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The Annual Energy Outlook 2005 (AEO2005) pres-

ents midterm forecasts of energy supply, demand,

and prices through 2025 prepared by the Energy

Information Administration (EIA). The projections

are based on results from EIA’s National Energy

Modeling System (NEMS).

The report begins with an “Overview” summarizing

the AEO2005 reference case. The next section, “Leg-

islation and Regulations,” discusses evolving legisla-

tion and regulatory issues, including legislation and

regulations that have been enacted and some that are

proposed. Next, the “Issues in Focus” section dis-

cusses key energy market issues and examines their

potential impacts. In particular, it includes a discus-

sion of the world oil price assumptions used in the ref-

erence case and four alternative world oil price cases

examined in AEO2005. “Issues in Focus” is followed

by “Market Trends,” which provides a summary of

energy market trends in the AEO2005 forecast.

The analysis in AEO2005 focuses primarily on a ref-

erence case, lower and higher economic growth cases,

and four alternative oil price cases—a low world oil

price case, an October oil futures case, and two high

world oil price cases. Forecast tables for those cases

are provided in Appendixes A through D. The major

results for the alternative cases, which explore the

impacts of varying key assumption in NEMS (such as

rates of technology penetration), are summarized in

Appendix E. Appendix F briefly describes NEMS and

the alternative cases.

The AEO2005 projections are based on Federal,

State, and local laws and regulations in effect on or

before October 31, 2004. The potential impacts of

pending or proposed legislation, regulations, and

standards (and sections of existing legislation requir-

ing funds that have not been appropriated) are not

reflected in the projections. For example, the

AEO2005 forecast does not include the potential

impacts of regulations proposed by the U.S. Environ-

mental Protection Agency, such as the Clean Air

Interstate Rule and the Clean Air Mercury Rule, that

would address emissions from coal-fired power plants

in the United States. In general, the historical data

used for AEO2005 projections are based on EIA’s

Annual Energy Review 2003, published in September

2004; however, data are taken from multiple sources.

In some cases, only partial or preliminary 2003 data

were available. Historical data are presented in this

report for comparative purposes; documents refer-

enced in the source notes should be consulted for offi-

cial data values. The projections for 2004 and 2005

incorporate the short-term projections from EIA’s

September 2004 Short-Term Energy Outlook.

Federal, State, and local governments, trade associa-

tions, and other planners and decisionmakers in the

public and private sectors use the AEO2005 projec-

tions. They are published in accordance with Section

205c of the Department of Energy Organization Act

of 1977 (Public Law 95-91), which requires the EIA

Administrator to prepare annual reports on trends

and projections for energy use and supply.
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Preface

The projections in the Annual Energy Outlook 2005

are not statements of what will happen but of what

might happen, given the assumptions and method-

ologies used. The projections are business-as-usual

trend forecasts, given known technology, technolog-

ical and demographic trends, and current laws and

regulations. Thus, they provide a policy-neutral ref-

erence case that can be used to analyze policy initia-

tives. EIA does not propose, advocate, or speculate

on future legislative and regulatory changes. All

laws are assumed to remain as currently enacted;

however, the impacts of emerging regulatory

changes, when defined, are reflected.

Because energy markets are complex, models are

simplified representations of energy production and

consumption, regulations, and producer and con-

sumer behavior. Projections are highly dependent

on the data, methodologies, model structures,

and assumptions used in their development.

Behavioral characteristics are indicative of real-

world tendencies rather than representations of

specific outcomes.

Energy market projections are subject to much

uncertainty. Many of the events that shape energy

markets are random and cannot be anticipated,

including severe weather, political disruptions,

strikes, and technological breakthroughs. In addi-

tion, future developments in technologies, demo-

graphics, and resources cannot be foreseen with any

degree of precision. Many key uncertainties in the

AEO2005 projections are addressed through

alternative cases.

EIA has endeavored to make these projections as

objective, reliable, and useful as possible; however,

they should serve as an adjunct to, not a substitute

for, a complete and focused analysis of public policy

initiatives.
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Overview



Key Energy Issues to 2025

The Energy Information Administration (EIA), in

preparing model forecasts for its Annual Energy Out-

look 2005 (AEO2005), evaluated a wide range of

current trends and issues that could have major

implications for U.S. energy markets over the 20-year

forecast period, from 2005 to 2025. Trends in energy

supply and demand are linked with such unpredict-

able factors as the performance of the U.S. economy

overall, advances in technologies related to energy

production and consumption, annual changes in

weather patterns, and future public policy decisions

[1]. Among the most important issues identified as

having the potential to affect the complex behavior of

the domestic energy economy, oil prices and natural

gas supply were considered to be of particular signifi-

cance in increasing the uncertainty associated with

the AEO2005 reference case projections.

World crude oil prices—defined by the U.S. average

refiner’s acquisition cost of imported crude oil

(IRAC)—reached a recent low of $10.29 per barrel (in

2003 dollars) in December 1998. For the next 3 years,

crude oil prices ranged between just under $20 and

just over $30 per barrel. Since December 2001, how-

ever, prices have increased steadily, to about $46 per

barrel in October 2004.

Strong growth in the demand for oil worldwide, par-

ticularly in China and other developing countries, is

generally cited as the driving force behind the sharp

price increases seen over the past 3 years. Other fac-

tors contributing to the upward trend include a tight

supply situation that has shown only limited response

to higher prices; changing views on the economics of

oil production; concerns about economic and political

situations in the Middle East, Venezuela, Nigeria,

and the former Soviet Union; and recent supply dis-

ruptions caused by weather events (Hurricane Ivan).

The future path of prices is a key uncertainty facing

world oil markets.

The AEO2005 reference case assumes that world

crude oil prices will decline as growth in consumption

slows and producers increase their productive capac-

ity and output in response to current high prices. In

contrast, the October 2004 prices from the New York

Mercantile Exchange (NYMEX) futures market (cor-

rected for the difference between futures prices and

the IRAC) imply that the annual average price in

2005 will exceed the 2004 average price level, and that

prices will then decline only slowly over the next few

years, resulting in 2010 prices higher than those pro-

jected in the AEO2005 reference case. To evaluate the

uncertainty associated with the future path of world

oil prices, AEO2005 includes alternative world oil

price cases. A summary of the alternative world oil

price cases included in AEO2005 is provided in

“Issues in Focus,” page 40.

From 1986 to 2000, when U.S. natural gas consump-

tion grew from 16.2 trillion cubic feet to a high of 23.3

trillion cubic feet, 40 percent of the increased demand

was met by imports, predominantly from Canada.

Based on the latest assessment from Canada’s

National Energy Board, however, it is unlikely that

future production from Canada will be able to support

a continued increase in U.S. imports.

In the AEO2005 reference case, U.S. natural gas con-

sumption is projected to grow from 22 trillion cubic

feet in 2003 to almost 31 trillion cubic feet in 2025.

Most of the additional supply is expected to come

from Alaska and imports of liquefied natural gas

(LNG). A key issue for U.S. energy markets is

whether the investments and regulatory approvals

needed to make those natural gas supplies available

will be forthcoming, and what the ramifications will

be if they are not. The AEO2005 includes a restricted

natural gas supply case to examine the implications of

a possible future in which no Alaska natural gas pipe-

line is built, no new construction is started on addi-

tional LNG terminals, and production technology

advances more slowly than it has in the past. The

restricted natural gas supply case is also described in

“Issues in Focus,” page 66.

The following sections summarize the key trends in

the AEO2005 reference case and compare them with

last year’s reference case (AEO2004). A summary of

the AEO2005 reference case is provided in Table 1 on

page 9.

Economic Growth

In the AEO2005 reference case, the U.S. economy, as

measured by gross domestic product (GDP), grows at

an average annual rate of 3.1 percent from 2003 to

2025, slightly higher than the growth rate of 3.0 per-

cent per year for the same period in AEO2004. Many

of the determinants of economic growth are similar to

those in AEO2004, but there are some important dif-

ferences. Both the Federal funds rate and the nomi-

nal yield on the 10-year Treasury note are higher in

the early years of the AEO2005 forecast but generally

lower after 2010; the industrial value of shipments

reflects a more pessimistic forecast for industrial out-

put in view of the downward adjustment in domestic

production for some manufacturing sectors in the

early 2000s; and the U.S. population forecast in

AEO2005 is higher, following the adoption of the

2 Energy Information Administration / Annual Energy Outlook 2005
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interim population projections released by the U.S.

Census Bureau in 2004.

Energy Prices

In the AEO2005 reference case, the annual average

world oil price (IRAC) increases from $27.73 per bar-

rel (2003 dollars) in 2003 to $35.00 per barrel in 2004

and then declines to $25.00 per barrel in 2010 as new

supplies enter the market. It then rises slowly to

$30.31 per barrel in 2025, about $3 per barrel higher

than the AEO2004 projection of $27.41 per barrel in

2025. In nominal dollars, the average world oil price is

about $52 per barrel in 2025.

The AEO2005 world oil price forecast is characterized

by decreasing prices through 2010 and moderately

increasing prices thereafter (Figure 1). This is consis-

tent with a forecast that projects increases in world

petroleum demand, from about 80 million barrels per

day in 2003 to more than 120 million barrels per day

in 2025, which is met by increased oil production both

from the Organization of Petroleum Exporting Coun-

tries (OPEC) and from non-OPEC nations. AEO2005

projects OPEC oil production of 55 million barrels per

day in 2025, 80 percent higher than the 31 million

barrels per day produced in 2003. The forecast

assumes that OPEC will pursue policies intended to

increase production, that sufficient resources exist,

and that access and capital will be available to expand

production. Non-OPEC oil production is expected to

increase from 49 to 65 million barrels per day

between 2003 and 2025.

Average wellhead prices for natural gas in the United

States are projected generally to decrease, from

$4.98 per thousand cubic feet (2003 dollars) in

2003 to $3.64 per thousand cubic feet in 2010 as the

initial availability of new import sources and

increased drilling expands available supply. After

Figure 1. Energy prices, 1970-2025 (2003 dollars
per million Btu)

2010, wellhead prices are projected to increase gradu-

ally (Figure 1), to $4.79 per thousand cubic feet in

2025 (equivalent to about $8.20 per thousand cubic

feet in nominal dollars). Growth in LNG imports,

Alaska production, and lower 48 production from

nonconventional sources are not expected to increase

sufficiently to offset the impacts of resource depletion

and increased demand. The projected 2025 wellhead

natural gas price in AEO2005 is more than 30 cents

per thousand cubic feet higher than the AEO2004

projection, primarily as a result of lower assumed

finding rates (reserve additions per well) for onshore

resources.

In AEO2005, the combination of more moderate

increases in coal production, expected improvements

in mine productivity, and a continuing shift to low-

cost coal from the Powder River Basin in Wyoming

leads to a gradual decline in the average minemouth

price, to approximately $17.00 per ton shortly after

2010. The price is projected to remain nearly constant

between 2010 and 2020 (Figure 1), increasing after

2020 as rising natural gas prices and the need for

baseload generating capacity lead to the construction

of many new coal-fired generating plants. By 2025,

the average minemouth price is projected to be $18.26

per ton, which is higher than the AEO2004 projection

of $16.82 per ton. The AEO2005 projection is equiva-

lent to an average minemouth coal price of $31.25 per

ton in nominal dollars in 2025.

Average delivered electricity prices are projected to

decline from 7.4 cents per kilowatthour (2003 dollars)

in 2003 to a low of 6.6 cents per kilowatthour in 2011

as a result of an increasingly competitive generation

market and a decline in natural gas prices. After

2011, average real electricity prices are projected to

increase (Figure 1), reaching 7.3 cents per kilowatt-

hour in 2025 (equivalent to 12.5 cents per kilowatt-

hour in nominal dollars). In AEO2004, real electricity

prices followed a similar pattern but were projected to

be slightly lower in 2025, at 7.0 cents per kilowatt-

hour. The higher electricity price projection in AEO-

2005 results primarily from higher expected fuel costs

for coal- and natural-gas-fired electricity generation,

particularly in the later years of the forecast.

Energy Consumption

Total primary energy consumption in AEO2005 is

projected to increase from 98.2 quadrillion British

thermal units (Btu) in 2003 to 133.2 quadrillion Btu

in 2025 (an average annual increase of 1.4 percent).

AEO2004 projected energy consumption of 136.5 qua-

drillion Btu in 2025. Other than nuclear energy, the

AEO2005 projections for the consumption of all

Energy Information Administration / Annual Energy Outlook 2005 3
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energy sources in 2025 are lower than those in AEO-

2004. Among the most important factors accounting

for the differences are higher energy prices, lower

projected growth rates in industrial production, spe-

cific updates in the chemical and pulp and paper

industries, revisions to the capital cost of generating

technologies, and revisions to transportation sector

vehicle miles traveled.

Consistent with population growth rates and house-

hold formation, delivered residential energy con-

sumption is projected to grow from 11.6 quadrillion

Btu in 2003 to 14.3 quadrillion Btu in 2025 (Figure 2),

at an average rate of 0.9 percent per year between

2003 and 2025 (1.3 percent per year between 2003

and 2010, slowing to 0.8 percent per year between

2010 and 2025). The most rapid growth in energy

demand in AEO2005 is projected to be for electricity

used to power computers, electronic equipment, and

appliances. AEO2005 includes changes in the residen-

tial sector that have offsetting influences on the fore-

cast of energy consumption, including more rapid

growth in the total number of U.S. households;

higher delivered prices for natural gas, electricity,

and distillate fuel; and a better accounting of addi-

tions to existing homes and the height of ceilings in

new homes.

Consistent with the projected increase in commercial

floorspace, delivered commercial energy consumption

is projected to grow at an average annual rate of 1.9

percent between 2003 and 2025 (Figure 2), reaching

12.5 quadrillion Btu in 2025 (slightly more than the

12.2 quadrillion Btu projected in AEO2004). The

most rapid increase in energy demand is projected

for electricity used for computers, office equipment,

telecommunications, and miscellaneous small appli-

ances. The higher forecast for commercial energy

consumption in AEO2005 results from a higher

Figure 2. Delivered energy consumption by sector,
1970-2025 (quadrillion Btu)

projected rate of growth in commercial floorspace,

averaging 1.7 percent per year between 2003 and

2025, as compared with the projected average of 1.5

percent per year in AEO2004.

Delivered industrial energy consumption in AEO-

2005 is projected to increase at an average rate of 1.0

percent per year between 2003 and 2025 (Figure 2),

reaching 30.8 quadrillion Btu in 2025 (significantly

lower than the AEO2004 forecast of 33.4 quadrillion

Btu). The AEO2005 forecast includes slower pro-

jected growth in the dollar value of industrial product

shipments relative to AEO2004, because of the slow-

down in production growth in recent years and a reas-

sessment of the prospects for growth in the chemical

and pulp and paper industries.

Energy consumption in the transportation sector is

projected to grow at an average annual rate of 1.8 per-

cent between 2003 and 2025 in the AEO2005 forecast

(Figure 2), reaching 40.0 quadrillion Btu in 2025 (1.1

quadrillion Btu lower than the AEO2004 projection).

Two factors account for the reduction in projected

transportation energy use from AEO2004 to AEO-

2005: first, expectations about light vehicle travel per

capita have been reduced, based on new historical

population and income data; and second, fuel econ-

omy data have been updated, resulting in a slightly

improved average fuel economy for the light-duty

vehicle stock over the forecast.

Total electricity consumption, including both pur-

chases from electric power producers and on-site

generation, is projected to grow from 3,657 billion

kilowatthours in 2003 to 5,467 billion kilowatthours

in 2025, increasing at an average rate of 1.8 percent

per year. Rapid growth in electricity use for comput-

ers, office equipment, and a variety of electrical appli-

ances in the end-use sectors is partially offset in the

AEO2005 forecast by improved efficiency in these and

other, more traditional electrical applications and by

slower growth in electricity demand in the industrial

sector.

Total demand for natural gas is projected to increase

at an average annual rate of 1.5 percent from 2003 to

2025 (Figure 3), primarily as a result of increasing use

for electricity generation and industrial applications,

which together account for about 75 percent of the

projected growth in natural gas demand from 2003 to

2025. Total projected consumption of natural gas in

2025 is 0.7 trillion cubic feet lower in AEO2005 than

was projected in AEO2004. The growth in demand for

natural gas slows in the later years of the forecast (0.9

percent per year from 2015 to 2025, compared with

2.1 percent per year from 2003 to 2010), as rising
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natural gas prices lead to the construction of more

coal-fired capacity for electricity generation.

In AEO2005, total coal consumption is projected to

increase from 1,095 million short tons in 2003 to

1,508 million short tons in 2025—59 million short

tons less than the AEO2004 projection of 1,567 mil-

lion short tons in 2025. From 2003 to 2025, coal con-

sumption is projected to grow by 1.5 percent per year

in the AEO2005 forecast. The primary reason for the

lower growth is an update of assumptions made about

the relative capital costs of new coal- and natural-

gas-fired power plants in the AEO2005 forecast. In

AEO2005, total coal consumption for electricity gen-

eration is projected to increase by an average of 1.6

percent per year, from 1,004 million short tons in

2003 to 1,425 million short tons in 2025, compared

with the AEO2004 projection of 1,477 million short

tons in 2025.

Total petroleum demand is projected to grow at an

average annual rate of 1.5 percent in the AEO2005

forecast, from 20.0 million barrels per day in 2003 to

27.9 million barrels per day in 2025. In AEO2005, an

increase of 0.3 million barrels per day in petroleum

use for electricity generation in 2025, relative to the

AEO2004 projection, is more than offset by a reduc-

tion of 0.7 million barrels per day in total petroleum

use in the industrial and transportation sectors in

2025—the result of projected higher energy prices,

slower growth in industrial production, and improved

average fuel economy for light-duty vehicles.

Total marketed renewable fuel consumption (includ-

ing ethanol for gasoline blending, of which 0.2 qua-

drillion Btu is included with “petroleum products”

consumption in Table 1), is projected to grow by

1.5 percent per year in AEO2005, from 6.1 quadrillion

Btu in 2003 to 8.5 quadrillion Btu in 2025, as a

result of State mandates for renewable electricity

Figure 3. Energy consumption by fuel, 1970-2025
(quadrillion Btu)

generation, higher natural gas prices, and the effect

of production tax credits. About 60 percent of the pro-

jected demand for renewables in 2025 is for

grid-related electricity generation (including com-

bined heat and power), and the rest is for dispersed

heating and cooling, industrial uses, and fuel blend-

ing. Despite higher fossil fuel prices, the projected

demand for renewables in 2025 in AEO2005 is 0.9

quadrillion Btu less than in AEO2004. Renewable

generating technologies are not as competitive in

AEO2005, because the costs for natural gas technolo-

gies are lower, wind technology costs are about 10

percent higher, and several geothermal projects that

were assumed to be completed in the AEO2004 fore-

cast are not included in AEO2005.

Energy Intensity

Energy intensity, as measured by energy use per 2000

dollar of GDP, is projected to decline at an average

annual rate of 1.6 percent in the AEO2005 forecast,

with efficiency gains and structural shifts in the econ-

omy offsetting growth in demand for energy services

(Figure 4). The rate of decline is faster in AEO2005

than the projected rate of 1.4 percent per year in

AEO2004, because higher energy prices in the AEO-

2005 forecast are projected to result in generally

lower energy consumption and a more rapid shift of

energy use away from industrial uses to energy ser-

vices. The projected rate of decline in AEO2005 falls

between the historical averages of 2.3 percent per

year from 1970 to 1986, when energy prices increased

in real terms, and 0.7 percent per year from 1986 to

1992, when energy prices were generally falling.

Since 1992, energy intensity has declined on average

by 1.9 percent per year. During this period, the role of

energy-intensive industries in the U.S. economy has

fallen sharply. The share of industrial output from

the energy-intensive industries declined on average

Figure 4. Energy use per capita and per dollar of
gross domestic product, 1970-2025 (index, 1970 = 1)
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by 1.3 percent per year from 1992 to 2003. In the

AEO2005 forecast, the energy-intensive industries’

share of total industrial output is projected to con-

tinue declining but at a slower rate of 0.8 percent per

year, which leads to the projected slower annual rate

of reduction in energy intensity.

Historically, energy use per person has varied over

time with the level of economic growth, weather con-

ditions, and energy prices, among many other factors.

During the late 1970s and early 1980s, energy con-

sumption per capita fell in response to high energy

prices and weak economic growth. Starting in the late

1980s and lasting through the mid-1990s, energy con-

sumption per capita increased with declining energy

prices and strong economic growth. Per capita energy

use is projected to increase in AEO2005, with growth

in demand for energy services only partially offset by

efficiency gains. Per capita energy use increases by an

average of 0.5 percent per year between 2003 and

2025 in AEO2005, slightly less than was projected in

AEO2004 (0.7 percent per year), as a result of the

higher energy prices in AEO2005.

The potential for more energy conservation has

received increased attention recently as energy prices

have risen. Although energy conservation is projected

to be induced through energy price increases, AEO-

2005 does not assume policy-induced conservation

measures beyond those in existing legislation and

regulation, nor does it assume behavioral changes

beyond those experienced in the past.

Electricity Generation

In AEO2005, the projected average price for natural

gas delivered to electricity generators is 45 cents per

million Btu higher in 2025 than was projected in

AEO2004; however, the impact of the higher prices is

offset by the assumption that capital costs for new

natural-gas-fired power plants will be lower than

assumed in AEO2004, as well as the inclusion of more

recently completed and announced plans for gas-fired

power plants. As a result, in AEO2005, projected

cumulative capacity additions and generation from

natural-gas-fired power plants are higher than in

AEO2004, and capacity additions and generation

from coal-fired power plants are lower. The AEO2005

projection of 1,406 billion kilowatthours of electricity

generation from natural gas in 2025 is 8 percent

higher than in AEO2004 (1,304 billion kilowatthours)

and more than twice the 2003 level of about 630 bil-

lion kilowatthours (Figure 5). Less new gas-fired

capacity is added in the later years of the forecast

because of the projected rise in natural gas prices.

The natural gas share of electricity generation

(including generation in the end-use sectors) is pro-

jected to increase from 16 percent in 2003 to 24 per-

cent in 2025. The share from coal is projected to

decrease from 51 percent in 2003 to 50 percent in

2025. AEO2005 projects that 87 gigawatts of new

coal-fired generating capacity will be constructed

between 2004 and 2025 (compared with 112 giga-

watts in AEO2004).

Nuclear generating capacity in AEO2005 is projected

to increase from 99.2 gigawatts in 2003 to 102.7

gigawatts in 2025—about the same as in AEO2004—

as a result of uprates of existing plants between 2003

and 2025. All existing nuclear plants are projected to

continue to operate, but new plants are not expected

to be economical. Total nuclear generation is pro-

jected to grow from 764 billion kilowatthours in 2003

to 830 billion kilowatthours in 2025 in AEO2005.

The use of renewable technologies for electricity gen-

eration is projected to grow slowly, both because of

the relatively low costs of fossil-fired generation and

because competitive electricity markets favor less

capital-intensive technologies. Where enacted, State

renewable portfolio standards, which specify a mini-

mum share of generation or sales from renewable

sources, are included in the forecast. AEO2005 also

includes the extension of the production tax credit for

wind and biomass through December 31, 2005, as

enacted in H.R. 1308, the Working Families Tax

Relief Act of 2004. AEO2004 assumed that the pro-

duction tax credit would end on December 31, 2003,

its statutory expiration date at the time AEO2004

was prepared.

Total renewable generation in AEO2005, including

combined heat and power generation, is projected

to grow from 359 billion kilowatthours in 2003 to

489 billion kilowatthours in 2025, increasing by 1.4

percent per year.

Figure 5. Electricity generation by fuel, 1970-2025
(billion kilowatthours)
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Energy Production and Imports

Total energy consumption is expected to increase

more rapidly than domestic energy supply through

2025. As a result, net imports of energy are projected

to meet a growing share of energy demand (Figure 6).

Net imports are expected to constitute 38 percent of

total U.S. energy consumption in 2025, up from 27

percent in 2003.

Projected U.S. crude oil production increases from 5.7

million barrels per day in 2003 to a peak of 6.2 million

barrels per day in 2009 as a result of increased pro-

duction offshore, predominantly from the deep

waters of the Gulf of Mexico. Beginning in 2010, U.S.

crude oil production begins to decline, falling to 4.7

million barrels per day in 2025.

Total domestic petroleum supply (crude oil, natural

gas plant liquids, refinery processing gains, and other

refinery inputs) follows the same pattern as crude oil

production in the AEO2005 forecast, increasing from

9.1 million barrels per day in 2003 to a peak of 9.8 mil-

lion barrels per day in 2009, then declining to 8.8 mil-

lion barrels per day in 2025 (Figure 7).

In 2025, net petroleum imports, including both crude

oil and refined products, are expected to account for

68 percent of demand (on the basis of barrels per day),

up from 56 percent in 2003. Despite an expected

increase in distillation capacity at domestic refineries,

net imports of refined petroleum products account for

a growing portion of total net imports, increasing

from 14 percent in 2003 to 16 percent in 2025 (as com-

pared with 20 percent in AEO2004).

The most significant change in the AEO2005 energy

supply projections is in the outlook for natural gas,

particularly domestic lower 48 onshore production

and LNG imports. Domestic natural gas production

increases from 19.1 trillion cubic feet in 2003 to 21.8

trillion cubic feet in 2025 in the AEO2005 forecast;

Figure 6. Total energy production and
consumption, 1970-2025 (quadrillion Btu)

AEO2004 projected 24.0 trillion cubic feet of domestic

natural gas production in 2025.

The projection for conventional onshore production

of natural gas is lower in AEO2005 than it was in

AEO2004, because of slower reserve growth, fewer

new discoveries, and higher exploration and develop-

ment costs. Lower 48 onshore natural gas production

is projected to increase from 13.9 trillion cubic feet in

2003 to a peak of 15.7 trillion cubic feet in 2012 before

falling to 14.7 trillion cubic feet in 2025. In AEO2004,

lower 48 onshore production reached 16.3 trillion

cubic feet in 2025.

Offshore natural gas production in 2025 is also some-

what lower in AEO2005 than it was in the AEO2004

forecast. Lower 48 offshore production, which was 4.7

trillion cubic feet in 2003, is projected to increase in

the near term (to 5.3 trillion cubic feet by 2014)

because of the expected development of some large

deepwater fields, including Mad Dog, Entrada, and

Thunder Horse. After 2014, offshore production is

projected to decline to 4.9 trillion cubic feet in 2025.

Although the projection for net U.S. imports of natu-

ral gas from Canada in 2025 in AEO2005 is about the

same as in AEO2004, the pattern of growth is very dif-

ferent in AEO2005. AEO2004 projected that the 2002

level of net Canadian imports (3.6 trillion cubic feet)

could be sustained through 2012 before falling off.

AEO2005 expects net Canadian imports to decline

from 2003 levels of 3.1 trillion cubic feet to about 2.5

trillion cubic feet in 2009, followed by an increase

after 2010 to 3.0 trillion cubic feet in 2015 as a result

of rising natural gas prices, the introduction of gas

from the Mackenzie Delta, and increased production

of coalbed methane. After 2015, because of reserve

depletion effects and growing domestic demand in

Canada, net U.S. imports are projected to decline to

2.6 trillion cubic feet in 2025. The AEO2005 forecast

reflects revised expectations about Canadian natural

Figure 7. Energy production by fuel, 1970-2025
(quadrillion Btu)
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gas production, particularly coalbed methane and

conventional production in Alberta, based in part on

data and projections from Canada’s National Energy

Board and other sources.

Growth in U.S. natural gas supplies will depend on

unconventional domestic production, natural gas

from Alaska, and imports of LNG. Total nonassoci-

ated unconventional natural gas production is pro-

jected to grow from 6.6 trillion cubic feet in 2003 to

8.6 trillion cubic feet in 2025. With completion of an

Alaskan natural gas pipeline in 2016, Alaska’s total

production is projected to increase from 0.4 trillion

cubic feet in 2003 to 2.2 trillion cubic feet in 2025.

With the exception of the facility at Everett, Massa-

chusetts, three of the four existing U.S. LNG termi-

nals (Cove Point, Maryland; Elba Island, Georgia;

and Lake Charles, Louisiana) are expected to expand

by 2007; and additional facilities are expected to be

built in New England and elsewhere in the lower 48

States, serving the Gulf, Mid-Atlantic, and South

Atlantic States, including a new facility in the Baha-

mas serving Florida via a pipeline. Another facility is

projected to be built in Baja California, Mexico, serv-

ing a portion of the California market. Total net LNG

imports to the United States and the Bahamas are

projected to increase from 0.4 trillion cubic feet in

2003 to 6.4 trillion cubic feet in 2025, about one-third

more than the AEO2004 projection of 4.8 trillion

cubic feet.

As domestic coal demand grows in AEO2005, U.S.

coal production is projected to increase at an average

rate of 1.5 percent per year, from 1,083 million short

tons in 2003 to 1,488 million short tons in 2025. The

AEO2005 projection for coal production in 2025 is 55

million short tons less than in AEO2004 because of

revisions in the relative capital costs and efficiencies

for new coal- and natural-gas-fired generating capac-

ity in AEO2005, which lead to a lower projected

level of coal demand than was projected in AEO2004,

despite higher natural gas prices in AEO2005. Pro-

duction from mines west of the Mississippi River is

expected to provide the largest share of the incremen-

tal coal production. In 2025, nearly two-thirds of coal

production is projected to originate from the western

States.

Carbon Dioxide Emissions

Carbon dioxide emissions from energy use are pro-

jected to increase from 5,789 million metric tons in

2003 to 8,062 million metric tons in 2025 in AEO-

2005, an average annual increase of 1.5 percent

(Figure 8). The carbon dioxide emissions intensity of

the U.S. economy is projected to fall from 558 metric

tons per million dollars of GDP in 2003 to 397 metric

tons per million dollars in 2025—an average decline

of 1.5 percent per year. In comparison, AEO2004 pro-

jected a 1.4-percent average annual decline in emis-

sions intensity and 8,142 million metric tons of

carbon dioxide emissions in 2025.

By sector, projected carbon dioxide emissions from

the residential, commercial, and electric power sec-

tors in 2025 are higher in AEO2005 than they were in

AEO2004 because of higher projected energy con-

sumption in each of those sectors (particularly, elec-

tricity consumption in the residential and commercial

sectors and natural gas and petroleum consumption

for electricity generation in the electric power sector),

whereas AEO2005 projects lower energy consump-

tion in the industrial and transportation sectors in

2025 and lower carbon dioxide emissions in both sec-

tors than were projected in AEO2004. In the electric

power sector, the higher AEO2005 projections for car-

bon dioxide emissions from natural gas and petro-

leum use for generation more than offset the lower

projection for emissions from coal-fired generation.

In total, however, the lower levels of carbon dioxide

emissions projected for the industrial and transporta-

tion sectors in 2025 outweigh the higher levels pro-

jected for the other energy-consuming sectors, so that

total emissions in 2025 are lower in the AEO2005

forecast than they were in AEO2004. The AEO pro-

jections do not include future policy actions or agree-

ments that might be taken to reduce carbon dioxide

emissions.

Figure 8. Projected U.S. carbon dioxide emissions by
sector and fuel, 1990-2025 (million metric tons)
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Table 1. Total energy supply and disposition in the AEO2005 reference case: summary, 2002-2025

Energy and economic factors 2002 2003 2010 2015 2020 2025
Average annual

change, 2003-2025

Primary energy production (quadrillion Btu)

Petroleum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.71 14.38 15.41 14.31 13.83 12.82 -0.5%

Dry natural gas . . . . . . . . . . . . . . . . . . . . . . . . . 19.48 19.58 20.97 21.33 22.48 22.42 0.6%

Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22.70 22.66 25.10 25.56 27.04 29.90 1.3%

Nuclear power. . . . . . . . . . . . . . . . . . . . . . . . . . 8.14 7.97 8.49 8.62 8.67 8.67 0.4%

Renewable energy . . . . . . . . . . . . . . . . . . . . . . 5.79 5.89 6.85 7.13 7.57 8.10 1.5%

Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.12 0.93 0.97 0.78 0.77 0.82 -0.5%

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71.94 71.42 77.79 77.73 80.35 82.73 0.7%

Net imports (quadrillion Btu)

Petroleum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22.64 24.10 28.61 33.10 36.87 41.11 2.5%

Natural gas . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.59 3.32 5.06 7.19 8.08 8.87 4.6%

Coal/other (- indicates export). . . . . . . . . . . . . . -0.47 -0.43 -0.14 0.19 0.25 0.58 NA

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25.75 26.99 33.53 40.47 45.21 50.55 2.9%

Consumption (quadrillion Btu)

Petroleum products. . . . . . . . . . . . . . . . . . . . . . 38.41 39.09 44.84 48.07 51.30 54.42 1.5%

Natural gas . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23.59 22.54 26.11 28.69 30.73 31.47 1.5%

Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.98 22.71 24.95 25.71 27.27 30.48 1.3%

Nuclear power. . . . . . . . . . . . . . . . . . . . . . . . . . 8.14 7.97 8.49 8.62 8.67 8.67 0.4%

Renewable energy . . . . . . . . . . . . . . . . . . . . . . 5.79 5.89 6.85 7.13 7.57 8.10 1.5%

Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.07 0.02 0.03 0.07 0.05 0.04 4.1%

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97.99 98.22 111.27 118.29 125.60 133.18 1.4%

Petroleum (million barrels per day)

Domestic crude production . . . . . . . . . . . . . . . . 5.74 5.68 6.02 5.49 5.21 4.73 -0.8%

Other domestic production . . . . . . . . . . . . . . . . 3.60 3.38 3.59 3.77 4.00 4.10 0.9%

Net imports . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.54 11.24 13.37 15.40 17.11 19.11 2.4%

Consumption. . . . . . . . . . . . . . . . . . . . . . . . . . . 19.71 20.00 22.98 24.67 26.32 27.93 1.5%

Natural gas (trillion cubic feet)

Production. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19.03 19.13 20.49 20.85 21.97 21.91 0.6%

Net imports . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.50 3.24 4.94 7.02 7.89 8.66 4.6%

Consumption. . . . . . . . . . . . . . . . . . . . . . . . . . . 22.98 21.95 25.44 27.96 29.95 30.67 1.5%

Coal (million short tons)

Production. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,105 1,083 1,238 1,270 1,345 1,488 1.5%

Net imports . . . . . . . . . . . . . . . . . . . . . . . . . . . . -23 -18 -9 3 7 20 NA

Consumption. . . . . . . . . . . . . . . . . . . . . . . . . . . 1,066 1,095 1,229 1,273 1,352 1,508 1.5%

Prices (2003 dollars)

World oil price (dollars per barrel). . . . . . . . . . . 24.10 27.73 25.00 26.75 28.50 30.31 0.4%

Domestic natural gas at wellhead
(dollars per thousand cubic feet). . . . . . . . . . . . 3.06 4.98 3.64 4.16 4.53 4.79 -0.2%

Domestic coal at minemouth
(dollars per short ton) . . . . . . . . . . . . . . . . . . . . 18.23 17.93 17.30 16.89 17.25 18.26 0.1%

Average electricity price
(cents per kilowatthour). . . . . . . . . . . . . . . . . . . 7.4 7.4 6.6 6.9 7.2 7.3 -0.1%

Economic indicators

Real gross domestic product
(billion 2000 dollars) . . . . . . . . . . . . . . . . . . . . . 10,075 10,381 13,084 15,216 17,634 20,292 3.1%

GDP chain-type price index
(index, 2000=1.000) . . . . . . . . . . . . . . . . . . . . . 1.041 1.060 1.218 1.373 1.563 1.814 2.5%

Real disposable personal income
(billion 2000 dollars) . . . . . . . . . . . . . . . . . . . . . 7,560 7,734 9,594 11,192 12,783 14,990 3.1%

Value of manufacturing shipments
(billion 1996 dollars) . . . . . . . . . . . . . . . . . . . . . 5,067 5,105 6,165 6,850 7,633 8,469 2.3%

Energy intensity
(thousand Btu per 2000 dollar of GDP). . . . . . 9.73 9.47 8.51 7.78 7.13 6.57 -1.6%

Carbon dioxide emissions
(million metric tons) . . . . . . . . . . . . . . . . . . . . . 5,751 5,789 6,627 7,052 7,520 8,062 1.5%

Notes: Quantities are derived from historical volumes and assumed thermal conversion factors. Other production includes liquid
hydrogen, methanol, supplemental natural gas, and some inputs to refineries. Net imports of petroleum include crude oil, petroleum
products, unfinished oils, alcohols, ethers, and blending components. Other net imports include coal coke and electricity. Some refinery
inputs appear as petroleum product consumption. Other consumption includes net electricity imports, liquid hydrogen, and methanol.

Source: AEO2005 National Energy Modeling System, run AEO2005.D102004A.
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Introduction

Because analyses by the EIA are required to be pol-

icy-neutral, the projections in this AEO2005 gener-

ally are based on Federal and State laws and

regulations in effect on or before October 31, 2004.

The potential impacts of pending or proposed legisla-

tion, regulations, and standards—or of sections of leg-

islation that have been enacted but that require funds

or implementing regulations that have not been

provided or specified—are not reflected in the

projections.

Examples of Federal and State legislation incorpo-

rated in the projections include the following:

• The National Appliance Energy Conservation Act

of 1987

• The Clean Air Act Amendments of 1990

(CAAA90), which include new standards for mo-

tor gasoline and diesel fuel and for heavy-duty ve-

hicle emissions

• The Energy Policy Act of 1992 (EPACT)

• The Omnibus Budget Reconciliation Act of 1993,

which added 4.3 cents per gallon to the Federal

tax on highway fuels

• The Outer Continental Shelf Deep Water Royalty

Relief Act of 1995 and subsequent provisions on

royalty relief for new leases issued after Novem-

ber 2000 on a lease-by-lease basis

• The Maritime Security Act of 2002, which

amended the Deepwater Port Act of 1974 to in-

clude offshore natural gas facilities

• The American Jobs Creation Act of 2004, which

includes incentives and tax credits for biodiesel

fuels, a modified depreciation schedule for the

Alaska natural gas pipeline, and an expansion of

the 1.8-cent renewable energy production tax

credit (PTC) to include geothermal and solar gen-

eration technologies

• The Military Construction Appropriations Act of

2005, which includes provisions to support con-

struction of the Alaska natural gas pipeline, in-

cluding Federal loan guarantees during

construction

• The Working Families Tax Relief Act of 2004,

which includes an extension of the 1.8-cent PTC

for wind and closed-loop biomass to December 31,

2005; tax deductions for qualified clean-fuel and

electric vehicles; and changes in the rules govern-

ing oil and gas well depletion

• State of Alaska’s Right-Of-Way Leasing Act

Amendments of 2001, which prohibit leases

across State land for a “northern” or “over-the-

top” natural gas pipeline route running east from

the North Slope to Canada’s MacKenzie River

Valley

• State renewable portfolio standards, including

the California renewable portfolio standards

passed on September 12, 2002

• State programs for restructuring of the electricity

industry.

AEO2005 assumes that State taxes on gasoline, die-

sel, jet fuel, and E85 (fuel containing a blend of 70 to

85 percent ethanol and 30 to 15 percent gasoline by

volume) will increase with inflation, and that Federal

taxes on those fuels will continue at 2003 levels in

nominal terms. AEO2005 also assumes the continua-

tion of the ethanol tax incentive through 2025.

Although these tax and tax incentive provisions

include “sunset” clauses that limit their duration,

they have been extended historically, and AEO2005

assumes their continuation throughout the forecast.

Examples of Federal and State regulations incorpo-

rated in AEO2005 include the following:

• Standards for energy-consuming equipment that

have been announced, including the 13 seasonal

energy efficiency ratio (SEER) [2] for new central

air conditioners and heat pumps that were re-

cently reestablished by the U.S. Court of Appeals

after originally being set in January 2001

• The new corporate average fuel economy (CAFE)

standards for light trucks published by the Na-

tional Highway Traffic Safety Administration

(NHTSA) in 2003

• Federal Energy Regulatory Commission (FERC),

Orders 888 and 889, which provide open access to

interstate transmission lines in electricity mar-

kets

• The December 2002 Hackberry Decision, which

terminated open access requirements for new on-

shore LNG terminals

• The new boiler limits established by the U.S. En-

vironmental Protection Agency (EPA) on Febru-

ary 26, 2004, which limit emissions of hazardous

air pollutants from industrial, commercial, and

institutional boilers and process heaters by re-

quiring that they comply with a Maximum

Achievable Control Technology (MACT) floor.
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AEO2005 includes the CAAA90 requirement of a

phased-in reduction in vehicle emissions of regulated

pollutants. In addition, AEO2005 incorporates the

CAAA90 requirement of a phased-in reduction in

annual emissions of sulfur dioxide by electricity gen-

erators, which in general are capped at 8.95 million

tons per year in 2010 and thereafter, although “bank-

ing” of allowances from earlier years is permitted.

AEO2005 also incorporates nitrogen oxide (NOx)

boiler standards issued by the EPA under CAAA90.

The 19-State NOx cap and trade program in the

Northeast and Midwest is also represented. Limits on

emissions of mercury, which have not yet been pro-

mulgated, are not represented.

AEO2005 reflects “Tier 2” Motor Vehicle Emissions

Standards and Gasoline Sulfur Control Require-

ments finalized by the EPA in February 2000 under

CAAA90. The Tier 2 standards for reformulated gaso-

line (RFG) were required by 2004 but will not be fully

realized in conventional gasoline until 2008 due to

allowances for small refineries. AEO2005 also incor-

porates the “ultra-low-sulfur diesel” (ULSD) regula-

tion finalized by the EPA in December 2000, which

requires the production of at least 80 percent ULSD

(15 parts sulfur per million) highway diesel between

June 2006 and June 2010 and a 100-percent require-

ment for ULSD thereafter (see Appendix F for more

details). It also includes the new rules for nonroad

diesel issued by the EPA on May 11, 2004, regulating

nonroad diesel engine emissions and sulfur content in

fuel. The AEO2005 projections reflect legislation that

bans or limits the use of the gasoline blending compo-

nent methyl tertiary butyl ether (MTBE) in the next

several years in 17 States and assumes that the Fed-

eral oxygen requirement for RFG in Federal

nonattainment areas will remain intact.

The provisions of EPACT focus primarily on reducing

energy demand. They require minimum building effi-

ciency standards for Federal buildings and other new

buildings that receive Federally backed mortgages.

Efficiency standards for electric motors, lights, and

other equipment are required, and Federal, State,

and utility vehicle fleets are required to phase in vehi-

cles that do not rely on petroleum products. The

AEO2005 projections include only those equipment

standards for which final actions have been taken and

for which specific efficiency levels are provided.

More detailed information on recent legislative and

regulatory developments is provided below.

13 SEER Standard for Central Air

Conditioners and Heat Pumps

In January 2004, after years of litigation in a case that

pitted environmental groups and Attorneys General

from 10 States against the U.S. Secretary of Energy,

the U.S. Court of Appeals for the Second Circuit rees-

tablished the central air conditioner and heat pump

standard originally set in January 2001 [3]. The

Court’s ruling, which struck down a May 2002 roll-

back of the 2001 standard to a 12 SEER, mandates

that all new central air conditioners and heat pumps

meet a 13 SEER standard by January 2006, requiring

a 30-percent increase in efficiency relative to current

law. The AEO2005 reference case incorporates the 13

SEER standard as mandated by the Court’s ruling.

In order to gauge the impact of the new standard on

electricity consumption, consumer expenditures, and

carbon dioxide emissions, a sensitivity case assuming

a continuation of the previous 12 SEER standard was

modeled. Table 2 shows the impacts of the 13 SEER

standard assumed in the reference case, as compared

with the 12 SEER standard assumed in the sensitivity

case. As expected, the projections for electricity con-

sumption and expenditures are lower in the reference

case than in the 12 SEER case; however, the savings

come at an additional cost to consumers. Through

2015 the additional costs of new equipment outweigh

savings, resulting in a negative net present value for

the 13 SEER standard (assuming a 7-percent real dis-

count rate). In the long run, however, additional

years of savings per unit provide a positive ($3.6 bil-

lion) net present value, meaning that the standard,

on average, provides economic benefits to consumers

in the form of reduced energy expenditures.

Energy Information Administration / Annual Energy Outlook 2005 13

Legislation and Regulations

Projection 2015 2025

Cumulative

2006-2015 2006-2025

Electricity consumption savings (billion kilowatthours) 11.1 16.6 59.6 211.7

Energy bill savings (billion 2004 dollars) 0.8 0.7 5.7 12.6

Equipment cost increase (billion 2004 dollars) 0.5 0.2 5.8 8.9

Net present value (billion 2004 dollars) — — -0.1 3.6

Increase in air conditioner stock efficiency (percent) 5.6 6.8 — —

Carbon dioxide emissions reduction (million metric tons) 1.1 -3.6 7.8 1.0

Table 2. Impacts of 13 SEER central air conditioner and heat pump standard compared with 12 SEER

standard, 2006-2025



The difference between projected carbon dioxide

emissions in the two cases depends on the fuel mix

associated with the electricity generation. In the near

term, the reduction in electricity demand in the refer-

ence case is not large enough to change the pattern of

capacity additions or fuel mix, and lower electricity

demand causes a decrease in carbon dioxide emissions

both in 2015 and cumulatively from 2006 to 2015

(Table 2). In later years, the amount of peak demand

relative to baseload demand is lower in the reference

case, and more coal-fired capacity is added at the

expense of natural gas capacity. The change in fuel

mix causes carbon dioxide emissions to increase,

despite slightly lower levels of electricity demand.

Emissions in 2025 are 3.6 million metric tons (0.2 per-

cent) higher in the reference case, but cumulative

emissions from 2003 through 2025 are 1.0 million

metric ton lower than in the 12 SEER case (1 metric

ton is equal to 1,000 kilograms).

Maximum Achievable Control Technology

for New Industrial Boilers

As part of CAAA90, the EPA on February 26, 2004,

issued a final rule—the National Emission Standards

for Hazardous Air Pollutants (NESHAP)—to reduce

emissions of hazardous air pollutants (HAPs) from

industrial, commercial, and institutional boilers and

process heaters [4]. The rule requires industrial boil-

ers and process heaters to meet limits on HAP emis-

sions to comply with a MACT “floor level” of control

that is the minimum level such sources must meet to

comply with the rule. The major HAPs to be reduced

are hydrochloric acid, hydrofluoric acid, arsenic,

beryllium, cadmium, and nickel. The EPA predicts

that the boiler MACT rule will reduce those HAP

emissions from existing sources by about 59,000 tons

per year in 2005 [5].

The MACT standards apply to major sources of

HAPs, or units that emit or have the potential to emit

a single HAP at 10 tons or more per year or a combi-

nation of HAPs at 25 tons or more per year. The EPA

estimates that 58,000 existing boilers and process

heaters and 800 new boilers and process heaters built

each year over the next 5 years will be subject to the

rule. Existing boilers and process heaters must com-

ply with the rule no later than 3 years after it is pub-

lished in the Federal Register. In addition, the owners

of existing units may petition for an extra year to

comply. New boilers and process heaters must comply

when they are brought on line. The final rule provides

flexibility in compliance through averaging of emis-

sions from multiple units on a single site and lowering

of emissions by altering work practices, installing

control devices, or physically removing toxics. Fuel

switching is not an available option to meet the

MACT floor level, because it may increase emissions

of some HAPs while reducing the emissions of others.

The industries most affected by the rule will be furni-

ture, paper, lumber, and electrical services, which

together account for nearly 60 percent of the affected

units. The EPA estimates the total nationwide capital

costs for the final rule to be $1.4 billion to $1.7 billion

over the first 5 years, with annualized costs between

$690 million and $800 million.

New boilers are expected to meet the standards in the

absence of the rule, and retrofit costs are anticipated

to be relatively small in aggregate. Consequently,

inclusion of the rule does not materially affect the

AEO2005 projection for the industrial sector.

Clean Air Nonroad Diesel Rule

On June 29, 2004, the EPA issued a comprehensive

final rule regulating emissions from nonroad diesel

engines and sulfur content in nonroad diesel fuel [6].

The nonroad fuel market makes up more than 18 per-

cent of the total distillate pool. The rule applies to

new equipment covering a broad range of engine

sizes, power ratings, and equipment types. There are

currently about 6 million pieces of nonroad equip-

ment operating in the United States, and more than

650,000 new units are sold each year.

The rulemaking covers such equipment as tractors,

bulldozers, graders, backhoes, heavy construction,

mining, and logging equipment, airport tugs, locomo-

tives, and commercial marine vessels. The regula-

tions represent a tiered emissions reduction approach

based on engine horsepower, with phased-in restric-

tions on emissions of particulate matter (PM), NOx,

and nonmethane hydrocarbons. The rule reduces die-

sel engine emissions by more than 90 percent and fuel

sulfur content by 99 percent from current levels.

The regulation addresses emissions and fuels simul-

taneously to maximize emission reductions by inte-

grating engine and fuel controls as a system. To meet

the standards, engine manufacturers will be required

to produce new engines with advanced emission con-

trol technologies similar to those already expected for

on-road (highway) heavy trucks and buses. Refiners

will be supplying new lower sulfur diesel fuels in both

cases.

Emission Standards

By 2014, the new Tier 4 regulations will require non-

road diesel engines to cut emissions of pollutants by
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more than 90 percent [7]. Standards for new engines

will be phased in starting with the smallest engines in

2008 until all but the very largest diesel engines meet

both NOx and PM standards in 2014 (Table 3). Some

of the largest engines (750-plus horsepower) will have

one additional year to meet the emissions standards.

The final rule includes flexibility provisions aimed at

helping small engine manufacturers meet the

requirements. The EPA Tier 4 standards do not

require retrofitting older diesel engines currently in

service and do not apply to diesel engines used in loco-

motives and marine vessels, but they do cover fuel

requirements for those equipment categories.

In a separate action, the EPA took the first step

toward proposing new emissions standards for diesel

engines by issuing an Advanced Notice of Proposed

Rulemaking on June 29, 2004 [8]. Contemplated stan-

dards would apply to marine diesels used in all new

commercial, recreational, and auxiliary marine diesel

engines except for very large engines used for propul-

sion of deep-sea vessels. For locomotives, both new

and existing diesel units would require advanced

emission control technologies similar to those for

heavy-duty trucks and buses. The widespread avail-

ability of clean nonroad diesel fuel required under the

new fuel standards will enable the use of advanced

control technology on locomotive and marine engines.

The EPA estimates that anticipated compliance costs

will vary with the size and complexity of equipment,

in the range of 1 to 3 percent of total purchase price

for most categories of nonroad diesel equipment [9].

The new nonroad diesel emission standards, when

fully implemented, are expected to provide significant

public health benefits.

Fuel Standards

The final rule, to be implemented in multiple steps,

requires sulfur content for all nonroad locomotive

and marine (NRLM) diesel fuel produced by refiners

to be reduced to 500 parts per million (ppm) starting

in mid-2007. It also establishes a new ULSD limit of

15 ppm for nonroad diesel by mid-2010. For locomo-

tive and marine diesel, the action establishes a ULSD

limit of 15 ppm in mid-2012, providing the refining

industry flexibility to align fuel supply operations

with all other on-road and nonroad ULSD fuel regula-

tions, which take effect in mid-2010. After refiners,

the new standards will apply to terminals, wholesal-

ers, retailers, and end users in subsequent months as

production flows through the distribution chain.

The nonroad diesel requirements have implications

for the refining industry and, especially, for small

refiners (defined as having less than 155,000 barrels

per day of crude oil charge capacity and less than

1,500 corporate employees). Approximately 20 refin-

ers fall into the small refiner category. They are dis-

persed across the country, with the largest

concentration located in the Rocky Mountain Region.

Small refiners are granted three additional years to

meet the 500 ppm standard for NRLM diesel, starting

in mid-2007 (Table 4). The challenges facing small

refiners include additional time needed to secure

capital funding, a need for longer leadtimes because

of limited engineering expertise, and limits on the

availability of contractors, who will be performing

upgrades for major refiners.
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Rated engine power

First year
of standards or
phase-in period

Particulate matter
(grams per horsepower per hour)

Nitrogen oxides
(grams per horsepower per hour)

Less than 25 horsepower 2008 0.30 —

25 to less than 75 horsepower 2013 0.02 3.5

75 to less than 175 horsepower 2012-2013 0.01 0.30

175 to less than 750 horsepower 2011-2013 0.01 0.30

750 horsepower or more 2011-2014 0.075 2.6 and 0.50

2015 0.02 and 0.03 0.50

Note: Where a range of years is provided, 40 CFR 1039.102 prescribes a gradual phase-in whereby a cumulative percentage of total engines
for a manufacturer must comply each year prior to the final year.

Table 3. Final nonroad diesel emissions standards

Fuel type and refiners Mid-2007 Mid-2010 Mid-2012 Mid-2014 and after

Nonroad diesel

Refiners other than small 500 ppm 15 ppm 15 ppm 15 ppm

Small refiners — 500 ppm 15 ppm 15 ppm

Locomotive and marine diesel

Refiners other than small 500 ppm 500 ppm 15 ppm 15 ppm

Small refiners — 500 ppm 500 ppm 15 ppm

Table 4. Timeline for implementing nonroad diesel fuel sulfur limits



For early or overcompliance with the fuel sulfur stan-

dards, a regional averaging, banking, and trading pro-

gram will be created; however, credits may not be

used or traded for use outside the credit trading

region in which they are generated [10]. For the 500

ppm standard beginning in mid-2007, small refiners

outside the Northeast/Mid-Atlantic area can use cred-

its to continue producing high-sulfur nonroad fuel

until the credits expire in mid-2010. After mid-2014,

small refiners must comply with the 15 ppm standard

for NRLM diesel.

The rule recognizes certain exceptions. For Alaska,

NRLM diesel covers only areas served by Federal

highways. Rural and remote areas are not required to

convert to ULSD until 2011. For stationary power

sources, the rule excludes No. 4, 5, and 6 heavy distil-

lates. In special marine situations, giant Category 3

ocean ship engines face a separate regulation

expected by April 2007. Category 2 or 3 marine diesel

engines using distillate with a distillation point over

700oF are excluded.

There are also special exceptions for transmix facili-

ties on pipelines [11]. Because transmix facilities do

not have sulfur removal equipment to clean up pipe-

line interface mixes, the final rule provides that they

may produce fuels for sale into the NRLM markets

that meet small refiner provisions, in order to avoid

the burden of additional investment in treating

equipment or returning mix to refineries for repro-

cessing. After the NRLM small refiner provisions

expire in 2014, transmix processors may continue to

sell 500 ppm fuel into the locomotive and marine

market.

The rule also prescribes certain dyeing, tracking, and

record keeping requirements to ensure that fuel is not

diverted from authorized channels and that taxes are

properly paid. The Internal Revenue Service ordi-

narily requires that fuel used in NRLM engines be

dyed before leaving the terminal, to indicate its

nontaxed status. Fuels that meet on-road diesel speci-

fications but are destined for NRLM markets can

leave the terminal undyed, provided that the tax is

paid first. NRLM users can then apply for a tax

refund. To minimize misfueling, a system of labels is

prescribed on diesel retail pumps, fuel tank inlets,

and dashboard and instrument panels, corresponding

with the introduction of new diesel engines and

equipment.

The EPA did not specify lubricity standards in the

rule, because the industry has been working to

finalize a universal standard for all diesel fuel. If the

American Society for Testing and Materials does not

establish a universal lubricity standard, a separate

rulemaking applying to lubricity additives will be

issued by the EPA.

Impacts of the Emission and Fuel Standards

The effects of the new NRLM diesel standards are

represented in AEO2005. The National Energy

Modeling System (NEMS) has been revised to reflect

the nonroad rule and recalibrated for market shares

of highway, NRLM diesel, and other distillate (mostly

heating oil and excluding jet fuel and kerosene). The

nonroad rule, following closely on the heels of the

highway diesel rule, represents an incremental tight-

ening of the entire diesel pool that will cause demand

for high-sulfur distillate to diminish over time while

demand for ULSD (both highway and NRLM)

increases.

After 2007, during the rule’s implementation, the

projections for refinery distillate production are

slightly lower with the rule in place because of the

more stringent and costly processing requirements,

and imports of distillate are higher. For the composite

distillate market, prices are slightly higher with the

rule in place and vary by sector. Table 5 shows key

projections for distillate fuel prices, production, and

imports in the AEO2005 reference case, which

includes the new nonroad diesel rule, and in a sensi-

tivity case that does not include the new rule.

Because heating oil is not subject to NRLM diesel

rules, residential distillate prices are not expected to

be affected significantly. Eventually, however, resi-

dential prices are projected to parallel those in other

sectors as the distillate market converges toward a

universal ULSD standard. More than two-thirds of all

high-sulfur distillate use after 2010 is projected to be

concentrated in the Northeast.

In the commercial and industrial sectors, distillate

fuel prices after 2010 are projected to be higher with

the rule in place. Nonroad diesel is a relatively small

portion of commercial distillate use, but it dominates

industrial use. Thus, the price impact is greater for

the industrial sector. For the electric power sector

there is little or no projected impact on distillate

prices. Diesel prices in the transportation sector are

projected to be about 2 cents per gallon higher in

2010-2012 because of the nonroad diesel sulfur reduc-

tion and about 3 cents per gallon higher in 2014, when

the sulfur content of all NRLM diesel fuel is reduced

to 15 ppm.
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EPA estimates [12] place the added cost of ULSD for

NRLM diesel use in the range of about 7 cents per gal-

lon; however, the EPA expects the added cost to be

offset by reduced engine maintenance expenses, low-

ering the net incremental impact to about 4 cents per

gallon. The EPA estimates assume complete turnover

of nonroad diesel engines by 2030.

American Jobs Creation Act of 2004

The American Jobs Creation Act of 2004 [13] was

signed into law on October 22, 2004. Most of the 650

pages of the Act are related to tax legislation. Provi-

sions pertaining to energy are described below.

Diesel Excise Taxes

Section 241 phases out an excise fuel tax of 4.3 cents

per gallon on railroads and inland waterway trans-

portation incrementally between January 1, 2005,

and January 1, 2007. Under current law, diesel fuel

used in trains and fuels used in barges on certain

inland waterways are subject to an excise tax of 4.4

cents per gallon. Revenues from 4.3 cents of the tax

are retained in the General Fund. The remaining 0.1

cent is put in the Leaking Underground Storage Tank

Fund, which is scheduled to expire on March 31, 2005.

AEO2005 reflects the phaseout of these excise taxes.

Ethanol Tax Credits

Section 301 establishes the Volumetric Ethanol

Excise Tax Credit (VEETC). Before this Act, gasoline

blenders could choose between an income tax credit of

51 cents per gallon of ethanol blended or a reduced

rate of Federal excise tax on each gallon of gasoline

blended with ethanol. Thus, gasoline containing 10

percent ethanol would be taxed at 13.2 cents per gal-

lon instead of the usual 18.3 cents per gallon in calen-

dar year 2005. Gasoline blended with 5.7 percent or

7.7 percent ethanol would receive a proportionally

smaller reduction in the excise tax. The VEETC is

instead assessed at a rate of 51 cents per gallon of eth-

anol, and the entire excise tax is assessed on the fin-

ished gasoline. This gives several advantages over the

existing structure. VEETC applies to any blend of

ethanol and gasoline. It also applies to ethyl tertiary

butyl ether (ETBE), a gasoline blending component

made from ethanol. The excise tax exemption does

not apply to blends containing less than 5.7 percent or

more than 10 percent ethanol, such as E85. The

income tax credit can be taken for ethanol used in

such blends or to make ETBE, but not all gasoline

blenders have sufficient Federal income tax liability

to take the credit. The VEETC is effective through

2010; the excise tax reduction will expire in 2007.

This section also extends the alcohol income tax

credit through 2010. AEO2005 includes these tax

credits and, in addition, assumes that they will

remain in force indefinitely, given that historically

they have been extended when they expired.

Biodiesel Tax Credits

The VEETC also applies to biodiesel blends. A diesel

fuel blender can claim a credit of $1 per gallon of

biodiesel made from agricultural commodities such as

soybean oil and can claim a credit of 50 cents per gal-

lon of biodiesel made from recycled oil such as yellow

grease. Section 302 extends income tax credits for

biodiesel blending similar to the alcohol income tax

credits. The VEETC provision for biodiesel and the

biodiesel income tax credits expire after 2006. Section

302 is modeled in the AEO2005 reference case.

Rural Electric Cooperatives Income Treatment

Current law gives tax-exempt status for rural electric

cooperatives if at least 85 percent of the cooperative’s

income comes from amounts collected from members

for the sole purpose of meeting losses and expenses

Energy Information Administration / Annual Energy Outlook 2005 17

Legislation and Regulations

Supply and prices 2003

Projections

2007 2010 2012 2014

Reference
case

No NRLM
rule case

Reference
case

No NRLM
rule case

Reference
case

No NRLM
rule case

Reference
case

No NRLM
rule case

Distillate prices
(2003 cents per gallon)

Residential 132.7 120.4 120.5 114.9 114.2 115.1 115.8 117.0 117.0

Commercial 97.3 90.3 90.2 86.9 84.4 88.5 85.6 89.2 86.2

Industrial 100.2 94.2 93.8 93.3 86.9 98.3 88.0 98.5 89.1

Transportation 150.4 151.0 150.6 147.5 145.5 148.1 145.8 147.1 144.2

Electric Power 89.8 81.3 81.5 74.4 73.8 74.5 75.1 75.9 76.7

Composite 136.7 134.4 134.1 131.0 128.6 132.8 129.6 133.5 129.2

Distillate supply
(million barrels per day)

Refinery production 3.76 4.21 4.20 4.64 4.65 4.76 4.87 4.93 5.07

Imports 0.22 0.41 0.41 0.31 0.29 0.34 0.22 0.33 0.19

Table 5. Key projections for distillate fuel markets in two cases, 2007-2014



incurred in providing service to those members. Sec-

tion 319 provides that, under certain actions

approved or accepted by the FERC, gains realized by a

rural electric cooperative from a voluntary exchange

or involuntary conversion of certain property are

excluded in determining whether that cooperative

meets the 85-percent test. This provision applies only

to the extent that the gain would qualify for deferred

recognition under tax laws or the replacement prop-

erty is used to generate, transmit, distribute or sell

electricity or natural gas. This provision represents a

level of detail that is not characterized in NEMS.

Low-Sulfur Diesel Fuel Production Credit

Sections 338 and 339 contain provisions allowing

small business refiners a 25-percent credit for produc-

tion of ultra-low-sulfur diesel fuel (15 parts sulfur per

million or less), with additional provisions for

expensing the remaining 75 percent of the capital

investment. Current law does not provide a credit for

the production of low-sulfur diesel fuel. The Act

allows a small business refiner to claim a credit at a

capture rate equal to about 5 cents per gallon for each

gallon of low-sulfur diesel fuel produced in compli-

ance with the Highway Diesel Fuel Sulfur Control

Requirements law. The credit is a qualified business

credit under Section 169(c) of the Act. The existing

carry-back and carry-forward provisions for a quali-

fied business credit apply [14]. The effective date for

this provision is December 31, 2002.

Taxpayers may currently recover the cost of invest-

ments in refinery property through annual deprecia-

tion deductions. A separate expensing provision

permits small business refiners to deduct as an

expense up to 75 percent of the costs paid or incurred

in making upgrades to comply with the EPA’s High-

way Diesel Fuel Sulfur Control Requirements.

Small business refiners (up to 205,000 barrels per day

and up to 1,500 employees in refining) can claim a tax

credit of up to 25 percent of the capital investment

costs incurred since 2003 for producing ultra-low-

sulfur diesel. Most of the credit would result from

refining the first 155,000 barrels per day, with pro

rata credits for the next 50,000 barrels. The credit

expires 1 year after EPA’s applicable ultra-low-sulfur

diesel deadline or by the end of 2009. Because NEMS

does no model individual companies, these tax provi-

sions are not included in the AEO2005 reference case.

Marginal Wells Tax Credit

Section 341 creates a new tax credit of up to $3 per

barrel for the production of crude oil and a credit of up

to $0.50 per thousand cubic feet for the production of

natural gas from qualified marginal wells. A marginal

well is defined as one that produces less than 25 bar-

rels per day of oil equivalent and produces water at a

rate not less than 95 percent of total well effluent.

Full credit is provided to such marginal wells at refer-

ence prices less than or equal to $15 per barrel for oil

and $1.67 per thousand cubic feet for natural gas [15].

The credit declines linearly to zero when reference

prices, adjusted for inflation, reach $18 per barrel of

oil and $2 per thousand cubic feet of natural gas. The

tax credit applies to the first 1,095 barrels of oil equiv-

alent produced, and the limit is reduced in proportion

to the numbers of days in the taxable year for which

the well is not in production. The tax credit takes

effect in taxable years beginning after December 31,

2004. Because NEMS does not contain a separate

marginal well category, the impact of this legislative

provision is not quantified in AEO2005.

Green Building Bonds

Section 701 contains a brownfields demonstration

program that provides tax-exempt status for facility

bonds issued to finance qualified “green” buildings

and sustainable design projects. The program,

designed to encourage the use of solar photovoltaic

and fuel cell generation, applies to bonds issued from

January 1, 2005, through December 31, 2009; how-

ever, projects must be nominated by a State or local

government and meet several criteria in addition to

the specific green or sustainable criteria. For exam-

ple, eligible projects must include a brownfields site,

be of a certain size, provide a certain level of employ-

ment, not include a sports stadium or restaurant, and

receive State or local government resources of at least

$5 million. Because of the process involved and the

site- and company-specific nature of the provision, it

is not characterized in the AEO2005 reference case.

Tax Incentives for Alaska Natural Gas

Pipeline and Gas Processing Facilities

Section 706 provides a 7-year cost-of-investment

recovery period for the Alaska natural gas pipeline, as

opposed to the currently allowed 15-year recovery

period, for tax purposes. The provision would be effec-

tive for property placed in service after 2013, or

treated as such. The expected return on equity for the

pipeline was lowered to reflect this provision in

AEO2005.

Section 707 extends the 15-percent tax credit cur-

rently applied to costs related to enhanced oil recov-

ery to construction costs for a gas treatment plant

that supplies natural gas to a 2 trillion Btu per

day pipeline, lies in Northern Alaska, and produces

18 Energy Information Administration / Annual Energy Outlook 2005

Legislation and Regulations



carbon dioxide (CO2) for injection into hydrocarbon-

bearing geological formations. A gas treatment plant

on the North Slope that feeds gas into an Alaska pipe-

line to Canada is expected to satisfy this requirement.

The provision would be effective for costs incurred

after 2004. For AEO2005, lowering the expected

charges for gas treatment on the North Slope cap-

tured this provision.

Extension and Expansion of the Production

Tax Credit for Renewable Electricity

Section 710 expands application of the renewable

electricity PTC to wind, closed-loop biomass, and

poultry-litter plants in service by December 31, 2005

[16]. Eligibility for a modified PTC is also extended to

geothermal, solar, small irrigation hydropower,

open-loop biomass, municipal solid waste, and landfill

gas facilities, also with a December 31, 2005,

in-service date. This change has been incorporated in

AEO2005.

Modified Alternative Minimum Tax Rules for

the PTC and Alcohol Fuels Tax Credit

The law exempts the alcohol fuel tax credit (Section

40 of the Internal Revenue Code) and the first 4 years

of the PTC (Section 45 of the Internal Revenue Code)

from tax liability under the Alternative Minimum

Tax (AMT), allowing businesses with AMT liability to

recover the full value of the affected tax credits. This

provision is not included in the AEO2005 reference

case, because EIA assumes that these tax credits are

generally able to be used at full value.

Section 45 Tax Credit for Coal Products

The refined coal provisions in Section 710 establish

Section 45 tax credits for producers of qualified

refined coal products. The refined product must be at

least 50 percent higher in market value than the coal

or high-carbon fly ash feedstock, and combustion of

the refined product must result in 20 percent less

emissions of NOx and either SO2 or mercury than the

feedstock. The refined coal must be sold for the pur-

pose of creating steam. This provision represents a

level of detail that is not characterized in NEMS.

Alcohol Alternative Minimum Tax

Section 711 allows the alcohol income tax credit,

biodiesel income tax credit, and small ethanol pro-

ducer income tax credit to offset liability under the

AMT. The small ethanol producer credit applies only

to firms with capacity of 15 million gallons per year or

less. Because NEMS does not model individual tax

obligations, these changes are not incorporated in the

AEO2005 reference case.

Suspension of Duties on Nuclear Steam

Generators and Reactor Vessel Heads

Section 714 extends from January 31, 2006, to Janu-

ary 31, 2008, the period in which nuclear steam gen-

erators can enter the United States duty-free. The

law allows nuclear reactor vessel heads to enter the

United States duty-free through January 31, 2008,

suspending the current 3.3-percent duty. This provi-

sion represents a level of detail that is not character-

ized in NEMS.

Disposition of Transmission Property to

Implement FERC Restructuring

Section 909 allows companies to spread capital gains

from the sale of transmission assets over 8 years.

This provision applies to property sold by a utility to

comply with FERC electricity market restructuring

efforts. Money from the sale must be used to buy

reinvestment property within 4 years of the initial

transaction. This restructuring provision is not incor-

porated in the AEO2005 reference case.

Tax Evasion Provisions

Subtitle C, Part III, of Title VIII of the Act contains 21

provisions related to fuel tax evasion. Some of the

more pertinent provisions and economic impacts are

described below. Because NEMS does not model oil

and gas income statements, these changes are not

incorporated into AEO2005.

• Section 853 relates to taxation of aviation-grade

kerosene and moves the point of taxation of avia-

tion fuel to the supply rack. Fuel used in commer-

cial aviation that is removed from any refinery or

terminal and placed directly into the fuel tank of

an aircraft for use in commercial aviation will be

taxed at 4.3 cents per gallon. The regulation also

stipulates that certain refueler trucks, tankers,

and tank wagons be treated as part of a terminal.

The person who uses the fuel for commercial avia-

tion will be liable for and pay the tax. These regu-

lations apply after December 31, 2004, and have

no stated expiration date.

