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7.1 Introduction

All projections of energy-economic systems, particularly those that incorporate consumer and producer
behavior, are inherently uncertain. However, consumer and producer behavior are not the only sources of
uncertainty. Some of the other critical uncertainties on which projections depend include:

o The rate of technological progress for end use and supply technologies
e Changes in energy market regulations and efficiency standards

o The quantity, location, and depth of energy resources in the ground (e.g., coal, crude oil, natural
gas, nuclear material)

o The costs to explore, locate, and ultimately produce energy resources

o The willingness of financial markets to make energy investments

Consequently, the projections described in this chapter are not statements of what will happen, but rather
statements of what might happen given the assumptions and methodologies used.

The outlook of U.S. energy markets through 2025, as presented in this chapter in Section 7.1 through
Section 7.9, was developed using the Energy Information Administration’s (EIA) National Energy
Modeling System (NEMS) [1]. With the exception of higher world oil prices, the October oil futures case
projection uses the assumptions of the Annual Energy Outlook 2005 (AEO2005) reference case [2]. The
reference case projection for AEO2006 is available on the EIA Internet website.* Central to this scenario is
the assumption that current technological and demographic trends and current laws and regulations will
continue as usual into the future. The October oil futures case of AEO2005 assumes that crude oil (using
the imported refiner’s acquisition cost (IRAC)), in real 2003 dollars, is almost $5 per barrel higher than
the AEO2005 reference case in 2025.

The EIA does not propose, advocate, or speculate on future legislative or regulatory changes. Thus, the
AEQO2005 projections, including the October oil futures case described in this chapter, provide a policy-
neutral basis that can be used as an adjunct to analyze policy initiatives. For scenarios based on alternative
macroeconomic growth rates, world oil prices (both higher and lower than those used in this outlook) or
alternative rates of technological progress, the reader is encouraged to review the alternative scenarios
developed in the AEO2005 [3].

7.2 Key Energy Issues to 2025

World crude oil prices—defined by the U.S. average imported refiner’s acquisition cost of crude oil
(IRAC)—reached a recent low of $10.29 per barrel (in 2003 dollars) in December 1998. For the next three
years, crude oil prices ranged between just under $20 and just over $30 per barrel. Since December 2001,
however, prices have steadily increased to about $46 per barrel in October 2004 and into the mid-$60
dollar per barrel range in the second half of 2005.

Strong growth in the demand for oil worldwide, particularly in China and other developing countries,
is generally cited as the driving force behind the sharp price increases seen over the 2002-2005 period.
Other factors contributing to the upward world oil price trend include a tight supply situation that has
shown only limited production response by countries outside of the Organization of Petroleum
Exporting Countries (OPEC) to higher prices; changing views on the economics of oil (and gas)
production; and concerns about economic and political situations in the Middle East, Venezuela, Nigeria,
China, and the former Soviet Union. However, the rate of technological progress, new international
emission control protocols such as the Kyoto Protocol and significant global concerns about the security

*http://www.eia.doe.gov/oiaf/aeo/index.html. See http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/0554(2005).pdf for a
detailed description of the assumptions of the AEO2005 reference case.

"The outlook and commentary described herein represent solely the views of the author and not necessarily the views of
EIA, the U.S. Department of Energy, the administration, or any agency of the U.S. government.
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of the petroleum supply represent additional factors that may trigger actions that reduce the upward
pressure on crude oil prices, i.e., by increasing production from previously unexpected or uneconomic
sources or by reducing petroleum demand. For example, technological progress may lead to cost
reductions for gas-to-liquids and coal-to-liquids technologies, the development of new methods and
technologies to economically develop domestic oil shale resources that are currently plentiful but
uneconomic, and the discovery of significant new ‘finds’ of crude oil in other relatively unexplored
regions of the world. The future path of world oil prices is a major uncertainty facing world oil markets.

The October oil futures case was based on the October 2004 prices from the New York Mercantile
Exchange (NYMEX) futures market (corrected for the difference between futures prices and the IRAC).
The NYMEX crude oil outlook implies that the annual average price in 2005 will exceed the 2004 average
price level, and that prices will then decline only slowly in constant 2003 dollars over the next five years,
resulting in a 2010 price of about $31 per barrel.* The IRAC is then projected to rise to about $35 per
barrel by 2025.

From 1986 to 2000, when U.S. natural gas consumption grew from 16.2 trillion ft.> to a high of
23.3 trillion ft.?, 40% of the increased demand was met by imports, predominantly from Canada. Based
on EIA’s assessment of recent data and recent projections by Canada’s National Energy Board, EIA has
revised expectations about Canadian natural gas production, particularly coalbed methane and
conventional production in Alberta. It is unlikely that future production from Canada will be able to
support a continued increase in U.S. imports.

In the October oil futures case, U.S. natural gas consumption is projected to grow from 22 trillion ft.” in
2003 to over 30.5 trillion ft.? in 2025. Most of the additional supply is expected to come from Alaska and
imports of liquefied natural gas (LNG). A key issue for U.S. energy markets is whether the investments and
regulatory approvals needed to make those natural gas supplies available will occur. The following
sections summarize the key trends in the projection. A summary of the projection is provided in Table 7.1.

7.3 Economic Growth

The output of the Nation’s economy, measured by gross domestic product (GDP), is projected to grow by
3.1% per year between 2003 and 2025 (with GDP based on 2000 chain-weighted dollars). Figure 7.1
shows the trend in the annual real growth for GDP, including the projection. The labor force is projected
to increase by 0.9% per year between 2003 and 2025. Labor productivity growth in the nonfarm business
sector is projected to be over 2.0% per year.

Compared with the second half of the 1990s, the rates of growth in GDP and nonfarm employment
were lower from 2000 through 2002. Economic growth has been more robust since 2003. Real GDP
growth was 3.0% in 2003 and 4.4% in 2004. Total population growth (including armed forces overseas) is
expected to remain fairly constant after 2003, growing by 0.8% per year on average. Labor force growth is
expected to slow as a result of demographic changes, but more people over 65 are expected to remain in
the work force. Nonfarm business productivity growth has been strong recently, averaging 3.8% per year
from 2000 to 2003. Productivity growth from 2003 to 2025 is expected to average about 2% per year,
supported by investment growth of about 5.0% per year.

*There are large oil projects world-wide that are scheduled to come on line between 2008 and 2009 which should increase
supply; the high world oil prices will dampen world petroleum demand. Between the lower demand resulting form higher
prices and the increased supply which is in response to the higher prices, we should see a dip from current prices, unless you
expect to see continued or increasing war fears and global instability. There is no question that the current situation with the
potential for war-generated supply disruptions could send prices into the $100-$200 per barrel range for a while. I don’t
consider that situation "normal." If such instability is sustained another 2-3 years, the situation could become part of the
"normal" view and then I would be inclined to agree on the higher prices. So if one believes that the current level of fear and
instability that the world will face in the next 25 years is likely, high sustained prices over the next 10-20 years are likely.
Financial incentives to find and develop alternative technologies for petroleum substitutes and higher-efficiency end use
appliances will be high and will eventually put downward price pressures latter as they significantly penetrate the market.
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TABLE 7.1 October Oil Futures Case (AEO2005): Total Energy Supply and Disposition Summary (Quadrillion Btu per Year, Unless Otherwise Noted)

VL

2002 2003 2005 2010 2015 2020 2025 2003-2025 (%)
Primary energy production (quadrillion Btu)
Petroleum 14.71 14.38 14.67 15.74 14.98 14.22 13.38 0.3
Dry natural gas 19.48 19.58 19.60 21.34 21.89 23.09 22.72 0.7
Coal 22.70 22.66 24.12 25.15 25.52 27.07 2991 1.3
Nuclear power 8.14 7.97 8.31 8.49 8.62 8.67 8.67 0.4
Renewable energy 5.79 5.89 6.48 6.85 7.15 7.60 8.26 1.5
Other 1.12 0.93 1.02 1.16 0.94 0.90 0.97 0.2
Total production 71.94 71.42 74.20 78.64 79.09 81.54 83.91 0.7
Net imports (quadrillion Btu)
Petroleum 22.64 24.10 25.64 27.15 31.23 35.09 38.96 2.2
Natural gas 3.59 3.32 3.43 4.86 6.97 7.98 8.83 4.5
Coal/other (indicates 0.47 0.43 0.48 0.14 0.19 0.25 0.58 N/A
export)
Total net imports 25.75 26.99 28.55 31.87 38.39 43.32 48.37 2.7
Consumption (quadrillion Btu)
Petroleum products 38.41 39.09 40.28 43.98 47.11 50.22 53.21 14
Natural gas 23.59 22.54 22.892 26.29 29.01 31.21 31.71 1.6
Coal 21.98 22.71 23.27 2491 25.67 27.31 30.50 1.3
Nuclear power 8.14 7.97 8.31 8.49 8.62 8.67 8.67 0.4
Renewable energy 5.79 5.89 6.48 6.85 7.15 7.61 8.27 1.6
Other 0.07 0.02 0.01 0.03 0.07 0.05 0.04 4.1
Total consumption 97.99 98.22 101.2 110.6 117.6 125.10 132.4 1.3
Petroleum (million barrels per day)
Domestic crude production 5.74 5.68 5.76 6.16 5.78 5.36 4.98 0.5
Other domestic production 3.60 3.72 3.77 3.95 3.77 4.19 4.29 1.0
Net imports 10.54 11.24 11.6 12.61 14.44 16.21 18.06 2.1
Consumption 19.71 20.00 20.65 22.54 24.1 25.76 27.30 1.4
Natural gas (trillion ft?)
Production 19.03 19.13 19.16 20.86 21.39 22.56 22.20 0.6
Net imports 3.50 3.24 3.34 4.73 6.79 7.77 8.60 4.6
Consumption 22.98 21.95 22.29 25.61 28.27 30.42 30.91 1.5
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Coal (million short tons)

