The current atmospheric carbon dioxide concentration is
about 375 parts per million (ppm), higher than the preindus-
trial level of about 280 ppm, but lower than the doubling of
preindustrial levels that is expected to occur under a “busi-
ness as usual” scenario. What would it take, Pacala and Soco-
low ask, to stabilize carbon dioxide emissions at 500 ppm, a
level that many observers believe cannot be exceeded with-
out causing the most serious damage? Stabilization at that lev-
el is possible, they say, if carbon dioxide emissions are kept
to 7 billion tons of carbon per year, rather than the 14 billion
tons per year that are expected by 2054.95 They conceptual-
ize the challenge through the use of seven equal stabilization
“wedges,” each of which begins at zero and increases in a
linear manner until it reaches one billion tons of carbon per
year.96 These wedges can be depicted as shown in Figure 5:
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84. Eberhard Jochem et al., Energy End-Use Efficiency, in United Na-

tions Development Programme, World Energy Assessment:

Energy and the Challenge of Sustainability 173, 183-84
(2000) [hereinafter Energy End-Use Efficiency].

85. Id. at 183, 199.

86. Id. at 183.

87. Steven Nadel et al., The Technical, Economic, and Achievable Po-
tential for Energy-Efficiency in the U.S.—A Meta-Analysis of Re-
cent Studies 3 (2004), available at http://www.aceee.org/conf/04ss/
rnemeta.pdf [hereinafter Meta-Analysis].

88. Energy End-Use Efficiency, supra note 84, at 183-84.

89. Id. at 184.

90. Id.

91. Id. “In all definitions of the economic potential of energy efficiency,
the core cost-effectiveness test is the life-cycle cost of providing a
given level of energy services.” But the financial perspective of an
individual investor is narrower than a macroeconomic perspective,
even though both perspectives fit within the definition of economic
potential. Id.

92. Id.

93. Id.

94. Pacala & Socolow, supra note 59.

95. Id. at 968. They acknowledge that further reductions after 2054 are
likely necessary, and describe a model in which there is a linear de-
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96. Id.
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Figure 5
Stabilization Wedges for Global Climate Change
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Pacala and Socolow identify 15 options, “each of which is
already implemented at an industrial scale and could be
scaled up further over 50 years to provide at least one
wedge.”98 As Figure 5 shows, full implementation of only 7
of the 15 options would be needed to stabilize greenhouse
gas emissions. “Improvements in efficiency and conserva-
tion probably offer the greatest potential to provide
wedges,” they say, and identify four energy-efficiency op-
tions.99 One wedge would be created if the United States
were to increase its carbon intensity goal to a reduction of
2.11% from the current 1.96% and maintain that goal for 50
years, and if every other country were to reduce its carbon
intensity by an additional 0.15% for the same period. An-
other wedge would be achieved if the world’s two billion
cars drove an annual distance of 5,000 miles instead of
10,000 miles and averaged 30 miles of gasoline per gallon.
A third wedge would be achieved if existing practices for
heating and cooling space, heating water, lighting, and re-
frigeration were applied to residential and commercial
buildings in the United States and the rest of the world.
Finally, a fourth wedge would be achieved if the amount of
electricity now produced at coal-fired power plants at 40%
efficiency were produced instead at 60% efficiency.100 If all

four of these were fully employed, they would together rep-
resent more than one-half of the reduction from busi-
ness-as-usual that is needed to stabilize carbon dioxide con-
centrations in the atmosphere.

3. Stabilization Wedges for U.S. Energy Consumption

Pacala and Socolow make a significant contribution by
showing what is needed to stabilize and reduce greenhouse
gas emissions. In addition, the “stabilization wedge” ap-
proach can be usefully applied in other contexts, including
energy efficiency in the United States. Like greenhouse gas
emissions, energy consumption is increasing over time.
Like stabilization of greenhouse gas emissions, the problem
of stabilizing U.S. energy consumption can be addressed
by dividing the projected growth pattern into wedges. Fig-
ure 6 shows stabilization wedges (based on Figure 3) for
the residential, commercial, industrial, and transportation
sectors. In Figure 6, each of these four sectors is a wedge.
This approach recognizes that all four sectors are responsi-
ble for growing energy consumption, not just one of them.
Unlike the approach taken by Pacala and Socolow, how-
ever, these wedges (like consumption and projected
growth in the sectors themselves) are not of equal value.
Cross-cutting wedges could be created for electricity and
other energy uses that involve more than one sector. Fur-
ther wedges could be created by dividing individual sec-
tors into smaller wedges (e.g., by particular industries or
forms of transportation).
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A number of U.S.
studies have already focused on stabilization of consump-
tion based on particular wedges or parts of those wedges. A
report by Marilyn Brown and her colleagues at the Oak
Ridge National Laboratory, for instance, indicates that the
United States could stabilize energy consumption in the res-
idential and commercial sectors by about 2015 and, by
2025, approach 2004 energy consumption levels.101 Simi-
larly, a 2003 report by the Congressional Budget Office
looked at different legal tools for reducing gasoline con-
sumption (part of the transportation sector wedge) by 10%
and justified a reduction on the basis of climate change miti-
gation, energy security, and human quality of life.102 More
broadly, a 2000 report by five government laboratories de-
veloped a scenario in which overall U.S. energy consump-
tion would be nearly stabilized after 20 years.103

The European approach to energy consumption also indi-
cates that U.S. energy consumption could be reduced below
current levels. In October 2006, the European Commission
issued an action plan for improving energy efficiency
enough to reduce energy consumption in 2020 by 11% be-
low current levels. The plan, which is projected to save more
than i100 billion annually in reduced energy costs, con-
tains a detailed set of cost-effective policies and measures to
achieve that goal.104 The European Commission describes

energy efficiency as “by far the most effective way concur-
rently to improve security of energy supply, reduce carbon
emissions, foster competitiveness, and stimulate the devel-
opment of a large leading-edge market for energy-efficient
technologies and products.”105 Per capita energy consump-
tion in western Europe, which contains most of the Euro-
pean Union countries, is one-half of that in the United
States.106 Despite lower per capita energy use, the European
Union has identified cost-effective ways to reduce energy
consumption even more.

III. Legal and Policy Tools for Reducing Energy
Consumption

A variety of tools and options exist to improve energy effi-
ciency and reduce energy consumption. Perhaps the two
most dominant tools over the past several decades, however,
have involved appliances and motor vehicles. Because they
so strongly influence our understanding of conservation and
efficiency, they provide a framework for understanding the
tools and options developed in the seminar.

A. Two (Somewhat) Contrasting Story Lines

The greatest energy savings in the United States over the
past several decades have been achieved for passenger vehi-
cles and appliances.107 National experience with energy-ef-
ficiency laws for each of these, which is to some extent a
study in contrasts, suggests both the potential and limita-
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tions of law in achieving energy efficiency. Appliance and
equipment efficiency standards have significantly reduced
the energy that would otherwise be used, and both regula-
tory and voluntary efforts are being used to enhance effi-
ciency. The United States has a more complete set of appli-
ance efficiency standards than any other country.108 On the
other hand, while motor vehicle standards were initially suc-
cessful in improving energy efficiency, little progress has
been made in more than a decade. Fuel economy of U.S. cars
and light trucks is now substantially lower than that in Aus-
tralia, Canada, China, the European Union, and Japan.109

1. Appliance and Equipment Standards

Appliance and equipment efficiency standards have en-
joyed considerable success. Energy Star®, perhaps the na-
tion’s most effective “voluntary” program, is based to a con-
siderable extent on those standards. Because these standards
have been implemented with relatively little public contro-
versy, however, their scope and effectiveness are likely not
fully known or appreciated.

The Energy Policy and Conservation Act of 1975, as
amended most recently by the Energy Policy Act of 2005,110

requires DOE to adopt testing procedures for the standard-
ized determination of energy efficiency, energy use, or esti-
mated annual operating cost for particular products.111 The
Federal Trade Commission is required to adopt labeling
rules based on energy use, including the estimated annual
operating cost of the particular product and the range of an-
nual estimated operating cost for such products.112 These
rules are intended to inform consumers about a product’s en-
ergy use and costs at the time of purchase. The Act also es-
tablishes energy-efficiency standards for certain consumer
products and authorizes DOE to set new or amended energy
and water conservation standards for a variety of consumer
products other than automobiles.113

New or amended standards are to be based on the “maxi-
mum improvement in energy efficiency, or, in the case of
showerheads, faucets, water closets, or urinals, water effi-
ciency, which the Secretary determines is technologically
feasible and economically justified.”114 As a consequence,
standards have been established (and often subsequently
made more stringent) for a variety of appliances, including
refrigerators, central air conditioners and central air condi-
tioning heat pumps, water heaters, furnaces, dishwashers,
and clothes washers.115 A somewhat similar set of testing,

labeling, and standard-setting requirements exist for com-
mercial and industrial equipment.116 DOE has adopted effi-
ciency standards for, among other things, electric motors,
warm air furnaces, air conditioners, heat pumps, clothes
washers, and illuminated exit signs.117

Primarily because of these standards, significant im-
provements in efficiency were achieved between 1972 and
2001. Gas furnaces became 25% more efficient, central air
conditioners became 40% more efficient, and refrigerators
became over 75% more efficient.118 In the early 1970s, re-
frigerators consumed enormous amounts of electric-
ity—equivalent to the energy production of 30 large coal-
fired power plants.119 Although it appears possible to
build refrigerators that are 50% more efficient than the
currently applicable 2001 standard, the improvement in
refrigerator efficiency has been so great that it is possible
to envision a point at which “refrigerators will use so lit-
tle energy that it may well make sense to focus attention
on other products.”120 Residential appliance efficiency
standards are projected to reduce annual carbon emis-
sions between 1990 and 2010 by an amount equal to 4%
of 1990 U.S. carbon emissions and at a net savings to the
U.S. economy.121

