
Market Trends

The projections in AE02004 are not statements of
what will happen but of what might happen, given
the assumptions and methodologies used. The
projections are business-as-usual trend forecasts,
given known technology, technological and demo-
graphic trends, and current laws and regulations.
Thus, they provide a policy-neutral reference case
that can be used to analyze policy initiatives. 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
AE02004 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, analytical processes in the examination of policy
initiatives.



Trends in Economic Activity

Strong Economic Growth
Is Expected To Continue

Service Sectors Lead Output Growth,
Industrial Output Growth Is Slower

Figure 39. Sectoral composition of output
growth rates, 2002-2025 (percent per year)

Figure 38. Average annual growth rates of
real GDP and economic factors, 1995-2025 (percent)
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The output of the Nation's economy, measured by
gross domestic product (GDP), is projected to grow by
3.0 percent per year between 2002 and 2025 (with
GDP based on 1996 chain-weighted dollars) (Figure
38). The projected growth rate is slightly lower than
the 3.1-percent rate projected in AE02003. The labor
force is projected to increase by 0.9 percent per year
between 2002 and 2025, slightly lower than last
year's forecast for the same period. Labor productiv-
ity growth in the nonfarm business sector is projected
at 2.3 percent per year, compared with 2.2 percent per
year in AE02003.

Compared with the second half of the 1990s, the pro-
jected rates of growth in GDP and nonfarm employ-
ment are much lower for 2000-2005, reflecting
present economic uncertainties. They are expected to
pick up as the economy moves back to its long-term
growth path between 2005 and 2010. Total popula-
tion growth (including armed forces overseas) is
expected to remain fairly constant after 2002,
growing by 0.8 percent per year on average. Labor
force growth is expected to slow as a result of demo-
graphic changes, but more people over 65 are
expected to remain in the work force. Nonfarm busi-
ness productivity growth has been strong recently,
averaging 2.6 percent per year from 1995 to 2002.
That trend is expected to continue through 2004, and
productivity growth from 2005 to 2025 is expected to
average above 2 percent per year. Disposable income
is projected to grow by 3.0 percent and disposable
income per capita by 2.2 percent per year. Nonfarm
employment is projected to grow by 1.1 percent per
year, and employment in manufacturing is projected
to shrink by 0.1 percent per year.

From 2002 to 2025, industrial output is projected to
grow by 2.6 percent per year, compared with 3.2-
percent average annual growth in the services sector
(Figure 39). Manufacturing output is projected to
grow by 2.8 percent per year and nonmanufacturing
output (agriculture, mining, and construction) by 1.8
percent per year. The energy-intensive manufactur-
ing sectors, which include food and intermediate
goods [101], are expected to grow more slowly (1.6
percent a year) than the non-energy-intensive manu-
facturing sectors (3.2 percent a year). Productivity
improvement is projected to be slower in the
energy-intensive sectors, and higher energy prices
are expected to have a greater impact, because the
energy-intensive sectors are more sensitive to energy
price increases. The industrial sector's share of total
output is expected to fall from 35 percent in 2002 to
34 percent in 2010 and 32 percent in 2025. The manu-
facturing share of total output is projected to fall from
27 percent in 2002 to 26 percent in 2010 and remain
at that level through 2025 (Figure 40).

Figure 40. Sectoral composition of gross output,
2002, 2010, and 2025 (billion 1996 dollars)
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Trends in Economic Activity

High and Low Growth Cases Reflect
Uncertainty of Economic Growth

Long-Run Trend Shows U.S. Economic
Growth of About 3 Percent per Year

Figure 41. Average annual real growth rates of
economic factors in three cases, 2002-2025 (percent)
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Figure 42. Average annual GDP growth rate,
1970-2025 (percent, 23-year moving average)
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To reflect the uncertainty in forecasts of economic
growth, AE02004 includes high and low economic
growth cases in addition to the reference case (Figure
41). The high and low growth cases show the pro-
jected effects of alternative growth assumptions on
energy markets. Economic variables in the alterna-
tive cases-including GDP and its components,
interest rates, disposable income, productivity, popu-
lation, and employment-are modified 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 (1.4 percent per year),
and productivity (2.7 percent per year). With higher
productivity gains, inflation and interest rates are
projected to be lower than in the reference case, and
economic output is projected to grow by 3.5 percent
per year. GDP per capita is expected to grow by 2.4
percent per year, compared with 2.1 percent in the
reference case.

The low economic growth case assumes lower growth
rates for population (0.6 percent per year), employ-
ment (0.9 percent per year), and productivity (1.8 per-
cent 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 2.4 percent
per year from 2002 through 2025, and growth in GDP
per capita is projected to average only 1.8 percent per
year.

Figure 42 shows the trend in the moving 23-year
average annual growth rate for GDP, including pro-
jections for the three AE02004 cases. The value for
each year is calculated as the annual compound
growth rate over the preceding 23 years. The 23-year
average shows major long-term trends in GDP
growth by smoothing more volatile year-to-year
changes (although the increase shown for 1997-1998
reflects the negative growth of 1974-1975). Annual
GDP growth has fluctuated considerably around the
trend. The high and low growth cases capture the
potential for different paths of long-term output
growth.

One reason for the variability of the forecasts is the
composition of economic output, reflected by growth
rates of consumption and investment relative to over-
all GDP growth. In the reference case, consumption is
projected to grow by 3.0 percent per year, while
investment grows at a 4.8-percent annual rate. In the
high growth case, with relatively lower interest rates,
growth in investment is projected to average 5.5 per-
cent per year. Higher investment rates lead to faster
capital accumulation and higher productivity gains,
which, coupled with higher labor force growth, yield
higher aggregate economic growth than projected in
the reference case. In the low growth case, with rela-
tively higher interest rates, annual growth in invest-
ment expenditures is projected to average only 3.7
percent. Lower investment growth rates imply slower
capital accumulation. With the labor force also grow-
ing more slowly, aggregate economic growth is
expected to slow considerably relative to that pro-
jected in the reference case.
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International Oil Markets

Projections Vary in Cases With
Different Oil Price Assumptions

Figure 43. World oil prices in three cases, 1970-2025
(2002 dollars per barrel)
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Oil Imports Reach More Than
20 Million Barrels per Day by 2025

Figure 44. U.S. gross petroleum imports by source,
2000-2025 (million barrels per day)
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The historical record shows substantial variability in
world oil prices, and there is similar uncertainty
about future prices. Three AE02004 cases with dif-
ferent price paths allow an assessment of alternative
views on the course of future oil prices (Figure 43). In
the reference case, projected prices initially decline
from current levels through 2005 and then rise by
about 0. 7 percent per year to $2 7 in 2025 (all prices in
2002 dollars per barrel unless otherwise noted). In
nominal dollars, the reference case price is about $51
in 2025. In the low price case, prices are projected to
decline from their high in 2003 to $16.99 in 2005 and
to remain at that level out to 2025. The high price
case projects a price rise of about 2.9 percent per year
from 2002 to 2015, with real prices beginning to level
off at above $34. The projected leveling off in the high
price case is due to the market penetration of alterna-
tive energy supplies that could become economically
viable at that price.

The price projections in the reference and high price
cases are somewhat higher than those in AE02003
[1021. In view of OPEC's recent success in maintain-
ing production cutbacks and raising world oil prices,
it is expected that such market management will con-
tinue in the future. Price projections in the low case
are lower than those in AE02003, reflecting a greater
band of uncertainty across the AE02004 price cases.

World demand for oil is expected to total almost 118
million barrels per day in 2025. The largest growth in
demand is projected for the developing countries of
Asia, at an average rate of 3.0 percent per year.
Increases in production from non-OPEC countries
are expected to continue throughout the forecast.

In the reference case, total U.S. gross oil imports are
projected to increase from 11.5 million barrels per day
in 2002 to 20.7 million barrels per day in 2025 (Figure
44). Crude oil accounts for most of the increase in
imports, because distillation capacity at U.S. refiner-
ies is expected to be about 5 million barrels per day
higher in 2025 than it was in 2002. Net imports of
refined petroleum products still are expected to more
than double over the next two decades.

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.

Imports of light products are expected to more than
double by 2025, to more than 3 million barrels per
day. Most of the projected increase is 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 vol-
umes of light, low-sulfur crude oils.
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Energy Demand

Annual Growth in Energy Use
Is Projected To Continue

Average Energy Use per Person
Increases in the Forecast

Figure 46. Energy use per capita and per dollar of
gross domestic product, 1970-2025 (index, 1970 = 1)

Figure 45. Primary and delivered energy
consumption, excluding transportation use,
1970-2025 (quadrillion Btu)
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Net energy delivered to consumers represents only a
part of total primary energy consumption. Primary
consumption includes energy losses associated with
the generation, transmission, and distribution of elec-
tricity, which are allocated to the end-use sectors (res-
idential, commercial, and industrial) in proportion to
each sector's share of electricity use [1031.

How energy consumption is measured has become
more important over time, as reliance on electricity
has expanded. In 1970, electricity accounted for only
12 percent of energy delivered to the end-use sectors,
excluding transportation. Since then, the growth in
electricity use for applications such as space condi-
tioning, consumer appliances, telecommunication
equipment, industrial machinery, and office equip-
ment has resulted in greater divergence between pri-
mary and delivered energy consumption (Figure 45).
This trend is expected to stabilize in the forecast, as
more efficient generating technologies offset
increased demand for electricity. Both projected pri-
mary energy consumption and delivered energy con-
sumption grow by 1.3 percent per year, excluding
transportation use.

At the end-use sectoral level, tracking of primary
energy consumption is necessary to link specific poli-
cies with overall goals. Carbon dioxide emissions, for
example, are closely correlated with primary energy
consumption. In the development of carbon dioxide
stabilization policies, growth rates for primary energy
consumption are generally more important than
those for delivered energy.

Energy intensity, as measured by energy use per dol-
lar of GDP, is projected to decline at an average
annual rate of 1.5 percent, with efficiency gains and
structural shifts in the economy offsetting growth in
demand for energy services (Figure 46). This rate of
improvement is generally consistent with recent his-
torical experience. With energy prices increasing
between 1970 and 1986, energy intensity declined at
an average annual rate of 2.3 percent, as the economy
shifted to less energy-intensive industries, product
mix changed, and more efficient technologies were
adopted. Between 1986 and 1992, however, when
energy prices were generally falling, energy intensity
declined at an average rate of only 0.7 percent per
year. Since 1992, it has declined on average by 1.9 per-
cent per year.

Energy use per person generally declined from 1970
through the mid-1980s but began to increase as
energy prices declined in the late 1980s and the
1990s. Per capita energy use is projected to increase
in the AE02004 forecast, and the projected demand
for energy services in 2025 is markedly higher than in
2002. The average home in 2025 is expected to be 6
percent larger (1,788 square feet in 2025 versus 1,689
square feet in 2002) and to use electricity more inten-
sively. Personal highway travel and air travel per
capita are expected to average 2.2 percent and 2.3 per-
cent growth per year, respectively, from 2002 to 2025.
The growth in demand for energy services is only par-
tially offset by efficiency gains in the projections, and
as a result primary energy use per capita is projected
to increase by 0.7 percent per year through 2025.

Energy Information Administration / Annual Energy Outlook 2004 69



Energy Demand

Petroleum and Electricity Lead
Growth in Energy Consumption

Figure 47. Delivered energy use by fossil fuel and
primary energy use for electricity generation,
1970-2025 (quadrillion Btu)

U.S. Primary Energy Use Exceeds
136 Quadrillion Btu per Year by 2025

Figure 48. Primary energy consumption by sector,
1970-2025 (quadrillion Btu)
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Consumption of petroleum products, mainly for
transportation, makes up the largest share of primary
energy use in the AE02004 forecast (Figure 47).
Growth in energy demand for transportation aver-
aged 2.0 percent per year in the 1970s but was slowed
in the 1980s by rising fuel prices and new Federal effi-
ciency standards that led to a 2.1-percent annual
increase in average vehicle fuel economy. Fuel econ-
omy gains are projected to slow as a result of stable
fuel prices and the absence of new standards. Growth
in population and travel per capita is expected to
increase demand for gasoline over the forecast.

Through 2007, increased competition, cost reductions
from technological advances, and excess generating
capacity from the recent boom in construction are
projected to reduce average electricity prices. Price
increases are expected after 2008, as higher coal and
natural gas prices raise generation costs. Growth in
electricity use is expected to be slowed by efficiency
improvements and by market saturation of end uses
such as air conditioning in some regional markets.

End-use demand for natural gas is projected to grow
at a slightly slower rate than overall end-use energy
demand, in contrast to the recent trend of more rapid
growth in the use of gas as the industry was deregu-
lated. Natural gas is projected to meet 24 percent of
end-use energy requirements in 2025. End-use
demand for energy from renewables such as wood and
ethanol is projected to increase by 1.9 percent per
year. Geothermal and solar energy use in buildings is
expected to increase by about 2.4 percent per year but
to provide less than 1 percent of the energy used for
space and water heating.

Primary energy use in the reference case is projected
to reach 136.5 quadrillion Btu by 2025, 40 percent
higher than the 2002 level. In the early 1980s, as
energy prices rose, sectoral energy consumption grew
relatively little (Figure 48). Between 1980 and 2002,
however, declining real energy prices contributed to a
marked increase in energy consumption. With higher
energy prices since the late 1990s, energy consump-
tion has again slowed.

In the forecast, energy demand in the residential sec-
tor is projected to grow at one-third the expected
growth rate for GDP and in the commercial sector at
just over one-half the GDP growth rate. Demand for
energy is expected to grow more rapidly in the trans-
portation 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 indus-
tries are projected to cause industrial demand for pri-
mary 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
world oil price case is 13.2 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 total annual energy use in the high eco-
nomic growth case is 15.4 percent greater than in the
low economic growth case.
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Energy Demand

Energy Fuel Shares for Residential
Use Are Expected To Remain Stable

Efficiency Standards Moderate
Residential Energy Use

Figure 50. Residential primary energy consumption
by end use, 1990, 2002, 2010, and 2025
(quadrillion Btu)

Figure 49. Residential primary energy consumption
by fuel, 1970-2025 (percent of total)
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Residential energy use is projected to increase by 25
percent between 2002 and 2025 (10 percent by 2010).
Most (76 percent) of the projected growth is related to
increased use of electricity. Sustained growth in hous-
ing in the South, where almost all new homes use cen-
tral air conditioning, is an important component of
the national trend, along with the penetration of con-
sumer electronics, such as home office equipment and
security systems (Figure 49).