Production 1105 1083 1178 1235 1268 1344 1484 1.5

Net imports —23 —18 —23 -9 3 7 20 N/A

Consumption 1066 1095 1136 1227 1271 1351 1504 1.5

Prices (2003 dollars)

World oil price (dollars per 24.10 27.73 43.63 30.99 32.33 33.67 35.00 1.0
barrel)

Gas Wellhead price (dollars 3.06 4.98 5.56 3.63 4.11 4.45 4.83 0.2
per thousand cubic ft.)

Coal Minemouth price 18.23 17.93 18.78 17.45 16.99 17.54 18.52 0.1
(dollars per ton)

Average electricity (cents per 7.4 7.4 7.4 6.6 7.0 7.2 7.3 0.1
kilowatthour)

Economic indicators

Real gross domestic product 10,075 10,381 11,191 13,063 15,216 17,641 20,293 3.1
(billion 2000 dollars)

GDP Chaintype price index 1.041 1.060 1.106 1.219 1.371 1.559 1.811 2.5
(index, 2000=1.000)

Real disposable personal 7560 7734 8213 9540 11,152 12,745 14,945 3.0
income (billion 2000 dollars)

Value of industrial 5067 5105 5464 6167 6872 7669 8506 2.3
shipments (billion 1996

dollars)

Energy intensity (thousand 9.73 9.47 9.05 8.47 7.74 7.09 6.53 1.7
Btu per 2000 dollar of GDP)

Carbon dioxide emissions 5751 5789 5982 6561 6988 7461 7981 1.5

(million metric tons)
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FIGURE 7.1 October oil futures case, U.S. gross domestic product 1982-2025 (billions of chain weighted year 2000
dollars).

From 2003 through 2025, personal disposable income is projected to grow by about 3% per year and
disposable income per capita by 2.2% per year. Nonfarm employment is projected to grow by 1.2% per
year, and employment in manufacturing is projected to shrink by about 0.6% per year. From 2003 to
2025, industrial output in real value terms is projected to grow by 2.3% per year, compared with 3.2%
average annual growth in the services sector.

7.4 Energy Prices

The annual average imported refiners’ acquisition cost (IRAC) of crude oil in this projection increases from
$27.73 per barrel (2003 dollars) in 2003 to $46.00 per barrel in 2004 and then declines to $31 per barrel in
2010 as new supplies enter the market. It then rises to $35 per barrel in 2025 (Figure 7.2). Note that fuel
prices in the graph have all been converted to dollars per million Btu to allow for comparison. In 2025, the
average world oil price is expected to be about $62 per barrel in 2025 dollars. The NEMS projection
provides the price of a basket of crude oil with types ranging from light ‘sweet’ (low specific gravity and low
sulfur) to heavy ‘sour’ (high specific gravity and high sulfur). Many readers are accustomed to seeing the
price of west Texas intermediate (WTT) crude oil which has typically commanded a premium of from $1.00
to $8.00 dollars per barrel above the IRAC (in 2004 dollars). In 2004 dollars, the average margin between
WTTand IRAC for the period 1984 to 2004 is $2.70 per barrel. Like WTIL, imported light sweet crude oil has
also been sold at a price premium relative to IRAC on the world oil market, with a premium ranging
between about $0.50 to $5.00 dollars per barrel above the IRAC price. Because the United States has a large
refinery capacity to process heavy sour crude oils, use of the IRAC price rather than the WTI price or the
price of imported light sweet crude is more representative of crude oil prices in U.S. energy markets. For
countries with refinery capacity that can mostly handle only light sweet crude oils, the reader may assume a
price which is about $1 to $5 per barrel higher than the IRAC price assumed for the United States in this
projection. The specific value will depend on the extent to which foreign refiners also increase their ability
to handle heavy sour crude oils over the forecast horizon.

The projected world oil price forecast is characterized by decreasing prices through 2010 and
moderately increasing prices thereafter. This is consistent with a forecast that projects increases in
world petroleum demand from about 80 million barrels per day in 2003 to about 116 million barrels per
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FIGURE 7.2 October oil futures case, energy prices, 1970-2025 (2003 dollars per million Btu).

day in 2025. The projected demand is met by increased oil production both from the OPEC and non-
OPEC nations. OPEC oil production is projected to rise to 48.5 million barrels per day in 2025, 57%
higher than the 30.6 million barrels per day produced in 2003. The forecast assumes that OPEC will
pursue policies intended to increase production, that sufficient resources exist, and that access and capital
will be available to expand production. Non-OPEC oil production is expected to increase from 49 to 67.8
million barrels per day between 2003 and 2025.

Average wellhead prices in constant 2003 dollars for natural gas in the United States are projected
generally to decrease, from $5.47 per thousand ft.” ($5.32 per million Btu) in 2004 to $3.63 per thousand
ft.” ($3.53 per million Btu) in 2010 as the availability of new natural gas import sources and increased
drilling expands available supply. After 2010, wellhead prices are projected to increase gradually, to $4.83
per thousand ft.” ($4.70 per million Btu) in 2025 (equivalent to about $8.50 per thousand ft.” in nominal
(current-year) dollars) as demand increases require production from higher-cost domestic unconven-
tional natural gas sources. Growth in LNG imports, Alaska production, and lower-48 production from
non-conventional sources are not expected to increase sufficiently to offset the impacts of resource
depletion and increased demand.

In the projection, the combination of more moderate increases in coal production, expected
improvements in mine productivity, and a continuing shift to low-cost coal from the Powder River
Basin in Wyoming leads to a gradual decline in the average minemouth price to approximately $17.00 per
ton ($0.84 per million Btu) in 2003 dollars in 2015. The price is projected to remain nearly constant
between 2015 and 2020, increasing after 2020 as rising natural gas prices and the need for baseload
generating capacity lead to the construction of many new coal-fired generating plants. By 2025, the
average minemouth price (in 2003 dollars) is projected to be $18.52 per ton ($0.92 per million Btu). The
projected minemouth coal price in nominal (current-year) terms is expected to be $31.25 per in 2025.

Average delivered electricity prices in 2003 dollars are projected to decline from 7.4 cents per kWh
($21.74 per million Btu) in 2003 to a low of 6.6 cents per kWh ($19.38 per million Btu) in 2010 as a result
of an increasingly competitive generation market and a decline in natural gas prices. After 2010, average
real electricity prices are projected to increase, reaching 7.3 cents per kWh ($21.47 per million Btu) in
2025 (equivalent to 12.9 cents per kWh in nominal (current-year) dollars).

© 2006 by Taylor & Francis Group, LLC
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7.5 Energy Consumption

Total primary energy consumption in the projection is expected to increase from 98.2 quadrillion Btu in
2003 to 132.4 quadrillion Btu in 2025, an average annual increase of 1.3%, which is less than half the
annual rate of growth for projected for GDP.

7.5.1 Residential Energy Consumption

Consistent with population growth rates and household formation, delivered residential energy
consumption is projected to grow from 11.6 quadrillion Btu in 2003 to 14.1 quadrillion Btu in 2025
(Figure 7.3), at an average rate of 0.9% per year between 2003 and 2025 (1.0% per year between 2003 and
2010, slowing to 0.8% per year between 2010 and 2025). The most rapid growth in residential energy
demand in the projection is expected to be for electricity used to power computers, electronic equipment,
and appliances. Natural gas use in the residential sector is projected to grow at an annual rate of 1.1% from
2003 to 2010 and 0.6% from 2010 to 2025.

The projection includes changes in the residential sector that have offsetting influences on the forecast
of energy consumption, including more rapid growth in the total number of U.S. households, higher
delivered prices for natural gas, electricity, and distillate fuel, and a better accounting of additions to
existing homes and the height of ceilings in new homes.