• Sections 860 and 861 provide clarifications and

requirements for exemptions from taxes imposed

on the removal of taxable fuel from any refinery

or terminal. These amendments take effect

on March 1, 2005. Exemptions were already

allowed for bulk transfers to registered terminals

or refineries. Section 860 clarifies that the trans-

fer must occur by pipeline or vessel. Clarification

is provided for the registration of such pipelines

or vessels, the requirement to display proof of

Energy Information Administration / Annual Energy Outlook 2005 19

Legislation and Regulations



registration, and the penalties for failure to dis-

play registration.

• Section 870 covers tax refunds for re-refined

transmix [17] and diesel fuel blendstocks that

were previously taxed. This amendment applies to

fuel removed, sold, or used after December 31,

2004, and it has no stated expiration date. The Act

redefines diesel fuel contaminated with transmix

as a taxable diesel fuel if it is suitable for use in a

highway vehicle or train. If the fuel is re-refined

and then sold into nonroad markets (tax-free), it

can qualify for tax refunds.

Working Families Tax Relief Act of 2004

The Working Families Tax Relief Act of 2004 [18] was

signed into law on October 13, 2004. Primarily, the

Act reduces taxes for individuals and businesses. At

least two provisions relate to energy.

Depletion of Marginal Properties

Section 314 extends to oil and gas an exemption for

marginal properties from the 100 percent of net

income limitation on the percentage of assets that can

be depleted in a year for tax purposes. In computing

taxable income, oil and gas producers generally

receive a reasonable allowance for depletion and for

depreciation of improvements, based on the amount

of resource extracted. Under current law, the deduc-

tion cannot exceed 100 percent of taxable income

from the property (computed without allowance for

depletion). An exemption from the limitation, allow-

ing the deduction to exceed 100 percent of taxable

income for production from marginal properties

expired on December 31, 2003.

This provision extends the exemption to January 1,

2006. The exemption is applicable only to “marginal

production,” which is defined as production coming

from property that is a stripper well property or a

property from which substantially all the production

is heavy oil (weighted average gravity of 20 degrees

API or less). A stripper well property is a property

from which the average production per well is less

than 15 barrels of crude oil equivalent per day.

Because production from stripper well properties and

production of heavy oil are not projected separately

from total oil and gas production in the EIA modeling

framework, the impact of this provision is not quanti-

fied in AEO2005.

Qualified Vehicles

Sections 318 and 319 repeal the phaseout of credits

allowed for qualified electric and clean fuel vehicles

for property acquired in 2004 and 2005. For vehicles

acquired in 2006, the 2004 and 2005 credits of $2,000

for clean fuel vehicles and $4,000 for electric vehicles

are reduced by 75 percent. This provision is not

included in AEO2005.

Military Construction Appropriations and

Emergency Hurricane Supplemental

Appropriations Act, 2005

H.R. 4837, The Military Construction Appropriations

and Emergency Hurricane Supplemental Appropria-

tions Act, 2005 [19], was signed into law on October

13, 2004. The Act provides for construction to support

the operations of the U.S. Armed Forces and for mili-

tary family housing. It also provides funds to help citi-

zens in Florida and elsewhere in the aftermath of

multiple hurricanes and other natural disasters. In

addition, it authorizes construction of an Alaska Nat-

ural Gas Pipeline.

Alaska Natural Gas Pipeline Loan Guarantee

Section 116 gives the Secretary of Energy authority to

issue Federal loan guarantees for an Alaska natural

gas transportation project, including the Canadian

portion, that would carry natural gas from northern

Alaska through the Canadian border south of 68

degrees north latitude, into Canada, and to the lower

48 States. The authority would expire 2 years after

the issuance of a final certificate of public conve-

nience and necessity. In aggregate, the loan guaran-

tee would not exceed: (1) 80 percent of total capital

costs (including interest during construction), (2) $18

billion dollars (indexed for inflation at the time of

enactment), and (3) a term of 30 years. The Act also

promotes streamlined permitting and environmental

review, an expedited court review process, and protec-

tion of rights-of-way for the pipeline. The impact of

the loan guarantee is reflected in AEO2005 by a

reduction of the expected return on debt and an

increase in the percentage of pipeline costs financed

through debt. Additional assistance related to the

construction of the Alaska Natural Gas Pipeline is

provided in the American Jobs Creation Act of 2004.

State Renewable Energy Requirements

and Goals: Status Through 2003

As of the end of 2003, 15 States had legislated pro-

grams to encourage the development of renewable

energy for electricity generation. Of the 17 programs

(two States have multiple programs), 9 are renewable

portfolio standards (RPS), 4 are renewable energy

mandates, and 4 are renewable energy goals.

Renewable Portfolio Standards

The type of program used most frequently by the

States is an RPS requiring that some specified
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percentage of electricity supply be provided by quali-

fying renewable energy sources (Table 6). Most State

RPS programs were initiated when privately owned

electric utilities were being deregulated, in order to

ensure their continued investment in renewables.

Key differences among the State RPS programs

include their definitions of qualifying renewables,

alternatives to new renewable capacity, approaches to

cost recovery, opt-out provisions, and enforcement

mechanisms. For example, RPS definitions of qualify-

ing renewable technologies vary widely among the

States. Landfill gas, solar thermal electric, solar pho-

tovoltaic, and wind energy are acceptable in all nine

RPS States, but the rules vary for other technologies.

Some also include alternatives to new capacity, such

as natural-gas-powered fuel cells or solar thermal

water heating. Some favor certain renewable energy

technologies, especially solar, by offering more than

one credit per kilowatthour. This practice may stimu-

late favored technologies but reduce the effective size

of the RPS if they are developed.

The States use several approaches for funding their

RPS programs, including passing the higher costs

directly to all utility ratepayers, applying charges on

selected categories of sales, or encouraging voluntary

purchases through “green power” programs. Most

call for reducing or delaying RPS requirements if

costs are excessive (“cost-outs”). They may also

reduce or eliminate RPS requirements for non-cost

reasons, such as if the entities are deemed not credit-

worthy or if existing contracts meet all the utility’s

requirements.

Most State RPS programs do not appear to have spe-

cific enforcement procedures, except for revoking

operating licenses. Some provide for cost penalties for

unmet requirements, payments into research and

development funds, fines, and other sanctions; how-

ever, collaboration and cooperation appear to be the

preferred enforcement tools. Through the end of

2003, no electric utility in any State had incurred a

penalty for noncompliance with a State RPS.

Mandates

Four States have mandates that narrowly specify

the new renewable capacity required (Table 6). Iowa’s

1983 mandate, the oldest, ordered its three inves-

tor-owned utilities to develop 105 megawatts of new

renewable energy capacity, with each utility’s share

based on its share of peak demand. Minnesota’s 1994

mandate required Xcel Energy to acquire 425 mega-

watts of wind capacity by December 31, 2002, plus

Energy Information Administration / Annual Energy Outlook 2005 21

Legislation and Regulations

State
Part of

deregulation
Initial year

enacted
Beginning and last specified

requirements

Accepts
existing
capacity

Out-of-
State

supply
Credit

trading

Renewable Portfolio Standards

Arizona Yes 1996 0.2-1.1% of sales, 2001-2007 No Solar only Yes

California No 2002 +1% of sales per year, to 20.0% by 2017 Yes Yes No

Connecticut Yes 2003 6.5-10.0% of generation, 2003-2010 Yes Yes Yes

Maine Yes 1997 30.0% of sales by 1999 Yes Yes Yes

Massachusetts Yes 1997 1.0-4.0% of sales, 2003-2009 No Yes Yes

Nevada No 2001 5.0-15.0% of sales, 2003-2013;

5% of requirements must be solar

Yes Yes Yes

New Jersey Yes 1999 3.0-6.5% of sales, 2001-2008 Yes Yes Yes

New Mexico No 2002 5.0-10.0% of sales, 2006-2011 Yes Yes Yes

Wisconsin No 1999 0.5-2.2% of sales, 2001-2011 Yes Yes Yes

Mandates

Iowa No 1983 105 megawatts (no set date) No NS No

Minnesota No 1994 1,125 megawatts wind by 2010

+ 125 megawatts biomass

No Yes No

Texas No 1999 400-2,000 megawatts, 2003-2009 No Yes Yes

Wisconsin No 1997 50 megawatts by 2000 No No No

Goals

Hawaii No 2001 9.0% of sales by 2010 Yes NA No

Illinois No 2001 15.0% of sales by 2020 NS No No

Minnesota No 2003 1.0-10.0% of sales, 2005-2015 NS Yes Yes

Pennsylvania Yes 1998 Individual agreements with five utilities NS NS NS

Table 6. Basic features of State renewable energy requirements as of December 31, 2003



125 megawatts of biomass capacity, in exchange for

storing additional nuclear waste at its Prairie Island

plant. An additional 700 megawatts of new wind

capacity has since been added to the mandate, some of

which must come from small facilities (2 megawatts

of capacity or less). The wind requirements are being

met, but Minnesota’s biomass requirements have not

been met because of technological and financial diffi-

culties. Additional legislation in 2003 requires a

power purchase agreement for 10 to 20 megawatts of

biomass energy, operational by 2005, at no more than

$55 per megawatthour.

The 1999 renewable energy mandate in Texas

requires the installation of 2,000 megawatts of new

renewable generating capacity by 2009. The Texas

mandate has resulted in more new renewable capac-

ity than any other State-level requirement to date,

including 1,180 megawatts of new wind capacity

installed by the end of 2003 as well as small amounts

of landfill gas and other renewable capacity. A fourth

State, Wisconsin, in 1998 required four eastern utili-

ties to install 50 megawatts of new renewable energy

capacity by December 31, 2000, a requirement that

was met by the utilities.

Voluntary Goals, Objectives, and Settlements

Four States—Hawaii, Illinois, Minnesota, and Penn-

sylvania—have instituted programs that encourage,

but do not require, new renewable energy capacity

(Table 6). Hawaii’s 2001 goal resembles a typical

RPS, except for the absence of penalties and the

inability to obtain supplies from other States. Illinois

in 2001 set targets for electricity production from

qualified renewables; however, the goal is not sup-

ported by schedules, a menu of acceptable renewable

technologies or alternatives other than solar and

wind, compliance mechanisms, credit trading, or

most of the other features of State RPS programs. In

Minnesota, utilities other than Xcel are subject to the

State’s 2001 Renewable Energy Objective, which

requires a “good faith effort” to increase renewable

energy’s contribution. The objective is considered a

mandate for Xcel. In 1996, five Pennsylvania utilities

settled restructuring cases on terms requiring a mini-

mum percentage of renewables. Among these settle-

ments, only the Pennsylvania Electric Company

(PECO) energy program was implemented; however,

the five utilities also established four sustainable

energy funds that are reported to have supported

development of significant amounts of new wind and

other generating capacity.

Results

State renewable portfolio standards, mandates, and

goals are all relatively new, with the majority just now

entering their initial compliance years. Because of

alternative compliance options and adjustments that

would likely be made if renewable energy costs are

found excessive in the future, it is difficult to assess

the future impacts of these programs. Nevertheless,

through the end of 2003, requirements or goals for

new renewable energy capacity in 15 States has

resulted in an estimated 2,335 megawatts of new

renewable electricity supply (Table 7). Most of

the new capacity is fueled by wind power (2,183

megawatts), with smaller amounts of landfill gas,

hydroelectricity, biomass, and solar photovoltaic

technologies. The 321 megawatts that entered service

in the nine RPS States accounted for 14 percent of

total new renewable energy capacity from RPS,

mandates, and goals through 2003. State man-

dates—especially in Texas—have led to the develop-

ment of 2,004 megawatts of renewable capacity, 86

percent of the total. Nearly 51 percent (1,186 mega-

watts) of all the new capacity was installed in Texas.

Recognizing that States with renewable energy

requirements have not added capacity as rapidly as

projected in earlier forecasts, projections for new

renewable energy capacity resulting from State RPS

programs, mandates, and nonmandatory goals are

reduced in AEO2005.

Update on State Air Emission Regulations

That Affect Electric Power Producers

Several States have recently enacted air emission reg-

ulations that will affect the electricity generation sec-

tor. The regulations are intended to improve air

quality in the States and assist them in complying

with the revised 1997 National Ambient Air Quality

Standards (NAAQS) for ground-level ozone and fine

particulates. The affected States include Connecticut,

Massachusetts, Maine, Missouri, New Hampshire,

New Jersey, New York, North Carolina, Oregon,

Texas, and Washington. The regulations govern

emissions of NOx, SO2, CO2, and mercury from power

plants.

Where firm compliance plans have been announced,

State regulations are represented in AEO2005. For

example, installations of SO2 scrubbers and selective

catalytic reduction (SCR) and selective noncatalytic

reduction (SNCR) NOx removal technologies associ-

ated with the largest State program, North Carolina’s

“Clean Smokestacks Initiative,” are included. Over-

all, the AEO2005 forecast includes 22 gigawatts of

announced SO2 scrubbers, 27 gigawatts of announced

SCRs, and 3 gigawatts of announced SNCRs.

In addition to the existing regulations, Governor

George Pataki of New York has announced proposed
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greenhouse gas reduction targets for the State of New

York and has invited nine other States (Connecticut,

Delaware, Maryland, Maine, New Hampshire, New

Jersey, Pennsylvania, Rhode Island, and Vermont) to

participate in a future “Northeast CO2 cap and trade”

program. The program requires only CO2 trading

among power plants but would also allow trading of

other emissions allowances among power plants

burning coal, natural gas, or oil. The first Commis-

sioner-level meeting was held in September 2003, and

a final agreement is expected to be in place by April

2005. Maryland and Pennsylvania are participating

in discussions but have not committed to participa-

tion in the program.

Table 8 summarizes current State regulatory initia-

tives on air emissions, and the following section gives

brief descriptions of programs in the States that have

enacted air emissions regulations more stringent

than Federal regulations. State-level initiatives to

limit greenhouse gas emissions without directly regu-

lating the electricity generation sector, which are

not discussed here, include the following: California

law A.B. 1493, enacted in July 2002, which sets CO2

pollution standards for 2009 model vehicles and those

sold later (see “Legis.lation and Regulations,”page

27); Georgia’s transportation initiative, which is

focused on expanding the use of mass transit and

other transportation sector measures; Minnesota’s

Releaf Program, which encourages tree planting as a

way to reduce atmospheric CO2 levels; Nebraska’s

carbon sequestration advisory committee, which pro-

poses to sequester carbon through agricultural

reform practices; North Carolina’s program to

develop new technologies for solid waste manage-

ment practices that reduce emissions; RPS programs

being adopted by several States (see discussion of

State renewable energy requirements and goals,

above); and Wisconsin’s greenhouse gas emissions

inventory.

Connecticut. The Connecticut “Abatement of Air

Pollution” regulation was enacted in December 2000,

and revisions are being made on an ongoing basis. It

limits SO2 and NOx emissions from all NOx budget

program (NBP) sources that are more than 15 mega-

watts or require fuel input greater than 250 million

Btu per hour [20]. The regulation applies to the elec-

tricity generation sector, the cogeneration sector, and

industrial units. The NOx limit is 0.15 pound per mil-

lion Btu of heat input. The SO2 limit applies to NBP

sources that are also Acid Rain Program sources, and
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State Biomass
Geo-

thermal

Conven-
tional
hydro-
electric

Landfill
gas

Municipal
solid
waste

Ocean
or tidal

Solar
photo-

voltaics Wind
Other/

unknown Total

Renewable Portfolio Standards

Arizona 0 0 0 5 0 0 9 0 0 14

California 0 0 20 6 0 0 0 175 0 201

Connecticut 0 0 0 0 0 0 0 0 0 0

Maine 0 0 0 0 0 0 0 0 0 0

Massachusetts 0 0 0 8 0 0 0 1 0 9

Nevada 0 0 0 0 0 0 0 0 0 0

New Jersey 0 0 0 0 0 0 0 0 0 0

New Mexico 0 0 0 0 0 0 0 0 0 0

Wisconsin 0 0 0 3 0 0 0.02 94 0 97

Mandates

Iowa 16 0 0 0 0 0 0 237 7 260

Minnesota 25 0 0 0 0 0 0 476 0 501

Texas 5 0 10 31 0 0 0.2 1,140 0 1,186

Wisconsin 7 0 0 0 0 0 0 50 0 57

Goals

Hawaii 0 0 0 0 0 0 0 0 0 0

Illinois 0 0 0 0 0 0 0 0 0 0

Minnesota 0 0 0 0 0 0 0 0 0 0

Pennsylvania 0 0 0 0 0 0 0 10 0 10

Total 53 0 30 53 0 0 9.22 2,183 7 2,335

Share of Total 2.3% 0% 1.3% 2.3% 0% 0% 0.4% 93.5% 0.3% 100.0%

Table 7. Estimated capacity contributing to State renewable energy programs through 2003

(megawatts, nameplate capacity)



the limit is 0.3 percent sulfur in fuel and 0.33 pound

per million Btu. Modifications are being made to the

current NBP rules to provide incentives in the form

of allowances for renewable energy and energy effi-

ciency programs [21].

In May 2003, the Connecticut General Assembly

passed legislation (Connecticut Public Act 02-64)

requiring coal-fired power plants to remove 90 per-

cent of the mercury from smokestack emissions (or a

maximum of 0.6 pound of mercury emitted per tril-

lion Btu input, which is equivalent to 0.005 to 0.007

pound per gigawatthour) by July 2008. The legisla-

ture has recommended that the State Department of

Environmental Protection consider stricter limits by

July 2012 [22].
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State Activities Emissions limits

Connecticut Regulations for electric utility, industrial cogeneration, and industrial units

SO2 emissions Phase I limit by 2002. . . . . . . . . . . . . . . . . . . . . . . . . 0.55 pound per million Btu input

SO2 emissions Phase II limit by 2003 . . . . . . . . . . . . . . . . . . . . . . . . 0.33 pound per million Btu input

NOx limit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.15 pound per million Btu input

Mercury emissions limit by July 2008. . . . . . . . . . . . . . . . . . . . . . . . 90% removal (or maximum of 0.6 pound mercury
emitted per trillion Btu input, equivalent to
0.005-0.007 pound mercury per gigawatthour)

Maine Regulation for greenhouse gas emissions reduction from all sectors

Greenhouse gas emissions by 2010 . . . . . . . . . . . . . . . . . . . . . . . . . . At 1990 levels

Greenhouse gas emissions by 2020 . . . . . . . . . . . . . . . . . . . . . . . . . . 10% below 1990 levels

Greenhouse gas emissions in the “long term” . . . . . . . . . . . . . . . . . 75% to 80% below 2003 levels

Massachusetts Multi-pollutant cap for existing power plants

SO2 emissions in 1999: 6.7 pounds per megawatthour

SO2 cap 2004 or 2006 (depending on compliance strategy) . . . . . . . 6.0 pounds per megawatthour

SO2 cap 2006 or 2008 (depending on compliance strategy) . . . . . . . 3.0 pounds per megawatthour

NOx emissions in 1999: 2.4 pounds per megawatthour

NOx cap 2004 or 2006 (depending on compliance strategy) . . . . . . . 1.5 pounds per megawatthour

CO2 emissions (current): 2,200 pounds per megawatthour

CO2 cap 2006 or 2008 (depending on compliance strategy) . . . . . . . 1,800 pounds per megawatthour

Mercury emissions cap, Phase I, January 2008 . . . . . . . . . . . . . . . . 85% removal from 2004 levels
or 0.0075 pound per gigawatthour

Mercury emissions cap, Phase II, October 2012 . . . . . . . . . . . . . . . . 95% removal from 2004 levels
or 0.0025 pound per gigawatthour

Missouri Summer NOx regulations by May 2004. . . . . . . . . . . . . . . . . . . . . . . 0.18 to 0.35 pound per million Btu input

New Hampshire Regulation for existing fossil-fuel power plants

SO2 emissions in 1999: 48,000 short tons

SO2 cap 2006 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7,289 short tons

NOx emissions in 1999: 9,000 short tons

NOx cap 2006 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,644 short tons

CO2 emissions in 1990: 5,426 thousand short tons

CO2 emissions in 1999: 5,594 thousand short tons

CO2 cap 2006 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,426 thousand short tons

New Jersey Greenhouse gas emissions in 1990: 136 million metric tons carbon dioxide equivalent

Greenhouse gas emissions 2005 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.5% below 1990

New York Regulations for electric utilities, cogenerators, and industrial units

SO2 Phase I limit January 2005, 25% below allocation. . . . . . . . . . 197,046 short tons

SO2 Phase II limit January 2008, 50% below allocation . . . . . . . . . 131,364 short tons

NOx limit beginning in October 2004 (October 1 to April 30 cap) . . 39,908 short tons

North Carolina Regulations for existing coal-fired plants only

SO2 emissions in 1999: 429,000 short tons

SO2 cap 2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250,000 short tons

SO2 cap 2013 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130,000 short tons

NOx emissions in 1999: 178,000 short tons

NOx cap 2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56,000 short tons

Oregon CO2 regulation for new or expanded power plants . . . . . . . . . . . . . . 675 pounds per megawatthour

Texas Senate Bill 7, SO2 and NOx caps for grandfathered sources

SO2 cap 2003 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 595,000 short tons

NOx cap 2003 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302,000 short tons

Washington CO2 regulations for new fossil-fueled power plants . . . . . . . . . . . . . 20% reduction over 30 years

Table 8. Existing State air emissions legislation with potential impacts on the electricity generation sector



In addition, Connecticut enacted a law in June 2004

called “An Act Concerning Climate Change,” Public

Act No. 04-252. The goal of the legislation is to reduce

emissions of greenhouse gases from sources in Con-

necticut to 1990 levels by 2010 and to 10 percent

below 1990 levels by 2020, and it establishes a process

to determine reduction goals beyond 2020. The Act

covers electricity generators, fleet vehicles, industrial

facilities, and commercial establishments; however,

there are no enforcement procedures in the law.

There is a requirement for the Governor’s Steering

Committee on Climate Change to develop a Climate

Action Plan by January 2005, and for the Commis-

sioner of Environmental Protection to establish a

regional greenhouse gas registry that will collect

emissions data.

Maine. Maine enacted a climate change statute—

“An Act to Provide Leadership in Addressing the

Threat of Climate Change” (Public Law 2003, Chap-

ter 237, H.P. 622, L.D. 845)—in June 2003 [23]. The

statute requires the establishment of a greenhouse

gas emissions inventory for State-owned facilities and

State-funded programs and calls for a plan to reduce

emissions to 1990 levels by 2010. It specifies that car-

bon emission reduction agreements must be signed

with at least 50 businesses and nonprofit organiza-

tions by January 2006, and that Maine must partici-

pate in a regional greenhouse gas registry. The goals

of the statute are a reduction of greenhouse gases to

1990 levels by January 2010, a reduction to 10 per-

cent below 1990 levels by 2020, and a reduction to 75

and 80 percent below 2003 levels “in the long term.”

It authorizes the Department of Environmental Pro-

tection to submit to the Legislature a State climate

action plan to meet the goals of the statute [24].

Massachusetts. The Massachusetts Department of

Environmental Protection air pollution control regu-

lations (310 CMR 7.29, “Emissions Standards for

Power Plants”), approved in May 2001 [25], apply to

six existing older power plants in Massachusetts.

There are two options for utilities to comply with the

regulations: either “repower” (defined as replacing

existing boilers with new ones that meet the environ-

mental standards, switching fuel to low-sulfur coal, or

switching from coal to natural gas); or choose a stan-

dard path that includes installing low-NOx burners,

installing SO2 scrubbers, and installing SCR or SNCR

equipment.

The rule offers an incentive for a fuel shift by delaying

the compliance deadline to October 2008 for any facil-

ity choosing to repower. Plants using other tech-

niques, such as pollution control equipment, must

comply by October 2006. The SO2 standard is 6.0

pounds per megawatthour by October 2004 (stan-

dard) or October 2006 (repowering) and 3.0 pounds

per megawatthour by October 2006 (standard) or

October 2008 (repowering). The NOx standard is 1.5

pounds per megawatthour by October 2004 (stan-

dard) or October 2006 (repowering). The SO2 and

NOx regulations are considered by the State to be

more stringent than CAAA90 would imply. Most of

the facilities are choosing the repowering mode

rather than the standard mode of compliance. Com-

pliance plans have been submitted for the six power

stations affected: Brayton Point, Salem Harbor,

Somerset, Mount Tom, Canal, and Mystic stations

[26].

The CO2 standard annual facility cap is based on 3

years of data as of October 2004 (standard) or October

2006 (repowering) and an annual facility rate of 1,800

pounds CO2 per megawatthour as of October 2006

(standard) or October 2008 (repowering) [27]. Credits

for off-site reductions of CO2 emissions can be

obtained through carbon sequestration or renewable

energy projects. The Massachusetts Department of

Environmental Protection is developing regulations

that would determine what projects could qualify as

reductions. Greenhouse gas banking and trading reg-

ulations are also being developed. Plants that fail to

achieve the reductions may purchase emissions

credits.

The State of Massachusetts published final mercury

emissions regulations in June 2004 that apply to the

State’s four largest existing coal-fired power plants

(Brayton Point, Mount Tom, Salem Harbor, and

Somerset Station) [28]. The regulations require com-

pliance with at least one of the following standards:

reduce mercury emissions by 85 percent from 2004

levels by January 2008 or a facility average mercury

emissions rate of 0.0075 pound per gigawatthour or

less. The affected facilities must reduce their mercury

emissions by 95 percent from 2004 levels by October

2012, or achieve a facility average mercury emissions

rate of 0.0025 pound per gigawatthour or less. The

Massachusetts mercury emissions regulations are

more stringent than EPA’s proposed mercury emis-

sions regulations as of January 2004 (69 CFR 4651).

Missouri. The Missouri NOx rule, “Emission Limita-

tion and Emissions Trading of Oxides of Nitrogen”

(Rule 10 CSR 10-6.350) applies to fossil-fueled capac-

ity larger than 25 megawatts. The emissions cap is

based on a unit’s heat input. Power plants had to be in

compliance by May 2004. Allowances can be banked,

with some restrictions, and some exchange of
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allowances is allowed [29]. The seasonal NOx limits

(from May to September of each year) vary by county

and generally range from 0.18 to 0.35 pound per mil-

lion Btu.

New Hampshire. New Hampshire has enacted legis-

lation—the “Clean Power Act” (House Bill 284)—to

reduce emissions of SO2, NOx, CO2, and mercury from

existing fossil-fuel-burning steam-electric power

plants. Governor Jeanne Shaheen signed the Act into

law in May 2002, and implementing regulations have

been finalized [30]. The legislation applies to the

State’s three existing fossil-fuel power plants only

and does not apply to new capacity. The plants must

either reduce emissions, purchase emissions credits

from plants outside New Hampshire that have

achieved such reductions, or use some combination of

these strategies. Compliance plans submitted to the

New Hampshire Department of Environmental Ser-

vices are under review.

One of the affected plants is Schiller, a 150-megawatt

coal-burning power plant made up of three 50-mega-

watt units. Part of the compliance action, the “North-

ern Wood Power Project,” is the conversion of one of

Schiller’s 50-megawatt units from coal to a fluidized-

bed combustor that will burn biomass. The converted

power plant will burn wood chips, sawmill residue,

and other woody material. The action is, in part, a

result of the Massachusetts RPS program, under

which plants in States neighboring Massachusetts

can convert from coal to biomass and qualify for the

program. Thus, Schiller’s conversion from coal to bio-

mass counts toward meeting both the Massachusetts

RPS and the New Hampshire multi-pollutant

requirements. The conversion, which is expected to

cost $70 million (about $1,500 per kilowatt), is

planned for completion by the end of 2005.

The SO2 annual cap under New Hampshire’s Clean

Power Act is 7,289 short tons by 2006, which amounts

to a 75-percent reduction from Phase II Acid Rain leg-

islation requirements and an 85-percent reduction

from 1999 emission levels. The NOx annual cap is

3,644 short tons by 2006, which amounts to a

60-percent reduction from 1999 emission levels. The

CO2 annual cap is 5,425,866 short tons by 2006, which

amounts to a 3-percent reduction from 1999 levels.

New Jersey. New Jersey’s goal is to reduce State-

wide emissions of greenhouse gases from all sectors

by 3.5 percent from 1990 levels by 2005. “Covenants”

have been signed, pledging organizations to reduce

their greenhouse gas emissions in accordance with

the State goal [31].

New York. New York’s “Acid Deposition Reduction

Budget Trading Programs”—Title 6 NYCRR Parts

237 and 238—were approved by the State Environ-

mental Board in March 2003 and became effective in

May 2003 [32], but implementation of the rule has

been delayed by a court order. The NOx regulations

apply to electricity generators of 25 megawatts or

greater, and the SO2 regulations apply to all CAAA90

Title IV sources, including electric utilities and other

sources of SO2 and NOx, such as cogenerators and

industrial facilities. NOx emissions were limited to

39,908 short tons beginning in October 2004. This is a

non-ozone season cap (October 1 to April 31), based

on the same rate (0.15 pound per million Btu) as the

NOx cap in the current State emissions regulation.

SO2 emissions are limited in two phases: Phase I,

beginning in January 2005, limits SO2 to 25 percent

below Title IV allocations (197,046 short tons); Phase

II, beginning in January 2008, increases the limit to

50 percent below Title IV allocations (131,364 short

tons) [33]. A governor’s task force was established in

June 2001 to recommend greenhouse gas limits.

North Carolina. The General Assembly of North

Carolina has passed the “Clean Smokestacks Act”—

officially called the “Air Quality/Electric Utilities

Act” (S.B. 1078)—which requires emissions reduc-

tions from 14 existing coal-fired power plants in the

State. It was signed into law in June 2002. Under the

Act, North Carolina power companies must reduce

NOx emissions from 178,000 short tons in 1999 to

56,000 short tons by 2009 and SO2 emissions from

429,000 short tons in 1999 to 250,000 short tons by

2009 and 130,000 short tons by 2013. Progress

Energy Carolinas, Inc., and Duke Power have submit-

ted compliance plans to the North Carolina Depart-

ment of Environment and Natural Resources and the

North Carolina Utilities Commission. The utilities

will comply with the Act by installing scrubbers and

SNCR technology at their plants. Duke Power and

Progress Energy have reported compliance costs for

SO2 and NOx control, with SNCR costs ranging from

$4.93 to $63.70 per kilowatt and scrubber costs rang-

ing from $113 to $414 per kilowatt [34].

The Act requires the Department of Environment

and Natural Resources to evaluate issues related to

the control of mercury and CO2 emissions and recom-

mends the development of standards and plans to

control them. In 2003, the Department of Air Quality

prepared reports on mercury [35] and CO2 [36] emis-

sions reductions for the State, in the first of three sets

of reports to be submitted to the Environmental Man-

agement Commission and the Environmental Review

Commission. The objective of the 2003 report was to
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provide general background on the topic of climate

change and to define the scope of efforts needed to

meet the legislative requirements. The 2004 and 2005

reports will build on this background, report on any

developments in the Federal Government, and rec-

ommend courses of action that may follow [37].

The Act also requires North Carolina to persuade

other States and power companies to reduce their

emissions to similar levels and on similar timetables.

The Act specifically mentions that discussions should

be held with the Tennessee Valley Authority (TVA) to

determine its emissions reduction policies. A meeting

was held between the Department of Environment

and Natural Resources/Department of Air Quality

and TVA in August 2002 to discuss actions planned by

TVA that would be comparable to the Clean Smoke-

stacks Act. TVA presented its plans to add scrubbers

to five additional power plants, primarily in the east-

ern portion of the TVA system, beginning with its

Paradise plant in 2006. TVA plans to complete instal-

lation of the new scrubbers by 2010. TVA also plans to

install the first eight SCR systems for NOx control

and to have 25 boiler units controlled by 2005, which

will reduce NOx emissions during the ozone season by

75 percent.

Oregon. Oregon has established its first formal State

standards for CO2 emissions from new electricity gen-

erating plants. The standards apply to power plants

and non-generating facilities that emit CO2. The Ore-

gon Energy Facility Siting Council originally adopted

the rules pursuant to House Bill 3283, which was

passed by the Oregon legislature in June 1997, and

has subsequently updated the rules, most recently in

April 2002 [38]. For baseload natural gas plants and

non-baseload plants, the standard CO2 emission rate

is 675 pounds per megawatthour, 17 percent below

the rate for the most efficient natural-gas-fired plants

currently in operation in the United States. The

Council has not set CO2 emission standards for

baseload power plants using other fossil fuels. As of

2002, about 90 percent of Oregon’s electricity was

from hydroelectricity and natural gas and about 8

percent was from coal [39].

The Council’s definition of a natural-gas-fired facility

allows up to 10 percent of the expected annual energy

to be provided by an alternative fuel, most likely dis-

tillate fuel. Proposed facilities may meet the require-

ment through cogeneration, using new technologies,

or purchasing CO2 offsets from carbon mitigation

projects. It is possible to offset all excess CO2 emis-

sions through cogeneration offsets alone, and there

are no limitations on the geographic location or types

of CO2 offset projects. The Council has set a monetary

value that the generators may pay to buy offsets

($0.85 per short ton CO2, equivalent to $3.12 per ton

carbon, set in September 2001) [40]. This equates to

an offset cost of 0.88 mill per kilowatthour [41].

Texas. Texas Senate Bill 7 (S.B. 7) imposes NOx and

SO2 caps for grandfathered fossil fuel power plants

[42]. The SO2 annual cap is 595,000 short tons (East:

532,000, West: 63,000, and El Paso: 0 short tons). The

NOx annual cap is 302,000 short tons (East: 256,000,

West: 44,000, and El Paso: 2,000 short tons), both of

which had to have been achieved by May 2003. The

State-wide caps have been met.

Washington. Washington’s House Bill 3141, signed

into law in May 2004, requires 20 percent of their CO2

emissions from new power plants to be offset. Plant

owners can either directly or indirectly invest in CO2

mitigation projects, such as forest preservation or the

conversion of buses from diesel to natural gas. Power

plant CO2 emissions must be reduced by 20 percent

over a 30-year period. CO2 emissions can be offset by

payments to an independent qualified organization,

by direct purchase of permanent carbon credits, or by

direct investment in CO2 mitigation projects. The

rate of payment to third parties is fixed at $1.60 per

metric ton CO2 [43]. The Washington State Energy

Facility Site Evaluation Council may adjust the rate

every 2 years, but any decrease or increase may not

exceed 50 percent of the current rate.

California Greenhouse Gas Emissions

Standards for Light-Duty Vehicles

In July 2002, California Assembly Bill 1493 (A.B.

1493) was signed into law. The law requires that the

California Air Resources Board (CARB) develop and

adopt, by January 1, 2005, greenhouse gas emission

standards for light-duty vehicles that provide the

maximum feasible reduction in emissions. In estimat-

ing the feasibility of the standard, CARB is required

to consider cost-effectiveness, technological capabil-

ity, economic impacts, and flexibility for manufactur-

ers in meeting the standard.

Tailpipe emissions of CO2, which are directly propor-

tional to vehicle fuel consumption, account for the

vast majority of total greenhouse gas emissions from

vehicles. A.B. 1493 does not mandate the sale of any

specific technology and prohibits the use of the follow-

ing as options for greenhouse gas reduction: manda-

tory trip reductions; land use restrictions; additional

fees and/or taxes on any motor vehicle, fuel, or vehicle

miles traveled; a ban on any vehicle category; reduc-

tions in vehicle weight; or a limitation or reduction on
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the speed limit on any street or highway in the State.

Given these limitations and the preponderant share

of total vehicle greenhouse gas emissions resulting

from fuel consumption, improvements in fuel econ-

omy are the only practical way to attain any standard

that requires a significant reduction in emissions.

CARB released a report on August 6, 2004, detailing

the reasons for the proposed rulemaking, providing

light vehicle regulations to be considered for adop-

tion, and outlining the required analyses used to

develop the proposed regulations. The standards for

light-duty vehicle greenhouse gas emissions were

adopted in September 2004. The auto industry

opposes A.B. 1493 and has filed suit against CARB,

stating that the California greenhouse gas emissions

standards are preempted by a Federal statute that

gives the U.S. Department of Transportation the only

authority to regulate fuel economy [44]. Given the

uncertainty surrounding the possible outcome of this

litigation, the A.B. 1493 greenhouse gas emission

standards are not represented in the AEO2005 refer-

ence case; however, the standards were analyzed to

estimate the potential impact on vehicle prices,

greenhouse gas emissions, regional energy demand,

and regional fuel prices.

A.B. 1493 Regulation

The greenhouse gas emission standards adopted in

September 2004 incorporate emissions associated

with vehicle operation, air conditioning operation,

refrigerant emissions from the air conditioning sys-

tem, and upstream emissions associated with the pro-

duction of vehicle fuel. The emission standards apply

to light-duty noncommercial passenger vehicles man-

ufactured for model year 2009 and beyond. The stan-

dards, specified in terms of CO2 equivalent emissions,

apply to two size classes of vehicles: (1) passenger cars

and small light-duty trucks with a loaded vehicle

weight rating of 3,750 pounds or less, and (2) heavy

light-duty trucks with a loaded vehicle weight rating

greater than 3,750 pounds and a gross vehicle weight

rating less than 8,500 pounds. The CO2 equivalent

emission standard for heavy light trucks also includes

noncommercial passenger trucks between 8,500

pounds and 10,000 pounds. The regulation adopted in

September 2004 sets near-term emission standards,

phased in between 2009 and 2012, and mid-term

emission standards, phased in between 2013 and

2016. After 2016, the emissions standards are

assumed to remain constant. Table 9 summarizes the

CO2 equivalent standards.

The regulations allow for CO2 emission reduction

credits that can be earned and traded for 2000

through 2008 model year vehicles. If a manufacturer

decides to opt into the program before 2009, credits

will be earned if average CO2 equivalent emissions for

that manufacturer’s fleet are lower than the 2012

standards. The regulations also provide flexibility in

complying with the CO2 emission standards. Manu-

facturers can apply for alternative compliance credits

for eligible 2009 vehicles and later model years if

those vehicles achieve greenhouse gas reductions

through the use of alternative fuels. In addition, cred-

its are provided for the use of advanced leak reduction

air conditioning components and for the use of

HFC-152a as the refrigerant. The regulations also set

light vehicle nitrous oxide (N2O) and methane (CH4)

emission standards.

For this analysis, the CO2 equivalent emission stan-

dards were converted to miles per gallon fuel economy

equivalents (Table 10) [45]. The fuel economy equiva-

lents shown in Table 10 assume that manufacturers

will earn the maximum allowable air conditioning

credits. The methodology used to estimate the fuel

economy equivalents assumes that manufacturers

will meet the N2O and CH4 standards and includes

CO2 equivalent emissions associated with N2O and

CH4 emissions, which are generated by the exhaust
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Tier Model Year

CO2 equivalent emission standard (grams per mile)

Passenger cars and small light trucks
(under 3,751 pounds)

Heavy light trucks
(3,751 to 8,500 pounds)

Near term 2009 323 439

2010 301 420

2011 267 390

2012 233 361

Mid-term 2013 227 355

2014 222 350

2015 213 241

2016 205 332

Table 9. CARB CO2 equivalent emission standards for light-duty vehicles, model years 2009-2016



catalyst and incomplete combustion. The fuel econ-

omy equivalent standards are assumed to remain con-

stant after 2016.

Analysis and Results

Two cases were developed to measure the potential

impact of the California light vehicle greenhouse gas

emission standards on energy demand, fuel prices,

and vehicle prices. The A.B. 1493 California-only case

assumes that only California will adopt the new stan-

dards. The A.B. 1493 extended case assumes that New

York, Maine, Massachusetts, and Vermont will also

adopt the California standards for greenhouse gas

emissions for light-duty vehicles. Those States have

already adopted California emissions standards appli-

cable to other types of vehicle emissions [46].

Both cases examined here assume that fuel economy

impacts are limited to those States adopting the regu-

lation and that the fuel economy and sales mix of

vehicles sold in non-adopting States remain at levels

achieved in the AEO2005 reference case. Although

not addressed in this analysis, it is conceivable that

State-based fuel economy regulation could cause

unintended shifts in light vehicle markets. State-

specified fuel economy standards might inadvertently

provide manufacturers an opportunity to maintain or

increase profits through the sale of larger, less effi-

cient vehicles (sport utility vehicles, minivans, and

large cars) in areas that do not adopt the California

standards, while complying with the nationally based

CAFE standards.

As noted above, A.B. 1493 allows CO2 emission credits

for early compliance and for the sale of alternative-

fuel vehicles. However, this analysis does not attempt

to quantify the impact that either would have on the

fuel economy required to meet the CO2 equivalent

emission standards.

Impacts on Vehicle Sales and Prices

For States adopting A.B. 1493, it is projected that

advanced technologies implemented in conventional

light-duty vehicles will account for the majority of the

fuel economy improvements needed to achieve the

required reductions in CO2 emissions. For cars, in

addition to the fuel economy gains achieved through

advanced conventional technologies, increased sales

of hybrid and diesel vehicles will be required to meet

the fuel economy goal. Relative to the projections in

the AEO2005 reference case, hybrid car sales in those

States adopting A.B. 1493 are projected to increase

from 5.8 percent to 11.0 percent of total new car sales

in 2016, and diesel car sales are projected to increase

from 0.3 percent to 0.9 percent of total new car sales

in 2016.

As a result of increased use of advanced conventional

technologies and increased market penetration of

hybrid and diesel vehicles, the average price of a

new car in 2016 is projected to increase by $1,860,

and the average price of a new truck is projected

to increase by $500 (2003 dollars) in both cases in

the analysis. These cost estimates do not include the

costs associated with credits earned from improved

air conditioning systems or the emission control

equipment needed to achieve the N2O and CH4 emis-

sion standards. They do account for increased

demand for heavier vehicles, improved performance,

and increased fuel economy that is projected to con-

tinue throughout the forecast period in the AEO2005

reference case.

The EIA projections for vehicle sales and price

impacts can be compared with those reported in the

CARB staff analysis [47], which estimates that the

average price of new passenger cars and small light

trucks will increase by $1,064, and the average price

of a new heavy light truck will increase by $1,029, in
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Tier Year

Fuel economy equivalent standard (miles per gallon)

Passenger cars and small light trucks
(<3,751 pounds loaded vehicle weight)

Heavy light trucks
(3,751 pounds loaded vehicle weight
to 8,500 pounds gross vehicle weight)

Near term 2009 26.4 19.5

2010 28.3 20.4

2011 31.8 21.9

2012 36.2 23.6

Mid-term 2013 36.3 23.6

2014 37.1 23.9

2015 38.6 24.5

2016 39.9 25.2

Table 10. CARB fuel economy equivalent standards for light-duty vehicles, model years 2009-2016



2016 compared with the price of a model year 2009

base vehicle. Comparisons of the 2016 model year

vehicle price to the 2009 base vehicle price implicitly

assume that continued consumer demand for

increased vehicle weight and performance will have

no impact on the cost of complying with the regula-

tion. CARB provided no information about its

assumptions for fuel economy, weight, and perfor-

mance ratings for the 2009 base vehicle.

Impacts on Transportation Energy Use and

CO2 Equivalent Emissions

In the A.B. 1493 California-only case, EIA estimates

that total national transportation energy use in 2025

would be reduced by 0.15 million barrels per day (0.7

percent) and CO2 equivalent emissions would be

reduced by 21 million metric tons (0.8 percent) rela-

tive to the AEO2005 reference case projections. In the

A.B. 1493 extended case, EIA estimates that total

national transportation energy use in 2025 would be

reduced by 0.22 million barrels per day (1.1 percent)

and CO2 equivalent emissions by 33 million metric

tons (1.2 percent) relative to the AEO2005 reference

case projections.

The CARB staff analysis provides estimated emis-

sions reduction impacts for 2020 and 2030, which

allow for a direct comparison with EIA’s results

for 2020. In the A.B. 1493 California-only case, EIA

projects that 2020 light vehicle CO2 equivalent emis-

sions would be reduced by 14.9 million metric tons

(Table 11). CARB’s analysis determined that by 2020

CO2 equivalent emissions from light-duty vehicles

would be reduced by 29 million metric tons, approxi-

mately double EIA’s estimate [48].

The difference in projected reductions in CO2 equiva-

lent emissions in the two analyses can be explained by

three key factors. The first is the projected distribu-

tion of cars and light trucks in use. The CARB analy-

sis projects that, in 2020, passenger cars and light

trucks under 3,750 pounds loaded vehicle weight

(so-called “small light trucks”) would account for

approximately 80 percent of the light-duty vehicle

stock and associated vehicle miles traveled. Spe-

cifically, passenger cars account for 63.6 percent of

the total stock, small light trucks account for 18.2

percent of the total stock, and heavy light trucks

account for 18.1 percent of the total stock [49]. In

comparison, EIA’s analysis projects that passenger

cars would account for 46.5 percent of the light vehi-

cle stock, and all light trucks, which are predomi-

nantly over 3,750 pounds loaded vehicle weight,

would account for 53.5 percent [50]. This is signifi-

cant because, as shown in the CARB analysis, passen-

ger cars and small light trucks are required to meet

the more stringent CO2 equivalent standard, which

will result in greater projected emission reductions.

Although NEMS does not specifically model light

trucks less than 3,750 pounds loaded vehicle weight,

light trucks are disaggregated by vehicle class. The

fuel economy equivalent standards shown in Table 10

were modified to reflect an assumption that light

trucks under 3,750 pounds gross vehicle weight

would account for 12.3 percent of new light truck

sales [51]. As a result, the light truck fuel economy

equivalent standard used in EIA’s analysis would

increase to 26.4 miles per gallon by 2016.

The second significant difference between the two

analyses is projected baseline fuel economy. Although

no data were available for the baseline fuel economy

projected in the CARB analysis, CARB staff informed

EIA that their baseline for greenhouse gas emissions

from light-duty vehicles does not project increases in

new light vehicle fuel economy [52]. The AEO2005

reference case projects that new car fuel economy will

increase from 29.5 miles per gallon in 2003 to 30.6

miles per gallon in 2020, and that new light truck fuel

economy will increase from 21.8 miles per gallon in

2003 to 24.1 miles per gallon in 2020. As a result, the

EIA projection of baseline fuel economy improvement

reduces the amount of CO2 that can be saved by the
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CARB EIA

Projection
Passenger cars and
small light trucks

Heavy
light trucks Total

Passenger
cars

Light
trucks Total

CO2 equivalent emission reductions

Million metric tons 22.2 6.8 29.0 5.8 9.1 14.9

Percent of total 76.6 23.4 100.0 39.0 61.0 100.0

Distribution of light-duty vehicle stock
(percent of total) 81.9 18.1 100.0 46.5 53.5 100.0

Distribution of light-duty vehicle miles traveled
(percent of total) 82.1 17.9 100.0 47.4 52.6 100.0

Table 11. Comparison of key factors in the CARB and EIA analyses, 2020



A.B. 1493 standards relative to savings available

under the CARB baseline assumption of no change in

new vehicle fuel efficiency.

The third significant difference between the analyses

is the projected impact of improved air conditioning

systems on the reduction of CO2 equivalent emis-

sions. The CARB analysis includes CO2 equivalent

emission reductions associated with improved air

conditioning. EIA’s analysis assumes that manufac-

turers will use the maximum allowable air condition-

ing credits, but it does not explicitly model air

conditioning systems or associated emissions. Analy-

ses of the credits allowed for this technology indicate

that approximately 4 to 7 percent of the total CO2

equivalent emission reductions reported by CARB

could be attributed to improved light vehicle air con-

ditioning systems.

Regional Impacts on Transportation Fuel

Supply and Prices

Relative to the AEO2005 reference case, the A.B.

1493 California-only case projects reduced consump-

tion of gasoline and diesel fuel in 2025 by 153,000 and

6,000 barrels per day, respectively, in Census Division

9 [53]. As a result, production of gasoline in 2025 is

projected to decrease by 34,000 barrels per day, with

an additional reduction of 109,000 barrels per day in

gasoline imports. The balance of the difference

results from changes in interregional transfers. Die-

sel fuel production in Census Division 9 is projected

to decrease by 7,000 barrels per day in 2025. The

reduction in diesel supply is slightly greater than the

reduction in diesel consumption due to refinery opti-

mization for gasoline production. As a result, dispro-

portionate reductions in gasoline demand, as

projected in the A.B. 1493 California-only case, affect

the production of diesel even though the demand for

diesel fuel is not projected to fall by as much.

A.B. 1493 has little projected impact on diesel prices

in Census Division 9. Because the reduction in gaso-

line demand causes an almost equal reduction in sup-

ply in the A.B. 1493 California-only case, the average

gasoline price for Census Division 9 between 2016

and 2025 is projected to be 0.6 cents per gallon lower,

than projected in the AEO2005 reference case.

The A.B. 1493 extended case, which applies the same

light vehicle greenhouse gas reduction requirements

to selected States in Census Divisions 1 and 2 in addi-

tion to California, projects reduced consumption of

gasoline and diesel fuel in 2025, by 88,000 and 4,000

barrels per day, respectively, in the New England and

Mid-Atlantic regions [54]. This demand reduction

results in a similar reduction in gasoline imports to

the two regions, although the projected reduction of

74,000 barrels per day in gasoline imports is less than

the reduction in demand. In contrast to Census Divi-

sion 9, Census Divisions 1 and 2 are traditionally

more integrated to fuel supplies from other refining

regions. As such, a reduction in gasoline consumption

of 4.5 percent (or 88,000 barrels per day) in Census

Divisions 1 and 2, relative to the AEO2005 reference

case, represents a reduction of only 0.9 percent when

a broader market east of the Rocky Mountains includ-

ing Census Divisions 1 through 7 (or Petroleum

Administration for Defense Districts 1 through 3) is

considered. The A.B. 1493 extended case has negligi-

ble impact on gasoline and diesel prices in Census

Divisions 1 and 2.

Conclusion

Analysis of two A.B. 1493 cases indicates small

national impacts on energy demand and fuel prices.

The impact of A.B. 1493 could be more or less signifi-

cant depending on manufacturer behavior, consumer

response, and the number of States assumed to adopt

the program if its legality is upheld. Because the

required improvements in car fuel economy are much

more stringent then those required for light trucks,

above 3,750 pounds, a category that includes 88 per-

cent of total light truck sales, consumer preference

for larger high performance vehicles could spur fur-

ther increases in the demand for light trucks, which

counters the intent of the regulation. Further compli-

cating the issue is the behavior of vehicle manufactur-

ers with respect to their fiduciary responsibility to

comply with nationally-based CAFE standards while

also meeting niche market CO2 emissions require-

ments. These issues, coupled with pending National

Highway Traffic Safety Administration modifications

to the current CAFE structure and the legal chal-

lenges facing A.B. 1493, create significant uncer-

tainty with respect to the evaluation of the new

California regulation.

Multi-Pollutant Legislation and

Regulations

The 108th Congress proposed and debated a variety

of bills addressing pollution control at electric power

plants but did not pass any of them into law. In addi-

tion, the EPA currently is preparing two regula-

tions—a proposed Clean Air Interstate Rule (pCAIR)

and a Clean Air Mercury Rule (CAMR)—to address

emissions from coal-fired power plants. Several

States also have taken legislative actions to limit
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pollutants from power plants in their jurisdictions.

This section discusses three Congressional air

pollution bills and the EPA’s pCAIR and CAMR

regulations.

Clear Skies Act of 2003, Clean Air Planning

Act of 2003, and Clean Power Act of 2003

Several bills introduced in the 108th Congress pro-

posed to regulate emissions of NOx, sulfur dioxide

(SO2), mercury, and CO2 from electric power plants.

EIA received a request from Senator James M. Inhofe

to conduct an analysis of S. 843, the Clean Air

Planning Act of 2003, introduced by Senator Thomas

Carper; S. 366, the Clean Power Act of 2003, intro-

duced by Senator James Jeffords; and S. 1844, the

Clear Skies Act of 2003, introduced by Senator

Inhofe. The emissions targets and implementation

timetables proposed in the bills are summarized in

Table 12.

A report on the results of EIA’s analysis [55] was

released in May 2004. The analysis in the report was

based on the assumptions used in AEO2004, which

differed from those used in AEO2005. One of the most

significant differences for the electricity sector is in

projected natural gas prices. In AEO2005, the refer-

ence case projection for wellhead natural gas prices in

2025 is more than 30 cents higher than the AEO2004

projection, primarily as a result of lower assumed

finding rates (reserve additions per well) for onshore

resources. The following summary of EIA’s Inhofe-

Carper-Jeffords analysis is based on the AEO2004

projections.

To comply with the provisions of S. 1844, the Clear

Skies Act (Inhofe), electricity producers would be

expected to rely primarily on adding emissions con-

trol equipment to existing generators. Switching

fuels from coal to natural gas and renewables would

be expected to play a relatively small role. Producers

would be expected to begin reducing mercury emis-

sions before 2010 in order to take advantage of the

early credit program included in S. 1844; however,

emissions of mercury would remain above the 15-ton

target in 2018, because the bill also specifies an

“allowance price safety valve.” Among the three bills

analyzed by EIA, total costs to the electric power

industry and projected impacts on electricity prices

are lowest for S. 1844.

S. 843, the Clean Air Planning Act (Carper) would

impose more stringent limits on emissions of SO2,

NOx, and mercury than those proposed in S. 1844. In

addition, S. 843 proposes a cap on CO2 emissions.

Emissions control equipment added to existing gener-

ators would also be expected to play an important role

in compliance strategies under S. 843, but fuel switch-

ing from coal to natural gas and renewables would

play a more important role. In addition, the impacts

would be sensitive to the availability and cost of

greenhouse gas offsets. Because of this uncertainty,

two separate cases were included in EIA’s analysis of

S. 843—one (Carper domestic) assuming that only

domestic offset programs would be approved and

another (Carper international) assuming that both

domestic and international offsets would be available.

Overall, the resource costs and electricity price

impacts under S. 843 were projected to be larger than

those under S. 1844.

S. 366, the Clean Power Act (Jeffords), includes a

more stringent cap on CO2 emissions, which would be

expected to make switching from coal to natural gas,

renewables, and nuclear especially important in com-

pliance strategies. S. 366 would require all older

power plants to be retrofitted with emissions control
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Emissions
S. 1844, Clear Skies Act

(Inhofe)
S. 843, Clean Air Planning Act

(Carper)
S. 366, Clean Power Act

(Jeffords)

NOx 2.19 million tons in 2008
1.79 million tons in 2018

1.87 million tons in 2009
1.7 million tons in 2013

1.51 million tons in 2009

SO2 4.4 million tons in 2010
3.0 million tons in 2018

4.5 million tons in 2009
3.5 million tons in 2013
2.25 million tons in 2016

2.25 million tons in 2009

Mercury 34 tons in 2010
15 tons in 2018

24 tons in 2009
10 tons in 2013

5 tons in 2008

CO2 No cap 2,332 million metric tons CO2
(636 million metric tons carbon
equivalent) in 2009

2,244 million metric tons CO2
(612 million metric tons carbon
equivalent) in 2013

1,863 million metric tons CO2
(508 million metric tons carbon
equivalent) in 2009

Table 12. Emissions targets in multi-pollutant legislation



equipment, even if emissions of SO2, NOx, and mer-

cury fell below the respective aggregate reduction tar-

gets as a result of fuel switching. The early timing and

stringency of the emissions limits, among other fac-

tors, would lead to the largest resource cost and elec-

tricity price impacts among the three bills. Because of

the higher projected electricity prices under S. 366,

consumers would also be expected to reduce their use

of electricity.

Table 13 shows a summary of EIA’s analysis results.

Significantly, power plant emissions of NOx in 2025

were projected to remain at about the levels of the

respective phase 2 targets under S. 843 (1.7 million

tons) and S. 1844 (1.79 million tons) shown in Table

12, because neither bill would be expected to provide

significant opportunity for economical banking of

NOx allowances. Only under S. 366, which requires

emissions controls at all plants over 40 years old, were

NOx emissions in 2025 projected to fall below the bill’s

emission target of 1.51 million tons shown in Table

12.

SO2 emissions from electric power plants were pro-

jected to be reduced under the provisions of each of

the three bills, as well as in the AEO2004 reference

case. Under S. 843 and S. 1844, however, SO2 emis-

sions in 2025 were projected to remain above the bills’

target levels because of allowances banked from the

existing SO2 reduction program. Under S. 366, SO2

emissions in 2025, like NOx emissions, were projected

to fall below the bill’s target level.

Average retail electricity prices in 2025 were pro-

jected to be 3.2 percent higher under S. 1844 than in

the AEO2004 reference case forecast, and they were

projected to be as much as 7.8 percent higher under

S. 843 (Figure 9). Much larger price impacts were pro-

jected under S. 366—47 percent above reference case

prices in 2010 and 27 percent above reference case

prices in 2025—primarily because the proposed limit

on CO2 emissions at 1990 levels in 2009 would require

rapid transformation of the Nation’s power plant

capacity from coal to natural gas, renewables, and

nuclear fuel.

Proposed Clean Air Interstate Rule

The EPA’s proposed CAIR [56] was published in the

Federal Register [57] in January 2004 and in a supple-

mental notice [58] in June 2004. pCAIR is intended to

reduce the atmospheric interstate transport of fine

particulate matter (PM2.5) and ozone. SO2 and NOx

are precursors of PM2.5. NOx is also a precursor to the

formation of ground-level ozone. pCAIR would

require 29 States and the District of Columbia to

develop plans to reduce SO2 and/or NOx emissions.

The proposed rules would apply to all fossil-fuel-fired

boilers and turbines serving electrical generators

with capacity greater than 25 megawatts that provide

electricity for sale. The proposed rules also would

apply to combined heat and power (CHP) units that

are larger than 25 megawatts, that sell at least one-

third of their potential electrical output, and that

meet certain operating and efficiency criteria. Table

14 shows the pCAIR emissions caps and timetables

for meeting the caps.

Under pCAIR, the States would be responsible for

allocating NOx emissions allowances and taking the

lead in pursuing enforcement actions, and they would

have flexibility in choosing the sources to be con-

trolled. They could meet the emissions reduction

requirements either by joining the EPA-managed cap
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Projection 2003

2025

AEO2004
reference

case S. 1844

S. 843

S. 366
Carper

international
Carper

domestic

Total U.S. emissions

NOx (million tons) 4.1 3.7 1.8 1.7 1.7 0.61

SO2 (million tons) 10.6 9.0 3.6 2.8 2.9 1.2

Mercury (tons) 49.7 54.6 29.0 10.0 10.0 3.7

CO2 (million metric tons) 2,286 3,272 3,164 2,905 2,720 1,733

Electricity generation by fuel
(billion kilowatthours)

Coal 1,971 3,008 2,861 2,467 2,280 1,363

Nuclear 764 824 824 824 824 1,261

Natural gas 632 1,287 1,350 1,576 1,579 1,394

Renewables 350 537 597 758 930 1,310

Average retail electricity price
(2002 cents per kilowatthour) 7.4 6.9 7.1 7.2 7.4 8.7

Table 13. Key projections from EIA's 2004 analysis of proposed multi-pollutant control bills, 2025



and trade programs for power plants, or by achieving

reductions through emissions control measures on

sources in other sectors (industrial, transportation,

residential, or commercial), or on a combination of

electricity generating units and sources in other

sectors.

To participate in the cap and trade program, the

States would be required to regulate power plant

emissions within their boundaries. The EPA would be

responsible for assigning State emissions budgets,

reviewing and approving State plans, and administer-

ing the emissions and allowance tracking systems.

State rules could allow sources currently subject to

the CAAA90 Title IV rules and to the NOx State

Implementation Plan (SIP) Call trading program to

use allowances banked from those programs before

2010 for compliance with pCAIR. pCAIR also would

require additional reductions in NOx emissions for

States affected by the NOx SIP Call.

The EPA plans to meet the SO2 emission reduction

requirements by implementing a progressively more

stringent retirement ratio on SO2 allowances for elec-

tricity generating units of different vintages under

the CAAA90 Title IV acid rain program. New SO2

allowances would not be issued under pCAIR; power

plants would instead use the current pool of SO2

allowances issued under Title IV. Allowances issued

for vintage years 2004 through 2009 could be retired

on a 1-to-1 basis, but allowances issued for vintage

years 2010 through 2014 would have to be retired on a

2-to-1 basis, requiring 2 Title IV allowances to be

retired for each ton of SO2 emissions. Allowances

issued for vintage years 2015 and later would be

retired on a basis of approximately 2.9 to 1. This

retirement procedure is proposed in order to inte-

grate the pCAIR rules with the existing Title IV SO2

emissions reduction program.

NOx emissions would be treated differently, with

State emissions caps to be based on each State’s share

of region-wide heat input. In addition, new NOx

allowances would be issued, and banked SIP Call

allowances could be traded under pCAIR.

pCAIR Analysis

Although the AEO2005 reference case does not

assume enactment of pCAIR, an alternative case has

been developed to analyze its potential impacts. The

pCAIR sensitivity case assumes the adoption of

pCAIR emissions caps on SO2 and NOx and the pro-

posed SO2 allowance vintaging methodology. The

caps are assumed to be imposed on all electricity gen-

erators and CHP units that sell electricity to the grid,

and it is assumed that electricity producers would opt

to participate in the EPA cap and trade program

rather than relying on State emission reduction pro-

grams. Other than those assumptions, the pCAIR

case uses the AEO2005 reference case assumptions.

Table 15 compares the key results of the pCAIR case

and the AEO2005 reference case. In 2025, the pCAIR

case results in a 46-percent reduction in national NOx

emissions from their 2003 level and a 63-percent

reduction in SO2 emissions from the 2003 level.

NOx allowance prices are projected to increase in the

pCAIR case. In the reference case, the NOx SIP Call

affects States primarily in the Northeast with a sum-

mer season NOx cap. In the pCAIR case, the SIP Call

caps are replaced by the pCAIR NOx caps, which

affect a different combination of States and are

annual limits. Because the NOx allowance prices

under the two inherently different programs cannot

be compared, Table 15 shows only the allowance

prices under pCAIR.

SO2 allowance prices are projected to be significantly

higher in the pCAIR case than in the reference case,

which assumes continuation of the currently enacted
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S. 843, Carper domestic
S. 366 (Jeffords)

S. 1844 (Inhofe)
S. 843, Carper international

Figure 9. Projected electricity prices under proposed

multi-pollutant control bills, 2010, 2020, and 2025

(2002 cents per kilowatthour)

Emissions
Emissions

in 2002
Emissions cap

in 2010
Emissions cap

in 2015

NOx 3.78 1.60 1.33

SO2 9.39 3.86 2.71

Table 14. Historical emissions and proposed future

caps for the combination of affected pCAIR States

(million tons)



CAAA90 allowance program. The higher SO2 allow-

ance prices in the pCAIR case reflect the need for

utilities to reduce emissions to lower levels than cur-

rently required under CAAA90.

One of the key results of the pCAIR case is that elec-

tric power producers would be required to install sig-

nificantly more pollution control equipment than in

the reference case. To comply with the pCAIR limits

in SO2 emissions, electricity producers are projected

to install flue gas desulfurization (FGD) scrubbers on

nearly 100 gigawatts more coal-fired capacity than in

the reference case through 2025. Similarly, to meet

the pCAIR NOx limits, SCR equipment is projected to

be installed on about 60 gigawatts more coal-fired

capacity than in the reference case. In the reference

case, total coal-fired capacity in the United States is

projected to grow from 314 gigawatts in 2003 to 398

gigawatts in 2025. Thus, in the pCAIR case, roughly

one-third of all coal-fired power plants would be retro-

fitted with FGD and SCR equipment by 2025. The

pCAIR case does not project a significant change in

the fuel mix for electricity generation in 2025 relative

to that in the reference case, showing only a slight

reduction in coal use, a small increase in natural gas

use, and a small increase in renewable fuel use

(Figure 10).

Only modest changes in regional coal production are

projected in the pCAIR case (Figure 11). In both the

reference and pCAIR cases, coal production increases

from 2003 to 2025. Relative to the reference case, the

pCAIR case projects a decrease in Appalachian coal

production of about 2 percent in 2025, a decrease in

Interior coal production of about 13 percent (24 mil-

lion tons), and an increase in Western coal production

of about 1.1 percent, based on the generally lower sul-

fur content of Western than Appalachian and Interior

coal resources.

After the first phase of the pCAIR emissions caps

begins to take effect in 2010, average U.S. retail elec-

tricity prices are projected to be higher by a maximum

of 2.3 percent in the pCAIR case than in the reference

case, with a similar difference in projected resource

costs for the electric power sector (the amount that

power companies spend on fuel, capital, and opera-

tions and maintenance). Projected resource costs
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Projection 2003

2015 2025

AEO2005
reference case pCAIR case

AEO2005
reference case pCAIR case

Total U.S. emissions

NOx (million tons) 4.1 4.1 2.1 4.3 2.2

SO2 (million tons) 10.6 9.0 4.7 9.0 3.9

Allowance prices (2003 dollars per ton)

NOx — — 2,524 — 2,789

SO2 172 290 1,160 247 1,463

Coal-fired capacity retrofits (gigawatts)

Flue gas desulfurization 0 26 107 27 128

Selective catalytic reduction 0 70 131 74 133

Table 15. Key electricity sector projections from EIA’s analysis of proposed pCAIR regulations, 2015 and 2025
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Figure 10. Projected electricity generation by fuel
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from 2010 through 2025 are higher by a maximum of

$3.5 billion per year (about 2.5 percent) in the pCAIR

case than in the AEO2005 reference case.

Proposed Clean Air Mercury Rule

The EPA’s CAMR (proposed as the Utility Mercury

Reductions Rule) [59] for controlling mercury emis-

sions from new and existing coal-fired power plants

was published in the Federal Register [60] in January

2004 and in a supplemental notice [61] in March

2004. Nickel emissions from new and existing

oil-fired power plants would also be capped under the

proposed rule; however, as of 2002 only 2.3 percent of

the electricity generated in the United States was

from oil-fired units, and 50.2 percent was from

coal-fired units [62]. Therefore, the focus in this sec-

tion is on the proposed regulations applicable to

coal-fired units. Power plants with capacity greater

than 25 megawatts and CHP units that are larger

than 25 megawatts and sell at least one-third of their

electricity would be subject to CAMR.

The EPA estimates that CAMR, using a cap and trade

approach, would reduce mercury emissions by nearly

70 percent when fully implemented. Two alternative

approaches were proposed for reducing mercury

emissions. The first, which would require the installa-

tion of MACT under CAAA90 Section 112, would

reduce annual emissions from the electricity genera-

tion sector by about 29 percent, from 48 tons in 2002

to 34 tons in 2008. The second approach would modify

Section 112 to allow regulation of mercury emissions

under a cap and trade program. The program would

be implemented in two phases, with a banking provi-

sion that would allow for reductions as early as 2010

and a second phase that would set a cap of 15 tons in

2018.

Under the cap and trade approach, States would sub-

mit plans to the EPA to demonstrate that they would

meet their assigned State-wide mercury emissions

budgets. With EPA approval, the States could then

participate in the cap and trade program. Allowances

would be allocated by the States to power companies,

which could either sell or bank any excess allowances.

The EPA proposed a safety valve price of $2,187.50

per ounce of mercury ($35,000 per pound), adjusted

annually for inflation. The price of allowances would

effectively be capped at that level, and power plant

operators could buy allowances at any time at the

safety valve price, reducing the State’s budget in the

future. Public comments on CAMR have been

received, and the EPA expects to issue the final rules

in March 2005.

Climate Stewardship Act of 2004

Senators John McCain and Joseph I. Lieberman

introduced the Climate Stewardship Act of 2003 (S.

139) in the U.S. Senate in 2003. S. 139 would estab-

lish regulations to limit U.S. emissions of greenhouse

gases [63], primarily through a program of tradable

emission allowances and related emissions reporting

requirements. In October 2003, Senators McCain and

Lieberman proposed an amended version of the bill,

S.A. 2028, which included the first phase of emissions

reductions beginning in 2010 as proposed in S. 139

but removed references to a second phase of reduc-

tions beginning in 2016. On October 30, 2003, the

Senate voted 43-55 to reject the measure. In July

2004, the Senators submitted the bill as the Climate

Stewardship Act of 2004 (S.A. 3546), intending it as

an amendment to legislation on class action lawsuits

(S. 2062); however, the proposed amendment was

tabled. Senator McCain has stated his intention to

continue resubmitting the Climate Stewardship Act

until it is passed by the Senate.

In March 2004, Representative Wayne Gilchrest sub-

mitted a version of the same bill, also called the Cli-

mate Stewardship Act of 2004, in the U.S. House of

Representatives (H.R. 4067). It was cosponsored by

70 other Representatives. The House bill is essen-

tially the same as the most recent Senate version,

S.A. 3546. H.R. 4067 has been referred to the House

Science Committee and Energy and Commerce

Committee.

Overview

The Climate Stewardship Act of 2004 [64] would

establish a system of tradable allowances to reduce

greenhouse gas emissions. The bill includes require-

ments for mandatory emissions reporting by covered

entities and for voluntary reporting of emissions

reduction activities by noncovered entities; a national

greenhouse gas database and registry of reductions;

and a research program on climate change and

related activities. The emissions allowance program

would apply to most greenhouse gas emissions

sources, the exceptions being those in the residential

sector and entities in all sectors whose annual emis-

sions are less than a certain threshold. Entities not

directly covered by the allowance program would nev-

ertheless be affected by its impacts on energy prices

and the economy as a whole, as well as by the pro-

gram’s incentives to reward voluntary reductions of

emissions.

The bill defines the covered sectors for the emission

allowance program as the commercial, industrial,
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electric power, and transportation sectors [65].

Covered entities in the commercial, industrial, and

electricity sectors are those that emit, from any single

facility, greenhouse gas emissions from stationary

sources exceeding 10,000 metric tons carbon dioxide

equivalent per year [66]. In effect, this threshold

would exempt most entities in the agriculture and

commercial sectors. All petroleum used for transpor-

tation within the United States would be covered, and

refiners would be responsible for submitting allow-

ances for emissions related to petroleum sold for

transportation use. Producers and importers of

hydrofluorocarbons, perfluorocarbons, and sulfur

hexafluoride would be required to submit allowances

for emissions associated with their products, subject

to the 10,000 metric ton threshold.