The Energy Policy Act of 2005 requires new or more
stringent standards for a variety of products122 as well as
commercial and industrial equipment.123 The Act also es-
tablishes a federal tax credit for the purchase of certain en-
ergy efficient appliances.124 In addition, the Act instructs the
Federal Trade Commission to consider improvements to
product labeling.125 Ten states have also adopted more strin-
gent efficiency standards or efficiency standards for differ-
ent appliances and equipment than those covered by fed-
eral standards.126

The Energy Star® program builds on the federal stan-
dards. Energy Star® is a government-industry energy-effi-
ciency partnership involving more than 8,000 public and
private entities. It was begun by the U.S. Environmental
Protection Agency (EPA) in 1992 “as a voluntary labeling
program designed to identify and promote energy-efficient
products to reduce greenhouse gas emissions.” It now cov-
ers a variety of office and residential equipment as well as
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org/a062.pdf. In general, federal standards for a particular product
preempt state standards for the same product, unless the state files a
petition with DOE and convinces the agency that the state’s interests
are substantially different from, or greater than, those in the United
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homes and commercial and industrial buildings.127 Accord-
ing to EPA, in 2005 alone, Energy Star® “prevented 35 mil-
lion metric tons of greenhouse gas emissions” and saved an
amount of electricity equivalent to four percent of total de-
mand. These figures, EPA said, are more than twice those
in 2000.128

The Energy Star® label can be placed on products that
meet certain efficiency standards. Some of these standards
are the same as those required for appliances and certain
commercial and industrial equipment. Energy Star® crite-
ria, however, represent more stringent voluntary targets that
manufacturers commit to when they participate in the pro-
gram. This typically requires appliances to be 10% to 25%
more efficient than applicable minimum requirements.129

Energy Star® criteria also apply to appliances and equip-
ment for which no standards have been set, including per-
sonal computers and computer monitors. Since the pro-
gram’s inception, American consumers have purchased more
than one billion products qualified by Energy Star®.130

2. Corporate Average Fuel Economy Standards for Motor
Vehicles

The quest for greater efficiency in motor vehicles began in
earnest in 1975 but has been mostly stalled since 1990. The
reasons for this—differences in car size based on gasoline
mileage efficiency and attendant safety consequences, as
well as the desire by many for larger vehicles—have been
widely described and debated. What is often missed is the
considerable initial improvement in mileage efficiency.
While the story line here is of less success than that for appli-
ances and equipment, it is not a story about policy failure.

The Energy Policy and Conservation Act, which was first
adopted in 1975 in the wake of the 1973 to 1974 Arab oil
embargo, directs the U.S. Department of Transportation
(DOT) to adopt corporate average fuel economy (CAFE)
standards for automobiles.131 Each standard is to be based
on the “maximum feasible fuel economy” that the DOT Sec-
retary determines can be achieved for a particular year.132 In
determining what the maximum feasible fuel economy is,
the Secretary is required to consider “technological feasibil-
ity, economic practicability, the effect of other motor vehi-
cle standards of the Government on fuel economy, and the
need of the United States to conserve energy.”133 Automo-
bile dealers are also obliged to attach a label in a prominent

place on each new car offered for sale, stating the fuel econ-
omy of that car.134

Rapid improvement occurred at first. Regulations
adopted under the Act increased average fuel economy for
automobiles from 18.0 miles per gallon (mpg) in 1978 to
27.5 mpg in 1990.135 As a result, fuel efficiency in new auto-
mobiles grew steadily, peaking in 1988 at about 28.5
mpg.136 The average fuel economy standard has not in-
creased since 1990, however; it continues to be 27.5 mpg.137

Stalled progress is related to the preferences of American
consumers, who are concerned about more than fuel effi-
ciency. Light-duty vehicles for the 2005 model year contin-
ued a “twenty-plus year trend of increasing weight and
power, and faster acceleration.”138 Still, automobiles now
use 40% less gasoline than they did in 1972.139

Congress also authorized the DOT to set fuel economy
standards for light trucks, which include sport utility vehi-
cles, minivans, and pickup trucks. From the 1996 to 2004
model years, the average required fuel economy for light
trucks has been 20.7 mpg, rising to 21.0 mpg for 2005 and
22.2 mpg for the 2007 model year.140 From the late 1980s
to the present, light trucks gained market share and began
to slowly pull the mpg-combined-average rating for cars
and light trucks below the 1988 peak. As a result, average
2005 fuel economy was 24.7 mpg for cars and 18.2 mpg
for light trucks.141

A2002 report by the National Research Council indicates
the strengths and weaknesses of CAFE standards.142 “The
CAFE program has clearly contributed to increased fuel
economy during the past 22 years,” the report said, adding
that national gasoline consumption would otherwise be
“about 2.8 million barrels per day greater than it is, or
about 14% of today’s consumption.”143 On the other hand,
automobile downsizing, “some of which was due to CAFE
standards, probably resulted in an additional 1,300 to
2,600 traffic fatalities in 1993.”144 While the report recom-
mended that the federal government continue to set stan-
dards, it also suggested adoption of a trading program for
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fuel economy credits to reduce costs for manufacturers. In
addition, it recommended consideration of “an approach
with fuel economy targets that are dependent on vehicle at-
tributes, such as vehicle weight, that inherently influence
fuel use.”145

On April 6, 2006, the DOT’s National Highway Traffic
Safety Administration adopted a final rule increasing the av-
erage fuel economy standard for light trucks to 23.5 mpg for
model year 2010.146 The same final regulation introduced a
new method for calculating average fuel economy that is op-
tional for light trucks in model years 2008 to 2010 and re-
quired for the 2011 model year. The agency describes the
traditional way of calculating fuel efficiency as “Unre-
formed CAFE” and the new methodology as “Reformed
CAFE.” Under Unreformed CAFE, automobile efficiency
standards were essentially the same for every manufac-
turer’s fleet, regardless of the composition of that fleet.
Thus, a manufacturer could produce and sell a certain num-
ber of larger and less fuel-efficient vehicles if it produced
and sold an offsetting number of more efficient vehicles.
Under Reformed CAFE, by contrast, each vehicle is as-
signed a “footprint” value and a specific fuel efficiency tar-
get for that “footprint”—in essence, the larger the vehicle,
the larger the footprint.147 Because the fuel efficiency target
is based on the “maximum feasible fuel economy” for each
size of vehicle, the agency said, the final regulation would
achieve fuel efficiency improvements for all sizes of vehi-
cles. Projected fuel efficiency levels for the 2011 model year
vary by manufacturer, ranging from 23.2 mpg (General Mo-
tors) to 27.1 mpg (Suzuki), all at least a little higher than the
22.2 mpg required for 2007 under Unreformed CAFE.148

Estimated fuel savings range from 0.6 billion gallons in
model year 2008 (Unreformed CAFE) to 2.8 billion gallons
in model year 2011 (Reformed CAFE).149

B. Selected Additional Tools and Options

A great many other legal and policy tools and options are
available, or are being deployed to some degree, to increase
energy efficiency and conservation and to decrease energy
consumption. Six are featured here. Taken together, they in-
dicate that reducing energy consumption can bring about
substantial economic, social, environmental, and national
security benefits. These other benefits are so significant that
reduction of energy consumption or greenhouse gas emis-
sions often appear to be secondary considerations—even
though they are quite real. These tools and options indicate
that reducing energy consumption can be a constructive
exercise in seizing opportunities and reducing risks. They
suggest some of the building blocks for a positive future
story line on energy efficiency and conservation in the
United States. They also indicate that the negative story line
about reduced energy use—a bleak future based on oppres-
sive government regulation—is inconsistent with most of
our experience.

Beyond that, they help us understand the path ahead. To
begin with, increased efficiency and conservation are to a
great degree about better technology, but they are not only
about technology. It is one thing to introduce a new technol-
ogy; it is quite another to get it widely used.150 New automo-
biles, appliances, industrial equipment, and buildings are
usually more energy efficient than existing ones. Laws and
policies can play a major role in introducing new technolo-
gies, but they can also play a role in creating incentives for
upgrading or replacing existing technologies. Existing resi-
dential and commercial buildings are an example. Second, a
great deal of additional energy efficiency can be gained by
simply employing—on a wider scale, with greater intensity,
and with better public information—legal and policy tools
that are already being employed successfully. Many of the
tools being used to improve efficiency in residential and
commercial buildings, including tax incentives and low-in-
come weatherization, could be deployed more widely. Pub-
lic benefit funds could be used to achieve much greater elec-
tric efficiency. We could make much greater use of inter-
modal rail freight as well as housing and other development
around transit stations. Third, a considerable amount of ad-
ditional efficiency and conservation is theoretically avail-
able from tools that have not yet been deployed or that have
been deployed for other purposes. Electric rates that vary by
time of day or by season have not been widely used to in-
crease energy efficiency, but could be. Finally, energy effi-
ciency and conservation give individuals and businesses
more and better choices, not fewer choices. Each of these
tools provides additional options.

There is a challenging side to this story as well, and it in-
dicates why the negative energy-efficiency story line still
maintains considerable vitality. Increased taxes for trans-
portation fuels would likely lead to greater efficiency and
reduced consumption in the motor vehicle fleet. Even
though (and perhaps because) such taxes imitate the effect
of fuel price increases, increased taxes may be a political
nonstarter. The challenge, as Figures 3 and 6 indicate, is that
energy use in transportation is projected to grow more than
any other sector by 2030. Transportation raises particularly
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important energy security concerns because transportation
relies overwhelmingly on petroleum and because 58% of
the petroleum we use is imported.151 If certain choices are
off the table, then it is important to deploy other options.
Otherwise, the story is one of inaction or symbolic action.