7.5.2 Commercial Energy Consumption

The forecast for commercial energy consumption is largely driven by an expected annual rate of growth
in commercial floor space that is projected to average 1.7% per year between 2003 and 2025. Consistent
with the projected increase in commercial floor space, delivered commercial energy consumption is
projected to grow at an average annual rate of 1.9% between 2003 and 2025, reaching 12.4 quadrillion
Btu in 2025. The most rapid increase in commercial energy demand is projected for electricity used for
computers, office equipment, telecommunications, and miscellaneous small appliances.

40 1
: Transportation
|
|
|
301 I
|
Industrial
|
I
20 1 |
1
|
1 Residential
|
101 |
Commercial
|
|
History | Projections
0+
1970 1980 1990 2003 2015 2025

FIGURE 7.3 October oil futures case, delivered energy consumption by sector, 1970-2025 (quadrillion Btu).
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7.5.3 Industrial Energy Consumption

Industrial energy consumption in the October oil futures case is projected to increase at an average rate of
0.9% per year between 2003 and 2025, reaching 30.8 quadrillion Btu in 2025. Key to the slower growth
rate of industrial energy consumption as compared to the annual U.S. energy consumption rate of 1.3%
is a continued shift of the U.S. economy toward services and away from energy-intensive industries. The
value of shipments, a measure of industrial economic activity, is projected to increase at an annual rate of
2.3% as compared to the annual growth in the economy as a whole of 3.1%.

7.5.4 Transportation Energy Consumption

Energy consumption in the transportation sector is projected to grow at an average annual rate of
1.7% between 2003 and 2025 in the projection, reaching 39.4 quadrillion Btu in 2025. The growth in
transportation energy demand is largely driven by the increasing personal disposable income,
projected to grow annually at about 3%, consumer preferences for driving larger cars with more
horsepower, and an increase in the share of light trucks and sports utility vehicles that make up light-
duty vehicles. Total vehicle miles traveled by light-duty vehicles is projected to increase at an annual
rate of 2% between 2003 and 2025 because of the increase in personal disposable income and other
demographic factors.

7.5.5 Electricity Sector

Total electricity consumption, including both purchases from electric power producers and on-site
generation, is projected to grow from 3657 billion kWh in 2003 to 5470 billion kWh in 2025, increasing
at an average rate of about 1.8% per year. Rapid growth in electricity use for computers, office equipment,
and a variety of electrical appliances in the end use sectors is partially offset in the forecast by improved
efficiency in these and other, more traditional electrical applications and by slower growth in electricity
demand in the industrial sector.

7.5.6 Demand for Natural Gas

Total demand for natural gas is projected to increase at an average annual rate of 1.5% from 2003 to 2025
(Figure 7.4), primarily as a result of increasing use for electricity generation and industrial applications
that together account for about 75% of the projected growth in natural gas demand from 2003 to 2025.
Total projected consumption of natural gas in 2025 is 30.9 trillion ft.?, or 31.8 quadrillion Btu. The
growth in demand for natural gas slows in the later years of the forecast (0.9% per year from 2015 to
2025, compared with 2.2% per year from 2003 to 2010), as rising natural gas prices lead to the
construction of more coal-fired capacity for electricity generation.

7.5.7 Demand for Coal

Total coal consumption is projected to increase from 1095 million short tons (about 22.7 quadrillion
Btu) in 2003 to 1505 million short tons (30.5 quadrillion Btu) in 2025, an annual growth rate of 1.5% per
year. The increase in coal consumption results almost entirely from increased coal demand for electricity
generation because of the expected price increases of natural gas. Total coal consumption for electricity
generation is projected to increase by an average of 1.6% per year, from 1004 million short tons (20.5
quadrillion Btu) in 2003 to 1421 million short tons (28.6 quadrillion Btu) in 2025.

7.5.8 Demand for Petroleum

Total petroleum demand is projected to grow at an average annual rate of 1.4% in the projection,
from 20.0 million barrels per day (39.1 quadrillion Btu) in 2003 to 27.3 million barrels per day
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FIGURE 7.4 October oil futures case, energy consumption by fuel, 1970-2025 (quadrillion Btu).

(53.2 quadrillion Btu) in 2025. Almost all of the growth is attributable to the growth in transportation
sector demand for petroleum products.

Total marketed renewable fuel consumption (including ethanol for gasoline blending, of which 0.2
quadrillion Btu is included with “petroleum products” consumption in Table 7.1), is projected to grow
by 1.6% per year in the projection, from 6.1 quadrillion Btu in 2003 to 8.8 quadrillion Btu in 2025, as a
result of state mandates for renewable electricity generation, higher natural gas prices, and the effect of
production tax credits. About 60% of the projected demand for renewables in 2025 is for grid-related
electricity generation (including combined heat and power), and the rest is for dispersed heating and
cooling, industrial uses, and fuel blending. Renewable generating technologies are usually not as
competitive in the projection as natural-gas-fired or advanced coal-fired technologies, because the
costs for natural gas and advanced coal-fired technologies are usually lower, on a kWh basis, than those
for renewable generation.

7.6 Energy Intensity

Energy intensity, as measured by energy use per 2000 dollar of GDP, is projected to decline at an
average annual rate of 1.6% in the projection, with efficiency gains and structural shifts in the economy
offsetting growth in demand for energy services (Figure 7.5). The projected rate of decline in the
October oil futures case falls between the historical averages of 2.3% per year from 1970 to 1986, when
energy prices increased in real terms, and 0.7% per year from 1986 to 1992, when energy prices were
generally falling.

Since 1992, energy intensity has declined on average by 1.9% per year. During this period, the role of
energy-intensive industries in the U.S. economy has fallen sharply. The share of industrial output from
the energy-intensive industries declined on average by 1.3% per year from 1992 to 2003. In the
projection, the energy-intensive industries’ share of total industrial output is projected to continue
declining but at a slower rate of 0.8% per year, which leads to the projected slower annual rate of
reduction in energy intensity.

Historically, energy use per person has varied over time with the level of economic growth, weather
conditions, and energy prices, among many other factors. During the late 1970s and early 1980s, energy
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FIGURE 7.5 October oil futures case, energy use per capita and per dollar of gross domestic product, 1970-2025
(index, 1970=1).

consumption per capita fell in response to high energy prices and weak economic growth. Starting in
the late 1980s and lasting through the mid-1990s, energy consumption per capita increased with
declining energy prices and strong economic growth. Per capita energy use is expected to increase in
this projection, with growth in demand for energy services only partially offset by efficiency gains. Per
capita energy use increases by an average of almost 0.5% per year between 2003 and 2025 in
the projection.

The potential for more energy conservation has received increased attention recently as energy prices
have risen. Although energy conservation is projected to be induced through energy price increases, the
projection does not assume policy-induced conservation measures beyond those in existing legislation
and regulation, nor does it assume behavioral changes beyond those experienced in the past.

7.7 Electricity Generation

The natural gas share of electricity generation (including generation in the end use sectors) is projected to
increase from 16% in 2003 to 24% in 2025. The share from coal is projected to decrease from 51% in 2003
to 50% in 2025. The projection estimates that 89 GW of new coal-fired generating capacity will be
constructed between 2004 and 2025.

In the electric power sector, natural gas consumption increases from 5.0 trillion ft.> in 2003 to
9.4 trillion ft.” in 2025, accounting for about 31% of total demand for natural gas in 2025 as compared
with 23% in 2003. The increase in natural gas consumption for electricity generation results from both the
construction of new gas-fired generating plants and higher capacity utilization at existing plants. Most new
electricity generation capacity is expected to be fueled by natural gas, because 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 substantially, coal-fired power plants are expected to be competitive for new
capacity additions.

Nuclear generating capacity in the October oil futures case is projected to increase from 99.2 GW in
2003 to 102.7 GW in 2025 as a result of upgrades of existing plants between 2003 and 2025. All existing
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FIGURE 7.6 October oil futures case, electricity generation by fuel, 1970-2025 (billion kilowatthours).

nuclear plants are projected to continue to operate, but new plants are not expected to be economical.
Total nuclear generation is projected to grow from 764 billion kWh in 2003 to 830 billion kWh in 2025 in
the projection (Figure 7.6).

The use of renewable technologies for electricity generation is projected to grow slowly, both because
of the relatively low costs of fossil-fired (primarily natural gas and coal) generation and because
competitive electricity markets favor less capital-intensive technologies. Where enacted, state renewable
portfolio standards, which specify a minimum share of generation or sales from renewable sources, are
included in the forecast. The projection also includes the extension of the production tax credit for wind
and biomass through December 31, 2005, as enacted in H.R. 1308, the Working Families Tax Relief Act of
2004. Current Congressional energy bills pending before Congress, including H.R. 6 (or the Senate
energy bill) have not been included in this projection because they had not been enacted at the time this
projection was developed.

Total renewable generation, including combined heat and power generation, is projected to grow from
359 billion kWh in 2003 to 497 billion kWh in 2025, increasing by 1.5% per year.