The bill provides for the exemption of emission

sources if the EPA deems their measurement or esti-

mation to be impractical. This exemption would most

likely apply to a large share of U.S. nitrous oxide and

methane emissions, because many of their sources

are difficult or uneconomical to measure.

Emission Allowance Program

The market-driven system of emission allowances

proposed in the Climate Stewardship Act of 2004

would control greenhouse gas emissions by creating a

fixed number of tradable emission allowances each

year. The EPA is charged with establishing the regu-

lations to create the tradable allowances, and the bill

defines many of the provisions governing the allow-

ances. The bill would provide entities with options for

banking and borrowing allowances; for limited use of

registered reductions from noncovered entities in lieu

of allowances [67]; and for obtaining allowance alloca-

tion credits to reward past emissions reductions and

early action reductions. The bill would establish a

nonprofit Climate Change Credit Corporation

(CCCC) to facilitate the market in emission allow-

ances, to buy and sell allowances, and to distribute

proceeds from sales to mitigate the economic impacts

of the program. The Secretary of Commerce would be

responsible for allocating allowances to the covered

sectors and to the CCCC, subject to the final approval

of Congress.

Each emission allowance would provide the right

for an entity to emit one ton of greenhouse gases,

measured in carbon dioxide equivalent units based

on 100-year global warming potential. The number

of allowances created each year would effectively

establish a cap on total U.S. emissions; however, with

the banking of allowances for future use permitted

under the bill, emissions in any year could differ from

the number of allowances issued [68]. The bill would

require individual covered entities to submit allow-

ances equal to their emissions but would not other-

wise limit their emissions. An entity’s emission

allowance obligation would be based on its reported

annual emissions, mandated under the program. The

bill calls for the future development of emissions mea-

surement and verification procedures that could be

used to audit an entity’s allowance obligation.

Entities would be able to buy and sell allowances and

to bank allowances for future use. Under limited con-

ditions, covered entities could borrow against future

emissions reductions [69].

Emission Caps

The bill specifies emission allowance caps based on

aggregate emissions for the covered sectors in 2000,

excluding emissions from the residential sector, the

agriculture sector, and U.S. territories [70]. The bill

specifies the total number of annual allowances at

5,896 million metric tons carbon dioxide equivalent,

adding the phrase “reduced by the amount of emis-

sions of greenhouse gases in calendar year 2000 from

noncovered entities.” This wording leaves the level of

allowances that establishes the cap open to interpre-

tation and questions of emissions accounting.

Noncovered entities are those that have no facilities

with annual emissions above 10,000 metric tons car-

bon dioxide equivalent; neither the identification of

those entities nor their aggregate level of emissions in

2000 is known precisely. Because noncovered entities

would not be required to report emissions, their emis-

sions could be estimated only by subtracting covered

entities’ reported emissions from estimates of total

emissions. Noncovered emissions would also include

emissions from sources the EPA deemed impractical

to measure. Under these definitions, the level of emis-

sions from noncovered sources would be unknown,

and the number of allowances to be created after

adjusting for noncovered emissions is uncertain.

In a June 2003 analysis of S. 139 [71], EIA estimated

that approximately 75 percent of total U.S. green-

house gas emissions would be covered under the bill.

The impact of the bill on total emissions would

depend on growth in noncovered emissions and how

covered entities made use of alternative compliance

provisions, such as registered increases in carbon

sequestration.
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Allowance Allocation, Allowance Banking,

and Alternative Compliance Provisions

The allocation of emission allowances to covered sec-

tors and entities is not completely fixed by the bill.

Some of the Government-issued allowances would be

distributed directly to covered entities, and the rest

would go to the CCCC. A number of criteria for allo-

cating emissions allowances are defined in the bill,

but neither the total percentage of allowances to be

distributed free nor the share to be distributed to

each of the covered sectors is specified. The bill does,

however, describe an allocation procedure to reward

entities for registered emissions reductions made

since 1990 and reductions made in advance of the

2010 start date. Entities with creditable reductions

would be granted a corresponding increase in their

future allocations of allowances for the compliance

period beginning in 2010. Credits for early action

would not affect the overall compliance cap, only the

allocation of free allowances to covered entities. Nev-

ertheless, this provision would provide an incentive to

reduce emissions early in exchange for future allow-

ance allocations.

The bill’s allowance trading and alternative compli-

ance provisions would result in markets for emission

allowances and registered offset credits. The market

for allowances and related incentives should result in

a market-clearing price for allowances that would

reflect both the cost of reducing emissions and the

flexibility of allowance banking. Because allowances

could be sold or held for future use, covered entities

would have an incentive to reduce emissions under

the bill, even if they were allocated sufficient allow-

ances to cover their annual emissions. Some entities

would find it economical to over-comply and sell or

bank emission allowances, depending on the cost of

emissions reduction opportunities, future expansion

plans, and expectations about future allowance

prices.

A market for the alternative compliance emission

credits, or offsets, would also provide economic incen-

tives for noncovered entities to reduce emissions and

register their reductions. The bill would allow cov-

ered entities to submit such registered credits in place

of up to 15 percent of their allowance obligations. Off-

sets could be registered by domestic sources as well as

from other countries that have greenhouse gas emis-

sions limits and comparable allowance trading provi-

sions in place. The allowance offsets could also come

from increases in biological carbon sequestration,

such as through reforestation, and to a limited extent

from changes in agricultural practices to increase net

carbon sequestration in the soil [72]. Offsets would

likely sell at or below the price for allowances.

Suppliers competing to meet the limited demand for

offsets could bid down the offset price to a level below

the allowance price.

Energy Market Impacts

Energy consumers would incur higher effective costs

of using energy as a result of the bill’s allowance

program. In the transportation sector, end-use con-

sumers would face higher delivered prices of refined

products when refiners passed on the cost of allow-

ances required for emissions of petroleum-based fuels

sold for transportation [73]. Covered entities in the

commercial, industrial, and electric power sectors

would implicitly face a higher cost of consuming fossil

energy, because they would be required to obtain

allowances for carbon dioxide emitted in direct fuel

use. To the extent that electricity generators could

pass through the opportunity cost of allowances and

related incremental capital costs to their customers,

electricity prices would increase in all consuming sec-

tors. The increased energy costs, whether incorpo-

rated in delivered prices or reflected implicitly as

opportunity costs of consuming energy, would affect

all energy sectors of the economy.

The energy cost impacts on consumers and busi-

nesses could be substantially reduced by actions of

the CCCC, which would be tasked to use proceeds

from allowance sales to diminish the economic impact

of the program. The extent to which the CCCC could

funnel allowance proceeds back into the economy

would depend on the allocation of allowances it

received. The bill leaves the allocation of available

allowances between the CCCC and covered entities

unspecified. The CCCC share of allowances would be

determined on an annual basis by the Secretary of

Commerce, subject to approval by the Congress.

The funds collected by the CCCC could be dispersed

to energy consumers by various methods, including

cash rebates, rebates for energy-efficient appliances,

subsidies, and general transition assistance to dis-

placed workers. The bill specifies that the CCCC must

allocate a percentage of the proceeds from allowances

to provide transition assistance to dislocated workers

and communities; however, the transition assistance

amount probably would be a small fraction of the

total allowance proceeds collected. The remaining

proceeds would be returned to the economy, possibly

as rebates. As a result, the bill has the potential to

compensate consumers to some extent for higher

direct energy costs and the indirect impacts of higher

prices for non-energy goods and services.
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Introduction

This section of the Annual Energy Outlook provides

in-depth discussions of topics related to specific

assumptions underlying the reference case forecast.

In particular, the discussions focus on new methods

or data that have led to significant changes in model-

ing approaches for the reference case. In addition,

this section provides a more detailed examination of

alternative cases.

World Oil Price Cases

World oil prices in AEO2005 are set in an environ-

ment where the members of OPEC are assumed to act

as the dominant producers, with lower production

costs than other supply regions or countries.

Non-OPEC oil producers are assumed to behave com-

petitively, producing as much oil as they can profit-

ability extract at the market price for oil. As a result,

the OPEC member countries will be able effectively to

set the price of oil when they can act in concert by

varying their aggregate production. Alternatively,

OPEC members could target a fixed level of produc-

tion and let the world market determine the price.

The behavior and ability of OPEC member countries

to set the price of oil will be influenced by many fac-

tors about which there is considerable uncertainty.

These factors include the forces that will drive world

oil demand, such as the rate of economic growth in

the developed and developing world and the degree to

which oil demand is linked to economic growth. The

behavior of each major non-OPEC producer and

changes in technologies that use or find and extract

oil also will be important. Each of these factors will

also be influenced by the market strategy that the

OPEC members choose for OPEC in the aggregate or

for themselves. For example, a strategy targeting rel-

atively low prices and high market share would

reduce the risk that new oil conservation or develop-

ment technologies might be developed. It also would

reduce the incentive for individual OPEC members to

exceed their output quotas and reduce the risk that

world economic growth might be slowed. With such a

strategy, OPEC members would face little risk of los-

ing market power, but their revenues and profits

would be relatively low.

Conversely, if OPEC members jointly limited produc-

tion to maintain high prices and low market share,

new oil conservation or exploration and production

technologies might be developed. Such a strategy

would also increase the incentive for individual OPEC

members to exceed their output quotas, cause import-

ing countries to enact oil consumption reduction

policies, and increase the likelihood that world eco-

nomic growth would be slowed. While this strategy

could result in relatively high revenues and profits in

the short term, it would also be a relatively high-risk

strategy.

Approach

The AEO develops world oil price scenarios through

an iterative process that examines the reasonableness

of candidate oil price paths and their impacts on

world oil supply and demand. The AEO process also

considers the stated OPEC basket price target range,

as well as ongoing discussions among OPEC members

regarding possible changes to it.

The AEO2005 reference case assumes a moderate

market strategy between low-price, low-risk market

share maximization and high-price, high-risk profit

maximization. Alternative cases, in which different

oil market behaviors are assumed, are also considered

in AEO2005, including the October oil futures case,

high A and B world oil price cases, and a low world oil

price case. As with all of the projections in AEO2005,

the oil price forecasts do not represent an assessment

of what will happen, but rather, an assessment of

what might happen under various scenarios. Higher

or lower price paths are possible, and short-term price

volatility in oil markets, which AEO scenarios do not

attempt to model, is likely to continue.

World Oil Demand. Key inputs for projecting world

oil demand—for example, the worldwide demand for

various energy services (heating, cooling, transporta-

tion, etc.)—are estimated using EIA’s System for

Analysis of Global Energy Markets (SAGE) [74].

SAGE is an integrated set of regional models that pro-

vides a technology-rich basis for estimating regional

energy supply and demand. For each region, esti-

mates of end-use energy service demands (e.g., car,

commercial truck, and heavy truck road travel; resi-

dential lighting; steam heat requirements in the

paper industry; etc.) are developed on the basis of
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World Oil Prices in AEO2005

World oil prices in AEO2005 are defined on the

basis of “average refiner acquisition cost” of

imported oil to the United States (IRAC). The

IRAC price tends to be a few dollars less than the

widely cited West Texas Intermediate (WTI) spot

price, and in recent months it has been as much as

6 dollars a barrel lower than the WTI. For the first

11 months of 2004, WTI averaged $41.31 per bar-

rel and IRAC averaged $36.28 per barrel (in nomi-

nal dollars).



economic and demographic projections. Projections of

energy demand are estimated on the basis of each

region’s existing energy use patterns, the existing

stock of energy-using equipment, and the characteris-

tics of available new technologies, as well as new

sources of primary energy supply.

While oil products are used for many energy services

(i.e., heating, steam generation, electricity genera-

tion, etc.) and as industrial feedstocks, the major use

of petroleum products is for transportation. As a

result, the worldwide demand for transportation ser-

vices is the key driver for oil demand. In turn, the

demand for transportation services in the various

regions and countries represented in SAGE is driven

by the projected level of income per capita, comple-

mented by other important region-specific factors,

such as the state of the transportation infrastructure.

For the industrialized countries with well-developed

transportation networks, demand for transportation

services is influenced primarily by projected income

levels and lifestyles; for developing countries, the lack

of transportation infrastructure can be a significant

constraint.

Table 16 summarizes by region and country the pro-

jected average annual growth rates for real GDP and

oil demand, and the resulting oil intensity, in the

AEO2005 reference case from 2003 to 2025 [75]. The

table also shows region and country shares of world

GDP and oil demand in 2003 and 2025. As shown,

total world GDP is projected to grow at an average

annual rate of 3.1 percent, with the developing and

former Soviet Union (FSU) countries generally pro-

jected to grow at higher rates, while the industrialized

countries generally grow at slower rates. Total world

oil demand is projected to grow more slowly, at 1.9

percent annually. World oil intensity declines by 1.2

percent per year.

Because of the differences in projected growth rates

for GDP and oil demand, the developing countries are

expected to play a growing role in the world economy

and oil markets. In 2003, the industrialized countries

accounted for 77 percent of world GDP and 57 per-

cent of total world oil consumption. It is projected

that in 2025 real GDP in industrialized countries will

account for 68 percent of world GDP and 48 percent

of total oil demand. In contrast, developing countries

are projected to account for 28 percent of world GDP

in 2025, up from 20 percent in 2003. Similarly, oil

demand in developing countries is projected to

account for 45 percent of world oil demand in 2025, up

from 36 percent in 2003.
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Country/region

Real GDP Oil consumption Oil intensity

Percent of
world GDP

Annual
growth,

2003-2025
(percent)

Percent of
world oil use

Annual
growth,

2003-2025
(percent)

Oil use (thousand
Btu) per 1997 U.S.

dollar of GDP

Annual
growth,

2003-2025
(percent)2003 2025 2003 2025 2003 2025

Industrialized countries

United States 29.3 29.3 3.1 25.6 23.6 1.5 4.0 2.9 -1.5

Canada 2.3 2.2 2.7 2.7 2.3 1.2 5.3 3.8 -1.5

Mexico 1.4 1.7 4.1 2.5 2.9 2.5 8.3 5.9 -1.5

Western Europe 28.6 23.3 2.1 17.9 13.0 0.5 2.9 2.0 -1.7

Japan 13.4 9.9 1.7 7.0 4.8 0.2 2.4 1.7 -1.5

Australia/New Zealand 1.7 1.7 3.0 1.3 1.4 2.2 3.5 3.0 -0.7

Total 76.8 68.2 2.5 57.0 48.1 1.1 3.4 2.5 -1.4

Former Soviet Union and Eastern Europe

Former Soviet Union 2.1 2.6 4.1 5.2 5.4 2.0 11.5 7.3 -2.0

Eastern Europe 1.2 1.5 4.0 1.8 1.7 1.8 6.7 4.2 -2.1

Total 3.3 4.1 4.1 7.0 7.1 1.9 9.7 6.2 -2.0

Developing Countries

China 4.1 7.5 5.9 7.0 10.6 3.9 7.7 5.0 -1.9

India 1.7 2.7 5.2 2.8 4.4 4.1 7.4 5.9 -1.1

South Korea 1.8 2.3 4.2 2.7 2.4 1.4 6.9 3.8 -2.7

Other Asia 4.0 5.3 4.4 7.2 8.8 2.9 8.3 6.0 -1.5

Middle East 1.9 2.1 3.7 7.0 7.5 2.2 17.3 12.7 -1.4

Africa 2.0 2.4 4.1 3.4 3.9 2.5 7.9 5.7 -1.5

South/Central America 4.5 5.5 4.1 5.9 7.1 2.8 6.0 4.6 -1.2

Total 19.9 27.8 4.7 36.0 44.8 2.9 8.3 5.7 -1.7

Total World 100.0 100.0 3.1 100.0 100.0 1.9 4.6 3.5 -1.2

Table 16. Projected growth in world gross domestic product, oil consumption, and oil intensity in the

AEO2005 reference case, 2003-2025



The projected growing role of the developing coun-

tries in the world economy and oil markets makes

understanding the impact of economic growth on oil

demand critically important. The sensitivity of oil

demand to income is often characterized by what

economists refer to as the income elasticity of

demand, defined as the percentage change in oil

demand with respect to the percentage change in real

income. A rough approximation of the relative sizes of

income elasticities for the different countries and

regions represented in SAGE can be calculated from

Table 16 by dividing the 2003 to 2025 average annual

growth in oil demand by the average annual growth in

real GDP. This calculation yields an income elasticity

of demand of approximately 0.6 for the developing

countries, compared with 0.4 for the industrialized

countries [76].

The implication that oil demand in developing coun-

tries will be more responsive to changes in economic

and income growth is consistent with research, but

there is a great deal of uncertainty about the level of

response. The response of oil demand to income

growth and changes in oil prices has been examined

in a number of empirical studies. The estimates of

income elasticities in those studies vary widely,

depending on the time period under study, the groups

of countries considered, and the econometric specifi-

cations used [77]. Although the empirical evidence is

not conclusive, and the magnitude of income elastic-

ity estimates varies widely, most studies have found

that developing countries generally have higher

income elasticities than the industrialized economies.

Studies have shown both greater and smaller

responses in developing countries than is reflected in

SAGE. For example, Gately and Huntington found

that the income elasticity of demand for oil in devel-

oping countries ranged from 0.5 to 1.0, depending on

the groups of developing countries being considered

[78]. The Gately and Huntington study, as well as

most other empirical studies, used historical data and

employed a single-equation reduced-form framework

relating oil demand changes to changes in income, or

income per capita, and oil prices in various lag

formulations.

Such formulations may not fully capture the changes

that have occurred in world economies or technolo-

gies in recent years, nor reflect how these changes

might affect the future. For example, in an era of

increased globalization and rapid technology transfer

across countries, empirical estimates derived from

historical data and simplified model formulations

may not fully capture the more rapid transfer of new,

efficient technologies from the industrialized coun-

tries to the developing countries that is likely to occur

in the future. In contrast, the inferred income elastic-

ities approximated in this report are based on projec-

tions coming from a structural model that explicitly

incorporates the technical and cost relationships pro-

jected to exist between energy service demands by

end-use sectors and the supply of energy. The model

also represents region-specific factors that may

encourage or inhibit demand for oil, such as transpor-

tation infrastructure constraints that are likely to

arise as developing economies grow. One key assump-

tion is that vehicles sold in both developing and indus-

trialized countries in the future will be more fuel

efficient than they were in the past.

World Oil Supply. Once oil demand has been esti-

mated by region and country, the levels of regional

non-OPEC conventional and nonconventional oil pro-

duction are developed to be consistent with the

assumed world oil price path and assumptions regard-

ing proved oil reserves, undiscovered oil, and reserve

growth. The gap between projected world oil con-

sumption and non-OPEC oil production determines

the call on OPEC producers. Production from individ-

ual OPEC suppliers is estimated based on informa-

tion regarding proved reserves, project development

schedules, long-term development plans, and produc-

tion economics in each country or region. Production

capacity estimates reflect both projected levels of sup-

ply and historical utilization rates. Several Persian

Gulf OPEC producers, including Saudi Arabia,

Kuwait, and the United Arab Emirates, are assumed

to have production capacity utilization rates of 90 to

95 percent, while non-OPEC producers are assumed

to use all of their capacity. Other OPEC producers are

assumed to fall between these extremes.

The growth in non-OPEC oil supplies has played a

significant role in the erosion of OPEC’s market

share over the past three decades, as non-OPEC sup-

ply has become increasingly diverse. North America

dominated growth in non-OPEC supply in the early

1970s, the North Sea and Mexico evolved as major

producers in the 1980s, and much of the new produc-

tion since the 1990s has come from Latin America,

West Africa, and the former Soviet Union. Non-

OPEC supply from proved reserves is expected to

increase steadily from 48.8 million barrels per day in

2003 to 65.0 million barrels per day in 2025 in the ref-

erence case.

The expectation in the late 1980s and early 1990s was

that non-OPEC production in the longer term would

stagnate or decline gradually in response to resource
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constraints. The relatively low cost of developing oil

resources in OPEC countries (especially those in the

Persian Gulf region) was considered such an over-

whelming advantage that non-OPEC production

potential was viewed with considerable pessimism. In

actuality, however, despite several periods of rela-

tively low prices, non-OPEC production has risen

every year since 1993, growing by more than 8.2 mil-

lion barrels per day between 1993 and 2003. Three

factors are generally given credit for the impressive

resiliency of non-OPEC production: development of

new exploration and production technologies, efforts

by the oil industry to reduce costs, and efforts by gov-

ernments in non-OPEC countries to promote explora-

tion and development by encouraging outside

investors with attractive financial terms.

It is expected that oil prices will remain high enough

that non-OPEC producers will be able to continue to

increase output profitably, producing an additional

6.8 million barrels per day by 2010 in the reference

case when compared with 2003. Much of the

increased non-OPEC production is expected to come

from Africa and Central and South America.

No one doubts that fossil fuels are subject to depletion

and that depletion leads to scarcity, which in turn

leads to higher prices; however, there are many

resources that are not heavily exploited because they

cannot be produced economically at low prices and

with existing technologies. With higher prices, the

development of such resources could become profit-

able. Ultimately, a combination of escalating prices

and technological enhancements can make more

resources economical. Much of the pessimism about

oil resources has been focused entirely on conven-

tional resources. However, there are substantial

nonconventional resources, including production

from oil sands, ultra-heavy oils, gas-to-liquids tech-

nologies, coal-to-liquids technologies, biofuel technol-

ogies, and shale oil, which can serve as a buffer

against prolonged periods of very high oil prices.

Total nonconventional liquids production in 2025 is

projected to be 5.7 million barrels per day in the refer-

ence case, up from 1.8 million barrels per day in 2003.

Comparison of Projections

The world oil price cases in AEO2005 are designed to

address the uncertainty about the market behavior of

OPEC. They are not intended to span the full range of

possible outcomes. The cases are defined as follows:

• Reference case. Prices in 2010 are projected to be

about $10 per barrel lower than current prices

(2003 dollars) as both OPEC and non-OPEC

producers add new production capacity over the

next 5 years. After 2010, oil prices are projected to

rise by about 1.3 percent per year, to more than

$30 per barrel in 2025.

• October oil futures case. Prices in the near term

rise through 2005, and then resume a growth

trend similar to the reference case. The results of

this case, which are similar to the reference case

in the long term, are compared with the reference

case results in the text box on page 44.

• High A world oil price case. Prices are projected to

remain at about $34 per barrel through 2015 and

then increase on average by 1.4 percent per year,

to more than $39 per barrel in 2025.

• High B world oil price case. Projected prices con-

tinue to increase through 2005 to $44 per barrel,

fall to $37 in 2010, and rise to $48 per barrel in

2025.

• Low world oil price case. Prices are projected to

decline from their high in 2004 to $21 per barrel in

2009 and to remain at that level out to 2025.

World oil price projections in the five cases are shown

in Figure 12. A detailed tabular summary and com-

parison of each of the oil price cases with the refer-

ence case is provided in Appendixes C and D.

Reference World Oil Price Case. In the reference case,

the assumption is that the OPEC members will con-

tinue to demonstrate a disciplined production

approach that reflects a strategy of price defense in

which the larger producers are willing to increase or

decrease production levels to maintain fairly stable

prices (in real dollar terms) to discourage the develop-

ment of alternative crude oil supplies or energy
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Figure 12. World oil prices in the reference, October

oil futures, high A, high B, and low oil price cases,

1990-2025 (2003 dollars per barrel)
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The October oil futures case

The AEO2005 reference case assumes that world

crude oil prices will decline as consumption slows

and producers increase their productive capacity

and output in response to current prices. In October

2004, however, NYMEX oil futures prices implied

that the average annual oil price in 2005 will exceed

its 2004 level before falling back somewhat, to levels

that still would be above those projected in the refer-

ence case. To evaluate the likely effects of that possi-

ble price path on the U.S. energy economy,

AEO2005 includes an October oil futures case,

which is based on an extrapolation of oil prices

loosely corresponding to the recent mid-term profile

of prices on the NYMEX futures market.

In the October oil futures case, world crude oil

prices are assumed to average $44 per barrel in 2005

(in 2003 dollars) before falling to about $31 per bar-

rel in 2010—about $6 per barrel higher than the ref-

erence case projection. Prices are assumed to

remain above those in the reference case over the

entire projection and to be about $5 per barrel

higher than the reference case projection in 2025, at

$35 per barrel.

The AEO2005 reference case and October oil

futures case are based on different assumptions

about oil production by the members of OPEC—

higher in the reference case and lower in the Octo-

ber oil futures case—reflecting uncertainty about

future levels of production from the Persian Gulf

region. OPEC members are assumed to be the prin-

cipal source of the marginal supply needed to meet

increases in demand; consequently, OPEC member

country production varies more than non-OPEC

production in response to changes in demand

requirements. OPEC member country production

in 2025 is projected to be about 55 million barrels

per day in the reference case and about 50 million

barrels per day in the October oil futures case.

U.S. domestic consumption of petroleum in 2025 is

projected to be slightly lower in the October oil

futures case than in the reference case (27.3 million

and 27.9 million barrels per day, respectively). Most

of the difference is the result of lower projected

demand for transportation fuels in the October oil

futures case. In 2025, total demand for petroleum in

the U.S. transportation sector is projected to be 19.5

million barrels per day in the October oil futures

case, compared with 19.8 million barrels per day in

the reference case.

Higher oil prices in the October oil futures case are

projected to have a small impact on U.S. economic

activity, primarily in the first 5 years of the forecast.

From 2005 to 2010, U.S. GDP is a cumulative $194

billion (about 0.3 percent) lower in the October oil

futures case than in the reference case. By 2025,

however, the GDP projections are nearly identical in

the reference and October oil futures cases. The pro-

jections for electricity and natural gas prices are not

appreciably different in the two cases, which differ

primarily in their projections for the delivered price

of petroleum products, with impacts mainly in the

transportation sector.

In response to higher oil prices, total domestic petro-

leum supply in 2025 is projected to be higher in the

October oil futures case (9.3 million barrels per day)

than in the reference case (8.8 million barrels per

day), which in combination with the lower demand

projection leads to a lower projected level of total

petroleum imports in the October oil futures case.

Including crude oil and refined products, total net

imports in the October oil futures case (18.0 million

barrels per day) are 1.1 million barrels per day lower

than in the reference case (19.1 million barrels per

day in 2025). As a result, the import share of total

U.S. petroleum demand is 66 percent in the October

oil futures case, compared with 68 percent in the ref-

erence case. In 2003, the import share of U.S.

demand was 56 percent.

In the U.S. energy market, the transportation sector

consumes about two-thirds of all petroleum prod-

ucts and the industrial sector about one-quarter.

The remaining 10 percent is divided among the resi-

dential, commercial, and electric power sectors.

With limited opportunities for fuel switching in the

transportation and industrial sectors, large price-

induced changes in U.S. petroleum consumption are

unlikely, unless changes in petroleum prices are

very large or there are significant changes in the effi-

ciencies of petroleum-using equipment. The results

of the October oil futures case indicate that sus-

tained increases in world oil prices would have to be

significantly greater than those assumed for this

case in order to have a major impact on projected

U.S. energy use.



sources, allow for continued robust worldwide eco-

nomic growth, and maintain compliance with quotas,

particularly by smaller OPEC producers. It is also

assumed that OPEC producers will achieve sufficient

oil revenues to expand production capacity enough to

keep prices in a range of $27 to $30 per barrel in 2003

dollars, near the high end of the current OPEC price

target range. Their current level of proven reserves

(870 billion barrels) is sufficient to meet the implied

production levels.

In the medium term, there is enough resource poten-

tial in non-OPEC countries to allow non-OPEC oil

production to continue growing. Over the longer

term, it is estimated that it will be harder for

non-OPEC producers to continue to increase produc-

tion. Assuming reference case prices, the search for

alternatives and unconventional liquids will be lim-

ited, while demand will continue to grow. Therefore,

OPEC members will have to make up the production

difference (Figure 13). To satisfy the remaining

global demand for oil at the given reference case

prices, OPEC production will have to increase from

30.6 million barrels per day to 55.1 million barrels per

day, an average annual increase in production of 2.7

percent. This is projected to result in an increase in

OPEC’s market share from 39 percent in 2003 to 46

percent in 2025, as cheaper sources of non-OPEC oil

are depleted.

Table 17 summarizes the main features of the refer-

ence case in terms of cumulative production volumes,

cumulative revenues, and the sum of the discounted

cumulative revenues (at a 5-percent discount rate)

from 2003 to 2025 [79]. The OPEC and non-OPEC

countries are aggregated by major regions.

The reasoning behind the assumed prices and produc-

tion patterns in the reference case can be questioned.

If OPEC members have sufficient market power and

cohesiveness to set world prices, why would they not

try to set higher oil prices? If OPEC comprised a

group of producer countries with similar oil reserves,

resource depletion time horizons, geopolitical con-

cerns, and no fear of alternatives to oil at higher

prices, then a more limited production strategy that

maximizes economic profits in the short to medium

term would appear more plausible. In the absence of

these conditions, however, and given the difficulty of

enforcing tight production goals to limit output, a rea-

sonable strategy is to maintain stable prices that dis-

courage oil alternatives while limiting the risk that

member countries will exceed their quotas.

Another issue is whether OPEC members will be able

to finance the investments needed to expand their

output as projected in the reference case. While some

OPEC producer countries are currently closed to for-

eign involvement in the exploration and development

of oil resources, it is expected that they will be able

to attract foreign capital, if needed, while retaining
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World oil production (billion barrels) World oil revenues (trillion 2003 dollars)

Country/region 2003 2025
Cumulative,
2003-2025

Average annual
growth, 2003-2025

(percent)
Cumulative,

2003-2025

Cumulative
discounted value
(at 5%), 2003-2025

Non-OPEC

Industrialized countries 8.6 9.0 208.3 0.2 5.9 3.4

Former Soviet Union
and Eastern Europe 3.8 6.5 123.2 2.5 3.5 1.9

Developing countries 5.4 8.2 157.5 2.0 4.4 2.5

Total 17.8 23.7 489.0 1.3 13.8 7.9

OPEC

Middle East 7.6 14.0 235.4 2.8 6.6 3.7

Other OPEC 3.5 6.1 107.6 2.5 3.0 1.7

Total 11.2 20.1 343.1 2.7 9.7 5.4

Total World 29.0 43.9 832.1 1.9 23.4 13.2

Table 17. Key projections in the reference case, 2003-2025
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Figure 13. OPEC oil production in four world oil

price cases, 1990-2025 (million barrels per day)



sovereignty over their energy resources. The markets

for financial capital have provided sufficient

resources in similar situations in the past, especially

when there are strong incentives from both the

demand and supply sides. The current experience of

China, which did not attract much financial capital in

the past, is an example of what can happen with the

appropriate economic incentives or when the motiva-

tions are strong. Other historical examples include

the flow of foreign capital to Latin America in the

1980s and East Asia in the 1990s.

There are also factors that may encourage countries

in the Middle East to open up their energy sectors to

foreign participation in one form or another. For

example, Saudi Arabia, for some time now, has been

lobbying to gain admission to the World Trade Orga-

nization. One of the conditions that Saudi Arabia

needs to fulfill to gain entry is to open up its economy,

especially its financial markets. The opening up of the

United Arab Emirates to foreign financial capital and

its creation of an export trade zone provide another

example of how the economic environment can

change.

High A World Oil Price Case. In the high A world oil

price case, the OPEC countries in aggregate are

assumed to maintain a relatively constant share of

the world oil market. There are a number of ways that

a constant market share for the OPEC countries

might result over the projection period. First, more

cohesion among OPEC members could begin to place

greater emphasis on short-term profit maximization,

with more control on member output, as might occur

if a mechanism were devised to enable stricter

enforcement of quotas. This cohesion might be rein-

forced by a perception that the incremental

non-OPEC oil resource development costs are quite

high and that the resource base is limited, and thus

that there is less risk from non-OPEC producers in

the long term. Second, some large producer countries

in OPEC might not be able to finance sufficient devel-

opment and enlargement of productive capacity

because of competing social infrastructure demands

on government budgets.

In this case, the world oil price would tend to reflect

the projected incremental cost of non-OPEC oil and

rise faster than in the reference case—from about $28

per barrel in 2003 to more than $39 per barrel in 2025

in real terms, an average annual increase of 1.6 per-

cent from 2003 to 2025. As a result of higher world oil

prices, world oil demand in 2025 is projected to be

lower in the high A world oil price case than in the

reference case (115 million barrels per day and 120

million barrels per day, respectively). Table 18 sum-

marizes the main features of the high A world oil

price case.

For OPEC members, cumulative production of

almost 280 billion barrels in the high A world oil price

case is projected to bring in $9.9 trillion (in 2003 dol-

lars), as compared with cumulative production of 343

billion barrels and revenues of $9.7 trillion in the ref-

erence case. Although the high A world oil price case

appears to be more attractive to OPEC producers

than the reference case in terms of economic profits,

the sustainability of the higher prices over the projec-

tion period is uncertain. Higher prices would create

greater incentive for OPEC countries to exceed quo-

tas, greater likelihood of increased conventional and

unconventional oil production in non-OPEC coun-

tries, and greater possibility of increased conserva-

tion measures in oil-consuming countries, induced

both by higher prices and by public policy measures.

46 Energy Information Administration / Annual Energy Outlook 2005

Issues in Focus

World oil production (billion barrels) World oil revenues (trillion 2003 dollars)

Country/region 2003 2025
Cumulative,
2003-2025

Average annual
growth, 2003-2025

(percent)
Cumulative,

2003-2025

Cumulative
discounted value
(at 5%), 2003-2025

Non-OPEC

Industrialized countries 8.6 10.0 221.1 0.7 7.8 4.6

Former Soviet Union
and Eastern Europe 3.8 7.1 132.2 2.9 4.7 2.7

Developing countries 5.4 9.2 170.4 2.4 6.0 3.5

Total 17.9 26.3 523.7 1.8 18.5 10.8

OPEC

Middle East 7.6 10.5 189.8 1.5 6.7 3.9

Other OPEC 3.5 4.9 90.6 1.5 3.2 1.9

Total 11.1 15.4 280.4 1.5 9.9 5.8

Total World 29.0 41.7 804.1 1.7 28.4 16.6

Table 18. Key projections in the high A world oil price case, 2003-2025



While the AEO cases are developed under the

assumption of unchanged policy in consuming coun-

tries, major oil exporters may expect that higher

prices would spur policy responses in oil-importing

nations. Based on these considerations, economically

rational producers would be likely to apply higher dis-

count rates when evaluating the revenue stream asso-

ciated with the high A world oil price case than that

associated with the reference case. Taking this differ-

ence into account, key OPEC producers might accept

the reference price case.

High B World Oil Price Case. There is a great deal of

uncertainty about the size and availability of crude oil

resources, particularly conventional resources, the

adequacy of investment capital, and geopolitical

trends. While the high A world oil price case tries to

reflect the uncertainty in some of these variables,

some analysts argue that the higher prices seen in

recent years will be sustained and represent a funda-

mental change in the market. The high B world oil

price case was completed to evaluate the impact of

world oil prices that remain close to current levels for

the foreseeable future.

The high B world oil price case assumes a continued

rise in prices through 2005, followed by a gradual

decline to 2010 and then strong increases through

2025. The near-term prices reflect the trends

observed in oil futures on the NYMEX for WTI during

October 2004, where crude oil futures prices exceeded

2004 levels in 2005 before falling back somewhat, but

to levels well above those projected in the AEO2005

reference case. The world oil price in the high B case

is assumed to be $2 higher than in the reference case

in 2004, or $37 per barrel, to grow to about $44 per

barrel in 2005 before falling to $37 in 2010, and then

to rise to $48 per barrel in 2025, compared with $30 in

the reference case and $39 in the high A world oil

price case.

The high B world oil price case reflects an assumption

that OPEC producers will be less able or willing to

expand their productive capacity and that their out-

put growth will be constrained considerably (Table

19). As a result, the OPEC members are projected to

lose market share over time, in contrast to the high

A world oil price case, where their market share

remains constant over time. OPEC member country

production is projected to grow from 30.6 million bar-

rels per day in 2003 to 36.6 million barrels per day in

2025, compared with 55.1 million barrels per day in

the reference case and 42.4 million barrels per day in

the high A world oil price case. The worldwide

impacts on energy supply in the high B case are more

uncertain because of limited experience with sus-

tained periods of high world oil prices. Nevertheless,

roughly one-half of the difference between OPEC

member country production in the reference and high

B world oil price cases is projected to be made up for

by non-OPEC countries (Figure 14). The remaining

difference reflects the reduction in oil demand result-

ing from higher prices, as well as increased produc-

tion of synthetic oil from coal and natural gas and

nonconventional liquids.

Undiscounted cumulative revenues from OPEC

member country production in the high B world oil

price case exceed those in the reference and high A

world oil price cases, despite lower production; how-

ever, the high B case is projected to result in signifi-

cant impacts on world energy demand and alternative

sources of supply, including increased production

from synthetic fuels. In addition, strong cohesiveness

among OPEC members would be required to main-

tain the strict production quotas implicit in the high
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World oil production (billion barrels) World oil revenues (trillion 2003 dollars)

Country/region 2003 2025
Cumulative,
2003-2025

Average annual
growth, 2003-2025

(percent)
Cumulative,

2003-2025

Cumulative
discounted value
(at 5%), 2003-2025

Non-OPEC

Industrialized countries 8.6 10.2 225.0 0.8 9.2 5.4

Former Soviet Union
and Eastern Europe 3.8 7.2 133.4 2.9 5.5 3.1

Developing countries 5.4 9.5 173.1 2.6 7.2 4.1

Total 17.9 26.9 531.5 1.9 21.9 12.6

OPEC

Middle East 7.6 9.0 171.9 0.8 7.1 4.2

Other OPEC 3.5 4.3 83.3 1.0 3.4 2.0

Total 11.1 13.4 255.2 0.9 10.5 6.2

Total World 29.0 40.3 786.7 1.5 32.4 18.8

Table 19. Key projections in the high B world oil price case, 2003-2025



B case. As a result, the uncertainty and risk associ-

ated with this case for individual OPEC members

suggest that a higher rate is appropriate for discount-

ing the projected revenue stream.

The projections in the high B world oil price and refer-

ence cases are compared in the text box on page 49. It

is important to stress the uncertainties and limita-

tions of this case. The market conditions in the high B

world oil price case fall outside the range of experi-

ence best represented in NEMS. In particular, some

of the modeling uncertainties and limitations about

the case are as follows:

• The level of economic production of oil from both

conventional sources and unconventional sources

(such as oil sands) is subject to considerable un-

certainty, particularly with sustained oil prices at

much higher levels than in the reference case.

• The effects of global competition for natural gas

through pipelines, LNG, and gas-to-liquids (GTL)

are highly uncertain in an environment of high

sustained oil prices. For example, stranded gas

(gas production at sites without access to pipe-

lines) that might otherwise be economical to ex-

port as LNG could potentially become economical

to process as GTL. These impacts on world natu-

ral gas supply cannot be evaluated endogenously

with the present versions of EIA’s U.S. and global

energy models; however, an adjustment to the as-

sumed cost profile of LNG imports to the United

States has been incorporated to reflect the poten-

tial market impact. As model development is able

to continue, additional analytical capability in this

area would be a high priority.

• Prospects for synthetic petroleum—GTL and

coal-to-liquids (CTL) may be constrained by plant

siting issues that have not been investigated, such

as waste disposal and limited water supplies.

• The worldwide economic and political response to

a regime of prolonged high oil prices is uncertain,

as is the long-term effect on domestic economic

growth.

• EIA’s modeling of petroleum consumption re-

flects observed patterns of use and consumer pref-

erences, as well as existing and foreseeable

technologies. Consumer and manufacturer behav-

ior in the face of sustained high oil prices may de-

part from the patterns on which the model is

based. For example, there could be shifts to

smaller, more efficient vehicles, more penetration

of alternative-fuel vehicles, and a shift in the de-

mand for vehicular travel to other travel modes,

such as from truck to rail freight.

• High world oil prices and high natural gas prices

may spur unforeseen technological innovation

and adoption, but quantifying these possibilities

remains a challenge.

Low World Oil Price Case. The low world oil price

case reflects a future market where all oil production

becomes more competitive and plentiful. There are

several ways in which this could come about. First,

the OPEC countries could become less cohesive, with

each producer attempting to sell as much of its pro-

ductive capacity as the market will allow. In this

sense, the low world oil price case is exactly the oppo-

site of the high A world oil price case. Another possi-

bility would be a decline in the costs of non-OPEC oil

production or the viable development of competitive

alternatives. To forestall the penetration of alterna-

tives and other sources of competition, OPEC would

lower its price band and increase production.

The world oil price (in 2003 dollars) is projected to

decline from about $28 per barrel in 2003 to $21 per

barrel in 2009 in the low world oil price case, and to

stay at that level through 2025. As a result of

increased competition between OPEC members or a

conscious attempt to increase market share, the mar-

ket share of OPEC’s member countries increases

from 39 percent in 2003 to 51 percent in 2025. Within

OPEC, nearly all producers, except for Indonesia,

which has limited remaining resources, are projected

to increase production at an average annual rate of 3

percent or higher over the 2003 to 2025 period. The

average annual growth in production by OPEC mem-

bers over the same period is 3.5 percent. The low

world oil prices in this case cause world oil demand to

increase from 80 million barrels per day in 2003 to
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Figure 14. Non-OPEC oil production in four world

oil price cases, 1990-2025 (million barrels per day)
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Comparison of projections in the reference and high B world oil price cases

Higher crude oil prices spur greater exploration and

development of domestic oil supplies, reduce

demand for petroleum, and slow the growth of oil

imports in the high B world oil price case compared

to the reference case. Total domestic petroleum sup-

ply in 2025 is projected to be 2.2 million barrels a

day (25 percent) higher in the high B case than in

the reference case. Production in the high B case

includes 1.2 million barrels a day in 2025 from syn-

thetic petroleum fuel produced from coal and natu-

ral gas. Total net imports in 2025, including crude

oil and refined products, are reduced from 19.1 mil-

lion barrels a day in the reference case to 15.2 in the

high B case. As a result, the projected import share

of total U.S. petroleum demand in 2025 is 58 percent

in the high B world oil price case, compared with 68

percent in the reference case. In 2003, the import

share of U.S. petroleum demand was 56 percent.

With the steep, prolonged rise in crude oil prices in

the high B world oil price case, the worldwide poten-

tial for natural gas and coal-based synthetic fuels

would become viable, with implications for imported

U.S. supplies of LNG. In the reference case, the

United States is expected to become increasingly

dependent on LNG, with imports projected to

increase from 0.4 trillion cubic feet in 2003 to 6.4

trillion cubic feet in 2025. In the high B case, GTL

conversion of stranded natural gas could compete

favorably with liquefaction, thus reducing the

potential supply of LNG worldwide. As a result,

LNG supplied to the United States is projected to be

priced higher in the high B world oil price case, lead-

ing to higher average end-use natural gas prices

than in the reference case and to a 51-percent reduc-

tion in projected imports of LNG in 2025. The pro-

jected average delivered price of natural gas in 2025

(in 2003 dollars) is $7.35 per thousand cubic feet in

the high B world oil price case, compared with $6.77

in the reference case.

The higher oil and natural gas prices in the high B

world oil price case result in a greater reliance on

domestic gas supply, along with a reduction in the

projected growth of natural gas consumption.

Domestic dry gas production in 2025 in the high B

case increases to 23.5 trillion cubic feet, 8 percent

higher than the reference case projection of 21.8

trillion cubic feet. In addition, the high price of oil in

the high B case results in favorable economics for

GTL domestically, leading to an additional 0.7 tril-

lion cubic feet of natural gas consumption for GTL

in 2025, offsetting some of the reduction in end-use

demand that would result from higher natural gas

prices.

The higher natural gas prices in the high B world oil

price case would promote greater use of coal technol-

ogies for new electricity generation plants, leading to

an increase in projected coal consumption of 69 mil-

lion short tons in 2025 compared to the reference

case. In addition, CTL technology to produce petro-

leum fuels is expected to become economical in the

high B world oil price case, resulting in additional

coal consumption of 209 million short tons in 2025.

CTL plants are assumed to employ integrated gasifi-

cation and combined-cycle power generation to pro-

duce synthesis gas, process steam, and electric

power. CTL plants are considered to be combined

heat and power plants, supplying surplus electricity

as well as power for on-site use. As a result, an

increase of 25 gigawatts of generating capacity from

CTL plants is projected in the high B world oil price

case. In aggregate, CTL plants are estimated to pro-

duce 1 million barrels a day of synthetic liquid fuel in

2025 in the high B world oil price case.

U.S. petroleum demand is reduced in the high B

world oil price case, but the modest response to the

price changes reflects the limited opportunities for

fuel switching in the transportation and industrial

sectors, which account for about 90 percent of U.S.

oil consumption. Total petroleum consumption is

projected to change by only 3 percent in 2010, com-

pared to the reference case, despite a 22-percent

higher average price of refined petroleum in 2010. In

2025, petroleum demand is 6 percent lower in the

high B world oil price case, and average refined

petroleum prices are 32 percent higher.

About two-thirds of the difference in projected

petroleum consumption between the reference and

high B world oil price cases in 2025 is represented by

gasoline. There is very little difference between the

projections of demand for transportation uses of die-

sel and jet fuel, which together accounted for

one-third of the petroleum used in the transport sec-

tor in 2003. The demand for diesel fuel to move

freight in trucks, rail, and shipping is relatively

insensitive to price changes, as the equipment used

is long-lived and the prospects of efficiency improve-

ments for freight carriers are more limited than

(continued on page 50)



128 million barrels per day in 2025, an average

annual increase of 2.2 percent.

Given the projected state of technology, projected

reserves, and their relatively higher cost structures,

non-OPEC producers would be expected to increase

output at a slower rate in the low world oil price case

than in the reference case (Figure 14). Starting from a

production level of 49 million barrels per day in 2003,

non-OPEC oil output is projected to grow at an aver-

age annual rate of 1.1 percent in the low price case, to

62 million barrels per day in 2025. Table 20 summa-

rizes the main features of the low world oil price case.

The low oil price case is the most favorable of the

AEO2005 oil price cases in terms of economic welfare,

because the world oil price is projected to be closer to

its marginal cost. It is less favorable, however, from

the producers’ point of view. Relative to the reference

case, OPEC members would end up producing 11 per-

cent more oil over the 2003 to 2025 period and earn-

ing roughly 11 percent less in cumulative revenues.

Further, with a decline in oil prices there would be

less exploration activity at the margin, a tendency for

more cohesion in OPEC, and lower penetration of

alternative fuels.

Changing Trends in the Bulk Chemicals

and Pulp and Paper Industries

Compared with the experience of the 1990s, rising

energy prices in recent years have led to questions

about expectations of growth in industrial output,

particularly in energy-intensive industries. Given the

higher price trends, a review of expected growth

trends in selected industries was undertaken as part

of the production of AEO2005. In addition, projec-

tions for the industrial value of shipments, which

were based on the Standard Industrial Classification

(SIC) system in AEO2004, are based on the North

American Industry Classification System (NAICS) in

AEO2005. The change in industrial classification

leads to lower historical growth rates for many indus-

trial sectors. The impacts of these two changes are
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Comparison of projections in the reference and high B world oil price cases (continued)

those for passenger transportation. In addition,

there is some projected increase in rail and shipping

in the high B world oil price case as a result of

increased coal use in the electricity sector, offsetting

some of the fuel saved by efficiency improvements in

the freight truck fleet. Potential energy savings

beyond those projected in the high B world oil price

case would be possible if there were greater shifts

among modes of travel, such as increased use of rail

in place of trucking.

The demand for jet fuel is expected to be insensitive

to price increases through 2025, as air travel growth

is constrained by the availability of airport capacity

in that time frame. The changes in fuel costs are

unlikely to bring air travel demand down below the

limits imposed by available airport capacity, elimi-

nating much of the expected price response. The

reduction in jet fuel between the reference and the

high B world oil price cases, 1.6 percent in 2025,

occurs primarily due to adoption of technology to

increase aircraft efficiency.

Growth in projected gasoline demand in the high B

world oil price case is lower than the reference case,

as consumers respond to higher increased fuel costs

by reducing the number of vehicle miles traveled

and by purchasing more efficient automobiles. The

projected price of gasoline in 2025 in the high B

world oil price case is $2.01 a gallon (2003 dollars),

compared to $1.59 in the reference case. As a result,

average fuel economy of new, light-duty vehicles in

2025 increases from 26.9 miles per gallon in the ref-

erence case to 28.2 in the high B world oil price case.

Even greater fuel economy improvements might

occur under a high price scenario if consumers and

manufacturers departed from recent trends and

shifted to smaller, less powerful vehicles, or if there

was a greater penetration rate of hybrid and diesel

vehicles than is projected. However, at gasoline

prices at or below $2.00 a gallon, significant changes

in consumer behavior are not expected.

The U.S. economy is sensitive to oil price spikes, and

several recessions have followed supply disruptions

in recent decades; however, gradual changes in oil

prices are less damaging to long-term economic

growth, because the economy has more time to

adjust. The projected impact on real GDP in the high

B world oil price case, compared to the reference

case, is $53 billion (2000 dollars) in 2010 (0.4 per-

cent) and $32 billion in 2025 (0.2 percent). The mac-

roeconomic results suggest that the U.S. economy

would continue to fare well in the face of rising oil

prices, provided that prices rose gradually over a

long period of time; however, this analysis does not

consider the potential impacts on the United States

of worldwide economic disruption that might occur

as a result of sustained high oil prices.



highlighted in this section for two of the largest

energy-consuming industries in the U.S. industrial

sector—bulk chemicals and pulp and paper.

Output growth rates for the pulp and paper industry

and the bulk chemical industry have been revised

downward in AEO2005 to align better with historical

trends. Models for both industries in NEMS have also

been revised to reflect recent trends in their specific

production processes. In combination, these changes

have had an important impact on the AEO2005 fore-

cast for industrial energy consumption.

The scope of activities included in the industrial sec-

tor (which includes agriculture, mining, construction,

and manufacturing) and how they are defined have

changed with the move to NAICS. For example, pub-

lishing, logging, and manufacturers’ administrative

and auxiliary services that are not co-located with

manufacturing establishments are no longer covered

in the manufacturing sector but are now included in

the commercial sector. Under NAICS, the manufac-

turing sector is about 3 percent smaller in terms of

value and 4 percent smaller in terms of employment

than under SIC in 1997, the only year for which eco-

nomic census data are available for both classification

systems.

The AEO2005 industrial forecast reflects both

changes in economic conditions and changes in his-

torical growth rates as a result of the move from SIC

to NAICS. The projected growth rates for most

energy-intensive industries are lower in AEO2005

than in AEO2004, in part because the historical

growth rates have been revised downward. Figure 15

compares the growth rates projected for selected

energy-intensive industries in AEO2005 and

AEO2004.

Pulp and Paper

AEO2004 projected that paper final product would

grow by an average of 1.9 percent annually from 2003

to 2025; however, the intermediate steps in the indus-

try, and the energy use associated with them, were

expected to grow at different rates as the mix of tech-

nologies changed and costs shifted. For example,

between 2003 and 2025, kraft pulping was projected

to grow by 2.1 percent per year while semi-chemical

pulping grew by 0.9 percent per year. Mechanical

pulping was projected to decline by 0.5 percent per

year over the same period.

From 1983 to 2000, paper and board production grew

by 2.1 percent per year while total pulping grew by

only 1.1 percent per year. Although long-term data

for the individual pulping steps is limited, kraft pulp-

ing, because of its superior technology [80], is the pri-

mary pulping method, accounting for 86 percent of
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Figure 15. Projected growth in output for

energy-intensive industries in AEO2004 and

AEO2005, 2003-2025 (percent per year)

World oil production (billion barrels) World oil revenues (trillion 2003 dollars)

Country/region 2003 2025
Cumulative,
2003-2025

Average annual
growth, 2003-2025

(percent)
Cumulative,

2003-2025

Cumulative
discounted value
(at 5%), 2003-2025

Non-OPEC

Industrialized countries 8.6 8.5 202.8 0.0 4.7 2.9

Former Soviet Union
and Eastern Europe 3.8 6.3 121.1 2.3 2.7 1.6

Developing countries 5.4 7.9 153.8 1.8 3.5 2.1

Total 17.8 22.7 477.8 1.1 10.9 6.5

OPEC

Middle East 7.6 16.9 264.0 3.7 5.9 3.4

Other OPEC 3.5 7.1 117.7 3.2 2.6 1.5

Total 11.2 24.0 381.7 3.5 8.6 4.9

Total World 29.0 46.7 859.5 2.2 19.5 11.4

Table 20. Key projections in the low world oil price case, 2003-2025



virgin pulping in 2002. Between 1996 and 2002, kraft

pulping increased while semi-chemical pulping

declined, and mechanical pulping dropped by more

than 20 percent [81].

Growth in final paper and board production, coupled

with slower growth or a decline in the intermediate

pulping steps, is made possible by increases in recov-

ered paper and imports of market pulp. Consumption

of recovered paper at paper and board mills increased

by 5 percent annually from 1983 to 2002, and the

United States has gone from being a net exporter of

market pulp in 1997 to a net importer in 2002,

importing about 15 percent more than it exports [82].

The AEO2004 results were reviewed relative to the

trends outlined above, and revisions were made as

necessary. As a result of the changes made and a

lower forecast of growth in final industrial production

in AEO2005, waste pulping, which consists of recov-

ered paper and market pulp, is projected to grow by

2.0 percent per year from 2003 to 2025; mechanical

pulping is projected to decline by 0.8 percent per year;

and semi-chemical and kraft pulping are projected to

grow by 0.7 percent per year and 1.4 percent per year,

respectively. Pulp and paper output is projected to

grow by 1.5 percent per year.

The most notable impact of these revisions and

updates is that the projected growth of purchased

electricity for the pulp and paper sector falls to only

0.1 percent per year in AEO2005, from 0.6 percent

per year in AEO2004 (Figure 16). The use of all fuels

in the pulp and paper industry is projected to grow

more slowly (or decline faster) in AEO2005 than in

AEO2004. Total energy consumption for the pulp and

paper industry is projected to grow at an annual rate

of 0.9 percent per year from 2003 to 2025 in

AEO2005, compared with 1.4 percent per year in

AEO2004.

Bulk Chemicals

The bulk chemical industry is dependent on natural

gas and petroleum as material inputs (feedstocks) and

as fuels for heat and power. The bulk chemical indus-

try model used for AEO2005 was revised to address

separately the four subsectors of the bulk chemical

industry: inorganic, organic, resins, and agricultural

chemicals [83]. Figure 17 compares the projected out-

put growth rates for each component of the bulk

chemical industry in AEO2004 and AEO2005.

The growth rate for the total bulk chemical industry

is projected to be 1.0 percent per year in AEO2005,

compared with 1.7 percent per year in AEO2004. The

largest changes are for the inorganic and agricultural

chemicals components of the bulk chemical industry.

The inorganic chemicals industry is a mature indus-

try [84] that has grown slowly over the past several

years. Its limited growth prospects are better repre-

sented in AEO2005, where the projected growth rate

for inorganic chemicals is close to zero as compared

with 1.4 percent per year in AEO2004. The agricul-

tural chemicals subsector, which includes the produc-

tion of nitrogenous fertilizers, has faced increased

competition from foreign suppliers due to relatively

high U.S. natural gas prices [85]. The AEO2005 fore-

cast reflects the current competitive situation. This

update reduced projected growth from 1.3 percent per

year in AEO2004 to 0.6 percent per year in AEO2005.

The organic and resins components have exhibited a

tendency toward increasing use of imports of

energy-intensive intermediate products in preference

to domestically manufactured products [86], and that

tendency is reflected in a lower assumed energy

intensity for new or replacement plant.
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Figure 16. Projected growth in energy consumption

for the pulp and paper industry in AEO2004 and

AEO2005, 2003-2025 (percent per year)
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Figure 17. Projected output growth for components

of the bulk chemicals industry in AEO2004 and

AEO2005, 2003-2025 (percent per year)



The combination of lower projected output growth

and a shift to less energy-intensive production pro-

cesses leads to lower projected growth in energy con-

sumption for the bulk chemical industry in AEO2005

than was projected in AEO2004 (Figure 18). Despite

these changes, however, the bulk chemical industry

remains the largest energy-consuming industry in

the industrial sector. In 2003, the bulk chemical

industry consumed 6.3 quadrillion Btu of energy

(including feedstocks), and that total is projected to

grow to 7.5 quadrillion Btu in 2025, about 1 quadril-

lion Btu less than was projected in AEO2004.

Feedstock consumption is projected to increase from

3.5 quadrillion Btu in 2003 to 4.3 quadrillion Btu in

2025 in the AEO2005 forecast, 0.4 quadrillion Btu

less than was projected in AEO2004.

In summary, the transition from SIC to NAICS,

reduced rates of output growth, and revised modeling

have reduced the AEO2005 projection of industrial

energy consumption in 2025 by 2.6 quadrillion Btu (8

percent) from the AEO2004 projection. Lower natu-

ral gas consumption accounts for about two-thirds of

the difference between the two projections.

Fuel Economy of the Light-Duty Vehicle

Fleet

The U.S. fleet of light-duty vehicles consists of cars

and light trucks, including minivans, sport utility

vehicles (SUVs) and trucks with gross vehicle weight

less than 8,500 pounds. The fuel economy of

light-duty vehicles is regulated by the CAFE stan-

dards set by NHTSA. Currently, the CAFE standard

is 27.5 miles per gallon (mpg) for cars and 20.7 mpg

for light trucks. The most recent increase in the

CAFE standard for cars was in 1990, and the most

recent increase in the CAFE standard for light trucks

was in 1996.

There has been little improvement in the average fuel

economy of new cars and light trucks sold in the

United States over the past 15 years (Figure 19), but

the combined average fuel economy for all new

light-duty vehicles has declined steadily because of an

increase in sales of light trucks. Since 1987, the aver-

age fuel economy of new light-duty vehicles sold has

remained relatively constant, averaging 28.5 mpg for

cars and 21.1 mpg for light trucks. For model year

2003, cars achieved the highest measured CAFE to

date, averaging 29.4 mpg. The highest light truck

CAFE was achieved in 1987 at 21.7 mpg, but light

truck CAFE has been increasing in recent years, to

21.6 mpg for model year 2003 [87]. The fuel economy

of light trucks is expected to improve over the next 3

years, because NHTSA announced new standards in

April 2003 that increased the requirements to 21.0

mpg for model year 2005, 21.6 mpg for model year

2006, and 22.2 mpg for model years 2007 and beyond.

Although the relatively flat fuel economy for cars and

light trucks over the past 15 years may suggest little

technological improvement, this is not the case.

Instead, technological advances have led to signifi-

cant improvements in vehicle performance and

increases in vehicle size, while generally maintaining

or slightly increasing fuel economy. Based on NHTSA

data, the average new car in 1990 achieved 28.0 mpg,

had a curb weight of 2,906 pounds, and produced 132

horsepower. In 2002, average new car fuel economy

was 3.2 percent higher at 28.9 mpg, curb weight

was 8.7 percent higher at 3,159 pounds, and engine

size was 30.0 percent higher at 171 horsepower

[88]. Thus, although fuel economy improvements

have been minimal, the introduction of advanced
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technologies (including variable valve timing and lift,

electronic engine and transmission controls, lock-up

torque converters, and five-speed automatic trans-

missions) have produced significant improvement in

engine and transmission efficiency, allowing substan-

tial increases in new car size and performance. Data

from the EPA show similar performance trends. For

example, from 1990 to 2002, average new car horse-

power per cubic inch displacement, a measure of

engine efficiency, increased by 28.6 percent, from

0.83 to 1.07, as a result of implementation of

advanced technologies and improved engine designs

[89].

Similar improvements in vehicle attributes have also

occurred for light trucks. In 1990, the average new

light truck achieved 20.8 mpg, had a curb weight of

4,005 pounds, and produced 151 horsepower. In 2002,

the average fuel economy for new light trucks was 4.8

percent higher at 21.8 mpg, curb weight was 13.5 per-

cent higher at 4,547 pounds, and engine size was 45.7

percent higher at 220 horsepower. As in the case of

cars, manufacturers have provided improved fuel

economy for light trucks while increasing vehicle size

and performance by implementing advanced technol-

ogies. From 1990 to 2002, light truck horsepower per

cubic inch displacement increased by 37.4 percent,

from 0.67 to 0.92.

In addition to increases in weight and performance,

the mix of new vehicles sold has changed dramatically

over the past 20 years. In 1983, cars accounted for

76.5 percent of new light-duty vehicles sold; in 2003,

they accounted for only 47.2 percent. In addition,

sales of subcompact cars, as a percent of total new

vehicles sold, decreased from 20.5 percent in 1983 to

2.8 percent in 2003. Compact, midsize, and large car

sales as a percent of total new light-duty vehicle sales

have also declined.

Since 1983, sales of new light trucks, including SUVs,

have increased significantly. In 2002, light trucks

made up the majority of new light-duty vehicle sales.

Increases in light truck sales over the past 20 years

can be attributed to increased consumer demand for

vehicle utility, seating capacity, ride height, and per-

ceived safety. Coupled with low fuel prices, this trend

has provided a favorable market for new light trucks,

with sales of SUVs and minivans accounting for most

of the increase in light truck sales. In 1983, SUVs

accounted for 2.9 percent of new light-duty vehicle

sales; in 2003, SUVs accounted for 27.0 percent of

new light-duty vehicle sales and represented the larg-

est segment of the light-duty vehicle market. Simi-

larly, sales of minivans have grown dramatically. In

1983, minivans accounted for 0.1 percent of new

light-duty vehicle sales; in 1994, they reached a peak

share of 9.2 percent; and in 2003 their share was 6.5

percent of new light-duty vehicle sales [90].

Although significant improvements have been made

in light-duty vehicle engine and transmission effi-

ciency, consumer demand for increased performance

and vehicle size, coupled with the growth of the light

truck market, has resulted in an average new

light-duty vehicle fuel economy that peaked at 26.2

mpg in 1987. New light-duty vehicle fuel economy

declined steadily throughout the 1990s, to a low of

24.5 mpg in 1999, followed by an increase to 25.0 mpg

for model year 2003 vehicles.

The AEO2005 reference case projects that, in addi-

tion to increases in market penetration of advanced

technologies, sales of hybrid and diesel vehicles will

continue to increase. As a result, new car fuel econ-

omy in 2025 is projected to average 31.0 mpg, and new

light truck fuel economy is projected to average 24.6

mpg—increases of 5.4 percent for cars and 14.1 per-

cent for light trucks over the respective model year

2003 CAFE levels. Similar to historic trends, average

engine power output is projected to increase to 215

horsepower for new cars sold in 2025 (26.3 percent

higher than model year 2003) and 243 horsepower for

new light trucks sold in 2025 (18.0 percent higher

than model year 2003). Light truck sales are projected

to account for 58.6 percent of new light-duty vehicle

sales in 2025, and as a result the average fuel econ-

omy for all new light-duty vehicles sold is projected to

increase by 7.2 percent, to 26.9 mpg in 2025.

Recent introductions of more efficient crossover vehi-

cles (SUVs with design features more similar to those

of cars than trucks), increasing consumer interest in

environmentally friendly vehicles, the possibility of

sustained high fuel prices, and increasing consumer

demand for improvements in vehicle performance

and luxury all will influence the future of light-duty

vehicle sales and fuel economy. In addition, carbon

emission regulations for light-duty vehicles that have

been issued in eight U.S. States and Canada would

require improvements in vehicle fuel economy start-

ing in 2009 that go beyond those required by current

U.S. CAFE standards. (AEO2005 does not include the

impact of these carbon emission regulations, because

their future is uncertain. The auto industry has filed

suit against the regulations established in California,

contending that only the Federal Government has the

authority to set vehicle fuel economy standards. See

“Legislation and Regulations,” page 27.) NHTSA is

also considering modification of light truck CAFE
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standards, which could result in the redefinition of a

light truck as well as a restructuring of the standards

to be based on vehicle weight and/or size.

In summary, considerable uncertainty surrounds the

future of light-duty vehicle fuel economy. Fuel prices,

the market success of hybrid and diesel vehicles, con-

tinued increases in consumer demand for light trucks

and better vehicle performance, potential new fuel

economy standards, and future regulation of carbon

dioxide emissions all have potentially significant

impacts on the automobile industry and the vehicles

that will be manufactured and sold in the future.

U.S. Greenhouse Gas Intensity and the

Global Climate Change Initiative

On February 14, 2002, President Bush announced the

Administration’s Global Climate Change Initiative

[91]. A key goal of the Climate Change Initiative is to

reduce U.S. greenhouse gas intensity by 18 percent

over the 2002 to 2012 time frame. For the purposes of

the initiative, greenhouse gas intensity is defined as

the ratio of total U.S. greenhouse gas emissions to

economic output.

AEO2005 projects energy-related carbon dioxide

emissions, which represented approximately 84 per-

cent of total U.S. greenhouse gas emissions in 2002.

Projections for the other greenhouse gases are based

on an EPA “Business-as-Usual” (BAU) case cited in

the Addendum to the Global Climate Change Policy

Book [92] released with the Global Climate Change

Initiative. Those projections are based on several

EPA-sponsored studies conducted in the preparation

of the U.S. Department of State’s Climate Action

Report 2002 [93, 94, 95, 96]. Table 21 combines the

AEO2005 reference case projections for energy-

related carbon dioxide emissions with the projections

for other greenhouse gases.

According to the combined emissions projections in

Table 21, the greenhouse gas intensity of the U.S.

economy is expected to decline by 14 percent from

2002 to 2012 and by 30 percent from 2002 to 2025 in

the reference case. The Administration’s goal of

reducing greenhouse gas intensity by 18 percent by

2012 would require an emissions reduction of about

366 million metric tons carbon dioxide equivalent

from the projected level in the reference case.

Although AEO2005 does not include cases that specif-

ically address alternative assumptions about green-

house gas intensity, the integrated high technology

case does give some indication of the feasibility of

meeting the 18-percent intensity reduction target. In

the integrated high technology case, which combines

the high technology cases for the residential, commer-

cial, industrial, transportation, and electric power

sectors, carbon dioxide emissions in 2012 are pro-

jected to be 129 million metric tons less than the ref-

erence case projection. As a result, U.S. greenhouse

gas intensity would fall by 15.5 percent from 2002 to

2012, still somewhat short of the Administration’s

goal of 18 percent (Figure 20). An 18-percent decline

in intensity is projected to occur by 2014 in the inte-

grated high technology case, as compared with 2015

in the reference case.

Impacts of Temperature Variation

on Energy Demand in Buildings

In the residential and commercial sectors, heating

and cooling account for more than 40 percent of
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Measure

Projection Percent Change

2002 2012 2025 2002-2012 2002-2025

Greenhouse gas emissions
(million metric tons carbon dioxide equivalent)

Energy-related carbon dioxide 5,750 6,812 8,062 18.5 40.2

Methane 599 609 606 1.7 1.1

Nitrous oxide 323 342 382 5.7 18.3

Gases with high global warming potential 144 284 624 97.5 334.0

Other carbon dioxide and adjustments
for military and international bunker fuel 60 82 93 37.2 56.9

Total greenhouse gases 6,876 8,128 9,767 18.2 42.1

Gross domestic product (billion 2000 dollars) 10,075 13,869 20,292 37.7 101.4

Greenhouse gas intensity
(thousand metric tons carbon dioxide
equivalent per billion 2000 dollars of gross
domestic product) 682 586 481 -14.1 -29.5

Table 21. Projected changes in U.S. greenhouse gas emissions, gross domestic product, and greenhouse gas

intensity, 2002-2025



end-use energy demand. As a result, energy consump-

tion in those sectors can vary significantly from year

to year, depending on yearly average temperatures.

In long-term energy forecasting, an average of the

heating and cooling degree-days data for the previous

30 years is ordinarily used as a proxy for “normal”

weather [97]. Both heating and cooling degree-days

have shown a slight warming trend since 1973

(Figure 21), although no warming trend is evident

from an examination of the long-term data since

1930. The direction of year-to-year fluctuations in

U.S. average heating degree-days and in U.S. average

cooling-degree days do not appear to be correlated;

however, both the lowest yearly average for heating

degree-days and the highest yearly average for cool-

ing degree-days were recorded in 1998. The coldest

winter over the 1973-2003 period (1978) was 11 per-

cent colder than the average, and the warmest winter

(1998) was 12 percent warmer than the average. The

coolest summer (1976) was 16 percent cooler than the

average, and the warmest summer (1998) was 15 per-

cent warmer than the average.

The AEO2005 reference case uses the 30-year aver-

age of heating and cooling degree-days from the

National Oceanic and Atmospheric Administration at

the State level, adjusted for State population fore-

casts through 2025, to represent future temperatures

(previous AEOs used Census division forecasts). As a

result of State population shifts, population-weighted

heating degree-days are projected to decline by 3.2

percent, and population-weighted cooling degree-

days are projected to increase by 4.1 percent from

2003 to 2025, relative to the weather normal average

assumed in 2005, because the population is projected

to shift to States with warmer climates.

To estimate the possible impact of warmer or colder

weather on energy use in the residential and commer-

cial sectors, two alternative cases were examined: a

warmer case assuming above-average temperatures

and a cooler case assuming below-average tempera-

tures throughout the projection period. For this anal-

ysis, it was assumed that State-level heating and

cooling degree-days would reach the average of the

five warmest or coolest levels that have occurred over

the past 30 years by 2025. It was also assumed that

warmer winters would coincide with warmer sum-

mers, and vice versa. Figures 22 and 23 show the pro-

jected trends in heating and cooling degree-days from

2005 to 2025 in the reference, warmer, and cooler

cases. Compared with the reference case forecast,

heating degree-days are projected to be 11 percent

higher in the cooler case and 12 percent lower in the

warmer case by 2025, and cooling degree-days are

projected to be 17 percent higher in the warmer case

and 16 percent lower in the cooler case.

The impacts of the assumptions in the warmer and

cooler weather cases on projected energy consump-

tion in the residential and commercial sectors are

mixed, because warmer winters reduce demand for

space heating (generally fossil fuels) and warmer

summers increase demand for space cooling (gener-

ally electricity), whereas colder winters and summers

do the opposite. Figure 24 shows the impacts of the

two cases on electricity consumption (including con-

version losses) and direct fossil fuel consumption.