1. Improved Efficiency in Existing Residential and
Commercial Buildings

Energy-efficiency standards are established for new resi-
dential and commercial buildings. A major challenge—and
an opportunity for reducing energy consumption—is in ren-
ovation and upgrades for already existing structures.

Energy-efficiency standards for buildings are primarily a
matter of state law, though prompted to some degree by fed-
eral legislation. The Energy Policy Act of 1992 required
each state to review the energy-efficiency provisions of its
residential building codes and to determine within two years
whether it should adopt the 1992 Model Energy Code pub-
lished by the Council of American Building Officials.152

The Act contains a comparable provision for energy-effi-
ciency provisions in commercial building codes.153 The
Model Energy Code and its commercial counterpart, the
American Society of Heating, Refrigerating, and Air-Con-
ditioning Engineers (ASHRAE) Code, are revised periodi-
cally. Whenever either code is revised, the Act requires
states to consider or adopt updated provisions that DOE de-
termines “would improve energy efficiency” in residential
or commercial buildings.154 This legislation has been only
modestly successful. In practice, 26 states have the most re-
cent and energy-efficient residential codes and 25 have the
most recent and energy-efficient commercial codes.155 To
bolster state performance, the Energy Policy Act of 2005 au-
thorizes DOE to provide $25 million annually to states to
improve existing energy-efficiency codes and to improve
compliance with such codes.156

These standards will be especially necessary in the com-
ing years because of the amount of new housing needed to
respond to population growth. U.S. population is expected
to grow from 300 million at present to 378 million by 2025,
and this increase is likely to require construction of a sub-
stantial number of new residential and commercial build-
ings with an attendant need for additional energy.157

These codes do not, however, apply to existing residential
and commercial buildings. As a consequence, broadly
speaking, newer buildings tend to be more energy efficient
than older buildings, and often substantially more efficient.
Sixty percent of existing residences are not well insulated,
for example, and 70% or more of commercial buildings
lack roof or wall insulation.158 Retrofitting and upgrading
existing structures and their heating, ventilation, and air
conditioning systems offers a considerable opportunity to
improve energy efficiency. This is especially true because

existing residential and commercial buildings will be
around for a long time. “The vast majority of the buildings
that exist today will still exist in 2015, and at least half of the
current stock will still be standing by mid-century.”159 Be-
yond that, existing residential and commercial buildings are
responsible for almost 40% of the nation’s annual energy
consumption (38.41 out of 99.68 quads in 2004, according
to Figure 2).

A strong economic case can be made for retrofitting or
upgrading a great many existing buildings, although savings
and costs will vary depending on the building and the pro-
posed change. Essentially, the initial cost of the retrofit or
upgrade project is offset, over some period of time, by the
dollar value of the energy saved. The less efficient and more
energy consuming something is, the shorter the payback pe-
riod. A common range is five to 10 years,160 though many
payback periods are less than a year or two. New and more
efficient technologies will likely be cheaper and more effi-
cient over time, as both producers and users of these tech-
nologies learn how they work and how they can be made to
work better.161

But the economic case is often not good enough. The
building industry is fragmented among hundreds of thou-
sands of independent contractors, builders, architects, re-
modeling firms, and service and repair providers.162 “On the
production side, buildings are the largest handmade objects
in the economy.”163 For residences alone, there are some 70
million owner-occupied housing units as well as an addi-
tional 30 million that are rented or leased by their owners to
someone else.164 There are, in addition, some 4.6 million
commercial buildings.165 This fragmentation creates nu-
merous obstacles. For instance, many projects do not occur
because the person who would be spending the money (e.g.,
owner), is not the person who would recoup the benefit (e.g.,
tenant). Barriers to greater energy efficiency also include
up-front costs, limited understanding by consumers and
contractors, and lack of consumer demand.166 Thus, the
builder or contractor may not be familiar with what the cus-
tomer requests, or the customer may not be knowledgeable
about cost-effective upgrades or retrofits that the builder or
contractor could provide.

A variety of mechanisms can be used to help overcome
these obstacles. These mechanisms include tax incentives
and weatherization programs. States and the federal govern-
ment have some such programs. Still, it appears that consid-
erable opportunities for energy efficiency remain.
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Two common forms of tax incentives are credits and de-
ductions.167 A tax credit reduces the tax that would other-
wise be paid. A $1,000 tax credit reduces a tax bill by that
amount. A deduction, by contrast, reduces the amount of
income subject to a tax. If a person is subject to a 28% in-
come tax rate, a $1,000 deduction reduces her tax bill by
$280. On balance, then, credits are more financially attrac-
tive to taxpayers.

For energy efficiency, carefully crafted tax incentives
validate the technology or activity for which the credit is
provided because the government has, in effect, endorsed it.
Carefully crafted tax incentives are also “sized” to provide
enough motivation to be effective.168 Tax incentives reduce
the initial capital cost of upgrade and retrofit projects. That
encourages homeowners and others to undertake such pro-
jects, encourages manufacturers to mass market energy-ef-
ficient technologies, and introduces these technologies to
remodeling firms and independent contractors. By foster-
ing the diffusion of new technologies, tax incentives can
also reduce their price.169 Tax incentives for energy effi-
ciency may be more appropriate and effective for upgrades
and retrofits than for new structures because of the size of
the existing housing stock and because of their potential to
encourage innovation.170

Oregon appears to have the oldest and most well-estab-
lished state energy-efficiency tax credit.171 The credit ap-
plies to renewable energy as well as energy efficiency, but
has been administered with considerable attention to effi-
ciency.172 Aresidential tax credit is available for certain new
highly efficient refrigerator freezers ($50-$70), clothes
washers ($115-$1,180), and dishwashers ($50).173 Between
1998 and 2001 alone, the credit was claimed for 66,000 ap-
pliances. Overwhelming majorities of those surveyed said
the program influenced their buying decision and that they
would use it again.174 Business tax credits are available,
among other things, for retrofit projects that will result in a
10% energy-efficiency improvement and lighting retrofit
projects that are 25% more efficient.175 Between 1981 and
2001, 3,655 energy-related projects took advantage of the

business tax credit program.176 The Oregon program has re-
duced demand for electricity by 530 million kilowatt hours
(kWh) and demand for natural gas by 580 million Btus.177 A
handful of other states have similar tax incentives.178

In the Energy Policy Act of 2005, Congress provided an-
other set of tax incentives for energy efficiency in existing
buildings.179 Homeowners who make certain efficiency
improvements at their residence before the end of 2007 can
receive a credit of up to $500.180 Energy-efficient commer-
cial building expenditures that are put in service before the
end of 2007 may qualify for a deduction of $1.80 per
square foot.181

Weatherization programs for low-income persons are an-
other means of providing incentives for energy-efficiency
upgrades and retrofits. DOE’s Weatherization Assistance
Program has weatherized more than five million homes
since 1976. About 105,000 homes were weatherized in
2002, but 28 million households are eligible.182 While the
weatherization program began with a focus on insulation
and caulking, it now includes a range of energy-efficiency
services, including improved heating and cooling systems
and more efficient appliances.183 For each dollar spent on
this program, the economic and non-economic benefits are
estimated at $3.71.184 The program reduced energy demand
by 0.061 million Btus in 2002.185 States also have a variety
of weatherization programs.186

Many states and utilities are now employing a targeted
“neighborhood blitz” approach to energy efficiency in
low-income neighborhoods.187 These programs provide kits
containing such items as low-flow shower heads, setback
thermostats, and water heater wraps to residents in low-in-
come neighborhoods. These kits, which cost between $17
and $180 each, are distributed free of charge. The economic
and energy saving benefits are considerable; for some pro-
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grams, the savings to a household in the first year alone ex-
ceed the cost of the kit.188

2. Transportation

Energy efficiency in transportation, of course, depends in
significant part on CAFE standards. But CAFE standards,
which are a form of efficiency standards, are not the only
way to reduce energy consumption. Agreat many conserva-
tion options are available for transportation. They are pre-
mised in the reality that existing zoning, housing, and tax
laws, as well as direct and indirect subsidies for roads and
highways, have significantly reduced the transportation op-
tions available to Americans. As a result, it is difficult or im-
possible for many Americans to walk, bicycle, or take tran-
sit to get to work, and it is equally challenging for their chil-
dren to walk or bicycle to school.189 A similar story can be
told about the movement of goods. Laws that repeal or mod-
ify these laws, or in other ways correct their effects, would
provide people with more options, not less. In this respect,
laws that foster greater energy conservation are also laws
that enhance rather than restrict personal freedom. Two ex-
amples of energy conservation and efficiency are expansion
of rail freight and transit-oriented development.190 Both oc-
cur in the context of high and fluctuating fuel prices and
growing highway congestion. The non-energy benefits of
both, however, are so great that energy savings are not given
great attention. A third option, an increased transportation
fuels tax, would likely also bring significant benefits but
raise more obvious political concerns.

� Expansion of Rail Freight. Moving freight by rail has en-
ergy efficiency and environmental advantages over moving
freight by truck or tractor trailer. Asingle train can move the
same amount of freight as 280 to 500 trucks. The overall fuel
efficiency of railroads is three times greater than that for
trucks. The fuel efficiency of trains increased from 235 mpg
to 410 mpg for a ton of freight between 1980 and 2004.
These energy efficiencies translate into reduced air pollu-
tion and greenhouse gas emissions.191 Reducing truck
traffic on highways eases congestion and reduces demand
for new or expanded highways. Railroads are also becom-
ing more competitive. Rail freight rates have been
steadily declining since the early 1980s, making the in-
dustry more competitive.192 Unlike their competitors
(trucks and barges), however, railroads own and maintain
their own tracks and rights-of-way; trucks and barges oper-
ate on public rights-of-way that are supported and main-
tained by taxes.