7.8 Energy Production and Imports

Total energy consumption is expected to increase more rapidly than domestic energy supply through
2025. As a result, net imports of energy are projected to meet a growing share of energy demand
(Figure 7.7). Net imports are expected to constitute 38% of total U.S. energy consumption in 2025, up
from 27% in 2003.

7.8.1 Petroleum Supply and Imports

Projected U.S. crude oil production is projected to increases from 5.7 million barrels per day in 2003 to a
peak of 6.3 million barrels per day in 2009 as a result of expected higher prices than the 1990s, increased
production offshore, predominantly from the deep waters of the Gulf of Mexico. Beginning in 2010, U.S.
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crude oil production begins to decline, falling to 5.0 million barrels per day in 2025 (Table 7.1) as
depletion effects dominate technological advances and gradual price increases.

Total domestic petroleum supply (crude oil, natural gas plant liquids, refinery processing gains, and
other refinery inputs) follows the same pattern as crude oil production in the forecast, increasing from
9.1 million barrels per day in 2003 to a peak of 10.0 million barrels per day in 2009, then declining to 9.3
million barrels per day in 2025.

In 2025, net petroleum imports, including both crude oil and refined products, are expected to
account for 66% of demand (on the basis of barrels per day), up from 56% in 2003. Net imports of
refined petroleum products account for between 12% and 14% of total net imports for the
forecast horizon.

7.8.2 Natural Gas Supply and Imports

Growth in U.S. natural gas supplies will depend on unconventional domestic production, Canadian
imports, natural gas from Alaska, and imports of LNG. Domestic natural gas production is projected
to increase from 19.1 trillion ft.” in 2003 to 22.2 quadrillion Btu in 2025 in the projection (Table 7.1).
Lower-48 onshore natural gas production is projected to increase from 13.9 trillion ft.” in 2003 to a
peak of 15.7 trillion ft.” in 2012 before falling to 14.7 trillion ft.> in 2025. Lower-48 offshore
production, which was 4.7 trillion ft.> in 2003, is projected to increase in the near term (to
5.6 trillion ft.> by 2015) because of the expected development of some large deepwater fields,
including Mad Dog, Entrada, and Thunder Horse. After 2015, offshore production is projected to
decline to 5.3 trillion ft.* in 2025.

Unconventional production is expected to become the largest source of U.S. natural gas supply. As a
result of technological improvements and rising natural gas prices, natural gas production from relatively
abundant unconventional sources (tight sands, shale, and coalbed methane) is projected to increase more
rapidly than conventional production. Lower-48 unconventional gas production grows from
6.6 trillion ft.> in 2003 to 8.6 trillion ft.” in 2025 and from 35% of total lower-48 production in 2003
to 43% in 2025.

Production of lower-48 non-associated (NA) conventional natural gas declines from 9.5 trillion ft> in
2003 to 8.9 trillion ft.> in 2025, as resource depletion causes exploration and development costs to
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increase. Offshore NA natural gas production is projected to rise slowly to a peak of 3.9 trillion ft.” in
2008, then decline to 3.8 trillion ft.> in 2025.

Production of associated-dissolved (AD) natural gas from lower-48 crude oil reserves is projected to
increase from 2.5 trillion ft.” in 2003 to 3.2 trillion ft.? in 2010 due to a projected increase in offshore AD
gas production. After 2010, both onshore and offshore AD gas production are projected to decline, and
total lower-48 AD gas production falls to 2.5 trillion ft.” in 2025.

Decreases in natural gas imports from Canada are expected to be offset by substantial increases in LNG
imports and the development of the North Slope Alaska natural gas pipeline. Canadian imports are
projected to decline from 2003 levels of 3.1 trillion ft.? to about 2.5 trillion ft.> in 2010, followed by an
increase after 2010 to 3.1 trillion ft.? in 2016 as a result of rising natural gas prices, the introduction of gas
from the Mackenzie Delta, and increased production of coalbed methane. After 2016, because of reserve
depletion effects and growing domestic demand in Canada, net U.S. imports of Canadian natural gas are
projected to decline to 2.7 trillion ft.” in 2025. That is, pipeline imports from Canada decline at the end of
the forecast, because Canada’s gas consumption increases more rapidly than its production. The
forecasted supply of natural gas from Canada reflects revised Energy Information Administration
(EIA) expectations about Canadian natural gas production, particularly coalbed methane and
conventional production in Alberta, based in part on data and projections from Canada’s National
Energy Board and other sources.

With the exception of the facility at Everett, Massachusetts, three of the four existing U.S. LNG
terminals (Cove Point, Maryland; Elba Island, Georgia; and Lake Charles, Louisiana) are expected to
expand by 2007; and additional facilities are expected to be built in New England and elsewhere in the
lower-48 States, serving the Gulf, mid-Atlantic, and south Atlantic states, including a new facility in the
Bahamas serving Florida via a pipeline. Another facility is projected to be built in Baja California, Mexico,
serving a portion of the California market. Total net LNG imports to the United States and the Bahamas
are projected to increase from 0.4 trillion ft.* in 2003 to 6.2 trillion ft.” in 2025.

The North Slope Alaska natural gas pipeline is projected to begin transporting Alaskan natural gas to
the lower-48 states in 2017 as a result of favorable investment economics and increasing natural gas
prices. In 2025, total Alaskan natural gas production is projected to be 2.2 trillion ft.> in the October oil
futures case, compared with 0.4 trillion ft.> in 2003.

7.8.3 Coal Supply

As domestic coal demand grows in the forecast, U.S. coal production is projected to increase at an average
rate of 1.4% per year, from 1083 million short tons in 2003 to 1484 million short tons in 2025.
Production from mines west of the Mississippi River is expected to provide the largest share of the
incremental coal production. In 2025, nearly two-thirds of coal production is projected to originate from
the western states.

7.9 Carbon Dioxide Emissions

Carbon dioxide emissions from energy use are projected to increase from 5789 million metric tons in 2003
to 7981 million metric tons in 2025, an average annual increase of 1.5% (Figure 7.8). The carbon dioxide
emissions intensity of the U.S. economy is projected to fall from 558 metric tons per million dollars of
GDP in 2003 to 393 metric tons per million dollars in 2025—an average decline of 1.6% per year.

By sector, including the emissions associated with the electricity consumed, carbon dioxide emissions
for 2003 to 2025 are projected to grow at 1.1% per year in the residential sector, 2.1% per year for the
commercial sector, 1.0% per year for the industrial sector, and 1.7% per year for transportation. Power
sector carbon dioxide emissions are expected to grow at 1.7% per year but these are already included in
the sectoral emissions listed above.
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FIGURE 7.8 October oil futures case, U.S. carbon dioxide emissions by sector and fuel, 1990-2025 (million metric
tons)-in progress.

7.10 Summary of the AEO2006 Reference Case Projection

7.10.1 Major Changes Reflected in the AEO2006 Reference Case

AEQ2006 is the first edition of the Annual Energy Outlook (AEO) to provide projections through 2030.
The AEO2006 reference case projection incorporates new regulatory changes and laws that were issued
after the release of AEO2005 and before completion of AEO2006. Major regulatory changes that affect air
emissions from electricity power plants include two rules by the Environmental Protection Agency (EPA)
that were not represented in the October oil futures case: the Clean Air Interstate Rule (CAIR), issued on
March 10, 2005 and the Clean Air Mercury Rule (CAMR), issued on March 15, 2005.* The new rules are
expected to significantly reduce sulfur dioxide, nitrogen oxides, and mercury emissions from electric
power plants over the next two decades.

The Energy Policy Act of 2005 (EPACT2005, Public Law 109-58), a statute that was signed into to law
on August 8, 2005, is also new for AEO2006. The act provides tax incentives and loan guarantees for
energy production of various types including new nuclear generation (up to 6 GW), integrated
gasification combined cycle (IGCC) coal power generation, renewable generation, ethanol use for
transportation, and a variety of efficiency programs intended to reduce energy consumption, primarily in
the residential and commercial sectors. The AEO2006 reference case only includes those sections of the
EPACT2005 that establish specific tax credits, incentives, or standards, comprising about 30 of the
roughly 500 sections in the legislation.

The world crude oil prices in the AEO2006 reference case are also significantly higher than those in
the October oil futures case. The world crude oil price is now expressed in terms of the average price
of imported low-sulfur crude oil to U.S. refiners to provide a crude oil price that is more consistent
with those reported in the media. Light crude oil import prices are projected to increase from $40.49
per barrel (2004 dollars) in 2004 to $54.08 per barrel in 2025 and to $56.97 per barrel in 2030.