Given that fossil-fuel-fired space heating is the larg-

est use of energy in the two buildings sectors, it is not

surprising that the cumulative change in the two

weather cases is greatest for fossil fuels. The cumula-

tive change in fossil fuel consumption in the buildings
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sector in the warmer and colder cases represents

2.4 and 1.9 percent, respectively, of the cumulative

amount of fossil fuels used in the buildings sector

from 2006 through 2025. For electricity, the cumula-

tive change is 0.2 percent of the cumulative amount of

electricity (including conversion losses) used in the

buildings sector in both cases between 2006 and 2025.

The much lower change for electricity is due to the

fact that much less of the electricity load is tempera-

ture dependent—only 16 percent, compared with 62

percent for fossil fuels. For example, many of the

major end-use services that are not temperature

dependent, such as lighting, refrigeration, and office

equipment, are powered almost exclusively by

electricity.

Changes in projected energy demand in the warmer

and cooler cases also affect the projections of energy

prices. Relative to the AEO2005 reference case, aver-

age residential and commercial electricity prices in

the cooler case are 0.7 percent and 0.5 percent lower

over the projection period, respectively, as summer

peak demand is reduced by decreases in air condition-

ing use. In the warmer case, average electricity prices

to residential and commercial customers over the

period from 2006 to 2025 are 0.8 percent and 0.9 per-

cent higher, respectively, as summer peak load is

increased.

The changes in electricity demand are not evenly dis-

tributed throughout the year; there is a much greater

change in peak demand than there is in total demand.

This also affects the amount of electric generating

capacity needed, which is based on an assumed

reserve over the peak demand. In the warmer case,

peak demand in 2025 is 4.8 percent higher than in the

reference case, resulting in a 3.5-percent increase in

overall electricity generation capacity, although total

demand in 2025 is only 0.5 percent higher than in the

reference case. As a result, higher average electricity

prices are projected, due to the increased costs of

capacity without an equal increase in generation. The

incremental cost is spread over relatively few addi-

tional kilowatthours. In the colder case, projected

peak demand in 2025 is 4.4 percent lower than in the

reference case, and total capacity is 3.2 percent lower,

although total demand is only 0.7 percent lower. In

this case, total costs are lower due to fewer new capac-

ity additions, but total demand is again almost the

same, and average prices are lower.

Because changes in annual energy demand vary

depending on season and fuel type in the two weather

cases, it follows that changes in energy expenditures

will vary as well. As shown in Figure 24, demand for

fossil fuel and electricity change in opposite directions

relative to the reference case in the two temperature
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sensitivity cases. Figure 25 shows the changes in pro-

jected present value of expenditures for electricity

and fossil fuels in the residential and commercial sec-

tors in the warmer and colder cases. The present

value of commercial electricity expenditures changes

the most, but the difference, as a percentage of cur-

rent commercial electricity expenditures, reaches

only 1.3 percent over the present value of all future

expenditures on electricity in the sector. The present

value of residential energy expenditures increases by

$2.3 billion in the cooler case, meaning that consum-

ers could expect to pay more money for their house-

hold energy use over the projection period. In the

warmer case, the present value of residential energy

expenditures decreases by $1.6 billion, reflecting the

larger heating requirements relative to cooling

requirements in the sector.

In summary, average yearly temperatures that are

warmer or cooler than expected would have mixed

impacts on energy consumption and expenditures in

the residential and commercial sectors if the changes

were directionally the same in the heating and cooling

seasons. Warmer summer temperatures would

increase demand for air conditioning, and warmer

winter temperatures would decrease demand for

heating. Because space heating accounts for more

energy use than air conditioning on the basis of sales

volumes, heating fuels tend to be more affected by

changes in temperature than do cooling fuels; how-

ever, given the relatively high delivered price of elec-

tricity compared to fossil fuels, changes in energy

consumption tend to affect electricity more on the

basis of total expenditures.

The projections in the warmer and cooler weather

cases show that energy consumption and expendi-

tures are sensitive to changes in temperature. It

should be noted, however, that the changes projected

are relatively small relative to the sector totals.

Accordingly, in the colder case, cumulative carbon

dioxide emissions from 2003 to 2025 are projected to

be only 0.1 percent higher than in the reference case,

and in the warmer case they are projected to be only

0.2 percent lower than in the reference case.

Production Tax Credit for

Renewable Electricity Generation

In the late 1970s and early 1980s, environmental and

energy security concerns were addressed at the Fed-

eral level by several key pieces of energy legislation.

Among them, the Public Utility Regulatory Policies

Act of 1978 (PURPA), P.L. 95-617, required regulated

power utilities to purchase alternative electricity gen-

eration from qualified generating facilities, including

small-scale renewable generators; and the Invest-

ment Tax Credit (ITC), P.L. 95-618, part of the

Energy Tax Act of 1978, provided a 10-percent Fed-

eral tax credit on new investment in capital-intensive

wind and solar generation technologies [98].

EPACT included a provision that addresses problems

with the ITC—specifically, the lack of incentives for

operation of wind facilities. EPACT introduced the

renewable electricity PTC, a credit based on annual

production of electricity from wind and some biomass

resources. The initial tax credit of 1.5 cents per

kilowatthour (1992 dollars) for the first 10 years of

output from plants entering service by December 31,

1999, has been adjusted for inflation and is currently

valued at 1.8 cents per kilowatthour (2003 dollars)

[99, 100].

The original PTC applied to generation from tax-

paying owners of new wind plants and biomass power

plants using fuel grown in a “closed-loop” arrange-

ment (crops grown specifically for energy production,

as opposed to byproducts of agriculture, forestry,

urban landscaping, and other activities). In its early

years, the PTC had little discernable effect on the

wind and biomass industries it was designed to sup-

port (Figure 26). Although there have not been any

commercial closed-loop generators, by 1999, when the

provision was originally set to expire, U.S. wind

capacity had begun growing again, and the PTC sup-

ported the development of more than 500 megawatts

of new wind capacity in California, Iowa, Minnesota,

and other States. Wind power development was also

encouraged by State-level programs, such as the
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mandate in Minnesota for 425 megawatts of wind

power by 2003 as part of a settlement with Northern

States Power (now Xcel Energy) to extend on-site

storage of nuclear waste at its nuclear facility [101].

In 1999, the PTC was allowed to expire as scheduled,

but within a few months it was retroactively extended

through the end of 2001 [102], and poultry litter was

added to the list of eligible biomass fuels. Although

wind power development slowed significantly in 2000,

2001 was a record year with as much as 1,700 mega-

watts installed [103]. Again, State and local pro-

grams, including a significant renewable energy

mandate program in Texas, also supported new wind

installations.

The PTC was allowed to expire again on December

31, 2001, while Congress worked on a comprehensive

new energy policy bill. It was retroactively extended a

second time to December 31, 2003, as part of an omni-

bus package of extended tax credits passed in

response to the economic downturn and terrorist

attacks of 2001 [104].

Like the 1999 expiration and extension, the extension

of the PTC in 2002 was followed by a lull in wind

power development; however, in 2003, the year lead-

ing up to the expiration, the wind industry saw signif-

icant growth of almost 1,700 megawatts [105],

approaching the record set in 2001. Significantly,

while many 2003 builds still relied on multiple incen-

tives (for example, the PTC plus a State program) to

achieve economic viability, some (in Oklahoma and

other States) were developed with little government

support beyond the PTC [106].

An extension of the PTC program to eligible plants

entering service on or before December 31, 2005, was

passed as part of the Working Families Tax Relief Act

of 2004 (P.L. 108-311). In addition, the American

Jobs Creation Act of 2004 (P.L. 108-357) expanded

the credit to other renewable resources, such as

open-loop biomass, geothermal, and solar electricity,

as detailed below.

With reductions in capital costs and increases in

capacity factors [107], wind power technology has

improved since the introduction of the ITC and PTC.

It is likely that the installations spurred by those

incentives allowed the industry to “learn by doing”

and thus contributed to improvement of the technol-

ogy. There were, however, other factors that contrib-

uted to cost reductions during the period, including

government-funded research and development and

large markets for wind power technology that were

created by subsidy programs in other countries, espe-

cially, Denmark and Germany.

The AEO2005 reference case, assuming no extension

of the PTC beyond 2005 (as provided for in current

law as of October 31, 2004), projects that the levelized

cost of electricity generated by wind plants coming on

line within the next few years would range from

approximately 4.5 cents per kilowatthour at a site

with excellent wind resources [108] to 6.0 cents per

kilowatthour at less favorable sites. To incorporate

the effect of the current 1.8-cent tax credit over the

10-year eligibility period for those wind plants, the

projections account for both the tax implications and

the time value of the subsidy. As a tax credit, the PTC

represents 1.8 cents per kilowatthour of tax-free

money to a project owner. If the owner did not receive

the tax credit and wanted to recoup that 1.8 cents

with taxable revenue from electricity sales, 2.8 cents

would have to be added to the sales price of each

kilowatthour, assuming a 38-percent marginal tax

rate.

Applying the same assumptions used to derive the

4.8-cent total levelized cost of wind energy over a

20-year project life, the levelized value of the PTC to a

wind project owner is approximately 2.1 cents per

kilowatthour. Similarly, the lower value of the PTC

for other resources could be expected to reduce the

levelized cost of prime geothermal sites from 4.4 to

3.6 cents per kilowatthour, and to reduce the

levelized cost of a new dedicated biomass plant burn-

ing low-cost eligible urban or agricultural waste from

5.1 to 4.5 cents per kilowatthour. Solar projects with

high capital costs and relatively low capacity factors

probably would benefit more from the available

10-percent investment tax credit than from the PTC

(Table 22).
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In the reference case, the projected levelized cost for

electricity from new natural gas combined-cycle

plants is 4.7 cents per kilowatthour, and for new

coal-fired plants the projected cost in 2010 is 4.3 cents

per kilowatthour [109]. The value of the incremental

fuel and capacity displaced by wind power in 2010 is

4.3 cents per kilowatthour in the reference case.

Thus, it is easy to see how the PTC could make wind

plants an attractive investment in the mid-term elec-

tricity market.

In view of the history of past PTC extensions, another

extension beyond the current 2005 expiration date

seems well within the realm of possibility. Given the

uncertainty regarding the long-term fate of the PTC,

EIA examined one possible outcome for an extension

of the PTC. The PTC extension case is not meant to

represent any expectation about future policy deci-

sions regarding the PTC, but rather to provide a use-

ful indication of the impacts of the PTC program on

future energy markets relative to the reference case

forecast, which assumes no extension of the PTC

beyond 2005. This case is based on an “as-is” exten-

sion to 2015 of the expanded renewable electricity

PTC program, as expanded by the American Jobs

Creation Act of 2004 to facilities placed in service by

the end of 2015.

The current PTC law provides a tax credit of 1.8 cents

per kilowatthour for the first 10 years of operation to

new wind plants, dedicated biomass plants burning

closed-loop fuel or poultry litter, and certain approved

fossil fuel plants co-firing with closed-loop renewable

fuels. A credit of 1.8 cents per kilowatthour is pro-

vided for the first 5 years of operation to new geother-

mal and solar plants [110], and a credit of 0.9 cent per

kilowatthour is provided for the first 5 years of opera-

tion to new dedicated biomass plants burning a wide

variety of “open-loop” fuels, such as urban wood

wastes, landscaping wastes, agricultural residues,

and forestry residues. Landfill gas and municipal

solid waste mass-burn facilities are eligible for the

“open-loop” credit as well, although this would pre-

clude taking advantage of other tax credits offered to

some of those facilities.

Each of the credits is modeled as specified in the law,

with the exception of the “closed-loop” credits for

dedicated biomass plants and approved co-firing

applications, the tax credit for photovoltaics, and the

credit for refined coal. Because of the long establish-

ment times and relative expense of energy crops, it is

assumed that there will be no dedicated, closed-loop

biomass plants able to take advantage of an extension

of the PTC to 2015. Furthermore, the eligibility of

co-firing plants to take advantage of the credit is to be

determined on a case-by-case basis by the Depart-

ment of Energy, and determining which or how many

plants will be able to qualify is beyond the scope of

this analysis. This analysis assumes that no PTC is

given for co-firing. Geothermal, utility-owned photo-

voltaics, and solar thermal power applications are all

eligible for either the PTC or the ITC. In the case of

photovoltaics, which has very high investment costs

and relatively low annual output per unit capacity,

the ITC is estimated to be the more valuable of the

two tax credits, and it is assumed that it will be pre-

ferred over the PTC. EIA does not currently provide

projections for refined coal markets.

The PTC extension case assumes an uninterrupted

extension of the PTC through 2015. As indicated

above, the PTC has historically been subject to a

series of expirations with retroactive extension for

short periods (typically, 2 years per extension). The

resulting uncertainty for the relatively long-term

cycle of electricity market investment may have a sig-

nificant impact on the ability of the industry to

exploit the subsidy. The observed “packing” of con-

struction in the last 6 months or so of each new eligi-

bility window may serve to increase investment cost.

In addition, uncertainty about the future availability

of the PTC may affect infrastructure investment deci-

sions that could lead to fuller realization of cost-

reduction opportunities [111].

In the PTC extension case, wind power has the largest

projected gains, although landfill gas, geothermal,

and dedicated, open-loop biomass resources all are

projected to see some capacity expansion. Installed

wind capacity in 2015 is almost 63 gigawatts in the

PTC extension case, compared to 9.3 gigawatts in the

reference case. This 580-percent increase in capacity
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Generation source
Reference

case

PTC
extension

case

Combined cycle 4.7 4.5

Combustion turbine 7.0 6.8

Coal 4.3 4.3

Geothermal 4.4 3.6

Photovoltaic 21.0 21.0

Solar thermal 12.6 12.6

Open-loop biomass 5.1 4.5

Wind 4.8 2.9

Avoided cost of geothermal or biomass 4.4 4.0

Avoided cost of wind 4.3 4.0

Table 22. Levelized costs of new conventional and

renewable generation in two cases, 2010

(2003 cents per kilowatthour)



results in a 650-percent increase in generation from

the reference case projection for 2015 (206 billion

kilowatthours in the PTC extension case compared to

27 billion kilowatthours in the reference case).

In 2015, geothermal capacity in the PTC extension

case (3.23 gigawatts) is more than 20 percent greater

than in the reference case (2.66 gigawatts), resulting

in 30 percent more electricity generation from geo-

thermal resources in 2015 (Table 23). With limited

availability of new sites, new landfill gas capacity in

2015 is only 50 megawatts greater in the PTC exten-

sion case than the reference case projection of 3,630

megawatts. Although new dedicated biomass capacity

in 2015 is almost 65 percent greater in the PTC exten-

sion case than in the reference case (3.39 gigawatts

compared to 2.06 gigawatts), total biomass genera-

tion in the electric power sector in 2015 is only 10 per-

cent higher than in the reference case (33.13 billion

kilowatthours compared to 30.01 billion kilowatt-

hours). This is largely a result of a significant decline

in the use of biomass for co-firing applications, as the

dedicated plants receiving the tax credit generally are

expected to have a competitive advantage over co-

firing plants in obtaining open-loop fuel.

Although geothermal capacity and dedicated biomass

capacity in the PTC extension case continue to grow

after the assumed 2015 expiration of the PTC, wind

capacity expansion all but stops when the PTC

expires. Because geothermal and biomass compete as

baseload resources, their relative economics in the

2015 to 2025 time frame are similar in the reference

and PTC extension cases; however, both benefit from

reduced technology costs as a result of “learn-

ing-by-doing.” Wind, on the other hand, competes as

an intermittent resource, with much of its generation

displacing intermediate-load energy rather than peak

or baseload energy. Initially, the displaced load con-

sists of a significant amount of natural-gas-fired gen-

eration, with a relatively high fuel cost; however,

after significant gas-fired generation is displaced,

more coal-fired generation (with lower fuel costs) is

displaced. In the PTC extension case, the avoided cost

of wind generation is reduced by as much as 15 per-

cent in 2020 from the reference case projection.

The total incremental cost to the U.S. Treasury of

extending the PTC from 2005 to 2015 is estimated at

$17 billion in lost tax revenue (all cumulative money

calculations are in 2003 dollars, discounted at 7
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Projection

2005 2015 2025

Reference
case

PTC
extension case

Reference
case

PTC
extension case

Reference
case

PTC
extension case

Electric power sector net summer capacity (gigawatts)

Conventional hydropower 78.1 78.1 78.2 78.2 78.2 78.2

Geothermal 2.2 2.2 2.7 3.2 4.6 5.3

Municipal solid waste 3.4 3.4 3.6 3.7 3.7 3.7

Wood and other biomass 1.8 1.8 2.1 3.4 4.5 5.6

Solar thermal 0.4 0.4 0.5 0.5 0.5 0.5

Solar photovoltaic 0.1 0.1 0.2 0.2 0.4 0.4

Wind 8.2 8.2 9.3 63.0 11.3 63.0

Total renewable 94.1 94.1 96.5 152.1 103.1 156.6

Total electric power industry 945 945 967 1,014 1,145 1,186

Electric power sector generation (billion kilowatthours)

Conventional hydropower 288.4 288.4 300.5 300.6 301.1 301.1

Geothermal 12.1 12.1 16.1 21.0 32.8 38.3

Municipal solid waste 24.3 24.3 26.1 26.5 26.5 26.9

Wood and other biomass 20.6 20.7 30.0 33.1 37.4 44.5

Dedicated plants 10.1 10.1 11.7 19.8 27.3 35.4

Co-firing 10.6 10.6 18.3 13.3 10.1 9.1

Solar thermal 0.7 0.7 0.9 0.9 1.0 1.0

Solar photovoltaic 0.1 0.1 0.5 0.5 1.0 1.0

Wind 23.6 23.6 27.3 205.7 34.5 205.7

Total renewable 369.8 369.8 401.4 588.3 434.2 618.5

Coal 2,054 2,054 2,305 2,275 2,890 2,802

Natural gas 699 699 1,172 1,054 1,403 1,331

Total net generation to the grid 3,890 3,890 4,676 4,708 5,522 5,545

Table 23. Renewable electricity capacity and generation in two cases, 2005, 2015, and 2025



percent per year unless otherwise noted). The electric

power industry incurs $12 billion in cumulative addi-

tional costs through 2025 in the PTC extension case

compared to the reference case; however, this addi-

tional expense is more than compensated for by the

subsidy. Because the net effect of the PTC extension

is a slight reduction in end-use electric power prices,

electricity consumers save about $37 billion in

end-use electricity expenditures through 2025 in the

PTC extension case compared to reference case. In

addition, the assumed PTC extension significantly

reduces demand for natural gas in the electric power

sector, lowering natural gas prices for all consumers.

Total natural gas expenditures by consumers other

than electric utilities are reduced by $13 billion

through 2025 in the PTC extension case compared to

the reference case. About $16 billion of the $17 billion

in taxpayer cost is allocated to wind energy resources

as a result of both the significantly higher level of

PTC-induced wind generation and the higher PTC

value and claim period for wind projects than for geo-

thermal or open-loop biomass projects.

Distributed Generation in Buildings

Distributed generators installed by residential and

commercial customers may supply electricity alone

(generation) or electricity as well as heat or steam

(CHP). On-site generators can have several advan-

tages for electricity customers:

• If redundant capability is installed, reliability can

be much higher than for grid-supplied electricity.

• Although electricity from distributed generation

is generally more costly than grid-supplied power,

the waste heat from on-site generation can be cap-

tured and used to offset energy requirements and

costs for other end uses, such as space heating and

water heating.

• Distributed generation can reduce the need for

energy purchases during periods of peak demand,

which can lower both current energy bills and,

presumably, energy bills in future competitive

markets, when peak prices will be set by the most

expensive generator supplying power to the grid.

Currently, distributed generation provides a very

small share of residential and commercial electricity

requirements in the United States. The AEO2005 ref-

erence case projects a significant increase in electric-

ity generation in the buildings sector, but distributed

generation is expected to remain a small contributor

to the sector’s energy needs. Although the advent of

higher energy prices or more rapid improvement in

technology could increase the use of distributed gen-

eration relative to the reference case projection, the

vast majority of electricity used in buildings is pro-

jected to continue to be purchased from the grid.

The AEO2005 buildings models represent several

grid-connected distributed generation technologies

either as simple generation or as CHP, including con-

ventional technologies such as oil or gas engines and

combustion turbines and new technologies such as

solar photovoltaics (PV), fuel cells, and micro-

turbines. PV systems are the most costly of the dis-

tributed technologies for buildings on the basis of

installed capital costs; however, once the systems are

installed, no fuel costs are incurred. Petroleum-based

generation is often used for emergency power backup

in the commercial sector, but potential issues related

to localized emissions make it less appropriate

than natural-gas-based generation for continuous

operation.

The projected adoption of distributed generation

technologies in the buildings sector is based on fore-

casts of the economic returns from their purchase to

meet baseload electricity needs (also thermal needs in

the case of CHP) and on estimated participation in

programs aimed at fostering distributed generation

[112]. A detailed cash flow analysis is used to estimate

the number of years needed to achieve a positive

cumulative cash flow. The calculations include the

annual costs (down payments, loan payments, main-

tenance costs, and fuel costs) and returns (tax deduc-

tions, tax credits, and energy cost savings) from the

investment over a 30-year period from the time of

the investment decision. The analysis includes the

assumption that if more electricity is generated than

needed, the excess can be sold to the grid [113].

Economic penetration of these technologies is a func-

tion of how quickly an investment in a technology is

estimated to recoup its flow of costs. Program-related

purchases are based on estimates from the Depart-

ment of Energy’s Million Solar Roofs program, the

Department of Defense fuel cell demonstration

program, State RPS and other renewable energy pro-

grams and goals, and locally targeted initiatives, such

as the Spire Solar Chicago program.

Table 24 shows projected installed capital costs [114]

and electrical conversion efficiencies [115] for several

of the distributed generation technologies repre-

sented in the buildings sector models. All fossil-fuel-

fired systems are assumed to be used in CHP applica-

tions to take advantage of waste heat produced in the
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generation process. The costs and performance of fos-

sil-fuel-fired CHP and PV systems are assumed to

improve over time in the AEO2005 projections, with

emerging technologies (fuel cells, microturbines, and

PV) showing the most improvement. Technology

learning is also expected to occur for the emerging

technologies, allowing for additional cost declines if

cumulative shipments increase sufficiently [116].

Market Factors

The availability of technologies does not guarantee

their widespread adoption. Many factors enter into

the decision whether to purchase grid-supplied elec-

tricity to meet all of a building’s power needs or to

invest in a distributed generation system. Some of the

issues that affect the market for distributed genera-

tion are discussed below.

Economics, Technology, and Suitability. In most

instances, purchasing electricity is currently more

economical for residential and commercial consumers

than investing in distributed generation systems. On

average, buildings sector sites are much smaller than

industrial sites, and they are limited to technologies

that have been more expensive and less efficient than

larger CHP. Commercial firms generally have fewer

operating hours per year and lower load factors than

industrial firms, limiting the annual hours of system

operation in which the higher first costs can be

recouped. In addition, few types of buildings applica-

tions involve the steady thermal requirements that

maximize the efficiency and economics of CHP

systems.

Recent increases in fuel prices have further damp-

ened enthusiasm for new CHP systems in buildings.

Although fuel costs are not an issue with PV systems,

their high installed capital cost limits economic via-

bility to areas with high electricity prices and/or pro-

gram-based incentives that offset a significant

portion of the added investment costs. To the extent

that deregulated retail electricity markets may pass

along hourly or seasonal variation in the cost of pro-

ducing electricity, such as time-of-day or real-time

pricing, distributed generation applications may see

further economic opportunities to offset higher

energy costs; however, the adoption of such rate

structures on a widespread basis in the residential

and commercial sectors is currently highly uncertain.

All the fossil-fuel-fired distributed generation tech-

nologies represented in the reference case are

assumed to be CHP systems; however, based on a

January 2000 report prepared by ONSITE SYCOM

Energy Corporation, only about 5 percent of existing

commercial buildings in the United States have tech-

nically adequate electric demand and thermal loads to

meet the criteria for CHP [117]. Considering the pos-

sibility of cost-effective CHP systems in smaller sizes

and the advent of systems that include heat-activated

cooling [118] increases the potential market for CHP

adoption, but conditions would need to change from

those represented in the reference case to encompass

a much larger share of the commercial sector, let

alone to make CHP systems economically attractive

to meet residential consumers’ everyday power and

heating needs.

The amount of electricity a PV system can produce

depends on the quality of the solar resource, as well as

the size and efficiency of the system. On an annual

basis, a PV system in Alaska would, in general, pro-

duce less electricity than an identical system in Ari-

zona. The suitability of PV also depends on the ability

to site the system to take advantage of the sunlight

available. In addition, although PV systems tend to

generate power during some of the peak electricity

demand hours, their value in offsetting peak power

costs may be somewhat less than that of fossil-fueled

systems, because their output cannot be controlled

with sufficient precision to follow real-time pricing

signals or match a time-of-day tariff structure.

Regulation. Another factor to be considered when an

investment in distributed generation technology is

being made is the regulatory environment. Require-

ments for permits and approvals for distributed gen-

eration systems vary widely by State, technology,
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Technology

2004 2010 2020 2025

Cost Efficiency Cost Efficiency Cost Efficiency Cost Efficiency

Residential photovoltaic 8,600 14 6,200 18 3,814 22 3,180 22

Commercial photovoltaic 6,250 14 4,750 18 3,178 22 2,650 22

Commercial fuel cell 5,200 36 2,500 49 1,800 51 1,450 52

Natural gas turbine 1,860 22 1,679 24 1,567 27 1,539 28

Natural gas engine 1,130 32 1,030 33 930 34 915 34

Natural gas microturbine 1,773 28 1,415 36 870 38 818 39

Table 24. Projected installed costs (2003 dollars per kilowatt) and electrical conversion efficiencies (percent)

for distributed generation technologies by year and technology, 2004, 2010, 2020, 2025



fuel, and project size. Researching and responding to

a wide range of requirements is a hurdle for project

development, adding expense to an already capi-

tal-intensive endeavor. Requirements can range from

emissions and siting regulations to local building,

zoning, and fire codes to local utility interconnection

policies, exit fees, and standby rates [119].

Interconnection. The electric grid was not designed

for two-way energy flow or storing energy at the dis-

tribution level. Consequently, utilities have imple-

mented interconnection policies for the safe and

reliable operation of the local grid when distributed

generation units are interconnected to it. Some

States are proposing to follow the requirements

recently set forth by the Institute of Electrical and

Electronics Engineers in IEEE 1547, “Standard for

Distributed Resource Interconnects with Electric

Power Systems” [120]. Others are developing their

own interconnection standards. Still others have no

standards, and procedures in those States are defined

by individual electric utilities. Although some utilities

have simplified the processes for small distributed

generation projects (below 30 to 40 kilowatts), utili-

ties generally require an interconnection study to be

completed as part of the planning process for an

installation.

Emissions. Restrictions may also be imposed on emis-

sions from fossil-fuel-fired on-site generation that

could contribute to smog and acid rain. Basic permit-

ting and emission control requirements vary by State

and whether a site falls within an emissions non-

attainment zone with significant air quality problems

[121]. Most States do not require permits for small

units or units with small amounts of emissions. The

threshold for such exemptions varies by State. In

addition, distributed generation equipment that

requires a permit is likely to require some emission

limitations or controls. Systems that use fuel oil typi-

cally have higher “fuel-based” emissions than those

that run on natural gas, making permitting and con-

trol costs a larger issue for those systems.

Reference Case Projections

The AEO2005 reference case includes residential and

commercial distributed generation projections at the

national level and for the nine Census divisions [122],

using the assumptions and methodology described

above. At the national level, there is currently little

residential capacity for electricity generation from

fossil fuels. Existing capacity consists primarily of

emergency backup generators to provide electricity

for minimum basic needs in the event of power

outages. Generating capacity in the commercial sec-

tor is also primarily for emergency backup; however,

some electricity supply and peak generation is

reported. EIA’s 1999 Commercial Buildings Energy

Consumption Survey (CBECS) estimated that about

0.7 percent of all commercial buildings (1.6 percent of

all commercial floorspace) use generators for pur-

poses other than emergency backup.

Fossil-fuel-fired commercial generating facilities

larger than 1 megawatt reported generating 7.0 bil-

lion kilowatthours of electricity in 2002 and 6.3 bil-

lion kilowatthours in 2003, about 0.5 percent of the

sector’s electricity needs [123]. The reference case

projects an 80-percent increase in electricity supplied

annually by fossil-fuel-fired distributed generation in

the buildings sector, to 11.3 billion kilowatthours in

2025, but distributed generation still is expected to

meet less than 1 percent of the electricity require-

ments for buildings nationally.

Generation from natural gas turbines at commercial

facilities is projected to remain essentially constant

throughout the forecast. Gas turbines are viewed as a

“mature” technology that is expected to show only

modest improvement over the forecast, and, in addi-

tion, few commercial facilities have power and ther-

mal needs or operating hours that would warrant

investment in a large CHP system such as a gas tur-

bine. Although engines are expected to remain a pop-

ular choice for commercial CHP, the adoption of

microturbines and fuel cells is projected to increase

later in the forecast period, reflecting projected cost

declines and technological progress for these emerg-

ing technologies. With reference case electricity and

fossil fuel prices, the vast majority of residential con-

sumers are not expected to purchase fossil-fuel-fired

distributed generation systems to meet their daily

electricity requirements.

The reference case projections for grid-connected PV

incorporate current national incentives for commer-

cial sector systems, including an Investment Energy

Tax Credit and favorable depreciation treatment

[124]. The effects of regional and local incentives are

estimated through projections for program-related

purchases of PV systems. Although AEO2005 projec-

tions are limited to grid-connected systems, EIA esti-

mates that remote PV applications (off-grid power

systems) representing as much as 134 megawatts of

electricity generation capacity were in service in

2002, in addition to another 362 megawatts of PV

generating capacity in specialized applications, such

as communications and transportation [125].

64 Energy Information Administration / Annual Energy Outlook 2005

Issues in Focus



In the reference case, electricity generation from PV

systems in the buildings sector is projected to increase

at an average annual rate of 17 percent, to 3.7 billion

kilowatthours in 2025 (Figure 27). New installations

through 2010 are expected to result from pro-

gram-related purchases that generally include incen-

tives to help defray the high capital costs associated

with the technology. Later in the forecast, as a result

of projected cost declines combined with favorable tax

treatment, PV systems are projected to become eco-

nomically attractive without additional subsidies in

regions where electricity costs are relatively high.

Delivered energy prices vary by geographical region

in the United States and are expected to continue to

differ by region throughout the forecast horizon.

Variations in electricity prices, fossil fuel prices, and

the relative difference between electricity and fossil

fuel prices result in significant differences in the pro-

jected adoption of distributed generation technologies

by region. Public policies and incentive programs dif-

fer by State and region as well, adding to the expected

regional variation in distributed generation.

The use of fossil-fuel-fired distributed generation

technologies in CHP applications is projected to grow

fastest in regions with high electricity prices and

relatively moderate natural gas prices (Figure 28).

Although the Mountain Census division is projected

to show the fastest rate of growth in the reference

case, 5.0 percent per year between 2003 and 2025, the

Pacific Census division is projected to show the great-

est increase in generation, 1.6 billion kilowatthours.

Census divisions with relatively low electricity prices,

such as the East South Central division, show little

growth.

Near-term adoption of PV systems in the buildings

sector is expected to be concentrated in regions that

exhibit some combination of the following: active

programs to foster the development of PV, high elec-

tricity rates, and sufficient periods of sunlight to

maintain PV electricity production. For example, in

addition to abundant sunshine in many parts of Cali-

fornia, the California Energy Commission’s rebate

program, funded by a System Benefits Charge,

refunds up to one-half of the installed cost of PV sys-

tems. States with RPS programs that require a per-

centage of electricity generation to be provided from

renewable energy sources often offer “extra credit”

for PV that increases its attractiveness [126]. The

Pacific Census division, the current leader in PV elec-

tricity generation, is expected to show the greatest

increase in the AEO2005 reference case, with pro-

jected PV generation of more than 1 billion kilowatt-

hours in 2025 (Figure 28). In the New England and

Middle Atlantic Census divisions, where high electric-

ity prices are projected, the use of distributed PV sys-

tems is projected to increase by more than 20 percent

from 2003 to 2025.

Alternative Cases

Technology Improvement. The buildings sector 2005

technology and high technology cases included in

AEO2005 examine the sensitivity of the projections to

different technology assumptions in combination

with reference case energy prices and economic

assumptions [127]. These cases alter residential and

commercial assumptions for distributed generation

technologies, end-use equipment, and building shell

measures, focusing only on technological progress in

the buildings sector. In the 2005 technology case,
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which assumes no further technological improve-

ments, fossil-fuel-fired CHP is projected to total 7.2

billion kilowatthours in 2025, a 14-percent increase

from 2003 but 37 percent (4.2 billion kilowatthours)

lower than the reference case projection (Table 25).

Similarly, PV generation is projected to total 1.4 bil-

lion kilowatthours in 2025, 62 percent (2.3 billion

kilowatthours) lower than reference case projection.

The buildings high technology case is based on more

optimistic assumptions for emerging distributed

generation technologies, allowing greater cost

declines as shipments increase [128]. The high tech-

nology assumptions result in projected generation of

11.8 billion kilowatthours from fossil-fuel-fired CHP

in 2025, 4 percent higher than the reference case pro-

jection. PV generation is projected to total 4.7 billion

kilowatthours in 2025 in the high technology case, 25

percent higher that the reference case projection.

Energy Prices. In the AEO2005 low world oil price

case, lower prices for petroleum lead to lower pro-

jected electricity prices. As a result, more consumers

are expected to purchase electricity rather than

invest in distributed generation systems. In the low

world oil price case, generation from fossil-fuel-fired

CHP in buildings is projected to total 10.9 billion

kilowatthours in 2025 (400 million kilowatthours less

than in the reference case), and PV generation is pro-

jected to total 3.6 billion kilowatthours (100 million

kilowatthours less than in the reference case)—both

4 percent lower than the corresponding reference

case projections (Table 25). In the high world oil price

case, projected electricity and natural gas prices are

slightly higher than in the reference case for most of

the forecast period. As a result, in 2025, generation

from fossil-fuel-fired CHP in buildings is projected to

total 11.8 billion kilowatthours, 4 percent (500 mil-

lion kilowatthours) higher than the reference case

projection, and PV generation is projected to total 3.9

billion kilowatthours, 4 percent (100 million kilowatt-

hours) more than in the reference case.

Restricted Natural Gas Supply Case

The restricted natural gas supply case provides an

analysis of the energy-economic implications of a sce-

nario in which future gas supply is significantly more

constrained than assumed in the reference case.

Future natural gas supply conditions could be con-

strained because of problems with the construction

and operation of large new energy projects, and

because the future rate of technological progress

could be significantly lower than the historical rate.

Although the restricted natural gas supply case

represents a plausible set of constraints on future

natural gas supply, it is not intended to represent

what is likely to happen in the future.

The restricted natural gas supply case assumes the

following constraints on natural gas supply:

• The Alaska natural gas pipeline is not built and

put into operation by 2025.

• No new U.S. regasification terminals for LNG are

built during the forecast, but the proposed expan-

sions of existing U.S. terminals are permitted to

go into operation as currently scheduled, along

with any new LNG terminals already under con-

struction.

• The future rates of technological progress for oil

and gas exploration and development for both

conventional and unconventional gas are one-half

of the historical rates assumed in the reference

case.

The restricted supply case assumes that the Alaska

natural gas pipeline is not built during the forecast

period either because of public opposition to this pro-

ject and/or a perception by potential project sponsors

that there are significant risks associated with such a

project that more than outweigh the potential

rewards. Potential risks include the possibilities that

pipeline construction costs could be significantly

higher than currently estimated, and that future

lower 48 natural gas prices could be considerably

lower than either current prices or expected future

prices.

The restricted supply case assumes that public

opposition to the construction of new U.S. LNG

regasification terminals would preclude their con-

struction. Existing terminals are assumed to proceed

with their expansion plans, based on the assumption

that LNG operations at existing terminals have lower

financial risk and are more acceptable to the public.

Any new LNG terminals already under construction

are assumed to be completed in the restricted supply
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Projection

Fossil-fuel-
fired

generation
Photovoltaic
generation

Buildings 2005 technology case -4.2 -2.3

Buildings high technology case 0.5 0.9

Low world oil price case -0.4 -0.1

High world oil price case 0.5 0.1

Table 25. Buildings sector distributed electricity

generation in alternative cases: difference from the

reference case in 2025 (billion kilowatthours)



case. In particular, Excelerate’s EnergyBridge project

in the Gulf of Mexico is under construction, in the

sense that the LNG tankers are under construction,

along with the docking buoy, which attaches the

tanker to the pipeline. The Excelerate EnergyBridge

project, the only new terminal represented in the

restricted supply case, is assumed to become opera-

tional in 2006. The volume of LNG imported into

Canada and Mexico is assumed to be identical in the

restricted supply and reference cases.

The restricted supply case assumes limits on the

degree to which technology could enhance the pro-

ductivity of future oil and natural gas supply opera-

tions. For example, current technology permits

producers to recover between 75 and 85 percent of the

in-place gas in conventional expansion gas reservoirs.

Clearly, the highest theoretical recovery is 100 per-

cent. Similarly, while seismic technology to access

underground geologic formations can still be

improved, there could be diminishing economic

returns to such advances, because it is unlikely that,

even with such advances, seismic technology would be

able to determine, for example, whether an adequate

reservoir seal existed at the appropriate point in geo-

logic time to permit the capture and retention of

hydrocarbons.

Although the future rate of oil and gas technological

progress might be considerably less than the histori-

cal rate, it is unlikely that there would be no techno-

logical progress in the future, given the competitive

nature of the oil and gas business and continued pri-

vate and public investment in research and develop-

ment. Consequently, the restricted supply case

assumes a rate of technological progress that is 50

percent lower than the historical rate. It is also

assumed that the oil and gas industry in Canada

would operate in the same technology environment as

U.S. oil and gas producers. Consequently, the lower

rate of technological improvement has the same

impact on oil and gas exploration and development in

Canada as in the United States.

Wellhead Natural Gas Prices. The assumptions used

in the restricted natural gas supply case result in sig-

nificantly higher projections of lower 48 wellhead nat-

ural gas prices. In 2015 and 2025, projected wellhead

gas prices are 23 percent and 31 percent higher,

respectively, in the restricted supply case than in the

reference case (Figure 29). In 2015, the restricted

supply case projects a wellhead price of $5.13 per

thousand cubic feet (2003 dollars), compared with the

reference case price of $4.16 per thousand cubic feet.

Similarly, in 2025, the restricted supply case projects

a wellhead price of $6.29 per thousand cubic feet,

compared with the reference case price of $4.79 per

thousand cubic feet.

Natural Gas Consumption. The high wellhead prices

projected in the restricted supply case significantly

reduce projected natural gas consumption (Figure

30). In the reference case, total U.S. natural gas con-

sumption increases throughout the forecast, from

22.0 trillion cubic feet in 2003 to 30.7 trillion cubic

feet in 2025. In the restricted supply case, total U.S.

gas consumption grows from 2003 levels to a peak of

26.0 trillion cubic feet in 2014, then declines in the

remainder of the forecast, to 24.5 trillion cubic feet in

2025.

All end-use sectors are projected to consume less

natural gas in the restricted supply case. The electric

power sector shows the greatest reduction in

consumption because of the availability of other
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generating options. In 2025, projected natural gas

consumption in the electric power sector is 4.3 trillion

cubic feet lower in the restricted supply case than in

the reference case (5.1 trillion cubic feet and 9.4 tril-

lion cubic feet, respectively). The electric power sec-

tor accounts for almost 70 percent of the total

reduction in projected gas consumption in 2025 in the

restricted supply case and is largely responsible for

the shape of the total gas consumption trend in that

case (Figure 31). Specifically, natural gas consump-

tion in the electric power sector is projected to peak in

2014 at 7.1 trillion cubic feet in the restricted supply

case, then decline steadily to 5.1 trillion cubic feet in

2025.

The high natural gas prices in the restricted supply

case both reduce the projected level of gas-fired elec-

tric generation capacity and reduce the use of the

gas-fired generating plants already in operation.

More coal-fired and renewable energy capacity is pro-

jected to be built as a result of the higher natural gas

prices: 451 gigawatts of coal-fired capacity through

2025, as compared with 394 gigawatts in the refer-

ence case, and 114 gigawatts of renewable capacity in

2025, as compared with 103 gigawatts in the refer-

ence case.

The second largest decline in projected end-use natu-

ral gas consumption in the restricted supply case is in

the industrial sector, with total projected consump-

tion of 8.3 trillion cubic feet in 2025, as compared with

9.0 trillion cubic feet in the reference case. Industrial

CHP production falls sharply as a result of the higher

natural gas prices, from 123 billion kilowatthours in

the reference case to 93 billion kilowatthours in the

restricted supply case in 2025, which further reduces

natural gas consumption.

Projected natural gas consumption in the residential

and commercial sectors is also reduced from reference

case levels in the restricted supply case, again due to

higher gas prices. Residential gas consumption in

2025 is projected to be 5.4 trillion cubic feet in the

restricted supply case, compared with 6.0 trillion

cubic feet in the reference case. Natural gas prices to

residential consumers are 12 percent higher in the

restricted supply case than in the reference case in

2015 and 19 percent higher in 2025, and residential

electricity prices are 4 percent and 2 percent higher in

2015 and 2025, respectively.

Commercial gas consumption in 2025 is projected to

be 3.8 trillion cubic feet in the restricted supply case,

compared with 4.1 trillion cubic feet in the reference

case. The higher natural gas prices in the restricted

supply case prompt commercial consumers to invest

in more efficient equipment or to switch to heating oil

for their space heating and water heating needs, rela-

tive to the reference case. Commercial facilities also

are expected to find natural-gas-fired CHP less

attractive, with projected gas-fired electricity genera-

tion in the sector 17 percent (1.7 billion kilowatt-

hours) lower in 2025 than projected in the reference

case. Even with the actions described above, projected

energy expenditures in the commercial sector in the

restricted supply case are 5 percent higher than in the

reference case in 2025, because the higher prices

more than offset the reduced consumption volumes.

Natural Gas Supply. The supply of natural gas avail-

able to U.S. consumers comes from both domestic

production and net imports. In the restricted natural

gas supply case, the availability of future domestic gas

production is constrained by the assumed absence of

an Alaska natural gas pipeline and by rates of techno-

logical progress that are 50 percent lower than those

observed historically. Natural gas imports are con-

strained by the assumption that only the currently

scheduled proposed expansions of existing U.S. termi-

nals are permitted to go into operation, along with

new LNG terminals already under construction.

Imports from Canada are constrained by the assump-

tion of low rates progress in oil and gas exploration

and recovery technologies.

The restricted supply case significantly reduces

future LNG imports in comparison with the reference

case projections (Figure 32). Net LNG imports in

2025 are projected to be 2.5 trillion cubic feet in the

restricted supply case, compared with 6.4 trillion

cubic feet in the reference case. Currently planned

expansions at the four existing LNG terminals and
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the construction and operation of the Excelerate

EnergyBridge terminal are responsible for the

increase in future LNG imports projected in the

restricted supply case, relative to the 0.4 trillion cubic

feet of net LNG imports in 2003. The restriction on

new LNG terminals reduces LNG’s share of total U.S.

gas supply in 2025 from 21 percent in the reference

case to 10 percent in the restricted supply case.

The higher natural gas prices projected in the

restricted supply case have a mixed impact on net

imports of natural gas from Canada. In the near term,

the higher prices are projected to stimulate Canada’s

production, and from 2015 to 2020, U.S. imports of

natural gas from Canada are projected to average

about 340 billion cubic feet per year more in the

restricted supply case than in the reference case.

After 2020, a larger drop in net imports from Canada

is projected in the restricted supply case than in the

reference case, and projected net imports in 2025 are

lower in the restricted supply case than in the refer-

ence case (2.3 trillion cubic feet and 2.5 trillion cubic,

respectively).

With higher U.S. wellhead prices projected in the

restricted supply case, Mexico is projected to become a

net exporter of natural gas to the United States after

2019, rather than being a net importer as projected in

the reference case. In 2025, net exports from Mexico

to the United States are projected to be about 400 bil-

lion cubic feet of natural gas per year in the restricted

supply case, compared with about 250 billion cubic

feet per year of net imports from the United States in

the reference case.

Total U.S. production of natural gas in 2025 is pro-

jected to be 19.1 trillion cubic feet in the restricted

supply case, compared with 21.8 trillion cubic feet in

the reference case (Figure 33). About 70 percent of

the difference is directly attributable to the assump-

tion that there would be no Alaska gas pipeline con-

structed in the restricted supply case.

In the lower 48 States, projected natural gas produc-

tion is not significantly different in the restricted sup-

ply and reference cases, because the higher prices

projected in the restricted supply case largely offset

the lower assumed rate of technological progress. The

restricted supply case projects total lower 48 gas pro-

duction of 18.8 trillion cubic feet in 2025, 4 percent

less than projected in the reference case. Most of the

reduction in projected lower 48 conventional gas pro-

duction—about 270 billion cubic feet in 2025 in the

restricted supply case relative to the reference

case—occurs offshore.

Unconventional gas production is sensitive to techno-

logical progress, because technological improvements

could, for example, significantly improve the recovery

rate of the unconventional gas in-place. Generally,

there is more opportunity for technological progress

to expand the economically recoverable unconven-

tional resource base than the economically recover-

able onshore conventional gas resource base.

Offshore gas production is also sensitive to the future

rate of technological progress, especially in the deep-

water Gulf of Mexico. For example, technological

improvements could reduce the development time

necessary to bring oil and gas fields into operation

and could make smaller oil and gas deposits profitable

to produce.

Although projected lower 48 natural gas production

in the restricted supply case is not significantly differ-

ent from that in the reference case, the absence of an

Alaska gas pipeline does reduce total U.S. gas
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production throughout the forecast by 4 percent from

2003 through 2025. From an estimated technically

recoverable natural gas resource base of 1,337 trillion

cubic feet (as of January 1, 2003), 34 percent is pro-

jected to be produced in the restricted supply case, as

compared with 36 percent in the reference case.

Electricity Prices and Consumption. In 2003, natu-

ral-gas-fired facilities provided 16 percent of the elec-

tricity generated in the United States. The reference

case projects that gas-fired facilities will provide 25

percent of the electricity generated in 2025, compared

with 14 percent in the restricted natural gas supply

case. Because natural gas accounts for a significant

portion of total electricity generation throughout the

projections, higher natural gas prices increase future

delivered electricity prices above those projected in

the reference case. Although gas consumption in the

electricity sector peaks in 2014 in the restricted sup-

ply case, the greatest difference in projections for the

delivered price of electricity between the two cases is

in 2018, when the price in the restricted supply case is

6 percent (0.4 cent per kilowatthour in 2003 dollars)

higher than in the reference case.

Natural Gas Expenditures. The restricted natural gas

supply case is projected to increase natural gas prices

to a level that induces consumers to reduce their pur-

chases of natural gas. Given the long lifetime of most

gas-consuming equipment, the adjustment to higher

gas prices would be relatively slow. Consequently, the

negative impacts of high natural gas prices are more

apparent in the nearer term than toward the end of

the forecast. For example, the higher gas prices in the

restricted supply case causes total projected U.S.

end-use expenditures for natural gas to increase to

$171 billion in 2015—equal to 1.1 percent of GDP—

compared with $158 billion (1.0 percent of GDP) in

the reference case (Figure 34). The greatest differ-

ence in gas consumption expenditures between the

two cases, $13.4 billion, is projected in 2016. In 2025,

when overall gas consumption is reduced in the

restricted supply case, total end-use expenditures for

natural gas are projected to be only $1.0 billion more

than in the reference case.
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Market Trends

The projections in the Annual Energy Outlook 2005

are not statements of what will happen but of what

might happen, given the assumptions and method-

ologies used. The projections are business-as-usual

trend forecasts, given known technology, techno-

logical and demographic trends, and current laws

and regulations. Thus, they provide a policy-neutral

reference case that can be used to analyze policy ini-

tiatives. EIA does not propose, advocate, or specu-

late on future legislative and regulatory changes. All

laws are assumed to remain as currently enacted;

however, the impacts of emerging regulatory

changes, when defined, are reflected.

Because energy markets are complex, models are

simplified representations of energy production and

consumption, regulations, and producer and con-

sumer behavior. Projections are highly dependent

on the data, methodologies, model structures,

and assumptions used in their development.

Behavioral characteristics are indicative of real-

world tendencies rather than representations of

specific outcomes.

Energy market projections are subject to much

uncertainty. Many of the events that shape energy

markets are random and cannot be anticipated,

including severe weather, political disruptions,

strikes, and technological breakthroughs. In addi-

tion, future developments in technologies, demo-

graphics, and resources cannot be foreseen with any

degree of precision. Many key uncertainties in the

AEO2005 projections are addressed through

alternative cases.

EIA has endeavored to make these projections as ob-

jective, reliable, and useful as possible; however,

they should serve as an adjunct to, not a substitute

for, a complete and focused analysis of public policy

initiatives.



Strong Economic Growth

Is Expected To Continue

Figure 35. Average annual growth rates of

real GDP and economic factors, 1995-2025 (percent)

The output of the Nation’s economy, measured by

GDP, is projected to grow by 3.1 percent per year

between 2003 and 2025 (with GDP based on 2000

chain-weighted dollars) (Figure 35). The labor force is

projected to increase by 0.9 percent per year between

2003 and 2025. Labor productivity growth in the

nonfarm business sector is projected at 2.2 percent

per year.

Compared with the second half of the 1990s, the rates

of growth in GDP and nonfarm employment were

lower from 2000 through 2002. Economic growth has

been more robust since 2003. Real GDP growth was

3.0 percent in 2003 and is expected to be 4.4 percent

in 2004. The economy is expected to stabilize at its

long-term growth path between 2005 and 2010. Total

population growth (including armed forces overseas)

is expected to remain fairly constant after 2003, grow-

ing by 0.8 percent per year on average. Labor force

growth is expected to slow as a result of demographic

changes, but more people over 65 are expected to

remain in the work force. Nonfarm business produc-

tivity growth has been strong recently, averaging 3.8

percent per year from 2000 to 2003. Productivity

growth from 2003 to 2025 is expected to average more

than 2 percent per year, supported by investment

growth of 5.1 percent per year.

From 2003 through 2025, disposable income is pro-

jected to grow by 3.1 percent per year and disposable

income per capita by 2.2 percent per year. Nonfarm

employment is projected to grow by 1.2 percent per

year, and employment in manufacturing is projected

to shrink by 0.6 percent per year.

Service Sectors Lead Output Growth,

Industrial Output Growth Is Slower

Figure 36. Sectoral composition of output

growth rates, 2003-2025 (percent per year)

From 2003 to 2025, industrial output in real value

terms is projected to grow by 2.3 percent per year,

compared with 3.3-percent average annual growth in

the services sector (Figure 36). Manufacturing output

is projected to grow by 2.6 percent per year and

nonmanufacturing output (agriculture, mining, and

construction) by 1.5 percent per year. The energy-

intensive manufacturing sectors [129] are expected to

grow more slowly (1.5 percent a year) than the non-

energy-intensive manufacturing sectors (2.9 percent

per year).

In AEO2005, the sectoral classification of the value of

industrial output has been changed. In addition, the

definition of services has been expanded to include

the cost of goods in the wholesale and retail sectors.

The industrial sector’s share of total output is

expected to fall from 25 percent in 2003 to 21 percent

in 2025, and the manufacturing share of total output

is projected to fall from 19 percent in 2003 to 17 per-

cent in 2025 (Figure 37).

Figure 37. Sectoral composition of gross output,

2003, 2010, and 2025 (billion 1996 dollars)
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High and Low Growth Cases Reflect

Uncertainty of Economic Growth

Figure 38. Average annual real growth rates of

economic factors in three cases, 2003-2025 (percent)

To reflect the uncertainty in forecasts of economic

growth, AEO2005 includes high and low economic

growth cases in addition to the reference case (Figure

38). The high and low growth cases are intended to

show the projected effects of alternative growth

assumptions on energy markets. Economic variables

in the alternative cases—including GDP and its com-

ponents, disposable income, interest rates, productiv-

ity, population, prices, wages, and employment—are

modified, in a consistent framework, from those in

the reference case.

The high economic growth case assumes higher pro-

jected growth rates for population (1.0 percent per

year), nonfarm employment (1.6 percent per year),

and productivity (2.7 percent per year) from 2003

through 2025. With higher productivity gains and

employment growth, inflation and interest rates are

projected to be lower than in the reference case, and

economic output is projected to grow at a higher rate

(3.6 percent per year) than in the reference case (3.1

percent). GDP per capita is expected to grow by 2.5

percent per year, compared with 2.2 percent in the

reference case.

The low economic growth case assumes lower growth

rates for population (0.6 percent per year), nonfarm

employment (0.8 percent per year), and productivity

(1.8 percent per year), resulting in higher projections

for prices and interest rates and lower projections for

industrial output growth. In the low growth case, eco-

nomic output is projected to increase by 2.5 percent

per year from 2003 through 2025, and growth in GDP

per capita is projected to average only 1.9 percent per

year.

Long-Run Trend Shows U.S. Economic

Growth of About 3 Percent per Year

Figure 39. Average annual real GDP growth rate,

1970-2025 (percent, 22-year moving average)

Figure 39 shows the trend in the 22-year moving

average annual real growth rate for GDP, including

projections for the three AEO2005 cases. The value

for each year is calculated as the annual compound

growth rate over the preceding 22 years. The 22-year

average shows major long-term trends in GDP

growth by smoothing out the more volatile year-to-

year changes (although periods that start or end in

recession years can show more volatile changes in the

growth rate). Annual real GDP growth has fluctuated

considerably around the trend. The high and low

growth cases capture the possibility of different paths

for long-term output growth.

One reason for the variability of the forecasts is the

composition of economic output, reflected by real

growth rates of consumption and investment relative

to overall GDP growth over the 2003-2025 period. In

the reference case, consumption is projected to grow

by 2.7 percent per year, while investment grows at a

5.1-percent annual rate. In the high growth case, with

relatively lower interest rates, growth in investment

is projected to average 5.8 percent per year. Higher

investment rates lead to faster capital accumulation

and higher productivity gains, which, combined with

higher labor force growth, yield higher aggregate eco-

nomic growth than projected in the reference case. In

the low growth case, with relatively higher interest

rates, annual growth in investment expenditures is

projected to average only 4.0 percent. Lower invest-

ment growth rates imply slower capital accumula-

tion. With the labor force also growing more slowly,

aggregate economic growth is expected to be signifi-

cantly lower than projected in the reference case.

Energy Information Administration / Annual Energy Outlook 2005 73

Trends in Economic Activity

GDP Labor force Productivity
0.0

1.0

2.0

3.0

4.0 Reference

High growth

Low growth

1970 1980 1990 2003 2015 2025
0

1

2

3

4

5

Low growth

Reference

History Projections

High growth



Projections Vary in Cases With

Different Oil Price Assumptions

Figure 40. World oil prices in four cases, 1970-2025

(2003 dollars per barrel)

The historical record shows substantial variability in

world oil prices, and there is similar uncertainty

about future prices. Four AEO2005 cases with differ-

ent price paths allow an assessment of alternative

views on the future of oil prices (Figure 40). In the ref-

erence case, with both OPEC and non-OPEC produc-

ers scheduled to add new production capacity over the

next 5 years, prices in 2010 are projected to be more

than $10 per barrel lower than current prices (all

prices in 2003 dollars per barrel). After 2010, oil

prices are projected to rise by about 1.3 percent per

year, to more than $30 per barrel in 2025. (In nominal

dollars, the reference case price is about $52 in 2025.)

In the low price case, prices are projected to decline

from their high in 2004 to $21 per barrel in 2009 and

to remain at that level out to 2025. The high A price

case projects that prices will remain at about $34

through 2015 and then increase on average by 1.4

percent per year, to more than $39 per barrel in 2025.

In the high B case, world oil prices are projected to fall

from current levels to $37 per barrel in 2010 and then

rise to $48 per barrel in 2025.

Projected prices in all four cases are higher than in

AEO2004 [130], reflecting recent improved produc-

tion discipline by OPEC members and limited ability

of other producers to expand production despite

increasing demand and high utilization rates that

have led to higher prices. The price projections in the

high A and B cases are sufficiently robust to encour-

age greater market penetration of alternative energy

supplies.

Oil Imports Reach More Than

20 Million Barrels per Day by 2025

Figure 41. U.S. gross petroleum imports by source,

2000-2025 (million barrels per day)

Total U.S. gross petroleum imports are projected to

increase in the reference case from 12.3 million bar-

rels per day in 2003 to 20.2 million in 2025 (Figure

41). Crude oil accounts for most of the increase in

imports, because distillation capacity at U.S. refiner-

ies is expected to be more than 5.5 million barrels per

day higher in 2025 than it was in 2003. Gross imports

of refined petroleum, including refined products,

unfinished oils, and blending components, are

expected to increase by almost 60 percent from 2003

to 2025.

Crude oil imports from the North Sea are projected to

decline gradually as North Sea production ebbs. Sig-

nificant imports of petroleum from Canada and Mex-

ico are expected to continue, with much of the

Canadian contribution coming from the development

of its enormous oil sands resource base. West Coast

refiners are expected to import small volumes of

crude oil from the Far East to replace the declining

production of Alaskan crude oil. The Persian Gulf

share of total gross petroleum imports, 20.4 percent

in 2003, is expected to increase to almost 30 percent

in 2025; and the OPEC share of total gross imports,

which was 42.1 percent in 2003, is expected to be

above 60 percent in 2025.

Most of the increase in refined product imports is pro-

jected to come from refiners in the Caribbean Basin,

North Africa, and the Middle East, where refining

capacity is expected to expand significantly. Vigorous

growth in demand for lighter petroleum products in

developing countries means that U.S. refiners are

likely to import smaller volumes of light, low-sulfur

crude oils.
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Average Energy Use per Person

Increases in the Forecast

Figure 42. Energy use per capita and per dollar of

gross domestic product, 1970-2025 (index, 1970 = 1)

Energy intensity, as measured by energy use per 2000

dollar of GDP, is projected to decline at an average

annual rate of 1.6 percent, with efficiency gains and

structural shifts in the economy offsetting growth in

demand for energy services (Figure 42). The projected

rate of decline falls between the average rate of 2.3

percent from 1970 through 1986, when energy prices

increased in real terms, and the 0.7-percent rate from

1986 through 1992, when energy prices were gener-

ally falling. Since 1992, energy intensity has declined

on average by 1.9 percent per year.

During the late 1970s and early 1980s, energy con-

sumption per capita fell in response to high energy

prices and weak economic growth. From the late

1980s through the mid-1990s, with declining energy

prices and strong economic growth, per capita energy

use increased. Since the mid-1990s, energy consump-

tion per capita has declined in some years and

increased in others. Per capita energy use is projected

to increase in the AEO2005 forecast at an average

annual rate of 0.5 percent, with growth in demand for

energy services only partially offset by efficiency

gains.

The potential for more energy conservation has

received increased attention recently as energy prices

have risen. AEO2005 does not assume policy-induced

conservation measures beyond those in existing legis-

lation and regulation, nor does it assume behavioral

changes that could result in greater energy conversa-

tion, beyond those experienced in the past.

Petroleum and Natural Gas Lead

Increases in Primary Energy Use

Figure 43. Primary energy use by fuel, 2003-2025

(quadrillion Btu)

Total primary energy consumption, both in the end-

use sectors and for electric power generation, is pro-

jected to grow from 98.2 quadrillion Btu in 2003 to

133.2 quadrillion Btu in 2025 (Figure 43). Petroleum

consumption increases from 39.1 quadrillion Btu in

2003 to 54.4 quadrillion Btu in 2025, with about 80

percent of the increase expected in fuel use for trans-

portation and the remainder in the industrial, com-

mercial, and electricity generation sectors.

Natural gas consumption grows from 22.5 quadrillion

Btu in 2003 to 31.5 quadrillion Btu in 2025. Over 50

percent of the expected increase is for electric power

generation. Although some growth in other uses is

also expected, particularly for industrial applications,

their share of total natural gas use is projected to

decline as a result of strong growth in demand in the

electricity generation sector. Electricity generation is

also expected to account for most of the growth in coal

consumption, from 22.7 quadrillion Btu in 2003 to

30.5 quadrillion Btu in 2025. Much of the increase is

expected after 2010, when higher natural gas prices

make coal a more competitive fuel for power plants.

Smaller increases are projected for nuclear energy

and primary renewable energy consumption. No new

nuclear facilities are projected to be built before 2025,

but higher capacity factors at existing plants lead to

an expected increase from 8.0 quadrillion Btu in 2003

to 8.7 quadrillion Btu in 2025. Use of renewable

energy from nonhydropower sources is projected to

grow from 3.4 quadrillion Btu in 2003 to 5.4 quadril-

lion Btu in 2025 as a result of State mandates for

renewable electricity generation, higher natural gas

prices, and renewable energy production tax credits.
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Petroleum and Electricity Lead

Growth in Energy Consumption

Figure 44. Delivered energy use by fuel, 1970-2025

(quadrillion Btu)

Consumption of petroleum products, mainly for

transportation, makes up the largest share of deliv-

ered energy use in the residential, commercial, indus-

trial, and transportation sectors in the AEO2005

forecast (Figure 44). Total delivered energy use (ex-

cluding energy used for generation in the electric

power sector) grows by 1.5 percent per year on aver-

age from 2003 to 2025, and transportation sector

energy use grows by 1.8 percent per year. Transporta-

tion use grew by 2.0 percent per year in the 1970s and

more slowly in the 1980s as a result of rising fuel

prices and new Federal fuel economy standards.

Stable fuel prices and a lack of new fuel economy stan-

dards are expected to reduce fuel economy gains in

the forecast, while population growth and more travel

per capita increase demand for gasoline.

Growth in delivered electricity consumption is slowed

by efficiency improvements and by market saturation

of end uses such as air conditioning in some regional

markets.

Natural gas use is projected to grow at a slower rate

than overall delivered energy demand, in contrast to

its more rapid growth during the 1990s. As a result,

natural gas is expected to meet 22 percent of total

end-use energy requirements in 2025, compared with

24 percent in 2003. End-use demand for energy from

renewables such as wood and ethanol is projected to

grow by 1.2 percent per year as a result of continued

competition from traditional purchased fuels.

U.S. Primary Energy Use Exceeds

133 Quadrillion Btu per Year by 2025

Figure 45. Primary energy consumption by sector,

1970-2025 (quadrillion Btu)

Primary energy use in 2025 (including electricity gen-

eration losses) is projected to be 133.2 quadrillion Btu

in 2025 in the reference case, 36 percent higher than

in 2003 (Figure 45). In the early 1980s energy prices

rose, and sectoral energy consumption grew relatively

little. After the early 1980s, however, declining real

energy prices contributed to a marked increase in

energy consumption. With higher energy prices since

the late 1990s, energy consumption has again slowed.

Primary energy demand in the residential sector is

projected to grow at one-third the expected growth

rate for GDP and in the commercial sector at almost

two-thirds the GDP growth rate. Demand for energy

is expected to grow more rapidly in the transportation

sector than in the buildings sectors as a result of

increased per capita travel and slower fuel efficiency

gains. Assumed efficiency gains, higher real energy

prices, and structural shifts between industries are

projected to cause industrial demand for primary

energy to grow more slowly than GDP.

To bracket the uncertainty inherent in any long-term

forecast, alternative cases were used to highlight the

sensitivity of the forecast to different oil price and

economic growth paths. At the consumer level, oil

prices primarily affect the demand for transportation

fuels. Projected oil use for transportation in the high

A world oil price case is 5.8 percent lower than in the

low world oil price case in 2025, as consumer choices

favor more fuel-efficient vehicles and the demand for

travel services is reduced slightly. For 2025, the pro-

jection of transportation energy use in the high eco-

nomic growth case is 13.2 percent greater than in the

low economic growth case.
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Electricity Share Expected To Match

Natural Gas in Residential Energy Use

Figure 46. Residential delivered energy

consumption by fuel, 1970-2025 (percent of total)

Residential delivered energy use is projected to

increase by 23 percent between 2003 and 2025 (9 per-

cent by 2010). Most (68 percent) of the growth results

from increased use of electricity. Sustained growth in

housing in the South, where almost all new homes use

central air conditioning, is an important component

of the national trend, along with the penetration of

consumer electronics, such as home office equipment

and security systems (Figure 46).

Natural gas use in the residential sector is projected

to grow by 1.1 percent per year from 2003 to 2010 and

0.6 percent per year from 2010 to 2025 while losing

share in residential delivered energy consumption.

Average natural gas prices from 2003 to 2025 are pro-

jected to be 14 percent below 2004 prices (7 percent

below 2003), remaining competitive with heating oil.

The number of homes heated with natural gas is pro-

jected to increase by more than the number heated

with electricity or oil. Distillate use is projected to fall

by 19 percent between 2003 and 2025, as energy effi-

ciency gains outpace the increase in the number of

homes using oil for space heating applications.

Newly built homes today are, on average, 13 percent

larger than the existing housing stock, with corre-

spondingly greater needs for heating, cooling, and

lighting. Under current building codes and appliance

standards, however, energy use per square foot is typ-

ically lower for new construction than for the existing

stock. Further reductions in residential energy use

per square foot could result from additional gains in

equipment efficiency and more stringent building

codes, requiring more insulation, better windows,

and more efficient building designs.

Efficiency Standards Moderate

Residential Energy Use

Figure 47. Residential delivered energy

consumption by end use, 1990, 2003, 2010, and 2025

(quadrillion Btu)

Delivered energy use for space heating grew by 0.8

percent per year from 1990 to 2003 (Figure 47).

Future growth is expected to be slowed by higher

equipment efficiency and more stringent building

codes. Gains in building shell efficiency are projected

to reduce demand for space heating per household by

about 7 percent in 2010 and 16 percent in 2025 rela-

tive to 2003; however, those improvements are offset

to a degree by better accounting of additions to exist-

ing homes and by the increased height of ceilings in

new homes.

A variety of appliances are now subject to minimum

efficiency standards, including heat pumps, air condi-

tioners, furnaces, refrigerators, and water heaters.

Current (July 2001) standards for a typical residen-

tial refrigerator limit electricity use to 510 kilo-

watthours per year. Energy use for refrigeration is

projected to decline by 1.4 percent per year from 2003

to 2010 and 0.5 percent per year to 2025 as older

refrigerators are replaced with new models. With no

new standards for refrigerators assumed in the fore-

cast, the decline slows when large numbers of the

older, less efficient units have been replaced.

The “all other” category, which accounted for 20 per-

cent of residential delivered energy use in 2003, is

projected to account for 27 percent in 2025. Voluntary

programs, both within and outside the appliance

industry, are expected to forestall even larger

increases. At annual rates of 2.9 percent from 2003

to 2010 and 2.3 percent from 2003 to 2025, growth in

the “all other” demand category is projected to exceed

the growth rates of other components through 2025.
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Available Technologies Can Slow

Growth in Residential Energy Use

Figure 48. Efficiency indicators for selected

residential appliances, 2003 and 2025

(index, 2003 stock efficiency =1)

The AEO2005 reference case projects an increase in

the stock efficiency of residential appliances, as stock

turnover and technology advances in most end-use

services reduce residential energy intensity over

time. For most appliances covered by the National

Appliance Energy Conservation Act of 1987, the most

recent Federal efficiency standards are higher than

the 2003 stock, ensuring an increase in stock effi-

ciency (Figure 48) without any additional new stan-

dards. Future updates to the Federal standards could

have a significant effect on residential energy con-

sumption, but they are not included in the reference

case. The new efficiency standards for water heaters,

clothes washers, central air conditioners, and heat

pumps that were announced in January 2001 are

included in the reference case.

For almost all end-use services, existing technologies

can significantly curtail future energy demand if they

are purchased by consumers. The most efficient tech-

nologies can provide significant long-run savings in

energy bills, but their higher purchase costs (and in

some cases, unsuitability for retrofit applications)

tend to restrict their market penetration. For exam-

ple, condensing technology for natural gas furnaces,

which reclaims heat from exhaust gases, can raise

efficiency by more than 20 percent over units that just

meet the current standard; and variable-speed scroll

compressors for air conditioners and refrigerators

can increase their efficiency by 50 percent or more. In

contrast, there is little room for efficiency improve-

ments in electric resistance water heaters, because

the technology is approaching its thermal limit.

Electricity Share of Commercial

Energy Use Is Expected To Increase

Figure 49. Commercial delivered energy

consumption by fuel, 1970-2025 (percent of total)

Recent trends in commercial sector fuel shares are

expected to continue, with growth in overall con-

sumption similar to its pace over the past two decades

(Figure 49). Commercial delivered energy use (ex-

cluding primary energy losses in electricity genera-

tion) is projected to grow by 1.9 percent per year

between 2003 and 2025, slightly faster than the pro-

jected growth rate for commercial floorspace of 1.7

percent. Energy consumption per square foot is pro-

jected to show little increase, with efficiency stan-

dards, voluntary government programs aimed at

improving efficiency, and other technology improve-

ments expected to balance the effects of a projected

increase in demand for electricity-based services and

a slow rise in energy prices after 2010.

Electricity accounted for 50 percent of commercial

delivered energy consumption in 2003, and its share

is projected to increase to 57 percent in 2025.

Expected efficiency gains in electric equipment are

projected to be offset by the continuing penetration of

new technologies and greater use of office equipment.

Natural gas, which accounted for 39 percent of com-

mercial energy consumption in 2003, is projected to

decline to a 33-percent share by the end of the fore-

cast. Distillate fuel oil, which accounted for 10 per-

cent of commercial demand in the years before

deregulation of the natural gas industry, made up

only 6 percent of commercial energy demand in 2003.