At the same time, their primary competition—the truck-
ing industry—is flexible in ways that railroads cannot be.
Trucks are overwhelmingly the dominant mode of freight

transport mode, representing 78% of the tonnage of domes-
tic freight that is transported. By contrast, rail moves just
16%.193 Every company, manufacturer, farmer, and mine is
connected to a road or highway that is accessible by a truck,
but this is not true of rail. While road and highway systems
have expanded over the past century, the number of miles of
railroad track declined; rail track mileage is one-half of what
it was in 1920.194 Even if a company is located on a rail spur,
moreover, it has not always been possible to get a load of
cargo by rail from that spur to a particular destination within
the required time. For these and other reasons, a fruit pro-
ducer in southern Pennsylvania may routinely use tractor
trailers to ship applesauce to the West Coast.

An alternative for this and other shippers is intermodal
transportation. By this approach, a tractor trailer transports
goods a relatively short distance from the producing site to a
rail line. The trailer is then loaded onto a flatbed rail car and
transported a much longer distance to a rail terminal near the
market destination. The trailer is then moved off the rail car,
and another tractor takes the trailer to its destination. After
goods are initially loaded into the trailer, the goods inside
are not touched until the trailer is unloaded at its final desti-
nation; the trailer is simply the container in which the goods
are moved. Something similar happens with shipping con-
tainers used in trans-oceanic trade. They are often moved di-
rectly from a cargo ship onto a flat rail car, and then trans-
ported across country to a rail terminal near their destina-
tion. They are then transported by flat bed tractor trailer to
their destination.

Most of the rail freight market is based on long-distance
transportation of commodities like coal, wheat, soybeans,
and chemicals. Intermodal transport takes advantage of
rail’s market strengths in moving goods for long distances
while benefiting from the flexibility of trucks. Indeed, the
fastest growing share of the rail market is based on
intermodal transport, which has tripled since the early
1980s. The most heavily used corridor for intermodal trans-
port is between California and Illinois, connecting the U.S.
heartland to markets in Asia.195 Intermodal transportation
enhances market competition and gives shippers transporta-
tion choices that they may not otherwise have.

The Intermodal Surface Transportation Efficiency Act
(ISTEA),196 as amended and extended by the Transportation
Equity Act for the 21st Century (TEA 21),197 enhanced the
competitiveness of rail freight in several ways. Most obvi-
ously, the use of “intermodal” in the first statute’s name em-
phasized the importance of this approach to transporta-
tion.198 The term “intermodal” indicates “the beginning of a
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new direction: a greater emphasis on all modes of travel, not
just highways, and an emphasis on environmental and eco-
nomic efficiency.”199 TEA21 requires freight and passenger
transportation planning to be conducted by state and metro-
politan agencies to “minimize transportation-related fuel
consumption and air pollution.”200 The Act also requires
that freight shippers and transporters be given notice and an
opportunity to comment on proposed transportation plans.

A major obstacle to expanded rail freight service, how-
ever, results from its growing success in recent decades.
Railroads are approaching the limits of current rail capac-
ity.201 The American Association of State Highway and
Transportation Officials issued a report in 2002 stating that
an aggressive public-private investment strategy is needed
to help rail freight increase its existing 16% market share to
17% by 2020. Such a strategy—involving only a 1% in-
crease in rail freight’s market share—could “shift 600 mil-
lion tons of freight and 25 billion truck [vehicle miles trav-
eled] off the highway system, save shippers $239 billion,
save highway users $397 billion, and reduce highway costs
by $17 billion.”202 These investments would, among other
things, allow more trains to travel on a single line through
global positioning system tracking, upgrade rail lines and
bridges, and provide for safer crossing routes. The nation’s
major railroads are now spending approximately $2 bil-
lion per year for improvements, not including repair and
maintenance, but close to $5 billion per year is needed,
state officials said. While the railroads themselves would
need to meet most of that through revenue and borrowing,
the rest would need to come from a variety of public and
private sources.203

Two examples illustrate how rail freight can be fostered
across the United States and what opportunities are avail-
able. These are the Alameda Corridor project in southern
California and Virginia’s intermodal transportation plan-
ning activities.

The Alameda Corridor is a useful example of the pub-
lic-private partnerships that will be needed to maintain and
expand rail freight transportation. The corridor is a “rail
cargo expressway” that connects two ports, Long Beach and
Los Angeles, to transcontinental rail lines 20 miles away.
About one-third of all U.S. waterborne container cargo goes
through these two ports.204 Before this corridor was con-
structed, three major railroads employed four different
routes to move cargo from these ports, crossing streets at
200 locations and creating traffic congestion, pollution, and
safety risks. Projected growth in container cargo volume at
these ports was considerable, raising serious questions
about the continued ability of these rail lines to move that

traffic. The key piece of this $2.4 billion project is a 10-
mile-long subsurface trench that eliminated the 200 street
crossings and reduced rail transit times from more than two
hours to 45 minutes.205 The Alameda Corridor required co-
ordination among eight cities, acquisition of rights-of-way,
compliance with environmental requirements, and financ-
ing from a variety of public and private sources. About a de-
cade and a half elapsed between initial planning and project
completion.206 The project appears to be succeeding in its
goal of facilitating an increase in rail freight; 17,000 trains
used the corridor in 2005, compared to 14,000 in the corri-
dor’s first year of operation. This, in turn, has reduced con-
gestion as well as air and noise pollution.207

A Virginia planning process exploring the potential for
moving freight from trucks to rail illustrates the opportuni-
ties that are available and the seriousness with which these
opportunities are being evaluated. A focal point for this
planning process, which is partly an outgrowth of ISTEA
and TEA-21, is the Interstate 81 (I-81) corridor. I-81 runs
from New York to Tennessee for a distance of 824 miles,
323 of which are in Virginia.208 It has become a major truck
transport route; one in every three vehicles on the highway
is a truck.209

A 2003 study prepared for the Virginia Department of
Rail and Public Transportation identified two approaches to
diverting truck traffic from I-81—an approach for the entire
length of the highway, and a Virginia-based approach. In
both cases, capital investments would need to be made to
improve and expand rail service. These investments would
include additional tracks, signaling systems that allow for
faster and more frequent trains, and the construction of ter-
minals for transferring loads between rail and truck.210

Along the length of the corridor, the report said, an initial in-
vestment of $2.6 to $2.8 billion could divert roughly
700,000 truck loads annually from I-81 within three to five
years, and a 10 to 12 year investment of $7.3 to $7.9 billion
could divert 2.8 to 3.0 million truck loads annually. In Vir-
ginia alone, an investment of $500 million would produce
annual diversions of about 500,000 truck loads over five to
seven years. These projected diversion levels, the study
said, are reasonable because they are consistent with experi-
ence elsewhere.211

In May 2006, Virginia enacted legislation requiring the
Virginia Department of Transportation (a separate agency
from the Department of Rail and Public Transportation) to
prepare a plan “to divert the maximum amount feasible of
the long-haul, through-truck freight traffic to intermodal rail
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in the Interstate Route 81 Corridor.” The plan is to include a
detailed analysis of the operating characteristics of this sys-
tem as well as an evaluation of costs, return on investment,
and alternative financing methods.212

� Transit-Oriented Development. A side effect of personal
car travel is traffic congestion, and congestion in urban areas
has grown considerably in the past two decades. According
to the Texas Transportation Institute, the annual delay per
peak traveler grew from 16 to 47 hours between 1982 and
2003, and the number of metropolitan areas with more than
20 hours of delay per peak traveler grew from 5 to 51. De-
lays grew from 0.7 billion to 3.7 billion hours over this 20-
year period, wasted fuel increased from 0.4 to 3.7 billion
gallons, and costs (in 2003 dollars) climbed from $12.5 bil-
lion to $63 billion.213

As a consequence, public transportation has become
more attractive. Uncongested or free-flowing travel in ur-
ban areas is less than one-half of what it was in 1982.214 Pub-
lic transport saved 1,096 million hours in travel delays in
2003, compared to 269 million hours in 1992. Similarly,
public transport saved $18.2 billion in congestion costs in
2003, compared to $4.6 billion in 1982.215 Additional road
capacity, which for many is the most straightforward solu-
tion, has been unavailing. Only 4 of 85 urban areas have had
road capacity that stayed relatively even with demand
growth; in 53 other areas, traffic growth has exceeded
growth in road capacity by more than 30%.216

Transit-oriented development (TOD) is one of many re-
sponses to growing congestion. TOD is designed to use pub-
lic transportation rather than a personal car, to reduce road
congestion, and to create a pedestrian-friendly environment
in the area around public transportation facilities.217 In-
creased ridership means greater income for public transpor-
tation agencies. TOD can also be a way to achieve signifi-
cant economic development in less developed or even dete-
riorating neighborhoods around transit stops. While defini-
tions vary somewhat, TOD has five major characteristics:

First, a TOD has sufficient density to encourage the use
of public transit. Second, a TOD locates residences, jobs,
and retail destinations close to public transit facilities.
Third, a TOD consists of mixed uses, with retail and em-
ployment locations within walking distance of residen-
tial areas. Fourth, the TOD is built on a grid transporta-
tion network, which is not divided into the arterial-col-
lector-local road classification system found in most
suburban areas. Finally, most TODs contain urban de-
sign guidelines and design features to encourage a more
pedestrian orientation, which theoretically encourages
its residences to eschew the automobile in favor of more
communal forms of transportation.218