*see http://www.epa.gov/CAIR/ and http://www.epa.gov/oar/mercuryrule/
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The higher prices for imported light, low-sulfur crude oil result from major changes in expectations
for key drivers of the crude oil market. First, major oil companies lack access to resources in some key
oil-rich countries and that situation is not expected to change over the projection period. Second, in
attractive oil resource regions where foreign investment may be welcome, political instability and
economic risk limit foreign investments. Third, revenues from national oil companies in key oil-rich
countries flow to governments which are facing increasing demands placed on them for social, welfare,
and physical infrastructure projects to service rapidly growing restive populations. In some cases, such
demands have resulted in unilateral changes to agreements that have increased government revenues and
increased investment risks to potential investors. Unilateral changes to agreements to contracts are likely
to reduce the rate of new investments to develop oil reserves. Finally, since the world economies have
continued to grow robustly over the past 2-3 years in spite of crude oil prices that have exceeded $40 per
barrel, and petroleum demand has seen only small changes, there appears to be little motivation for key
OPEC suppliers to aggressively expand production, substantially lower crude oil prices, and reduce
their revenues.

Most of the trends and the reasons for the trends in the October oil futures case are similar to the
trends in the AEO2006 reference case. Consequently, only the major differences in the trends and their
explanations will be highlighted in this section.

None of the projections or scenarios provided in AEO2005 or AEO2006 reflect the onset of “peak oil.”
Historically, crude oil prices have shown significant variations with prices in constant 2004 dollars; for
example, crude oil prices exceeded $100 per barrel in the late 1970s and early 1980s. The new high world
oil price path in AEO2006 reflects a new investment and access constrained outlook for crude oil in which
the world economies appear able to assimilate the new world oil price regime and crude oil exporters are
happy to reap the revenues.

The challenge to oil-rich producers is balance the desire to increase prices and revenues with the
potential to cause worldwide economic damage stimulate technological breakthroughs that could
undermine their revenues in the longer term. Although specific innovations and technological successes
cannot be anticipated or guaranteed, innovation and technological and process advances have historically
preceded historical price declines from lofty highs (e.g., horizontal drilling, 3-D and 4-D simulations, the
breakthroughs for inexpensive computing, and many others). Breakthroughs that allow relatively
inexpensive exploitation of oil shale, for example, could be one such future breakthrough for crude
oil production if prices remain too high; breakthroughs in coal-to-liquids technologies, and exploitation
of ultraheavy crude oils might be others. For this reason, it is appropriate for investors and planners to
consider a plausible range of world oil price scenarios as provided in this chapter or in the AEO2006
alternative oil price scenarios.

The challenge and potentially serious pitfall for forecasters and investors is to avoid extrapolating
short-term trends into long-term projections without supporting analysis that focuses on the changing
fundamentals of the industry.

7.10.2 Implications of Higher World Oil Prices

The higher world oil prices in the AEO2006 reference case have important implications for the projected
evolution of energy markets. The most significant impact is in the outlook for petroleum imports. Net
imports of petroleum are projected to meet a growing share of total petroleum demand. However, the
higher world oil prices in the AEO2006 reference case lead to greater domestic crude oil production and
lower demand, which reduces the need for petroleum imports to 60% in 2025 and 62% of petroleum
demand (on the basis of barrels per day) in 2030, up from 58% in 2004. Table 7.2 provides a tabular
summary of the AEO2006 reference case.

The higher world oil prices also impact fuel choice and vehicle efficiency decisions in the
transportation sector. Higher oil prices increase the demand for unconventional sources of trans-
portation fuel, such as ethanol and biodiesel, and stimulate coal-to-liquids (CTL) production for the first
time. The move to alternative liquids production is highly sensitive to the level of oil prices.
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TABLE 7.2 Total Energy Supply and Disposition in the AEO2006 Reference Case: Summary, 2003-2030

Energy and Economic Factors

2003 2004 2010 2015 2020 2025 2030 2004-2030(%)
Primary energy production (quadrillion Btu)
Petroleum 14.40 13.93 14.83 14.94 14.41 13.17 12.25 —0.5
Dry natural gas 19.63 19.02 19.13 20.97 22.09 21.80 21.45 0.5
Coal 22.12 22.86 25.78 25.73 27.30 30.61 34.10 1.6
Nuclear power 7.96 8.23 8.44 8.66 9.09 9.09 9.09 0.4
Renewable energy 5.69 5.74 7.08 7.43 8.00 8.61 9.02 1.8
Other 0.72 0.64 2.16 2.85 3.16 3.32 3.44 6.7
Total 70.52 70.42 77.42 80.58 84.05 86.59 89.36 0.9
Net imports (quadrillion Btu)
Petroleum 24.19 25.88 26.22 28.02 30.39 33.11 36.49 1.3
Natural gas 3.39 3.49 4.45 5.23 5.15 5.50 5.72 1.9
Coal/other (—indicates export) —0.45 —0.42 —0.58 0.20 0.90 1.54 2.02 NA
Total 27.13 28.95 30.09 33.44 36.44 40.15 44.23 1.6
Consumption (quadrillion Btu)
Petroleum products 38.96 40.08 43.14 45.69 48.14 50.57 53.58 1.1
Natural gas 23.04 23.07 24.04 26.67 27.70 27.78 27.66 0.7
Coal 22.38 22.53 25.09 25.66 27.65 30.89 34.49 1.7
Nuclear power 7.96 8.23 8.44 8.66 9.09 9.09 9.09 0.4
Renewable energy 5.70 5.74 7.08 7.43 8.00 8.61 9.02 1.8
Other 0.02 0.04 0.07 0.08 0.05 0.05 0.05 0.9
Total 98.05 99.68 107.87 114.18 120.63 126.99 133.88 1.1
Petroleum (million barrels per day)
Domestic crude production 5.69 5.42 5.88 5.84 5.55 4.99 4.57 —0.7
Other domestic production 3.10 3.21 3.99 4.50 4.90 5.45 5.84 2.3
Net imports 11.25 12.11 12.33 13.23 14.42 15.68 17.24 1.4
Consumption 20.05 20.76 22.17 23.53 24.81 26.05 27.57 1.1
Natural gas (trillion ft.”)
Production 19.11 18.52 18.65 20.44 21.52 21.24 20.90 0.5
Net imports 3.29 3.40 435 5.10 5.02 5.37 5.57 1.9
Consumption 22.34 22.41 23.35 2591 26.92 26.99 26.86 0.7
(continued)
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TABLE 7.2  (Continued)

Energy and Economic Factors

2003 2004 2010 2015 2020 2025 2030 2004-2030(%)
Coal (million short tons)
Production 1083 1125 1261 1272 1355 1530 1703 1.6
Net imports —18 —21 —26 5 36 63 83 NA
Consumption 1095 1104 1233 1276 1390 1592 1784 1.9
Prices (2004 dollars)
Imported low-sulfur light crude 31.72 40.49 47.29 47.79 50.70 54.08 56.97 1.3
oil (dollars per barrel)
Imported crude oil (dollars 28.46 35.99 43.99 43.00 44.99 47.99 49.99 1.3
per barrel)
Domestic natural gas at wellhead 5.08 5.49 5.03 4.52 4.90 5.43 5.92 0.3
(dollars per thousand cubic ft.)
Domestic coal at minemouth 18.40 20.07 22.23 20.39 20.20 20.63 21.73 0.3
(dollars per short ton)
Average electricity price 7.6 7.6 7.3 7.1 7.2 7.4 7.5 0.0
(cents per kilowatthour)
Economic indicators
Real gross domestic product 10,321 10,756 13,043 15,082 17,541 20,123 23,112 3.0
(billion 2000 dollars)
GDP chain-type price index 1.063 1.091 1.235 1.398 1.597 1.818 2.048 2.5
(index, 2000 =1.000)
Real disposable personal income 7742 8004 9622 11,058 13,057 15,182 17,562 3.1
(billion 2000 dollars)
Value of manufacturing 5378 5643 6355 7036 7778 8589 9578 2.1
shipments (billion 2000 dollars)
Energy intensity (thousand Btu per 9.51 9.27 8.28 7.58 6.88 6.32 5.80 —1.8
2000 dollar of GDP)
Carbon dioxide emissions (million 5815 5919 6365 6718 7119 7587 8115 1.2

metric tons)

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

Some refinery inputs appear as petroleum consumption. Other consumption includes net electricity imports, liquid hydrogen, and methanol.
Source: From AEO2006 National Energy Modeling System, run AEO2006.D111905A.
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FIGURE 7.9 AEO2006 reference case, energy prices, 1980-2030 (2004 dollars per million Btu).

7.10.2.1 Economic Growth

Key interest rates, the federal funds rate, the nominal yield on the 10-year treasury note, and the AA
utility bond rate are slightly lower compared to the October oil futures case. Also, the projected value of
industrial shipments has been revised downward, in part in response to the higher projected energy
prices in the AEO2006 reference case. Despite the higher energy prices in the AEO2006 reference case
relative to the October oil futures case, GDP is projected to grow at an average annual rate of 3.0% from
2004 to 2030 in AEO2006, identical to the 3.0% per year growth from 2004 through 2025 projected in the
October oil futures case.