Natural gas use in the residential sector is projected
to grow by 1. 5 percent per year from 2002 to 20 10 and
0.9 percent per year to 2025, maintaining a constant
share of total residential primary energy consump-
tion. Natural gas prices to residential customers are
projected to increase by 9 percent from 2002 to 2025,
remaining competitive with heating oil. The number
of homes heated with natural gas is projected to
increase by more than the number heated with elec-
tricity or oil. Distillate use is projected to fall by 10
percent between 2002 and 2025, as energy efficiency
gains outpace the increase in the number of homes
using home heating oil for space heating applications.

Newly built homes today are, on average, 26 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.

Energy use for space heating, the most energy-
intensive end use in the residential sector, grew by 0. 7
percent per year from 1990 to 2002 (Figure 50).
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 4 percent in 2010 and 9 percent in 2025 relative
to 2002.

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 478 kilowatt-
hours per year. Energy use for refrigeration is
projected to decline by 2. 0 percent per year from 2002
to 2010 and 0.9 percent per year to 2025 as older
refrigerators are replaced with new models. With no
new standards for refrigerators assumed in the
forecast, the decline slows when large numbers of the
older, less efficient units have been replaced.

The "all other" category (including small appliances
such as personal computers, dishwashers, clothes
washers, and dryers), which grew by 3.3 percent per
year from 1990 to 2002 and accounted for 29 percent
of residential primary energy use in 2002, is projected
to account for 37 percent in 2025. Voluntary stan-
dards, both within and outside the appliance indus-
try, are expected to forestall even larger increases.
Even so, the "all other" category is projected to exceed
other components of residential demand by 2025,
growing at annual rates of 2.8 percent from 2002 to
2010 and 2.1 percent from 2002 to 2025.
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Energy Demand

Available Technologies Can Slow
Growth in Residential Energy Use

Figure 51. Efficiency indicators for selected
residential appliances, 2002 and 2025
(index, 2002 stock efficiency =1)
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Figure 52. Commercial primary energy
consumption by fuel, 1970-2025 (percent of total)
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The AE02004 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 2002 stock, ensuring an increase in stock effi-
ciency (Figure 51) 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 tend to
restrict their market penetration. For example, con-
densing technology for natural gas furnaces, which
reclaims heat from exhaust gases, can raise efficiency
by more than 20 percent over the current standard;
and variable-speed scroll compressors for air condi-
tioners and refrigerators can increase their efficiency
by 50 percent or more. In contrast, there is little room
for efficiency improvements in electric resistance
water heaters, because the technology is approaching
its thermal limit.

Projected energy use trends in the commercial sector
show stable shares for all fuels, with growth in overall
consumption slowing from its pace over the past three
decades (Figure 52). Commercial energy use, includ-
ing electricity-related losses, is projected to grow by
1.7 percent per year between 2002 and 2025, slightly
faster than the projected growth rate for commercial
floorspace of 1.5 percent. Energy consumption per
square foot is projected to show little increase, with
efficiency standards, voluntary government pro-
grams aimed at improving efficiency, and other tech-
nology improvements expected to balance the effects
of a projected increase in demand for electricity-based
services and generally stable or declining fuel prices.

Electricity accounted for 76 percent of commercial
primary energy consumption in 2002, and its share is
projected to increase to 79 percent in 2025. Expected
efficiency gains in electric equipment are projected to
be offset by the continuing penetration of new tech-
nologies and greater use of office equipment. Natural
gas, which accounted for 18 percent of commercial
energy consumption in 2002, is projected to decline to
a 16-percent share by the end of the forecast. Distil-
late fuel oil made up only 3 percent of commercial
demand in 2002, down from 6 percent in the years
before deregulation of the natural gas industry. The
fuel share projected for distillate remains at 3 percent
in 2025, as fuel oil continues to compete with natural
gas for space and water heating uses. With stable
prices projected for conventional fuels, no appreciable
growth in the share of renewable energy in the com-
mercial sector is anticipated.
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Energy Demand

Lighting Is the Commercial Sector's
Most Important Energy Application

Industrial Energy Use Could Grow by
33 Percent by 2025

Figure 54. Industrial primary energy consumption
by fuel, 1970-2025 (quadrillion Btu)
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Figure 53. Commercial primary energy consumption
by end use, 2002, 2010, and 2025 (quadrillion Btu)
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Through 2025, lighting is projected to remain the
most important individual end use in the commercial
sector 11041. Energy use for lighting is projected to
increase slightly, as growth in lighting requirements
outpaces adoption of more energy-efficient lighting
equipment. Efficiency of space heating, space cooling,
and water heating is also expected to improve, moder-
ating growth in overall commercial energy demand. A
projected increase in building shell efficiency, which
affects the energy required for space heating and cool-
ing, contributes to the trend (Figure 53).

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 4.1 percent per year and for other office
equipment, such as copiers, fax machines, and larger
computers, by 4.3 percent per year through 2025, The
projected growth in electricity use for office equip-
ment reflects a trend toward more powerful equip-
ment, increases in the market for commercial
electronic equipment, and, while electricity prices
fluctuate somewhat (declining in the early years 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 1.3 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, and vend-
ing machines. Annual growth of 2.3 percent is
expected for the "all other" category.

1970 1980 1990 2002 2015 2025

From 1970 to 1986, with demand for coking coal
reduced by declines in steel production and with natu-
ral gas use falling as a result of end-use restrictions
and curtailments, electricity's share of industrial en-
ergy use increased from 23 percent to 33 percent. The
natural gas share fell from 32 percent to 24 percent,
and coal's share fell from 16 percent to 9 percent.
After 1986, natural gas began to recover its share as
end-use regulations were lifted and supplies became
more certain and less costly. As on-site cogeneration
increased, the share of industrial delivered energy use
made up by purchased electricity leveled off.

Primary energy use in the industrial sector-which
includes the agriculture, mining, and construction
industries in addition to traditional manufactur-
ing-is projected to increase by 1.2 percent per year
(Figure 54). Electricity (for machine drive and some
production processes) and natural gas (given its ease
of handling) are the major energy sources for heat and
power in the industrial sector. Industrial purchased
electricity use is projected to increase by 43 percent
from 2002 to 2025, with competition in the generation
market keeping electricity prices low. Despite a pro-
jected increase in natural gas prices after 2002, its use
for energy in the industrial sector is expected to
increase by 15 percent from 2002 to 2010 and by 41
percent from 2002 to 2025. Petroleum use for energy
in the industrial sector is projected to grow by 19 per-
cent from 2002 to 2025. Coal use is expected to decline
by 3 percent from 2002 to 2010 and by 8 percent from
2002 to 2025, as new steelmaking technologies con-
tinue to reduce demand for metallurgical coal. Coal
use for boiler fuel and as a substitute for coke in
steelmaking remains essentially flat.

Energy Information Administration / Annual Energy Outlook 2004 73



Energy Demand

Industrial Energy Use Grows Steadily
in the Projections

Figure 55. Industrial primary energy consumption
by industry category, 1998-2025 (quadrillion Btu)
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Figure 56. Components of improvement in
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(index, 2002 = 1)
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About 70 percent of the energy consumed in the
industrial sector is used to provide heat and power for
manufacturing. The remainder is approximately
equally distributed between nonmanufacturing heat
and power uses and nonfuel uses, such as raw materi-
als and asphalt (Figure 55).

Nonfuel use of energy (feedstocks and asphalt) in the
industrial sector is projected to grow at the same rate
as heat and power consumption (1.2 percent per
year). The feedstock portion of nonfuel use is pro-
jected to grow by 1.2 percent per year, slower than the
growth in output in the bulk chemical industry (1.6
percent through 2025), because of changes in the
product mix. In 2025, feedstock consumption is
projected to be 4.9 quadrillion Btu. Asphalt use is pro-
jected to grow by 1.3 percent per year to 1.7 quadril-
lion Btu in 2025. The construction industry is the
principal consumer of asphalt for paving and roofing.
Asphalt use does not grow as rapidly as construction
output (2.2 percent per year through 2025), because
not all construction activities require asphalt.

Petroleum refining, chemicals, and pulp and paper
are among the largest end-use consumers of energy
for heat and power in the manufacturing sector.
These three energy-intensive industries used 8.1
quadrillion Btu of delivered energy in 2002. The
major fuels used in petroleum refineries are still gas,
natural gas, and petroleum coke. In the chemical
industry, natural gas accounts for approximately 55
percent of the delivered energy consumed for heat
and power. The pulp and paper industry uses the
most renewables, in the form of wood and spent
liquor.

Changes in industrial energy intensity (consumption
per unit of output) can be separated into two effects.
One component reflects underlying increases in
equipment and production efficiencies; the other
arises from structural changes in the composition of
industrial value of shipments. Since 1970, the use of
more energy-efficient technologies, combined with
relatively low growth in the energy-intensive indus-
tries, has dampened growth in industrial energy con-
sumption. Thus, despite a 41-percent increase in
industrial shipments, total energy use in the sector
grew by only 1 percent between 1980 and 2002.
Energy consumption is projected to grow more slowly
than industrial shipments in the AE02004 reference
case.

Industrial value of shipments is projected to grow by
2.6 percent between 2002 and 2025. The share of total
industrial shipments attributed to the energy-
intensive industries is projected to fall from 21 per-
cent in 2002 to 17 percent in 2025. Consequently,
even if no specific industry experienced a decline in
intensity, aggregate industrial energy intensity
would decline. Figure 56 shows projected changes in
energy intensity due to structural effects and effi-
ciency effects separately [105]. From 2002 to 2025,
industrial delivered energy intensity is projected to
drop by 26 percent. The changing composition of
industrial output is expected to result in a drop in
energy intensity of approximately 17 percent by 2025.
Thus, two-thirds of the expected change in delivered
energy intensity for the sector is attributable to struc-
tural shifts and the remainder to changes in energy
intensity associated with projected increases in equip-
ment and production efficiencies.

0
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Energy Demand

Alternative Fuels Make Up 2.1 Percent
of Light-Duty Vehicle Fuel Use in 2025

Figure 57. Transportation energy consumption
by fuel, 1975, 2002, 2010, and 2025 (quadrillion Btu)
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Average Horsepower for New Cars
Is Projected To Grow by 24 Percent

Figure 58. Transportation stock fuel efficiency
by mode, 2002-2025 (index, 2002 = 1)
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Energy demand for transportation is projected to
grow from 26.8 quadrillion Btu in 2002 to 41.2 qua-
drillion Btu in 2025 (Figure 57). Petroleum products
dominate energy use in the sector. In the reference
case, motor gasoline use increases by 1.8 percent per
year from 2002 to 2025, when it makes up 60 percent
of transportation energy use. Alternative fuels are
projected to displace 136,800 barrels of oil equivalent
per day [ 106] in 20 10 and 166,500 barrels per day (2. 1
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 gasoline prices and slower fuel effi-
ciency gains for conventional light-duty vehicles
(cars, vans, pickup trucks, and sport utility vehicles)
than were achieved during the 1980s.

Assumed industrial output growth of 2.6 percent per
year from 2002 to 2025 leads to an increase in freight
transport, 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 2.3 percent from 2002 to 2025 and a
1.8-percent average annual increase in jet fuel use.

In the forecast, energy prices directly affect the level
of oil use through travel costs and average vehicle fuel
efficiency. Most of the price sensitivity is seen as vari-
ations in motor gasoline use in light-duty vehicles,
because the stock of light-duty vehicles turns over
more rapidly than do the stocks for other modes of
travel. In the high world oil price case, gasoline use
increases by 1.2 percent per year, compared with 2.1
percent per year in the low oil price case.

0.8- 1
1985 1995 2002 2015 2025

Fuel efficiency is projected to improve more slowly
from 2002 to 2025 than it did during the 1980s. Fuel
economy for the light-duty vehicle stock is projected
to improve by 6 percent, and for the stock of freight
trucks from 6.0 miles per gallon in 2002 to 6.5 in 2025
(Figure 58). A larger gain (22.2 percent) is expected
for aircraft. Fuel economy standards for cars are
assumed to stay at current levels and light truck stan-
dards increase to 22.2 miles per gallon by 2007 [1071.
Projected 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 23.9 percent above the 2002 aver-
age in 2025 (Table 20). Advanced technologies and
materials are expected to provide increased perfor-
mance and size while improving new vehicle fuel
economy [1081. Advanced technologies are projected
to boost the average fuel economy of new light-duty
vehicles by about 1.5 miles per gallon, to 25.3 miles
per gallon, in 2010 and by about 3 miles per gallon, to
26.9 miles per gallon, in 2025.

Table 20. New car and light truck horsepower
ratings and market shares, 1990-2025

Cars Light trucks
Year Small Medium Larme Small Medium Larme

1990
Horsepower
Sales share
2000
Horsepower
Sales share
2010
Horsepower
Sales share
2025
Horsepower
Sales share

119 145 176
0.60 0.28 0.12

145 177 221
0.50 0.35 0.15

176 217 251
0.50 0.35 0.15

192 237 269
0.50 0.35 0.15

132 157 185
0.48 0.21 0.30

173 185 229
0.30 0.34 0.36

213 216 280
0.30 0.34 0.35

224 221 286
0.30 0.34 0.35
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New Technologies Promise Better
Vehicle Fuel Efficiency

Figure 59. Technology penetration by mode
of travel, 2025 (percent)

Advanced Technologies Could Reach
19 Percent of Sales by 2025

Figure 60. Sales of advanced technology light-duty
vehicles by fuel type, 2010 and 2025
(thousand vehicles sold)Light-duty vehicles
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New automobile fuel economy is projected to remain
relatively constant through 2010 but to increase to
30.8 miles per gallon in 2025 as a result of advances in
fuel-saving technologies (Figure 59). Three of the
most promising would provide more than 4 percent
higher fuel economy each: advanced drag reduction,
variable valve timing and lift, and technologies that
reduce internal engine friction. Advanced drag reduc-
tion reduces air resistance over the vehicle; variable
valve timing optimizes the timing of air intake into
the cylinder with the spark ignition during combus-
tion; and reduced engine friction increases engine
efficiency through more efficient 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 6.7 miles
per gallon in 2002 to 7.1 miles per gallon in 2025.