The United States now has more than 100 TOD projects,
mostly around various types of rail stations.219 Public trans-
portation is more economically feasible in higher density ar-
eas. The more people who live or work in a particular area,
and the closer they are to a public transportation facility, the
more likely they are to use public transportation.220

Mixed-used zoning, which allows businesses to be located
next to housing, and a pedestrian-friendly environment can
make these areas even more attractive as places to live.
More than 100 “joint development projects” also exist.
These are based on U.S. transit-agency properties located
near transit stations. This land is developed in a TOD fash-
ion in public-private partnerships that put the public transit
agencies in the role of government economic develop-
ment agencies.221

TOD tends to be more successful “when it starts with a vi-
sion, cultivated from broad-based public input, and pro-
ceeds to strategic station-area planning backed by appropri-
ate zoning as well as policy incentives and regulations.”222

TOD usually requires special zoning requirements, particu-
larly to enable higher densities and mixed-use zoning
around public transit facilities. Traditional zoning, by con-
trast, divides a municipality into districts in which uses are
the same. Thus, there are districts that are strictly residen-
tial, districts that are strictly commercial, and so forth.223

Traditional zoning ordinances also contain density restric-
tions on the number of residences, businesses, and other
structures. Overlay zones are the primary means used to
modify existing zoning for TOD. An overlay zone is laid
over an existing zone and modifies restrictions that exist
within that zone, increasing permissible densities and uses
in a manner that is consistent with the original vision.224 To
encourage the use of TODs, Massachusetts has published a
model ordinance for a TOD overlay district.225

Perhaps the most successful example of a TOD outside a
central business district in the United States is the Rosslyn-
Ballston corridor in Arlington County, Virginia, which is
developed along five stations in Washington, D.C.’s
Metrorail system.226 The area around these five stations has
been transformed since the 1970s, when the Metrorail was
constructed. It now has office towers and major hotels, a
great variety of retailers and service providers (including
restaurants, specialty retailers, beauty/barber shops, and
banks), and 18,000 housing units.227 Generally, higher-den-
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sity commercial areas are located closer to the Metrorail sta-
tions, and medium-density uses are in the next ring, and
lower-density uses, including lower-density housing, are
farther away. The zoning districts, taken together, are more
in the form of a bull’s eye than a series of boxes.

TOD success stories come from all around the country,
including Boston, Chicago, Colorado, Dallas, Miami-Dade
County, New Jersey, Portland, San Francisco Bay, and
Southern California.228 The available evidence indicates
that TOD is actually achieving its primary goal—moving
people from cars to public transit. People who live in TOD
areas are five to six times more likely to use public transpor-
tation than others who live in the same region.229 The suc-
cess stories indicate that economic development motivates
many TOD projects, and that government economic devel-
opment assistance of various kinds is employed for TOD.230

Finally, though, the fact that there are only 200 or so TODs
or TOD-like projects indicates that opportunities for expan-
sion of TOD are abundant.231

� Taxation of Transportation Fuels. Fuel taxes are among
the most widely advocated but most widely criticized means
of achieving greater energy efficiency in transportation.
Even before one gets to the merits of any proposal involving
fuel taxation, there is a threshold question of political ac-
ceptability. “Americans are reflexively opposed both to tax
programs and to gasoline price increases,” and a gasoline
tax “combines both.”232 This may be particularly true at a
time of high gasoline prices. Still, the option is worth serious
consideration in any discussion of what choices exist to sta-
bilize energy use from transportation fuels, and it is helpful
to understand the strengths and weaknesses of taxation as a
tool for achieving energy efficiency. Because high fuel
prices imitate to some degree what might be expected from a
fuel tax increase, it is also useful to see what studies indicate
about the effects of an increased fuel tax.

To begin with, there are already taxes on gasoline, and
these taxes contribute to some degree to energy efficiency
by increasing its overall price. The federal excise tax for
gasoline is 18.4 cents per gallon, and states charge an aver-
age of an additional 21 cents per gallon. With local taxes in-
cluded, the average gasoline tax is 41 cents per gallon.233

These taxes are included in the price paid at the pump.234

Highways receive most of the federal money (15.44 cents),

while public transportation (2.86 cents) and the Leaking
Underground Storage Tank Trust Fund Account (0.1 cents)
receive the rest. In Fiscal Year 2001, the federal tax brought
in $20.6 billion, of which more than $17 billion was allo-
cated for highways.235

Fuel taxes are supposed to encourage efficiency by in-
creasing the price of fuel. Some increase in efficiency oc-
curs, but it is more modest than what may be expected. Two
primary sources of data are available: recent experience
with fuel price increases, and studies that have been con-
ducted on this issue.

To be sure, higher fuel prices at the pump, even without
an increased gasoline tax, are driving greater energy inten-
sity and motivating many individuals and businesses to
trade in less fuel-efficient vehicles for more fuel-efficient
vehicles.236 Higher fuel prices are also contributing to
greater interest in rail freight and transit-oriented develop-
ment. But higher prices challenge a long-standing trend of
Americans driving more each year. Vehicle miles traveled
by passenger cars increased from 587 million to 1,661 mil-
lion between 1960 and 2003.237 Higher gasoline prices in the
summer of 2005 slowed the increase in number of miles
driven to one-half the usual rate.238 That the rate of driving
still increased is due, to some degree, to consumers who re-
spond by spending more of their money on fuel and less on
other things.239 This is particularly true when they lack af-
fordable or available alternatives. Among households, those
with low incomes or who live in rural areas are most af-
fected.240 The long-term effect of higher fuel prices is also
difficult to gauge, in part because it depends on the growth
and duration of higher prices, but higher prices unquestion-
ably exert downward pressure on use of transportation fuels.

A number of studies indicate that fuel tax increases will
likely lead to greater efficiency. European experience with
various types of fuel and energy taxes supports that conclu-
sion.241 Other studies suggest that a 10% increase in fuel
prices often leads to a 1% to 2% reduction in miles driven in
the short run and a 6% reduction in fuel consumption in the
long run.242 The reduction in fuel consumption occurs not
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only because people drive less, but also because they shift to
more fuel-efficient vehicles.243

A 2003 Congressional Budget Office (CBO) study on re-
ducing gasoline consumption by 10% illustrates this point in
greater detail, even though it was completed before the re-
cent run-up in fuel prices. In a nutshell, the CBO concluded
that a gas tax is preferable to tightened CAFE standards as a
way to achieve that reduction. The CBO calculated that a
31.3 mpg CAFE standard for cars and a 24.5 mpg standard
for light trucks would meet the 10% reduction, and that a
46-cents-per-gallon tax increase would also meet that re-
duction. The gas tax, the CBO said, would be more effec-
tive than new CAFE standards over the short term be-
cause it would affect all vehicles right away; CAFE stan-
dards would apply only to new vehicles and would not
take full effect until all existing vehicles had been re-
placed (about 14 years).244 Without an increased gas tax,
moreover, more stringent CAFE standards would also
lead some vehicle owners to drive more, offsetting some
of CAFE’s benefits.245

Interestingly, benefits appear to significantly outweigh
costs for both options. Ahigher gas tax would save 90.5 mil-
lion gallons over its first 14 years but impose additional
costs (mostly to consumers) of $21 billion.246 At $2 per gal-
lon, the benefit-to-cost ratio for consumers is 9 to 1, and at
higher gasoline prices the ratio is even greater.247 CAFE
standards (with a model that allows manufacturers to en-
gage in trading to meet the standards) would save 63.6 bil-
lion gallons of gasoline and cost $28.9 billion (again, mostly
to consumers in the form of increased costs for new vehi-
cles).248 At $2 per gallon, benefits to consumers exceed
costs by 4 to 1, and the benefit-to-cost ratio is even greater
with higher prices. Non-economic benefits for both options
include reducing carbon dioxide emissions and dependence
on foreign oil.249

A great many choices exist for establishing and structur-
ing a gasoline tax. These choices clarify a set of important
differences between an increased tax, on one hand, and mar-
ket-driven price increases on the other. These options in-
clude the amount of the tax and whether to start with a rela-
tively small tax and steadily increase it to a higher tax in the
medium to long term.250 Another set of choices is whether

and how to provide some kind of refund or exemption for
low-income or rural individuals, or to certain businesses.
Another question is how to use the additional money that is
collected. One approach would refund the proceeds to indi-
viduals with more efficient vehicles, individuals who drive
less, or both. This approach has a double efficiency bene-
fit—a higher fuel tax for all vehicles coupled with a tax re-
fund for those with low fuel consumption.251 Unlike mar-
ket-driven price increases, a higher tax can be structured in
various ways to shield low-income or rural people from its
impacts. Unlike higher fuel prices, moreover, tax proceeds
can be redistributed in the form of tax incentives, for re-
search on energy efficiency, and for other purposes.

Still another set of choices is whether or how to combine
an increased gasoline tax with other legal tools. Taxes for a
particular purpose are more effective when used in con-
junction with other tools that have the same or similar pur-
poses.252 From an energy conservation perspective, for ex-
ample, it may be appropriate to consider both a modest in-
crease in fuel taxes and more stringent CAFE standards.
Similarly, greater attention to increasing rail freight and
transit-oriented development, in conjunction with these
and other choices, is likely to reduce energy consumption
from transportation more than any one of these ap-
proaches alone.

3. Electricity

The partial deregulation of the electric utility industry has,
to a great degree, changed the landscape on which electric
energy efficiency and conservation programs have been run.
In the short term, this has had a negative effect on those pro-
grams. In the years ahead, a major challenge will be to har-
ness market forces on behalf of greater efficiency and re-
duced electricity consumption.