7.10.2.2 Energy Prices

In the AEO2006 reference case, the average world crude oil price increases from $40.49 per barrel (2004
dollars) in 2004 to $59.10 per barrel in 2006 and then declines to $46.90 per barrel in 2014 as new
supplies enter the market. It then rises slowly to $54.08 per barrel in 2025 (Figure 7.9).

Average U.S. wellhead natural gas prices are projected to gradually decline from their present level as
increased drilling brings on new supplies and new import sources become available, falling to $4.46 per
thousand ft.” (2004 dollars) in 2016. After 2016, wellhead prices are projected to increase gradually, to
over $5.40 per thousand ft.” in 2025 and over $5.90 per thousand ft.* in 2030. The projected wellhead
natural gas prices in the AEO2006 reference case from 2016 to 2025 are consistently higher than the
Octobers oil futures case, ranging roughly from 25 to 60 cents per thousand ft.” higher, primarily due to
higher exploration and development costs.

Average delivered electricity prices are projected to decline from 7.6 cents per kWh (2004 dollars) in
2004 to a low of 7.1 cents per kWh in 2018 as a result of falling natural gas prices and, to a lesser extent,
coal prices. After 2018, average real electricity prices are projected to increase, reaching 7.4 cents per kWh
in 2025 and 7.5 cents per kWh in 2030.

7.10.2.3 Energy Consumption

Total primary energy consumption in the AEO2006 reference case is projected to increase from 99.7
quadrillion Btu in 2004 to 127.0 quadrillion Btu in 2025 (an average annual increase of 1.2%), 5.4
quadrillion Btu less than in October futures case. In 2025, coal, nuclear, and renewable energy
consumption are higher, while petroleum and natural gas consumption are lower in the AEO2006
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FIGURE 7.10 AEO2006 reference case, delivered energy consumption by sector, 1980-2030 (quadrillion Btu).

reference case. Among the most important factors accounting for the differences are higher energy prices,
particularly petroleum and natural gas prices; lower projected growth rates in the manufacturing portion
of the industrial sector, which traditionally includes the most energy-intensive industries; greater
penetration by hybrids and diesel vehicles in the transportation sector as consumers focus more on
efficiency; and the impact of the recently passed EPACT2005, which reduces energy consumption in the
residential and commercial sectors and lowers projected growth in electricity demand.

Total petroleum consumption is projected to grow in the AEO2006 reference case, from 20.8 million
barrels per day in 2004 to 26.1 million barrels per day in 2025, 1.2 million barrels per day lower in 2025
than in the October futures case. Petroleum demand growth in the AEO2006 reference case is lower in all
sectors due largely to the impact of the much higher oil prices in AEO2006, with almost two-thirds of the
decline taking place in the transportation sector.

Total consumption of natural gas in the AEO2006 reference case is projected to increase from 22.4 tcf
in 2004 to 27.0 tcf by 2025 (Figure 7.10), 3.9 tcf lower then projected in the October oil futures case, due
mostly to the impact of higher natural gas prices. After peaking at 27.0 tcf, natural gas consumption is
projected to fall slightly by 2030 as natural gas loses market share to coal for electricity generation in the
later years of the projection due to the higher natural gas prices.

In the AEO2006 reference case, total coal consumption is projected to increase from 1104 million short
tons in 2004 to 1592 million short tons in 2025—84 million short tons more than the 1508 million tons in
the October oil futures case. Coal consumption is projected to grow at a faster rate in AEO2006 toward the
end of the projection, particularly after 2020, as coal captures market share from natural gas in power
generation due to increasing natural gas prices and as coal use for CTL production grows. Coal was not
projected to be used for CTL production in the October oil futures case. In the AEO2006 reference case,
total coal consumption for electricity generation is projected to increase from 1235 million short tons in
2020 to 1502 million short tons by 2030, an average rate of 2.0% per year, and coal use for CTL production
increases from 62 million short tons in 2020 to 190 million short tons in 2030.

7.10.2.4 Electricity Generation

In the AEO2006 reference case, the projected average prices of natural gas and coal delivered to electricity
generators in 2025 are higher than the comparable prices in the October oil futures case. While coal
consumption in 2025 is similar in both projections, the increase in natural gas prices together with slower
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FIGURE 7.11 AEO2006 reference case, electricity generation by fuel, 1980-2030 (billion kilowatthours).

projected growth in electricity demand and incentives for renewable, nuclear and advanced coal generation
technologies leads to significantly lower levels of natural gas consumption for electricity generation. As a
result, projected cumulative capacity additions and generation from natural-gas-fired power plants are
lower in the AEO2006 reference case and capacity additions and generation from coal-fired power plants
are similar to the October oil futures case through 2025. In fact, in the later years of the projection, natural
gas generation is expected to decline as it is displaced with generation from new coal plants (Figure 7.11).

The natural gas share of electricity generation (including generation in the end use sectors) is projected
to increase from 18% in 2004 to 22% around 2020 before falling to 17% 2030. The share from coal is
projected to decrease from 50% in 2004 to 49% in 2020 and then increase to 57% by 2030. In the
AEQO2006 reference case, 87 GW of new coal-fired generating capacity are projected to be constructed
between 2004 and 2025 (a comparable amount to the October oil futures case). Over the entire projection
(2004 to 2030), 154 GW of new coal-fired generating capacity is projected to be added in the AEO2006
reference case, including 14 GW at CTL plants.

Nuclear generating capacity in the AEO2006 reference case is projected to increase from 99.6 GW in 2004
to 108.8 GW by 2020 (10% of total generating capacity) and remain at this level through 2030. The 9 GW
increase in nuclear capacity between 2004 and 2030 consists of 3 GW of uprates of existing plants and 6 GW
of new plants stimulated by provisions in EPACT2005. The nuclear plants that are projected to be added in
2014 and beyond will be the first new plants ordered in the United States in over 30 years. Total nuclear
generation is projected to grow from 789 billion kWh in 2004 to 871 billion kWh in 2030 in the AEO2006
reference case, but nuclear capacity in 2030 is projected to account for only about 15% of total generation.

The use of renewable technologies for electricity generation is projected to grow, stimulated both by
higher fossil fuel prices and extended tax credits in the EPACT2005 and state renewable programs. The
expected impacts of state renewable portfolio standards, which specify a minimum share of generation or
sales from renewable sources, are included in the projection. The AEO2006 reference case also includes
the extension and expansion of the production tax credit for wind and biomass through December 31,
2007, as enacted in the EPACT2005. Total renewable generation in the AEO2006 reference case, including
combined heat and power generation, is projected to grow by 1.7% per year, from 358 billion kWh in
2004 to 559 billion kWh in 2030.

In combination, the Clean Air Interstate Rule (CAIR) and the Clean Air Mercury Rule (CAMR) will lead
to large reductions in pollutant emissions from power plants. In the AEO2006 reference case, sulfur dioxide
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FIGURE 7.12 AEQO2006 reference case, energy production by fuel, 1980-2030 (quadrillion Btu).

emissions are 59% lower, nitrogen oxide emissions are 47% lower, and mercury emissions are 70% lower in
2025 when compared to the October oil futures case because of the inclusion of these regulations.

7.10.2.5 Energy Intensity

Energy intensity, as measured by energy use per 2000 dollar of GDP, is projected to decline at an average
annual rate of 1.8% in the AEO2006 reference case between 2004 and 2030, with efficiency gains and
structural shifts in the economy dampening growth in demand for energy services. The rate of decline in
energy intensity is faster than the projected 1.6% per year rate in October oil futures case between 2004
and 2025, largely because the higher energy prices in the AEO2006 reference are projected to result in
generally lower levels of energy consumption.

7.10.2.6 Energy Production and Imports

Net imports of energy on a Btu basis are projected to meet a growing share of total energy demand
(Figure 7.12). In the AEO2006 reference case, net imports are expected to constitute 32% and 33% of
total U.S. energy consumption in 2025 and 2030, respectively, up from 29% in 2004, much lower then
import share projected in the October oil futures case (36.5%) of AEO2005 for 2025. The higher crude oil
and natural gas prices in AEO2006 lead to greater domestic energy production and lower demand,
reducing the projected growth in imports.

In 2025, net petroleum imports, including both crude oil and refined products, are expected to
account for 60% of demand (on the basis of barrels per day) in the AEO2006 reference case compared to
66% in the October oil futures case, up from 58% in 2004. The market share of net petroleum imports
grows to 60% in 2025 and 62% of demand in the AEO2006 reference case by 2030.