The distillate fuel share is projected to remain at 6

percent in 2025, as fuel oil continues to compete with

natural gas for space and water heating uses. With

conventional fuel prices projected to increase only

slowly, no appreciable growth in the share of renew-

able energy in the commercial sector is anticipated.
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Commercial Efficiency Gains

Are Not Expected To Balance Demand

Figure 50. Commercial delivered energy

consumption by end use, 2003, 2010, and 2025

(quadrillion Btu)

Energy use for the major commercial end uses is pro-

jected to increase slightly, as growth in requirements

outpaces the adoption of more energy-efficient equip-

ment. Minimum efficiency standards, which contrib-

ute to projected efficiency improvements in space

heating, space cooling, water heating, and lighting,

moderate the expected growth in overall commercial

energy demand. A projected increase in building shell

efficiency, which affects the energy required for space

heating and cooling, contributes to the trend (Figure

50).

The highest growth rates are expected for end uses

that have not yet saturated the commercial market.

Energy use for personal computers is projected to

grow by 4.5 percent per year and for other office

equipment, such as copiers, fax machines, and larger

computers, by 4.8 percent per year through 2025.

The growth in electricity use for office equipment

reflects a trend toward more powerful equipment,

increases in the market for commercial electronic

equipment, and, while electricity prices fluctuate

somewhat (declining between 2005 and 2011 and

increasing later), generally low real electricity prices.

Natural gas use for such miscellaneous uses as cook-

ing and self-generated electricity is expected to grow

by 1.4 percent per year. New telecommunications

technologies and medical imaging equipment are pro-

jected to increase electricity demand in the “all other”

end-use category, which also includes ventilation,

refrigeration, minor fuel consumption, and energy

use for a myriad of other uses, such as municipal

water services, service station equipment, elevators,

and vending machines. Annual growth of 1.9 percent

is expected for the “all other” category.

Current Technologies Provide

Potential Energy Savings

Figure 51. Efficiency indicators for selected

commercial equipment, 2003 and 2025

(index, 2003 stock efficiency=1)

The stock efficiency of energy-using equipment in the

commercial sector, as illustrated by the index shown

in Figure 51, is projected to increase in the AEO2005

reference case. As equipment is replaced and new

buildings are built, technology advances are expected

to reduce commercial energy intensity in most

end-use services, although the long equipment ser-

vice lives for many technologies moderate the pace of

efficiency improvement in the forecast. For the

majority of equipment covered by the Energy Policy

Act of 1992, the existing Federal efficiency standards

are higher than the average efficiency of the 2003

stock, ensuring some increase in the stock average

efficiency as new equipment is added. A variety of

commercial technologies, such as air-cooled air condi-

tioners and gas-fired boilers, are currently being con-

sidered for more stringent standards. Future updates

to the Federal standards could have significant effects

on commercial energy consumption, but they are not

included in the reference case.

Currently available technologies have the potential to

reduce commercial energy consumption significantly.

Improved heat exchangers for oil-fired boilers can

raise efficiency by 8 percent over the current stan-

dard; and the use of multiple compressors and

enhanced heat exchanger surfaces can increase the

efficiency of unit air conditioners by more than 50

percent. When a business is considering an equip-

ment purchase, however, the additional capital

investment required for the most efficient technolo-

gies often carries more weight than do future energy

savings, limiting the adoption of more efficient

technologies.
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Industrial Energy Use Could Grow by

24 Percent by 2025

Figure 52. Industrial delivered energy consumption

by fuel, 1970-2025 (quadrillion Btu)

Industrial sector delivered energy consumption in-

creased from 24.5 quadrillion Btu in 1990 to 26.4 qua-

drillion Btu in 2000, but economic recession in 2001

and rising natural gas prices had reduced industrial

energy use to 24.9 quadrillion Btu in 2003. Natural

gas use fell by 1.1 quadrillion Btu, accounting for

most of the decline. With high natural gas prices ex-

pected to continue, industrial use is not projected to

surpass its 1997 peak until after 2020.

Delivered energy use in the industrial sector (includ-

ing agriculture, mining, construction, and traditional

manufacturing) is projected to increase by 1.0 percent

per year from 2003 to 2025 (Figure 52). Electricity

(for machine drive and some production processes)

and natural gas are the major energy sources used for

heat and power in the industrial sector. Industrial use

of purchased electricity is projected to increase by 1.3

percent per year from 2003 to 2025. Delivered natural

gas prices in the industrial sector in 2025 are pro-

jected to be lower than in 2004; consequently, indus-

trial natural gas use is expected to increase by 1.1

percent per year from 2003 to 2025. Petroleum use in

the industrial sector is projected to grow by 1.0 per-

cent per year from 2003 to 2025, whereas coal use is

expected to decline by 0.6 percent per year as new

steelmaking technologies continue to reduce demand

for metallurgical coal. Coal use for boiler fuel is

expected to remain essentially flat. Renewable energy

(predominantly biomass) is the fastest growing indus-

trial fuel in the forecast at a rate of 1.5 percent per

year, but its share of the sector’s delivered energy use

remains small, at 8 percent in 2025.

Energy-Intensive Industries Grow

Less Rapidly Than Industrial Average

Figure 53. Average growth in manufacturing output

and delivered energy consumption by sector,

2003-2025 (percent per year)

In AEO2005, industrial output is based on the North

American Industry Classification System rather than

the Standard Industrial Classification used in previ-

ous AEOs. The new classifications reduce manufac-

turing output by 3 percent in 1997 and lead to

reduction in the historical growth rates for some

industries. In the AEO2005 forecast, industrial out-

put grows at an average rate of 2.3 percent per year

from 2003 to 2025, and growth in output growth var-

ies widely by industry, from no growth in the alumi-

num industry to 3.4 percent in the metal-based

durables industry (Figure 53). Metal-based durables,

including fabricated metal products, machinery, elec-

tronic and electric products, and transportation

equipment, accounted for one-third of industrial out-

put in 2003.

Energy consumption growth also varies widely

among specific industries. For example, the steel

industry is expected to rely increasingly on scrap-

based steelmaking techniques with lower energy

requirements, and the aluminum industry is assumed

to add no new primary smelting capacity, which is the

most energy-intensive component of aluminum man-

ufacturing. Relatively low output growth is also pro-

jected for both steel and aluminum, and as a result,

energy consumption in both the steel and aluminum

industries is projected to decline. The metal-based

durables industry is projected to have the most rapid

growth in energy consumption, at 2.5 percent per

year, but its energy use accounts for only 7 percent of

all industrial energy consumption in 2025.
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Industrial Energy Use Grows Steadily

in the Projections

Figure 54. Industrial delivered energy consumption

by industry category, 1998-2025 (quadrillion Btu)

Two-thirds of the energy consumed in the industrial

sector is used to provide heat and power for manufac-

turing. Of the remainder approximately 14 percent is

used for nonmanufacturing heat and power, and 19

percent goes to nonfuel uses, such as raw materials

and asphalt (Figure 54).

Nonfuel use of energy (feedstocks and asphalt) in the

industrial sector is projected to grow at a slightly

slower rate than heat and power consumption (0.8

percent and 1.1 percent per year, respectively). The

feedstock portion of nonfuel use is projected to grow

by 0.9 percent per year, marginally slower than the

growth of output from the bulk chemical industry (1.0

percent per year through 2025), because of changes in

the product mix. In 2025, feedstock consumption is

projected to total 4.3 quadrillion Btu. Asphalt use is

projected to grow by 0.7 percent per year, to 1.4 qua-

drillion Btu in 2025. The construction industry is the

principal consumer of asphalt for paving and roofing.

Asphalt use grows more slowly than construction out-

put (1.8 percent per year through 2025), because not

all construction activities require asphalt.

Petroleum refining, bulk chemicals, and pulp and

paper are the largest consumers of energy for heat

and power in the industrial sector. These three

energy-intensive industries used 11.7 quadrillion Btu

of energy (including feedstocks) in 2003. Energy use

for petroleum refining grows more rapidly than any

other energy-intensive industry, by 1.7 percent per

year through 2025. Growth in energy use for the bulk

chemicals and pulp and paper industries is projected

at 0.8 percent and 0.9 percent, respectively.

Output From U.S. Industries Grows

Faster Than Energy Use

Figure 55. Components of improvement in

industrial delivered energy intensity, 1998-2025

(index, 2003 = 1)

Changes in industrial energy intensity (consumption

per unit of output) can be separated into two compo-

nents. One reflects underlying increases in equip-

ment and production efficiencies; the other arises

from structural changes in the composition of indus-

trial value of shipments. The use of more energy-

efficient technologies, combined with relatively slow

growth in the energy-intensive industries, has damp-

ened growth in industrial energy consumption over

the past decade. Thus, despite a 25-percent increase

in industrial output, energy use in the sector grew by

only 2 percent between 1990 and 2003.

Industrial value of shipments is projected to grow by

2.3 percent between 2003 and 2025. The share of total

industrial shipments attributed to the energy-

intensive industries is projected to fall from 21 per-

cent in 2003 to 17 percent in 2025. Consequently,

even if no specific industry experienced a decline in

intensity, aggregate industrial energy intensity

would decline. Figure 55 shows projected changes in

energy intensity due to structural effects and effi-

ciency effects separately [131]. From 2003 to 2025,

industrial delivered energy intensity is projected to

drop by 25 percent. The changing composition of

industrial output is expected to result in a drop in

energy intensity of approximately 16 percent by

2025. Thus, almost two-thirds of the expected

change in delivered energy intensity for the sector is

attributable to structural shifts and the remainder to

changes in energy intensity associated with projected

increases in equipment and production efficiencies.
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Alternative Fuels Make Up 2.2 Percent

of Light-Duty Vehicle Fuel Use in 2025

Figure 56. Transportation energy consumption

by fuel, 1975, 2003, 2010, and 2025 (quadrillion Btu)

Energy demand for transportation is projected to

grow from 27.1 quadrillion Btu in 2003 to 40.0 qua-

drillion Btu in 2025 (Figure 56). In the reference case,

motor gasoline use increases by 1.7 percent per year

from 2003 to 2025, when it makes up 60 percent of

transportation energy use. Alternative fuels are pro-

jected to displace 207,000 barrels of oil equivalent per

day [132] in 2010 and 280,500 barrels per day (2.2

percent of light-duty vehicle fuel consumption) in

2025, in response to current environmental and

energy legislation intended to reduce oil use. Gaso-

line’s share of demand is expected to be sustained,

however, by low prices relative to the rate of inflation

and slower fuel efficiency gains for conventional cars,

vans, pickup trucks, and sport utility vehicles than

were achieved in the 1980s.

Assumed industrial output growth of 2.3 percent per

year from 2003 to 2025 leads to an increase in freight

truck use, with a corresponding 2.3-percent annual

increase in diesel fuel use. Economic growth and low

projected jet fuel prices yield an annual increase in

air travel of 2.2 percent from 2003 to 2025 and a

1.9-percent average annual increase in jet fuel use.

Demand for light-duty vehicle fuels is projected to

increase from 16.2 quadrillion Btu in 2003 to 24.5

quadrillion Btu in 2025. Light-duty diesel vehicles are

assumed to meet the emission standards for diesel

fuel, and diesel fuel grows from 1.5 percent of total

light-duty vehicle fuel consumption in 2003 to 4.4 per-

cent in 2025. Alternative fuels, consisting mostly of

ethanol used in gasoline blending (71 percent in 2025)

and liquefied petroleum gas (14 percent) grow from

1.7 percent of the 2003 total to 2.2 percent in 2025.

Average Horsepower for New Cars

Is Projected To Grow by 26 Percent

Figure 57. Transportation stock fuel efficiency

by mode, 2003-2025 (index, 2003 = 1)

Fuel efficiency is projected to improve more rapidly

from 2003 to 2025 than it did during the 1990s. Fuel

economy for the light-duty vehicle stock is projected

to improve by 5 percent, and for the stock of freight

trucks from 6.0 miles per gallon in 2003 to 6.6 in 2025

(Figure 57). No changes are assumed in currently pro-

mulgated fuel efficiency standards for cars and light

trucks. Low fuel prices and higher personal incomes

are expected to increase the demand for larger, more

powerful vehicles, with average horsepower for new

cars projected to be 26 percent above the 2003 average

in 2025 (Table 26). Advanced technologies and mate-

rials are expected to provide increased performance

and size while improving new vehicle fuel economy

[133]. Advanced technologies are projected to boost

the average fuel economy of new light-duty vehicles

by about 1.8 miles per gallon, to 26.9 miles per gallon

in 2025 from 25.1 miles per gallon in 2003.
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Table 26. New car and light truck horsepower

ratings and market shares, 1990-2025

Year

Cars Light trucks

Small Medium Large Small Medium Large

1990
Horsepower 119 145 176 132 157 185
Sales share 0.60 0.28 0.12 0.48 0.21 0.30
2003
Horsepower 149 184 224 181 193 241
Sales share 0.54 0.33 0.13 0.31 0.34 0.35
2010
Horsepower 171 211 247 208 212 276
Sales share 0.50 0.35 0.15 0.30 0.34 0.35
2025
Horsepower 188 233 265 223 219 284
Sales share 0.50 0.35 0.15 0.30 0.34 0.35



New Technologies Promise Better

Vehicle Fuel Efficiency

Figure 58. Technology penetration by mode

of travel, 2025 (percent)

Fuel economy for new light-duty vehicles is projected

to be 26.9 miles per gallon in 2025 (automobiles 31.0

miles per gallon, light-duty trucks 24.6 miles per gal-

lon) as a result of advances in fuel-saving technologies

(Figure 58). Three of the most promising would pro-

vide more than 4 percent higher fuel economy each:

advanced drag reduction, variable valve timing and

lift, and technologies that reduce internal engine fric-

tion. Advanced drag reduction reduces air resistance

over the vehicle; variable valve timing optimizes the

timing of air intake into the cylinder with the spark

ignition during combustion; and reduced engine fric-

tion increases engine efficiency through more effi-

cient designs, bearings, and coatings that reduce

resistance between moving parts.

Due to concerns about economic payback, the truck-

ing industry is more sensitive to the marginal cost of

fuel-efficient technologies; however, several technolo-

gies can increase fuel economy significantly, includ-

ing components to reduce internal friction (2-percent

improvement), advanced drag reduction (2 percent),

and advanced fuel injection systems (5 percent).

These technologies are expected to penetrate the

heavy-duty truck market by 2025. Advanced technol-

ogy penetration is projected to increase the average

fuel efficiency of new freight trucks from 6.1 miles

per gallon in 2003 to 6.8 miles per gallon in 2025.

New aircraft fuel efficiencies are projected to increase

by 19 percent from 2003 levels by 2025. Ultra-high-

bypass engine technology can potentially increase

fuel efficiency by 10 percent, and increased use of

weight-reducing materials may contribute up to a

15-percent improvement.

Advanced Technologies Are Projected

To Reach 19 Percent of Sales by 2025

Figure 59. Sales of advanced technology light-duty

vehicles by fuel type, 2010 and 2025

(thousand vehicles sold)

Advanced technology vehicles, representing automo-

tive technologies that use alternative fuels or require

advanced engine technology, are projected to reach

3.8 million vehicle sales per year and make up

19.1 percent of total light-duty vehicle sales in 2025.

Alcohol flexible-fueled vehicles are projected to con-

tinue to lead advanced technology vehicle sales, at

1.5 million vehicles in 2025 (Figure 59). Hybrid elec-

tric vehicles (specifically designed to use electric

motors and batteries in combination with a combus-

tion engine to drive the vehicle), introduced into the

U.S. market by two manufacturers in 2000, are antic-

ipated to sell well: 607,000 units are projected to be

sold in 2010, increasing to 1.1 million units in 2025.

Sales of turbo direct injection diesel vehicles are pro-

jected to increase to 710,000 units in 2010 and 1 mil-

lion units in 2025.

About 80 percent of advanced technology sales are as

a result of Federal and State mandates for fuel econ-

omy standards, emissions programs, or other energy

regulations. Currently, manufacturers selling alcohol

flexible-fueled vehicles receive fuel economy credits

that count toward compliance with corporate average

fuel economy regulations. In the AEO2005 forecast,

the majority of projected gasoline hybrid, fuel cell,

and electric vehicle sales result from compliance with

low-emission vehicle programs in California, New

York, Maine, Vermont, and Massachusetts. AEO2005

does not include the impacts of California Assembly

Bill 1493, which effectively sets carbon emission stan-

dards for light-duty vehicles, because of uncertainty

about the State’s ability to enforce the standards.
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Advanced Technologies Could Reduce

Residential Energy Use

Figure 60. Variation from reference case delivered

residential energy use in three alternative cases,

2003-2025 (quadrillion Btu)

The reference case includes the effects of several poli-

cies aimed at increasing residential end-use effi-

ciency, including minimum efficiency standards and

voluntary energy savings programs to promote

energy efficiency through innovations in manufactur-

ing, building, and mortgage financing. In the 2005

technology case, assuming no increase in efficiency of

equipment or building shells beyond that available in

2005, 4 percent more energy would be required in

2025 than projected in the reference case (Figure 60).

In the best available technology case, assuming that

the most energy-efficient technology considered is

always chosen regardless of cost, projected residential

delivered energy use in 2025 is 20 percent lower than

in the reference case and 24 percent lower than in the

2005 technology case. Through 2025, projected addi-

tional investment of $442 billion relative to that in

the reference case would be necessary to save a pro-

jected $139 billion in energy costs in the best available

technology case [134].

The high technology case does not constrain con-

sumer choices. Instead, the most energy-efficient

technologies are assumed to be available earlier, with

lower costs and higher efficiencies. The consumer

discount rates used to determine the purchased effi-

ciency of all residential appliances in the high tech-

nology case do not vary from those used in the

reference case; that is, consumers value efficiency

equally across the two cases. Delivered energy con-

sumption in 2025 in the high technology case is pro-

jected to be 5 percent lower than in the reference case;

however, the savings are not as great as those pro-

jected in the best available technology case.

Advanced Technologies Could Slow

Electricity Sales Growth for Buildings

Figure 61. Buildings sector electricity generation

from advanced technologies in alternative cases,

2025 (billion kilowatthours)

Alternative technology cases for the residential and

commercial sectors include varied assumptions for

the availability and market penetration of advanced

distributed generation technologies (solar photovol-

taic systems, fuel cells, and microturbines). Some of

the heat produced by fossil-fuel-fired generating sys-

tems may be used to satisfy heating requirements,

increasing system efficiency and the attractiveness of

the advanced technologies, particularly in alternative

cases with more optimistic technology assumptions.

In the high technology case, buildings are projected to

generate 1.4 billion kilowatthours (8 percent) more

electricity in 2025 than in the reference case (Figure

61), most of which offsets residential and commercial

electricity purchases. In the best available technology

case, projected electricity generation in buildings in

2025 is 8.0 billion kilowatthours (47 percent) higher

than in the reference case. In the 2005 technology

case, assuming no further technological progress or

cost reductions after 2005, electricity generation in

buildings in 2025 is 6.5 billion kilowatthours (38 per-

cent) lower than projected in the reference case.

The additional natural gas use projected for fuel cells

and microturbines to provide heat and power in com-

mercial buildings in the high technology case offsets

reductions from improved building shells and end-use

equipment. Although the best technology case pro-

jects even higher adoption of these technologies, the

additional end-use savings projected when the most

efficient technologies are chosen, regardless of cost,

outweigh the additional natural gas consumption

needed to fuel distributed generation systems.
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Advanced Technologies Could Reduce

Commercial Energy Use

Figure 62. Variation from reference case delivered

commercial energy use in three alternative cases,

2003-2025 (quadrillion Btu)

The AEO2005 reference case incorporates efficiency

improvements for commercial equipment and build-

ing shells, which help to limit the projected rate of

increase in commercial energy intensity (delivered

energy use per square foot of floorspace) to 0.2 per-

cent per year over the forecast. The 2005 technology

case assumes that future equipment and building

shells will be no more efficient than those available in

2005. The high technology case assumes earlier avail-

ability, lower costs, and higher efficiencies for more

advanced equipment than in the reference case and

more rapid improvement in building shells. The best

available technology case assumes that only the most

efficient technologies will be chosen, regardless of

cost, and that building shells will improve at a faster

rate than assumed in the high technology case.

In the 2005 technology case, projected energy use in

2025 is 3 percent higher than the 12.5 quadrillion Btu

in the reference case (Figure 62), as a result of an

0.3-percent average annual increase in commercial

delivered energy intensity. The high technology case

projects a 3-percent energy savings in 2025 relative to

the reference case, with little change in energy inten-

sity from 2003 to 2025. In the best available technol-

ogy case, commercial delivered energy intensity is

projected to improve by 0.4 percent per year, and pro-

jected energy use in 2025 is 11 percent lower than in

the reference case. More optimistic assumptions

result in additional projected energy savings from

both renewable and conventional fuel-using technolo-

gies. In 2025, commercial solar photovoltaic systems

are projected to generate more than twice as much

electricity in the best technology case as in the refer-

ence case.

Alternative Technology Cases Show

Range of Industrial Efficiency Gains

Figure 63. Variation from reference case delivered

industrial energy use in two alternative cases,

2003-2025 (quadrillion Btu)

Efficiency gains in both energy-intensive and non-

energy-intensive industries are projected to reduce

overall energy intensity in the industrial sector.

Expected output growth in metal-based durables

(3.4 percent per year), driven primarily by investment

and export-related demand, is a key factor. In the

reference case, this non-energy-intensive group of

industries grows more than twice as fast as the

energy-intensive sectors (1.5 percent per year).

In the high technology case, 1.8 quadrillion Btu less

energy is used in 2025 than for the same level of out-

put in the reference case. Industrial energy intensity

improves by 1.6 percent per year through 2025 in this

case, compared with 1.3-percent annual improvement

in the reference case (Figure 63). Industrial cogenera-

tion capacity is projected to increase more rapidly in

the high technology case (2.7 percent per year) than

in the reference case (2.2 percent per year).

In the 2005 technology case, industry is projected to

use 2.1 quadrillion Btu more energy in 2025 than in

the reference case. Energy efficiency remains at the

level achieved by new equipment in 2005, but average

efficiency still improves as old equipment is retired.

Aggregate industrial energy intensity is projected to

decline by 1.0 percent per year because of reduced

efficiency gains. The change in industrial structure is

the same in the 2005 technology and high technology

cases as in the reference case, because the same mac-

roeconomic assumptions are used for the three cases,

but the relative effects of the change varies, account-

ing for 63 percent of the change in intensity in the ref-

erence case, 52 percent in the high technology case,

and 83 percent in the 2005 technology case.
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Vehicle Technology Advances Reduce

Transportation Energy Demand

Figure 64. Changes in projected transportation

fuel use in two alternative cases, 2010 and 2025

(percent change from reference case)

In the AEO2005 reference case, delivered energy use

in the transportation sector is projected to increase

from 27.1 quadrillion Btu in 2003 to 40.0 quadrillion

Btu in 2025. In the high technology case, the projec-

tion for 2025 is 1.9 quadrillion Btu (4.7 percent)

lower, with about 54 percent (1.0 quadrillion Btu) of

the difference attributed to efficiency improvements

in light-duty vehicles (Figure 64) as a result of

increased penetration of advanced technologies,

including variable valve lift, electrically driven power

steering pumps, and advanced electronic transmis-

sion controls. Similarly, projected fuel use by heavy

freight trucks in 2025 is 0.1 quadrillion Btu lower in

the high technology case than in the reference case,

and advanced aircraft technologies are projected to

reduce fuel use for air travel by 0.7 quadrillion Btu in

2025.

In the 2005 technology case, with new technology effi-

ciencies fixed at 2005 levels, efficiency improvements

can result only from stock turnover. As a result, total

delivered energy demand for transportation in 2025 is

2.3 quadrillion Btu (5.8 percent) higher in 2025 in the

2005 technology case than projected in the reference

case. Projected fuel use for air travel in 2025 is 0.7

quadrillion Btu (15 percent) higher in the 2005 tech-

nology case than in the reference case, and freight

trucks are projected to use 0.6 quadrillion Btu (8.3

percent) more fuel in 2025 [135].

Technology Assumptions Include

Improvements in Vehicle Efficiency

Figure 65. Changes in projected transportation

fuel efficiency in two alternative cases,

2010 and 2025 (percent change from reference case)

The high technology case assumes lower costs and

higher efficiencies for new transportation technolo-

gies. Advances in conventional technologies are pro-

jected to increase the average fuel economy of new

light-duty vehicles in 2025 from 26.9 miles per gallon

in the reference case to 28.8 miles per gallon in the

high technology case. The average efficiency of the

light-duty vehicle stock is 20.3 miles per gallon in

2010 and 22.1 miles per gallon in 2025 in the high

technology case, compared with 20.1 miles per gallon

in 2010 and 21.0 miles per gallon in 2025 in the refer-

ence case (Figure 65).

For freight trucks, average stock efficiency in the

high technology case is 0.6 percent higher in 2010 and

1.0 percent higher in 2025 than the reference case

projection of 6.6 miles per gallon. Advanced aircraft

technologies increase projected aircraft efficiency by

3 percent in 2010 and 20 percent in 2025 relative to

the reference case projections.

In the 2005 technology case, the average fuel economy

of new light-duty vehicles is projected to be 24.9 miles

per gallon in 2025, and the projected average for the

entire light-duty vehicle stock is 20.1 miles per gallon

in 2025. For freight trucks, the projected average

stock efficiency in 2025 is 6.1 miles per gallon. Air-

craft efficiency in 2025 is projected to average 59.7

seat-miles per gallon in the 2005 technology case,

compared with 68.5 seat-miles per gallon in the refer-

ence case.
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Continued Growth in Electricity Use

Is Expected in All Sectors

Figure 66. Annual electricity sales by sector,

1970-2025 (billion kilowatthours)

Total electricity sales are projected to increase at an

average annual rate of 1.9 percent in the AEO2005

reference case, from 3,481 billion kilowatthours in

2003 to 5,220 billion kilowatthours in 2025 (Figure

66). From 2003 to 2025, annual growth in electricity

sales is projected to average 1.6 percent in the resi-

dential sector, 2.5 percent in the commercial sector,

and 1.3 percent in the industrial sector.

The average size of homes is projected to be larger in

2025 than in 2003 in terms of both square footage and

ceiling height, with corresponding increases in elec-

tricity use for heating, cooling, and lighting. In addi-

tion, expected population shifts to warmer climates

increase the amount of electricity used for air condi-

tioning, although the projected increases are miti-

gated in part by the implementation of a more

stringent efficiency standard for air conditioners and

heat pumps in 2006.

Projected efficiency gains for electric equipment in

the commercial sector are offset by the continuing

penetration of new telecommunications technologies

and medical imaging equipment, increased use of

office equipment, and more rapid additions of

floorspace.

Although electricity use is projected to increase with

the growth of industrial output, increases in electric-

ity sales to the industrial sector are expected to be off-

set by a 2.7-percent average annual increase in onsite

generation.

Early Capacity Additions Use Natural

Gas, Coal Plants Are Added Later

Figure 67. Electricity generation capacity additions

by fuel type, including combined heat and power,

2004-2025 (gigawatts)

With growing electricity demand and the retirement

of 43 gigawatts of inefficient, older generating capac-

ity, 281 gigawatts of new capacity (including end-use

combined heat and power) will be needed by 2025.

Most retirements are expected to be older oil- and

natural-gas-fired steam capacity, along with smaller

amounts of older oil- and natural-gas-fired combus-

tion turbines and coal-fired capacity, which are not

competitive with newer natural gas combustion tur-

bine or combined-cycle capacity.

More than 60 percent of new capacity additions are

projected to be natural-gas-fired combined-cycle,

combustion turbine, or distributed generation tech-

nologies (Figure 67). More than 80 percent of the

capacity additions will be needed after 2010, when the

current excess of generation capacity has been

reduced. As natural gas prices rise later in the fore-

cast, new coal-fired capacity is projected to become

increasingly competitive, accounting for nearly one-

third of the capacity expansion expected in the refer-

ence case. Most of the new coal capacity is expected to

use advanced pulverized coal technology and to begin

operation after 2015. About 16 gigawatts of capacity

using advanced clean coal technology, with higher

capital costs but relatively low fuel costs, is also

expected to be added.

About 5 percent of the projected capacity expansion

consists of renewable generating units. Another 7

gigawatts of distributed generation, mostly gas-fired

microturbines, is also expected to be added by 2025.

Oil-fired steam plants with higher fuel costs and

lower efficiencies are expected to be used only for new

industrial combined heat and power capacity.
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Capacity Additions Are Expected

To Be Required in All Regions

Figure 68. Electricity generation capacity

additions, including combined heat and power,

by region and fuel, 2004-2025 (gigawatts)

Most areas of the United States currently have excess

generation capacity, but all the electricity demand

regions (see Appendix G for definitions) are expected

to need additional, currently unplanned, capacity by

2025 (Figure 68). Some new plants already are under

construction, nearly all of which are expected to be

completed by 2010.

The need for new capacity is expected to be greatest in

the Southeast and the West. Although comparatively

small geographically, the Southeast accounts for

about 30 percent of projected total demand in 2025

and a comparable share of expected capacity addi-

tions. The size of the region’s electricity market is the

principal reason for the amount of new capacity

required, and the projected growth in its demand for

electricity growth is also slightly higher than the

national average. The West, which geographically is

the largest electricity demand region, currently rep-

resents less than 20 percent of the Nation’s total

electricity demand, but it accounts for 25 percent

of projected capacity additions. Relatively strong

growth in demand is projected for the West.

Capacity additions in the Southeast and the West are

expected to be considerably more diverse than in the

other areas of the country, where most additions are

projected to be natural-gas-fired capacity. Almost all

additions of coal-fired and renewable capacity are

expected to be in these two areas. Of the 87 gigawatts

of new coal-fired capacity, the Southeast and West

account for 36 percent and 40 percent, respectively.

Nationally, new renewable generating capacity is

expected to total 15 gigawatts, with 28 percent and 34

percent located in the Southeast and West.

Natural Gas and Coal Meet Most

Needs for New Electricity Supply

Figure 69. Electricity generation by fuel,

2003 and 2025 (billion kilowatthours)

Coal-fired power plants are expected to continue sup-

plying most of the Nation’s electricity through 2025

(Figure 69). In 2003, coal-fired plants (including utili-

ties, independent power producers, and end-use

combined heat and power) accounted for 51 percent

(1,970 billion kilowatthours) of all electricity genera-

tion. Their output is projected to increase to 2,890 bil-

lion kilowatthours in 2025, while their share of total

generation declines to 50 percent as a result of a rapid

increase in natural-gas-fired generation.

In compliance with environmental regulations, about

one-third of existing coal-fired capacity has been fit-

ted with scrubbers to reduce sulfur dioxide emissions,

and another 27 gigawatts of currently existing capac-

ity is expected to have scrubbers in 2025. A total of 87

gigawatts of new coal-fired capacity is projected to be

added in the reference case, mostly after 2010, as nat-

ural gas prices continue to rise. Nuclear generation,

currently the second-largest source of electricity, is

expected to increase modestly, as a result of addi-

tional improvements in plant performance and

expansions of existing capacity, before leveling off

after 2017.

Natural gas is expected to have the largest increase in

its share of total electricity generation, from 17 per-

cent in 2003 to 20 percent in 2010 and 24 percent in

2025, and by 2010 it is expected to overtake nuclear

power as the second-largest source of electricity pro-

duction. Generation from renewable sources, includ-

ing hydropower, is projected to increase by 36 percent

from 2003 to 2025, but its share of total electricity

supply is projected to decline from 9 percent in 2003

to 8 percent in 2025.
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Nuclear Power Plant Capacity Factors

Are Expected To Increase Modestly

Figure 70. Electricity generation from nuclear

power, 1973-2025 (billion kilowatthours)

The United States currently has 104 commercial

nuclear reactors licensed to operate, providing about

20 percent of the total 3,690 billion kilowatthours of

electricity generated in 2003 (Figure 70). The perfor-

mance of U.S. nuclear units has improved recently;

the national average capacity factor rose to 90 percent

in 2002 before dropping slightly to 88 percent in 2003.

It is assumed that performance improvements will

continue even as the plants age, leading to a weighted

average capacity factor of 92 percent after 2010.

In the reference case, no nuclear units are projected

to be retired from 2003 to 2025. Nuclear capacity

grows slightly, due to assumed increases at existing

units. The U.S. Nuclear Regulatory Commission

(NRC) approved 8 applications for power uprates in

2003, and another 12 were approved or pending in

2004. The reference case assumes that all the uprates

will be carried out, as well as others expected by the

NRC over the next 15 years, leading to an increase of

3.5 gigawatts in total nuclear capacity by 2025. No

new nuclear units are expected to become operable

between 2003 and 2025.

Nuclear units would be retired if their operation were

no longer economical relative to the cost of building

replacement capacity. By 2025, the majority of

nuclear units will be beyond their original license

expiration dates. As of December 2004, license renew-

als for 30 nuclear units had been approved by the

NRC, and 16 other applications were being reviewed.

As many as 28 additional applicants have announced

intentions to pursue license renewals over the next 3

years, indicating a strong interest in maintaining the

existing stock of nuclear plants.

Least Expensive Technology Options

Are Likely Choices for New Capacity

Figure 71. Levelized electricity costs for new plants,

2015 and 2025 (2003 mills per kilowatthour)

Technology choices for new generating capacity are

made to minimize cost while meeting local and

Federal emissions constraints. The choice of technol-

ogy for capacity additions is based on the least expen-

sive option available (Figure 71) [136]. The reference

case assumes a capital recovery period of 20 years. In

addition, the cost of capital is based on competitive

market rates, to account for the risks of siting new

units.

Capital costs are expected to be reduced over time

(Table 27), at rates that depend on the current stage

of development for each technology. For the newest

technologies, capital costs are initially adjusted

upward to reflect the optimism inherent in early esti-

mates of project costs. As project developers gain

experience, the costs are assumed to decline. The

decline continues at a progressively slower rate as

more units are built. The performance (efficiency) of

new plants is also assumed to improve, with heat

rates for advanced combined cycle and coal gasifica-

tion units declining to 6,333 and 7,200 Btu per kilo-

watthour, respectively, by 2010.
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Coal and Nuclear Fuel Costs Are

Expected To Be Stable

Figure 72. Fuel prices to electricity generators,

1990-2025 (2003 dollars per million Btu)

Electricity production costs are a function of the costs

for fuel, operations and maintenance, and capital.

Fuel costs make up most of the operating costs for fos-

sil-fired units. For a new coal-fired plant built today,

fuel costs would represent about one-half of total

operating costs, whereas the share for a new natu-

ral-gas-fired plant would be almost 90 percent. For

nuclear units, fuel costs typically are a much smaller

portion of total production costs, and nonfuel opera-

tions and maintenance costs make up a much larger

share.

The impact of higher natural gas prices in the projec-

tions is offset by increased generation from coal-fired

and nuclear power plants and by higher generation

efficiencies as new capacity is installed. Although

natural gas prices have been volatile in recent years,

delivered prices to electricity generators are projected

to peak at $6 per million Btu in 2004, then drop by

almost 30 percent by 2010 before climbing steadily to

almost $5.50 per million Btu in 2025 (Figure 72).

Nuclear fuel costs, currently around $0.40 per million

Btu (roughly 4 mills per kilowatthour), are projected

to rise to about $0.60 per million Btu in 2025.

Delivered petroleum prices to electricity generators

follow a price path similar to that for natural gas

prices, with a sharp drop through 2010 followed by a

steady rise through 2025. Despite increasing fuel

costs, the natural gas share of total generation is

projected to increase from 16 percent in 2003 to 24

percent in 2025 because of the higher efficiency of

gas-fired capacity.

Average Electricity Prices Decline

From 2001 Highs, Then Gradually Rise

Figure 73. Average U.S. retail electricity prices,

1970-2025 (2003 cents per kilowatthour)

Average U.S. electricity prices, in real 2003 dollars,

are expected to decline by 11 percent, from 7.4 cents

per kilowatthour in 2003 to 6.6 cents in 2011 (Figure

73), then rise to 7.3 cents per kilowatthour in 2025.

Prices follow the trend of the generation cost compo-

nent of price, which makes up 65 percent of the total

price of electricity and changes mainly in response to

changes in natural gas prices. The distribution com-

ponent, 28 percent of the total electricity price, is

expected to decline from 2003 to 2025 at an average

annual rate of 0.7 percent, as the cost of distribution

infrastructure is spread over a growing amount of

total electricity trade. Transmission prices are

expected to increase at an average annual rate of 1.0

percent because of the additional investment needed

to meet projected growth in electricity demand. Elec-

tricity prices for individual customer classes are pro-

jected to follow the average price trend, declining

through 2011 and then increasing for the remainder

of the forecast. Residential and commercial prices in

2025 are projected to be slightly lower than 2003

prices, and industrial prices are expected to be

slightly higher than in 2003.

Competition in retail and wholesale generation mar-

kets can strongly influence electricity prices. In 2004,

17 States and the District of Columbia had competi-

tive retail electricity markets in operation. Montana,

Nevada, New Mexico, and Oklahoma have delayed

opening competitive retail markets; Arkansas has

repealed its restructuring legislation; and Califor-

nia’s competitive retail market is suspended. Many

States have cited a lack of operational wholesale mar-

kets and inadequate generation and transmission

capacity as reasons for delaying retail competition.
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Increases in Nonhydropower

Renewable Generation Are Expected

Figure 74. Grid-connected electricity generation

from renewable energy sources, 1970-2025

(billion kilowatthours)

Despite strong growth in renewable electricity gener-

ation as a result of technology improvements and

expected higher fossil fuel costs, grid-connected gen-

erators using renewable fuels (including combined

heat and power and other end-use generators) are

projected to remain minor contributors to U.S. elec-

tricity supply. From 359 billion kilowatthours in 2003

(9.3 percent of total generation) renewable genera-

tion increases to only 489 billion kilowatthours (8.5

percent) in 2025 (Figure 74).

Conventional hydropower remains the major source

of renewable generation in the AEO2005 reference

case. After 4 years of below-normal precipitation,

hydroelectric generation is expected to recover in

2005; however, with little new capacity expected, con-

ventional hydropower generation is projected to

increase from 275 billion kilowatthours in 2003 (7.1

percent of total generation) to just 307 billion

kilowatthours (5.3 percent of the total) in 2025. Other

renewables account for 5.3 percent of projected addi-

tions to capacity from 2003 to 2025 and 6.4 percent of

the projected increase in generation. Generation from

nonhydropower renewables increases from 84 billion

kilowatthours in 2003 (2.2 percent of generation) to

182 billion kilowatthours in 2025 (3.2 percent). Bio-

mass, including combined heat and power systems

and biomass co-firing in coal-fired plants, is the larg-

est source of other renewable generation in the fore-

cast. Electricity from biomass combustion increases

from 37 billion kilowatthours in 2003 (1.0 percent) to

81 billion kilowatthours in 2025 (1.4 percent), with 49

percent of the increase coming from dedicated power

plants and the rest primarily from combined heat and

power.

Biomass, Wind, and Geothermal

Lead Growth in Renewables

Figure 75. Nonhydroelectric renewable electricity

generation by energy source, 2003-2025

(billion kilowatthours)

AEO2005 projects significant increases in electricity

generation from both geothermal and wind power

(Figure 75). In the West, geothermal output increases

from 13 billion kilowatthours in 2003 to 33 billion

kilowatthours in 2025. Wind-powered generating

capacity increases from 6.6 gigawatts in 2003 to 11.3

gigawatts in 2025, and generation from wind capacity

increases from less than 11 billion kilowatthours in

2003 to 35 billion in 2025. The mid-term prospects for

wind power are uncertain, depending on response to

the recent extension of the Federal production tax

credit through 2005 and the likelihood of further

extensions, as well as responses to State programs,

technology improvements, transmission availability,

and public interest.

Generation from municipal solid waste and landfill

gas (MSW/LFG) is projected to increase by 7 billion

kilowatthours, to 29 billion kilowatthours in 2025,

but little new municipal solid waste capacity is

expected. Solar technologies generally are projected

to remain too costly to be competitive in supplying

power to the grid. Central-station photovoltaic capac-

ity increases in the forecast from about 40 megawatts

in 2003 to 400 megawatts in 2025, and solar thermal

capacity increases from about 400 megawatts to more

than 500 megawatts. In contrast, individual grid-con-

nected photovoltaic installations grow rapidly, from

about 60 megawatts in 2003 to nearly 1,800 mega-

watts in 2025. Grid-connected photovoltaics and solar

thermal, which together provided about 0.7 billion

kilowatthours of electricity in 2003, are projected to

supply nearly 6 billion kilowatthours in 2025 [137].
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State Programs Will Continue

To Support Renewable Energy Use

Figure 76. Additions of renewable generating

capacity, 2003-2025 (gigawatts)

In the AEO2005 reference case, 14.9 gigawatts of new

nonhydroelectric renewable energy capacity is pro-

jected to enter service from 2003 through 2025,

including 10.6 gigawatts in the electric power sector,

2.6 gigawatts of combined heat and power, and

1.7 gigawatts of end-use applications. In the electric

power sector, 1.6 gigawatts is projected as a result

of State requirements and goals (wind 1.3 gigawatts,

geothermal and landfill gas each 0.1 gigawatt, plus

smaller amounts of biomass, waste, and solar capac-

ity) and the rest from commercial projects (Figure

76).

Most new renewables capacity projected in the near

term results from specific projects and State pro-

grams. After 2010, the projected growth in renewable

energy capacity is based on its ability to become com-

petitive in electricity markets. The Federal produc-

tion tax credit for wind plants was not extended until

late in 2004, and so only 213 megawatts of new wind

capacity is expected to be completed in 2004. In

2005, however, more than 1 gigawatt of new capacity

is expected to enter service before the credit expires

on December 31.

Because States with renewable energy requirements

have not added capacity as rapidly as projected in

earlier forecasts, projections for new capacity

resulting from State renewable portfolio standards,

mandates, and nonmandatory goals are reduced

in AEO2005, but they are still significant, including

903 megawatts expected in Texas, 146 megawatts

each in California and Minnesota, 141 megawatts in

Nevada, 80 megawatts in New Mexico, and 65 mega-

watts in Pennsylvania.

Renewables Are Expected To Become

More Competitive Over Time

Figure 77. Levelized and avoided costs for new

renewable plants in the Northwest, 2010 and 2025

(2003 mills per kilowatthour)

The competitiveness of both conventional and renew-

able generation resources is based on the most cost-

effective mix of capacity that satisfies the demand for

electricity across all hours and seasons. Baseload

technologies tend to have low operating costs and set

the marginal cost of power only during the hours of

least demand. Dispatchable geothermal and biomass

resources compete directly with new coal and nuclear

plants, which to a large extent determine the avoided

cost [138] for baseload energy (Figure 77). In some

regions and years, new geothermal or biomass plants

may be competitive with new coal-fired plants, but

their development is limited by the availability of geo-

thermal resources or competitive biomass fuels.

Intermittent technologies—specifically, wind and

solar—can be used only when resources are available.

Because of their relatively low operating costs and

limited resource availability, the avoided costs of

these technologies are determined largely by the

operating costs of the most expensive units operating

when their resources are available. Solar generators

tend to operate during peak load periods, when

gas-fired combustion turbines and combined-cycle

units with higher fuel costs tend to determine avoided

cost. The levelized cost of solar thermal generation is

projected to be significantly higher than its avoided

cost through 2025. The availability of wind resources

varies among regions, but wind plants generally tend

to displace intermediate load generation. Thus, the

avoided costs of wind power will be determined

largely by the low-to-modest operating costs of com-

bined-cycle and coal-fired plants. In some regions and

years, the levelized costs for wind power are projected

to be below its avoided costs.
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Gas-Fired Technologies Lead New

Additions of Generating Capacity

Figure 78. Cumulative new generating capacity

by technology type in three fossil fuel technology

cases, 2003-2025 (gigawatts)

The AEO2005 reference case uses the cost and perfor-

mance characteristics of generating technologies to

select the mix and amounts of new generating capac-

ity for each year in the forecast. Values for technology

characteristics are determined in consultation with

industry and government specialists, but uncertainty

surrounds the assumptions for new technologies. In

the high fossil fuel case, capital costs, heat rates, and

operating costs for advanced fossil-fired generating

technologies (integrated coal gasification combined

cycle, advanced combined cycle, and advanced com-

bustion turbine) reflect a 10-percent reduction from

reference case levels in 2025. The low fossil fuel case

assumes no change in capital costs and heat rates for

advanced technologies from their 2005 levels.

Natural gas technologies make up the largest share of

new capacity additions in all cases, but the mix of cur-

rent and advanced technologies varies (Figure 78). In

the high fossil fuel case, advanced technologies are

used for 84 percent (173 gigawatts) of projected

gas-fired capacity additions, compared with 69 per-

cent (110 gigawatts) in the low fossil fuel case. The

coal share of total capacity additions varies from 22

percent to 33 percent in the cases. In the low fossil

fuel case, only a negligible amount of advanced

coal-fired generating capacity is added. In the high

fossil fuel case, advanced coal technologies are more

competitive, making up 65 percent of all coal-fired

capacity additions. The projections for average fossil

fuel efficiency in the electric power sector in 2025 are

37 percent in the reference case, 38 percent in the

high fossil fuel case, and 36 percent in the low fossil

fuel case, based on different assumptions about the

penetration of advanced technologies in the cases.

Sensitivity Cases Look at Possible

Reductions in Nuclear Power Costs

Figure 79. Levelized electricity costs for new plants

by fuel type in two nuclear cost cases, 2015 and 2025

(2003 cents per kilowatthour)

The AEO2005 reference case assumptions for the cost

and performance characteristics of new technologies

are based on cost estimates by government and indus-

try analysts, allowing for uncertainties about new,

unproven designs. Two alternative nuclear cost cases

analyze the sensitivity of the projections to lower

costs for new nuclear power plants. The advanced

nuclear cost case assumes capital and operating costs

20 percent below the reference case in 2025, reflect-

ing a 28-percent reduction in overnight capital costs

from 2005 to 2025. (Earlier analysis showed that a

10-percent reduction in capital and operating costs

would be insufficient to stimulate new nuclear con-

struction.) The vendor estimate case assumes reduc-

tions relative to the reference case of 18 percent

initially and 38 percent in 2025. These costs are con-

sistent with estimates from British Nuclear Fuels

Limited for the manufacture of its advanced pressur-

ized-water reactor (AP1000). Cost and performance

characteristics for all other technologies are assumed

to be the same as those in the reference case.

Projected nuclear generating costs in the two alterna-

tive nuclear cost cases are competitive with the

generating costs projected for new coal- and natural-

gas-fired units toward the end of the projection period

(Figure 79). In the advanced nuclear case 7 gigawatts

of new nuclear capacity is added by 2025, and in the

vendor estimate case 25 gigawatts is added by 2025.

The additional nuclear capacity displaces primarily

projected new coal-fired capacity. The projections in

Figure 79 are average generating costs, assuming

generation at the maximum capacity factor for each

technology; the costs and relative competitiveness of

the technologies could vary across regions.
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Rapid Economic Growth Would Boost

New Coal and Renewable Capacity

Figure 80. Cumulative new generating capacity

by technology type in three economic growth cases,

2003-2025 (gigawatts)

The projected annual average growth rate for GDP

from 2003 to 2025 ranges from 3.6 percent in the high

economic growth case to 2.5 percent in the low

economic growth case. The difference leads to a

4-percent change in projected electricity demand in

2010 and a 12-percent change in 2025, with a corre-

sponding difference of 105 gigawatts in the amount of

new capacity projected to be built from 2003 to 2025

in the high and low economic growth cases, including

combined heat and power in the end-use sectors.

Most (74 percent) of the new capacity projected to be

needed in the high economic growth case beyond that

added in the reference case is expected to consist of

new coal-fired plants. The stronger demand growth

assumed in the high growth case is also projected to

stimulate additions of renewable plants and new

natural-gas-fired capacity (Figure 80). In the low eco-

nomic growth case, total capacity additions are

reduced by 53 gigawatts, and 70 percent of that pro-

jected reduction is in coal-fired capacity additions.

Average electricity prices in 2025 are 5 percent higher

in the high economic growth case than in the refer-

ence case, due to higher natural gas prices and

the costs of building additional generating capacity.

Electricity prices in 2025 in the low economic growth

case are projected to be 4 percent lower than in the

reference case. In the high economic growth case, a

5-percent increase in consumption of fossil fuels

results in a 6-percent increase in carbon dioxide

emissions from electricity generators in 2025.

Lower Cost Assumptions Increase

Biomass and Geothermal Capacity

Figure 81. Nonhydroelectric renewable electricity

generation by energy source in three cases,

2010 and 2025 (billion kilowatthours)

The impacts of key assumptions about the availability

and cost of nonhydroelectric renewable energy

resources for electricity generation are shown in two

alternative technology cases. In the low renewables

case, the cost and performance of generators using

renewable resources are assumed to remain

unchanged throughout the forecast. The high renew-

ables case assumes cost reductions of 10 percent in

2025 on a site-specific basis for hydroelectric, geo-

thermal, biomass, wind, and solar generating

capacity (however, no new additions of conventional

hydropower are projected in any of the cases, given

the lack of suitable new sites for development).

In the low renewables case, construction of new

renewable capacity is less than projected in the refer-

ence case (Figure 81). In the high renewables case,

more additions of biomass, geothermal, and wind

capacity are projected through 2025 than in the refer-

ence case, with most of the incremental capacity

added between 2010 and 2025. In 2025, projected

total electricity generation from nonhydropower

renewables is 52 billion kilowatthours higher in the

high renewables case than in the reference case, with

most of the increment coming from geothermal (22.8

billion kilowatthours), biomass (18.0 billion kilowatt-

hours), and wind energy (10.1 billion kilowatthours).

Still, nonhydropower renewables are projected to

remain relatively small contributors to total genera-

tion in the high renewables case, accounting for 134

billion kilowatthours (2.9 percent of the total) in 2010

and 235 billion kilowatthours (4.1 percent) in 2025.
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Projected Increases in Natural Gas

Use Are Led by Electricity Generators

Figure 82. Natural gas consumption by sector,

1990-2025 (trillion cubic feet)

In the AEO2005 reference case, total natural gas con-

sumption increases from 22.0 trillion cubic feet in

2003 to 30.7 trillion cubic feet in 2025. In the electric

power sector, natural gas consumption increases

from 5.0 trillion cubic feet in 2003 to 9.4 trillion cubic

feet in 2025 (Figure 82), accounting for 31 percent of

total demand for natural gas in 2025 as compared

with 23 percent in 2003. The increase in natural gas

consumption for electricity generation results from

both the construction of new gas-fired generating

plants and higher capacity utilization at existing

plants. Most new electricity generation capacity is

expected to be fueled by natural gas, because natu-

ral-gas-fired generators are projected to have advan-

tages over coal-fired generators that include lower

capital costs, higher fuel efficiency, shorter construc-

tion lead times, and lower emissions. Toward the end

of the forecast, however, when natural gas prices rise

substantially, coal-fired power plants are expected to

be competitive for new capacity additions.

Industrial consumption of natural gas, including

lease and plant fuel, is projected to increase from 8.1

trillion cubic feet in 2003 to 10.3 trillion cubic feet in

2025. Although increases are projected for most

industrial sectors, decreases are expected in the iron,

steel, and aluminum industries. The industrial sec-

tors with the largest projected increases in natural

gas consumption growth from 2003 through 2025

include metal-based durables, petroleum refining,

bulk chemicals, and food. Natural gas use is also pro-

jected to increase in the residential sector by 0.7 per-

cent per year and in the commercial sector 1.2 percent

per year on average from 2003 to 2025.

Unconventional Production Becomes

the Largest Source of U.S. Gas Supply

Figure 83. Natural gas production by source,

1990-2025 (trillion cubic feet)

As a result of technological improvements and rising

natural gas prices, natural gas production from rela-

tively abundant unconventional sources (tight sands,

shale, and coalbed methane) is projected to increase

more rapidly than conventional production. Lower 48

unconventional gas production grows from 6.6 tril-

lion cubic feet in 2003 to 8.6 trillion cubic feet in 2025

(Figure 83) and from 35 percent of total lower 48 pro-

duction in 2003 to 44 percent in 2025.

Production of lower 48 nonassociated (NA) conven-

tional natural gas declines from 9.5 trillion cubic feet

in 2003 to 8.6 trillion cubic feet in 2025, as resource

depletion causes exploration and development costs

to increase. Offshore NA natural gas production is

projected to rise slowly to a peak of 3.9 trillion cubic

feet in 2008, then decline to 3.6 trillion cubic feet in

2025.

Production of associated-dissolved (AD) natural gas

from lower 48 crude oil reserves is projected to

increase from 2.5 trillion cubic feet in 2003 to 3.1 tril-

lion cubic feet in 2010 due to a projected increase in

offshore AD gas production [139]. After 2010, both

onshore and offshore AD gas production are projected

to decline, and total lower 48 AD gas production falls

to 2.4 trillion cubic feet in 2025.

The North Slope Alaska natural gas pipeline is pro-

jected to begin transporting Alaskan gas to the lower

48 States in 2016. In 2025, total Alaskan gas produc-

tion is projected to be 2.2 trillion cubic feet in the ref-

erence case, compared with 0.4 trillion cubic feet in

2003.
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Growing Production Is Expected

from the Rocky Mountain Region

Figure 84. Lower 48 onshore natural gas

production by supply region, 1990-2025

(trillion cubic feet)

In the reference case, total natural gas supplies are

projected to grow by 8.2 trillion cubic feet from 2003

to 2025. Domestic natural gas production is expected

to account for 34 percent of the total growth in gas

supply, and net imports are projected to account for

the remaining 66 percent.

Over the forecast period, the largest increase in lower

48 onshore natural gas production is projected to

come from the Rocky Mountain region, primarily

from unconventional gas deposits [140]. Rocky Moun-

tain natural gas production is projected to increase

from 3.7 trillion cubic feet in 2003 to 5.6 trillion cubic

feet in 2025 (Figure 84). In 2003, Rocky Mountain

production was 27 percent of total lower 48 onshore

production. The Rocky Mountain region’s share of

lower 48 onshore production is projected to increase

to 38 percent in 2025. The only other increases in pro-

duction are expected in the Northeast and Southwest

regions. In the Northeast, production rises from 900

billion cubic feet in 2003 to 1.2 trillion cubic feet in

2019 and declines slightly thereafter. In the South-

west, production rises from 1.7 trillion cubic feet in

2003 to 2.4 trillion cubic feet in 2018 and declines to

2.1 trillion cubic feet in 2025.

Natural gas production in the onshore Gulf Coast and

Midcontinent regions remains relatively constant

through 2011, then declines to 3.8 and 1.9 trillion

cubic feet, respectively, in 2025. West Coast produc-

tion declines throughout the forecast. Regional

declines in the projections reflect depletion of the nat-

ural gas resource base and increasing costs of gas

exploration and development in those regions.

Net Imports of Natural Gas Grow

in the Projections

Figure 85. Net U.S. imports of natural gas,

1970-2025 (trillion cubic feet)

Net imports of natural gas make up the difference

between U.S. production and consumption. Imports

are expected to be priced competitively with domestic

sources. Supplies of natural gas from overseas

sources account for most of the projected increase in

net imports in the reference case (Figure 85). New

LNG terminals are projected to start coming into

operation in 2006, and net LNG imports increase to

6.4 trillion cubic feet in 2025.

Net imports of natural gas from Canada are projected

to decline from 3.0 trillion cubic feet in 2005 to 2.5

trillion cubic feet in 2009, rise again to 3.0 trillion

cubic feet in 2015, and then decline to 2.5 trillion

cubic feet in 2025. A steady decline of conventional

production in the Western Sedimentary Basin is more

than offset by increases in unconventional production

in western Canada, conventional production in the

MacKenzie Delta and Eastern Canada, and LNG

imports. Although a MacKenzie Delta natural gas

pipeline is expected to open in 2010, pipeline imports

from Canada decline at the end of the forecast,

because Canada’s gas consumption increases more

rapidly than its production.

Mexico has considerable natural gas resources, but

the United States historically has been a net exporter

of gas to Mexico, where industrial consumers along

the border are closer to U.S. supplies than they are to

domestic supplies. In the reference case, net U.S.

exports to Mexico are projected to increase through

2006, when an LNG import terminal in Baja Califor-

nia, Mexico, begins exporting natural gas from west-

ern Mexico to the United States [141].
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Delivered Prices Follow Projected

Trends in Wellhead Prices

Figure 86. Natural gas prices by end-use sector,

1970-2025 (2003 dollars per thousand cubic feet)

Trends in delivered natural gas prices largely reflect

changes in wellhead prices. Wellhead natural gas

prices are projected to decline in the early years of the

AEO2005 reference case forecast, as drilling levels

increase, new production capacity comes on line, and

LNG imports increase in response to current high

prices. As a result, end-use delivered prices are pro-

jected to fall (Figure 86). After 2011, however, both

wellhead and delivered natural gas prices are pro-

jected to increase in response to the higher explora-

tion and development costs associated with smaller

and deeper gas deposits in the remaining domestic

gas resource base.

Transmission and distribution margins in the end-

use sectors reflect both the volumes of gas delivered

and the infrastructure arrangements of the sectors.

The industrial and electricity generation sectors have

the lowest end-use prices, because they receive most

of their natural gas directly from interstate pipelines,

avoiding local distribution charges. In addition, sum-

mer-peaking electric generators reduce transmission

costs by using interruptible transportation rates dur-

ing the summer, when there is spare pipeline capac-

ity. As power generators take a larger share of the

natural gas market, however, they are expected to

rely more on higher cost firm transportation service.

On average, transmission and distribution margins

are projected to remain relatively constant in the

forecast, because the cost of new facilities largely off-

set the reduced depreciation expenses of existing

facilities. If public opposition prevented the building

of new infrastructure, delivered prices could be

higher than projected in the reference case.

Technology Advances Could Moderate

Future Natural Gas Prices

Figure 87. Lower 48 natural gas wellhead prices

in three cases, 1985-2025 (2003 dollars

per thousand cubic feet)

In the reference case, average lower 48 wellhead nat-

ural gas prices are projected to decline from the 2004

level to $3.64 per thousand cubic feet (2003 dollars) in

2010 and then increase to $4.79 per thousand cubic

feet in 2025 (Figure 87). Technically recoverable nat-

ural gas resources (Table 28) are expected to be ade-

quate to support projected production increases. As

lower 48 conventional natural gas resources are

depleted and wellhead prices rise, an increasing pro-

portion of U.S. natural gas supply is projected to come

from Alaska, unconventional production, and LNG

imports.

In the slow oil and gas technology case, advances in

exploration and production technologies are assumed

to be 50 percent slower than those assumed in the ref-

erence case, which are based on historical rates. As a

result, natural gas development costs are higher,

wellhead prices are higher ($5.18 per thousand cubic

feet in 2025), natural gas consumption is reduced,

and LNG imports increase.

The rapid technology case assumes 50 percent faster

technology progress than in the reference case,

resulting in lower development costs, lower wellhead

prices ($4.35 per thousand cubic feet in 2025),

increased consumption of natural gas, and lower LNG

imports than are projected in the reference case.
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Natural Gas Supply Projections

Reflect Technological Progress Rates

Figure 88. Lower 48 natural gas production

in three cases, 1990-2025 (trillion cubic feet)

Because the impacts of technological progress are

cumulative, the rapid and slow technology cases

diverge increasingly from the reference case in the

later years of the forecast (Figure 88). In the refer-

ence case, lower 48 natural gas production is pro-

jected to total 19.6 trillion cubic feet in 2025. The

corresponding projections are 22.5 trillion cubic feet

in the rapid oil and gas technology case and 17.4 tril-

lion cubic feet in the slow technology case.

The cost-reducing effects of rapid technological prog-

ress primarily affect the economic recoverability of

the unconventional resource base, because there are

more opportunities for technological improvement in

the exploration and recovery of unconventional gas

than there are for conventional gas. In 2025, uncon-

ventional gas production is projected to be 11.0 tril-

lion cubic feet in the rapid technology case and 7.1

trillion cubic feet in the slow technology case, com-

pared with 8.6 trillion cubic feet in the reference case.

The rate of technological progress also affects the

contributions of other natural gas supply sources.

Because rapid progress is projected to increase the

rate of production of lower 48 natural gas resources

and reduce wellhead prices, both the Alaska gas

pipeline and new LNG terminals are less viable eco-

nomically in the rapid technology case than in the ref-

erence case, and their construction is delayed. In the

slow technology case, more LNG terminal capacity is

projected to be built, and the Alaska gas pipeline and

some LNG terminals are projected to be built earlier.

Projected LNG imports in 2025 total 5.7 trillion cubic

feet in the rapid technology case and 6.8 trillion cubic

feet in the slow technology case.

Rapid Technology Assumptions Raise

Natural Gas Reserve Projections

Figure 89. Lower 48 natural gas reserves

in three cases, 1990-2025 (trillion cubic feet)

Natural gas wellhead productive capacity directly

reflects reserve levels. The AEO2005 projections for

lower 48 natural gas reserves are based on expected

levels of natural gas exploration and development

drilling resulting from projected cash flows and prof-

itability. In the reference case, lower 48 reserves grow

to 207 trillion cubic feet in 2008, then decline slowly

to 178 trillion cubic feet in 2025 (Figure 89).

In the rapid technology case, the finding and success

rates for gas well drilling are higher than in the refer-

ence case, and exploration and development costs are

reduced, resulting in more drilling activity and

reserve additions. In this case, lower 48 reserves are

projected to peak at 215 trillion cubic feet in 2009,

then decline to 205 trillion cubic feet in 2025.

In the slow technology case, finding and success rates

are lower, exploration and development costs are

higher, and drilling activity and reserve additions are

lower than projected in the reference case. Lower 48

reserves are projected to peak at 200 trillion cubic feet

in 2008, then decline to 159 trillion cubic feet in 2025.

In all three cases, the natural gas resource base is suf-

ficient in the early years of the forecast to support the

increases in drilling activity and reserve additions

that are stimulated by higher projected prices. As a

result, reserve additions early in the forecast gener-

ally exceed production. In later years, resource deple-

tion reduces reserve additions per well, and rising

costs of gas well development reduce drilling activity.

As a result, production generally exceeds reserve

additions, causing total reserves to decline toward the

end of the forecast.
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Oil Prices Are Expected To Decline

from Recent Peaks, Then Rise

Figure 90. Lower 48 crude oil wellhead prices

in three cases, 1970-2025 (2003 dollars per barrel)

In the AEO2005 reference case, the average lower 48

crude oil price (as distinct from the world oil price) is

projected to decline from current levels to $24.50 per

barrel (2003 dollars) in 2010, before increasing to

$30.00 per barrel in 2025 (Figure 90). The U.S. price

of oil, unlike natural gas, is set in the international

marketplace. In the high A world oil price case, the

lower 48 crude oil price is projected to be $33.65 per

barrel in 2010 and $38.84 per barrel in 2025. In the

low world oil price case, the lower 48 price declines to

$20.44 per barrel in 2010, then remains relatively

stable through 2025.

Between 2003 and 2010, crude oil prices are expected

to decline as new deepwater oil fields are brought into

production in the Gulf of Mexico and West Africa, new

oil sands production is initiated in Canada, and OPEC

and Russia expand production capacity. Near-term

price expectations are highly uncertain, however,

given the potential for political instability in many

oil-exporting countries, which could significantly

change the world’s oil demand and supply picture.

Uncertainty about world oil prices in the longer term

is reflected in the low and high A world oil price cases.

Crude oil prices are determined largely by the balance

between production and consumption and the mix of

OPEC and non-OPEC production. In the reference

case, oil production and consumption in 2025 are bal-

anced at 120 million barrels per day, with OPEC

accounting for 46 percent of total production. The low

oil price case projects production of 128 million bar-

rels per day in 2025, with the OPEC share at 51 per-

cent. The high A case projects 114 million barrels per

day, with the OPEC share at 37 percent.

Lower 48 Crude Oil Production

Is Expected To Decline After 2009

Figure 91. Lower 48 crude oil production by source,

1970-2025 (million barrels per day)

In the reference case, total lower 48 crude oil produc-

tion is projected to increase from 4.7 million barrels

per day in 2003 to 5.4 million barrels per day in 2009,

then decline to 4.1 million barrels per day in 2025

(Figure 91). In the low oil price case, lower 48 oil pro-

duction peaks in 2009 at 5.3 million barrels per day,

then declines to 3.9 million barrels per day in 2025. In

the high A oil price case, lower 48 production peaks in

2009 at 5.4 million barrels per day and declines to 4.5

million barrels per day in 2025. The projected peaks

in oil production are attributable to offshore produc-

tion, particularly in the Gulf of Mexico, where deep-

water oil production is projected to total 2.3 million

barrels per day in 2009 (Table 29).

Offshore crude oil production is more sensitive than

onshore production to oil prices, because a smaller

portion of offshore oil resources has been depleted. In

the reference case, total offshore production (includ-

ing the Gulf of Mexico and offshore California) rises

to 2.7 million barrels per day in 2009, then declines to

2.0 million barrels per day in 2025. In the low and

high A price cases, the projections for lower 48 off-

shore production in 2025 are 1.9 million barrels per

day and 2.3 million barrels per day, respectively.

Onshore lower 48 oil production is projected to

decline in all three cases, with 2025 values ranging

from 2.0 million barrels per day in the low price case

to 2.2 million barrels per day in the high A price case.
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U.S. Oil Production Is Marginally

Sensitive to World Oil Prices

Figure 92. Total U.S. crude oil production in three

oil price cases, 1990-2025 (million barrels per day)

The different paths projected for total U.S. crude oil

production in the three world oil price cases reflect

differences both in the numbers of new fields devel-

oped and in the volumes of oil recovered from existing

fields. Total U.S. oil production is only marginally

sensitive to crude oil price projections (Figure 92),

both because future production is expected to come

largely from developed fields, such as Prudhoe Bay,

and because development of much of the remaining

oil resource base (Table 30) would be uneconomical

even with much higher oil prices. In the high A and

low world oil price cases, total U.S. production in 2025

is projected at 5.2 and 4.5 million barrels per day,

respectively.

The different price paths in the three cases primarily

affect the development and production of lower 48 off-

shore resources (Table 31). Smaller deepwater fields

that are not profitable when prices are low are

expected to become profitable at higher price levels.

More Rapid Technology Advances

Could Raise Oil Production

Figure 93. Lower 48 crude oil production in three

technology cases, 1990-2025 (million barrels

per day)

Lower 48 crude oil production is projected to reach 4.4

and 3.9 million barrels per day in 2025 in the rapid

and slow technology cases, respectively, compared

with 4.1 million barrels per day in the reference case

(Figure 93). The technology cases assume the same

world oil prices as in the reference case, but the rate

of technological progress is assumed to be 50 percent

higher (in the rapid technology case) or lower (in

the slow technology case) than the historical rate.

With domestic oil demand determined largely by oil

prices and economic growth rates, consumption is not

expected to change significantly in the technology

cases. Thus, changes in production resulting from the

different rates of technological progress lead to differ-

ent projected levels of petroleum imports. In 2025,

net petroleum imports are projected to range from

18.5 million barrels per day in the rapid technology

case to 19.6 million barrels per day in the slow tech-

nology case, as compared with 19.1 million barrels per

day in the reference case.

In the lower 48 States, offshore crude oil production is

more sensitive than onshore production to changes in

technology, because there are more opportunities for

technological improvement in the less mature areas

offshore, particularly in the deepwater Gulf of Mex-

ico. Cumulative offshore production from 2004

through 2025 is projected to be 0.7 billion barrels (4.0

percent) higher in the rapid technology case and 0.8

billion barrels (4.7 percent) lower in the slow technol-

ogy case than in the reference case. Cumulative

onshore production is about 0.4 billion barrels (2.0

percent) higher in the rapid oil and gas technology

case and 0.4 billion barrels (1.8 percent) lower in the

slow technology case than in the reference case.
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Table 30. Technically recoverable U.S. oil resources

as of January 1, 2003 (billion barrels)

Proved Unproved Total

24.0 118.8 142.8

Table 31. Onshore and offshore lower 48 crude oil

production in three cases, 2025 (million barrels

per day)

Onshore Offshore Total

Low oil price 2.03 1.88 3.91

Reference 2.09 2.03 4.12

High A oil price 2.16 2.30 4.47



Crude Oil Production in Alaska

Depends on Oil Prices

Figure 94. Alaskan crude oil production

in three cases, 1990-2025 (million barrels per day)

Alaskan crude oil production originates mainly from

the North Slope, which includes the National Petro-

leum Reserve-Alaska (NPR-A) and the State lands

surrounding Prudhoe Bay. Because oil and gas pro-

ducers are prohibited from building permanent roads

in NPR-A, exploration and production are expected to

be about 30 percent more expensive than is typical for

the North Slope of Alaska. Because drilling is

currently prohibited in the Arctic National Wildlife

Refuge (ANWR), AEO2005 does not project any pro-

duction from ANWR; however, an EIA analysis [142]

projects that if drilling were allowed, production

would start 10 years later and reach 900,000 barrels

per day in 2025 if the area contains the mean level of

resources (10.4 billion barrels) estimated by the U.S.

Geological Survey.

In the reference case, crude oil production from

Alaska is expected to decline to about 810,000 barrels

per day in 2010 (Figure 94). After 2010, increased pro-

duction from NPR-A raises Alaska’s total production

to about 890,000 barrels per day in 2014. Depletion of

the oil resource base in the North Slope, NPR-A, and

southern Alaska oil fields is expected to lead to a

decline in the State’s total production to about

610,000 barrels per day in 2025.

As in the lower 48 States, oil production in Alaska is

marginally sensitive to projected changes in oil prices.

Higher prices make more of the reservoir oil in-place

profitable. In 2025, Alaska’s production is projected

to be about 100,000 barrels per day above the refer-

ence case level in the high A oil price case and 60,000

barrels per day below the reference case level in the

low oil price case.

Imports Fill the Gap Between

Domestic Supply and Demand

Figure 95. Petroleum supply, consumption,

and imports, 1970-2025 (million barrels per day)

In 2003, net imports of crude oil and refined products

accounted for 56 percent of domestic petroleum con-

sumption. Dependence on petroleum imports is pro-

jected to reach 68 percent in 2025 in the reference

case (Figure 95). The corresponding import shares of

total consumption in 2025 are expected to be 63 per-

cent in the high A oil price case and 72 percent in the

low oil price case.