New aircraft fuel efficiencies are projected to increase
by 16 percent from 2002 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.

2010 2025

Advanced technology vehicles, representing automo-
tive technologies that use alternative fuels or require
advanced engine technology, are projected to reach
3.9 million vehicle sales per year and make up 19.0
percent of total light-duty vehicle sales in 2025. Alco-
hol flexible-fueled vehicles are projected to continue
to lead advanced technology vehicle sales, at 1.4 mil-
lion vehicles in 2025 (Figure 60). Hybrid electric
vehicles, introduced into the U.S. market by two man-
ufacturers in 2000, are anticipated to sell well:
750,000 units are projected to be sold in 2010, increas-
ing to 1.1 million units in 2025. Sales of turbo direct
injection diesel vehicles are projected to increase to
716,000 units in 2010 and 1 million 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 AE02004 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.
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Energy Demand in Alternative Technology Cases

Alternative Cases Analyze Effects of
Advances in Technology

Figure 61. Variation from reference case
primary energy use by sector in two alternative
cases, 2010, 2020, and 2025 (quadrillion Btu)
4- Resid

colnin3- Indi
2- Transpor

1 - - I I
0

-1 -
-2-
-3-

Advanced Technologies Could Reduce
Residential Energy Use by 19 Percent

Figure 62. Variation from reference case primary
residential energy use in three alternative cases,
2002-2025 (quadrillion Btu)
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The availability and market penetration of new, more
efficient technologies are uncertain. Alternative cases
for each sector, based on a range of assumptions
about technological progress, show the effects of
these assumptions (Figure 61). The alternative cases
assume that current equipment and building stan-
dards are met but do not include feedback effects on
energy prices or on economic growth.

For the residential and commercial sectors, the 2004
technology case holds equipment and building shell
efficiencies at 2004 levels. The best available technol-
ogy case assumes that the most energy-efficient
equipment and best residential building shells avail-
able are chosen for new construction each year
regardless of cost, and that the efficiencies of existing
residential and all commercial building shells
improve from their reference case levels. The high
technology case assumes earlier availability, lower
costs, and higher efficiencies for more advanced tech-
nologies than in the reference case.

The 2004 technology cases for the industrial and
transportation sectors and the high technology case
for the industrial sector use the same assumptions as
the buildings sector cases. For transportation, the
high technology assumptions include lower costs and
improved efficiencies for advanced light-duty vehicles
and aircraft technologies and improved efficiencies
for conventional light-duty vehicles, freight trucks,
and air, rail, and marine travel, as reflected in several
studies of potential improvement in transportation
technologies [1091.

The AE02004 reference case includes the effects of
several different policies aimed at increasing residen-
tial end-use efficiency, including minimum efficiency
standards and voluntary energy savings programs to
promote energy efficiency through innovations in
manufacturing, building, and mortgage financing. In
the 2004 technology case, assuming no increase in
efficiency of equipment or building shells beyond that
in 2004, 2 percent more energy would be required in
2025 than in the reference case (Figure 62).

In the best available technology case, assuming that
the most energy-efficient technology considered is
always chosen regardless of cost, projected residential
primary energy use in 2025 is 19 percent lower than
in the reference case and 20 percent lower than in the
2004 technology case. Through 2025, projected addi-
tional investment of $367 billion relative to that in
the reference case would be necessary to save a pro-
jected $144 billion in energy costs in the best available
technology case [1101.

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 dis-
count rates used to determine the purchased effi-
ciency of all residential appliances in the high
technology case do not vary from those used in the
reference case; that is, consumers value efficiency
equally across the two cases. Energy consumption in
2025 in the high technology case is projected to be 5
percent lower than in the reference case; however,
the savings are not as great as those projected in the
best available technology case.
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Energy Demand in Alternative Technology Cases

Advanced Technologies Could Slow
Electricity Sales Growth for Buildings

Figure 63. Buildings sector electricity generation
from advanced technologies in alternative cases,
2010-2025 (percent change from reference case)
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Advanced Technologies Could Reduce
Commercial Energy Use by 15 Percent

Figure 64. Variation from reference case primary
commercial energy use in three alternative cases,
2002-2025 (quadrillion Btu)
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Alternative technology cases for the buildings sectors
include a range of assumptions for the availability
and market penetration of advanced distributed gen-
eration technologies (solar photovoltaic systems, fuel
cells, and microturbines). Some of the heat produced
by fossil-fuel-fired generating systems may be used to
satisfy heating requirements, increasing system effi-
ciency and the attractiveness of the advanced tech-
nologies, particularly in alternative cases with more
optimistic technology assumptions.

In the high technology case, buildings are projected to
generate 8 billion kilowatthours (38 percent) more
electricity in 2025 than in the reference case (Figure
63), most of which offsets residential and commercial
electricity purchases. In the best available technology
case, projected electricity generation in buildings in
2025 is 30 billion kilowatthours (153 percent) higher
than in the reference case. In the 2004 technology
case, assuming no further technological progress or
cost reductions after 2004, electricity generation in
buildings in 2025 is 9 billion kilowatthours (46 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.

The AE02004 reference case incorporates efficiency
improvements for commercial equipment and build-
ing shells, limiting commercial energy intensity
(energy use per square foot of floorspace) to a 0.2-
percent annual increase over the forecast. The 2004
technology case assumes that future equipment and
building shells will be no more efficient than those
available in 2004. The high technology case assumes
earlier availability, lower costs, and higher efficien-
cies for more advanced equipment than in the refer-
ence case and more rapid improvement in building
shells. The best available technology case assumes
that only the most efficient technologies will be cho-
sen, regardless of cost, and that building shells will
improve at a faster rate than assumed in the high
technology case.

In the 2004 technology case, projected energy use in
2025 is 4 percent higher than the 25.9 quadrillion Btu
used in the reference case (Figure 64), as a result of an
0.4-percent average annual increase in commercial
primary energy intensity. The high technology case
projects an additional 5-percent energy savings in
2025 relative to the reference case, with little change
in primary energy intensity from 2002 to 2025. In the
best available technology case, commercial primary
energy intensity is projected to improve by 0.5 per-
cent per year, and projected energy use in 2025 is 15
percent lower than in the reference case. More opti-
mistic assumptions result in additional projected
energy savings from both renewable and conven-
tional fuel-using technologies. In 2025, commercial
solar photovoltaic systems are projected to generate
86 percent more electricity in the high technology
case than in the reference case.
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Energy Demand in Alternative Technology Cases

Alternative Technology Cases Show
Range of Industrial Efficiency Gains

Figure 65. Industrial primary energy intensity
in two alternative cases, 1998-2025 (index, 2002 = 1)

Vehicle Technology Advances Reduce
Transportation Energy Demand

Figure 66. Changes in key components of the
transportation sector in two alternative cases, 2025
(percent change from reference case)
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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 (3.8
percent per year), driven primarily by investment and
export-related demand, is a key factor. In the refer-
ence case, this non-energy-intensive group of indus-
tries is projected to grow more than twice as fast as
the energy-intensive sectors (1.6 percent per year).

In the high technology case, 2.2 quadrillion Btu less
energy is projected to be used in 2025 than for the
same level of output in the reference case. Industrial
primary energy intensity is projected to improve by
1.5 percent per year through 2025 in this case, com-
pared with 1.3-percent annual improvement in the
reference case (Figure 65). Industrial cogeneration
capacity is projected to increase more rapidly in the
high technology case (3.2 percent per year) than in
the reference case (2.4 percent per year).

In the 2004 technology case, industry is projected to
use 2.3 quadrillion Btu more energy in 2025 than in
the reference case. Energy efficiency remains at the
level achieved by new equipment in 2004, but average
efficiency still improves as old equipment is retired.
Aggregate industrial energy intensity is projected to
decline by 1.1 percent per year because of reduced
efficiency gains. The change in industrial structure is
the same in the 2004 technology and high technology
cases as in the reference case, because the same mac-
roeconomic assumptions are used for the three cases.
Industrial cogeneration capacity is projected to
increase by 2.2 percent per year from 2002 to 2025 in
the 2004 technology case.

Light- Light- Freight Freight Aircraft Aircraft
duty duty truck truck efficiency fuel use
mpg fuel use mpg fuel use

The transportation high technology case assumes
lower costs and higher efficiencies for new
technologies. Projected energy use for transportation
is 1. 7 quadrillion Btu (4.2 percent) lower in 2025 than
in the reference case. In 2025, about 49 percent (0.9
quadrillion Btu) of the difference is attributed to the
improved efficiency of light-duty vehicles. Advances
in conventional technologies and in vehicle attributes
for advanced technologies are projected to raise the
average efficiency of the light-duty vehicle fleet to
21.8 miles per gallon, as compared with a projected
increase to 20.9 miles per gallon in the reference case
(Figure 66).

Projected fuel demand for freight trucks in 2025 is 0.3
quadrillion Btu lower in the high technology case
than in the reference case, and the projected stock
efficiency is 4.6 percent higher. Advanced aircraft
technologies are also projected to improve aircraft
efficiency by 12 percent above the reference case pro-
jection, reducing the projected fuel use for air travel
in 2025 by 0.5 quadrillion Btu.

In the 2004 technology case, with new technology effi-
ciencies fixed at 2004 levels, efficiency improvements
can result only from stock turnover. In 2025, the total
projected energy demand for transportation is 2.4
quadrillion Btu (5.8 percent) higher than in the refer-
ence case. The average fuel economy of new light-duty
vehicles is projected to be 24.8 miles per gallon in
2025 in the 2004 technology case, 2.1 miles per gallon
lower than projected in the reference case.
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Electricity Sales

Electricity Use Is Expected To Grow
More Slowly Than GDP

Figure 67. Population, gross domestic product, and
electricity sales, 1965-2025 (5-year moving average
annual percent growth)
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Continued Growth in Electricity Use
Is Expected in All Sectors

Figure 68. Annual electricity sales by sector,
1970-2025 (billion kilowatthours)
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As generators and combined heat and power plants
adjust to the evolving structure of the electricity mar-
ket, they face slower growth in demand than in the
past. Historically, demand for electricity has been
related to economic growth; that positive relationship
is expected to continue, but the ratio is uncertain.

During the 1960s, electricity demand grew by more
than 7 percent per year, nearly twice the rate of eco-
nomic growth (Figure 67). In the 1970s and 1980s,
however, the ratio of electricity demand growth to
economic growth declined to 1.5 and 1.0, respectively.
Several factors have contributed to this trend, includ-
ing increased market saturation of electric appli-
ances, improvements in equipment efficiency and
utility investments in demand-side management
programs, and more stringent equipment efficiency
standards. Throughout the forecast, growth in
demand for office equipment and personal comput-
ers, among other equipment, is offset by slowing
growth or reductions in demand for space heating and
cooling, refrigeration, water heating, and lighting.
Continued saturation of electric appliances, installa-
tion of more efficient equipment, and the promulga-
tion of efficiency standards are expected to hold
growth in electricity sales to an average of 1.8 percent
per year between 2002 and 2025.

Changing consumer markets could mitigate the
slowing of electricity demand growth seen in the
AE02004 projections. New electric appliances are
introduced frequently. If new uses of electricity are
more substantial than currently expected, they could
offset some or all of the projected efficiency gains.
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Electricity consumption is projected to increase in all
the end-use sectors (Figure 68). The highest growth
rate is projected for the commercial sector, at 2.2 per-
cent per year from 2002 to 2025, compared with 1.6
percent for industrial and 1.4 percent for residential
electricity demand. Residential demand, which grew
faster in the past, varies by season, day, and time of
day. Driven by summer peaks, the periodicity of resi-
dential demand increases the peak-to-average load
ratio for load-serving entities, which must rely on
quick-starting turbines or internal combustion units
to meet peak demand. From 2000 to 2003, 69
gigawatts of peaking capacity was added-more than
the total additions of 59 gigawatts of peaking capacity
projected for 2004 to 2025.

The projected growth in commercial and industrial
electricity demand from 2002 to 2025 (2.2 and 1.6 per-
cent per year, respectively) will require significant
additions of baseload generating capacity. From 2000
to 2003, 112 gigawatts of combined-cycle capacity,
which is efficient in both baseload and cycling applica-
tions, was installed. As a result, only about 12
gigawatts of currently unplanned baseload capacity is
projected to be added from 2004 to 2010. After 2010,
more rapid growth in baseload capacity is expected.

In addition to sectoral sales, combined heat and
power plants in 2002 produced 134 billion kilowatt-
hours for their own use in industrial and commercial
processes, such as petroleum refining and paper man-
ufacturing. Combined heat and power generation is
expected to increase to 210 billion kilowatthours in
2025, as demand for manufactured products
increases.
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Electricity Generating Capacity

Recent Surge in Capacity Additions
Is Expected To Meet Near-Term Needs

Figure 69. Additions to electricity generating
capacity, 1999-2003 (gigawatts)
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Retirements and Rising Demand Are
Expected To Require New Capacity

Figure 70. New generating capacity and
retirements, 2002-2025 (gigawatts)
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From 1960 to 1969, U.S. power suppliers brought 180
gigawatts of new generating capacity on line-an
average of 18 gigawatts per year-and over the next 5
years, from 1970 to 1974, the pace doubled to an aver-
age of 36 gigawatts per year. Nearly 314 gigawatts of
new capacity was brought on between 1970 and 1979,
almost 75 percent more than in the previous 10 years.
New capacity additions slowed to 172 gigawatts in the
1980s and 84 gigawatts in the 1990s, and by the mid-
to late 1990s, many regions of the country needed or
were close to needing new capacity in order to meet
consumer requirements reliably.