Total domestic natural gas production increases from 18.5 tcf in 2004 to 21.2 tcf in 2025, before
declining to 20.8 tcf in 2030 in the AEO2006 reference case. Growth in LNG imports is projected to meet
much of the increased demand for natural gas in the AEO2006 reference case, but the increase is less than
projected in the October oil futures case. The growth of LNG imports in the AEO2006 reference case is
moderated by higher domestic and imported LNG gas prices that reduce domestic natural gas demand.
Because of the higher petroleum product prices, the international natural gas demand is expected to rise
and raise LNG prices with it. Higher international LNG prices are projected to limit the demand for LNG
demanded in the United States.
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FIGURE 7.13 AEO2006 reference case, U.S. carbon dioxide emissions by sector and fuel, 1990-2030 (million metric
tons).

7.10.2.7 Carbon Dioxide Emissions

Carbon dioxide emissions from energy use are projected to increase from 5919 million metric tons in
2004 to 7587 million metric tons in 2025 and 8115 million metric tons in 2030 in the AEO2006 reference
case, an average annual increase of 1.2% per year (Figure 7.13). The carbon dioxide emissions intensity of
the U.S. economy is projected to fall from 550 metric tons per million dollars of GDP in 2004 to 377
metric tons per million dollars of GDP in 2025—an average decline of 1.8% per year—and 351 metric
tons per million dollars of GDP in 2030.

7.11 Overview Impacts of the AEO2006 High-Price Case*

Although short-term weather-related events (e.g., hurricanes) and geopolitical instabilities (e.g., terrorist
actions and attempts by some producers to withhold supply) could raise crude oil prices well above $100
per barrel in 2004 dollars for a few months or even years, the author believes that sustained crude oil
prices which exceed $75 per barrel for the next 25 years are unlikely for technical reasons.” Nevertheless, it
is prudent to consider such a case for contingency planning purposes. This section evaluates the impacts

*This case is provided at the request of the editor. Energy markets in the past 3 years have demonstrated the volatility of
energy prices to slight supply—-demand imbalances. For example, the Henry Hub spot prices have fallen from a high of over
$14 per million Btu in December 2005 to a low of about $4 per million Btu in September 2006.

"Numerous technology and supply options for producing petroleum product substitutes are currently economically
viable at prices well under $75 per barrel including: oil sands from Canada, coal-to-liquids which the Germans and South
Africans used heavily (Fischer—Tropsch technology), and oil shale which was economic at about $75 per barrel using the
1980’s underground mining and surface retorting process. New processes using a true in situ process are targeted to be
economic at under $45 per barrel. Stranded natural gas, that is, natural gas without a currently accessible market like gas in
portions of Alaska and Nigeria, could be used to economically produce high-quality petroleum products at well under $45
per barrel if the stranded natural gas price is less than $1 per thousand ft.”. Biofuels for ethanol and bio-diesel are also likely to
grow if high world oil prices are sustained. Finally, ultra-heavy oil, a product currently shunned by most refineries, could be
economic at prices well under $75 per barrel. Given sustained high crude oil prices from conventional sources, investments in
unconventional liquids production are likely to rise rapidly and eventually place downward pressure on high crude oil prices.
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FIGURE 7.14 World oil prices (Foreign low-sulfur light crude oil prices) in three AEO2006 cases, 1990-2030 (2004
dollars per barrel). (From Energy Information Administration. Annual outlook 2006, with projections to 2030.
DOE/EIA-0383 2006, Energy Information Administration, Washington, D.C., 2006, http://www.eia.doc.gov/oiaf/
aeo/index.html)

of high oil and natural gas prices, as defined by the Annual Energy Outlook 2006 (AEO2006) high-price
case, on the transportation and power generation sectors of the U.S. energy economy. The AEO2006
low-price and reference price cases are also briefly described to provide balance and context.

The AEO2006 high- and low-price cases reflect, respectively, lower or higher domestic and
international unproven/undiscovered oil and natural gas resources than the reference case. The high-
price path reaches $96 per barrel in 2030 for foreign low-sulfur light crude oil (FLL) based on the
assumptions that unproven/undiscovered international and domestic oil resources are 15% lower than
the reference case and that the OPEC cartel adjusts its output to maintain the higher prices. In this
case, the OPEC share of world oil production is projected to decline to 31% compared to over 38% in
2005. The low-price case projects that crude oil prices (FLL) will fall to about $34 per barrel in constant
2004 dollars because undiscovered oil and natural gas resources are assumed to be 15% higher than the
reference case and that OPEC chooses to approximately retain its 2005 market share of about 38%
through 2030 (see Figure 7.14).

All other things being equal, higher oil prices will stimulate more exploration and production,
particularly in non-OPEC countries, and increase crude oil and alternative liquids production from oil
sands, coal-to-liquids (CTL), gas-to-liquids (GTL), shale oil, ethanol, and other biofuel liquids. In
addition, higher prices will reduce consumption through price-induced conservation (e.g., lower vehicle
miles traveled or lower thermostat settings for space heating) and through increased efficiency uptake
(e.g., more efficient cars). Table 7.3 summarizes the major outcomes of the AEO2006 price cases.

7.11.1 Domestic Oil Production

U.S. oil production is marginally sensitive to world oil prices. Higher (or lower) oil prices induce more
(or less) exploration activity and the development of more (or less) oil resources. In all cases, a significant
portion of total domestic oil production is projected to be produced from large, existing oil fields, such as
the Prudhoe Bay Field.

"OPEC’s projected market share in 2030 is around 40 for the low and reference price cases. In nominal or “current-year”
dollars terms, prices in 2030 will be about 70 higher than the quoted constant 2004 dollar values shown in this section. For
example, a $96 dollar per barrel crude oil price (light, low sulfur) in 2004 dollars in 2030 would be over $160 per barrel in year
2030 dollars.
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TABLE 7.3 AEO2006 Price Case Comparisons