The portion of domestic petroleum demand that is

supplied by imports depends on the world crude oil

price. Because imported products are the most expen-

sive source of petroleum supply, the first effect of

assuming crude oil prices above those projected in the

reference case is reduced consumption of imported

petroleum products. Higher prices also stimulate the

production of relatively high-cost domestic crude oil,

resulting in lower projected levels of imported crude.

Prices below those in the reference case have the

opposite effect: U.S. consumption and product

imports increase, production of domestic crude oil

falls, and the portion of petroleum consumption met

by imports rises.

Although crude oil is expected to continue as the

major component of petroleum imports, refined prod-

ucts are projected to represent a growing share. More

petroleum product imports would be needed as the

projected growth in demand for refined products

exceeds the expansion of domestic refining capacity.

Refined products are projected to make up 21 percent

of net petroleum imports in 2025 in the low oil price

case and 12 percent in the high A oil price case, com-

pared with 16 percent in the reference case, increas-

ing from a 14-percent share in 2003.
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Expansion at Existing Refineries

Increases U.S. Refining Capacity

Figure 96. Domestic refining capacity

in three cases, 1975-2025 (million barrels per day)

Falling demand for petroleum and deregulation of

the domestic refining industry in the 1980s led to 13

years of decline in U.S. refinery capacity. That trend

was reversed in 1996, and 1.4 million barrels per day

of distillation capacity was added between 1996 and

2003. Financial and legal considerations make it

unlikely that new refineries will be built in the United

States, but additions at existing refineries are

expected to increase total U.S. refining capacity in all

the AEO2005 cases (Figure 96).

Distillation capacity is projected to grow from the

2003 year-end level of 16.8 million barrels per day to

22.3 million barrels per day in 2025 in the reference

case, 21.4 million in the high A oil price case, and 22.5

million in the low price case, as compared with the

1981 peak of 18.6 million barrels per day. Almost all

new capacity additions are projected to occur on the

Gulf Coast. Existing refineries are expected to con-

tinue to be utilized intensively (92 to 95 percent of

operable capacity) throughout the forecast. The 2003

utilization rate was 93 percent, well above the lows of

69 percent during the 1980s and 88 percent during

the early 1990s but consistent with capacity utiliza-

tion rates since the mid-1990s.

Distillation is only the first step in the refining

process. Improved processing of the intermediate

streams obtained from crude distillation is expected

to reduce yields of residual fuel, which has a shrink-

ing market, and improve yields of the higher value

“light products,” such as gasoline, distillate, jet

fuel, and liquefied petroleum gas. Further process

improvements will be required to reduce the sulfur

content of gasoline and some types of distillate fuel.

Asia/Pacific Region Is Expected

To Surpass U.S. Refining Capacity

Figure 97. Worldwide refining capacity by region,

2003 and 2025 (million barrels per day)

Worldwide crude oil distillation capacity was 82.0 mil-

lion barrels per day at the end of 2003. To meet the

growth in international oil demand in the reference

case, worldwide refining capacity is expected to

increase by about 60 percent—to more than 131 mil-

lion barrels per day—by 2025. Substantial growth in

distillation capacity is expected in the Middle East,

Central and South America, and the Asia/Pacific

region (Figure 97).

The Asia/Pacific region has been the fastest growing

refining center over the past decade. In the mid-

1990s, it surpassed Western Europe as the world’s

second largest refining center (after North America)

in terms of distillation capacity; and in 2003, capacity

in the Asia/Pacific region capacity was only 220,000

barrels per day lower than that in North America.

While not adding significantly to their distillation

capacity, refiners in the United States and Europe

have tended to improve product quality and enhance

the usefulness of heavier oils through investment in

downstream capacity.

Future investments in the refinery operations of

developing countries must include configurations

that are more advanced than those currently in oper-

ation. Their refineries will be called upon to meet

increased worldwide demand for lighter products, to

upgrade residual fuel, to supply transportation fuels

with reduced lead, and to supply both distillate and

residual fuels with lower sulfur levels. An additional

burden on new refineries will be the need to supply

lighter products from crude oils whose quality is

expected to deteriorate over the forecast period.
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Petroleum Use Increases Mainly in

the Transportation Sector

Figure 98. Petroleum consumption by sector,

1970-2025 (million barrels per day)

The transportation sector accounted for two-thirds of

U.S. petroleum use in 2003 (Figure 98). In the fore-

cast, population growth and economic growth cause

miles traveled to increase across all modes of transit.

Although improvements in vehicle technology yield

reductions in fuel use per mile traveled, the increases

in mileage outweigh increases in efficiency, leading to

increases in consumption of gasoline, diesel, and jet

fuel.

The industrial sector currently accounts for 24 per-

cent of U.S. petroleum demand. In the reference case,

industrial consumption is projected to be 1.2 million

barrels per day higher in 2025 than it was in 2003,

and industrial consumption of liquefied petroleum

gas (LPG), largely as a chemical feedstock, increases

by about 490,000 barrels per day.

In the residential sector, distillate use is displaced by

LPG, natural gas, and electricity for home heating

toward the end of the forecast, in systems that require

less maintenance than oil furnaces. As a result, resi-

dential oil use drops by 88,000 barrels per day from

2003 to 2025. Commercial use of heating oil grows

from 246,000 barrels per day in 2003 to 362,000 bar-

rels per day in 2025. The delivered price of distillate to

commercial customers is projected to be lower than

the price of natural gas throughout the forecast.

Only 3 percent of U.S. electricity is currently gener-

ated from refined petroleum, but the electricity sector

nearly matches residential petroleum use by the

end of the forecast. Consumption of residual and

distillate fuel in the electric power sector increase

modestly.

Light Products Account for Most of

the Increase in Demand for Petroleum

Figure 99. Consumption of petroleum products,

1970-2025 (million barrels per day)

U.S. petroleum consumption is projected to increase

by 7.9 million barrels per day from 2003 to 2025

(Figure 99). About 92 percent of the projected growth

in petroleum consumption consists of “light prod-

ucts” (including gasoline, diesel, heating oil, jet fuel,

kerosene, LPG, and petrochemical feedstocks), which

are more difficult and costly to produce than heavy

products.

Gasoline continues to make up nearly one-half of all

petroleum used in the United States, increasing from

8.9 million barrels per day in 2003 to 12.9 million in

2025, mostly for transportation. Consumption of dis-

tillate fuel is also projected to increase, by 1.9 million

barrels per day, from 2003 to 2025. Gasoline is used

only in spark-ignition engines; distillate is used in

furnaces, boilers, diesel engines, and some turbines.

Jet fuel consumption is projected to increase by

789,000 barrels per day from 2003 to 2025.

Consumption of “other” petroleum products is pro-

jected to increase from 4.8 million barrels per day in

2003 to 6.0 million barrels per day in 2025. LPG used

for heating and chemical production is included in the

“other” category, along with other chemical feed-

stocks, still gas used for refinery fuel, and asphalt.

Residual fuel use, constrained by air quality regula-

tions, increases by only 110,000 barrels per day from

2003 to 2025, including an increase of 79,000 barrels

per day in residual fuel use for baseload electricity

generation. More intensive refinery processing to

maximize light product yield and minimize heavy

product yield is expected to limit the availability of

residual fuel. LPG use also remains about constant.
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State Bans on MTBE Are Expected

To Result in Increased Use of Ethanol

Figure 100. U.S. ethanol production from corn and

cellulose, 1993-2025 (million gallons)

U.S. ethanol production, with corn as the primary

feedstock, totaled 2,821 million gallons in 2003 and is

projected to increase to 4,544 million gallons in 2025

(Figure 100). About 26 percent of the increase con-

sists of ethanol distilled from cellulosic biomass such

as wood and agricultural residues. The high renew-

ables case projects a similar increase in ethanol

production, but all the growth is in ethanol from

cellulose, based on more rapid improvement in the

technology.

Ethanol is used primarily in the Midwest as a gasoline

volume extender and octane enhancer and also serves

as an oxygenate in areas that are required to use oxy-

genated fuels (minimum 2.7 percent oxygen content

by weight) during the winter months to reduce car-

bon monoxide emissions. It is also expected to replace

MTBE as the oxygenate for RFG in 20 States that

have placed limits on MTBE use because of concerns

about groundwater contamination. It is assumed that

the Federal requirement for 2 percent oxygen in RFG

will continue in all States. Some ethanol is also used

in E85 fuel, a blend of 70 to 85 percent ethanol and

gasoline. E85 consumption is projected to increase

from a national total of 11 million gallons in 2003 to

47 million gallons in 2025.

The American Jobs Creation Act of 2004 extended the

excise tax exemption for ethanol through 2010, at 51

cents per gallon. It is assumed that the exemption will

continue to be extended at that level (in nominal dol-

lars) through the end of the forecast.

Refining Costs for Most Petroleum

Products Remain Stable or Decline

Figure 101. Components of refined product costs,

2003 and 2025 (2003 dollars per gallon)

Refined product prices are determined by crude oil

costs, refining costs (including profits), marketing

costs, and taxes (Figure 101). In the AEO2005 projec-

tion, crude oil continues as the largest part of product

prices. Marketing costs remain stable, but the contri-

bution of taxes is projected to change considerably.

Refining costs for gasoline and diesel fuel are

expected to remain about the same in the forecast,

despite rising demand and new Federal requirements

for low-sulfur gasoline (2004 to 2007) and ultra-low-

sulfur diesel fuel (2006 to 2010). Refining costs for jet

fuel are projected to increase as demand increases, by

2 cents per gallon from 2003 to 2025, while refining

costs for heating oil are projected to fall by 11 cents

per gallon. Most diesel fuel must have no more than

15 parts per million sulfur by 2012, whereas heating

oil, which is otherwise very similar to diesel fuel, has

no sulfur limit.

Whereas crude oil costs tend to increase refined prod-

uct prices in the forecast, the assumption that Fed-

eral motor fuel taxes remain at nominal 2003 levels

tends to reduce prices. Although Federal motor fuel

taxes have been raised occasionally in the past, the

assumption of constant nominal Federal taxes is con-

sistent with history. The net impact of the assump-

tion is an expected decrease in Federal taxes (in 2003

dollars) from 2003 to 2025—8 cents per gallon for gas-

oline, 10 cents for diesel fuel, and 2 cents for jet fuel.

State motor fuels taxes are assumed to keep up with

inflation, as they have generally in the past.
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Emissions Caps Lead to More Use of

Low-Sulfur Coal From Western Mines

Figure 102. Coal production by region, 1970-2025

(million short tons)

U.S. coal production has remained near 1,100 million

tons annually since 1997. In the early years of the

AEO2005 forecast, a projected increase in coal use for

electricity generation leads to an increase in produc-

tion, to 1,238 million tons in 2010. After 2010, coal

production increases with projected additions of new,

unplanned coal-fired generating capacity, particu-

larly from 2015 to 2025.

Little change is projected for Appalachian coal pro-

duction (Figure 102). The region has been mined

extensively, and increases in demand are likely to be

met with coal from other areas. In the Interior region,

production is projected to increase by 36 million tons

from 2003 to 2025. Western coal production, which

has grown steadily since 1970, is projected to continue

to increase through 2025, especially in the Powder

River Basin, where vast reserves are contained in

thick seams accessible to surface mining. Easing of

rail transportation bottlenecks will be key for coal

producers in the West to take advantage of market

opportunities presented by slower growth in Appala-

chian production, fuel switching at existing power

plants, and demand from new power plants expected

to be built in the West and Southeast regions.

The use of Western coals can reduce sulfur dioxide

emissions by up to 85 percent relative to many types

of higher sulfur eastern coals. As coal demand grows

over the forecast, however, new coal-fired generating

capacity is required to use the best available control

technology (scrubbers or advanced coal technologies),

which can reduce sulfur emissions by 90 percent or

more, providing market opportunities for higher sul-

fur coal later in the forecast.

Low-Sulfur Coal Continues To Gain

Share in the Generation Market

Figure 103. Distribution of domestic coal to the

electricity sector by sulfur content, 2003, 2010,

and 2025 (million short tons)

To reduce sulfur dioxide emissions as required under

Phase 1 of CAAA90, many generators switched from

higher sulfur coals to low-sulfur coal, leading to an

excess of sulfur dioxide allowances. The excess allow-

ances generated were banked or sold for use in Phase

2, which took effect on January 1, 2000. Low-sulfur

coal will continue to be used in generator compliance

strategies and is also expected to be attractive to

many generators where it is the least expensive coal

available.

Distribution of low-sulfur coal to the electricity sector

is projected to increase on average by 3.1 percent per

year between 2003 and 2011 (Figure 103) as most

banked allowances are used. After 2017, low-sulfur

coal maintains about a 58-percent share of domestic

coal use for generation, up from 51 percent in 2003.

Most of the low-sulfur coal used in 2025 is projected to

come from the West, primarily the Powder River

Basin and the Rocky Mountain regions. Projected

declines in transportation rates contribute to the

expected growth in sales of western low-sulfur coal,

for which transportation costs are a relatively large

part of delivered costs—typically over 60 percent for

coal originating from the Powder River Basin, com-

pared with under 25 percent for Central Appalachian

coal.

Despite tighter emissions limits in CAAA90 Phase 2,

the market for higher sulfur coals will continue in

some regions, with 27 gigawatts of capacity expected

to be retrofitted with scrubbers by 2025. Although

use of higher sulfur coals at unscrubbed plants is

expected to decline, their use at retrofitted or new

units is projected to increase from 2003 levels.
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Average Minemouth Coal Prices Are

Not Projected To Rise Significantly

Figure 104. Average minemouth price of coal

by region, 1990-2025 (2003 dollars per short ton)

Between 1990 and 1999, the average minemouth

price of coal declined by 4.9 percent per year, from

$28.26 per ton (2003 dollars) to $18.01 per ton (Figure

104). Increases in U.S. coal mining productivity of 6.3

percent per year during the period helped to reduce

mining costs and contributed to the decline in prices.

Since 1999, growth in U.S. coal mining productivity

has slowed to 1.3 percent per year, and minemouth

coal prices have remained virtually unchanged

despite some short-term fluctuations. The average in

2003 was $17.93 per ton.

Minemouth coal prices are projected to rise initially

in the AEO2005 reference case, primarily in response

to strong growth in the demand for coal in the electric

power sector. After 2005, when natural gas prices are

in decline, natural-gas-fired generating capacity

becomes more competitive, and coal demand grows

more slowly. The combination of moderate growth in

demand, improvements in mining productivity, and a

continuing shift to low-cost coal from Wyoming’s

Powder River Basin leads to a projected decline in the

average minemouth price, from $18.61 per ton in

2005 to around $17.00 per ton shortly after 2010, and

it continues at about that level through 2020. After

2020 the price is projected to increase to $18.26 per

ton in 2025, as rising natural gas prices and the need

for baseload generating capacity result in the con-

struction of new coal-fired generating capacity.

Increases in coal production in the Interior and West-

ern supply regions, combined with limited improve-

ment in coal mining productivity, result in projected

minemouth price increases of 0.8 and 0.9 percent per

year, respectively, in those regions from 2003 to 2025.

Coal Mine Employment Is Expected

To Remain Near Current Levels

Figure 105. U.S. coal mine employment by region,

1970-2025 (number of jobs)

Most jobs in the U.S. coal industry remain east of the

Mississippi River, mainly in the Appalachian region

(65 percent of total mining jobs in 2003). Most coal

production, however, occurs west of the Mississippi

River (56 percent in 2003), with the major share from

the Powder River Basin. As coal demand increases,

pressure to keep prices low will shift more production

to mines with higher labor productivity. Large sur-

face mines in the Powder River Basin take advantage

of economies of scale, using large earth-moving

equipment and combining adjacent mines to increase

operating flexibility. Underground mines in northern

Appalachia, the Illinois Basin, and the Rocky Moun-

tain region use highly productive and increasingly

automated longwall equipment to maximize produc-

tion while reducing the number of miners required.

Labor productivity is expected to continue to improve

in most regions but at a decreasing rate. Higher strip-

ping ratios and the added labor needed to maintain

more extensive underground mines offset productiv-

ity gains achieved from improved equipment, auto-

mation, and technology. Productivity in some areas of

the East is projected to decline as operations move

from mature coalfields to marginal reserve areas.

Regulatory restrictions on surface mines and frag-

mentation of underground reserves limit the benefits

that can be achieved by Appalachian producers from

economies of scale.

About 11,000 additional jobs are projected to be cre-

ated in the U.S. coal industry by 2025 (Figure 105).

The new mining jobs will be in the most productive

surface and underground mines, but jobs will be lost

in the less productive mines of Central Appalachia.
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Declining U.S. Coal Exports,

Rising Imports Are Projected

Figure 106. U.S. coal exports and imports,

1970-2025 (million short tons)

U.S. coal exports declined steadily from 1996 through

2002, from 90 million tons to 40 million tons, despite

a substantial increase in world coal trade from

503 million tons in 1996 to 656 million tons in 2002.

During the same period, low-cost supplies of coal from

China, Colombia, Indonesia, Russia, and Australia

satisfied much of the growth in international demand

for steam coal, while low-cost supplies of coking

coal from Australia supplanted substantial amounts

of U.S. coking coal in world markets. Since 2002,

U.S. exports have rebounded, however, including

increases in exports of steam coal to Canada in 2003

and to overseas customers in 2004.

Although U.S. coal exports are projected to remain

above the 2003 level for the next several years, the

U.S. share of total world coal trade is ultimately pro-

jected to fall from 6 percent in 2003 to 3 percent in

2025, as international competition intensifies and

imports of coal to Europe and the Americas grow

more slowly or decline. Following a projected rise in

2004, U.S. coal exports decline gradually in the fore-

cast, from 43 million tons in 2003 to 26 million tons in

2025 (Figure 106).

U.S. imports of low-sulfur coal are projected to grow

from 25 million tons in 2003 to 46 million tons in

2025. The addition and expansion of existing coal

import facilities and the need to meet tighter emis-

sion targets are expected to make coal imports an

increasingly attractive option for U.S. coal-fired

power plants located near the Gulf Coast and the

Atlantic seaboard. Much of the additional import ton-

nage is expected to originate from mines in Colombia,

Venezuela, and Indonesia.

U.S. Consumption of Coking Coal

Declines in the Forecast

Figure 107. Coal consumption in the industrial

and buildings sectors, 2003, 2010, and 2025

(million short tons)

Although most coal is used to generate electricity,

91 million tons (8 percent of consumption) is used

annually in the industrial and buildings (residential

and commercial) sectors (Figure 107). Steam coal is

used in manufacturing paper, chemical, food, and tex-

tile products. The key use of coal in these sectors is to

produce process steam, which provides heat and

mechanical power. Electricity is often produced in

conjunction with steam (cogeneration) and is used in

the manufacturing process or sold into the electric

power grid. Coal is used by the cement industry as an

important source of fuel for dry kilns, and the chemi-

cal industry also uses coal as a feedstock. Consump-

tion of steam coal in the industrial sector is projected

to remain relatively constant in the forecast.

Coal is also used to produce coke, which in turn is

used as a source of energy and as a raw material input

at blast furnaces to produce iron. Coking coal is the

most important source of energy in the iron and steel

industry, accounting for 51 percent of the energy con-

sumed in 2003. In the forecast, U.S. consumption of

coking coal declines by 2.7 percent per year, from 24

million tons in 2003 to 13 million tons in 2025, as pro-

duction shifts from coke-based production at inte-

grated steel mills to electric arc furnaces. Coking

coal’s share of total energy use in the U.S. steel indus-

try is projected to decline to 35 percent in 2025.

Although coal is used to generate much of the electric-

ity consumed in the buildings sectors, its direct con-

sumption accounts for only a minor portion of total

energy use in those sectors. Annual coal consumption

in the building sectors is projected to remain constant

at about 5 million tons.
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Coal Consumption for Electricity

Continues To Rise in the Forecast

Figure 108. Electricity and other coal consumption,

1970-2025 (million short tons)

Domestic coal demand is projected to increase by 413

million tons (38 percent) in the reference case fore-

cast, from 1,095 million tons in 2003 to 1,508 million

tons in 2025 (Figure 108). Of all the coal consumed in

2003, 92 percent was used for electricity generation,

and that share is expected to rise to 94 percent in

2025. Coal use for electricity generation is expected to

increase on average, by 1.6 percent per year from

2003 to 2025. Coal accounted for 51 percent of U.S.

electricity generation (including combined heat and

power) in 2003 and is projected to account for 50 per-

cent in 2025, when more natural gas is expected to be

used for generation.

Overall, coal consumption in the electric power sector

is expected to grow as existing coal-fired plants are

used more intensively and new ones are added after

2011. Nationally, capacity utilization for coal plants

(excluding combined heat and power) is expected to

rise from 72 percent in 2003 to 83 percent in 2025.

Only 3 gigawatts of coal-fired capacity is expected to

be retired in the forecast, and 87 gigawatts of new

capacity, including 16 gigawatts of integrated gasifi-

cation combined cycle, is expected to be added—more

than half in regions west of the Mississippi River.

New coal-fired generating capacity is expected to

result in large increases in coal consumption in the

Mountain and East South Central Census Divisions.

Western coal will continue to account for the largest

share of coal use for electricity generation in the

Mountain Census Division, and its share in the East

South Central Division is projected to increase from

32 percent in 2003 to 37 percent in 2025.

Higher Economic Growth Stimulates

Electricity Generation from Coal

Figure 109. Projected variation from the reference

case projection of total U.S. coal demand

in four cases, 2025 (million short tons)

Domestic coal consumption in 2025 is projected to

range from 1,393 million tons in the low economic

growth cases to 1,617 million tons in the high eco-

nomic growth case, with coal use for electricity gener-

ation making up 219 million tons (98 percent) of the

difference. The most significant impact on coal occurs

in the later years of the forecast period, when eco-

nomic conditions influence plans for new electricity

generation capacity. Projected additions of coal-fired

capacity from 2003 to 2025 are 39 gigawatts higher in

the high economic growth case than in the reference

case and 37 gigawatts lower in the low economic

growth case. Regionally, the Mountain and East

South Central Census Divisions show the largest

increases in coal consumption in the high economic

growth case and the largest declines in the low eco-

nomic growth case relative to the reference case.

Compared with the economic growth cases, a smaller

impact on coal consumption is expected in the world

oil price cases (Figure 109). The projection for total

U.S. coal demand in 2025 is 33 million tons lower in

the low world oil price case than in the reference case

and 42 million tons higher in the high A world oil

price case. Low oil prices encourage electricity gener-

ation from existing oil-fired units, reducing genera-

tion from other fuels, including coal. For electricity

generation, the low oil price case projects 34 million

tons less coal use in 2025 than is projected in the ref-

erence case. In the high A world oil price case, ele-

vated prices for low-sulfur distillate are projected to

stimulate the coal-to-liquids market. In 2025, 48 mil-

lion tons of coal is projected to be consumed at

coal-to-liquids plants, yielding 62 million barrels of

fuel liquids and 34 billion kilowatthours of electricity.

108 Energy Information Administration / Annual Energy Outlook 2005

Coal Consumption and Alternative Cases

0

50

100

150

-50

-100

-150

Low world oil

price case

Low economic

growth case

High economic

growth case

High A world oil

price case

1970 1980 1990 2003 2015 2025
0

500

1,000

1,500

2,000

Electricity

Other

Total

History Projections



Higher Energy Consumption Forecast

Increases Carbon Dioxide Emissions

Figure 110. Carbon dioxide emissions by sector

and fuel, 2003 and 2025 (million metric tons)

Carbon dioxide emissions from energy use are pro-

jected to increase on average by 1.5 percent per year

from 2003 to 2025, to 8,062 million metric tons

(Figure 110). Emissions per capita are projected to

grow by 0.7 percent per year. New carbon dioxide

mitigation programs, more rapid improvements in

technology, or more rapid adoption of voluntary

programs could result in lower emissions levels than

projected here.

Carbon dioxide emissions in the residential sector,

including emissions from the generation of electricity

used in the sector, are projected to increase by an

average of 1.2 percent per year, reflecting increased

electrification and penetration of computers, elec-

tronics, and appliances in the sector. Significant

growth in office equipment and computers, as well as

floorspace, is also projected for the commercial sector,

and carbon dioxide emissions from the sector are pro-

jected to increase by 2.1 percent per year from 2003 to

2025. Industrial emissions are projected to grow by

1.0 percent per year, as shifts to less energy-intensive

industries and efficiency gains help to moderate the

effect of growth in energy use. In the transportation

sector, carbon dioxide emissions grow at an annual

rate of 1.8 percent. Increases in highway, rail, and air

travel are partially offset by efficiency improvements

in rail freight and aircraft, but passenger vehicle fuel

economy is projected to increase only slightly above

2003 levels. In the electric power sector, continued

reliance on coal and growth in natural-gas-fired gen-

eration result in a projected average increase in car-

bon dioxide emissions of 1.7 percent per year and an

increase in the sector’s share of total emissions to 41

percent in 2025 from 39 percent in 2003.

Emissions Projections Change With

Economic Growth Assumptions

Figure 111. Carbon dioxide emissions in

three economic growth cases, 1990-2025

(million metric tons)

The high economic growth case assumes higher

growth in population, labor force, and productivity

than in the reference case, leading to higher indus-

trial output, lower inflation, and lower interest rates.

GDP growth in the high growth case averages 3.6 per-

cent per year from 2003 to 2025, compared with 3.1

percent per year in the reference case. In the low eco-

nomic growth case, GDP growth averages 2.5 percent

per year.

Higher projections for manufacturing output and

income increase the demand for energy services in the

high economic growth case, and projected energy con-

sumption in 2025 is 6 percent higher than in the ref-

erence case. As a result, carbon dioxide emissions are

projected to be 6 percent higher than in the reference

case in 2025, at 8,561 million metric tons (Figure

111). Total energy intensity, measured as primary

energy consumption per dollar of GDP, declines by

1.9 percent per year from 2003 to 2025 in the high

growth case, as compared with 1.6 percent per year in

the reference case. With more rapid projected growth

in energy consumption, there is expected to be a

greater opportunity for turnover in the stock of

energy-using technologies, adding new equipment

and increasing the overall efficiency of the capital

stock.

Projected total energy consumption in 2025 is 6 per-

cent lower in the low economic growth case than in

the reference case, and carbon dioxide emissions in

2025 are 7 percent lower, at 7,530 million metric tons.

Energy intensity is projected to decline at an average

rate of 1.4 percent per year from 2003 to 2025 in the

low economic growth case.
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Technology Advances Could Reduce

Carbon Dioxide Emissions

Figure 112. Carbon dioxide emissions in three

technology cases, 1990-2025 (million metric tons)

The reference case assumes continuing improvement

in energy-consuming and producing technologies,

consistent with historic trends, as a result of ongoing

research and development. In the high technology

case it is assumed that increased spending on

research and development will result in earlier intro-

duction, lower costs, and higher efficiencies for

end-use technologies than assumed in the reference

case. The costs and efficiencies of advanced fos-

sil-fired and new renewable generating technologies

are also assumed to improve from reference case val-

ues [143]. Energy intensity is expected to decline on

average by 1.9 percent per year through 2025 in the

high technology case, as compared with 1.6 percent in

the reference case. As a result, energy consumption is

projected to be 5 percent lower than in the reference

case in 2025, at 126 quadrillion Btu, and carbon diox-

ide emissions are projected to be 7 percent lower than

in the reference case, at 7,471 million metric tons

(Figure 112).

The 2005 technology case assumes that future equip-

ment choices will be made from the equipment and

vehicles available in 2005; that new building shell and

plant efficiencies will remain at their 2005 levels; and

that advanced generating technologies will not

improve over time. Energy efficiency improves in the

2005 technology case as new equipment is chosen to

replace older stock and the capital stock expands,

and energy intensity declines by 1.4 percent per

year from 2003 to 2025. Energy consumption reaches

140 quadrillion Btu in 2025 in the 2005 technology

case, and carbon dioxide emissions in 2025 are pro-

jected to be 6 percent higher than in the reference

case, at 8,519 million metric tons.

Sulfur Dioxide Emissions Are Cut in

Response to Tightening Regulations

Figure 113. Sulfur dioxide emissions from

electricity generation, 1990-2025

(million short tons)

CAAA90 called for annual emissions of SO2 by elec-

tricity generators in the power sector to be reduced to

approximately 12 million short tons in 1996, 9.48 mil-

lion short tons per year from 2000 to 2009, and 8.95

million short tons per year thereafter. Because com-

panies can bank allowances for future use, however,

the long-term cap of 8.95 million short tons per year is

not expected to be reached until after 2012. Coal com-

bustion accounts for more than 95 percent of the SO2

produced by generators.

CAAA90 called for the reductions to occur in two

phases, with larger (more than 100 megawatts) and

higher emitting (more than 2.5 pounds per million

Btu) plants making reductions first. In Phase 1,

which began in 1995, 261 generating units at 110

plants were issued tradable emissions allowances

that permitted their SO2 emissions to reach a fixed

amount per year—generally less than the plant’s his-

torical emissions. Allowances could also be banked

for use in future years. Switching to lower sulfur sub-

bituminous coal was the option chosen by most gener-

ators, and only about 12 gigawatts of capacity had

been retrofitted with scrubbers by 1995.

Power companies have announced plans to add scrub-

bers to 22 gigawatts of capacity in order to comply

with State or Federal initiatives. About 6 gigawatts of

additional capacity is projected to be retrofitted with

scrubbers. SO2 emissions are projected to drop from

10.6 million short tons in 2003 to 8.9 million tons in

2025 (Figure 113). The SO2 emission allowance price

is projected to rise to near $275 per ton in 2010 as

banked allowances are used and to remain between

$250 and $325 per ton from 2010 through 2025.
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Nitrogen Oxide Emissions Are

Projected To Fall in the Near Term

Figure 114. Nitrogen oxide emissions from

electricity generation, 1990-2025

(million short tons)

NOx emissions from electricity generation in the U.S.

power sector are projected to fall in the short term

as new regulations take effect (Figure 114). The

required reductions are intended to reduce the forma-

tion of ground-level ozone, for which NOx emissions

are a major precursor. Together with volatile organic

compounds and hot weather, NOx emissions contrib-

ute to unhealthy air quality in many areas during the

summer months.

For several years, the EPA and the States have stud-

ied the movement of ozone from State to State. The

States in the Northeast have argued that emissions

from coal-fired power plants in the Midwest make it

difficult for them to meet national air quality stan-

dards for ground-level ozone, and they have peti-

tioned the EPA to force plant operators to reduce

emissions by more than required under current rules.

The Ozone Transport Rule called for capping NOx

emissions in Midwestern and Eastern States, and lim-

its have been finalized for 19 States. The limits, which

apply to NOx emissions during the 5-month summer

season in the 19 States covered, are expected to stim-

ulate additions of emission control equipment to

some existing plants. National NOx emissions are

projected to increase from 4.1 million short tons in

2003 to 4.3 million short tons in 2025. Due to the geo-

graphical restriction of the cap, coal use and NOx

emissions are expected to increase at plants outside

the 19 covered States. Overall, selective catalytic

reduction equipment is projected to be added to

approximately 74 gigawatts of capacity, and NOx

allowance prices are projected to range from roughly

$4,000 to $5,600 per ton between 2005 and 2025.

Mercury Emissions Are Expected

To Grow With Increased Coal Use

Figure 115. Mercury emissions from

electricity generation, 1995-2025 (short tons)

Mercury is a metallic element that occurs naturally in

all types of coal. Its concentration can vary signifi-

cantly by coal type and origin, even within a single

mine. There are no Federal regulations on mercury

emissions from power plants, but the EPA is consid-

ering mandatory limits. Several States have adopted

or are considering mercury control regulations for

power plants within their jurisdictions.

Emissions of mercury depend on a variety of site-

specific factors, including the amounts of mercury

and other compounds (such as chlorine) in the coal,

the boiler type and configuration, and the presence of

pollution control equipment such as fabric filters,

electrostatic precipitators, flue gas desulfurization,

and selective catalytic control equipment. Technol-

ogies that remove SO2 and NOx have shown promise

in removing mercury from bituminous coals but have

not performed as well with lower ranked coals [144].

The U.S. Department of Energy, together with indus-

try partners, is sponsoring research and development

programs on advanced technologies to reduce mer-

cury emissions from power plants.

The AEO2005 reference case assumes no regulation

of mercury emissions in the electricity generation

sector through 2025, and the average mercury con-

tent of coal burned at power plants is assumed to stay

relatively constant at about 7.4 pounds per trillion

Btu of energy input to coal-fired electricity produc-

tion. Consequently, with coal use for electricity gener-

ation projected to increase, total mercury emissions

from power plants are also projected to increase, from

49.7 short tons in 2003 to 56.0 short tons in 2025

(Figure 115).
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Only one other organization—Global Insight, Incor-

porated (GII)—produces a comprehensive energy

projection with a time horizon similar to that of

AEO2005. Other organizations address one or more

aspects of the energy markets. The most recent pro-

jection from GII, as well as other forecasts that con-

centrate on economic growth, international oil prices,

energy consumption, electricity, natural gas, petro-

leum, and coal, are compared here with the AEO2005

projections.

Economic Growth

In AEO2005 the projected growth in real GDP, based

on 2000 chain-weighted dollars, is 3.1 percent per

year from 2003 to 2025—slightly higher than the

3.0-percent average annual growth projected in

AEO2004 (Table 32). The AEO2005 forecast is based

on the May 2004 long-range forecast and the August

short-term forecast of GII, modified to reflect EIA’s

view on energy prices, demand, and production.

The average annual GDP growth rate projections for

the United States from 2003 through 2009 range

from 3.4 to 3.6 percent. The AEO2005 reference case

and GII project the lowest rate at 3.4 percent, and the

Office of Management and Budget (OMB) projects the

highest rate at 3.6 percent, followed by the Congres-

sional Budget Office (CBO) and Oxford Economic

Forecasting (OEF) at 3.5 percent. When the projec-

tion period is extended to 2014, the uncertainty in the

GDP growth rate is reflected by a widening of the

range of GDP growth rate projections (3.1 to 3.5 per-

cent). While AEO2005 remains in the lower half of

the range, the CBO projection reflects a considerable

slowing of GDP growth during the 2010 to 2014

period. Because few commercial or private forecast

organizations project GDP growth rates for the

United States to 2025, comparisons over the entire

period from 2003 to 2025 are not readily available.

The AEO2005 reference case projection reflects a

slowing of the GDP growth rate after 2015, consistent

with an expected slowing of population growth.

World Oil Prices

Comparisons with other oil price forecasts are shown

in Table 33. The world oil price measure varies by

forecast. In some projections, the measure is the spot

price for WTI, Brent, or a basket of crude oils.

AEO2005 uses the annual average U.S. refiner’s

acquisition cost of imported crude oil, including

transportation and fees. There is no simple way to put

the forecasts for oil prices on a common basis. The

range between the AEO2005 low and high B world oil

price cases spans the range of published forecasts. In

fact, the AEO2005 high B world oil price case is con-

siderably above all the other forecasts for 2025.

Recent variability in crude oil prices demonstrates

the uncertainty inherent in forecasting crude oil mar-

kets, which generally widens as the time horizon

extends into the future. The oil price paths proffered

by several organizations (Table 33), including AEO,

illustrate the uncertainty. For example, for 2010, the

price range in the forecasts is from a low of about $22

per barrel projected by Altos Partners (Altos) to a

high of almost $35 per barrel projected by Petroleum

Industry Research Associates, Inc. (PIRA). The range

in the forecasts for 2025 is somewhat narrower but
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Table 32. Forecasts of annual average economic

growth, 2003-2025

Average annual percentage growth

Forecast 2003-2009 2003-2014 2003-2025

AEO2004 3.5 3.2 3.0

AEO2005
Reference 3.4 3.3 3.1

Low growth 2.9 2.8 2.5

High growth 4.1 3.9 3.6

GII 3.4 3.2 3.1

OMB 3.6 NA NA

CBO 3.5 3.1 NA

OEF 3.5 3.5 NA

NA = not available.

Table 33. Forecasts of world oil prices, 2010-2025

(2003 dollars per barrel)

Forecast 2010 2015 2020 2025

AEO2004 (reference case) 24.53 25.44 26.41 27.40

AEO2005

Reference 25.00 26.75 28.50 30.31

High A world oil price 33.99 34.24 36.74 39.24

High B world oil price 37.00 40.67 44.33 48.00

October oil futures 30.99 32.33 33.67 35.00

Low world oil price 20.99 20.99 20.99 20.99

GII 27.08 25.58 26.66 27.12

IEA (reference scenario) 23.25 25.37 27.48 29.07

IEA (high oil price case) 37.00 37.00 37.00 37.00

Altos 21.92 22.67 23.93 24.60

PEL 25.00 27.00 27.00 29.00

PIRA 34.75 39.15 NA NA

DB 24.00 24.00 24.00 24.00

EEA 26.58 25.55 24.93 NA

SEER 26.13 28.40 28.25 29.00

EVA 28.99 28.39 30.97 34.77

NA = not available.



still substantial, from a low of $24 per barrel pro-

jected by Deutsche Bank, A.G. (DB) to a high of nearly

$35 per barrel projected by Energy Ventures Analy-

sis, Incorporated (EVA).

Total Energy Consumption

The AEO2005 forecast of end-use sector energy con-

sumption shows higher growth for petroleum and

natural gas than occurred from 1980 to 2003 but

lower projected growth in electricity consumption

(Table 34). Much of the projected growth in petro-

leum consumption is driven by increased demand in

the industrial sector for petrochemical and manufac-

turing applications as economic activity expands, and

in the transportation sector as improvements in effi-

ciency fail to offset increases in miles traveled. Natu-

ral gas consumption is expected to increase in the

residential, commercial, and industrial sectors as

environmental and economic pressures benefit natu-

ral gas at the expense of petroleum and coal consump-

tion. Coal consumption in those end-use sectors is

expected to decline slightly as a result of increased

fuel switching and growing concern about emissions.

Electricity is expected to remain the fastest growing

source of delivered energy. Its growth does not out-

pace historical rates, however, because many tradi-

tional uses of electricity (such as for air conditioning)

approach saturation while average equipment effi-

ciencies rise. The AEO2005 projections are generally

consistent with the outlook from GII; however, GII

projects slower growth in natural gas consumption,

electricity consumption, and electricity losses, as well

as slightly faster growth in petroleum consumption,

resulting from differences in relative prices and pro-

jected growth in each sector.

Electricity

The AEO2005 projections for the electricity genera-

tion sector assume that wholesale electricity markets

in most U.S. regions will be restructured, resulting in

average wholesale electricity prices that approach

long-run marginal costs. The same cannot be said for

retail markets at the State level: as of 2003, only 17

States and the District of Columbia had competitive

retail markets in operation. Further, a number of

States have delayed opening competitive retail mar-

kets, Arkansas has repealed retail restructuring, and

California has suspended restructuring. The AEO-

2005 cases assume that no additional retail markets

will be restructured, but that partial restructuring

(particularly in wholesale markets) will lead to

increased competition in the electric power industry,

lower operating and maintenance costs, and early

retirement of inefficient generating units.

Comparison of the AEO2005 reference case, GII, and

EVA forecasts shows some variation in projected elec-

tricity sales (Table 35). The forecasts for total elec-

tricity sales in 2025 range from 4,982 billion

kilowatthours (GII) to 5,396 billion kilowatthours

(EVA). The rate of demand growth ranges from 1.6

percent (GII) to 2.0 percent (EVA). All price forecasts

reflect competition in wholesale markets and slow

growth in electricity demand relative to GDP growth,

exerting downward pressure on real electricity prices

through 2025. Rising natural gas prices balance some

of the downward pressure and tend to push electricity

prices up in the later years of the forecasts.

The AEO2005 reference case projects a slight decline

in real electricity prices over the full period of the

forecast (except for the industrial sector), although

average prices increase slightly during the last sev-

eral years as capacity margins tighten and natural gas

prices climb. In contrast, GII projects a decline in

electricity prices over the second half of the forecast

as lower natural gas prices to generators ($4.23 per

million Btu in the GII forecast, compared with $5.44

per million Btu in the AEO2005 reference case in

2025) contribute to a small decrease in average elec-

tricity prices, from 7.2 cents per kilowatthour in 2015

to 7.1 cents per kilowatthour in 2025. The higher nat-

ural gas price projected in the AEO2005 reference

case leads to an increase in average electricity price,

from 6.9 cents per kilowatthour in 2015 to 7.3 cents

per kilowatthour in 2025.

Both the AEO2005 reference case and GII projections

include some planned capacity additions in the near
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Table 34. Forecasts of average annual growth rates

for energy consumption, 2003-2025 (percent)

Energy use
History

1980-2003

Projections

AEO2005 GII

Petroleum* 0.8 1.5 1.6

Natural gas* 0.2 1.0 0.7

Coal* -1.7 -0.6 -0.4

Electricity 2.2 1.9 1.6

Delivered energy 0.7 1.4 1.3

Electricity losses 1.9 1.4 0.9

Primary energy 1.0 1.4 1.2

*Excludes consumption by electricity generators in the electric
power sector but includes consumption for end-use combined heat
and power generation.
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Table 35. Comparison of electricity forecasts, 2015 and 2025 (billion kilowatthours, except where noted)

Projection 2003

AEO2005 Other forecasts

Reference
Low

economic
growth

High
economic
growth

GII EVA EEA SEER PIRA

2015

Average end-use price
(2003 cents per kilowatthour) 7.4 6.9 6.7 7.1 7.2 NA NA NA NA

Residential 8.7 8.1 7.7 8.3 8.3 8.1 NA NA NA

Commercial 7.9 7.3 6.9 7.5 7.7 7.4 NA NA NA

Industrial 5.1 5.0 4.7 5.2 4.8 4.7 NA NA NA

Net energy for load, including CHP 3,857 4,912 4,762 5,082 4,667 5,131 4,913 4,472 4,706

Coal 1,971 2,306 2,269 2,354 2,325 2,190 2,255 2,230 2,115

Oil 135 150 146 149 45 22 77 97 97

Natural gas a 632 1,171 1,077 1,285 1,035 1,523 1,306 815 1,237

Nuclear 764 826 826 826 800 822 813 794 805

Hydroelectric/other b 350 438 426 448 446 538 383 356 430

Nonutility sales to grid c 28 59 53 67 NA NA 41 179 NA

Net imports 5 21 18 20 16 36 38 NA 23

Electricity sales 3,482 4,430 4,295 4,583 4,244 4,571 4,415 NA NA

Residential 1,280 1,584 1,569 1,604 1,569 1,673 1,561 NA NA

Commercial/other d 1,233 1,680 1,657 1,703 1,539 1,699 1,588 NA NA

Industrial 969 1,166 1,069 1,276 1,136 1,200 1,266 NA NA

Capability, including CHP (gigawatts) e 948 1,002 981 1,030 989 1,074 1,074 NA NA

Coal 314 320 316 325 347 330 335 NA NA

Oil and natural gas 415 455 439 476 408 329 500 NA NA

Nuclear 99 102 102 102 100 102 102 NA NA

Hydroelectric/other 119 125 123 126 134 312 138 NA NA

2025

Average end-use price
(2002 cents per kilowatthour) 7.4 7.3 7.0 7.6 7.1 NA NA NA NA

Residential 8.7 8.3 8.0 8.7 8.2 8.1 NA NA NA

Commercial 7.9 7.6 7.3 8.1 7.7 7.3 NA NA NA

Industrial 5.1 5.4 5.1 5.7 4.7 4.7 NA NA NA

Net energy for load, including CHP 3,857 5,780 5,444 6,117 5,475 6,100 NA 5,309 NA

Coal 1,971 2,890 2,613 3,179 2,932 2,597 NA 2,578 NA

Oil 135 163 158 168 26 19 NA 94 NA

Natural gas a 632 1,406 1,371 1,409 1,267 1,831 NA 1,181 NA

Nuclear 764 830 830 830 773 888 NA 816 NA

Hydroelectric/other b 350 480 461 519 464 727 NA 398 NA

Nonutility sales to grid c 28 91 74 110 NA NA NA 242 NA

Net imports 5 11 11 12 13 40 NA NA NA

Electricity sales 3,482 5,219 4,914 5,518 4,982 5,396 NA NA NA

Residential 1,280 1,810 1,748 1,850 1,851 2,007 NA NA NA

Commercial/other d 1,233 2,123 2,047 2,196 1,846 2,058 NA NA NA

Industrial 969 1,286 1,119 1,472 1,285 1,331 NA NA NA

Capability, including CHP (gigawatts) e 948 1,190 1,129 1,248 1,140 1,246 NA NA NA

Coal 314 398 361 438 435 390 NA NA NA

Oil and natural gas 415 555 535 567 466 387 NA NA NA

Nuclear 99 103 103 103 100 110 NA NA NA

Hydroelectric/other 119 134 130 141 139 358 NA NA NA

aIncludes supplemental gaseous fuels. b“Other” includes conventional hydroelectric, pumped storage, geothermal, wood, wood waste,
municipal waste, other biomass, solar and wind power, plus a small quantity of petroleum coke. cFor AEO2005, includes only net sales from
combined heat and power plants. d“Other” includes sales of electricity to government, railways, and street lighting authorities. eEIA
capacity is net summer capability, including combined heat and power plants. GII capacity is nameplate, excluding cogeneration plants.
fEVA “other” includes all CHP.

CHP = combined heat and power. NA = not available.
Sources: AEO2005: AEO2005 National Energy Modeling System, runs AEO2005.D102004A (reference case), LM2005.D102004A (low

economic growth case), and HM2005.D102004A (high economic growth case). GII: Global Insight, Inc., Summer 2004 U.S. Energy Outlook
(August 2004). EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term Outlook (August 2004). EEA: Energy and Environmental
Analysis, Inc., EEA’s Compass Service Base Case (October 2004). SEER: Strategic Energy and Economic Research, Inc., 2004 Energy
Outlook (October 2004). PIRA: PIRA Research Group (October 2004).



term, with the AEO2005 reference case expecting

about 28 gigawatts through 2005 and GII expecting

about 14 gigawatts. Virtually all the projected capac-

ity additions are natural gas fired. These two fore-

casts project that prices will fall in the near term as a

result of excess total capacity.

All the forecasts except for GII project that demand

will grow fastest in the commercial sector, and that

more cycling and baseload capability will be built

than peaking units. All the forecasts show significant

net additions to coal-fired capacity: 84 gigawatts

through 2025 in the AEO2005 reference case and 121

gigawatts through 2025 in the GII forecast. Both GII

and the AEO2005 reference case project no nuclear

retirements; however, EVA projects 8 gigawatts of

nuclear capacity additions by 2025.

The fuel mix in the EVA forecast differs from that in

the AEO2005 reference case and the other forecasts.

All the forecasts, except for EVA, project that coal will

provide about one-half and natural gas about

one-quarter of the growth in electricity generation

over the forecast period. The EVA forecast assumes

that legislation similar to the Clear Skies

Act—including further restrictions on SO2, NOx, and

mercury emissions—will be in effect by 2010. The

EVA forecast also includes a tax of $5 per ton on car-

bon dioxide emissions, beginning in 2013. AEO2005

does not assume either passage of the Clear Skies Act

or any carbon tax throughout the forecast horizon. In

the EVA forecast, the combination of further environ-

mental restrictions and a tax on carbon dioxide leads

to greater growth in hydroelectric generation.

Natural Gas

There are considerable differences among published

forecasts of natural gas prices, production, consump-

tion, and imports (Table 36). The differences high-

light the uncertainty of future market trends.

Because the forecasts depend heavily on the underly-

ing assumptions that shape them, the assumptions

made in each forecast should be considered when dif-

ferent projections are compared.

Over the period from 2007 to 2025, the AEO2005 ref-

erence case is within the range of projections for total

natural gas consumption in the other forecasts. The

lowest projected totals for natural gas consumption in

2005 are from the DB forecast, and the highest are

from the EVA forecast. For residential and commer-

cial natural gas consumption, DB projects the stron-

gest growth from 2003 to 2025, and the GII forecast

has the lowest projected consumption levels. The

AEO2005 reference case projections for 2025 fall in

the high end of the range for residential consumption

and in the mid-range for commercial consumption.

Natural gas consumption in the industrial and elec-

tric power sectors is more difficult to compare, given

potential definitional differences. The EVA forecast

shows the fastest growth in natural gas consumption

from 2003 to 2025 in combined totals for the indus-

trial and electric power sectors, whereas the DB fore-

cast shows much slower growth than the other

forecasts.

Natural gas for domestic consumption is supplied by

domestic production and net imports. All forecasts

show domestic production providing a decreasing

share of total natural gas supply. The Altos forecast

shows a smaller shift in that direction, with signifi-

cantly lower net imports and significantly higher

domestic production. Three of the forecasts—AEO-

2005 reference case, GII, and DB—project that net

imports will supply about 30 percent of end-use

consumption by 2025. EVA projects that 36 percent

of consumption will be supplied by net imports, Stra-

tegic Energy & Economic Research, Incorporated

(SEER) projects 26 percent, and Altos 18 percent (for

Altos, the percentage is calculated as net imports

divided by the sum of production and net imports).

The volume of net imports varies significantly among

the forecasts, as does the mix of net imports. GII,

SEER, and Altos expect a decline in net pipeline

imports of more than 50 percent between 2003 and

2025, the AEO2005 reference case projects a more

modest decline of about 20 percent, and EVA antici-

pates an increase in net pipeline imports of 30 percent

(DB is not included in this comparison because of defi-

nitional differences). All the forecasts project strong

growth in LNG imports, with net LNG imports in

2025 ranging from 4.6 trillion cubic feet in the Altos

forecast to 8.3 trillion cubic feet in the EVA forecast

(again, DB is excluded from this comparison). The

AEO2005 reference case is more conservative than

most of the forecasts for LNG imports: GII, EVA, and

SEER all project higher levels of LNG imports in 2025

than are projected in the AEO2005 reference case.

Wellhead natural gas price projections for 2025 in the

AEO2005 reference case are higher than those in all

the other available forecasts, with the exception of

Altos. Wellhead natural gas prices in the EEA and

PIRA forecasts exceed those in the AEO2005 refer-

ence case in 2015. Of the three forecasts that project
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Table 36. Comparison of natural gas forecasts, 2015 and 2025 (trillion cubic feet, except where noted)

Projection 2003
AEO2005
reference

case

Other forecasts

GII
a

EEA
b

EVA PIRA DB SEER Altos

2015

Lower 48 wellhead price
(2003 dollars per thousand cubic feet) 4.98 4.16 3.84 4.69 3.71 5.14c 3.66 3.90 3.92

Dry gas production d 19.07 20.77 19.28 21.39 e 20.22 f 17.34 21.24 20.24 22.48

Net imports 3.30 7.02 6.94 7.97 9.82 9.77 3.76 6.98 5.78

Pipeline 2.86 2.69 1.63 2.94 4.64 4.66 2.75 g 2.71 1.15

LNG h 0.44 4.33 5.31 5.03 5.18 5.11 1.01 i 4.26 4.63

Consumption 21.97 27.96 26.29 28.87 29.72 27.22 24.99 27.21 NA

Residential 5.10 5.74 5.40 5.75 5.52 5.39 5.71 5.57 NA

Commercial 3.14 3.58 3.24 3.56 3.68 3.56 3.65 3.58 NA

Industrial j 7.03 8.26 7.67 k 7.73 l 8.00 m 6.30 n 7.90 8.09 NA

Electricity generators o 4.93 8.39 8.01 p 9.59 q 10.24 9.88 r 5.93 7.81 NA

Other s 1.77 1.99 1.96 2.23 2.28 t 2.09 1.81 2.17 NA

End-use prices
(2003 dollars per thousand cubic feet)

Residential 9.62 8.45 8.36 8.29 NA NA NA 8.89 NA

Commercial 8.32 7.54 7.22 7.50 NA NA NA 7.63 NA

Industrial j 5.72 4.96 5.15 u 5.79 NA NA NA 5.25 NA

Electricity generators o 5.55 4.90 4.21 5.49 NA NA NA 4.77 NA

2025

Lower 48 wellhead price
(2003 dollars per thousand cubic feet) 4.98 4.79 3.96 NA 3.98 NA 3.66 4.26 5.78

Dry gas production d 19.07 21.83 20.43 NA 21.51 f NA 18.84 21.99 24.10

Net imports 3.30 8.66 8.49 NA 12.01 NA 8.19 7.84 5.15

Pipeline 2.86 2.29 0.97 NA 3.72 NA 4.75 g 1.31 0.51

LNG h 0.44 6.37 7.52 NA 8.29 NA 3.44 i 6.53 4.64

Consumption 21.97 30.67 29.00 NA 33.58 NA 27.03 29.83 NA

Residential 5.10 5.99 5.87 NA 5.88 NA 6.30 5.88 NA

Commercial 3.14 4.05 3.52 NA 4.07 NA 4.13 4.04 NA

Industrial j 7.03 9.00 8.06 k NA 8.96 m NA 8.72 8.95 NA

Electricity generators o 4.93 9.43 9.42 p NA 12.10 NA 6.23 8.60 NA

Other s 1.77 2.20 2.13 NA 2.57 t NA 1.64 2.35 NA

End-use prices
(2003 dollars per thousand cubic feet)

Residential 9.62 9.33 8.34 NA NA NA NA 9.48 NA

Commercial 8.32 8.19 7.22 NA NA NA NA 7.99 NA

Industrial j 5.72 5.63 5.22 u NA NA NA NA 5.61 NA

Electricity generators o 5.55 5.55 4.31 NA NA NA NA 5.13 NA

NA = not available.
aSummer 2004 (previously DRI-WEFA). Conversion factors: 1,000 cubic feet = 1.027 million Btu for production, 1.028 million Btu for

end-use consumption, 1.019 million Btu for electric power. bThe EEA projection shows a cyclical price trend; forecast values for an isolated
year may be misleading. cHenry Hub daily cash natural gas price in 2003 dollars per thousand cubic feet. dDoes not include supplemental
fuels. eIncludes Alaska production. fWet natural gas production. gIncludes net pipeline imports from Mexico, Canada, and the Bahamas.
hIncludes LNG imports into Florida via the Bahamas. iIncludes net LNG imports into the United States only. jIncludes consumption for
combined heat and power (CHP) plants whose primary business is to sell electricity, or electricity and heat, to the public; excludes
consumption by nonutility generators. kExcludes gas used in cogeneration or other nonutility generation. lIncludes natural gas consumed in
cogeneration. mIncludes transportation fuel consumed in natural gas vehicles. nExcludes gas demand for nonutility generation. oIncludes
consumption of energy by electricity-only and CHP plants; includes small power producers and exempt wholesale generators. pIncludes gas
used in cogeneration or other nonutility generation. qIncludes independent power producers and excludes cogenerators. rEquals the sum of
gas demand for nonutility generation plus gas demand for utility generation. sIncludes lease, plant, and pipeline fuel and fuel consumed in
natural gas vehicles. tIncludes lease, plant, and pipeline fuel. uOn-system sales or system gas (i.e., does not include gas delivered for the
account of others).

Sources: 2003 and AEO2005: AEO2005 National Energy Modeling System, run AEO2005.D102004A (reference case). GII: Global
Insight, Inc., U.S. Energy Outlook (Summer 2004). EEA: Energy and Environmental Analysis, Inc., EEA’s Compass Service Base Case
(October 2004). EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term Outlook (August 2004). PIRA: PIRA Energy Group
(October 2004). DB: Deutsche Bank AG, e-mail from Adam Sieminski on November 11, 2004. Altos: Altos North American Regional Gas
Model (NARG) Base Case (September 2004).



end-use prices for 2025 (AEO2005, GII, and SEER),

SEER shows the highest end-use-to-wellhead mar-

gins for the electric power sector, and the AEO2005

reference case shows the lowest end-use-to-wellhead

margins for the industrial sector. For the residential

and commercial sectors, the projected margins in the

AEO2005 reference case fall between GII on the low

end and SEER on the high end of the available fore-

casts. Industrial sector margins are notably lower in

the AEO2005 reference case than in the other fore-

casts, and electric power sector margins are notably

lower in the GII forecast (where some of the differ-

ences may reflect definitional variations) than in the

other forecasts.

Petroleum

The AEO2005 projections for petroleum can be com-

pared with forecasts from DB, GII, EVA, and PIRA.

The basis of comparison varies, depending on the cov-

erage of the other forecasts. The AEO2005 projec-

tions for petroleum product demand, domestic

production of crude oil and natural gas liquids, and

imports of crude oil and petroleum products through

2025 are compared with the DB and GII forecasts in

Table 37, which also shows comparisons with the

EVA forecast for total U.S. imports of crude oil and

petroleum products through 2025 and with the PIRA

forecast through 2015.

Consistent with expected economic growth, rising

demand for petroleum products is a feature of all the

forecasts. DB, GII, and the AEO2005 reference case

expect total product demand in 2025 to be about 40

percent higher than in 2003. DB and GII, however,

project a different slate of products. Both expect gaso-

line and distillate demand in 2025 that is several hun-

dred thousand barrels per day below the AEO2005

reference case levels. GII’s projected distillate

demand is 710,000 barrels per day lower in 2025 than

the AEO2005 reference case, and gasoline demand is

410,000 barrels per day lower in 2025 than the

AEO2005 reference case.

GII’s forecast assumes that light and heavy vehicles

will travel fewer miles in 2025 than assumed in the

AEO2005 reference case. Light vehicles use primarily

gasoline, and heavy vehicles use primarily distillate.

For air travel, GII assumes stronger growth than

AEO2005, and the GII projection of jet fuel demand is

460,000 barrels per day higher than the AEO2005 ref-

erence case in 2025. GII projects that “other” petro-

leum product demand will be about 730,000 barrels

per day higher than shown in the AEO2005 reference

case in 2025, due mostly to higher industrial con-

sumption of petroleum. DB’s jet fuel projection for

2025 is slightly below the AEO2005 reference case,

but its “other” petroleum product projection is

880,000 barrels per day higher.

PIRA’s forecast is the only one that envisions a rever-

sal of gasoline demand growth in the future. In 2015,

PIRA projects gasoline demand that is 380,000 bar-

rels per day lower than its projection for 2010. The

PIRA projections of gasoline demand and total petro-

leum product demand in 2015 are the lowest of all the

forecasts, at 1.89 and 1.55 million barrels per day

below the respective AEO2005 reference case projec-

tions. Diesel displaces gasoline between 2010 and

2015 in PIRA’s forecast, which also assumes some-

what less highway travel than does the AEO2005 ref-

erence case. Jet fuel demand in 2015 is slightly higher

in the PIRA forecast, and “other” petroleum product

demand is 820,000 barrels per day higher than pro-

jected in the AEO2005 reference case.

In all the forecasts, imports are needed to meet more

than one-half of U.S. petroleum demand, and the

import share of total demand is projected to increase.

In 2003, 56 percent of demand was met by imports,

and that share is projected to rise to 68 percent in

2025 in AEO2005. DB is less optimistic about domes-

tic oil and gas production. In 2025, DB projects that

crude oil production will be 710,000 barrels per day

lower and natural gas liquids 760,000 barrels per day

lower than projected in the AEO2005 reference case.

With DB’s total petroleum demand projection about

the same as that in the AEO2005 reference case, the

fraction of demand projected to be met by imports in

2025 is more than 6 percentage points above the

AEO2005 reference case projection.

GII is somewhat more optimistic about domestic

crude oil and natural gas liquids production in 2025

than the AEO2005 reference case. In 2025, GII pro-

jects that total crude oil production will be 90,000 bar-

rels per day higher and natural gas liquids production

320,000 barrels per day higher than projected in the

AEO2005 reference case. GII is less optimistic than

the AEO2005 reference case, however, about domes-

tic refinery expansion. Crude oil imports are 3.76 mil-

lion barrels per day lower in 2025 in the GII forecast,

but petroleum product imports are 3.84 million bar-

rels per day higher than in the AEO2005 reference

case. Despite somewhat lower total demand and lower

crude imports, GII projects an import share that is

0.9 percentage points higher in 2025 than in the
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AEO2005 reference case. The reason is that volume

gains from domestic processing of imported crude are

counted as domestic production. Substitution of prod-

uct imports for crude imports therefore increases the

import share of product supplied.

PIRA expects the lowest level of crude oil and petro-

leum product imports in 2015 among the forecasts

compared, due in part to relatively low projections of

product demand. EVA projects the highest level of

crude oil and petroleum product imports among all

the forecasts, 2.18 million barrels per day above the

AEO2005 reference case in 2025.

Coal

There is a great deal of uncertainty about the possible

enactment of environmental regulations that would

affect coal demand in the United States. Various pro-

grams that would restrict emissions of mercury, fine

particulates (PM2.5) and greenhouse gases are being

discussed and introduced by the U.S. Environmental

Protection Agency and the U.S. Congress. The

AEO2005 reference case does not anticipate when

and how new environmental requirements may take

effect, whereas the other forecasts may include such

assumptions. All the coal forecasts included in Table

38 incorporate the current requirements of the Clean

Air Act Amendments of 1990 and the NOx SIP call

that affects 19 eastern and midwestern States over

the forecast period. EVA assumes that legislation

similar to the Clean Air Interstate Rule and the Clean

Air Mercury Rule will be enacted and will include fur-

ther restrictions on emissions of SO2, NOx, and mer-

cury. EVA’s forecast also includes a $5 per ton fee on

carbon dioxide emissions beginning in 2013. The

AEO2005, Hill, and GII forecasts do not include man-

dated reductions in mercury or carbon dioxide

emissions.
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Table 37. Comparison of petroleum forecasts, 2015 and 2025 (million barrels per day, except where noted)

Projection 2003

AEO2005 Other forecasts

Reference
Low

world oil
price

High
world oil

price
GII DB EVA PIRA

2015

Crude oil and NGL production 7.41 7.46 7.32 7.83 7.41 6.51 NA NA
Crude oil 5.69 5.49 5.37 5.81 5.17 4.91 NA 5.05
Natural gas liquids 1.72 1.96 1.95 2.02 2.24 1.61 NA NA

Total net imports 11.24 15.40 16.19 14.10 15.18 16.17 17.70 14.68
Crude oil 9.65 13.28 13.73 12.74 11.07 NA NA NA
Petroleum products 1.58 2.12 2.45 1.36 4.11 NA NA NA

Petroleum demand 20.00 24.67 25.25 23.95 24.19 24.34 NA 23.12
Motor gasoline 8.93 11.17 11.38 10.76 10.98 10.86 NA 9.28
Jet fuel 1.57 2.15 2.16 2.13 2.23 1.96 NA 2.20
Distillate fuel 3.95 5.07 5.25 4.95 4.62 4.79 NA 4.72
Residual fuel 0.77 0.85 0.96 0.79 0.63 0.87 NA 0.68
Other 4.77 5.42 5.50 5.32 3.42 5.85 NA 6.24

Import share of product supplied (percent) 56.2 62.4 64.1 58.9 64.3 66.5 NA 64.0

2025

Crude oil and NGL production 7.41 6.77 6.45 7.30 7.19 5.30 NA NA
Crude oil 5.69 4.73 4.46 5.18 4.82 4.02 NA NA
Natural gas liquids 1.72 2.04 1.99 2.12 2.36 1.28 NA NA

Total net imports 11.24 19.11 21.19 16.48 19.19 20.83 21.29 NA
Crude oil 9.65 16.11 16.63 14.83 12.35 NA NA NA
Petroleum products 1.58 3.00 4.55 1.65 6.84 NA NA NA

Petroleum demand 20.00 27.93 29.55 26.85 27.71 27.92 NA NA
Motor gasoline 8.93 12.89 13.37 12.33 12.48 12.30 NA NA
Jet fuel 1.57 2.36 2.46 2.34 2.82 2.30 NA NA
Distillate fuel 3.95 5.81 6.68 5.63 5.10 5.51 NA NA
Residual fuel 0.77 0.88 1.03 0.79 0.60 0.96 NA NA
Other 4.77 5.98 6.01 5.76 6.71 6.86 NA NA

Import share of product supplied (percent) 56.2 68.4 71.7 63.1 69.3 74.6 NA NA

NA = Not available.
Sources: AEO2005: AEO2005 National Energy Modeling System, runs AEO2005.D102004A (reference case), LW2005.D102004A (low

world oil price case), and HW2005.D102004A (high world oil price case). GII: Global Insight, Inc., U.S. Energy Outlook (Summer 2004). DB:

Deutsche Bank AG, e-mail from Adam Sieminski, November 11, 2004. EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term
Outlook (August 2004). PIRA: PIRA Energy Group (October 2004).
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Table 38. Comparison of coal forecasts, 2015, 2020, and 2025 (million short tons, except where noted)

Projection 2003

AEO2005 Other forecasts

Reference
Low

economic
growth

High
economic
growth

EVA Hill GII

2015

Production 1,083 1,270 1,249 1,294 1,150 1,239 a 1,189
Consumption by sector
Electricity generation 1,004 1,185 1,166 1,208 1,082 1,173 1,100
Coking plants 24 18 17 18 21 23 20
Industrial/other 62 71 69 72 60 62 68

Total 1,095 1,273 1,252 1,297 1,163 1,258 1,188
Net coal exports 18.0 -2.8 -2.8 -2.8 -20.6 -19.0 -1.6

Exports 43.0 34.9 34.9 34.9 24.7 25.0 29.1
Imports 25.0 37.7 37.7 37.7 45.3 44.0 30.7

Minemouth price
(2003 dollars per short ton) 17.93 16.89 16.62 17.10 19.35 b 17.28 c,d NA
(2003 dollars per million Btu) 0.86 0.84 0.83 0.85 0.94 b 0.84 c,d NA

Average delivered price
to electricity generators
(2003 dollars per short ton) 25.86 24.42 24.07 24.76 27.26 b 26.89 d 24.62 e

(2003 dollars per million Btu) 1.28 1.23 1.22 1.25 1.36 b 1.31 d 1.19

2020

Production 1,083 1,345 1,295 1,397 1,231 1,285 a 1,287
Consumption by sector
Electricity generation 1,004 1,267 1,219 1,317 1,174 1,233 1,204
Coking plants 24 15 15 15 20 22 18
Industrial/other 62 71 69 73 58 59 68

Total 1,095 1,352 1,303 1,405 1,252 1,314 1,290
Net coal exports 18.0 -6.6 -6.6 -7.2 -28.3 -29.0 -6.0

Exports 43.0 35.2 35.2 34.5 26.0 22.0 25.8
Imports 25.0 41.7 41.7 41.7 54.3 51.0 31.8

Minemouth price
(2003 dollars per short ton) 17.93 17.25 16.79 17.89 19.38 b 17.85 c,d NA
(2003 dollars per million Btu) 0.86 0.86 0.83 0.89 0.95 b 0.87 c,d NA

Average delivered price
to electricity generators
(2003 dollars per short ton) 25.86 24.66 24.00 25.41 27.46 b 28.14 d 23.70 e

(2003 dollars per million Btu) 1.28 1.25 1.21 1.28 1.38 b 1.37 d 1.15

2025

Production 1,083 1,488 1,373 1,597 1,328 NA 1,365
Consumption by sector
Electricity generation 1,004 1,425 1,312 1,531 1,284 NA 1,288
Coking plants 24 13 13 13 18 NA 16
Industrial/other 62 71 68 73 55 NA 68

Total 1,095 1,508 1,393 1,617 1,357 NA 1,372
Net coal exports 18.0 -19.6 -18.8 -19.6 -36.9 NA -9.2

Exports 43.0 26.1 26.9 26.1 27.4 NA 23.7
Imports 25.0 45.7 45.7 45.7 64.3 NA 32.9

Minemouth price
(2003 dollars per short ton) 17.93 18.26 17.11 19.78 19.60 b NA NA
(2003 dollars per million Btu) 0.86 0.91 0.85 0.98 0.97 b NA NA

Average delivered price
to electricity generators
(2003 dollars per short ton) 25.86 25.95 24.46 27.76 27.75 b NA 22.85 e

(2003 dollars per million Btu) 1.28 1.31 1.24 1.39 1.39 b NA 1.10

aCoal production in the Hill & Associates forecast was estimated as total coal consumption minus imports plus exports.
bThe average coal price is a weighted average of the projected spot market FOB mine price for all domestic coal.
cThe minemouth price represents an average for domestic steam coal only. Exports and coking coal are not included in the average.
dThe prices provided by Hill & Associates were converted from 2004 dollars to 2003 dollars in order to be consistent with AEO2005.
eEstimated by multiplying the delivered price of coal in dollars per million Btu by the average heat content of coal delivered to electricity

generators in million Btu per short ton.
Btu = British thermal unit. NA = Not available.
Sources: AEO2005: AEO2005 National Energy Modeling System, runs AEO2005.D102004A (reference case), LM2005.D102004A (low

economic growth case), and HM2005.D102004A (high economic growth case). EVA: Energy Ventures Analysis, Inc., FUELCAST:
Long-Term Outlook (August 2004). Hill: Hill & Associates, Inc., The Outlook for U.S. Steam Coal: Long-Term Forecast to 2022 (August
2004). GII: Global Insight, Inc., U.S. Energy Outlook (Summer 2004). PIRA: PIRA Energy Group (October 2004).



Given the more restrictive assumptions of the EVA

forecast, it is not surprising that the AEO2005 refer-

ence case and Hill forecasts project significantly

higher levels of coal consumption than EVA. While

GII projects total coal consumption levels that are the

most similar to EVA’s in 2025, its projection of indus-

trial consumption over the forecast is similar to that

in AEO2005. The AEO2005 reference case projects

higher coal consumption levels than Hill (by about 3

percent in 2020) and EVA (by about 10 percent in

2025). All four forecasts show significant increases in

coal consumption over the forecast period.

Both AEO2005 and Hill project a decline in real mine-

mouth coal prices from 2003 to 2015 but expect

growth in real prices thereafter. EVA forecasts an

8-percent price increase (based on short tons)

between 2003 and 2015 and an additional small

increase between 2015 and 2025. The EVA forecast

includes lower coal consumption and higher

minemouth coal prices over all periods than either the

AEO2005 reference case or the Hill forecast.