The generation, transmission, and distribution of electric-
ity in the United States are, for the most part, accomplished
by private industry. When the electric industry began, cen-
tralized electric generating stations provided electricity to
customers that were reasonably close to the stations them-
selves. In 1898, Samuel Insull, then president of Chicago
Edison, proposed that electric companies be regulated as
monopolies because each had discrete service territories.
The idea was accepted; state public utility commissions
were given authority to set rates and service standards.
These commissions remain one of the industry’s main
sources of regulatory authority.

In this legal framework states achieved considerable en-
ergy efficiency through integrated resource planning, de-
mand side management, and similar requirements. These
tools—which are still used in a great many states—attempt
to reduce demand by requiring utilities to integrate energy
efficiency into their planning processes for new power
plants, by shifting electricity use from peak or high demand
times during the day to nonpeak or low demand times, and
by other means.253
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More recently, two dozen states and the District of Co-
lumbia restructured their electricity industries to provide
some form of retail access program. Under a typical retail
access program, transmission and distribution is still pro-
vided by regulated monopolies, but customers are allowed
to choose the generator from which they purchase electric-
ity.254 After restructuring, utilities no longer had a monopoly
on the provision of electricity to all customers within a par-
ticular area; they found themselves in an increasingly com-
petitive environment. As a practical or legal matter, prior en-
ergy-efficiency requirements were no longer in effect. As a
result, these companies, which now increasingly call them-
selves electric generation companies or electric distribution
companies rather than utilities, dramatically reduced their
energy-efficiency expenditures in order to stay competitive.
Utility spending on demand side management programs de-
clined from $1.6 billion in 1993 to $900 million in 1997.255

For a variety of reasons, but particularly because Califor-
nia’s restructuring law contributed to its widely publicized
2000 to 2001 electricity crisis, no state has restructured its
electric industry since 2000.256 A continuum now exists
across the states from highly regulated vertically integrated
monopolies to less regulated market-driven enterprises.257

At the federal level, the Federal Energy Regulatory
Commission (FERC) has authority to fix rates for inter-
state transmission and interstate wholesale sales.258 In
1996, FERC ordered public utilities that operate transmis-
sion systems to make those systems available to other utili-
ties on the basis of nondiscriminatory transmission tariffs or
charges.259 This order, of course, fosters competition in in-
terstate electricity sales. To improve competition as well as
management of the electric power grid, FERC issued an or-
der in 2000 encouraging (but not requiring) the formation of
Regional Transmission Organizations (RTOs). The FERC
order sets minimum requirements for RTO operation and
makes RTOs responsible for transmission tariff administra-
tion and design and for interregional coordination. It also re-
quires utilities to participate in an RTO or to explain to
FERC why they are not doing so.260

FERC regulates interstate electricity rates for utilities,
RTOs, and other regulated entities. These entities file rate
proposals with FERC, which approves them if they are “just

and reasonable.”261 Once these rates are approved, state util-
ity commissions are required to give them binding effect
when they determine intrastate rates.262 Thus, while every
state has some degree of oversight, state rate-setting author-
ity is limited primarily to intrastate generation and distribu-
tion. This structure provides energy-efficiency opportuni-
ties in the use of at least two legal tools—public benefit
funds and variable rate tariffs.

� Public Benefit Funds. Public benefit fund programs for
energy efficiency are an outgrowth of electricity restructur-
ing laws. These programs are also “perhaps the most signifi-
cant new policy mechanism for implementing energy effi-
ciency in the past decade.”263 Some 18 states are now imple-
menting public benefit funds for energy efficiency.264 Of
these states, only Wisconsin and Vermont have not also re-
structured their electric industry.265 These programs are typ-
ically funded through a small public benefit charge to the
distribution service part of the electric bill. The charge in
these states ranges between 0.03 to 3 mills per kWh (one
mill equals one-tenth of one cent).266 The money is collected
and administered by different entities in different states;
these include a state agency, an independent entity, and the
utilities themselves.267 Whatever entity administers the pro-
gram, the money is spent on a variety of energy-efficiency
projects and activities. These include weatherization assis-
tance to low-income households, programs to replace less
efficient appliances and equipment with more efficient ap-
pliances and equipment, loan programs for residential as
well as commercial and industrial electricity customers,
consumer education, and research and development.268

These programs appear to be effective in proportion to the
amount of money expended; greater energy-efficiency ben-
efits result from greater expenditures.269 Annual energy sav-
ings range from 0.1% to 0.8% of total electricity sales, with
an average savings of 0.4%.270 Although these savings are
relatively small, the savings from any given energy-effi-
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ciency measure will be realized each year for the life of the
measure, and individual measures tend to last at least 10
years.271 The eight states that report savings in MWs or sys-
tem demand report an overall savings of 1,059 MWs, which
is equivalent to one large base load power plant.272

These programs also produce a range of other benefits.
These include reductions in conventional air pollutants (sul-
fur dioxide, nitrogen oxides, mercury) and greenhouse gas
emissions (carbon dioxide).273 They also improve the reli-
ability of electricity distribution and transmission systems
and reduce the need for new capacity, help businesses to be
more competitive, assist disadvantaged customers, and ben-
efit state economies.274 These programs are also cost effec-
tive; their benefit-to-cost ratios range from 1.0 (break even)
to 4.3 (meaning that the benefits are more than 4 times
greater than the cost).275

California’s public benefit program is of particular inter-
est because of the energy conservation efforts it made during
its electricity supply crisis.276 The 1996 restructuring legis-
lation also imposed a public benefit charge for energy-effi-
ciency programs and requires the state’s major investor-
owned utilities to administer the fee.277 Between 2000 and
2004, three utilities (Pacific Gas & Electric, San Diego Gas
& Electric, and Southern California Edison) spent $1.4 bil-
lion on energy efficiency. In 2004, they spent $317 million,
which is a bit more than 1% of their total revenue.278 Funds
were spent on residential and nonresidential programs, new
construction, public education and information, and emerg-
ing technology, among other things.279 Electricity savings in
2004 were about 1% of overall electricity sales.280 The cost
of these programs was about 2.9 cents per kWh (if cross-cut-
ting programs such as public education and information are
excluded) compared to the 5.8 cents per kWh cost of base
load electric generation and the 16.7 cents per kWh cost of
peak time electricity generation in California.281 According
to one estimate, more than $2 billion will be spent on energy
efficiency at current spending levels over this decade, re-
sulting in $5.5 billion in electricity savings.282

Several factors indicate that these programs are not per-
forming at their maximum (or even previous) level of effec-
tiveness. To begin with, overall spending on energy effi-
ciency is lower now than it was a decade ago. Because of

public benefit funds, funding has rebounded to some de-
gree; total spending on ratepayer funded (including demand
side management and public benefit funds) electricity effi-
ciency programs in 2003 was $1.35 billion.283

In addition, there is considerable variation among states
in funding for energy efficiency. The highest public benefit
surcharge in a customer’s electric bill (Connecticut, 3.0
mills per kWh) is 100 times greater than the lowest sur-
charge (Illinois, 0.03 mills per kWh). The California and
New Jersey surcharges (1.3 mills per kWh) are 10 times
higher than the Ohio surcharge (0.13 mills per kWh).284 For
all ratepayer funded electricity efficiency programs, the top
10 states in terms of per capita spending are responsible for
39% of all spending, and the top 20 states are responsible for
90% of all spending.285 Yet even in California, which has a
long history of electricity efficiency programs, a doubling
of the amount spent on public benefit programs would result
in net savings of $8.6 billion.286

� Variable Rate Tariffs. The Energy Policy Act of 2005 re-
quires each utility to offer its customers

a time-based rate schedule under which the rate charged
by the electric utility varies during different time periods
and reflects the variance, if any, in the utility’s costs of
generating and purchasing electricity at the wholesale
level. The time-based rate schedule shall enable the elec-
tric consumer to manage energy use and cost through ad-
vanced metering and communications technology.287

If individual customers request this rate schedule, utilities
are to provide it by January 8, 2007.288 The same statute
adds, ambiguously, that each state regulatory authority is
to decide whether it is appropriate to implement that re-
quirement.289 While states need not consider efficiency
when determining that such a rate is “appropriate,” time-
based rate schedules appear to have considerable value for
energy efficiency.

Demand for electricity varies over the course of the day
and year. Demand is greater during the day, when people are
awake and working, than it is late at night. Hotter tempera-
tures in the summer increase demand for air conditioning;
colder temperatures in the winter push demand for electric
heating in some markets. The cost of supplying electricity
also varies. Many power plants run on a nearly constant ba-
sis, ensuring that the minimum electricity demand—or base
load—is always capable of being met. Other plants provide
electricity only when there is greater demand—particularly
during peak periods. The cost of providing this peak elec-
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tricity is roughly four times more expensive than the cost of
base load electricity. The median base load cost across all
states for producing base load electricity is $19.47 per
megawatt hour (MWh), compared to $92.46 per MWh hour
for peak load electricity.290

Although costs vary, prices for residential customers gen-
erally are in the form of a flat rate per kWh of electricity
used. In 2004, the average residential retail rate was 8.9
cents per kWh.291 Thus, retail prices for base load electricity
exceed costs, and prices for peak load electricity are likely
much lower than the actual costs. Properly calibrated peak
load charges may encourage energy efficiency.

The possibility of increased efficiency is particularly im-
portant for devices that are used during peak load times.
Variable rates could encourage accelerated deployment of
more efficient technologies and could also speed up the rate
at which less efficient systems are retired or replaced. Air
conditioners are perhaps the primary example.