In 2000 and 2001, higher wholesale electricity prices
sent strong signals to power plant developers that
supplies were tightening, and they embarked on a
dramatic building campaign. Although they had not
built 20 gigawatts of new capacity in a single year
since 1985, they built 27 gigawatts in 2000, 42
gigawatts in 2001 and 72 gigawatts in 2002 and are on
pace to build 45 gigawatts in 2003 (Figure 69). More
recently, however, developers have reported that they
are delaying or canceling planned plants. New addi-
tions slowed in 2003, and that trend is expected to
continue in the near term.

Most of the recent additions are natural-gas-fired. Of
the 187 gigawatts added between 2000 and 2003, 175
gigawatts is natural-gas-fired, including 110 giga-
watts of efficient combined-cycle capacity and 65
gigawatts of combustion turbine capacity, which is
used mainly when demand for electricity is high. Only
about 5 gigawatts of new renewable plants-mostly
wind-and less than 1 gigawatt of new coal-fired
capacity were added over the same period.

Although recent capacity additions will meet near-
term needs for electricity generation, more capacity
will be needed eventually, as electricity use grows and
older, inefficient plants are retired. From 2002 to
2025, 356 gigawatts of new generating capacity is
expected to be needed (Figure 70), most of it after
2010, when the current excess supply situation has
subsided. For example, between 2002 and 2010, only
88 gigawatts of new capacity (57 gigawatts of which is
already in development) is projected to be needed-
equivalent to approximately 11 gigawatts of capacity
annually. Between 2011 and 2025, however, the
amount of new capacity needed is projected to grow to
268 gigawatts-an average of 19 gigawatts annually.

In addition to meeting the growing demand for elec-
tricity, new plants will be built to replace older plants
that are expected to be retired. From 2002 to 2025, a
total of 62 gigawatts of capacity is expected to be
retired, virtually all fossil fired. The largest compo-
nent of retirements is expected to be older oil- and
natural-gas-fired steam plants, as well as smaller
amounts of older oil- and natural-gas-fired combus-
tion turbines and coal-fired plants, which are not
competitive with newer natural gas combustion tur-
bine or combined-cycle plants. For oil- and natural-
gas-fired steam plants, 35 out of 134 gigawatts of
existing capacity is expected to be retired. For com-
bustion turbines and coal-fired plants, 15 and 10
gigawatts of capacity are expected to be retired,
respectively. Many older oil- and natural-gas-fired
steam plants have efficiencies less than 30 percent. In
contrast, the efficiencies of new combined-cycle
plants are near 50 percent, and they are expected to
continue to improve.
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Electricity Generating Capacity

Early Capacity Additions Use Natural
Gas, Coal Plants Are Added Later

Figure 71. Electricity generation capacity additions
by fuel type, including combined heat and power,
2002-2025 (gigawatts)
120 - Natural gas

Coal
Renewables

80-

40 . ,= I. L.
0lo

Least Expensive Technology Options
Are Likely Choices for New Capacity

Figure 72. Levelized electricity costs for new plants,
2010 and 2025 (2002 mills per kilowatthour)
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With growing demand after 2010, 356 gigawatts of
new generating capacity (including end-use combined
heat and power) will be needed by 2025, with about
half coming on line between 2016 and 2025. Of the
new capacity, nearly 62 percent is projected to be nat-
ural-gas-fired combined-cycle, combustion turbine, or
distributed generation technology (Figure 71).

As natural gas prices rise later in the forecast, new
coal-fired capacity is projected to become increasingly
competitive, accounting for nearly one-third of all the
capacity expansion expected over the forecast. Two
new coal-fired plants (just over 1 gigawatt of capacity)
are already under construction, scheduled for opera-
tion by 2006. From 2011 to 2025, 105 gigawatts of
new coal-fired capacity is expected to be brought on
line-more than one-half of it after 2020. From 2011
on, coal-fired capacity is expected to account for 40
percent of all capacity additions. Coal additions com-
prise 40 percent of total unplanned additions over the
forecast. Most of the coal capacity is expected to be
advanced pulverized coal. With higher capital costs
and relatively inexpensive fuel, integrated coal gasifi-
cation additions are limited to 6 gigawatts of commer-
cial penetration.

Renewable technologies account for just over 5 per-
cent of expected capacity expansion by 2025-primar-
ily wind and biomass units. Distributed generation,
mostly gas-fired microturbines, is expected to add just
over 12 gigawatts. Oil-fired steam plants, which have
higher fuel costs and lower efficiencies, are not
expected to account for any new capacity in the fore-
cast, other than limited industrial combined heat and
power applications.

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 72) [111]. 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.

The costs (other than fuel) and performance charac-
teristics for new plants are expected to improve over
time (Table 21), at rates that depend on the current
stage of development for each technology. For the
newest technologies, capital costs are initially ad-
justed upward to reflect the optimism inherent in
early estimates of project costs. As project developers
gain experience, the costs are assumed to decline. The
decline continues at a 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 gasification units
declining to 6,350 and 7,200 Btu per kilowatthour,
respectively, by 2010.

Table 21. Costs of producing electricity
from new plants, 2010 and 2025

2010 2025
Advanced Advanced

Advanced combined Advanced combined
Costs coal cycle coal cycle

2002 mills per kilowatthour
Capital
Fixed
Variable
Incremental
transmission
Total

33.77 12.46
4.58 1.36

11.69 32.95

33.62
4.58

11.74

3.26
53.20

12.33
1.36

37.91

2.78
54.38

3.38
53.43

2.89
49.65
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Electricity Fuel Costs and Prices

Natural Gas Fuel Costs Are Expected
To Rise, Coal and Nuclear To Decline

Figure 73. Fuel prices to electricity generators,
1990-2025 (2002 dollars per million Btu)

Average Electricity Prices Decline
From 2001 Highs, Then Gradually Rise

Figure 74. Average U.S. retail electricity prices,
1970-2025 (2002 cents per k ilowatthour)
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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
fossil-fired units. Falling coal prices have reduced the
fuel share of operating costs for coal-fired plants-to
about 74 percent in 2001-whereas volatile prices
and rapidly increasing usage rates have raised the
fuel share for natural-gas-fired combined-cycle
plants, to 90 percent in 2001. For nuclear units, fuel
costs typically are a much smaller portion of total pro-
duction costs. Nonfuel operations and maintenance
costs are a larger component of the operating costs for
nuclear power units than for plants that use fossil
fuels.

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. After recent
price spikes, natural gas prices to electricity suppliers
are projected to rise by 1.2 percent per year in the
forecast, from $3.77 per million Btu in 2002 to $4.92
in 2025 (Figure 73). Sufficient supplies of uranium
and fuel processing services are expected to keep
nuclear fuel costs around $0.40 per million Btu
(roughly 4 mills per kilowatthour) through 2025.
Delivered petroleum prices to utilities are expected to
increase by 0.5 percent per year from 2002 to 2025,
leading to a slight decrease in oil-fired generation.
Despite increasing fuel costs, the market share of
total generation met by natural gas is projected to
increase from 18 percent in 2002 to 23 percent in 2025
due to the greater efficiency of natural gas capacity.

Average U.S. electricity prices, in real 2002 dollars,
are expected to decline by 8 percent, from 7.2 cents
per kilowatthour in 2002 to 6.6 cents in 2008 (Figure
74), and to remain relatively stable until 2011. From
2011 they are projected to increase gradually, by 0.3
percent per year, to 6.9 cents per kilowatthour in
2025, generally following the trend of the generation
component of electricity price, which currently makes
up 64 percent of electricity prices. The distribution
component, accounting for about 28 percent of the
total electricity price, is expected to decline at an
average annual rate of 0.7 percent as the cost of the
distribution infrastructure is spread out over a grow-
ing amount of total electricity sales. Transmission
prices are expected to increase at an average annual
rate of 0.9 percent because of the increased invest-
ment needed to meet the projected growth in
electricity demand. Delivered electricity prices for
residential, commercial, and industrial customers are
projected to fall by 5, 10, and 9 percent, respectively,
from 2002 to 2013 and then to regain about half of
those losses by 2025.

In 2003, 17 States and the District of Columbia had
competitive retail electricity markets in operation.
Four States-Montana, Nevada, New Mexico, and
Oklahoma-have delayed opening competitive retail
markets. Arkansas repealed its restructuring legisla-
tion in February 2003. California's competitive retail
market remains suspended, and some of its large
power contracts have been renegotiated. States have
cited a lack of operational wholesale markets and
inadequate generation and transmission capacity as
reasons for delaying retail competition.
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Electricity From Nuclear Power

Natural Gas Is Expected To Surpass
Nuclear Power in Electricity Supply

Nuclear Power Plant Capacity Factors
Are Expected To Increase Modestly

Figure 75. Electricity generation by fuel,
2002 and 2025 (billion kilowatthours)
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Figure 76. Nuclear power plant capacity factors,
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As they have since early in this century, coal-fired
power plants are expected to remain the key source of
electricity through 2025 (Figure 75). In 2002, coal
accounted for 1,928 billion kilowatthours or 50 per-
cent of total generation, including output at com-
bined heat and power plants. Coal-fired generation is
projected to maintain a 50-percent share through
2010 and grow to 52 percent in 2025 at 3,029 billion
kilowatthours. The huge investment in existing
coal-fired plants and high utilization rates at those
plants are expected to keep coal in its dominant posi-
tion. By 2025, it is projected that 25 gigawatts of
coal-fired capacity will be retrofitted with scrubbers
to comply with environmental regulations. A total of
112 gigawatts of new coal-fired capacity is projected
to be added through 2025, primarily after 2015, when
higher natural gas prices lead to the increasing share
for coal-fired generation. As a result of improvements
in performance and ongoing expansions of existing
capacity, electricity generation from nuclear power
plants is expected to increase modestly through 2017
before leveling off through the remainder of the fore-
cast period.

In percentage terms, natural-gas-fired generation
shows the largest increase in the forecast, from 18
percent of total electricity supply in 2002 to 21 per-
cent in 2010 and 23 percent in 2025. As a result, by
2007, natural gas is expected to overtake nuclear
power as the Nation's second-largest source of elec-
tricity. Generation from oil-fired plants is projected to
remain fairly small throughout the forecast.

The United States currently has 104 operable nuclear
units, which provided 20 percent of total electricity
generation in 2002. The performance of U.S. nuclear
units has improved in recent years, to a national aver-
age capacity factor of 90 percent in 2002 (Figure 76).
It is assumed that these performance improvements
will be maintained as plants age, leading to a
weighted average capacity factor of 91 percent after
2010.

In the reference case, no nuclear units are projected
to be retired from 2002 to 2025. Nuclear capacity
grows slightly due to assumed increases at existing
units. The U.S. Nuclear Regulatory Commission
(NRC) approved 18 applications for power uprates in
2002, and another 9 were approved or pending in
2003. 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
3.9 gigawatts in total nuclear capacity by 2025. No
new nuclear units are expected to become operable
between 2002 and 2025, because natural gas and
coal-fired units are projected to be more economical.

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 licensed
lifetimes. As of October 2003, license renewals for 16
nuclear units had been approved by the NRC, and 16
other applications were being reviewed. As many as
26 additional applicants have announced intentions
to pursue license renewals over the next 3 years, indi-
cating a strong interest in maintaining the existing
stock of nuclear plants.

0
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Electricity From Renewable Sources

Increases in Nonhydropower
Renewable Generation Are Expected

Figure 77. Grid-connected electricity generation
from renewable energy sources, 1970-2025
(billion kilowatthours)
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Figure 78. Nonhydroelectric renewable electricity
generation by energy source, 2002-2025
(billion kilowatthours)
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In the AE02004 reference case, despite improve-
ments and incentives, grid-connected generators that
use renewable fuels (including combined heat and
power and other end-use generators) are projected to
remain minor contributors to U.S. electricity supply,
increasing from 343 billion kilowatthours of genera-
tion in 2002 (9.0 percent of total generation) to 525
billion kilowatthours in 2025 (9.1 percent of genera-
tion). Low precipitation in 2002 held hydroelectric
generation to 260 billion kilowatthours. In the
reference case, conventional hydropower provides
309 billion kilowatthours annually, amounting to
5.3 percent of total generation in 2025 (Figure 77).

Nonhydroelectric renewables account for 6.6 percent
of projected additions to U.S. generating capacity
from 2002 to 2025 and 6.8 percent of the projected
increase in generation. Generation from nonhydro-
power renewables is projected to increase from 83 bil-
lion kilowatthours in 2002 (2.2 percent of generation)
to 216 billion in 2025 (3.7 percent of generation). Bio-
mass is the largest source of nonhydroelectric renew-
able generation in the forecast, including combined
heat and power systems and biomass co-firing in
coal-fired power plants. Electricity output from bio-
mass combustion is projected to increase from 37 bil-
lion kilowatthours in 2002 (1.0 percent of generation)
to 81 billion kilowatthours in 2025 (1.3 percent of
generation). Most of the increase (54 percent) is
expected from combined heat and power and the rest
primarily from dedicated biomass plants. Neverthe-
less, generation using biomass co-fired in coal-burn-
ing plants reaches as much as 16 percent of biomass
generation in 2016 before declining to 6 percent in
2025.

AE02004 projects significant increases in electricity
generation from both wind and geothermal power
(Figure 78). From 4.8 gigawatts in 2002, total wind
capacity is projected to increase to 8.0 gigawatts in
2010 and 16.0 gigawatts in 2025. Generation from
wind capacity is projected to increase from about 11
billion kilowatthours in 2002 (0.3 percent of genera-
tion) to 53 billion in 2025 (0.9 percent). Nevertheless,
the mid-term prospects for wind power are uncertain,
depending on future cost and performance, transmis-
sion availability, extension of the Federal production
tax credit after 2003, other incentives, energy secu-
rity, public interest, and environmental preferences.
Geothermal output, all located in the West, is pro-
jected to increase from 13 billion kilowatthours in
2002 (0.3 percent of generation) to 47 billion in 2025
(0.8 percent).