As western coal production makes further inroads

into markets traditionally served by eastern coal, the

average heat content of the coals produced and con-

sumed will drop as well, reflecting the lower thermal

content per ton of western coals. The AEO2005 refer-

ence case and EVA forecasts indicate similar average

heat content (calculated by dividing dollars per ton by

dollars per million Btu). The average heat content of

coal production in the AEO2005 reference case, EVA,

and Hill forecasts is roughly 20.1 to 20.6 million Btu

per ton in 2015, 2020, and 2025, compared with the

2003 base level of 20.9 million Btu per ton. The

forecast similarities suggest that comparable

shares of western production are included in the

three projections.

Gross exports of coal represent a small and declining

part of domestic coal production. In the AEO2005 ref-

erence case, the share of total production that is

exported is projected to fall from 4 percent in 2003 to

roughly 2 percent in 2025. Currently, coal is the only

domestic energy resource for which exports still

exceed imports. All the forecasts project that the

United States eventually will import more coal than it

exports. GII projects the lowest level of coal imports,

only 8 million tons more in 2025 than in 2003. Both

EVA and Hill project a faster rate of increase in net

coal imports, with 19 to 21 million tons more coal

imported than exported in 2015. EVA projects net

coal imports in 2025 equal to almost twice the ton-

nage projected in the AEO2005 reference case (37

million and 20 million tons, respectively). Strong

price competition from other exporters and the loss of

markets as Europe moves away from coal for environ-

mental reasons are among the causes for the

long-term decline in U.S. exports. The coal forecasts

reflect the uncertainties facing the U.S. coal industry

as it simultaneously adapts to pressures arising from

increasing regulatory restrictions on coal production,

domestic and international environmental regula-

tions, restructuring of the U.S. electricity generation

industry, and increasing competition from the

relatively undeveloped coalfields of international

competitors.
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AD Associated-dissolved (natural gas)

AEO2004 Annual Energy Outlook 2004

AEO2005 Annual Energy Outlook 2005

Altos Altos Partners

AMT Alternative Minimum Tax

ANWR Arctic National Wildlife Refuge

Btu British thermal unit

CAFE Corporate average fuel economy

CAMR Clean Air Mercury Rule

CARB California Air Resources Board

CBECS Commercial Buildings Energy Consumption
Survey (EIA)

CBO Congressional Budget Office

CCCC Climate Change Credit Corporation

CH4 Methane

CHP Combined heat and power

CO2 Carbon dioxide

CTL Coal-to-liquids

DB Deutsche Bank, A.G.

E85 Fuel containing a blend of 70 to 85 percent
ethanol and 30 to 15 percent gasoline
by volume

EEA Energy and Environmental Analysis, Inc.

EIA Energy Information Administration

EPA U.S. Environmental Protection Agency

EPACT Energy Policy Act of 1992

ETBE Ethyl tertiary butyl ether

EVA Energy Ventures Analysis, Incorporated

FERC Federal Energy Regulatory Commission

FGD Flue gas desulfurization

FSU Former Soviet Union

GDP Gross domestic product

GII Global Insight, Incorporated

GTL Gas-to-liquids

HAPs Hazardous air pollutants

Hill Hill & Associates

IRAC U.S. average refiner’s acquisition cost
of imported crude oil

ITC Investment Tax Credit

LFG Landfill gas

LNG Liquefied natural gas

LPG Liquefied petroleum gas

MACT Maximum Achievable Control Technology

mpg Miles per gallon

MSW Municipal solid waste

MTBE Methyl tertiary butyl ether

N2O Nitrous oxide

NA Nonassociated (natural gas)

NAAQS 1997 National Ambient Air Quality
Standards

NAICS North American Industry Classification
System

NBP NOx budget program (Connecticut)

NEMS National Energy Modeling System

NESHAP National Emission Standards for Hazardous
Air Pollutants

NHTSA National Highway Traffic Safety
Administration

NOx Nitrogen oxides

NPR-A National Petroleum Reserve-Alaska

NRC U.S. Nuclear Regulatory Commission

NRLM Nonroad locomotive and marine diesel fuel

NYMEX New York Mercantile Exchange

OEF Oxford Economic Forecasting

OMB Office of Management and Budget

OPEC Organization of Petroleum Exporting
Countries

pCAIR Proposed Clean Air Interstate Rule

PECO Pennsylvania Electric Company

PEL Petroleum Economics, Ltd.

PIRA Petroleum Industry Research Associates,
Inc.

PM Particulate matter

ppm Parts per million

PTC Renewable energy production tax credit

PURPA Public Utility Regulatory Policies Act
of 1978

PV Solar photovoltaics

RFG Reformulated gasoline

RPS Renewable portfolio standard

SAGE System for Analysis of Global Energy
Markets (EIA)

SCR Selective catalytic reduction

SEER Seasonal energy efficiency ratio

SEER Strategic Energy & Economic Research,
Incorporated

SIC Standard Industrial Classification

SIP State Implementation Plan

SNCR Selective noncatalytic reduction

SO2 Sulfur dioxide

SUV Sport utility vehicle

TVA Tennessee Valley Authority

ULSD Ultra-low-sulfur diesel fuel

VEETC Volumetric Ethanol Excise Tax Credit

WTI West Texas Intermediate crude oil
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Text Notes

Overview

[1]The projections in AEO2005 are based on Federal and
State laws and regulations in effect on October 31, 2004.
The potential impacts of pending or proposed legislation,
regulations, and standards—or of sections of legislation
that have been enacted but that require funds or imple-
menting regulations that have not been provided or speci-
fied—are not reflected in the projections.

Legislation and Regulations

[2]The SEER is a measure of cooling performance that is
used to rate the efficiency of central air conditioners and
heat pumps. It is defined as the ratio of cooling output (in
Btu) to total electric energy input (in watthours) during
normal annual usage.

[3]National Resources Defense Council v. Abraham, U.S.
Court of Appeals, 2nd District.

[4]U.S. Environmental Protection Agency, “National Emis-
sion Standards for Hazardous Air Pollutants for Indus-
trial, Commercial, and Institutional Boilers and Process
Heaters,” 40 CFR Part 63 (February 26, 2004), web site
www.epa.gov/ttn/atw/boiler/ria-final.pdf.

[5] U.S. Environmental Protection Agency, Regulatory
Impact Analysis for the Industrial Boilers and Process
Heaters NESHAP, EPA-452/R-04-002 (Washington, DC,
February 2004), web site www.epa.gov/ttn/atw/boiler/
ria-final.pdf.

[6] U.S. Environmental Protection Agency, “Control of
Emissions of Air Pollution From Nonroad Diesel Engines
and Fuel: Final Rule,” 40 CFR Parts 9, 69, et al. (May 11,
2004).

[7] Tier 4 refers to the fourth set of emissions standards
applying to nonroad diesel emissions. The standards do
not apply to locomotive and marine applications, which
are covered by separate EPA regulations.

[8] U.S. Environmental Protection Agency, “Control of
Emissions of Air Pollution From New Locomotive
Engines and New Marine Compression Ignition Engines
Less Than 30 Liters per Cylinder: Proposed Rule,” 40
CFR Parts 92 and 94 (June 29, 2004).

[9] U.S. Environmental Protection Agency, Clean Air
Nonroad Diesel Summary, EPA-420-F-04-029 (Washing-
ton, DC, May 2004), web site www. epa.gov/otaq/regs/
nonroad/equip-hd/2004fr/420f04029.htm.

[10]The EPA has designated seven regional Credit Trading
Areas (CTAs) in the United States, organized along State
lines. See web site www.npradc.org/issues/fuels/pdf/
diesel_summary.pdf.

[11] Transmix is the mixture in a pipeline at the interface
between adjoining batches of petroleum product with dis-
similar physical characteristics, which cannot be
absorbed into adjoining batches.

[12] U.S. Environmental Protection Agency, Clean Air
Nonroad Diesel Rule Facts and Figures, EPA-420-F-04-
037 (Washington, DC, May 2004), web site www.epa.gov/
nonroad-diesel/2004fr/420f04037.htm.

[13] This section describes the bill known as PL 108-357
(H.R. 4520), “American Jobs Creation Act of 2004.” For
the full text of the bill, see web site http://frwebgate.

access.gpo.gov/cgi-bin/getdoc.cgi?dbname=108_cong_
bills&docid= f:h4520enr.txt.pdf.

[14] Carry-back refers to the practice of using a credit from
taxable income for a prior tax period. Carry-forward
refers to using a credit in a future taxable period.

[15]The reference price for a taxable year is the price in the
calendar year preceding the claendar year in which the
taxable year begins. This price is determined as: (a) in the
case of qualified crude oil production, the Secretary of the
Treasury’s estimate of the average annual wellhead price
per barrel for all domestic crude oil (the price of which is
not subject to regulation by the United States), and (b) in
the case of qualified natural gas production, the Secre-
tary of the Treasury’s estimate of the average annual
wellhead price per 1,000 cubic feet for all domestic natu-
ral gas.

[16] Extension of the in-service date for wind, closed-loop
biomass, and poultry litter through 2005 was also part of
the Working Families Tax Relief Act of 2004.

[17] Transmix is the mixture in a pipeline at the interface
between adjoining batches of petroleum product with dis-
similar physical characteristics, which cannot be
absorbed into adjoining batches.

[18] This section describes the bill known as P.L. 108-311
(H.R. 1308), “Working Families Tax Relief Act of 2004.”
For the full text of the bill, see web site http://frwebgate.
access.gpo.gov/cgi-bin/getdoc.cgi?dbname=108_cong_
public_ laws&docid=f:publ311.108.pdf.

[19] This section describes the bill known as P.L. 108-324
(H.R. 4837), “Military Construction Appropriations and
Emergency Hurricane Supplemental Appropriations Act,
2005.” For the full text of the bill, see web site http://
frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=
108_ cong_public_laws&docid=f:publ324.108.pdf.

[20]Connecticut Department of Environmental Protection,
“Regulations of Connecticut State Agencies (RCSA),”
Title 22a, Section 22a-174-1 to 22a-174-200, “Abatement
of Air Pollution,” web site www.dep.state.ct.us/air2/regs/
mainregs.htm.

[21] State and Territorial Air Pollution Program Adminis-
trators (STAPPA) and the Association of Local Air Pollu-
tion Control Officials (ALAPCO), “Comparison of State
Multi-Pollutant Strategies for Power Plants” (April
2003).

[22] Northeast States for Coordinated Air Use Manage-
ment, “Mercury Emissions from Coal-Fired Power Plants
—The Case for Regulatory Action” (October 2003), web
site www.nescaum.org.

[23] State of Maine, “An Act to Provide Leadership in
Addressing the Threat of Climate Change,” Chapter 237,
H.P. 622—L.D. 845, Session Laws of the State of Maine,
121st Legislature (Approved May 21, 2003), web site
http://janus. state.me.us/legis.

[24] Maine Greenhouse Gas Initiative, web site http://
maineghg.raabassociates.org.

[25] Massachusetts Department of Environmental Protec-
tion, “Regulations and Notices,” web site www.mass.gov/
dep/bwp/daqc/daqcpubs.htm#regs.

[26]Massachusetts Department of Environmental Protec-
tion, ”Emission Control Plans,” web site www.mass.gov/
dep/bwp/daqc/daqcpubs.htm#ecp.

[27]Web site www.mass.gov/ocd/climate.html.
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[28] Massachusetts Department of Environmental Protec-
tion, web sites www.mass.gov/dep/bwp/hgres.htm and
www.mass.gov/dep/bwp/daqc/daqcpubs.htm#regs.

[29]“Air Quality Standards, Definitions, Sampling and Ref-
erence Methods and Air Pollution Control Regulations
for the Entire State of Missouri,” Chapter 6, web site
www.sos.mo.gov/ adrules/csr/current/10csr/10csr.asp.

[30] State of New Hampshire, New Hampshire Code of
Administrative Rules, ”Multiple Pollutant and Annual
Budget Trading and Banking Program,” Chapter Env-
A2900, web site www.des.state.nh.us/rules/air.htm.

[31] B.G. Rabe, “Greenhouse and Statehouse: The Evolving
State Government Role in Climate Change” (Pew Center
on Global Climate Change, November 2002), web site
www.pewclimate.org.

[32] State of New York, Department of Environmental Con-
servation, “Acid Deposition Reduction Budget Trading
Programs,” web site www.dec.state.ny.us/website/dar/
adopted.html.

[33] State and Territorial Air Pollution Program Adminis-
trators (STAPPA) and the Association of Local Air Pollu-
tion Control Officials (ALAPCO), “Comparison of State
Multi-Pollutant Strategies for Power Plants” (April
2003).

[34] North Carolina Department of Environment and Natu-
ral Resources, Implementation of the “Clean Smokestacks
Act” (May 30, 2003), web site http://daq.state.nc.us/news/
leg/.

[35] North Carolina Department of Environment and Natu-
ral Resources, Mercury Clean Smokestacks Act Second
Interim Report (September 2004), web site http://daq.
state.nc.us/news/leg/.

[36]North Carolina Department of Environment and Natu-
ral Resources, CO2 Clean Smokestacks Act, Second
Interim Report (September 2004), web site http://daq.
state.nc.us/news/leg/.

[37] North Carolina Department of Environment and Natu-
ral Resources, web site http://daq.state.nc.us/news/leg/.

[38]State of Oregon, Oregon Administrative Rules, Chapter
345, Division 24, “Specific Standards for Siting Non-
Nuclear Facilities and Related or Supporting Facilities,”
web site http://arcweb.sos.state.or.us/banners/rules.htm.

[39] Energy Information Administration, “State Electricity
Profiles for Oregon, 2002,” web site www.eia.doe.gov/
emeu/states/main_or.html.

[40]S. Sadler, “Oregon Carbon Dioxide Emission Standards
for New Energy Facilities,” Oregon Office of Energy, Ore-
gon Energy Facility Siting Council, Rule Division 24,
OAR 345-024-0500 (1997), web sites www.energy.state.
or.us and www.climatetrust.org.

[41]Assuming a plant heat rate of 10,000 Btu per
kilowatthour and a CO2 emission factor of 25.50 kg car-
bon per million Btu.

[42] Texas Natural Resource Conservation Commission,
web site www.tnrcc.state.tx.us/permitting/airperm/
grandfathered.

[43]Web sites http://www1.leg.wa.gov/legislature and www.
efsec.wa.gov.

[44]On December 7, 2004, the Alliance of Automobile Man-
ufacturers and several California auto dealerships filed
suit in the U.S. District Court in Fresno, California,
against A.B. 1493.

[45] Conversion methodology assumes 70.22 kilograms of
carbon dioxide per million Btu of gasoline and 125,000
Btu per gallon of gasoline, which equates to 8.78 kilo-
grams of carbon dioxide per gallon of gasoline.

[46] The Clean Air Act allows States to opt out of Federal
light-duty vehicle exhaust emissions standard require-
ments if they choose to adopt California’s standards. Con-
necticut, New Jersey, and Rhode Island have also passed
legislation adopting California’s light vehicle emissions
standards, excluding the new greenhouse gas emission
standards. The California Low Emission Vehicle Pro-
gram (LEVP) requires more stringent criteria emission
standards and minimum sales requirements for
zero-emission vehicles, which include hybrid, electric,
and fuel cell vehicles. Because these States were not
expected to adopt the California light vehicle greenhouse
gas emission standards, the associated light vehicle fuel
economy impact from the sales of zero-emission vehicles
due to their opting into the California LEVP are not rep-
resented in the AEO2005 reference case and, therefore,
were not included in the A.B. 1493 sensitivity cases.

[47]California Environmental Protection Agency Air
Resources Board, Addendum Presenting And Describing
Revisions To: Initial Statement of Reasons For Proposed
Rulemaking, Public Hearing To Consider Adoption of
Regulations To Control Greenhouse Gas Emissions From
Motor Vehicles (September 10, 2004), p. 1, web site www.
arb.ca.gov/regact/grnhsgas/addendum.pdf.

[48]California Environmental Protection Agency Air
Resources Board, Addendum Presenting And Describing
Revisions To: Initial Statement of Reasons For Proposed
Rulemaking, Public Hearing To Consider Adoption of
Regulations To Control Greenhouse Gas Emissions From
Motor Vehicles (September 10, 2004), Table 8.2-1, p. 17,
web site www.arb.ca.gov/regact/grnhsgas/addendum.pdf.

[49] Percentages derived from EMFAC model runs (April
23, 2002) provided by Jonathan Taylor, California Air
Resources Board (December 20, 2004).

[50]The NEMS model does not capture State-specific sales,
stocks, or vehicle miles traveled. The impact of the fuel
economy equivalent standards were modeled nationally
and applied regionally in subsequent runs based on
State-specific distributions of light vehicle energy use and
travel.

[51] Analysis of the National Highway Traffic Safety Ad-
ministration model year 2001 CAFE data indicated that
12.3 percent of new light trucks sold (trucks less than
8,500 pounds gross vehicle weight) have a loaded vehicle
weight less than 3,750 pounds.

[52] The EMFAC model was used to develop the baseline
CO2 equivalent emissions in the CARB analysis. Reduc-
tions were estimated on the basis of a NESCCAF model
and applied to the EMFAC baseline.

[53]Census Division 9 includes the following States: Alaska,
California, Hawaii, Oregon, and Washington.

[54] Census Division 1 includes the following States: Con-
necticut, Maine, Massachusetts, New Hampshire, Rhode
Island, and Vermont. Census Division 2 includes the fol-
lowing States: New Jersey, New York, and Pennsylvania.

[55] Energy Information Administration, Analysis of S.
1844, the Clear Skies Act of 2003; S. 843, the Clean Air
Planning Act of 2003; and S. 366, the Clean Power Act of
2003, SR/OIAF/2004-05 (Washington, DC, May 2005),
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web site www.eia. doe.gov/oiaf/servicerpt/csa/pdf/sroiaf
(2004)05.pdf.

[56] U.S. Environmental Protection Agency, “Interstate
Air Quality Rule,” web site www.epa.gov/interstateair
quality.

[57]Federal Register, Vol. 69, No. 20, 40 CFR parts 51, 72,
75, and 96 (January 30, 2004).

[58] Federal Register, Vol. 69, No. 112, 40 CFR Parts 51, 72,
73, 74, 77, 78, and 96 (June 10, 2004).

[59] U.S. Environmental Protection Agency, “Utility Mer-
cury Reductions Rule,” web site www.epa.gov/air/
mercuryrule.

[60] Federal Register, Vol. 69, No. 20, 40 CFR Parts 60 and
63 (January 30, 2004).

[61] Federal Register, Vol. 69, No. 51, 40 CFR Parts 60, 72,
and 75 (March 16, 2004).

[62] Energy Information Administration, Annual Energy
Review 2002, DOE/EIA-0384(2002) (Washington, DC,
October 2003), Table 8.2a, p. 224.

[63] The bill covers emissions of the following greenhouse
gases: carbon dioxide (CO2), methane (CH4), nitrous
oxide (NOx), hydrofluorocarbons (HFCs), perfluoro-
carbons (PFCs), and sulfur hexafluoride (SF6).

[64] This section describes the provisions proposed in S.A.
3546 and H.R. 4067, both titled the Climate Stewardship
Act of 2004. For the full text of the bill, see web site http://
frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=
108_cong_bills& docid=f:h4067ih.txt.pdf.

[65]The commercial sector includes government entities.

[66] In the definition of a covered entity, the clarification
that the 10,000 metric ton threshold applies to emissions
“from any single facility owned by the entity” was not
present in the original version of the bill (S. 139). Because
few commercial facilities would have emissions above the
threshold, most entities in the commercial sector would
be exempt. Addition of the “single facility” restriction
clears up a key uncertainty in the definition of a “covered
entity” in S. 139. The most recent bill also requires that
all of a covered entity’s emissions be subject to allowance
requirements—not just the emissions from facilities that
exceed the threshold. This interpretation suggests a pos-
sible avoidance strategy: an entity might design, orga-
nize, and operate its facilities to ensure that no single
facility’s emissions exceeded the threshold.

[67] The bill allows each covered entity to obtain 15 percent
of its emission allowances from alternative compliance
sources, including purchase of allowances from certified
reduction or sequestration programs, both domestically
and abroad. As an incentive for early action, entities
reducing their emissions below 1990 levels by 2010 may
be granted a limit of 20 percent of their target reductions
from alternative compliance sources from 2010 to 2016.

[68] Covered entities would be required to submit allow-
ances for their covered emissions or, to a limited extent,
offsetting emission reduction credits from noncovered
entities. Therefore, the covered emissions, less any offset
credits, would be subject to the allowance cap.

[69] This provision would require the entity to show that a
specific capital project is underway to reduce emissions
and to return any allowances borrowed, at an effective
interest rate of 10 percent per year. In addition, borrowed

allowances would count against the limit on alternative
compliance offsets. Therefore, in the aggregate, allow-
ance borrowing would likely be minimal.

[70] The emissions for 2000 cited in the bill match the levels
reported in U.S. Environmental Protection Agency,
Inventory of U.S. Greenhouse Gas Emissions and Sinks:
1990-2000, EPA-430-R-02-003 (Washington, DC, April
2002), after adjusting for the residential and agricultural
sectors and U.S. territories.

[71]Energy Information Administration, Analysis of S. 139,
the Climate Stewardship Act of 2003, SR/OIAF/2003-02
(Washington, DC, June 2003). For the full report, see web
site www.eia.doe.gov/oiaf/servicerpt/ml/pdf/sroiaf(2003)
02.pdf. For a summary, see web site www.eia.doe.gov/
oiaf/servicerpt/ml/pdf/summary.pdf. A followup analysis
of the amended (single phase) version of the bill, Analysis
of Senate Amendment 2028, the Climate Stewardship Act
of 2003, is available at web site www.eia.doe.gov/oiaf/
analysispaper/sacsa/index.html.

[72] A provision entitled “Dedicated Program for Seques-
tration in Agricultural Soils” would allow an entity to sat-
isfy up to 1.5 percent of its total allowance submission
requirements with registered increases in net carbon
sequestration in agricultural soils. Entities would remain
subject to an overall limit on offsets of 15 percent, or 20
percent if they met certain early action criteria.

[73]Refineries, as industrial entities, would be required to
obtain allowance permits for the fuel they burned in
refining oil, in addition to allowances for downstream
emissions of the transportation fuel they sold. The costs
would be passed on to consumers.

Issues in Focus

[74] For a description of the SAGE model, see Energy
Information Administration, International Energy Out-
look 2004, DOE/EIA-0484(2004) (Washington, DC, April
2004).

[75] For a detailed review of real GDP and oil projections
by country and region, see International Energy Outlook
2004.

[76] A more rigorous determination of income elasticities,
which controlled for price changes, was also undertaken.
It involved a statistical estimation of the relationship
between the projected demand for oil and projected real
GDP and world oil prices. The numbers quoted here for
income elasticities are similar to those that were statisti-
cally estimated.

[77] For a recent study and a review of the empirical litera-
ture see D. Gately and H.G. Huntington, “The Asymmet-
ric Effects of Changes in Price and Income on Energy and
Oil Demand,” OP50, Energy Modeling Forum (Stanford,
CA: Stanford University, August 2001).

[78] D. Gately and H.G. Huntington, “The Asymmetric
Effects of Changes in Price and Income on Energy and Oil
Demand,” OP50, Energy Modeling Forum (Stanford, CA:
Stanford University, August 2001).

[79] Cumulative production in a year is obtained by multi-
plying oil production per day by 365. For oil-producing
countries, it is assumed that oil is sold domestically at the
same world oil price.

[80] G.A. Smook, Handbook for Pulp and Paper Technol-
ogies, 2nd Edition (Bellingham, WA: Angus Wilde Publi-
cations, 1992).
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[81] American Forest and Paper Association, Statistics of
Paper, Paperboard and Wood Pulp, 41st Edition (Wash-
ington, DC, 2004).

[82] American Forest and Paper Association, Statistics of
Paper, Paperboard and Wood Pulp, 41st Edition (Wash-
ington, DC, 2004).

[83] Note that the output forecasts were disaggregated into
the four components of bulk chemicals in previous AEOs.
The history and prospects for agricultural chemicals were
discussed in Annual Energy Outlook 2004.

[84] American Chemical Council, Guide to the Business of
Chemistry 2003, p. 169.

[85] For example, PotashCorp, “The PotashCorp Letter”
(June 2003).

[86] For example, see Celanese AG, “Celanese To Source
Methanol from Southern Chemical Company” (press
release, July 22, 2003).

[87] National Highway Traffic Safety Administration,
Summary of Fuel Economy Performance (Washington,
DC, March 2004).

[88] National Highway Traffic Safety Administration,
Automotive Fuel Economy Program Annual Update Cal-
endar Year 2002 (Washington, DC, September 2003),
Table II-4.

[89] U.S. Environmental Protection Agency, Light-Duty
Automotive Technology and Fuel Economy Trends: 1975
Through 2004 (Ann Arbor, MI, April 2004), Table E-3.

[90] S.C. Davis and S.W. Diegel, Transportation Energy
Data Book Edition 24, ORNL-6970 (Oak Ridge, TN: Oak
Ridge National Laboratory, October 2003), Table 4.9.

[91] “President Announces Clear Skies & Global Climate
Change Initiatives” (February 14, 2002), web site www.
whitehouse.gov/news/releases/2002/02/20020214-5.html.

[92] See the Addendum to the Global Climate Change Pol-
icy Book, web site www.whitehouse.gov/news/
releases/2002/02/climatechange.html. The BAU projec-
tions cited in the Addendum are somewhat higher than
those in a Policies and Measures case developed by the
EPA for the U.S. Climate Action Report 2002. EIA has
adjusted the Addendum projections to reflect the most
recent (2002 and 2003) data on emissions published by
EIA, as well as to estimate the intervening years of the
projections (the EPA projections were provided for 5-year
intervals). In addition, EIA has extrapolated the projec-
tions to estimate emissions for 2025.

[93] U.S. Department of State, U.S. Climate Action Report
2002 (Washington, DC, May 2002), Chapter 5, “Projected
Greenhouse Gas Emissions,” pp. 70-80, web site http://
yosemite.epa.gov/oar/globalwarming.nsf/content/
ResourceCenterPublicationsUSClimateActionReport.
html.

[94] U.S. Environmental Protection Agency, U.S. Methane
Emissions 1990-2020: Inventories, Projections, and Op-
portunities for Reductions, EPA 30-R-99-013 (Washing-
ton, DC, September 1999), web site www.epa.gov/
ghginfo/pdfs/07-complete.pdf; and Addendum to the U.S.
Methane Emissions 1990-2020: Update for Inventories,
Projections, and Opportunities for Reductions (December
2001), web site www.epa.gov/ghginfo/pdfs/final_
addendum2.pdf.

[95] U.S. Environmental Protection Agency, U.S. High
GWP Gas Emissions 1990-2010: Inventories, Projections,

and Opportunities for Reductions, EPA 000-F-97-000
(Washington, DC, June 2001), web site www.epa.gov/
ghginfo/pdfs/gwp_gas_emissions_6_01.pdf.

[96] U.S. Environmental Protection Agency, U.S. Adipic
Acid and Nitric Acid N2O Emissions 1990-2020: Inven-
tories, Projections and Opportunities for Reductions
(Washington, DC, December 2001), web site www.epa.
gov/ghginfo/pdfs/adipic.pdf.

[97] A degree-day is defined as the difference between the
average daily temperature (in degrees Fahrenheit) and
65. Averages above 65 degrees Fahrenheit count as cool-
ing degree-days, and averages below 65 degrees Fahren-
heit count as heating degree-days. For example, if the
average temperature on a given day is 40 degrees Fahren-
heit, then 25 heating degree-days are counted.

[98] The rate was later raised to 15 percent by the Crude
Oil Windfall Profits Act of 1980, which extended the
credit to December 31, 1985, when it was allowed to lapse
for wind.

[99] Dollars are expressed in year 2003 values, except as
otherwise noted.

[100]See IRS Form 8835, “Renewable Electricity Produc-
tion Credit,” for the year 2003, web site www.irs.gov/
pub/irs-pdf/f8835.pdf.

[101]Interstate Renewable Energy Council, Database of
State Incentives for Renewable Energy, web site
www.dsire.org (September 22, 2003). Note: 425 mega-
watts, the original mandated term in 1994, has been
extended to 825 megawatts in 2006 and 1,125 megawatts
in 2010.

[102]“Tax Relief Extension Act of 1999,” Public Law
106-170.

[103]The American Wind Energy Association estimates
1,697 megawatts of installations of all sizes in 2001 (see
web site www.awea.org/faq/ instcap.html).

[104]“Job Creation and Worker Assistance Act of 2002,”
Public Law 107-147.

[105]The American Wind Energy Association estimates
1,689 megawatts net capacity growth in 2003 (see web
site www.awea.org/faq/instcap.html).

[106]Wind power facilities also receive a 5-year accelerated
depreciation allowance on Federal income tax.

[107]For further discussion of cost and performance
improvements, see C. Namovicz, “Modeling Wind and
Intermittent Generation in the National Energy
Modeling System (NEMS),” in American Wind Energy
Association, WindPower 2003 Conference Proceedings
(2003).

[108]Cost includes “busbar” costs plus transmission inter-
connection charge, but does not include additional grid
services that may be required to facilitate integration of
wind power. Excellent wind resources refer to sites in
wind power Class 6 or better, defined by the Pacific
Northwest Laboratory as a site with an annual average
wind speed at 50 meter hub height of 8.0 meters per sec-
ond (17.9 miles per hour) or higher. See D.L. Elliot et al.,
Wind Energy Resource Atlas of the United States (Pacific
Northwest Laboratory, March 1987), p. 3.

[109]Note that the levelized cost of both natural gas and
coal plants depends on expected utilization rates. For
comparison purposes, an 85-percent utilization rate is
assumed for coal and 87 percent for combined cycle.
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Effective utilization rates (capacity factors) for cur-
rent-technology wind plants range from 33 to 40 percent,
depending on quality of the wind resource. The
40-percent capacity factor corresponds to the lowest
levelized wind cost.

[110]Claiming the PTC precludes these facilities from
claiming the 10-percent investment tax credit also avail-
able to geothermal and solar plants. Also, the tax credit
applies only to generation sold to a non-related party, and
thus would not be available to facilities using
photovoltaics or other “distributed generation” technol-
ogy to provide on-site power.

[111]For example, leading Danish wind turbine manufac-
turer Vestas announced in early 2003 plans to build a sig-
nificant factory in Oregon, but uncertainty over PTC
extension was cited as the primary reason for delaying or
curtailing the plan. See B. Jacklet, Portland Tribune
(June 13, 2003), web site www.portlandtribune.com/
archview.cgi?id=18698.

[112]The distributed generation projections for the residen-
tial and commercial sectors currently use an average elec-
tricity price in energy savings calculations without
specific consideration of the time-of-day or
demand-charge rates applicable to some customers.
These projections focus only on baseload electricity
requirements. However, potential investment decisions
involving PV systems do use an “air-conditioning” elec-
tricity price in energy savings calculations, since maxi-
mum PV generation correlates with the air conditioning
season.

[113]Distributed generation technologies are assumed to
receive the grid’s marginal cost of generation—the
avoided cost of generation only, without transmission
and distribution costs that are included in the retail rate.

[114]PV installed costs are per kilowatt of peak capacity
and represent grid-connected systems with no battery
storage or power backup. Installed costs for all other dis-
tributed generation technologies represent grid-
connected CHP systems. Installed capital costs for all
technologies include costs for equipment, labor and mate-
rials, interconnection, project and construction manage-
ment, engineering and contingency fees.

[115]Electrical conversion efficiency for PV is the system
efficiency as opposed to solar cell efficiency. For a more
detailed description of residential and commercial dis-
tributed generation assumptions, including combined
electrical and thermal efficiency for CHP systems, see
Assumptions for the Annual Energy Outlook 2005, web
site www.eia.doe.gov/oiaf/aeo/assumption/index.html.

[116]For PV and fuel cell technologies, a doubling of cumu-
lative shipments results in an assumed 13-percent reduc-
tion in installed capital costs. For microturbines, a
doubling results in an assumed 10-percent reduction in
costs.

[117]ONSITE SYCOM Energy Corporation, The Market
and Technical Potential for Combined Heat and Power in
the Commercial/Institutional Sector (January 2000), p.
17.

[118]Absorption chillers use heat instead of an electric
motor in the compression phase of the cooling cycle. The
waste heat produced during the generation process may
be used with an absorption chiller to provide cooling in a
CHP system.

[119]A discussion of the regulation issues and a database
providing basic State-by-State permitting information
for distributed generation projects is on the Energy and
Environmental Analysis, Inc., web site at www.eea-inc.
com/rrdb/DGRegProject/guide.html.

[120]The IEEE standard was announced in July 2003.
See web site http://standards.ieee.org/announcements/
1547idr.html.

[121]The types of pollutants responsible for designation as
a nonattainment zone vary by region. A list of non-
attainment areas is available at web site www.epa.gov/
oar/oaqps/greenbk.

[122]Distributed generation projections in the buildings
sectors are developed at the Census division level to
include variation between geographical regions. There
are nine Census divisions in the United States. For a map
showing the States included in each division, see web site
www.eia.doe.gov/geography.html.

[123]Energy Information Administration, Form EIA-860,
“Annual Electric Generator Report” (preliminary).

[124]Current tax law includes a 10-percent investment tax
credit available to businesses that install a qualifying
solar PV system. In addition, commercial PV owners may
depreciate their equipment using an accelerated depreci-
ation schedule and a 5-year economic life. The deprecia-
ble basis only needs to be reduced by half of the
investment tax credit.

[125]See Energy Information Administration, Annual
Energy Review 2003, DOE/EIA-0384(2003) (Washington,
DC, September 2004), Table 10.6 (annual PV shipments,
1989-2002). The approach used to develop the estimate,
based on shipment data, provides an upper estimate of
the size of the PV stock, including both grid-based and
off-grid PV. It will overestimate the size of the stock,
because shipments include a substantial number of units
that are exported, and each year some of the PV units
installed earlier will be retired from service or
abandoned.

[126]For further information on the California Energy
Commission rebate program, see web site www.energy.
ca.gov/renewables/emerging_renewables. html. For a dis-
cussion of State renewable energy requirements see T.
Petersik, “State Renewable Energy Requirements and
Goals: Status Through 2003” (July 2004), web site www.
eia.doe.gov/oiaf/analysispaper/rps/index.html. For infor-
mation on renewable energy incentives throughout the
United States, see the North Carolina Solar Center’s
Database of State Incentives for Renewable Energy, web
site www.dsireusa.org.

[127]The buildings sector technology cases assume that
current equipment and building standards are met but do
not include feedback effects on energy prices or economic
growth.

[128]The high technology case assumptions call for PV
costs to decline by 17 percent, fuel cell costs to decline by
29 percent, and costs for microturbines to decline by 13
percent with a doubling of cumulative shipments.

Market Trends

[129]Energy-intensive industries include food, paper, bulk
chemicals, petroleum refining, glass, cement, steel, and
aluminum.
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[130]The reference case assumes the Organization of Petro-
leum Exporting Countries’ (OPEC) members will con-
tinue to demonstrate a disciplined production approach
that reflects a strategy of price defense in which the
larger producers are willing to increase or decrease pro-
duction levels to maintain fairly stable prices (in real dol-
lar terms) to discourage the development of alternative
crude oil supplies or energy sources, allow for continued
robust worldwide economic growth, and maintain com-
pliance with quotas, particularly for smaller OPEC pro-
ducers. Under this strategy, prices are assumed to be kept
in a range from $27 to $30 per barrel in 2003 dollars, near
the high end of the current OPEC price target range.
Since OPEC, particularly the Persian Gulf nations, are
expected to be the dominant supplier of oil in the interna-
tional market over the mid-term, the organization’s pro-
duction choices will significantly affect world oil prices.
The low oil price scenario could result from a future mar-
ket where all oil production becomes more competitive.
The high A and B price scenarios could result from a more
cohesive and market-assertive OPEC with lower produc-
tion goals and other non-financial (geopolitical) consider-
ations or from the development of a less optimistic oil
resource situation than currently expected.

[131]The intensities shown were disaggregated using the
divisia index. The divisia index is a weighted sum of
growth rates and is separated into a sectoral shift or “out-
put” effect and an energy efficiency or “substitution”
effect. It has at least two properties that make it superior
to other indexes. First, it is not sensitive to where in the
time period or in which direction the index is computed.
Second, when the effects are separated, the individual
components have the same magnitude, regardless of
which is calculated first. See Energy Information Admin-
istration, “Structural Shift and Aggregate Energy Effi-
ciency in Manufacturing” (unpublished working paper in
support of the National Energy Strategy, May 1990); and
Boyd et al., “Separating the Changing Effects of U.S.
Manufacturing Production from Energy Efficiency
Improvements,” Energy Journal, Vol. 8, No. 2 (1987).

[132]Estimated as consumption of alternative transporta-
tion fuels in crude oil Btu equivalence. Alternative fuels
include ethanol, electricity, hydrogen, natural gas, and
propane.

[133]Small light trucks (compact pickup trucks and com-
pact vans) are used primarily as passenger vehicles,
whereas medium light trucks (compact utility trucks and
standard vans) and large light trucks (standard utility
trucks and standard pickup trucks) are used more heavily
for commercial purposes.

[134]Values for incremental investments and energy expen-
diture savings are discounted back to 2004 at a 7-percent
real discount rate.

[135]U.S. Department of Energy, Office of Energy Effi-
ciency and Renewable Energy, Scenarios of U.S. Carbon
Reductions: Potential Impacts of Energy Technologies by
2010 and Beyond, ORNL/CON-444 (Washington, DC,
September 1997); J. DeCicco et al., Technical Options for
Improving the Fuel Economy of U.S. Cars and Light
Trucks by 2010-2015 (Washington, DC: American Coun-
cil for an Energy Efficient Economy, April 2001); M.A.
Weiss et al., On the Road in 2020: A Life-Cycle Analysis of
New Automotive Technologies (Cambridge, MA: Massa-
chusetts Institute of Technology, October 2000); A. Vyas,

C. Saricks, and F. Stodolsky, Projected Effect of Future
Energy Efficiency and Emissions Improving Technol-
ogies on Fuel Consumption of Heavy Trucks (Argonne,
IL: Argonne National Laboratory, 2001); and Energy and
Environmental Analysis, Inc., Documentation of Technol-
ogies included in the NEMS Fuel Economy Model for Pas-
senger Cars and Light Trucks (prepared for Energy
Information Administration, September 30, 2002).

[136]Unless otherwise noted, the term “capacity” in the dis-
cussion of electricity generation indicates utility,
nonutility, and combined heat and power capacity. The
costs reflect the arithmetic average of the regional cost.

[137]AEO2005 does not include off-grid photovoltaics (PV).
Based on annual PV shipments from 1989 through 2002,
EIA estimates that as much as 134 megawatts of remote
electricity generation PV applications (i.e., off-grid power
systems) were in service in 2002, plus an additional 362
megawatts in communications, transportation, and
assorted other non-grid-connected, specialized applica-
tions. See Annual Energy Review 2003, Table 10.6
(annual PV shipments, 1989-2002). The approach used to
develop the estimate, based on shipment data, provides
an upper estimate of the size of the PV stock, including
both grid-based and off-grid PV. It will overestimate the
size of the stock, because shipments include a substantial
number of units that are exported, and each year some of
the PV units installed earlier will be retired from service
or abandoned.

[138]Avoided cost estimates the incremental cost of fuel
and capacity displaced by a unit of the specified resource
and more accurately reflects its as-dispatched energy
value than comparison to the levelized cost of other indi-
vidual technologies. It does not reflect system reliability
cost nor does it necessarily indicate the lowest cost alter-
native for meeting system energy and capacity needs.

[139]Associated-dissolved natural gas is produced in con-
junction with crude oil. Nonassociated gas is produced
without crude oil production.

[140]Unconventional gas includes tight (low permeability),
sandstone gas, shale gas, and coalbed methane.

[141]Gas exports from the United States to Mexico con-
tinue to exceed imports from Mexico through the end of
the projections.

[142]Energy Information Administration, Analysis of Oil
and Gas Production in the Arctic National Wildlife Ref-
uge, SR/OIAF/2004-04 (Washington, DC, March 2004).

[143]Buildings: Energy Information Administration
(EIA), Technology Forecast Updates—Residential and
Commercial Building Technologies—Advanced Adoption
Case (Navigant Consulting, Inc., September 2004).
Industrial: EIA, Industrial Model: Update on Energy Use
and Industrial Characteristics (Arthur D. Little, Inc.,
September 2001). Transportation: U.S. Department of
Energy, Office of Energy Efficiency and Renewable
Energy, Scenarios of U.S. Carbon Reductions: Potential
Impacts of Energy Technologies by 2010 and Beyond,
ORNL/CON-444 (Washington, DC, September 1997); J.
DeCicco and M. Ross, An Updated Assessment of the
Near-Term Potential for Improving Automotive Fuel
Economy (Washington, DC: American Council for an
Energy-Efficient Economy, November 1993); and A.
Vyas, C. Saricks, and F. Stodolsky, Projected Effect of
Future Energy Efficiency and Emissions Improving Tech-
nologies on Fuel Consumption of Heavy Trucks (Argonne,
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IL: Argonne National Laboratory, 2001). Fossil-fired

generating technologies: U.S. Department of Energy,
Office of Fossil Energy. Renewable generating tech-

nologies: U.S. Department of Energy, Office of Energy
Efficiency and Renewable Energy, and Electric Power
Research Institute, Renewable Energy Technology Char-
acterizations, EPRI-TR-109496 (Washington, DC,
December 1997).

[144]U.S. Environmental Protection Agency, Control of
Mercury Emissions from Coal-fired Electric Utility
Boilers: Interim Report, EPA-600/R-01-109, April 2002,
Table ES-1, Page ES-10.

Table Notes and Sources

Note: Tables indicated as sources in these notes refer
to the tables in Appendixes A, B, C, D, and E of this
report.

Table 1. Total energy supply and disposition in the

AEO2005 reference case: summary, 2002-2025: AEO-
2005 National Energy Modeling System, run AEO2005.
D102004A. Notes: Quantities are derived from historical
volumes and assumed thermal conversion factors. Other
production includes liquid hydrogen, methanol, supplemen-
tal natural gas, and some inputs to refineries. Net imports
of petroleum include crude oil, petroleum products, unfin-
ished oils, alcohols, ethers, and blending components.
Other net imports include coal coke and electricity. Some
refinery inputs appear as petroleum product consumption.
Other consumption includes net electricity imports, liquid
hydrogen, and methanol.

Table 2. Impacts of 13 SEER central air conditioner

and heat pump standard compared with 12 SEER

standard, 2006-2025: AEO2005 National Energy
Modeling System, runs AEO2005.D102004A and
SEER12.D110204A. Note: Future costs and savings (en-
ergy bill savings, equipment cost increase, and net present
value) are discounted back to 2005 at a 7-percent real dis-
count rate.

Table 3. Final nonroad diesel emissions standards:

U.S. Environmental Protection Agency, Clean Air Nonroad
Diesel Rule, Exhaust Emission Standards, EPA-420-F-04-
032 (Washington, DC, May 2004), web site www.epa.gov/
nonroad-diesel/2004fr/420f04032.htm. Notes: For rated
engine power 25 to less than 75 horsepower, the 3.5 stan-
dard includes both NOx and nonmethane hydrocarbons.
For rated engine power 750 horsepower or more, the 5.0
standard for NOx applies to generator sets over 1,200 horse-
power. For all generator sets, the 0.02 standard for particu-
late matter applies to generator sets, and the 0.03 standard
applies to other engines; the 0.50 standard for NOx applies
to generator sets only.

Table 4. Timeline for implementing nonroad diesel

fuel sulfur limits: Energy Information Administration,
Office of Integrated Analysis and Forecasting. Notes: For
all standards, the effective date is June 1 of the year indi-
cated. For small refiners in 2014 and after, the NRLM diesel
downgrade to 500 ppm is allowed indefinitely; the 15 ppm
standard is required at the refinery gate only.

Table 5. Key projections for distillate fuel markets in

two cases, 2007-2014: AEO2005 National Energy
Modeling System, runs AEO2005.D102004A and AEO2005.
NONONROAD.D102704A.

Table 6. Basic features of State renewable energy re-

quirements as of December 31, 2003: Energy Informa-
tion Administration, Office of Integrated Analysis and
Forecasting. Notes: The Minnesota mandate specifies vari-
ous dates, beginning in 2003. The original requirement for
125 megawatts of biomass capacity has been reduced. For
the Minnesota goal, specific characteristics are being deter-
mined. See web site www.puc.state.mn.us, Docket 03-869.
NS = not specified in the State requirement. NA = not ap-
plicable.

Table 7. Estimated capacity contributing to State re-

newable energy programs through 2003: Energy In-
formation Administration, Office of Integrated Analysis
and Forecasting. Notes: Biomass includes biomass
co-firing and cogeneration capacity, but none is known to
have been built. In Arizona, a 3-megawatt biomass-fueled
plant slated for 2003 entered service in early 2004 and is not
shown here. In addition to capacity shown here, the Salt
River project added a 4-megawatt landfill gas project under
a separate requirement. In California, new capacity that
contributes to the State’s RPS requirement but was built
for other reasons. In Wisconsin, 20 kilowatts of solar capac-
ity was also built. The RPS also spurred biomass co-firing in
varying proportions at 79 megawatts of existing fossil-
fueled capacity, as well as refurbishment and operation of
7.2 megawatts of existing hydroelectric capacity. Pennsyl-
vania’s program has resulted in 10 megawatts of new
renewables capacity. In addition, 118 megawatts of new
wind capacity in Pennsylvania and 66 megawatts in West
Virginia were supported by separate sustainable develop-
ment funds. Fewer than one-half of the States accept
mass-burn municipal solid waste, and specific requirements
vary by State. Totals shown in the table may not equal the
sum of their components, due to independent rounding.

Table 8. Existing State air emissions legislation with

potential impacts on the electricity generation sec-

tor: Sources cited in the text.

Table 9. CARB CO2 equivalent emission standards

for light-duty vehicles, model years 2009-2016: Cali-
fornia Air Resources Board, Staff Report: Initial Statement
of Reasons for Proposed Rulemaking, Public Hearing To
Consider Adoption of Regulations To Control Greenhouse
Gas Emissions From Motor Vehicles (Sacramento, CA, Au-
gust 6, 2004).

Table 10. CARB fuel economy equivalent standards

for light-duty vehicles, model years 2009-2016: En-
ergy Information Administration, Office of Integrated
Analysis and Forecasting.

Table 11. Comparison of key factors in the CARB

and EIA analyses, 2020: Energy Information Adminis-
tration, Office of Integrated Analysis and Forecasting.

Table 12. Emissions targets in multi-pollutant legis-

lation: Energy Information Administration, Analysis of S.
1844, the Clear Skies Act of 2003; S. 843, the Clean Air
Planning Act of 2003; and S. 366, the Clean Power Act of
2003, SR/OIAF/2004-05 (Washington, DC, May 2005),
web site www.eia.doe.gov/oiaf/servicerpt/csa/pdf/sroiaf
(2004)05.pdf. Notes: The limits on NOx emissions under S.
1844 are split between two regions: 1.47 million tons in
Zone 1 (the East) in 2008 to 2017 and 0.72 million tons in
Zone 2 (the West) from 2008 through 2017; and 1.07 million
tons in Zone 1 and 0.72 million tons in Zone 2 in 2018. The
2009 limit on SO2 emissions under S. 366 is split between
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two regions: 0.275 million tons in the West and 1.975 mil-
lion tons in the other regions. Under S. 366, minimum facil-
ity-specific reductions of mercury emissions without trad-
ing are required in 2008. Under S. 843, minimum
facility-specific reductions of mercury emissions between
50 percent (2009 to 2012) and 70 percent (after 2012) are re-
quired. Under S. 366, the 2009 limit on CO2 emissions from
the electricity sector is the estimated 1990 emissions level.
Under S. 843, the 2009 to 2012 limit on CO2 emissions is
based on EIA’s AEO2004 projection of 2006 emissions, and
the limit for 2013 and subsequent years is based on the esti-
mated 2001 emissions level.

Table 13. Key projections from EIA’s 2004 analysis of

proposed multi-pollutant control bills, 2025: Energy
Information Administration, AEO2004 National Energy
Modeling System, runs AEO2004.D101703E, INBASE.
D040904A, INCS3PWS.D040904A, INCA4P.D040904A,
INCA4PLO.D040904A, and INJF4P.D041604A. Note:

mercury emissions in 2003 are NEMS estimates, not actual
amounts.

Table 14. Historical emissions and proposed future

caps for the combination of affected pCAIR States:

2002: U.S. Environmental Protection Agency, web site
http://cfpub.epa.gov/gdm. Future emissions caps: U.S.
Environmental Protection Agency, web site www.epa.gov/
interstateair quality/rule.html.

Table 15. Key electricity sector projections from

EIA’s analysis of proposed pCAIR regulations, 2015

and 2025: 2003 SO2 allowance price: U.S. Environmen-
tal Protection Agency, web site www.epa.gov/airmarkets/
auctions/2003/03summary.html. Other 2003 values and

projections: Energy Information Administration, AEO-
2005 National Energy Modeling System, runs AEO2005.
D102004A and CAIR2005.D010505A. Note: Coal-fired ca-
pacity retrofits include currently planned and unplanned
(projected) FGD and SCR installations.

Table 16. Projected growth in world gross domestic

product, oil consumption, and oil intensity in the

AEO2005 reference case, 2003-2025: United States:

AEO2005 National Energy Modeling System, run
AEO2005.D102004A. Other countries: Energy Informa-
tion Administration, International Energy Outlook 2004,
DOE/EIA-0484(2004) (Washington, DC, April 2004).

Table 17. Key projections in the reference case,

2003-2025: AEO2005 National Energy Modeling System,
run AEO2005.D102004A.

Table 18. Key projections in the high A world oil

price case, 2003-2025: AEO2005 National Energy
Modeling System, run HW2005.D102004A.

Table 19. Key projections in the high B world oil

price case, 2003-2025: AEO2005 National Energy
Modeling System, run VHW2005.D010705A.

Table 20. Key projections in the low world oil price

case, 2003-2025: AEO2005 National Energy Modeling
System, run LW2005.D102004A.

Table 21. Projected changes in U.S. greenhouse gas

emissions, gross domestic product, and greenhouse

gas intensity, 2002-2025: AEO2005 National Energy
Modeling System, run AEO2005.D102004A.

Table 22. Levelized costs of new conventional and

renewable generation in two cases, 2010: AEO2005
National Energy Modeling System, runs AEO2005.
D102004A and PTCEXT05.D102904A. Notes: Cost “at the
busbar,” does not include transmission investment or addi-
tional costs to accommodate intermittent renewable re-
sources. Costs reflect national averages for best available
regional resources; comparative costs within specific re-
gions may differ significantly. Fuel costs are slightly re-
duced with the PTC, reflecting reduced demand from the
electric power sector. It is assumed that PV will continue to
take advantage of the higher-value investment tax credit
(ITC) rather than the PTC. Avoided costs represent esti-
mates of the incremental cost of fuel and capacity displaced
by a unit of the specified resource and more accurately re-
flect their as-dispatched energy value. They do not reflect
system reliability costs, nor do they necessarily indicate the
lowest cost alternative for meeting system energy and ca-
pacity needs.

Table 23. Renewable electricity capacity and gener-

ation in two cases, 2005, 2015, and 2025: AEO2005 Na-
tional Energy Modeling System, runs AEO2005.D102004A
and PTCEXT05.D102904A.

Table 24. Projected installed costs and electrical

conversion efficiencies for distributed generation

technologies by year and technology, 2004, 2010,

2020, 2025: Energy Information Administration, Assump-
tions to the Annual Energy Outlook 2005, DOE/EIA-0554
(2005) (Washington, DC, February 2005), web site www.
eia.doe.gov/oiaf/aeo/assumption/index.html.

Table 25. Buildings sector distributed electricity

generation in alternative cases: difference from the

reference case in 2025: AEO2005 National Energy
Modeling System, runs AEO2005.D102004A, BLDFRZN.
D102104A, BLDHIGH.D110404A, LW2005.D102004A, and
HW2005.D102004A.

Table 26. New car and light truck horsepower rat-

ings and market shares, 1990-2025: History: U.S. En-
vironmental Protection Agency, Office of Transportation
and Air Quality, Light-Duty Automotive Technology And
Fuel Economy Trends: 1975-2003, EPA-420-S-03-004, April
2003. Projections: AEO2005 National Energy Modeling
System, run AEO2005.D102004A.

Table 27. Costs of producing electricity from new

plants, 2015 and 2025: AEO2005 National Energy
Modeling System, run AEO2005.D102004A.

Table 28. Technically recoverable U.S. natural gas

resources as of January 1, 2003: Energy Information
Administration, Office of Integrated Analysis and Fore-
casting.

Table 29. Crude oil production from Gulf of Mexico

offshore, 2003-2025: AEO2005 National Energy
Modeling System, run AEO2005.D102004A.

Table 30. Technically recoverable U.S. oil resources

as of January 1, 2003: Energy Information Administra-
tion, Office of Integrated Analysis and Forecasting.

Table 31. Onshore and offshore lower 48 crude oil

production in three cases, 2025: AEO2005 National En-
ergy Modeling System, runs AEO2005.D102004A, LW2005.
D102004A, and HW2005.D102004A.
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Figure Notes and Sources

Note: Tables indicated as sources in these notes refer
to the tables in Appendixes A, B, C, D, and E of this
report.

Figure 1. Energy prices, 1970-2025: History: Energy
Information Administration, Annual Energy Review 2003,
DOE/EIA-0384(2003) (Washington, DC, September 2004).
AEO2004 and AEO2005 compared: AEO2004 projec-

tions: Energy Information Administration, Annual Energy
Outlook 2004, DOE/EIA-0383(2004) (Washington, DC, Jan-
uary 2004). AEO2005 projections: Table A1.

Figure 2. Delivered energy consumption by sector,

1970-2025: History: Energy Information Administration,
Annual Energy Review 2003, DOE/EIA-0384(2003) (Wash-
ington, DC, September 2004). AEO2004 and AEO2005
projections: Table A2.

Figure 3. Energy consumption by fuel, 1970-2025:

History: Energy Information Administration, Annual En-
ergy Review 2003, DOE/EIA-0384(2003) (Washington, DC,
September 2004). AEO2004 and AEO2005 projections:

Tables A1 and A18.

Figure 4. Energy use per capita and per dollar of

gross domestic product, 1970-2025: History: Energy
Information Administration, Annual Energy Review 2003,
DOE/EIA-0384(2003) (Washington, DC, September 2004).
AEO2004 and AEO2005 projections: Table A20.

Figure 5. Electricity generation by fuel, 1970-2025:

History: Energy Information Administration (EIA), Form
EIA-860B, “Annual Electric Generator Report—Nonutil-
ity”, EIA, Annual Energy Review 2003, DOE/EIA-0384
(2003) (Washington, DC, September 2004), and Edison
Electric Institute. AEO2004 and AEO2005 projections:

Table A8.

Figure 6. Total energy production and consumption,

1970-2025: History: Energy Information Administration,
Annual Energy Review 2003, DOE/EIA-0384(2003) (Wash-
ington, DC, September 2004). AEO2004 and AEO2005
projections: Table A1.

Figure 7. Energy production by fuel, 1970-2025: His-

tory: Energy Information Administration, Annual Energy
Review 2003, DOE/EIA-0384(2003) (Washington, DC, Sep-
tember 2004). AEO2004 and AEO2005 projections: Ta-
bles A1 and A18.

Figure 8. Projected U.S. carbon dioxide emissions by

sector and fuel, 1990-2025: History: Energy Informa-
tion Administration, Emissions of Greenhouse Gases in the
United States 2003, DOE/EIA-0573(2003) (Washington,
DC, December 2004). Projections: Table A19.

Figure 9. Projected electricity prices under pro-

posed multi-pollutant control bills, 2010, 2020, and

2025: Energy Information Administration, AEO2004 Na-
tional Energy Modeling System, runs AEO2004.D101703E,
INBASE.D040904A, INCS3PWS.D040904A, INCA4P.
D040904A, INCA4PLO.D040904A, and INJF4P.
D041604A.

Figure 10. Projected electricity generation by fuel in

two cases, 2025: Energy Information Administration,
AEO2005 National Energy Modeling System runs
AEO2005.D102004A and CAIR2005.D010505A.

Figure 11. Projected coal production by region in

two cases, 2025: Energy Information Administration,
AEO2005 National Energy Modeling System runs
AEO2005.D102004A and CAIR2005.D010505A.

Figure 12. World oil prices in the reference, October

oil futures, high A, high B, and low oil price cases,

1990-2025: AEO2005 National Energy Modeling System,
runs AEO2005.D102004A, LW2005.D102004A, HW2005.
D102004A, VHW2005.D120304A, and CF2005.D111104A.

Figure 13. OPEC oil production in four world oil

price cases, 1990-2025: AEO2005 National Energy
Modeling System, runs AEO2005.D102004A, LW2005.
D102004A, HW2005.D102004A, and VHW2005.D120304A.

Figure 14. Non-OPEC oil production in four world

oil price cases, 1990-2025: AEO2005 National Energy
Modeling System, runs AEO2005.D102004A, LW2005.
D102004A, HW2005.D102004A, and VHW2005.D120304A.

Figure 15. Projected growth in output for energy-

intensive industries in AEO2004 and AEO2005,

2003-2025: AEO2004 National Energy Modeling System,
run AEO2004.D101703E, and AEO2005 National Energy
Modeling System, run AEO2005.D102004A.

Figure 16. Projected growth in energy consumption

for the pulp and paper industry in AEO2004 and

AEO2005, 2003-2025: AEO2004 National Energy
Modeling System, run AEO2004.D101703E, and AEO2005
National Energy Modeling System, run AEO2005.
D102004A.

Figure 17. Projected output growth for components

of the bulk chemicals industry in AEO2004 and

AEO2005, 2003-2025: AEO2004 National Energy
Modeling System, run AEO2004.D101703E, and AEO2005
National Energy Modeling System, run AEO2005.
D102004A.

Figure 18. Projected growth in energy consumption

for the bulk chemicals industry by energy source

in AEO2004 and AEO2005, 2003-2025: AEO2004 Na-
tional Energy Modeling System, run AEO2004.D101703E,
and AEO2005 National Energy Modeling System, run
AEO2005.D102004A.

Figure 19. Average fuel economy for new light-duty

vehicles, 1980-2004: AEO2005 National Energy Modeling
System, run AEO2005.D102004A.

Figure 20. Projected improvement in U.S. green-

house gas intensity in three cases, 2002-2025:

AEO2005 National Energy Modeling System, runs
AEO2005.D102004A, LTRKITEN.D111504A, and
HTRKITEN.D111604A.

Figure 21. U.S. average heating and cooling degree-

days, 1973-2003: National Oceanic and Atmospheric Ad-
ministration.

Figure 22. Projected U.S. average heating de-

gree-days in three cases, 2000-2025: AEO2005 National
Energy Modeling System, runs AEO2005.D102004A,
WARMER.D102604A and COLDER.D102604B.

Figure 23. Projected U.S. average cooling de-

gree-days in three cases, 2000-2025: AEO2005 National
Energy Modeling System, runs AEO2005.D102004A,
WARMER.D102604A and COLDER.D102604B.
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Figure 24. Cumulative projected change from the

reference case in buildings sector electricity and

fossil fuel use in two cases, 2006-2025: AEO2005 Na-
tional Energy Modeling System, runs AEO2005.D102004A,
WARMER.D102604A and COLDER.D102604B.

Figure 25. Present value of projected change from

the reference case in buildings sector expenditures

for electricity and fossil fuel use in two cases,

2006-2025: AEO2005 National Energy Modeling System,
runs AEO2005.D102004A, WARMER.D102604A and
COLDER.D102604B.

Figure 26. U.S. installed wind capacity, 1981-2003:

1981-1989: California Energy Commission, Draft Final Re-
port, California Historical Energy Statistics, p300-98-001
(January 1998). 1990-2003: Energy Information Adminis-
tration, Annual Energy Review 2003, DOE/EIA-0384(2003)
(Washington, DC, September 2004), Table 8.7a.

Figure 27. Projected buildings sector electricity gen-

eration by selected distributed resources in the ref-

erence case, 2003-2025: AEO2005 National Energy
Modeling System, run AEO2005.D102004A.

Figure 28. Projected buildings sector generation

by fossil fuel-fired and photovoltaic systems by Cen-

sus division in the reference case, 2003 and 2025:

AEO2005 National Energy Modeling System, run
AEO2005.D102004A.

Figure 29. Lower 48 average wellhead natural gas

price in two cases, 2000-2025: AEO2005 National En-
ergy Modeling System, runs AEO2005.D102004A and
AEO.OUTPUT.RESSUP.D102704A.

Figure 30. Total U.S. natural gas consumption in two

cases, 2000-2025: AEO2005 National Energy Modeling
System, runs AEO2005.D102004A and AEO.OUTPUT.
RESSUP.D102704A.

Figure 31. U.S. natural gas consumption for elec-

tric power generation in two cases, 2000-2025:

AEO2005 National Energy Modeling System, runs
AEO2005.D102004A and AEO.OUTPUT.RESSUP.
D102704A.

Figure 32. U.S. net imports of liquefied natural gas

in two cases, 2000-2025: AEO2005 National Energy
Modeling System, runs AEO2005.D102004A and
AEO.OUTPUT.RESSUP.D102704A.

Figure 33. Total U.S. natural gas production

in two cases, 2000-2025: AEO2005 National Energy
Modeling System, runs AEO2005.D102004A and
AEO.OUTPUT.RESSUP.D102704A.

Figure 34. Total end-use expenditures on natural gas

in two cases, 2003-2025: AEO2005 National Energy
Modeling System, runs AEO2005.D102004A and
AEO.OUTPUT.RESSUP.D102704A.

Figure 35. Average annual growth rates of real GDP

and economic factors, 1995-2025: History: U.S. De-
partment of Commerce, Bureau of Economic Analysis; U.S.
Department of Labor, Bureau of Labor Statistics. Projec-

tions: AEO2005 National Energy Modeling System, run
AEO2005.D102004A.

Figure 36. Sectoral composition of output growth

rates, 2003-2025: History: Global Insight U.S. Industry
Service. Projections: AEO2005 National Energy Modeling
System, run AEO2005.D102004A.

Figure 37. Sectoral composition of gross output,

2003, 2010, and 2025: History: Global Insight U.S. In-
dustry Service. Projections: AEO2005 National Energy
Modeling System, run AEO2005.D102004A.

Figure 38. Average annual real growth rates of eco-

nomic factors in three cases, 2003-2025: History: U.S.
Department of Commerce, Bureau of Economic Analysis;
U.S. Department of Labor, Bureau of Labor Statistics. Pro-

jections: AEO2005 National Energy Modeling System,
runs AEO2005.D102004A, HM2005.D102004A, and
LM2005.D102004A.

Figure 39. Average annual real GDP growth rate,

1970-2025: History: U.S. Department of Commerce, Bu-
reau of Economic Analysis. Projections: AEO2005 Na-
tional Energy Modeling System, runs AEO2005.D102004A,
HM2005.D102004A, and LM2005.D102004A.

Figure 40. World oil prices in four cases, 1970-2025:

History: Energy Information Administration, Annual En-
ergy Review 2003, DOE/EIA-0384(2003) (Washington, DC,
September 2004). Projections: Tables A1, C1, and D1.

Figure 41. U.S. gross petroleum imports by source,

2000-2025: AEO2005 National Energy Modeling System,
run AEO2005.D102004A; and World Oil, Refining, Logis-
tics, and Demand (WORLD) Model, run AEO04B.

Figure 42. Energy use per capita and per dollar of

gross domestic product, 1970-2025: History: Energy
Information Administration, Annual Energy Review 2003,
DOE/EIA-0384(2003) (Washington, DC, September 2004).
Projections: Table A2.

Figure 43. Primary energy use by fuel, 2003-2025:

History: Energy Information Administration, Annual En-
ergy Review 2003, DOE/EIA-0384(2003) (Washington, DC,
September 2004). Projections: Table A1.

Figure 44. Delivered energy use by fuel, 1970-2025:

History: Energy Information Administration, Annual En-
ergy Review 2003, DOE/EIA-0384(2003) (Washington, DC,
September 2004). Projections: Table A2.

Figure 45. Primary energy consumption by sector,

1970-2025: History: Energy Information Administration,
State Energy Data Report 2001, DOE/EIA-0214(2001)
(Washington, DC, November 2004), and Annual Energy Re-
view 2003, DOE/EIA-0384(2003) (Washington, DC, Sep-
tember 2004). Projections: Table A2.

Figure 46. Residential delivered energy consump-

tion by fuel, 1970-2025: History: Energy Information
Administration, State Energy Data Report 2001, DOE/EIA-
0214(2001) (Washington, DC, November 2004), and An-
nual Energy Review 2003, DOE/EIA-0384(2003) (Washing-
ton, DC, September 2004). Projections: Table A2.

Figure 47. Residential delivered energy consump-

tion by end use, 1990, 2003, 2010, and 2025: History:

Energy Information Administration, Residential Energy
Consumption Survey. Projections: Table A4. Note: Al-
though 2001 is the last year of historical data for many of
the detailed end-use consumption concepts (e.g., space
heating, cooling), 2003 data, taken from the Annual Energy
Review 2003, is used as the base year for the more aggregate
statistics shown in AEO2005. For illustrative purposes, the
EIA estimates for the detailed end-use consumption con-
cepts, consistent with this historical information, are used
to show growth rates.
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Figure 48. Efficiency indicators for selected residen-

tial appliances, 2003 and 2025: Navigant Consulting, ,
Inc., “EIA Technology Forecast Updates-Residential and
Commercial Building Technologies-Reference Case,” Refer-
ence No. 117943 (September 2004), and AEO2005 National
Energy Modeling System, run AEO2005.D102004A.

Figure 49. Commercial delivered energy consump-

tion by fuel, 1970-2025: History: Energy Information
Administration, State Energy Data Report 2001,
DOE/EIA-0214 (2001) (Washington, DC, November 2004),
and Annual Energy Review 2003, DOE/EIA-0384(2003)
(Washington, DC, September 2004). Projections: Table
A2.

Figure 50. Commercial delivered energy consump-

tion by end use, 2003, 2010, and 2025: Table A5.

Figure 51. Efficiency indicators for selected com-

mercial equipment, 2003 and 2025: Navigant Con-
sulting, Inc., “EIA-Technology Forecast Updates—Resi-
dential and Commercial Building Technologies—Reference
Case,” Reference No. 117943 (September 2004), and
AEO2005 National Energy Modeling System, run
AEO2005.D102004A.

Figure 52. Industrial delivered energy consumption

by fuel, 1970-2025: History: Energy Information Admin-
istration, State Energy Data Report 2001, DOE/EIA-0214
(2001) (Washington, DC, November 2004), and Annual En-
ergy Review 2003, DOE/EIA-0384(2003) (Washington, DC,
September 2004). Projections: Table A2.

Figure 53. Average growth in manufacturing output

and delivered energy consumption by sector,

2003-2025: AEO2005 National Energy Modeling System,
run AEO2005.D102004A.

Figure 54. Industrial delivered energy consumption

by industry category, 1998-2025: AEO2005 National
Energy Modeling System, run AEO2005.D102004A.

Figure 55. Components of improvement in indus-

trial delivered energy intensity, 1998-2025: AEO2005
National Energy Modeling System, run AEO2005.
D102004A.

Figure 56. Transportation energy consumption by

fuel, 1975, 2003, 2010, and 2025: History: Energy Infor-
mation Administration (EIA), State Energy Data Report
2001, DOE/EIA-0214(2001) (Washington, DC, November
2004), and EIA, Short-Term Energy Outlook, October 2003.
Projections: Table A2.

Figure 57. Transportation stock fuel efficiency

by mode, 2003-2025: History: U.S. Department of Trans-
portation, Federal Highway Administration, Highway Sta-
tistics 2001 (Washington, DC, November 2002); Oak Ridge
National Laboratory, Transportation Energy Data Book
Edition 22, ORNL-6967, Table 12.1 (Oak Ridge, TN,
September 2002). For aircraft, Energy Information Admin-
istration analysis of Bureau of Transportation Statistics,
Office of Airline Information, Schedule T-2 (2003). Projec-

tions: Table A7.

Figure 58. Technology penetration by mode of

travel, 2025: AEO2005 National Energy Modeling System,
run AEO2005.D102004A.

Figure 59. Sales of advanced technology light-duty

vehicles by fuel type, 2010 and 2025: AEO2005 Na-
tional Energy Modeling System, run AEO2005.D102004A.

Figure 60. Variation from reference case delivered

residential energy use in three alternative cases,

2003-2025: Tables A2 and E1.

Figure 61. Buildings sector electricity generation

from advanced technologies in alternative cases,

2025: AEO2005 National Energy Modeling System,
runs AEO2005.D102004A, BLDHIGH.D110404A, and
BLDBEST.D102104A.

Figure 62. Variation from reference case delivered

commercial energy use in three alternative cases,

2003-2025: Tables A2 and E1.

Figure 63. Variation from reference case delivered

industrial energy use in two alternative cases,

2003-2025: Tables A2 and E2.

Figure 64. Changes in projected transportation

fuel use in two alternative cases, 2010 and 2025: Ta-
bles A2 and E3.

Figure 65. Changes in projected transportation

fuel efficiency in two alternative cases,

2010 and 2025: Tables A2 and E3.

Figure 66. Annual electricity sales by sector,

1970-2025: History: Energy Information Administration,
Annual Energy Review 2003, DOE/EIA-0384(2003) (Wash-
ington, DC, September 2004). Projections: Table A8.

Figure 67. Electricity generation capacity additions

by fuel type, including combined heat and power,

2004-2025: History: Energy Information Administration,
Annual Energy Review 2003, DOE/EIA-0384 (2003) (Wash-
ington, DC, September 2004). Projections: Table A9.

Figure 68. Electricity generation capacity additions,

including combined heat and power, by region and

fuel, 2004-2025: AEO2005 National Energy Modeling Sys-
tem, run AEO2005.D102004A.

Figure 69. Electricity generation by fuel, 2003 and

2025: Table A8.