Assume, for example, that a consumer replaces an old
central air conditioning system that has a seasonal en-
ergy-efficiency ratio (SEER)292 of 6.5 with a new air condi-
tioner that meets standards now in effect (SEER of at least
13).293 This new system will reduce electricity consumption
by about one-half. If the original air conditioner consumed
2,305 kWh per year,294 the new model would save 1,153
kWh per year. If a consumer paid a flat-rate tariff of 9
cents per kWh, the new unit would save the consumer
$104 per year.295

Switching to variable pricing would increase the percent-
age of the bill that is spent on air conditioning. As a conse-
quence, improvements in energy efficiency would save
more money under a variable rate. If the variable rate were
16 cents per kWh for high demand periods when the air con-
ditioner was in use, the same upgrade could yield savings of
$184 per year. Central air conditioning systems have an
18.4-year life expectancy and an average installed price for
new systems of $3,032.296 Thus, lifetime savings with a flat
tariff would be $1,914 but could be as high as $3,386 for a
variable rate tariff. Thus, a variable rate would encourage
the purchase of state-of-the-art air conditioners and the re-
placement of less efficient air conditioners.

Some additional calculations provide a sense of what such
a rate could achieve. In 2001, some 57.5 million central air
conditioning units were in use in U.S. households.297 Na-

tionally, air conditioning accounts for about 5% of U.S.
electricity consumption.298 Amodest 30% improvement in
efficiency for 1% of U.S. central air conditioners would
save a small fraction of the total U.S. electricity consump-
tion, but this could offset as much as 20% of the expected
1.1% annual growth in electricity consumption projected
for 2004 to 2030.299

How much of that potential could actually be achieved?
The short answer is that we don’t know. While utilities have
implemented variable tariffs for certain customers, U.S.
studies of these programs tend to focus on benefits such as
load shifting or curtailment, as opposed to long-term en-
ergy-efficiency benefits. A 2003 report by the California
Energy Commission concluded that customer acceptance of
variable rate tariffs would depend on three elements. First,
the state would have to design fair rates. Second, customers
would need to be educated on how variable rates work and
how they can change their electricity use to reduce their
bills. Finally, “meters, communications, and billing infra-
structure” would need to be in place so customers can assess
the impact of the new rate structure on their electricity
use.300 Early European experience with variable rate pric-
ing, however, indicates that it can have significant effects on
electricity consumption if the system is implemented in a
simple and understandable manner.301

IV. Is Stabilization Possible?

Considerable evidence exists that stabilization of U.S. en-
ergy consumption may be possible in the next several de-
cades. It does not appear that the federal government or any-
one else has conducted, within the past several years, an as-
sessment of the policy-based achievable potential for en-
ergy efficiency based on a comprehensive set of cost-effec-
tive measures. Yet enough evidence exists, from a variety of
other sources, to believe that stabilization is possible. At
least three lines of evidence are available. These are the
availability of other options and tools, the projected savings
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from a variety of studies of policy-based potential, and more
detailed data on energy intensity. Law and policy, of course,
represent only one suite of approaches that can be used to
address energy efficiency. According to Steve Specker,
president and chief executive officer of the Electric Power
Research Institute, there is also an enormous opportunity to
“utilize technology, markets, and innovation” on behalf of
energy efficiency. “Programmatic approaches” to energy ef-
ficiency, while successful, have only “‘scratched the sur-
face’ of what’s possible.”302

A. Other Options and Tools

The energy savings projected from policy-based achievable
potential depend on the mix of options and tools that are
identified and on the level of effort (including funding) that
is projected for these instruments. In addition to the options
and tools identified in the previous section, and the evident
potential for much more aggressive deployment of those op-
tions and tools, dozens of other options and tools exist,
many of which offer considerable potential to increase effi-
ciency while producing additional social, economic, envi-
ronmental, and security benefits.303 Additional choices exist
in every sector, all supported by a variety of possible legal
and policy tools.304 These include increased federal research
and development funding for energy efficiency, expanded
and strengthened appliance efficiency standards as well as
accompanying voluntary programs, more energy-efficient
state building codes, expanded government procurement of
energy-efficient products and equipment, voluntary agree-
ments with specific industry sectors to reduce energy use by
a specified percentage by a particular date, expansion of a
variety of investment programs for energy efficiency, im-
proved air traffic management programs, pay-at-the-pump
automobile insurance, intelligent traffic system controls,
and greater use of telecommuting.305

The efficiency of electric power generation, as opposed to
improvements in the consumer’s use of electricity, is an-
other example. Electric generation from coal-fired and other
central power plants uses no more than 40% of the energy
that is produced, and often only one-third.306 In a standard
power plant, a turbine recovers some energy in the form of
electricity but the heat from fossil fuel combustion is
wasted. Combined cycle electric generating technology is
more efficient in two respects; it recovers a higher percent-
age of the electricity (as much as 59%) and recovers heat as
well (for a total energy recovery of up to 85%).307 It also re-
sults in lower emissions of sulfur dioxide, nitrogen oxides,
mercury, and carbon dioxide. Deployment of combined heat
and power technologies could reduce U.S. energy demand
by at least 4.5 quads by 2020.308 Another set of advanced

coal gasification technologies offer the potential for even
greater efficiencies, including the potential to recover mar-
ketable chemicals from coal.309 Capital costs and the rela-
tively untried nature of some coal gasification technologies
are barriers to their deployment. Regulatory incentives from
environmental agencies, cost-recovery guarantees from
state utility commissions, and tax incentives are among the
available legal tools. Pennsylvania and other states continue
to search for the right mix of incentives for the deployment
of such advanced technologies.310 These technologies
would significantly reduce energy consumption in several
economic sectors, including the industrial sector.

There does not appear to be a comprehensive catalogue of
the available choices or legal tools, not to mention the ways
in which these choices and tools could most effectively be
combined. Still, the variety of choices and tools described in
detail or referenced in this Article suggests that the number
is considerable.

B. Studies of Policy-Based Potential

A great many studies indicate a significant potential to re-
duce energy consumption. These studies vary in the eco-
nomic sectors they cover, their geographic scope, and their
methodology. They also differ in the mix of options and
tools on which they are based and, to some degree, in the
degree of effort or funding proposed for particular legal
tools. Because the studies as a whole involve a larger num-
ber of legal tools than any individual study, they suggest
that a comprehensive and intensive effort would signifi-
cantly reduce energy use, and even reduce energy use be-
low current levels.

Perhaps the most comprehensive effort, Scenarios for a
Clean Energy Future, was published in 2000 by five govern-
ment laboratories and led by the Oak Ridge National Labo-
ratory and the Lawrence Berkeley National Laboratory.311

This study used three scenarios to map the range in poten-
tial U.S. energy futures. A business-as-usual scenario “as-
sumes a continuation of current energy policies and a
steady, but modest pace of technological progress.”312 The
moderate and advanced scenarios, on the other hand, “are
defined by policies that are consistent with increasing
levels of public commitment and political resolve to solv-
ing the nation’s energy-related challenges.”313 These sce-
narios are based on a broader suite of policy choices than
energy efficiency or conservation alone; they also include
renewable energy and carbon trading to reduce green-
house gas emissions.314

The country would consume 20% less energy by 2020 un-
der the advanced scenario than forecast under the business-
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as-usual scenario, which amounts to a reduction of 23 quads
or, in 2000, almost one-fourth of the nation’s energy use.
Greater use of combined heat and power, the study said,
could increase the savings by 2.4 additional quads by
2020.315 The most analogous current projection—for the
21-year period between 2004 and 2025—is for an increase
of about 27 quads.316 Thus, the advanced scenario would
nearly stabilize U.S. energy consumption within two de-
cades. The policy choices on which this analysis is based in-
clude more stringent appliance standards and building
codes, voluntary agreements with industry, increased gov-
ernment research and development, voluntary agreements
to improve fuel efficiency in cars, and carbon trading.317

While the advanced scenario “will be very difficult to
achieve,”318 it does indicate that stabilization of energy use
is possible.

A more recent but still comprehensive assessment, by the
NCEP, synthesized the results of a variety of studies for the
commercial, residential, and transportation sectors. The
NCEP concluded “that it is possible to cost-effectively re-
duce the nation’s annual energy consumption by at least 16
quads per year in 2025 in these three sectors using known ef-
ficiency technologies. Additional energy savings are possi-
ble in the industrial sector as well.”319 As shown in Figure 3,
energy consumption in the commercial, residential, and
transportation sectors is projected to increase by almost 22
quads by 2025. Thus, the policy measures represented in
those studies would capture slightly more than two-thirds
the projected increase in those sectors.