Generation from municipal solid waste and landfill
gas is projected to increase by nearly 9 billion
kilowatthours, to about 31 billion kilowatthours (0.5
percent of generation) in 2025. No new waste-burn-
ing capacity is expected to be added in the forecast.
Solar technologies are not expected to make signifi-
cant contributions to U.S. grid-connected electricity
supply through 2025. In total, grid-connected photo-
voltaic and solar thermal generators together pro-
vided about 0.6 billion kilowatthours of electricity
generation in 2002 (0.02 percent of generation), and
they are projected to supply nearly 5 billion
kilowatthours (0.08 percent) in 2025 [112].
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Electricity From Renewable Sources

0State Mandates Call for More
Generation From Renewable Energy

Figure 79. Additions of renewable generating
capacity, 2003-2025 (gigawatts)
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With Lower Cost Assumptions, Wind
and Geothermal Capacity Increase

Figure 80. Nonhydroelectric renewable electricity
generation by energy source in four cases,
2010 and 2025 (billion kilowatthours)
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AE02004 projects additions of 23 gigawatts of new
nonhydroelectric renewable generating capacity from
2002 to 2025, including 18 gigawatts in the electric
power sector, 4 gigawatts in combined heat and
power, and 1 gigawatt in small-scale end-use applica-
tions. In the electric power sector, 3.1 gigawatts of
new capacity is projected as a result of State man-
dates (wind power 1.9 gigawatts, geothermal 0.7
gigawatts, biomass 0.3 gigawatts, landfill gas 0.2
gigawatts, and solar photovoltaic plus thermal, 0.1
gigawatts) and the rest from commercial projects
(Figure 79). The commercial projects include 0.08
gigawatts of central-station solar thermal and 0.3
gigawatts of grid-connected central-station photovol-
talc capacity that is assumed to be built for testing,
demonstration, environmental, and other reasons.

In the reference case, a number of States with man-
dates and renewable portfolio standards are projected
to add significant amounts of renewable capacity
after 2002. They include California (1,210 mega-
watts), Minnesota (921 megawatts), Nevada (470
megawatts), Pennsylvania (95 megawatts, built in
West Virginia), Texas (270 megawatts), New Mexico
(205 megawatts), and Massachusetts (175 mega-
watts). Other States with smaller requirements
include Arizona, Connecticut, Illinois, and Wisconsin.
Most identified new capacity is expected to be con-
structed in the near term-43 percent by 2003 and
two-thirds by 2006. Because the Federal production
tax credit for wind plants is scheduled to expire on
December 31, 2003, 1,664 megawatts (58 percent) of
currently planned new wind capacity is projected to
be built before the end of 2003.

The low renewables case assumes that the cost and
performance characteristics for key nonhydropower
renewable energy technologies remain fixed at cur-
rent levels; the high renewables case assumes cost
reductions of 10 percent on a site-specific basis [113];
the DOE goals case assumes lower capital costs,
higher capacity factors, and lower operating costs,
based on the renewable energy goals of the U.S.
Department of Energy [114]. In each case, assump-
tions for nonrenewable technologies are the same as
in the reference case.

In the low renewables case, construction of new
renewable capacity is considerably lower than pro-
jected in the reference case (Figure 80). In the high
renewables case, additions of geothermal, biomass,
and wind capacity are substantially higher than pro-
jected in the reference case, with most of the incre-
mental capacity added between 2010 and 2025;
however, nonhydropower renewables remain rela-
tively small contributors to total generation, at 139
billion kilowatthours (3.1 percent of the total) in 2010
and 334 billion kilowatthours (5.7 percent) in 2025.

In the DOE goals case, still more wind and geother-
mal generating capacity is projected to be added. Geo-
thermal electricity generation in 2010 is lower in the
DOE goals case than in the reference case, but in 2025
it is almost double the reference case projection, at 90
billion kilowatthours, or approximately 1.6 percent of
total generation. Generation from wind power in
2010 is 29 percent higher in the DOE goals case, at 31
billion kilowatthours, than in the reference case, and
in 2025 it is more than six times higher, at 331 billion
kilowatthours or 5.7 percent of total generation.
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Electricity Alternative Cases

* Gas-Fired Technologies Lead New
Additions of Generating Capacity

Figure 81. Cumulative new generating capacity
by technology type in four fossil fuel technology
cases, 2002-2025 (gigawatts)
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Figure 82. Levelized electricity costs for new plants
by fuel type in the advanced nuclear cost case,
2015 and 2025 (2002 cents per kilowatthour)
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The AE02004 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 fossil goals case
assumes improved costs and efficiencies as a result of
accelerated research and development, as specified by
the Department of Energy's Fossil Energy program
goals. The low fossil fuel case assumes no change in
capital costs and heat rates for advanced technologies
from their 2004 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 81). In
the high fossil and fossil goals cases, advanced tech-
nologies are used for 78 percent (213 gigawatts) and
75 percent (182 gigawatts) of projected gas-fired
capacity additions, compared with 19 percent (35
gigawatts) in the low fossil case. The coal share of
total capacity additions varies from 16 percent to 37
percent. In the low fossil case, only a negligible
amount of advanced coal-fired generating capacity is
added. In the high cases, advanced coal technologies
are more competitive, making up almost half of all
coal-fired capacity additions in the high fossil fuel
case and 95 percent in the fossil goals case.

The AE02004 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 advanced nuclear cost cases
analyze the sensitivity of the projections to yet lower
costs for new nuclear power plants. The advanced
nuclear cost case assumes capital and operating costs
10 percent below the reference case in 2025, reflect-
ing a 19-percent reduction in overnight capital costs
from 2005 to 2025. The nuclear goals case assumes
reductions 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 advanced
nuclear cost case are not competitive with the gener-
ating costs projected for new coal- and natural-gas-
fired units, but toward the end of the projection
period the costs assumed in the nuclear goals case are
competitive (Figure 82). No nuclear capacity is added
when costs are reduced by only 10 percent relative to
the reference case, but with the greater reductions
assumed in the nuclear goals case, 26 gigawatts of
new nuclear capacity is added by 2025. The additional
nuclear capacity displaces primarily coal and a
smaller amount of natural gas capacity. The projec-
tions in Figure 82 are average generating costs,
assuming generation at the maximum capacity factor
for each technology; the costs and relative competi-
tiveness of the technologies could vary across regions.
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Electricity Alternative Cases

Rapid Economic Growth Would Boost
New Natural Gas and Coal Capacity

High Demand Increases Capacity
Needs, Particularly for Coal

Figure 84. Cumulative new generating capacity
by type in two cases, 2002-2025 (gigawatts)
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Figure 83. Cumulative new generating capacity
by technology type in three economic growth cases,
2002-2025 (gigawatts)
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The projected annual average growth rate for GDP
from 2002 to 2025 ranges from 3.5 percent in the high
economic growth case to 2.4 percent in the low eco-
nomic growth case. The difference leads to a 5-
percent change in projected electricity demand in
2010 and a 14-percent change in 2025, with a corre-
sponding difference of 138 gigawatts in the amount of
new capacity projected to be built from 2002 to 2025
in the high and low economic growth cases.

More than one-half 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 natural-gas-fired plants. The stronger demand
growth assumed in the high growth case is also pro-
jected to stimulate additions of coal-fired and renew-
able plants, accounting for 23 and 24 percent,
respectively, of the increase in projected capacity
additions in the high economic growth case over those
projected in the reference case (Figure 83). In the low
economic growth case, total capacity additions are
reduced by 65 gigawatts, and 61 percent of that pro-
jected reduction is in coal-fired capacity additions.

Average electricity prices in 2025 are 6 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. Elec-
tricity prices in 2025 in the low economic growth case
are projected to be 5 percent lower than in the refer-
ence case. In the high economic growth case, a 4-
percent increase in consumption of fossil fuels results
in a 4-percent increase in carbon dioxide emissions
from electricity generators in 2025.

Electricity consumption grows in the forecast, but the
projected rate of increase is less than historical rates
because of assumptions made about improvements in
end-use efficiency, demand-side management pro-
grams, and population and economic growth. Differ-
ent assumptions result in substantial changes in
the projections. In a high demand case, electricity
demand is assumed to grow by 2.5 percent per year
from 2002 to 2025, as compared with annual growth
of 2.2 percent per year from 1990 to 1999. In the refer-
ence case, electricity demand is projected to grow by
1.8 percent per year. As a result, electricity demand is
6 percent higher in the high demand case than in the
reference case in 2010 and 18 percent higher in 2025.

In the high demand case, 41 gigawatts more generat-
ing capacity is projected to be built from 2002 to 2010
than in the reference case. The difference grows to
206 gigawatts in 2025 (Figure 84). The shares of coal-
and natural-gas-fired capacity additions in the elec-
tric power sector (including combustion turbine, com-
bined cycle, distributed generation, and fuel cell) are
projected to be 37 percent and 58 percent, respec-
tively, in the high demand case and 33 percent and 61
percent in the reference case. Increases in fossil fuel
consumption of 6 percent in 2010 and 18 percent in
2025 lead to a higher level of carbon emissions from
electricity generators (5 percent higher in 2010 and
18 percent higher in 2025). More rapid growth in elec-
tricity demand also leads to higher projected prices
for electricity in 2025, averaging 7.1 cents per
kilowatthour in the high demand case, compared with
6.9 cents in the reference case. Higher projected fuel
prices, especially for natural gas, are the primary rea-
son for the higher electricity prices.
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Natural Gas Consumption and Prices

Projected Increases in Natural Gas
Use Are Led by Electricity Generators

Figure 85. Natural gas consumption by end-use
sector, 1990-2025 (trillion cubic feet)
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Figure 86. Natural gas prices by end-use sector,
1970-2025 (2002 dollars per thousand cubic feet)
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Total natural gas consumption is projected to in-
crease from 2002 to 2025 in all the AE02004 cases.
The projections for domestic natural gas consump-
tion in 2025 range from 29.1 trillion cubic feet per
year in the low economic growth case to 34.2 trillion
cubic feet in the rapid technology case, as compared
with 22.6 trillion cubic feet in 2002. In the reference
case, natural gas consumption in the electric power
sector is projected to increase from 5.6 trillion cubic
feet in 2002 to 6.7 trillion cubic feet in 2010 and 8.4
trillion cubic feet in 2025 (Figure 85). Demand by
electricity generators is expected to account for 29
percent of total end-use natural gas consumption in
2025, as compared with 27 percent in 2002.

Most new electricity generation capacity is expected
to be fueled by natural gas, because natural-gas-fired
generators are projected to have advantages over
coal-fired generators that include lower capital costs,
higher fuel efficiency, shorter construction lead
times, and lower emissions. Toward the end of the
forecast, however, when natural gas prices rise sub-
stantially, coal-fired power plants are expected to be
competitive for new capacity additions.

Demand growth is also expected in the residential,
commercial, industrial, and transportation sectors. In
the reference case, industrial consumption is pro-
jected to increase from 7.3 trillion cubic feet in 2002 to
8.4 trillion cubic feet in 2010 and 10.3 trillion cubic
feet in 2025. In the residential and commercial sec-
tors, natural gas consumption is projected to increase
by 0.9 percent and 1.1 percent per year, respectively,
from 2002 to 2025.

Prices for natural gas delivered to the end-use sectors
are expected to fall in the early years of the forecast as
wellhead prices decline (Figure 86). After 2006 well-
head prices are projected to start increasing, and
delivered natural gas prices begin to increase in 2012.
The increase in wellhead gas prices is expected to be
offset in part by a projected decline in average trans-
mission and distribution margins.

The average end-use price is projected to increase by
54 cents per thousand cubic feet from 2006 to 2025 (in
constant 2002 dollars), compared with a projected
increase of 97 cents per thousand cubic feet in the
average price of domestic and imported natural gas
supplies. The slower increase in delivered prices
reflects continued depreciation of existing infrastruc-
ture, increased pipeline utilization, and more imports
of LNG directly into end-use markets.

The natural gas transmission and distribution mar-
gin reflects both the volume of gas delivered and the
infrastructure arrangements of the sector. The indus-
trial and electricity generation sectors have the low-
est end-use prices, because they receive most of their
natural gas directly from interstate pipelines, avoid-
ing local distribution charges. Summer-peaking elec-
tric generators reduce transmission costs by using
interruptible transportation rates during the sum-
mer, when there is spare pipeline capacity. As power
generators take a larger share of the natural gas mar-
ket, however, they are expected to rely more on
higher cost firm transportation service. The com-
pressed natural gas vehicle margin is expected to
increase, because the cost of the refueling infrastruc-
ture must be added to serve non-fleet vehicles.
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Natural Gas Production

Unconventional Production Becomes
the Largest Source of U.S. Supply

Growing Production Is Expected
from the Rocky Mountain Region

Figure 87. Natural gas production by source,
1990-2025 (trillion cubic feet)
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Figure 88. Lower 48 onshore natural gas
production by supply region, 1990-2025
(trillion cubic feet)
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As a result of technological improvements and rising
natural gas prices, natural gas production from un-
conventional sources (tight sands, shale, and coalbed
methane) is projected to increase more rapidly than
conventional production. In the reference case, lower
48 unconventional gas production is projected to grow
from 5.9 trillion cubic feet in 2002 to 9.2 trillion cubic
feet in 2025 (Figure 87), increasing from 32 percent of
total lower 48 production in 2002 to 43 percent in
2025. Production of lower 48 nonassociated (NA) con-
ventional natural gas is projected to decline from 10.0
trillion cubic feet in 2002 to 9.5 trillion cubic feet in
2025, as resource depletion causes exploration and
production costs to increase. Offshore NA natural gas
production is projected to fluctuate around 3.7 trillion
cubic feet throughout the forecast, because sufficient
reserves of natural gas must be discovered in an off-
shore region to justify investment in the necessary
production and transportation infrastructure.

Production of associated-dissolved (AD) natural gas
from lower 48 crude oil reserves is projected to
increase from 2.7 trillion cubic feet in 2002 to 3.2 tril-
lion cubic feet in 2008 [1151. After 2008, both onshore
and offshore AD gas production are projected to
decline, and total lower 48 AD gas production falls to
2.6 trillion cubic feet in 2025.

The North Slope Alaska natural gas pipeline is
expected to begin transporting Alaskan gas to the
lower 48 States in 2018. In 2025, total Alaskan gas
production is projected to be 2.7 trillion cubic feet in
the reference case.