Figure 70. Electricity generation from nuclear

power, 1973-2025: History: Energy Information Admin-
istration, Annual Energy Review 2003, DOE/EIA-
0384(2003) (Washington, DC, September 2004). Projec-

tions: AEO2005 National Energy Modeling System, run
AEO2005.D102004A.

Figure 71. Levelized electricity costs for new plants,

2015 and 2025: AEO2005 National Energy Modeling Sys-
tem, run AEO2005.D102004A.

Figure 72. Fuel prices to electricity generators,

1990-2025: History: Energy Information Administration,
Annual Energy Review 2003, DOE/EIA-0384(2003) (Wash-
ington, DC, September 2004). Projections: Table A3.

Figure 73. Average U.S. retail electricity prices,

1970-2025: History: Energy Information Administration,
Annual Energy Review 2003, DOE/EIA-0384(2003) (Wash-
ington, DC, September 2004). Projections: Table A8.

Figure 74. Grid-connected electricity generation

from renewable energy sources, 1970-2025: History:

Energy Information Administration, Annual Energy Re-
view 2003, DOE/EIA-0384(2003) (Washington, DC, Sep-
tember 2004). Projections: Table A17. Note: Data for
nonutility producers are not available before 1989.

Figure 75. Nonhydroelectric renewable electricity

generation by energy source, 2003-2025: Table A17.
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Figure 76. Additions of renewable generating capac-

ity, 2003-2025: AEO2005 National Energy Modeling Sys-
tem, run AEO2005.D102004A.

Figure 77. Levelized and avoided costs for new re-

newable plants in the Northwest, 2010 and 2025:

AEO2005 National Energy Modeling System, run
AEO2005.D102004A.

Figure 78. Cumulative new generating capacity

by technology type in three fossil fuel technology

cases, 2003-2025: Table E7.

Figure 79. Levelized electricity costs for new plants

by fuel type in two nuclear cost cases, 2015 and 2025:

AEO2005 National Energy Modeling System, runs
AEO2005.D102004A, ADVNUC20.D102104A, and
ADVNUC5A.D110804A. Note: Includes generation and in-
terconnection costs.

Figure 80. Cumulative new generating capacity

by technology type in three economic growth cases,

2003-2025: Tables A9 and B9.

Figure 81. Nonhydroelectric renewable electricity

generation by energy source in three cases, 2010 and

2025: Table E8.

Figure 82. Natural gas consumption by sector,

1990-2025: History: Energy Information Administration,
Annual Energy Review 2003, DOE/EIA-0384 (2003) (Wash-
ington, DC, September 2004). Projections: AEO2005 Na-
tional Energy Modeling System, run AEO2005.D102004A.

Figure 83. Natural gas production by source,

1990-2025: AEO2005 National Energy Modeling System,
run AEO2005.D102004A.

Figure 84. Lower 48 onshore natural gas production

by supply region, 1990-2025: AEO2005 National Energy
Modeling System, run AEO2005.D102004A.

Figure 85. Net U.S. imports of natural gas,

1970-2025: History: Energy Information Administration,
Annual Energy Review 2003, DOE/EIA-0384(2003) (Wash-
ington, DC, September 2004). Projections: Table A13.

Figure 86. Natural gas prices by end-use sector,

1970-2025: History: Energy Information Administration,
Annual Energy Review 2003, DOE/EIA-0384(2003) (Wash-
ington, DC, September 2004). Projections: Table A14.

Figure 87. Lower 48 natural gas wellhead prices in

three cases, 1985-2025: History: Energy Information
Administration, Annual Energy Review 2003, DOE/EIA-
0384(2003) (Washington, DC, September 2004). Projec-

tions: AEO2005 National Energy Modeling System,
runs AEO2005.D102004A, OGLTEC05.D102704A, and
OGHTEC05.D102704A.

Figure 88. Lower 48 natural gas production in three

cases, 1990-2025: AEO2005 National Energy Modeling
System, runs AEO2005.D102004A, OGLTEC05.D102704A,
and OGHTEC05.D102704A.

Figure 89. Lower 48 natural gas reserves in three

cases, 1990-2025: 1990-1996: Energy Information Ad-
ministration (EIA), Office of Integrated Analysis and Fore-
casting, computations based on well reports submitted to
the American Petroleum Institute. 1997-2000: EIA, U.S.
Crude Oil, Natural Gas, and Natural Gas Liquids Reserves,
DOE/EIA-0216(77-2000). 2001 and projections: AEO-
2005 National Energy Modeling System, run AEO2005.
D102004A.

Figure 90. Lower 48 crude oil wellhead prices in

three cases, 1970-2025: History: Energy Information
Administration, Annual Energy Review 2003, DOE/EIA-
0384(2003) (Washington, DC, September 2004). Projec-

tions: Tables A15, C15, and D15.

Figure 91. Lower 48 crude oil production by source,

1970-2025: History: Total production: Energy Informa-
tion Administration (EIA), Annual Energy Review 2003,
DOE/EIA-0384(2003) (Washington, DC, September 2004).
Lower 48 offshore, 1970-1985: U.S. Department of the
Interior, Federal Offshore Statistics: 1985. Lower 48 off-

shore, 1986-1989: EIA, Petroleum Supply Annual, DOE/
EIA-0340(86-00). Lower 48 onshore: EIA, Office of Inte-
grated Analysis and Forecasting. 1990-2025: AEO2005 Na-
tional Energy Modeling System, run AEO2005.D102004A.

Figure 92. Total U.S. crude oil production in three

oil price cases, 1990-2025: History: Energy Information
Administration, Annual Energy Review 2003, DOE/EIA-
0384(2003) (Washington, DC, September 2004). Projec-

tions: Tables A11 and E11.

Figure 93. Lower 48 crude oil production in three

technology cases, 1990-2025: History: Energy Informa-
tion Administration, Annual Energy Review 2003,
DOE/EIA-0384(2003) (Washington, DC, September 2004).
Projections: Tables A11 and E11.

Figure 94. Alaskan crude oil production in three

cases, 1990-2025: History: Energy Information Adminis-
tration, Annual Energy Review 2003, DOE/EIA-0384(2003)
(Washington, DC, September 2004). Projections: Tables
A11 and E11.

Figure 95. Petroleum supply, consumption, and im-

ports, 1970-2025: History: Energy Information Adminis-
tration, Annual Energy Review 2003, DOE/EIA-0384(2003)
(Washington, DC, September 2004). Projections: Tables
A11, C11, and D11. Note: Domestic supply includes domes-
tic crude oil and natural gas plant liquids, other crude sup-
ply, other inputs, and refinery processing gain.

Figure 96. Domestic refining capacity in three

cases, 1975-2025: History: Energy Information Adminis-
tration, Annual Energy Review 2003, DOE/EIA-0384(2003)
(Washington, DC, September 2004). Projections: Tables
A11 and B11. Note: Beginning-of-year capacity data are
used for previous year’s end-of-year capacity.

Figure 97. Worldwide refining capacity by region,

2003 and 2025: History: Oil and Gas Journal, Energy Da-
tabase (January 2004). Projections: AEO2005 National
Energy Modeling System, run AEO2005.D102004A; and
World Oil, Refining, Logistics, and Demand (WORLD)
Model, run AEO05B.

Figure 98. Petroleum consumption by sector,

1970-2025: History: Energy Information Administration,
Annual Energy Review 2003, DOE/EIA-0384(2003) (Wash-
ington, DC, September 2004). Projections: Table A11.

Figure 99. Consumption of petroleum products,

1970-2025: History: Energy Information Administration,
Annual Energy Review 2003, DOE/EIA-0384(2003) (Wash-
ington, DC, September 2004). Projections: Table A11.

Figure 100. U.S. ethanol production from corn and

cellulose, 1993-2025: History: Energy Information Ad-
ministration, Petroleum Supply Annual 2003, Vol. 1,
DOE/EIA-0340(2003)/1 (Washington, DC, July 2004). Pro-

jections: Table A18.
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Figure 101. Components of refined product costs,

2003 and 2025: History: “Compilation of United States
Fuel Taxes, Inspection Fees and Environmental Taxes and
Fees,” Defense Energy Support Center (DESC), Edition:
2004-14, August 9, 2004. Projections: Estimated from
AEO2005 National Energy Modeling System, run
AEO2005.D102004A.

Figure 102. Coal production by region, 1970-2025:

History: 1970-1990: Energy Information Administration
(EIA), The U.S. Coal Industry, 1970-1990: Two Decades of
Change, DOE/EIA-0559 (Washington, DC, November
2002); 2001-2000: EIA, Coal Industry Annual, DOE/
EIA-0584; 2001-2003: EIA, Annual Coal Report 2003,
DOE/EIA-0584(2003) (Washington, DC, September 2004),
and previous issues; and EIA, Short Term Energy Outlook
September 2004. Projections: Table A16.

Figure 103. Distribution of domestic coal to the elec-

tricity sector by sulfur content, 2003, 2010, and 2025:

History: Energy Information Administration (EIA), Form
EIA-3, “Quarterly Coal Consumption and Quality Report,
Manufacturing Plants”; EIA, Form-5, “Quarterly Coal Con-
sumption and Quality Report, Coke Plants”; EIA, Form
EIA-6A, “Coal Distribution Report”; EIA, Form EIA-7A,
“Coal Production Report”; EIA, Form EIA-423, “Monthly
Cost and Quality of Fuels for Electric Plants Report”; EIA,
Form EIA-906, “Power Plant Report”; U.S. Department of
Commerce, Bureau of the Census, “Monthly Report EM
545”; Federal Energy Regulatory Commission, Form 423.
Monthly Report of Cost and Quality of Fuels for Electric
Plants.” Projections: AEO2005 National Energy Model-
ing System, run AEO2005.D102004A.

Figure 104. Average minemouth price of coal by re-

gion, 1990-2025: 1990-2000: Energy Information Admin-
istration (EIA), Coal Industry Annual, DOE/EIA- 0584;
2001-2003: EIA, Annual Coal Report 2003, DOE/EIA-
0584(2003) (Washington, DC, September 2004), and previ-
ous issues. Projections: AEO2005 National Energy
Modeling System, run AEO2005.D102004A.

Figure 105. U.S. coal mine employment by region,

1970-2025: History: 1970-1976: U.S. Department of the
Interior, Bureau of Mines, Minerals Yearbooks; 1977-1978:

Energy Information Administration (EIA), Energy Data
Report, Coal-Bituminous and Lignite, DOE/EIA-0118, and
EIA, Energy Data Report, Coal-Pennsylvania Anthracite,
DOE/EIA-0119; 1979-1992: EIA, Coal Production, DOE/
EIA-0118; 1993-2000: EIA, Coal Industry Annual, DOE/
EIA-0584; 2001-2002: EIA, Annual Coal Report 2003,
DOE/EIA-0584(2003) (Washington, DC, September 2004)
and previous issues. Projections: AEO2005 National En-
ergy Modeling System, run AEO2005.D102004A.

Figure 106. U.S. coal exports and imports, 1970-2025:

History: Energy Information Administration, Annual En-
ergy Review 2003, DOE/EIA-0384(2003) (Washington, DC,
September 2004). Projections: AEO2005 National Energy
Modeling System, run AEO2005.D102004A.

Figure 107. Coal consumption in the industrial

and buildings sectors, 2003, 2010, and 2025: Table
A16.

Figure 108. Electricity and other coal consumption,

1970-2025: History: Energy Information Administration
(EIA), Annual Energy Review 2003, DOE/EIA-0384(2003)
(Washington, DC, September 2004), and EIA, Short-Term
Energy Outlook October 2004. Projections: Table A16.

Figure 109. Projected variation from the reference

case projection of total U.S. coal demand in four

cases, 2025: Tables A16, B16, C13, and D13.

Figure 110. Carbon dioxide emissions by sector and

fuel, 2003 and 2025: History: Energy Information Ad-
ministration, Emissions of Greenhouse Gases in the United
States 2003, DOE/EIA-0573(2003) (Washington, DC, De-
cember 2004). Projections: Table A19.

Figure 111. Carbon dioxide emissions in three eco-

nomic growth cases, 1990-2025: History: Energy Infor-
mation Administration, Emissions of Greenhouse Gases in
the United States 2003, DOE/EIA-0573(2003) (Washington,
DC, December 2004). Projections: Table B19.

Figure 112. Carbon dioxide emissions in three tech-

nology cases, 1990-2025: History: Energy Information
Administration, Emissions of Greenhouse Gases in the
United States 2003, DOE/EIA-0573(2003) (Washington,
DC, December 2004). Projections: Table E4.

Figure 113. Sulfur dioxide emissions from electricity

generation, 1990-2025: History: 1990 and 1995: U.S.
Environmental Protection Agency, National Air Pollutant
Emissions Trends, 1990-1998, EPA- 454/R-00-002 (Wash-
ington, DC, March 2000). 2003: U.S. Environmental Pro-
tection Agency, Acid Rain Program Preliminary Summary
Emissions Report, Fourth Quarter 2003, web site www.epa.
gov/airmarkets/emissions/prelimarp/index.html. Projec-

tions: Table A8.

Figure 114. Nitrogen oxide emissions from electric-

ity generation, 1990-2025: History: 1990 and 1995:

U.S. Environmental Protection Agency, National Air Pol-
lutant Emissions Trends, 1990-1998, EPA- 454/R-00-002
(Washington, DC, March 2000). 2003: U.S. Environmental
Protection Agency, Acid Rain Program Preliminary Sum-
mary Emissions Report, Fourth Quarter 2003, web site
www.epa.gov/airmarkets/emissions/prelimarp/index.html.
Projections: Table A8.

Figure 115. Mercury emissions from electricity gen-

eration, 1995-2025: History: 1995, 2000, and 2003: En-
ergy Information Administration, Office of Integrated
Analysis and Forecasts. Projections: Table A8.
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�	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���! ���! ��� ���� ���, ���! #���%
�������
�	�<�/�
��	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��)� ��)� ��  ���$ ���� ���� #��,%
���.�����/	��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � �� � �� ) �� � �� � ���, #��$%
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Appendix B

Economic Growth Case Comparisons
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Appendix C

Low and High A Oil Price Case Comparisons
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October Futures and High B Oil Price Case Comparisons
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���7�,	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���# ��� ��� ��� ���� ���� ��� ��� ���� ����
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�����$��-	��������9)���2�&	� � � � � � � � � � � � ����# ����� ����� ����� ����� ����� ����� ����� ����� �����
������	��,	����� � � � � � � � � � � � � � � � � � � � � � ���� ���# ���� ���� #��# #��� ���# ���� ���� ��#
�����+���*�2��� �����F���	/ � � � � � � � � � � � � � #�#� #��� #��� #��� #��# #��� #�� #��� #��� #���
�����F��������7�,	��.������0 � � � � � � � � � � ���� ���# ���# ���� ��� ���� ���� #��� ��� ����
����� �����1,	���� � � � � � � � � � � � � � � � � � � � � �#� ��� ��� ��� ��� ��� ��� ��� ��� ���
����� ������,���-�����* � � � � � � � � � � � � � � � � � �� ��� ��� ��� �#� �#� �#� �� �� ��
�����F��� � � � � � � � � � � � � � � � � � � � � � � � � � � � ���� ���� ���� ���� ���� ���� ����# ���� ����� �#���
��������
�� � � � � � � � � � � � � � � � � � � � � � � � � � � .���� .���. .���- .���� .-�.- ..��. �����- ����+� ��/��/ ��.��-

�� 
����!������������������"�!
�
�����$��-	��������9)���2�&	� � � � � � � � � � � � ��# ��# ��# ��# ��# ��# ��# ��# ��# ��#
������	��,	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�����+���*�2��� �����F���	 � � � � � � � � � � � � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
�����F��������7�,	��.������ � � � � � � � � � � � ��� ��� ���� ���� ��� ���� ���� ���� ���� ����
����� ������,���-�����* � � � � � � � � � � � � � � � � � �� �#� �#� �#� �� �� ��� ��� ��� ��#�
��������
�� � � � � � � � � � � � � � � � � � � � � � � � � � � ��0/ +�-, +�,� -��� -�,0 ,��- .�,� ,��/ .�,� ���/�
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�����$��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��� ��� ��# �� ���� ���# ���� ���� ���� ����
������	����	�� � � � � � � � � � � � � � � � � � � � � � � � ��# ��� ��� ��� �#� �#� �#� �#� �#� �##
�����"���������� � � � � � � � � � � � � � � � � � � � � � � ��� ��� ��� �� ��#� ��#� ���� ���� ��#� ���#
��������
���=
���� � � � � � � � � � � � � � � � � � � � � �+�, /�0� /�0� /�/- /,0/ /,/, /,�� 0��� 0�/. 0�./
�����$��-	��������9)���2�&	� � � � � � � � � � � � ������ #�#� #�#� #�#� #��� #��� #��� #��� #��� #���
������	��,	���� � � � � � � � � � � � � � � � � � � � � � � �#��� ����# ���## ���## ����� ����# ���## ���#� #���� �����
�����+���*�2��� �����F���	/ � � � � � � � � � � � � � ���� ����� ����� ����� ����� ���#� ����� ����� ����� �����
�����F��������7�,	��.������0 � � � � � � � � � � ��� ����� ����� ����� #��� #��#� ##��# #���� #��#� ����
��������	��*��	�������� � � � � � � � � � � � � � � � � � ���# ��# ��#� ��� ���� ����� ����� ���#� ����� #����
�������$������( � � � � � � � � � � � � � � � � � � � � � � � � #��� ���#� ����� ���� ����� ����# ����� ����� ��� �����
����� �����1,	���� � � � � � � � � � � � � � � � � � � � � ��# �� �� �� ��� ��� ��� ��� ��� ���
����� ������,���-�����* � � � � � � � � � � � � � � � � � � �#� �#� �#� ��� ��� ��� ��� ��� ���
�����F��� � � � � � � � � � � � � � � � � � � � � � � � � � � � ���# ����� ����� ����� ����� #���� #���� ����� #���� ����
��������
�������4���� � � � � � � � � � � � � � � � � /�/�/, /./��+ /.��.� /.0�,, 0����0 0���+� 00��/� 0�/��� 0/0��. 0-0���
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����� � � � � � � � � � � � � � � � � � � � � � � �� �# �# �# ��� ��# ��# �� �� ��

�����$��-	��������9)���2�&	�+ � � � � � � � � � � ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
������	��,	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�����+���*�2��� �����F���	 � � � � � � � � � � � � � � ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
�����F��������7�,	��.������ � � � � � � � � � � � ����� ##��� ##��� #���� #��� #���� ����� ���� �#��� ����
����� ������,���-�����* � � � � � � � � � � � � � � � � � ��� ��# ��# ��# ��� ���� ��� ���� #��� ����
��������
�������4����� � � � � � � � � � � � � � � � /��/. 0��0� 0��+0 00�,0 0,��- 0.�+� �-�-, ����� ����� +-�//
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����	����	�� � � � � � � � � � � � � � � � � � � � � � � � � ���� ���� ���# ���� ���# ���� ���� ���� ���� ����
���"���������� � � � � � � � � � � � � � � � � � � � � � � � ����� #���� #���� #���# ���� ��� ��� ���� ���� �����
���7�,	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���# ��� ��� ��� ��� ���� ��� ���# ���� ����
������
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���$���	�7��������	��	�$���	����	 � � � � � � ���# ����� ����� ����� ���� ���# ����� ���# ��� ���#
���"������������������������ � � � � � � � � � � � � ��#� ���� ���� ���� ���� ��� ���� ���� ���� #��
�����)�"���������� � � � � � � � � � � � � � � � � � � � � ����� ���� ���� ����� ���� ����� ���#� ���� ����� ���#�
���$��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����� ����# ���� ���# ����� ���� ���� #���� ���� �����
���"�*�	�����&	� � � � � � � � � � � � � � � � � � � � � � ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
���%	�	&�!�	�'�	�()� � � � � � � � � � � � � � � � � � ���� ���� ���� ���� ���� ���� ���� ���� ��� ���
���7�,	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��# ��� ��� ��� ��� ��� ��� ��� ��� ��#
������
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � -��0� -+�-/ --�-. -.��� -,�.� ,��/� ,��,- ,���- ,��-/ ,0�,�
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���$���	�7��/ � � � � � � � � � � � � � � � � � � � � � � � � ���� ����� ����� ���#� #���� #���� #���� #���� #���� #��#�
����	����	��������*��0 � � � � � � � � � � � � � � � � ���� ��� ��� ��� ���# ���# ���� ���� ���� ����
���"���������� � � � � � � � � � � � � � � � � � � � � � � � ��� ��� ���� ���� ��� ���� ���� ��� ��� ��#�
���7�,	��3�2����� � � � � � � � � � � � � � � � � � � � � � ��� ��� ��� ��� ���� ���� ���� ���� ���# ����
������
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � /��.� /,��/ /-�/, /+��+ ����� 0.��� 0,��- ���0� �0�/+ ���,�
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����	����	��+ � � � � � � � � � � � � � � � � � � � � � � � � ���# ���� ���� ���� ���� ���� ���� ��#� ��#� ��#�
���"���������� � � � � � � � � � � � � � � � � � � � � � � � �� ��� ��� ��� �� ��� ��� ��# ��# ���
���$��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
������
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � /�.� /�,0 /�,+ /�,- /�.- 0��� 0��- /�-� /�,� /�.�
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���"���������� � � � � � � � � � � � � � � � � � � � � � � � ����� ����� ����� ����� ����� #��# #���# ���#� #���� ##���
���$��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����� ����� ����� ����� ����� ����� ���#� #���� #��� �����
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Results from Side Cases
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The National Energy Modeling System

The projections in the Annual Energy Outlook 2005

(AEO2005) are generated from the National Energy

Modeling System (NEMS), developed and maintained

by the Office of Integrated Analysis and Forecasting

(OIAF) of the Energy Information Administration

(EIA). In addition to its use in the development of the

AEO projections, NEMS is also used in analytical

studies for the U.S. Congress and other offices within

the Department of Energy. The AEO forecasts are

also used by analysts and planners in other govern-

ment agencies and outside organizations.

The projections in NEMS are developed with the use

of a market-based approach to energy analysis. For

each fuel and consuming sector, NEMS balances

energy supply and demand, accounting for economic

competition among the various energy fuels and

sources. The time horizon of NEMS is the midterm

period, approximately 20 years into the future. In

order to represent the regional differences in energy

markets, the component modules of NEMS function

at the regional level: the nine Census divisions for the

end-use demand modules; production regions specific

to oil, gas, and coal supply and distribution; the North

American Electric Reliability Council (NERC)

regions and subregions for electricity; and aggrega-

tions of the Petroleum Administration for Defense

Districts (PADDs) for refineries.

NEMS is organized and implemented as a modular

system. The modules represent each of the fuel sup-

ply markets, conversion sectors, and end-use con-

sumption sectors of the energy system. NEMS also

includes macroeconomic and international modules.

The primary flows of information between each of

these modules are the delivered prices of energy to the

end user and the quantities consumed by product,

region, and sector. The delivered prices of fuel encom-

pass all the activities necessary to produce, import,

and transport fuels to the end user. The information

flows also include other data on such areas as eco-

nomic activity, domestic production, and interna-

tional petroleum supply availability.

The integrating module controls the execution of

each of the component modules. To facilitate modu-

larity, the components do not pass information to

each other directly but communicate through a cen-

tral data file. This modular design provides the

capability to execute modules individually, thus

allowing decentralized development of the system

and independent analysis and testing of individual

modules, permitting the use of the methodology and

level of detail most appropriate for each energy sec-

tor. NEMS calls each supply, conversion, and end-use

demand module in sequence until the delivered prices

of energy and the quantities demanded have con-

verged within tolerance, thus achieving an economic

equilibrium of supply and demand in the consuming

sectors. Solution is reached annually through the

midterm horizon. Other variables are also evaluated

for convergence, such as petroleum product imports,

crude oil imports, and several macroeconomic

indicators.

Each NEMS component also represents the impacts

and costs of legislation and environmental regula-

tions that affect that sector and reports key emis-

sions. NEMS represents current legislation and

environmental regulations as of October 31, 2004,

such as the Clean Air Act Amendments (CAAA), and

the costs of compliance with regulations, such as the

new boiler limits established by the U.S. Environ-

mental Protection Agency (EPA) under the CAAA on

February 26, 2004; and the 13 SEER standard for

new central air conditioners and heat pumps that was

reestablished by the U.S. Court of Appeals, Second

Circuit, after originally being set in January 2001.

In general, the historical data used for the AEO2005

projections were based on EIA’s Annual Energy

Review 2003, published in September 2004 [1]; how-

ever, data were taken from multiple sources. In some

cases, only partial or preliminary data were available

for 2003. Carbon dioxide emissions were calculated by

using carbon dioxide coefficients from the EIA report,

Emissions of Greenhouse Gases in the United States

2003, published in December 2004 [2].

Historical numbers are presented for comparison

only and may be estimates. Source documents should

be consulted for the official data values. Some defini-

tional adjustments were made to EIA data for the

forecasts. For example, the transportation demand

sector in AEO2005 includes electricity used by rail-

roads, which is included in the commercial sector in

EIA’s consumption data publications. Footnotes in

the appendix tables of this report indicate the defini-

tions and sources of all historical data.
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The AEO2005 projections for 2004 and 2005 incorpo-

rate short-term projections from EIA’s October 2004

Short-Term Energy Outlook (STEO). For short-term

energy projections, readers are referred to the

monthly updates of the STEO [3].

Component Modules

The component modules of NEMS represent the indi-

vidual supply, demand, and conversion sectors of

domestic energy markets and also include interna-

tional and macroeconomic modules. In general, the

modules interact through values representing the

prices of energy delivered to the consuming sectors

and the quantities of end-use energy consumption.

Macroeconomic Activity Module

The Macroeconomic Activity Module provides a set of

essential macroeconomic drivers to the energy mod-

ules and a macroeconomic feedback mechanism

within NEMS. Key macroeconomic variables include

gross domestic product (GDP), industrial output,

interest rates, disposable income, prices, and employ-

ment. This module uses the following Global Insight

models: Macroeconomic Model of the U.S. Economy,

national Industry Model, and national Employment

Model. In addition, EIA has constructed a Regional

Economic and Industry Model to forecast regional

economic drivers and a Commercial Floorspace Model

to forecast 13 floorspace types in 9 Census divisions.

For AEO2005, bulk chemicals are disaggregated into

organic and inorganic chemicals, resins, and agricul-

tural chemicals. In addition, the accounting frame-

work for industrial output has changed from the

Standard Industrial Classification (SIC) system to

the North American Industry Classification System

(NAICS), which has reclassified the components of

gross industrial output and moved some manufactur-

ing activities into services.

International Module

The International Module represents the world oil

markets, calculating the average world oil price and

computing supply curves for five categories of

imported crude oil for the Petroleum Market Module

(PMM) of NEMS, in response to changes in U.S.

import requirements. Fourteen international petro-

leum product supply curves, including curves for oxy-

genates, are also calculated and provided to the PMM.

A world oil supply/demand balance is created, includ-

ing estimates for 16 oil consumption regions and 18

oil production regions. The oil production estimates

include both conventional and nonconventional sup-

ply recovery technologies.

Residential and Commercial Demand Modules

The Residential Demand Module forecasts consump-

tion of residential sector energy by housing type and

end use, based on delivered energy prices, the menu of

equipment available, the availability of renewable

sources of energy, and housing starts. The Commer-

cial Demand Module forecasts consumption of com-

mercial sector energy by building types and

nonbuilding uses of energy and by category of end

use, based on delivered prices of energy, availability of

renewable sources of energy, and macroeconomic

variables representing interest rates and floorspace

construction. Both modules estimate the equipment

stock for the major end-use services, incorporating

assessments of advanced technologies, including rep-

resentations of renewable energy technologies and

effects of both building shell and appliance standards.

The commercial module incorporates combined heat

and power (CHP) technology. The modules also

include forecasts of distributed generation. Both

modules incorporate changes to “normal” heating

and cooling degree-days by Census division, based on

State-level population projections. The Residential

Demand Module projects that the average square

footage of both new construction and existing struc-

tures is increasing, based on trends in the size of new

construction and the remodeling of existing homes.

Industrial Demand Module

The Industrial Demand Module forecasts the con-

sumption of energy for heat and power and for

feedstocks and raw materials in each of 16 industry

groups, subject to the delivered prices of energy and

macroeconomic variables representing employment

and the value of shipments for each industry. As

noted in the description of the macroeconomic mod-

ule, the value of shipments is now based on

NAICS rather than SIC. The industries are classi-

fied into three groups—energy-intensive manufac-

turing, non-energy-intensive manufacturing, and

nonmanufacturing. Of the eight energy-intensive

industries, seven are modeled in the Industrial

Demand Module, with components for boiler/steam/

cogeneration, buildings, and process/ assembly use of

energy. Bulk chemicals have been further disaggre-

gated to organic, inorganic, resins, and other petro-

leum products. A representation of cogeneration and

a recycling component are also included. The use of

212 Energy Information Administration / Annual Energy Outlook 2005

NEMS Overview and Brief Description of Cases



energy for petroleum refining is modeled in the Petro-

leum Market Module, and the projected consumption

is included in the industrial totals.

Transportation Demand Module

The Transportation Demand Module forecasts con-

sumption of transportation sector fuels, including

petroleum products, electricity, methanol, ethanol,

compressed natural gas, and hydrogen by transporta-

tion mode, vehicle vintage, and size class, subject to

delivered prices of energy fuels and macroeconomic

variables representing disposable personal income,

GDP, population, interest rates, and the value of out-

put for industries in the freight sector. Fleet vehicles

are represented separately to allow analysis of CAAA

and other legislative proposals, and the module

includes a component to explicitly assess the penetra-

tion of alternative-fuel vehicles. The air transporta-

tion module explicitly represents the industry

practice of parking aircraft to reduce operating costs

and the movement of aircraft from the passenger to

cargo markets as aircraft age [4]. For air freight ship-

ments, the model employs narrow-body and wide-

body aircraft only. The model also uses an infrastruc-

ture constraint that limits air travel growth to levels

commensurate with industry-projected infrastruc-

ture expansion and capacity growth.

Electricity Market Module

The Electricity Market Module (EMM) represents

generation, transmission, and pricing of electricity,

subject to delivered prices for coal, petroleum prod-

ucts, natural gas, and biofuels; costs of generation by

all generation plants, including capital costs; macro-

economic variables for costs of capital and domestic

investment; enforced environmental emissions laws

and regulations; and electricity load shapes and

demand. There are three primary submodules—

capacity planning, fuel dispatching, and finance and

pricing. Nonutility generation, distributed genera-

tion, and transmission and trade are modeled in the

planning and dispatching submodules. The levelized

fuel cost of uranium fuel for nuclear generation is

directly incorporated into the Electricity Market

Module.

All specifically identified CAAA compliance options

that have been promulgated by the EPA are explicitly

represented in the capacity expansion and dispatch

decisions; those that have not been promulgated are

not incorporated (e.g., fine particulate proposal). Sev-

eral States, primarily in the Northeast, have recently

enacted air emission regulations that affect the

electricity generation sector. Where firm State com-

pliance plans have been announced, regulations are

represented in AEO2005.

Renewable Fuels Module

The Renewable Fuels Module (RFM) includes

submodules representing natural resource supply

and technology input information for central-station,

grid-connected electricity generation technologies,

including conventional hydroelectricity, biomass

(wood, energy crops, and biomass co-firing), geother-

mal, landfill gas, solar thermal electricity, solar

photovoltaics, and wind energy. The RFM contains

natural resource supply estimates representing the

regional opportunities for renewable energy develop-

ment. Investment tax credits for renewable fuels are

incorporated, as currently legislated in the Energy

Policy Act of 1992 [5]. They provide a 10-percent tax

credit for business investment in solar energy (ther-

mal non-power uses as well as power uses) and geo-

thermal power. The credits have no expiration date.

Production tax credits for wind and some types of bio-

mass-fueled plants are also represented. They provide

a tax credit of 1.8 cents per kilowatthour for electric-

ity produced in the first 10 years of plant operation.

New plants that come on line before January 1, 2006,

are eligible to receive the credit. For a description of

significant changes made for AEO2005 in the repre-

sentation of biomass resource supply, conventional

hydroelectricity, wind resources, cost and perfor-

mance characteristics for wind technologies, and

accounting of new renewable energy capacity from

State renewable portfolio standards, mandates, and

goals, see the “Renewable Fuels Module” chapter of

Assumptions for the Annual Energy Outlook 2005.

Oil and Gas Supply Module

The Oil and Gas Supply Module represents domestic

crude oil and natural gas supply within an integrated

framework that captures the interrelationships

among the various sources of supply: onshore, off-

shore, and Alaska by both conventional and

nonconventional techniques, including gas recovery

from coalbeds and low-permeability formations of

sandstone and shale. This framework analyzes cash

flow and profitability to compute investment and

drilling for each of the supply sources, based on the

prices for crude oil and natural gas, the domestic

recoverable resource base, and the state of technol-

ogy. Oil and gas production functions are computed at
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a level of 12 supply regions, including 3 offshore and 3

Alaskan regions. This module also represents foreign

sources of natural gas, including pipeline imports and

exports to Canada and Mexico, and liquefied natural

gas (LNG) imports and exports.

Crude oil production quantities are input to the

Petroleum Market Module in NEMS for conversion

and blending into refined petroleum products. Supply

curves for natural gas are input to the Natural Gas

Transmission and Distribution Module for use in

determining natural gas prices and quantities. Inter-

national LNG supply sources and options for regional

expansions of domestic regasification capacity are

represented, based on the projected regional costs

associated with gas supply, liquefaction, trans-

portation, regasification, and natural gas market

conditions.

Natural Gas Transmission and Distribution

Module

The Natural Gas Transmission and Distribution

Module (NGTDM) represents the transmission, dis-

tribution, and pricing of natural gas, subject to

end-use demand for natural gas and the availability of

domestic natural gas and natural gas traded on the

international market. The module tracks the flows of

natural gas in an aggregate, domestic pipeline net-

work, connecting the domestic and foreign supply

regions with 12 demand regions. This capability

allows the analysis of impacts of regional capacity

constraints in the interstate natural gas pipeline net-

work and the identification of pipeline capacity

expansion requirements. Peak and off-peak periods

are represented for natural gas transmission, and

core and non-core markets are represented at the

burner tip. Key components of pipeline and distribu-

tor tariffs are included in the pricing algorithms.

Petroleum Market Module

The Petroleum Market Module (PMM) forecasts

prices of petroleum products, crude oil and product

import activity, and domestic refinery operations

(including fuel consumption), subject to the demand

for petroleum products, the availability and price of

imported petroleum, and the domestic production of

crude oil, natural gas liquids, and alcohol fuels. The

module represents refining activities in the five

PADDs. The module uses the same crude oil types as

the International Energy Module. It explicitly models

the requirements of CAAA and the costs of automo-

tive fuels, such as oxygenated and reformulated

gasoline, and includes oxygenate production and

blending for reformulated gasoline. AEO2005 reflects

legislation that bans or limits the use of the gasoline

blending component methyl tertiary butyl ether

(MTBE) in Arizona, California, Colorado, Connecti-

cut, Illinois, Indiana, Iowa, Kansas, Kentucky, Maine,

Michigan, Minnesota, Missouri, Nebraska, New

Hampshire, New York, Ohio, South Dakota, Wash-

ington, and Wisconsin.

The Federal oxygen requirement for reformulated

gasoline in Federal nonattainment areas is assumed

to remain intact. The nationwide phase-in of gasoline

with an annual average sulfur content of 30 ppm

between 2005 and 2007, and the diesel regulations

that limit the sulfur content to 15 ppm in highway

diesel starting mid-2006 and in all nonroad and loco-

motive/marine diesel fuel by mid-2012, are repre-

sented in AEO2005. Growth in demand and the costs

of the regulations lead to capacity expansion for refin-

ery-processing units, assuming a financing ratio of 60

percent equity and 40 percent debt, with a hurdle rate

and an after-tax return on investment at about 10

percent [6]. End-use prices are based on the marginal

costs of production, plus markups representing prod-

uct and distribution costs and State and Federal taxes

[7]. Refinery capacity expansion at existing sites may

occur in all five refining regions modeled.

Fuel ethanol and biodiesel are included in PMM

because they are commonly blended into petroleum

products. The PMM allows ethanol blending into gas-

oline at 10 percent by volume or less and also allows

limited quantities of E85, a blend of up to 85 percent

ethanol by volume. Ethanol is produced primarily in

the Midwest from corn or other starchy crops, and it

is expected to be produced from cellulosic material in

other regions in the future. Biodiesel is produced

from soybean oil or yellow grease, which is primarily

recycled cooking oil. Soybean oil biodiesel is assumed

to be blended into highway diesel, and yellow grease

biodiesel is assumed to be blended into non-highway

diesel.

Coal Market Module

The Coal Market Module (CMM) simulates mining,

transportation, and pricing of coal, subject to the

end-use demand for coal differentiated by heat and

sulfur content. U.S. coal production is represented in

the CMM using 40 separate supply curves—differen-

tiated by region, mine type, coal rank, and sulfur con-

tent. The coal supply curves include a response to
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capacity utilization of mines, mining capacity, labor

productivity, and factor input costs (mining equip-

ment, mining labor, and fuel requirements). Projec-

tions of U.S. coal distribution are determined in the

CMM through the use of a linear programming algo-

rithm that determines the least-cost supplies of coal

for a given set of coal demands by demand region and

sector, accounting for minemouth prices, transporta-

tion costs, existing coal supply contracts, and sulfur

allowance costs. Over the forecast horizon, coal trans-

portation costs in the CMM are projected to vary in

response to changes in railroad productivity and the

user cost of rail transportation equipment.

The CMM produces projections of U.S. steam and

metallurgical coal exports, in the context of world coal

trade. The CMM’s linear programming algorithm

determines the pattern of world coal trade flows that

minimizes the production and transportation costs of

meeting a pre-specified set of regional world coal

import demands, subject to constraints on export

capacities by country and coal type and trade flows.

U.S. coal production and distribution are computed

for 14 supply and 14 demand regions. The interna-

tional coal market component of the module com-

putes trade in 3 types of coal for 16 export and 20

import regions. Projections of annual U.S. coal

imports, specified by demand region and sector, are

developed exogenously based primarily on the capa-

bility and plans of existing coal-fired power plants to

import coal and announced plans to expand coal

import infrastructure.

Annual Energy Outlook 2005 Cases

Table F1 provides a summary of the cases used to

derive the AEO2005 forecasts. For each case, the

table gives the name used in this report, a brief

description of the major assumptions underlying the

projections, a designation of the mode in which the

case was run in NEMS (either fully integrated, par-

tially integrated, or standalone), and a reference to

the pages in the body of the report and in this appen-

dix where the case is discussed.

The following section describes cases listed in Table

F1. The reference case assumptions for each sector

are described at web site www.eia.doe.gov/oiaf/aeo/

assumption/. Regional results and other details of the

projections are available at web site www.eia.doe.gov/

oiaf/aeo/supplement/.

Macroeconomic Growth Cases

In addition to the AEO2005 reference case, the low

economic growth and high economic growth cases

were developed to reflect the uncertainty in forecasts

of economic growth. The alternative cases are

intended to show the projected effects of alternative

growth assumptions on energy markets. The cases

are described as follows:

• The low economic growth case assumes lower

growth rates for population (0.6 percent per year),

nonfarm employment (0.8 percent per year), and

productivity (1.8 percent per year), resulting in

higher projections for prices and interest rates

and lower projections for industrial output

growth. In the low economic growth case, eco-

nomic output is projected to increase by 2.5 per-

cent per year from 2003 through 2025, and growth

in GDP per capita is projected to average only 1.9

percent per year.

• The high economic growth case assumes higher

projected growth rates for population (1.0 percent

per year), nonfarm employment (1.6 percent per

year), and productivity (2.7 percent per year).

With higher productivity gains and employment

growth, inflation and interest rates are projected

to be lower than in the reference case, and conse-

quently economic output is projected to grow at a

higher rate (3.6 percent per year) than in the ref-

erence case (3.1 percent). GDP per capita is

expected to grow by 2.5 percent per year, com-

pared with 2.2 percent in the reference case.

World Oil Market Cases

The world oil price in AEO2005 is the annual average

U.S. refiner’s acquisition cost of imported crude oil

(IRAC). Five distinct world oil price scenarios are rep-

resented in AEO2005, with prices reaching approxi-

mately $21, $30, $35, $39, and $48 per barrel in 2025,

respectively, in the low world oil price, reference,

October oil futures, high A world oil price, and high B

world oil price cases in 2003 dollars. Because these oil

price cases are not directly integrated with a world

economic model, the impacts of world oil prices on

international economies is not directly accounted for

in this analysis.

• The reference case represents EIA’s current judg-

ment regarding the expected behavior of the

Organization of Petroleum Exporting Countries

(OPEC) in the mid-term, where production is

adjusted to keep world oil prices in the $25 to $31
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Table F1. Summary of the AEO2005 cases

Case name Description

Integration

mode

Reference

in text

Reference in

Appendix F

Reference Baseline economic growth (3.1 percent per annum), world

oil price falling to about $25 per barrel by 2010 and rising

to $30.31 per barrel, and technology assumptions.

Fully

integrated

— —

Low Economic Growth Gross domestic product grows at an average annual rate

of 2.5 percent from 2003 through 2025, compared with

the reference case growth of 3.1 percent. Reference case

assumptions otherwise.

Fully

integrated

p. 73 p. 215

High Economic Growth Gross domestic product grows at an average annual rate

of 3.6 percent from 2003 through 2025, compared with

the reference case growth of 3.1 percent. Reference case

assumptions otherwise.

Fully

integrated

p. 73 p. 215

Low World Oil Price Reference case assumptions except that the world oil

prices are $20.99 per barrel in 2025, compared with

$30.31 per barrel in the reference case.

Fully

integrated

p. 74 p. 218

October Oil Futures World oil prices continue to rise in near term and are

$35.00 per barrel in 2025, compared with $30.31 per

barrel in the reference case.

Fully

integrated

p. 44 p. 218

High A World Oil Price Reference case assumptions except that the world oil

prices are $39.24 per barrel in 2025, compared with

$30.31 per barrel in the reference case.

Fully

integrated

p. 74 p. 218

High B World Oil Price World oil prices remain high and are $48.00 per barrel in

2025, compared with $30.31 per barrel in the reference

case.

Fully

integrated

p. 74 p. 218

Residential:

2005 Technology

Future equipment purchases based on equipment

available in 2005. Existing building shell efficiencies fixed

at 2005 levels.

With

commercial

p. 84 p. 218

Residential:

High Technology

Relative to the reference case, earlier availability, lower

costs, and higher efficiencies assumed for more

advanced equipment. Heating shell efficiency increases

by 21 percent from 2002 values by 2025.

With

commercial

p. 84 p. 218

Residential: Best

Available Technology

Relative to the reference case, future equipment

purchases and new building shells based on most

efficient technologies available. Heating shell efficiency

increases by 25 percent from 2002 values by 2025.

With

commercial

p. 84 p. 218

Commercial:

2005 Technology

Relative to the reference case, future equipment

purchases are based on equipment available in 2005.

Building shell efficiencies are fixed at 2005 levels.

With

residential

p. 85 p. 219

Commercial:

High Technology

Earlier availability, lower costs, and higher efficiencies

assumed for more advanced equipment. Heating shell

efficiencies for new and existing buildings increase by

8.75 and 6.25 percent, respectively, from 1999 values by

2025.

With

residential

p. 85 p. 219

Commercial: Best

Available Technology

Future equipment purchases based on most efficient

technologies available. Heating shell efficiencies for new

and existing buildings increase by 10.5 and 7.5 percent,

respectively, from 1999 values by 2025.

With

residential

p. 85 p. 219

Residential and

Commercial: SEER 12

Replaces the recently enacted SEER 13 standard with

the previously set level of SEER 12.

Fully

integrated

p. 13 p. 218

Residential and

Commercial:

Warmer temperatures

Summer and winter temperatures trend to the average of

the 5 warmest of the past 30 years by 2025.

Fully

integrated

p. 55 p. 219
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Table F1. Summary of the AEO2005 cases (continued)

Case name Description

Integration

mode

Reference

in text

Reference in

Appendix F

Residential and

Commercial:

Colder temperatures

Summer and winter temperatures trend to the average of

the 5 coldest of the past 30 years by 2025.

Fully

integrated

p. 55 p. 219

Industrial:

2005 Technology

Efficiency of plant and equipment fixed at 2005 levels. Standalone p. 85 p. 219

Industrial:

High Technology

Earlier availability, lower costs, and higher efficiencies

assumed for more advanced equipment.

Standalone p. 85 p. 219

Transportation:

2005 Technology

Efficiencies for new equipment in all modes of travel are

fixed at 2005 levels.

Standalone p. 86 p. 220

Transportation:

High Technology

Reduced costs and improved efficiencies are assumed

for advanced technologies.

Standalone p. 86 p. 220

Transportation:

A.B.1493 California

Only

Accounts for adoption of vehicle carbon dioxide

emissions standards in California.

Fully

integrated

p. 27 p. 220

Transportation:

A.B.1493 Extended

Accounts for adoption of vehicle carbon dioxide

emissions standards in California, New York, Maine,

Massachusetts, and Vermont.

Fully

integrated

p. 27 p. 220

Integrated

2005 Technology

Baseline macroeconomic drivers, combining the

residential, commercial, industrial, and transportation

2005 technology assumptions with electricity low fossil

technology and low renewable technology assumptions.

Fully

integrated

p. 110 —

Integrated

High Technology

Combination of the residential, commercial, industrial,

and transportation high technology cases, electricity high

fossil technology case, high renewables case, and

advanced nuclear cost case.

Fully

integrated

p. 110 —

Electricity: Advanced

Nuclear Cost

New nuclear capacity is assumed to have 20 percent

lower capital and operating costs in 2025 than in the

reference case.

Fully

integrated

p. 93 p. 220

Electricity: Nuclear

Vendor Estimate

New nuclear capacity is assumed to have lower capital

costs based on vendor goals.

Fully

integrated

p. 93 p. 221

Electricity: High

Fossil Technology

Costs and efficiencies for advanced fossil-fired generating

technologies improve by 10 percent in 2025 from

reference case values.

Fully

integrated

p. 93 p. 221

Electricity: Low

Fossil Technology

New advanced fossil generating technologies are

assumed not to improve over time from 2005.

Fully

integrated

p. 93 p. 221

Electricity: Proposed

Clean Air Interstate

Rule (pCAIR)

Limits on NO
x

and SO
2

emissions. Fully

integrated

p.31 p. 221

Renewables:

Low Renewables

New renewable generating technologies are assumed not

to improve over time after 2005.

Fully

Integrated

p. 94 p. 221

Renewables:

High Renewables

Levelized cost of energy for nonhydropower renewable

generating technologies declines by 10 percent in 2025

from reference case values.

Fully

Integrated

p. 94 p. 221

Renewables:

PTC Extension

The production tax credit (PTC) for wind expires in 2005.

AEO2005 does not assume its extension consistent with

the approach generally taken toward public policy in the

forecast. This scenario assumes the extension of the PTC

through 2015.

Fully

integrated

p. 58 p. 222

Oil and Gas:

Rapid Technology

Cost, finding rate, and success rate technology

parameters adjusted for 50 percent more rapid

improvement than in the reference case.

Fully

integrated

p. 97 p. 222



per barrel range and in keeping with their noted

goal of keeping potential competitors from taking

their market share. Since OPEC, particularly the

Persian Gulf nations, is expected to be the domi-

nant supplier of oil in the international market

over the midterm, the organization’s production

choices will significantly affect world oil prices.

• The low world oil price case could result from a

future market where all oil production becomes

more competitive and plentiful.

• The world crude oil price in the October oil futures

case was developed by extrapolating the U.S.

refiner’s acquisition cost of imported crude oil

based loosely on the rate of growth of futures

prices for West Texas Intermediate crude oil on

the New York Mercantile Exchange. The prices in

the October oil futures case continue to rise

through 2005, reaching $44 per barrel, before

gradually declining to $31 per barrel in 2010, $6

higher then the reference case projection. After

2010, prices rise to $35 per barrel in 2025, about

$5 per barrel higher than in the reference case.

Prices are above those in the reference case over

the entire projection, but below those in the high

A world oil price case and the high B world oil

price case.

• The high A world oil price case could result from a

more cohesive and market-assertive OPEC with

lower production goals and other nonfinancial

(geopolitical) considerations, including possibly a

change in the target price band.

• The high B world oil price case could result from a

number of possible events. For example, a very

high world oil price could result from robust

growth in worldwide oil demand, especially in the

developing economies, coupled with the inability

or unwillingness of OPEC producers to suffi-

ciently expand their oil production capacity.

Buildings Sector Cases

In addition to the AEO2005 reference case, three

standalone technology-focused cases using the Resi-

dential and Commercial Demand Modules of NEMS

were developed to examine the effects of changes to

equipment and building shell efficiencies, and an

integrated cooling efficiency standard case was devel-

oped to analyze the effect of the recently implemented

13 SEER standard for central air conditioners and

heat pumps.

For the residential sector, the four technology-

focused cases are as follows:

• The 2005 technology case assumes that all future

equipment purchases are based only on the range

of equipment available in 2005. Existing building

shell efficiencies are assumed to be fixed at 2005

levels.

• The high technology case assumes earlier avail-

ability, lower costs, and higher efficiencies for

more advanced equipment [8]. Heating shell effi-

ciency in 2025 is projected to be 21 percent higher

than the 2002 level.

• The best available technology case assumes that

all future equipment purchases are made from a

menu of technologies that includes only the most

efficient models available in a particular year,

regardless of cost. Heating shell efficiency is pro-

jected to increase by 25 percent over 2002 levels by

2025.

• A cooling efficiency standard case for residential

and commercial technologies is an integrated case

designed to analyze the effects of the recently
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Table F1. Summary of the AEO2005 cases (continued)

Case name Description

Integration

mode

Reference

in text

Reference in

Appendix F

Oil and Gas:

Slow Technology

Cost, finding rate, and success rate technology

parameters adjusted for 50 percent slower improvement

than in the reference case.

Fully

integrated

p. 97 p. 222

Oil and Gas:

Restricted Natural Gas

Supply

The slow oil and gas technology case with no Alaskan

pipeline and no new U.S. LNG regasification terminals

except those already under construction. Proposed

expansions of existing U.S. LNG terminals are permitted

to go into operation as currently scheduled.

Fully

integrated

p. 66 p. 222

Oil and Gas: No

Nonroad Diesel Rule

No new nonroad diesel rules. Fully

integrated

p. 14 p. 222



enacted central air conditioner and heat pump

standard on buildings-related energy use (resi-

dential and commercial). This case replaces the 13

SEER standard, which is used in the AEO2005

reference case, with the previously enacted 12

SEER standard, effective in 2006.

For the commercial sector, the four technology-

focused cases are as follows:

• The 2005 technology case assumes that all future

equipment purchases are based only on the range

of equipment available in 2005. Building shell effi-

ciencies are assumed to be fixed at 2005 levels.

• The high technology case assumes earlier avail-

ability, lower costs, and/or higher efficiencies for

more advanced equipment than in the reference

case [9]. Heating shell efficiencies for new and

existing buildings are assumed to increase by 8.75

and 6.25 percent, respectively, from 1999 values

by 2025—a 25-percent improvement relative to

the reference case.

• The best available technology case assumes that

all future equipment purchases are made from a

menu of technologies that includes only the most

efficient models available in a particular year in

the high technology case, regardless of cost.

Heating shell efficiencies for new and existing

buildings are assumed to increase by 10.5 and 7.5

percent, respectively, from 1999 values by

2025—a 50-percent improvement relative to the

reference case.

• A cooling efficiency standard case is as described

for the residential sector above.

Two additional integrated cases were developed, in

combination with assumptions for electricity genera-

tion from renewable fuels, to analyze the sensitivity

of the projections to changes in generating technolo-

gies that use renewable fuels and in the availability of

renewable energy sources. For the Residential and

Commercial Demand Modules:

• The high renewables case assumes greater

improvements in residential and commercial pho-

tovoltaic systems than in the reference case. The

high renewables assumptions result in capital

cost estimates for 2025 that are approximately 10

percent lower than reference case costs for dis-

tributed photovoltaic technologies.

• The low renewables case assumes that costs and

performance levels for residential and commercial

photovoltaic systems remain constant at 2005 lev-

els through 2025.

To illustrate the potential impacts of warmer and

colder weather on buildings energy consumption rela-

tive to the reference case, two additional integrated

cases were developed. For the residential and com-

mercial demand modules:

• The warmer temperature case assumes that

State-level heating and cooling degree-days trend

to the average of the 5 warmest years of the past

30 years by 2025.

• The colder temperature case assumes that

State-level heating and cooling degree-days trend

to the average of the 5 coldest years of the past 30

years by 2025.

Industrial Sector Cases

In addition to the AEO2005 reference case, two

standalone cases using the Industrial Demand Mod-

ule of NEMS were developed to examine the effects of

less rapid technology change and adoption and more

rapid technology change and adoption. The Industrial

Demand Module was also used as part of and inte-

grated high renewables case. For the industrial

sector:

• The 2005 technology case holds the energy effi-

ciency of plant and equipment constant at the

2005 level over the forecast. In this case, delivered

energy intensity falls by 1.0 percent annually.

Because the level and composition of industrial

output are the same in the reference, 2005 tech-

nology, and high technology cases, any change in

primary energy intensity in the two technology

cases is attributable to efficiency changes. The

2005 technology case was run with only the Indus-

trial Demand Module rather than as fully inte-

grated NEMS runs. Consequently, no potential

feedback effects from energy market interactions

were captured.

• The high technology case assumes earlier avail-

ability, lower costs, and higher efficiency for more

advanced equipment [10]. The high technology

case also assumes a more rapid rate of improve-

ment in the recovery of biomass byproducts from

industrial processes, at 1.0 percent per year as

compared with 0.1 percent per year in the refer-

ence case. The same assumption is also incorpo-

rated in the integrated high renewable case, which

focuses on electricity generation. While the choice

of 1 percent recovery is an assumption of the high
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technology case, it is based on the expectation that

there would be higher recovery rates and substan-

tially increased use of CHP in that case. Changes

in aggregate energy intensity result both from

changing equipment and production efficiency

and from changing composition of industrial out-

put. Because the composition of industrial output

remains the same as in the reference case, deliv-

ered energy intensity falls by 1.6 percent annually

in the high technology case. In the reference case,

delivered energy intensity falls by 1.6 percent

annually between 2003 and 2025.

Transportation Sector Cases

In addition to the AEO2005 reference case, two

standalone cases using the Transportation Demand

Module of NEMS were developed to examine the

effects of less rapid technology change and adoption

and more rapid technology change and adoption. For

the transportation sector:

• The 2005 technology case assumes that new fuel

efficiency levels remain constant at 2005 levels

through the forecast horizon unless emission

and/or efficiency regulations require the imple-

mentation of technology that affects vehicle effi-

ciency. For example, the new light truck corporate

average fuel economy (CAFE) standards require

an increase in fuel economy through 2007, and

increases in heavy truck emission standards are

required through 2010. As a result, the technology

available for light truck efficiency improvement is

frozen at 2007 levels, and the technology available

to heavy trucks is frozen at 2010 levels.

• For the high technology case, light-duty conven-

tional and alternative-fuel vehicle characteristics

reflect more optimistic assumptions for incremen-

tal fuel economy improvements and costs [11]. In

the air travel sector, the high technology case

reflects lower costs for improved thermodynam-

ics, advanced aerodynamics, and weight reduction

materials, which provides a 25-percent improve-

ment in new aircraft efficiency compared to the

reference case in 2025. In the freight truck sector,

the high technology case assumes more optimistic

incremental fuel efficiency improvements for

engine and emission control technologies [12].

More optimistic assumptions for fuel efficiency

improvements are also made for the rail and ship-

ping sectors.

Both cases were run with only the Transportation

Demand Module rather than as fully integrated

NEMS runs. Consequently, no potential macroeco-

nomic feedback on travel demand was captured, nor

were changes in fuel prices incorporated.

In addition to the technology cases, two cases were

developed to measure the impact of recently enacted

carbon dioxide emission standards for light-duty

vehicles in California (Assembly Bill 1493). These

cases measure the energy and fuel price impacts that

occur regionally, and vehicle sales impacts that occur

in those States adopting A.B.1493.

• The A.B.1493 California only case assumes that

only California adopts the new standards. The

A.B.1493 extended case assumes that, in addition,

New York, Maine, Massachusetts, and Vermont

also adopt the light-duty vehicle carbon emissions

standards. These cases assume that fuel economy

impacts are limited to those States adopting the

regulation, and that the fuel economy and sales

mix of vehicles sold in all other States remain at

the levels projected in the reference case. EIA esti-

mates that meeting the requirements of A.B. 1493

will require new car fuel economy to increase from

27.5 miles per gallon in 2009 to 39.9 miles per gal-

lon in 2016 and new light truck fuel economy to

increase from 22.2 miles per gallon in 2009 to 26.4

miles per gallon in 2016.

Electricity Sector Cases

In addition to the reference case, four integrated

cases with alternative electric power assumptions

were developed to analyze the uncertainties regard-

ing future costs and performance of new generating

technologies. Two of the cases examine alternative

nuclear assumptions, and two examine alternative

fossil technology assumptions. Reference case values

for technology characteristics are determined in con-

sultation with industry and government specialists;

however, there is always uncertainty surrounding

newer, untested designs. The electricity cases analyze

what could happen if costs of advanced designs are

either higher or lower than assumed in the reference

case. The cases are fully integrated to allow feedback

between the potential shifts in fuel consumption and

fuel prices.

Nuclear Technology Cases

• The cost assumptions for the advanced nuclear

cost case reflect a 20-percent reduction in the capi-

tal and operating costs for advanced nuclear tech-

nology in 2025, relative to the reference case.

Because the reference case assumes that some
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learning occurs regardless of new orders and con-

struction, the reference case already projects a

10-percent reduction in capital costs between

2005 and 2025. The advanced nuclear cost case

assumes a 28-percent reduction between 2005 and

2025.

• The nuclear vendor estimate case assumptions are

consistent with estimates from British Nuclear

Fuel Limited (BNFL) for the manufacture of their

Advanced Pressurized Water Reactor (AP1000).

In this case, the overnight capital cost of a new

advanced nuclear unit is assumed to be 18 percent

lower initially than assumed in the reference case

and 38 percent lower in 2025. For both advanced

nuclear cases, cost and performance characteris-

tics for all other technologies are as assumed in

the reference case.

Fossil Technology Cases

• In the high fossil technology case, capital costs,

heat rates, and operating costs for advanced coal

and natural gas generating technologies are

assumed to be 10 percent lower than reference

case levels in 2025. Because learning is assumed

to occur in the reference case, costs and perfor-

mance in the high case are reduced from initial

levels by more than 10 percent. Heat rates in the

high fossil technology case fall to between 17 and

23 percent below initial levels, and capital costs

are reduced by 22 to 26 percent between 2005 and

2025, depending on the technology.

• In the low fossil technology case, capital costs and

heat rates for coal gasification combined-cycle

units and advanced combustion turbine and com-

bined-cycle units do not decline during the fore-

cast period but remain fixed at the 2005 values

assumed in the reference case.

Details about annual capital costs, operating and

maintenance costs, plant efficiencies, and other fac-

tors used in the high and low fossil technology cases

are described in the detailed assumptions, which

are available at web site www.eia.doe.gov/oiaf/aeo/

assumption/.

An additional integrated case was also run to analyze

the potential impacts of the EPA’s proposed Clean Air

Interstate Rule. A detailed description of the rule

and a discussion of the sensitivity case results are

included in the “Legislation and Regulations” section

of this report, pages 34-36.

• The proposed Clean Air Interstate Rule (pCAIR)

case was run to analyze the potential effects of a

rule proposed by the EPA that would cap emis-

sions of sulfur dioxide (SO2) and nitrogen oxide

(NOx) from electricity generators. The emissions

caps in 2010 are 3.86 million short tons SO2 and

1.6 million tons NOx. In 2015 the requirements

drop to 2.71 million tons SO2 and 1.33 million tons

NOx. Generators can meet the targets through

cap-and-trade programs, or by installing emission

control technologies.

Renewable Fuels Cases

In addition to the AEO2005 reference case, three

integrated cases with alternative assumptions about

renewable fuels were developed to examine the effects

of less and more aggressive improvement in renew-

able technologies and the extension of existing pro-

duction tax credits for wind and other renewables

through 2015. The cases are as follows:

• In the low renewables case, capital costs, opera-

tions and maintenance costs, and performance

levels for wind, solar, biomass, and geothermal

resources are assumed to remain constant at 2005

levels through 2025.

• In the high renewables case, the levelized costs of

energy for nonhydroelectric generating technolo-

gies using renewable resources are assumed to

decline, to 10 percent below the reference case

costs for the same technologies in 2025. For most

renewable resources, lower costs are accom-

plished by reducing the capital costs of new plant

construction. To reflect recent trends in wind

energy cost reductions, however, it is assumed

that wind plants ultimately achieve the 10-

percent cost reduction through a combination of

performance improvement (an increased capacity

factor) and capital cost reductions. Biomass sup-

plies are also assumed to be 10 percent greater for

each supply step. Annual limits are placed on the

development of geothermal sites, because they

require incremental development to assure that

the resource is viable. In the high renewables case,

the annual limits on capacity additions at geother-

mal sites are raised from 25 megawatts per year

through 2015 to 50 megawatts per year for all

forecast years. All other cases are assumed to

retain the 25-megawatt limit through 2015. Other

generating technologies and forecast assumptions

remain unchanged from those in the reference
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case. In the high renewables case, the rate of

improvement in the recovery of biomass byprod-

ucts from industrial processes is also increased.

More rapid improvement in cellulosic ethanol pro-

duction technology is also assumed, and cellulosic

ethanol production is assumed to capture a higher

share of the renewable transportation fuels mar-

ket, resulting in increased cellulosic ethanol sup-

ply compared with the reference case.

• Under the Working Families Tax Relief Act of

2004, the production tax credit for wind and some

biomass has been extended to plants in service by

December 31, 2005. It has also been expanded

under the American Jobs Creation Act of 2004 to

include other renewable resources. Although the

credit has been allowed to expire and then retro-

actively extended several times, AEO2005 does

not assume its extension beyond 2005, consistent

with the approach generally taken toward public

policy in the forecast. The PTC extension case, dis-

cussed in “Issues in Focus,” pages 58-62, assumes

the extension of the PTC through 2015, as

expanded in current law. All technology and cost

assumptions are otherwise the same as in the

AEO2005 reference case.

Oil and Gas Supply Cases

Two alternative technology cases were created to

assess the sensitivity of the projections to changes in

the assumed rates of progress in oil and natural gas

supply technologies. A third case examines the

impacts of potential obstacles that may restrict deliv-

ery of domestic and foreign natural gas supplies.

• In the rapid technology case, the parameters rep-

resenting the effects of technological progress on

finding rates, drilling, lease equipment and oper-

ating costs, and success rates for conventional oil

and natural gas in the AEO2005 reference case

were increased by 50 percent relative to the refer-

ence case. A number of key exploration and pro-

duction technologies for unconventional natural

gas were also increased by 50 percent in the rapid

technology case. Key Canadian supply parameters

were also increased to simulate the assumed

impacts of more rapid oil and gas technology pene-

tration on the Canadian supply potential. All

other parameters in the model were kept at the

reference case values, including technology

parameters for other modules, parameters affect-

ing foreign oil supply, and assumptions about

imports and exports of LNG and natural gas trade

between the United States and Mexico. Specific

detail by region and fuel category is presented in

Assumptions to the Annual Energy Outlook 2005,

which is available at web site www.eia.doe.gov/

oiaf/aeo/assumption/.

• In the slow technology case, the parameters repre-

senting the effects of technological progress on

finding rates, drilling, lease equipment and oper-

ating costs, and success rates for conventional oil

and natural gas in the AEO2005 reference case

were reduced by 50 percent. A number of key

exploration and production technologies for

unconventional natural gas were also reduced by

50 percent in the slow technology case. Key Cana-

dian supply parameters were also increased to

simulate the assumed impacts of slow oil and gas

technology penetration on Canadian supply

potential. All other parameters in the model were

kept at the reference case values.

• The restricted natural gas supply case acknowl-

edges that the future supply of natural gas could

be more constrained than is projected in the refer-

ence case, both because of public opposition to the

construction of large new natural gas projects,

and because the future rate of technological prog-

ress could be significantly lower than the historic

rate. The restricted natural gas supply case incor-

porates three assumptions: (1) the Alaska natural

gas pipeline is not built before 2025; (2) all pro-

posed expansions at existing LNG terminals are

constructed, but no new U.S. LNG regasification

terminals are built during the forecast unless they

are already fully permitted and under construc-

tion; and (3) the future rate of technological prog-

ress for oil and gas exploration and development is

one-half the historic rate, as specified in the slow

technology case.

Petroleum Market Cases

Two petroleum market cases were developed and ana-

lyzed. The first evaluates the impact of the EPA’s new

nonroad diesel rule on diesel consumption and prices.

The second case is part of the advanced renewable

case, which evaluates the impact of more optimistic

assumptions about biomass supplies on the produc-

tion and use of cellulosic ethanol.

• The impacts of the new 500 ppm and 15 ppm low

sulfur diesel rule on nonroad diesel markets have

been implemented in NEMS and are incorporated
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in the AEO2005 reference case. To establish a

basis for comparison, the nonroad diesel emis-

sions rule case was developed, excluding the

impacts of the rule, as discussed in “Legislation

and Regulations,” pages 14-17.

• The high renewables case uses more optimistic

assumptions about the availability of renewable

energy sources. The supply curve for cellulosic

ethanol is shifted in each forecast year relative to

the reference case, making larger quantities avail-

able at any given price earlier than in the refer-

ence case. Commercialization of cellulosic ethanol

follows the same path from year to year as the ref-

erence case but begins in 2006 rather than 2010.

Coal Market Cases

No alternative cases were run for coal markets in

AEO2005.
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September 2004).

[2] Energy Information Administration, Emissions of

Greenhouse Gases in the United States 2003, DOE/

EIA-0573(2003) (Washington, DC, December 2004).

[3] Energy Information Administration, Short-Term En-

ergy Outlook, web site www.eia.doe.gov/emeu/steo/

pub/contents.html. Portions of the preliminary infor-

mation were also used to initialize the PMM projection.

[4] Jet Information Services, Inc., World Jet Inventory

Year-End 2003 (Woodinville, WA, March 2004), and

personal communications with Bill Francoins at Jet

Information Services and Thomas C. Hoang at Boeing.

[5] National Energy Policy Act of 1992, P.L. 102-486, Title

III, Section 303, and Title V, Sections 501 and 507.

[6] The hurdle rate for a coal-to-liquids (CTL) plant is as-

sumed to be 12.3 percent because of the higher eco-

nomic risk involved in this technology.
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2010.
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Appendix H

Conversion Factors
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The Energy Information Administration

2005 EIA Midterm Energy Outlook and Modeling Conference
Renaissance Hotel, Washington, DC April 12, 2005

8:30 a.m. - 8:45 Opening Remarks - Guy F. Caruso, Administrator, Energy Information Administration

8:45 a.m. - 9:15 Overview of the Annual Energy Outlook 2005 - John Conti, Director,

Office of Integrated Analysis and Forecasting, Energy Information Administration

9:15 a.m. - 10:15 Keynote Address: International Oil Markets - Speaker to be announced

10:30 a.m. - 12:00 Concurrent Sessions A

1. The Midterm Outlook for Conventional International Oil Supply, Demand, and Prices:

Have the Fundamentals Changed?

2. Siting Issues in the Development of U.S. LNG Receiving Terminals

3. Is There a Future for Nuclear Power in the U.S.?

1:15 p.m. - 2:45 Concurrent Sessions B

1. Adaptation of U.S. Refineries to Market Challenges

2. Unconventional Gas Production: Challenges, Successes, and Future Outlook

3. Power Sector Emissions Issues

3:00 p.m. - 4:30 Concurrent Sessions C

1. World Outlook for Unconventional Oil Production

2. When Should We Expect To See Hydrogen Vehicles?

3. State Incentives for Renewable Energy: Successes and Challenges

Hotel
The conference will be held at the Renaissance Hotel, (202) 898-9000. The Renaissance Hotel is located at 999 Ninth

Street, NW, Washington, DC 20001, near the Gallery Place Metro station.

Information
For information, contact Peggy Wells, Energy Information Administration, at (202) 586-8845, peggy.wells@eia.doe.gov.

Conference Handouts
Handouts provided in advance by the conference speakers will be posted online by March 29, 2005, at www.eia.doe.gov/

oiaf/aeo/conf/handouts.html in lieu of being provided at the conference.

Conference Registration
Conference registration is free, but space is limited.

Please register by March 18, 2005.

Register online at www.eia.doe.gov/oiaf/aeo/conf/

Or mail or fax this form to:

Peggy Wells

Energy Information Administration, EI-84

1000 Independence Avenue, SW

Washington, DC 20585

Phone: (202) 586-8845

Fax: (202) 586-3045

Or register by e-mail to peggy.wells@eia.doe.gov.

Please provide the information requested below:

Name: _____________________________________________

Title: _____________________________________________

Organization: _______________________________________

Address: ___________________________________________

___________________________________________

Phone: ___________________________________________

Fax: ___________________________________________

E-mail: ___________________________________________

Please indicate which sessions you will be attending:

� Opening Remarks/Overview/Keynote Address

Concurrent Sessions A

� Midterm Outlook for Conventional International
Oil Supply, Demand, and Prices

� Siting Issues in the Development of U.S. LNG
Receiving Terminals

� Is There a Future for Nuclear Power in the U.S.?

Concurrent Sessions B

� Adaptation of U.S. Refineries to Market
Challenges

� Unconventional Gas Production:
Challenges, Successes, and Future Outlook

� Power Sector Emissions Issues

Concurrent Sessions C

� World Outlook for Unconventional Oil Production

� When Should We Expect To See Hydrogen
Vehicles?

� State Incentives for Renewable Energy:
Successes and Challenges





Announcing

The Thirteenth Annual

EIA Midterm Energy Outlook

and Modeling Conference

April 12, 2005
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