Another report, a “meta-analysis” by the American
Council for an Energy-Efficient Economy of 11 recent stud-
ies, illustrates the effect of different ways of measuring en-
ergy-efficiency potential on the size of the estimates. This
meta-analysis also provides a sense of the available oppor-
tunities. The median technical potential in the 11 studies for
improvement over 10 to 20 years is 33% for electric effi-
ciency and 40% for gas.320 Because cost-effectiveness is
considered in the economic potential, the projections tend to
be lower. Thus, in the 11 studies considered in the “meta-
analysis,” the median economic potential for electricity is a
20% improvement over 10 to 20 years, and the median for
gas is 21.5%.321 The policy-based achievable potential, in
turn, is less than the economic potential because the
achievable potential is limited by the rate at which new en-
ergy saving technology is actually put in place by homes
and businesses.322

Two other reports focus on buildings alone. In one, Mari-
lyn Brown and others propose a suite of seven policy op-
tions that, taken together, could mean that energy consump-
tion in the residential and commercial sectors in 2025 is
nearly the same as that in 2004, which would be 11.6 quads
below projected levels.323 The options that account for the
greatest efficiency are upgrades of commercial and residen-
tial building codes in 2010 and 2020 as well as compliance
with those codes, upgrades of appliance and equipment effi-
ciency standards and application of such standards to new
products, and increased federal funding for building energy
research and development.324

The policy options on which this projected reduction is
based do not appear to include a major effort to retrofit and
upgrade existing commercial and residential buildings, par-
ticularly in the building envelope. As a result, it is likely that
including this additional approach would reduce energy
consumption even farther. Many residences could be made
20% to 30% more energy efficient, saving both money and
energy.325 According to the Oak Ridge report, the United
States should achieve “the goal of a cost-competitive net-
zero-energy home by 2020” and comparable “climate-
friendly designs for large commercial buildings and indus-
trial facilities.”326

A somewhat similar future is possible for commercial
buildings, according to a report in which the building own-
ers played a major role. In 2005, EPA challenged commer-
cial and institutional building owners (but not home own-
ers) to make their buildings 10% more efficient. Under the
Energy Star Challenge, as it is called, building owners
would “assess energy usage; set efficiency improvement
goals of 10 percent or greater, and make cost-effective im-
provements.”327 But in 2000, building industry representa-
tives working with DOE concluded that commercial build-
ings could cost-effectively be made 30% more efficient
based on existing technology. Because annual energy ex-
penditures for commercial buildings are $100 billion, they
concluded, annual savings would be $30 billion, not to
mention reduced sulfur dioxide, nitrogen oxide, and car-
bon dioxide emissions.328 With new technology, they said,
a 50% to 80% reduction would be possible, and eventually
commercial buildings should be able to employ solar and
other renewable energy to become energy generators,
not consumers.329

Some studies focus on specific issues. In early 2006, for
example, the American Council for an Energy-Efficient
Economy and the Appliance Standards Awareness Project
recommended that states adopt energy-efficiency standards
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for 15 products, including DVD players and recorders as
well as commercial boilers.330 If these standards were
adopted across the country, the report said, net savings to
consumers would be $54 billion between 2008 and 2030. In
addition, electricity demand in 2020 in the commercial and
residential sectors would be 2% lower than projected levels
for that year, an amount equal to the generating capacity of
40 300-MW power plants.331 This proposal would also re-
duce carbon emissions by 12 million metric tons by 2020
and reduce emissions of sulfur dioxide, nitrogen oxides,
mercury, and particulates.332

Finally, a number of studies indicate the potential for
greater energy efficiency in particular regions of the United
States. One from the Northeast and another from the West
are illustrative. A2005 study, Economically Achievable En-
ergy Efficiency Potential in New England,333 gives a sense
of how significant the policy-based achievable improve-
ments can be. Electricity demand in New England is ex-
pected to increase each year until 2013 by 1.2%.334 “Eco-
nomically achievable energy efficiency potential,” as de-
fined in this report, is the maximum market penetration of
cost-effective energy-efficient measures “that would be
adopted through a concerted, sustained campaign involving
proven programs and market interventions, and not bound
by any budget constraints.”335 If just 48% of this potential
could be captured, the study said, electricity growth in New
England over this period would be flat, obviating the need to
build 28 new 300-MW power plants. If all of this potential
could be captured, electricity demand would decline by
about 1.4% annually.336 These energy improvements, the
study noted, cost 67% less than the cost of supplying elec-
tricity; benefits are more than three times greater than
costs.337 Several policy measures are proposed to achieve
these benefits. These include continued investment in exist-
ing energy-efficiency programs, adoption of more stringent
energy-efficiency provisions in building codes, more strin-
gent efficiency standards for appliances and other products,
and greater taxpayer participation in energy-efficiency pro-
grams through public benefit fund charges.338

In June 2006, an advisory committee to the Western Gov-
ernors’Association (WGA) issued a report, Clean Energy, a
Strong Economy, and a Healthy Environment, that contains
detailed recommendations for reducing energy electricity
use by 20% below projected levels by 2020.339 At the state
level, these measures include increased effort in de-

mand-side management, more stringent building codes,
more stringent appliance efficiency standards, reducing
electricity use in public buildings, and tax credits for energy
efficiency. At the regional level, these include collaboration
on fostering more efficiency in the market and improving
the implementation of building codes.340 Aggressive adop-
tion of a suite of “best practice” measures in all 18 of the
WGA states, the report said, would reduce projected elec-
tricity load growth from 1.9% annually to 0.5% annually.341

The report, which grew from substantial stakeholder partici-
pation, identified benefits of $53 billion in savings for con-
sumers and businesses, 48,000 MWs of avoided power plant
construction, 1.8 trillion gallons of water savings, and re-
duced air pollution.342

C. Energy Intensity Data

State-by-state variations in energy intensity and per capita
energy use, as well as other more detailed analyses of energy
intensity data, also indicate a significant potential for
greater efficiency. A 2003 study by the RAND Corporation
found that the United States might be able to reduce its en-
ergy intensity by more than 3% annually by adopting the
policies employed by those states with the greatest “resid-
ual” energy intensity improvements between 1977 and
1999.343 The study is a statistical analysis, not a policy
analysis. The statistical analysis nonetheless gives a sense
of the potential significance of state policy in improving
energy efficiency.

Substantial differences in energy intensity exist among
states. The most energy intensive state used 30 million Btus
per dollar of gross state product in 1999, while the least used
energy intensive state used 5 million Btus per dollar of gross
state product.344 In five states, the average annual energy in-
tensity reduction was more than 3% per year; in four states,
the average reduction was less than 1%.345 Residential en-
ergy intensity declined in some states (in some cases by
more than 1% per year) but increased in others (by as much
as 0.50% annually).346 Much of the difference in energy in-
tensity reductions among the states is due to variation in en-
ergy prices and differences among state economies, and
some of the reduction is due to factors that are consistent
across states.347

If the practices of the leading states could be replicated
nationally, the RAND study concludes, the nation’s energy
intensity could be reduced significantly. Astate’s “residual”
energy intensity is that part of its overall energy intensity
that cannot be explained by the state’s economy and fuel
prices, on one hand, and factors that are common to all
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states, on the other.348 The greater the residual reduction in
energy intensity, the greater the likelihood that the state
achieved reductions due to policies it put in place. Five
states had overall residual energy intensity improvements
that were significantly greater than what would have been
predicted based on economic and price factors.349 This “re-
sidual” effect suggests energy intensity could be reduced by
more than 3% annually if the experience of the best states
could be replicated nationally.350

In addition to energy intensity differences, there are also
differences in per capita energy consumption among states.
In 2002, the last year for which state-by-state data appears to
be available, average per capita energy consumption in the
United States was 340.8 million Btus. Among the most pop-
ulous states, however, there were considerable differences.
Per capita energy consumption in California and New York
was more than one-third lower than the national aver-
age—228.1 and 215.5 million Btus, respectively. Other
highly populated states below the national average are
Florida (255.3 million Btus) and Pennsylvania (317.7 mil-
lion Btus). Among populous states, Texas has the highest
per capita energy consumption—574.6 million Btus.351

Differences in population density, industry composition,
and other factors can help to explain many but not all of
these differences. Still, these differences provide an indi-
cation of how much improvement in energy efficiency may
be possible.

Electricity consumption provides an example. In Califor-
nia, which has devoted considerable effort to efficiency and
conservation, per capita electricity consumption has been
steady since the mid- to late-1970s. Although California
and Florida had nearly identical levels of per-capita elec-
tricity consumption in 1960, electricity use per capita in
Florida is now almost double that in California. Califor-
nia’s policy measures have “demonstrated in practice the
ability to stabilize per capita electricity consumption over
the last 30 years.”352

Finally, other opportunities for greater efficiency become
evident when the national energy intensity data are analyzed
more closely. For example, the energy intensity improve-

ment for new equipment alone is about 5%.353 It follows
that the widespread introduction of this equipment, and
the replacement of existing equipment, could signifi-
cantly accelerate improvements in energy intensity. If
80% of new equipment met this energy intensity im-
provement, and existing equipment is replaced after 30
years, energy consumption from this equipment could be
reduced by one-half in 50 years.354 Energy intensity over
this period would decline by 3.2% annually, with the most
significant reductions coming in later decades as existing
equipment is replaced.355

V. Conclusion

Energy consumption needs to be addressed directly, and for
a variety of reasons. The traditional arguments for effi-
ciency and conservation, rooted in cost savings and the op-
portunity to spend money on other things, are being given
added force by rising global demand for energy, high energy
prices, the growing seriousness of the evidence on climate
change, and the threat of terrorism. At the same time, signif-
icant economic, security, environmental, and social benefits
are available from much greater energy efficiency and re-
duced consumption. As this Article has shown, energy effi-
ciency and conservation can reduce costs for low-income
people, businesses, and others; improve air quality;
strengthen business performance; relieve traffic congestion;
reduce dependence on foreign energy supplies; and provide
more and better choices to Americans. While technological
innovation is plainly needed to improve energy efficiency,
our laws and institutional arrangements—at the state and
federal level—also need to play an important role. New or
modified laws, coupled with more aggressive efforts to im-
plement them, can also mitigate the effects of growing en-
ergy prices, reduce greenhouse gas emissions, and improve
our energy security. The opportunities that are available
from much greater efficiency and conservation suggest a
goal of stabilizing U.S. energy consumption and then reduc-
ing it. As challenging as that goal might be, there is consid-
erable evidence to believe that it is achievable.

Still, energy consumption is an issue with two story lines.
One treats increased energy consumption more or less as a
given and is skeptical about how much good efficiency and
conservation can achieve. The other story line sees reduced
energy consumption as about opportunity, not limits. These
story lines about energy consumption are accompanied by
two story lines about the United States. One is hopeful and
the other is not. These two views mirror, almost perfectly,
the ambivalent mix of optimism and pessimism about
America’s future that teachers see in the classroom. What-
ever else the students in this seminar have achieved, they
have shown that there is reason to be hopeful.
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