In the reference case, total foreign and domestic natu-
ral gas supplies are projected to grow by 3.5 trillion
cubic feet from 2002 to 2010 and by 8.7 trillion cubic
feet from 2002 to 2025. Domestic natural gas produc-
tion is expected account for 57 percent of the total
growth in supply, and net imports are projected to
account for the remaining 43 percent.

Over the forecast period, the largest increase in lower
48 onshore natural gas production is projected to
come from the Rocky Mountain region, predomi-
nantly from the large volume of unconventional
resources located in the region [1161. Rocky Moun-
tain natural gas production is projected to increase
from 3.3 trillion cubic feet in 2002 to 4.6 trillion cubic
feet in 2010 and 6.3 trillion cubic feet in 2025 (Figure
88).

The other lower 48 onshore production regions are
projected either to show moderate increases in pro-
duction, followed by declines after 2020, or to remain
relatively constant through 2020 and decline there-
after. The regional declines after 2020 largely reflect
the depletion of the conventional natural gas resource
base.

Because production from the Rocky Mountain region
is projected to increase throughout the forecast while
the other lower 48 onshore regions do not, Rocky
Mountain production makes up an increasing share
of total lower 48 onshore natural gas production. In
2002, Rocky Mountain production was 24 percent of
total lower 48 onshore production. Its share is pro-
jected to increase to 32 percent in 2010 and 39 percent
in 2025.
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Natural Gas Imports and Wellhead Prices

Net Imports of Natural Gas Grow
in the Projections

Figure 89. Net U.S. imports of natural gas,
1970-2025 (trillion cubic feet)
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Figure 90. Lower 48 natural gas wellhead prices
in three cases, 1985-2025 (2002 dollars
per thousand cubic feet)
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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, imported through U.S. LNG terminals,
account for most of the projected increase in net
imports in the reference case (Figure 89). When
planned expansions at the four existing terminals are
completed, new LNG terminals are projected to start
coming into operation in 2007, and net LNG imports
increase from 0.2 trillion cubic feet in 2002 to 2.2 and
4.8 trillion cubic feet in 2010 and 2025, respectively.

Net imports of natural gas from Canada are projected
to peak at 3.7 trillion cubic feet in 2010, then decline
gradually to 2.6 trillion cubic feet in 2025. The deple-
tion of conventional resources in the Western Sedi-
mentary Basin is expected to reduce Canada's future
production and export potential, and prospects for
significant production increases in eastern offshore
Canada have diminished over the past few years.
There is also considerable uncertainty about the eco-
nomic viability and timing of coalbed methane pro-
duction in western Canada. The reference case does
project that a MacKenzie Delta natural gas pipeline
will begin moving supplies to U.S. buyers in 2009.

Historically, although Mexico has considerable natu-
ral gas resources, the United States has been a net
exporter of gas to Mexico. In the reference case, net
exports of U.S. natural gas to Mexico are projected to
grow until 2006, when imports of natural gas from
western Mexico are projected to begin entering the
United States from an LNG import terminal in Baja
California, Mexico [ 1171.

In the reference case, average lower 48 wellhead nat-
ural gas prices are projected to decline from 2003 lev-
els to $3.40 per thousand cubic feet (2002 dollars) in
2010 and then increase to $4.40 per thousand cubic
feet in 2025 (Figure 90). Technically recoverable nat-
ural gas resources (Table 22) are expected to be ade-
quate to support projected production increases. As
lower 48 natural gas resources are depleted, wellhead
prices increase, causing an increasing proportion of
U.S. natural gas supply to come from Alaska, as well
as imports from Canada and other countries.

In the slow oil and gas technology case, advances in
exploration and production technologies are assumed
to be 50 percent slower than in the reference case. As
a result, natural gas development costs are higher,
wellhead prices are higher ($3.58 and $5.10 per thou-
sand cubic feet in 2010 and 2025), natural gas con-
sumption is reduced, and construction of liquefied
natural gas (LNG) import terminals is advanced rela-
tive to the reference case projections.

The rapid technology case assumes 50 percent faster
technology progress than in the reference case,
resulting in lower development costs, lower wellhead
prices ($3.25 and $3.80 per thousand cubic feet in
2010 and 2025), and increased consumption of natu-
ral gas. LNG imports are reduced in the rapid
technology case, and construction of LNG terminals
is slowed relative to the reference case projections.

Table 22. Technically recoverable U.S. natural gas
resources as of January 1, 2002 (trillion cubic feet)

Proved Unproved Total
183.5 1,096.0 1,279.5
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Natural Gas Alternative Cases

Natural Gas Supply Projections
Reflect Technological Progress

Figure 91. Lower 48 natural gas production
in three cases, 1970-2025 (trillion cubic feet)

Rapid Technology Assumptions Raise
Natural Gas Reserve Projections

Figure 92. Lower 48 natural gas reserves
in three cases, 1990-2025 (trillion cubic feet)
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Because the impacts of technological progress are
cumulative, the rapid and slow technology cases
diverge increasingly from the reference case path in
the later years of the forecast (Figure 91). In the ref-
erence case, lower 48 natural gas production is pro-
jected to total 21.3 trillion cubic feet in 2025. The
corresponding projections are 25.1 trillion cubic feet
in the rapid technology case and 19.5 trillion cubic
feet in the slow technology case.

The cost-reducing effects of rapid technological prog-
ress primarily affect the economic recoverability of
the large resource base of unconventional natural
gas, because the conventional gas resource base is far-
ther along the depletion curve than the unconven-
tional resource base, especially in the later years of
the forecast. In 2025, the rapid and slow technology
cases project 12.9 and 8.4 trillion cubic feet of uncon-
ventional natural gas production, respectively.

The rate of technological progress also affects the con-
tributions of other natural gas supply sources.
Because rapid progress is projected to increase the
rate of production of lower 48 natural gas resources,
both an Alaska gas pipeline and new LNG terminals
are less viable economically in the rapid technology
case than in the reference case, and their construction
is delayed. In the slow technology case, with lower 48
wellhead prices projected to increase more rapidly,
earlier completion is expected for the Alaska pipeline
and for new LNG terminals, and more LNG facilities
are built. Projected LNG imports in 2025 total
3.8 trillion cubic feet in the rapid technology case and
5.5 trillion cubic feet in the slow technology case.

The AE02004 projections for lower 48 natural gas
reserves reflect expected levels of natural Izas well
drilling resulting from projected cash flows and prof-
itability. In the reference case, lower 48 reserves grow
to 204 trillion cubic feet in 2013, remain relatively
constant until 2018, and then decline slowly to 194
trillion cubic feet in 2025 (Figure 92).

In the rapid technology case, the finding and success
rates for gas well drilling are improved and explora-
tion and production costs are reduced, resulting in
more drilling activity and reserve additions. In this
case, lower 48 reserves are projected to peak at 241
trillion cubic feet in 2023, then decline to 239 trillion
cubic feet in 2025.

In the slow technology case, finding and success rates
are lower, exploration and production 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 194 trillion cubic feet
in 2013, then decline to 172 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, and
additions generally exceed production. In later years,
rising costs of gas well development reduce drilling
activity, and resource depletion reduces reserve addi-
tions per well. As a result, total reserves are projected
to decline.
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Oil Prices and Reserve Additions

* Oil Prices Are Expected To Remain
Near Recent Historical Levels

Oil Reserve Projections Are
Sensitive to Oil Price Assumptions

Figure 95. Lower 48 crude oil reserves
in three cases, 1990-2025 (billion barrels)

Figure 93. Lower 48 crude oil wellhead prices
in three cases, 1970-2025 (2002 dollars per barrel)
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Crude oil prices are determined largely in an interna-
tional marketplace by the balance between produc-
tion in OPEC and non-OPEC nations and demand. In
the reference case, the average lower 48 crude oil
price is projected to be $23.61 per barrel in 2010 and
$26.72 per barrel in 2025 (Figure 93). In the high
world oil price case, the lower 48 crude oil price
increases to $32.80 per barrel in 2010 and $34.90 per
barrel in 2025. In the low world oil price case, the
lower 48 price generally declines to $16.36 per barrel
in 2010, then rises to $16.49 per barrel in 2025.

The projections for U.S. petroleum consumption vary
with changes in assumptions about economic growth;
however, larger variations result from changes in
assumptions about world oil prices. Total petroleum
consumption in 2025, projected at 28.3 million barrels
per day in the reference case, ranges from 25.6 to 31.1
million barrels per day in the high and low world oil
price cases (Figure 94).

Figure 94. U.S. petroleum consumption
in five cases, 1970-2025 (million barrels per day)

Lower 48 crude oil reserves are sensitive to crude oil
price projections (Figure 95). In the reference and
high and low world oil price cases, lower 48 oil
reserves decline as resources are depleted. In the low
and high oil price cases, projected lower 48 reserves
are 13.6 and 15.6 billion barrels in 2025, respectively,
compared with 15.0 billion barrels in the reference
case.

The variation in crude oil prices in the world oil price
cases primarily affects the development and produc-
tion of offshore oil resources (Table 23), because
smaller deepwater fields that are not profitable when
price are low are expected to become profitable when
oil prices rise.

Crude oil reserve additions reflect the number of oil
wells completed during the forecast period, the size of
the crude oil resource base (Table 24), and the pace of
technological progress. In the reference case, techno-
logical progress is expected to continue at the histori-
cal rate.

Table 23. Onshore and offshore lower 48 crude oil
production in three cases, 2025 (million barrels
per day)

Onshore Offshore Total

35- History I Projections

30-

25-

20-

15-

10-

Low oil price
$High growth
PReference
,Low growth
High oil price Low oil price

Reference
High oil price

1.87
2.04
2.13

1.68
2.06
2.17

3.55
4.11
4.31

Table 24. Technically recoverable U.S. oil resources
as of January 1, 2002 (billion barrels)

Proved

24
Unproved

130

Total

154
1970 1980 1990 2002 2015 2025
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Oil Production

Lower 48 Crude Oil Production
Is Expected To Decline After 2008

Figure 96. Lower 48 crude oil production by source,
1970-2025 (million barrels per day)
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Figure 97. Lower 48 crude oil production
in three cases, 1990-2025 (million barrels per day)
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In the reference case, total lower 48 crude oil produc-
tion is projected to increase from 4.6 million barrels
per day in 2002 to 5.2 million barrels per day in 2008,
then decline to 4.1 million barrels per day in 2025
(Figure 96). In the low oil price case, lower 48 produc-
tion is projected to peak in 2007 at 5.0 million barrels
per day and decline to 3.6 million barrels per day in
2025. In the high oil price case, lower 48 oil produc-
tion is projected to peak in 2008 at 5.3 million barrels
per day and decline to 4.3 million barrels per day in
2025. The projected peaks in oil production are attrib-
utable to offshore production. In the reference case,
total offshore oil production (including the Gulf of
Mexico and offshore California) rises to 2.5 million
barrels per day in 2008, then declines to 2.1 million
barrels per day in 2025. Oil production in the Gulf of
Mexico is projected to peak in 2009 at 2.4 million bar-
rels per day and decline in the later years of the fore-
cast (Table 25).

Offshore crude oil production is more sensitive than
onshore production to oil prices. In the low and high
oil price cases, lower 48 offshore production is pro-
jected to be 1. 7 and 2.2 million barrels per day, respec-
tively, in 2025. Onshore lower 48 oil production is
projected to decline in all cases, with 2025 values
ranging from 1.9 million barrels per day in the low oil
price case to 2.1 million barrels per day in the high oil
price case.

Table 25. Crude oil production from Gulf of Mexico
offshore, 2002-2025 (million barrels per day)

2002 2010 2015 2020 2025

1990 1995 2002 2010 2015 2020 2025

Lower 48 crude oil production is projected to reach 4.3
and 3.8 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 97). 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 result in dif-
ferent levels of petroleum imports. In 2025, net petro-
leum imports are projected to range from 19.0 million
barrels per day in the rapid technology case to 20.4
million barrels per day in the slow technology case.

In the lower 48 States, offshore crude oil production is
more sensitive than onshore production to changes in
technology. Consequently, as technologies change,
investments are shifted between onshore and off-
shore exploration and drilling, and production vol-
umes reflect the reallocation of capital.

Cumulative offshore production from 2002 to 2025 is
projected to be 1.17 billion barrels (6.3 percent)
higher in the rapid technology case and 1.00 billion
barrels (5.4 percent) lower in the slow technology case
than in the reference case. Cumulative onshore pro-
duction is about 0.3 percent lower in the rapid oil and
gas technology case and 0.3 percent higher in the slow
technology case than in the reference case.Shallow

Deep
Total
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Alaskan Oil Production and Oil Imports

Crude Oil Production in Alaska
Depends on Oil Price Assumptions

Figure 98. Alaskan crude oil production
in three cases, 1990-2025 (million barrels per day)

Imports Fill the Gap Between
Domestic Supply and Demand

Figure 99. Petroleum supply, consumption,
and imports, 1970-2025 (million barrels per day)
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Alaskan crude oil production is expected mainly on
the Alaskan North Slope, which includes the National
Petroleum Reserve-Alaska (NPR-A) and the State
lands surrounding Prudhoe Bay. NPR-A lease sales
were held on May 5, 1999, and June 3, 2002. Because
oil and gas producers are prohibited from building
permanent roads in NPR-A, oil exploration and pro-
duction is 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), AE02004
does not project any production from ANWR.

In the reference case, crude oil production from
Alaska is expected to continue at about 900 thousand
barrels per day through 2016 (Figure 98), with a pro-
jected drop in North Slope oil production offset by
new oil production from NPR-A. After 2016, total
Alaskan crude oil production is projected to decline, to
510 thousand barrels per day in 2025. Declining pro-
duction levels are projected for the North Slope,
NPR-A, and southern Alaskan oil fields from 2016 to
2025.

As in the lower 48 States, oil production in Alaska is
projected to be sensitive to changes in oil prices.
Higher prices make more of the reservoir oil in-place
profitable, particularly in the North Slope heavy oil
fields. In the high oil price case, Alaska's oil produc-
tion is above 1 million barrels per day from 2013 to
2015, then declines to 550 thousand barrels per day in
2025. In the low price case, with a lower expected res-
ervoir recovery factor, Alaska's oil production is pro-
jected to fall below 900 thousand barrels per day after
2009, to 460 thousand barrels per day in 2025.

In 2002, net imports of petroleum accounted for
53 percent of domestic petroleum consumption. In-
creasing dependence on petroleum imports is pro-
jected, reaching 70 percent in 2025 in the reference
case (Figure 99). The corresponding import shares of
total consumption in 2025 are expected to be 65 per-
cent in the high oil price case and 75 percent in the
low oil price case.

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
imports would be needed as the projected growth in
demand for refined products exceeds the expansion of
domestic refining capacity. Refined products are pro-
jected to make up 13 percent of net petroleum imports
in 2025 in the high oil price case and 25 percent in the
high growth case, compared with 20 percent in the
reference case, increasing from a 13-percent share in
2002 (Table 26).

Table 26. Petroleum consumption and net imports in
five cases, 2002 and 2025 (million barrels per day)

Net Net
Year and

projection

2002

2025

Reference

Low oil price

High oil price

Low growth

High growth

Product
supplied

19.8

28.3

31.1

25.6

25.9

30.6

Net
imports

10.5

crude
imports

9.1

product
imports

1.4

19.7

23.3

16.6

17.6

21.8

15.7

18.2

14.3

15.0

16.4

3.9

5.1

2.2

2.6

5.4
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Petroleum Refining

New U.S. Oil Refining Capacity
Is Likely To Be at Existing Refineries

Figure 100. Domestic refining capacity
in three cases, 1975-2025 (million barrels per day)
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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 2002. 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 AE02004 cases (Figure 100).

Distillation capacity is projected to grow from the
2002 year-end level of 16.8 million barrels per day to
21.8 million barrels per day in 2025 in the reference
case, 20.6 million barrels per day in the high oil price
case, and 23.8 million barrels per day in the low oil
price case, compared with the 1981 peak of 18.6 mil-
lion barrels per day. Almost all the capacity additions
are projected to occur on the Gulf Coast. Existing
refineries are expected to continue to be utilized
intensively (91 to 95 percent of operable capacity)
throughout the forecast. The 2002 utilization rate
was 91 percent, well above the lows of 69 percent dur-
ing the 1980s and 88 percent during the early 1990s
but consistent with capacity utilization rates since
the mid-1990s.

Additional "downstream" processing units are ex-
pected to allow domestic refineries to produce less
residual fuel, which has a shrinking market, and
more of the higher value "light products," such as
gasoline, distillate, jet fuel, and liquefied petroleum
gas.

Asia/Pacific Region Is Expected
To Surpass U.S. Refining Capacity

Figure 101. Worldwide refining capacity by region,
2002 and 2025 (million barrels per day)
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Worldwide crude oil distillation capacity was 81.9 mil-
lion barrels per day at the end of 2002. To meet the
growth in international oil demand in the reference
case, worldwide refining capacity is expected to
increase by about 53 percent-to more than 125 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 101).

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 2002, the Asia/
Pacific region surpassed even 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 useful-
ness of heavier oils through investment in down-
stream 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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Refined Petroleum Products

Petroleum Use Increases Mainly in
the Transportation Sector

Figure 102. Petroleum consumption by sector,
19 70-2025 (million barrels per day)
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U.S. petroleum consumption is projected to increase
by 8.7 million barrels per day from 2002 to 2025.
Most of the increase is in the transportation sector,
which accounted for two-thirds of U.S. petroleum use
in 2002 (Figure 102). Petroleum use for transporta-
tion increases by 7.1 million barrels per day in the
reference case, as the number and usage of vehicles
grow. In the industrial sector, which currently
accounts for 24 percent of U.S. petroleum use, con-
sumption in 2025 is projected to be higher than in
2002 by 1.4 million barrels per day in the reference
case.

In the reference case, distillate oil use for home heat-
ing is expected to decline as oil loses market share to
liquefied petroleum gas (LPG), natural gas and elec-
tricity. Petroleum use for electricity generation peaks
in 2015 and then declines to 14,000 barrels per day
below 2002 levels. Increased oil use for heating and
electricity generation is projected, however, in the low
oil price case. In the low oil price case, natural gas use
for home heating is projected to grow in the North-
east, the last stronghold of home heating oil.
Compared with 2002, U.S. residential and commer-
cial heating oil use is projected to be 29,000 barrels
per day lower in 2025 in the high oil price case and
147,000 barrels per day higher in the low oil price
case. For electricity generation, oil- and gas-fired
steam plants are being retired in favor of natural gas
combined-cycle units. Oil use for electricity genera-
tion (excluding combined heat and power) is projected
to be 176,000 barrels per day lower in 2025 than in
2002 in the high price case and 1.5 million barrels per
day higher in the low price case.

About 93 percent of the projected growth in petro-
leum consumption consists of increased consumption
of "light products," including gasoline, diesel, heating
oil, jet fuel, kerosene, liquefied petroleum gases, and
petrochemical feedstocks, which are more difficult
and costly to produce than heavy products (Figure
103). Although refinery investments and enhance-
ments are expected to increase the ability of domestic
refineries to produce light products, imports of light
products are expected to more than double by 2025.

In the forecast, gasoline continues to account for
about 47 percent of all the petroleum used in the
United States. From 2002 to 2025, U.S. gasoline con-
sumption is projected to rise from 8.9 million barrels
per day to 13.3 million barrels per day. Consumption
of distillate fuel is projected to be 2.0 million barrels
per day higher in 2025 than it was in 2002. An even
greater percentage increase is projected for diesel
fuel, as a larger portion of total distillate supply is
used for diesel production and less is used in other
sectors. With air travel also expected to increase, jet
fuel consumption is projected to be 759,000 barrels
per day higher in 2025 than in 2002. Consumption of
LPG is projected to increase by about 689,000 barrels
per day from 2002 to 2025, largely for use as a
feedstock in the industrial sector. Consumption of
"other" petroleum products-including LPG, petro-
chemical feedstocks, still gas used to fuel refineries,
asphalt and road oil, and other miscellaneous prod-
ucts-is projected to grow by 1.4 million barrels per
day. Residual fuel use is projected to increase slightly,
from about 700,000 barrels per day in 2002 to 75 1, 000
barrels per day in 2025, mostly for fuel in the electric-
ity generation sector.
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Refined Petroleum Products

State Bans on MTBE Are Expected
To Result in Increased Use of Ethanol

Figure 104. U.S. ethanol consumption, 1993-2025
(million gallons)
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Refining Costs for Most Petroleum
Products Rise in the Forecast

Figure 105. Components of refined product costs,
2002 and 2025 (2002 dollars per gallon)
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U.S. ethanol production, with corn as the primary
feedstock, totaled 139,000 barrels per day in 2002.
Production is projected to increase to 278,000 barrels
per day in 2025 (Figure 104), with about 27 percent of
the growth from conversion of cellulosic biomass
(such as wood and agricultural residues). 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 oxygen-
ated fuels (minimum 2.7 percent oxygen content by
volume) during the winter months to reduce carbon
monoxide emissions. The high renewables case pro-
jects similar production, but all the projected growth
is from cellulose, due to more rapid improvement in
the technology. In the reference case, corn-based eth-
anol production drops from 100 percent of total etha-
nol output in 2009 to 86 percent in 2025.

Ethanol is expected to replace MTBE as the oxygen-
ate for reformulated gasoline (RFG) in 17 States that
have placed limits on MTBE use mainly because
of concerns about groundwater contamination. It is
assumed that the Federal requirement for 2 percent
oxygen in RFG will continue in all States. Ethanol
consumption in E85 vehicles is also projected to
increase, from the national total of 7.8 million gallons
in 2002 to 42 million gallons in 2025.

The Federal Highway Bill of 1998 extended the excise
tax exemption for ethanol through 2007 with reduc-
tions from 54 cents per gallon to 53 cents in 2001, 52
cents in 2003, and 51 cents in 2005. It is assumed that
the exemption will continue to be extended at 51
cents per gallon (nominal dollars).

Refined product prices are determined by crude oil
costs, refining process costs (including refiner prof-
its), marketing costs, and taxes (Figure 105). In the
AE02004 projection, crude oil continues as the larg-
est part of product prices. Marketing costs remain
stable, but the contributions of processing costs and
taxes are projected to change considerably.

Refining costs for gasoline and diesel fuel, including
processing costs and profits, are expected to increase
by 12 cents a gallon from 2002 to 2025 (2002 dollars),
primarily due to growth in demand for gasoline and
diesel fuels and new Federal requirements for
low-sulfur gasoline (2004 to 2007) and ultra-low-
sulfur diesel fuel (2006 to 2010). Refining costs for
heating oil and jet fuel fall by 2.6 to 2.8 cents a gallon
from 2002 to 2025. Tighter gasoline and diesel specifi-
cations cause some refiners to shift production from
gasoline and diesel to jet fuel and heating oil, which
have less stringent specifications.

Whereas processing costs tend to increase refined
product prices in the forecast, the assumption that
Federal motor fuel taxes remain at nominal 2002 lev-
els tends to reduce prices. Although Federal motor
fuel taxes have been raised occasionally in the past,
the assumption of constant nominal Federal taxes is
consistent with history. The net impact of the
assumption is an expected decrease in Federal taxes
(in 2002 dollars) from 2002 to 2025-9 cents per gal-
lon for gasoline, 12 cents for diesel fuel, and 2 cents
for jet fuel. State motor fuels taxes are assumed to
keep up with inflation, as they have in the past.
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Coal Production and Prices

. Emissions Caps Lead to More Use of
Low-Sulfur Coal From Western Mines

Rate of Decline in Minemouth Coal
Price Is Expected To Slow

Figure 106. Coal production by region, 1970-2025
(million short tons)
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Figure 107. Average minemouth price of coal
by region, 1990-2025 (2002 dollars per short ton)
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Continued improvements in mine productivity
(which have averaged 5.9 percent per year since 1980)
are projected to cause falling real minemouth prices
throughout the forecast relative to historical levels.
Higher electricity demand and lower prices, in turn,
are projected to yield increasing coal demand, but the
demand is subject to the overall sulfur emissions cap
in the Clean Air Act Amendments of 1990, which
encourages progressively greater reliance on the low-
est sulfur coals (from Wyoming, Montana, Colorado,
and Utah).

The use of western coals can result in up to 85 percent
lower sulfur dioxide emissions than the use of many
types of higher sulfur eastern coals. As coal demand
grows over the forecast, however, new coal-fired gen-
erating capacity is required to use the best available
control technology (scrubbers or advanced coal tech-
nologies), which can reduce sulfur emissions by 90
percent or more, providing market opportunities for
higher sulfur coal throughout the forecast.

From 2002 to 2025, production of high- and medium-
sulfur coal is projected to increase from 578 to 664
million tons (0.6 percent per year), and low-sulfur
coal production is projected to rise from 527 to 879
million tons (2.2 percent per year). As a result of
the competition between low-sulfur coal and post-
combustion sulfur removal, western coal production
is expected to continue to increase, but its projected
annual growth rate falls from 8.4 percent, achieved
between 1970 and 2002, to 2.2 percent in the forecast
period. Western coal production is projected to rise
from 601 million tons in 2002 to 706 million tons in
2010 and 996 million tons in 2025 (Figure 106).

1990 1995 2002 2010 2015 2020 2025

The average minemouth coal price, which fell by 3.6
percent per year (in constant dollars) from 1990 to
2002, is projected to continue declining, from $17.90
in 2002 to $16.19 per ton in 2016 (2002 dollars), as
mine productivity rises and lower cost production in
the West increases. Average minemouth prices trend
upward after 2016, as productivity improvements
slow and increasing coal demand creates a need for
new coal-mining capacity. In 2025, the average
minemouth price is projected to remain lower than
the real price in 2002 at $16.57 per ton (Figure 107).

The mines of the Northern Great Plains, with thick
seams and low overburden ratios, have had higher
labor productivity than other coalfields, and their
advantage is expected to be maintained throughout
the forecast. Average U.S. coal mining labor produc-
tivity (Figure 108) is projected to follow the trend for
eastern mines most closely, because eastern mining is
more labor-intensive than western mining.

Figure 108. Coal mining labor productivity
by region, 1990-2025 (short tons per miner per hour)
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Coal Mining Labor Productivity

Coal Mine Employment Is Expected
To Remain Near Current Levels

Figure 109. U.S. coal mine employment by region,
1970-2025 (number ofjobs)

Lower Mining Cost Assumptions
Lead to More Coal Consumption

Figure 110. Average minemouth coal prices
in three mining cost cases, 1990-2025
(2002 dollars per short ton)
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Gains in coal mine labor productivity result from
technology improvements, economies of scale, and
better mine design. At the national level, average
labor productivity is also expected to be influenced by
changing regional production shares. Competition
from low-sulfur, low-cost western and imported coals
is projected to limit the growth of eastern low-sulfur
coal mining. The boiler performance of western low-
sulfur coal has been tested successfully by many elec-
tricity generators, and its use in eastern markets is
projected to increase.

Eastern coalfields contain extensive reserves of
higher sulfur coal in moderately thick seams suited to
longwall mining. Continued penetration of technolo-
gies for extracting and hauling large volumes of coal
in both surface and underground mining suggests
that further reductions in mining cost are likely.
Improvements in labor productivity have been, and
are expected to remain, the key to lower coal-mining
costs.

As labor productivity improved from 1970 to 2002,
the average number of miners working daily fell by
2.0 percent per year. Over the forecast period, sub-
stantial increases in coal production, coupled with the
expectation that productivity improvements will be
considerably less than during the past 20 years, result
in a stable outlook for employment in the coal indus-
try (Figure 109). The average number of employees
working at U.S. coal mines is projected to increase
from 75,000 in 2002 to 79,000 in 2025.

Alternative assumptions about future mining costs
affect projected coal prices and the choice of fuels for
electricity generation. In two alternative mining cost
cases, minemouth prices, delivered prices, and the
resulting fuel consumption patterns in the electricity
sector vary with changes in projected mining costs.

Productivity is assumed to increase by 1.3 percent per
year through 2025 in the reference case, while wage
rates and equipment costs are constant in 2002 dol-
lars. The national average minemouth coal price is
projected to decline by 0.3 percent per year to $16.57
per ton in 2025 (Figure 110).

In the low mining cost case, productivity is assumed
to increase by 2.9 percent per year, and real wages
and equipment costs are assumed to decline by 0.5
percent per year [1181. As a result, the average
minemouth price falls by 1.3 percent per year to
$13.27 per ton in 2025, 20 percent less than projected
in the reference case. Projected U.S. coal consump-
tion is 44 million tons (2.8 percent) higher in the low
mining cost case than in the reference case in 2025,
primarily as a result of switching to coal from natural
gas in the electricity sector when gas prices rise later
in the forecast. The high mining cost case assumes
that productivity declines by 0.6 percent per year and
real wages and equipment costs increase by 0.5 per-
cent per year. Consequently, the average minemouth
price of coal is projected to increase by 0.8 percent per
year, to $21.45 per ton in 2025, 29 percent higher
than in the reference case. Coal consumption in 2025
is 142 million tons (9.1 percent) lower in the high
mining cost case than in the reference case, because
less coal-fired capacity is projected to be added.
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Coal Consumption

Coal Consumption for Electricity
Continues To Rise in the Forecast

Figure 111. Electricity and other coal consumption,
1970-2025 (million short tons)

Low-Sulfur Coal Continues To Gain
Share in the Generation Market

Figure 112. Coal production by sulfur content,
2002, 2010 and 2025 (million short tons)
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Domestic coal demand is projected to increase by
501 million tons in the reference case forecast, from
1,066 million tons in 2002 to 1,567 million tons in
2025 (Figure 111), because of projected growth in coal
use for electricity generation. Total coal demand in
other end-use sectors is projected to remain relatively
constant.

Coal consumption for electricity generation is pro-
jected to increase from 976 million tons in 2002 to
1,477 million tons in 2025 as the utilization of exist-
ing coal-fired generation capacity increases and, in
later years, new capacity is added. The average utili-
zation rate for coal-fired power plants is projected to
increase from 70 percent in 2002 to 83 percent in
2025. Because coal consumption (in tons) per kilo-
watthour generated is higher for subbituminous coal
and lignite than for bituminous coal, the expected
shift to western coal is projected to increase the
tonnage consumed per kilowatthour of generation,
particularly in the Midwest and Southeast regions.

Phase 1 of CAAA90 required 261 coal-fired generat-
ing units to reduce sulfur dioxide emissions to about
2.5 pounds per million Btu of fuel. Phase 2, which
took effect on January 1, 2000, tightened the annual
emissions limits imposed on large, higher emitting
plants and also set restrictions on smaller, cleaner
plants fired with coal, oil, and gas [119].

During Phase 1, many generators switched either
partially or entirely from higher sulfur bituminous to
low-sulfur subbituminous coal, incurring relatively
modest capital investments. Such fuel switching
often generated sulfur dioxide allowances beyond
those needed for Phase 1 compliance, and the excess
allowances generated during Phase 1 were banked for
use in Phase 2 or sold to other generators. In the fore-
cast, fuel switching for regulatory compliance and for
cost savings is projected to reduce the composite sul-
fur content of all coal produced (Figure 112). The
main sources of low-sulfur coal are the Central Appa-
lachian, Powder River Basin, and Rocky Mountain
regions and coal imported from Colombia, Venezuela,
and Indonesia.

Coal users could face additional costs in the future
if additional or new restrictions on emissions are
adopted. An example of a proposal to further reduce
emissions from U.S. power plants is the Bush Admin-
istration's Clear Skies Initiative. Relative to current
law and regulations, the Administration's proposal
specifies further restrictions on emissions of nitrogen
oxides and sulfur dioxide and would introduce a
national cap on mercury emissions.
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Coal Consumption

Industrial Steam Coal Use Rises,
But Demand for Coking Coal Declines

Declining U.S. Coal Exports,
Rising Imports Are Projected

Figure 113. Coal consumption in the industrial
and buildings sectors, 2002,2010, and 2025
(million short tons)
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Figure 114. U.S. coal exports and imports,
2002,2010, and 2025 (million short tons)
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For applications other than electricity generation, a
projected increase of 4 million tons in industrial
steam coal consumption between 2002 and 2025
(0.3-percent annual growth) is expected to be more
than offset by a decrease of 5 million tons in coking
coal consumption (Figure 113). Increasing consump-
tion of industrial steam coal is projected to result pri-
marily from greater use of existing coal-fired boilers
in energy-intensive industries.

The projected decline in domestic consumption of
coking coal results from the expected displacement of
raw steel production from integrated steel mills
(which use coal coke for energy and as a material
input) by increased production from minimills (which
use electric are furnaces that require no coal coke)
and by increased imports of semi-finished steels. The
amount of coke required per ton of pig iron produced
is also declining, as process efficiency improves and
injection of pulverized steam coal is used increasingly
in blast furnaces. Domestic consumption of coking
coal is projected to fall by 1.2 percent per year from
2002 to 2025.

Although total energy consumption in the combined
residential and commercial sectors is projected to
grow by 1.3 percent per year, most of the growth is
expected to be captured by electricity and natural gas.
Coal consumption in the residential and commercial
sectors is projected to remain constant, accounting
for less than 1 percent of total U.S. coal demand in the
forecast.

U.S. coal exports declined sharply from 1998 to 2002,
from 78 million tons to 40 million tons, and are pro-
jected to continue declining in the reference case to 23
million tons in 2025 (Figure 114). Recent declines in
U.S. coal exports occurred against the backdrop of a
world coal market that saw an increase in trade from
546 million tons in 1998 to 656 million tons in 2002.
While low-cost supplies from China, Indonesia, Rus-
sia, and Australia satisfied much of the growth in
international steam coal demand, low-cost supplies of
coking coal from Australia supplanted substantial
amounts of U.S. coking coal in the world market.

The U.S. share of total world coal trade is projected to
fall from 6 percent in 2002 to less than 3 percent in
2025, as international competition intensifies and
coal imports to Europe and the Americas grow more
slowly or decline. From 2002 to 2025, U.S. steam coal
exports are projected to drop from 19 million tons to
10 million tons, despite substantial projected growth
in world steam coal trade. U.S. coking coal exports are
also projected to decline, from 21 million tons in 2002
to 13 million tons in 2025, while a small increase in
the world trade in coking coal is expected.

U.S. imports of low-sulfur coal are projected to grow
from 17 million tons in 2002 to 46 million tons in
2025. For many coastal power plants, imports will be
the least costly option for meeting emissions targets.
The addition and expansion of existing coal import
facilities in the United States, along with a reduction
in demand for coal in Europe, are likely to contribute
to projected increases in coal imports. Much of the
low-sulfur coal projected to be imported is expected to
come from Colombia, Venezuela, and Indonesia.
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Carbon Dioxide Emissions

. Higher Energy Consumption Forecast
Increases Carbon Dioxide Emissions

Figure 115. Carbon dioxide emissions by sector
and fuel, 1990-2025 (million metric tons)
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Figure 116. Carbon dioxide emissions from
the electric power sector by fuel, 1990-2025
(million metric tons)
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Carbon dioxide emissions from energy use are pro-
jected to increase on average by 1.5 percent per year
from 2002 to 2025, to 8,142 million metric tons
(Figure 115). Emissions per capita are projected to
grow by 0.7 percent per year from 2002 to 2025.

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 1.1 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.
As a result, carbon dioxide emissions from the com-
mercial sector are projected to increase by 1.9 percent
per year from 2002 to 2025. Industrial emissions are
projected to grow by 1.1 percent per year, as shifts to
less energy-intensive industries and efficiency gains
help to moderate growth in energy use.

In the transportation sector, carbon dioxide emis-
sions grow at an average annual rate of 1.9 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 pro-
jected to increase only slightly above 2002 levels.

In all sectors, potential growth in carbon dioxide
emissions is expected to be moderated by efficiency
standards, voluntary efficiency programs, and im-
provements in technology. Carbon dioxide mitigation
programs, further improvements in technology, or
more rapid adoption of voluntary programs could
result in lower emissions levels than projected here.

The use of fossil fuels in the electric power industry
accounted for 39 percent of total energy-related car-
bon dioxide emissions in 2002, and that share is pro-
jected to increase to 41 percent in 2025. Coal is
projected to account for 55 percent of the power
industry's electricity generation in 2025 and 84 per-
cent of electricity-related carbon dioxide emissions
(Figure 116). In 2025, natural gas is projected to
account for 20 percent of electricity generation but
only 14 percent of electricity-related carbon dioxide
emissions.

From 2002 to 2025, the electric power industry is pro-
jected to retire 62 gigawatts of generating capac-
ity-about 7 percent of the 2002 total-and to see a
49-percent increase in electricity sales. As a result,
the industry is projected to add 317 gigawatts of new
fossil-fueled capacity by 2025. Although much of the
new capacity is expected to be relatively efficient
combined-cycle plants fueled by natural gas, the net
effect will be to raise the industry's carbon dioxide
emissions by 1,050 million metric tons, or 47 percent,
from 2002 levels.

The electric power industry is projected to increase its
reliance on renewable energy, which generally does
not contribute to carbon dioxide emissions. Renew-
able generation is expected to increase by 180 billion
kilowatthours, or 53 percent, from 2002 to 2025, help-
ing to offset the projected increase in carbon dioxide
emissions from fossil fuels. Average carbon dioxide
emissions per kilowatthour of total generation are
projected to decline by about 2 percent from 2002 to
2010 and remain at about that level through 2025.
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Carbon Dioxide Emissions

Emissions Projections Change With
Economic Growth Assumptions

Technology Advances Could Reduce
Carbon Dioxide Emissions

Figure 117. Carbon dioxide emissions in
three economic growth cases, 1990-2025
(million metric tons)
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Figure 118. Carbon dioxide emissions in three
technology cases, 1990-2025 (million metric tons)
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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 3.5 per-
cent a year from 2002 to 2025, compared with 3.0 per-
cent a year in the reference case. In the low economic
growth case, GDP growth averages 2.4 percent per
year.

Higher projections for manufacturing output and
income increase the demand for energy services in the
high economic growth case: projected energy con-
sumption is 3 percent higher than in the reference
case in 2010 and 7 percent higher in 2025. As a result,
carbon dioxide emissions are projected to be 6 percent
higher than in the reference case in 2025, at 8,615
million metric tons (Figure 117). Total energy inten-
sity, measured as primary energy consumption per
dollar of GDP, declines by 1.7 percent per year from
2002 to 2025 in the high growth case, as compared
with 1.5 percent 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 is 3 percent lower
in the low growth case than in the reference case in
2010 and 7 percent lower in 2025. Carbon dioxide
emissions in 2025 are also 7 percent lower, at 7,538
million metric tons. Energy intensity is projected to
decline at an average rate of 1.2 percent from 2002 to
2025 in the low economic growth case.

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 fossil-fired
and new renewable generating technologies are
also assumed to improve from reference case values
[120]. Energy intensity is expected to decline on aver-
age by 1.7 percent per year through 2025 in the high
technology case, as compared with 1.5 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 129 quadrillion Btu, and carbon diox-
ide emissions are projected to be 8 percent lower than
in the reference case, at 7,472 million metric tons
(Figure 118).

The 2004 technology case assumes that future equip-
ment choices will be made from the equipment and
vehicles available in 2004; that new building shell and
plant efficiencies will remain at their 2004 levels; and
that advanced generating technologies will not im-
prove over time. Energy efficiency improves in the
2004 technology case as new equipment is chosen to
replace older stock and the capital stock expands,
and energy intensity declines by 1.3 percent per
year from 2002 to 2025. Energy consumption reaches
143 quadrillion Btu in 2025 in the 2004 technology
case, and carbon dioxide emissions in 2025 are pro-
jected to be 6 percent higher than in the reference
case, at 8,654 million metric tons.
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Emissions from Electricity Generation

Sulfur Dioxide Emissions Are Cut in
Response to Tightening Regulations

Figure 119. Sulfur dioxide emissions from
electricity generation, 1990-2025 (million tons)

Nitrogen Oxide Emissions Are
Projected To Stay Below 2000 Levels

Figure 120. Nitrogen oxide emissions from
electricity generation, 1990-2025 (million tons)
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CAAA90 called for annual emissions of sulfur dioxide
(SO 2 ) by electricity generators in the power sector to
be reduced to approximately 12 million tons in 1996,
9.48 million tons per year from 2000 to 2009, and 8.95
million tons per year thereafter. Because companies
can bank allowances for future use, however, the
long-term cap of 8.95 million tons per year is not
expected to be reached until after 2014. More than 95
percent of the SO 2 produced by generators results
from coal combustion and the rest from residual oil.

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 SO 2 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
subbituminous coal was the option chosen by most
generators, and only about 12 gigawatts of capacity
had been retrofitted with scrubbers by 1995.

In recent years, power companies have announced
plans to add scrubbers to 23 gigawatts of capacity, in
order to comply with State or Federal initiatives.
Beyond those that have been announced, 2 gigawatts
of additional capacity is projected to be retrofitted
with scrubbers. Total SO 2 emissions are projected to
decline from 10.6 million tons in 2001 to 9.0 million
tons in 2025 (Figure 119). The price of SO2 emission
allowances is projected generally to range from $150
to $250 per ton between 2005 and 2025.
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Nitrogen oxide (NOx) emissions from electricity gen-
eration in the U.S. power sector are projected to fall
as new regulations take effect (Figure 120). The re-
quired 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 NO.
emissions in 22 Midwestern and Eastern States dur-
ing the summer season, and following a court chal-
lenge, emissions limits were finalized for 19 States.
The limits, included in the projections beginning in
2004, are projected to stimulate the addition of emis-
sions control equipment to many existing plants, fur-
ther lowering NOx emissions by 0.5 million tons
between 2003 and 2004. After 2004, NOx emissions
are projected to increase gradually, to 3.8 million tons
in 2025. Overall, selective catalytic reduction equip-
ment is projected to be added to approximately 92
gigawatts of capacity, and NOx allowance prices are
projected to increase from roughly $4,000 per ton in
2004 to $5,500 per ton in 2025.
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