2010 2015 2020 2025 2030
2004 Low Ref High Low Ref High Low Ref High Low Ref High Low Ref High
Domestic Production
Crude oil and lease 11.47 12.71 12.45 12.24 12.69 12.37 12.20 11.77 11.75 11.91 10.56 10.56 11.22 9.51 9.68 10.50
condensate
Natural gas plant liquids 2.46 2.43 2.39 2.35 2.59 2.57 2.53 2.61 2.67 2.65 2.61 2.62 2.66 2.65 2.57 2.62
Dry natural gas 19.02 19.58 19.13 18.67 21.21 20.97 20.59 21.66 22.09 21.90 21.64 21.80 22.15 22.09 21.45 21.83
Coal 22.86 25.38 25.78 2591 24.76 25.73 26.47 24.81 27.30 29.53 26.02 30.61 34.08 27.86 34.10 39.52
Nuclear power 8.23 8.44 8.44 8.44 8.60 8.66 8.77 9.03 9.09 9.09 9.03 9.09 9.09 9.03 9.09 9.09
Renewable energy 5.73 7.00 7.08 7.25 7.12 7.43 7.71 7.64 8.00 8.15 8.22 8.61 8.79 8.73 9.02 9.12
Other 0.64 2.13 2.16 2.20 2.90 2.85 3.01 3.04 3.16 3.37 3.10 3.32 3.74 3.15 3.44 391
Total 70.42 77.67 77.42 77.05 79.87 80.58 81.27 80.57 84.05 86.61 81.18 86.59 91.73 83.00 89.36 96.57
Imports
Crude oil 22.02 22.25 22.01 21.23 24.20 2291 21.13 27.19 24.63 22.09 30.80 26.96 23.05 33.90 29.54 24.59
Petroleum products 5.93 6.55 6.36 5.90 7.91 7.29 6.22 9.08 8.01 6.31 10.17 8.41 6.25 11.68 9.27 5.88
Natural gas 4.36 5.19 5.01 4.74 6.89 5.81 4.21 8.32 5.83 3.33 9.78 6.37 3.37 10.75 6.72 3.63
Other imports 0.83 0.45 0.45 0.46 0.73 0.74 0.98 1.49 1.36 1.61 1.97 2.02 2.17 2.09 2.42 2.69
Total 33.14 34.43 33.83 32.33 39.73 36.75 32.53 46.08 39.83 33.35 52.73 43.76 34.84 58.43 47.95 36.79
Exports
Petroleum 2.07 2.17 2.15 2.11 2.36 2.18 2.12 2.68 2.24 2.16 2.94 2.26 2.20 2.86 2.31 2.24
Natural gas 0.86 0.57 0.55 0.53 0.66 0.58 0.48 0.83 0.68 0.50 1.10 0.86 0.58 1.35 1.01 0.57
Coal 1.25 1.03 1.03 1.03 0.54 0.54 0.54 0.46 0.46 0.46 0.48 0.48 0.45 0.39 0.40 0.40
Total 4.18 3.78 3.74 3.67 3.56 3.30 3.14 3.97 3.39 3.11 4.53 3.61 3.22 4.61 3.72 3.21
Discrepancy -031 -—-032 -—-036 —-049 -—0.07 -—0.16 -—039 -—-010 —0.15 —024 —0.13 —025 —0.04 0.00 —0.30 0.07
Consumption
Petroleum products 40.08 43.78 43.14 41.88 47.55 45.69 43.11 50.67 48.14 44.72 53.96 50.57 46.62 57.55 53.58 48.87
Natural gas 23.07 24.65 24.04 23.34 27.91 26.67 24.78 29.62 27.70 25.05 30.80 27.78 24.75 31.97 27.66 24.71
Coal 22.53 24.68 25.09 25.22 24.84 25.66 26.59 25.77 27.65 30.01 27.44 30.89 34.08 29.49 34.49 38.25
Nuclear power 8.23 8.44 8.44 8.44 8.60 8.66 8.77 9.03 9.09 9.09 9.03 9.09 9.09 9.03 9.09 9.09
Renewable energy 5.73 7.00 7.08 7.25 7.12 7.43 7.71 7.64 8.00 8.16 8.22 8.61 8.80 8.73 9.02 9.12
Other 0.04 0.07 0.07 0.08 0.08 0.08 0.09 0.04 0.05 0.06 0.05 0.05 0.05 0.05 0.05 0.05
Total 99.68 108.64 107.87 106.21 116.11 114.18 111.05 122.78 120.63 117.09 12950 126.99 123.38 136.82 133.88 130.09
(continued)
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TABLE 7.3 (Continued)
2010 2015 2020 2025 2030
2004 Low Ref High Low Ref High Low Ref High Low Ref High Low Ref High
Net Imports—Petroleum  25.88 26.62 26.22 25.02 29.74 28.02 25.22 33.59 30.39 26.25 38.03 33.11 27.10 42.72 36.49 28.23
Prices (2004 dollars per unit)
World oil price 35.99 37.00 43.99 58.99 28.99 43.00 71.98 27.99 44.99 79.98 27.99 47.99 84.98 27.99 49.99 89.98
($ per bbl)’
Gas wellhead price 5.49 4.55 5.03 5.95 3.62 4.52 5.65 4.09 4.90 5.94 4.42 5.43 6.55 4.97 5.92 7.71
($/mcf)
Coal minemouth price 20.07 21.74 22.23 22.53 19.78 20.39 21.13 19.19 20.20 21.54 19.50 20.63 21.90 20.66 21.73 22.66
($/ton)
Electricity (cents/kWh) 7.6 7.1 7.3 7.6 6.8 7.1 7.6 7.0 7.2 7.6 7.1 7.4 7.5 7.3 7.5 7.9
Transportation Petroleum cons
Distillate fuel 591 6.90 6.82 6.71 7.61 7.48 7.25 8.25 8.13 7.90 9.08 8.95 8.78 10.10 9.98 9.93
Jet fuel 3.35 3.93 3.89 3.83 4.32 4.27 4.21 4.58 4.53 4.44 4.66 4.61 4.38 4.82 4.79 4.33
Motor gasolineb 16.93 18.62 18.33 17.72 20.37 19.54 18.03 21.98 20.73 18.60 23.63 21.81 19.28 25.33 22.99 20.00
Residual fuel 0.61 0.62 0.62 0.62 0.63 0.63 0.63 0.64 0.64 0.64 0.65 0.65 0.65 0.66 0.65 0.65
Liquefied petroleum gas 0.03 0.06 0.06 0.06 0.08 0.07 0.07 0.09 0.09 0.07 0.10 0.10 0.08 0.12 0.11 0.09
Other Petroleum 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.19 0.19 0.19 0.19 0.19 0.19
Petroleum subtotal 27.02 30.30 29.91 29.11 33.19 32.18 30.37 35.73 34.30 31.83 38.31 36.30 33.35 41.21 38.71 35.18
New car mpg 29.3 31.3 31.4 31.8 31.9 32.2 33.3 32.1 32.7 34.6 32.4 33.5 35.7 32.6 33.8 36.1
New light truck mpg 21.5 23.1 23.2 23.5 23.7 24.0 24.9 24.3 24.9 26.5 24.8 25.8 27.6 25.2 26.4 28.2

All energy is in quadrillion Btu. All prices are in 2004 dollars.
? IRAC price. Add between $4 and $7 per barrel for Imported light, low-sulfur foreign crude oil price.

® Ethanol as gasohol is in gasoline.
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FIGURE 7.15 Petroleum supply, consumption, and imports in AEO2006 1990-2030 (million barrels per day).

In the high-price case, FLL crude oil prices in 2030 are 68% higher than the reference case and yield
only 9% higher domestic production because of the smaller resource base. Domestic liquids
consumption is 9% lower because of the higher prices.

7.11.2 Impacts of High World Oil Prices on Oil Imports

Oil import dependence is sensitive to world oil prices. In the low-price case, imported oil is projected to
grow from a 58% share of total oil supply in 2004 to 68% in 2030; the reference and high-price cases
project imported oil shares to be 62% and 53%, respectively. In the reference case, net oil imports are
expected to rise from a little over 12 million barrels per day in 2004 to over 17 million barrels per day in
2030. In the low-price case, oil imports in 2030 are expected to rise above 20 million barrels per day. The
high-price case is expected to moderate demand so that oil imports are expected to remain near 2005’s
level, about 13 million barrels per day (see Figure 7.15).

As in the United States, projected oil prices directly affect world oil consumption: higher projected oil
prices result in lower projected world oil consumption. In the reference case, world oil consumption is
projected to rise from about 82.5 million barrels per day in 2004 to about 118 million barrels per day in
2030, whereas world oil consumption is expected to be 128 and 102 million barrels per day in the low-
and high-price cases, respectively.

7.11.3 Impacts of High World Oil Prices on Domestic Unconventional
Liquids Supply

High world oil prices provide economic incentives for the development of unconventional liquids
technologies. Gas-to-liquids (GTL) plants are projected to be built on the Alaskan North Slope in the
high-price case to convert stranded gas to zero-sulfur distillates to be transported via the Trans-Alaska
pipeline to Valdez and shipped to the lower-48 states for use on the west coast. GTL production is
expected to be economic and reach 200,000 barrels per day in 2030 only in the high-priced case because
access to inexpensive Alaskan natural gas supplies are expected to be committed to the Alaska natural gas
pipeline that is expected to be completed by 2015.

Coal-to-liquids (CTL) plants are projected to be built in the lower-48 states for the reference and high-
price cases. Full-scale CTL production is projected to start in 2011 in both the reference and high-price
cases, reaching just under 800,000 barrels per day in 2030 in the reference case and about 1.7 million
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FIGURE 7.16 Gas-to-liquids, coal-to-liquids, and oil shale production in the price cases, 1990-2030 (million
barrels per day).

barrels per day in the high-price case (see Figure 7.16). Major environmental and water uncertainties may
affect the potential growth of CTL plant investments.

Production costs for oil shale syncrude are even more uncertain than CTL production costs.*
Development of this domestic resource came to a halt in the mid-1980s, during a period of low oil
prices. The cost assumptions used in developing the AEO2006 projections represent an oil shale
industry based on underground mining and surface retorting. However, the development of a true
in situ retorting technology could substantially reduce the cost of producing oil shale syncrude and
possibly make its production economic in the reference case. Oil shale production is not economic in
the low-price and reference cases of AEO2006 but is expected to become economic around 2020 in the
high-price case; oil shale production is projected to steadily rise to over 400,000 barrels per day by 2030
(see Figure 7.16).

7.11.4 Impacts of High World Oil Prices on Ethanol Production

The Energy Policy Act of 2005 (EPAct 2005) requires that ethanol be used for gasoline-based
transportation and rise to at least 7.5 billion gallons by 2012. Consumption is required to rise
proportionately with gasoline consumption thereafter. World oil prices are high enough in all of the
AEQ2006 price cases to exceed the minimum levels required by the law. Ethanol consumption in 2012 is
projected to be between 9.6 and 9.9 billion gallons in the three price cases and rise to consumption levels
between 11 and 15 billion gallons in 2030 (see Figure 7.17). As expected, the highest gasoline prices
encourage the highest ethanol consumption. Almost all of the ethanol is projected to be produced from
corn, with only small amounts of cellulosic ethanol expected to penetrate the market (250 million gallons
per year) because of EPAct 2005 incentives. Capital costs reductions and breakthroughs in the cost of
manufacturing the enzyme needed for cellulosic ethanol conversion could alter the competitive outlook
for cellulosic ethanol.

*The United States has more than half of the world’s undiscovered recoverable oil shale resources. The U.S. government
has not funded any significant new research in oil shale since the early 1980s when the oil shale technologies were estimated to
become economic at prices in the $70 to $80 per barrel range. New leases on prime oil shale lands and current pilot project
plans and lease bids on oil shale using new approaches by the Shell Oil Corporation, among others, will provide better
information and will hopefully identify lower-cost applications of technologies and processes for producing syncrude from
oil shale.
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FIGURE 7.17 AEO2006 ethanol consumption and gasoline price in transportation sector, 1990-2030.

7.11.5 LNG Imports are the Source of Natural Gas Supply Most Affected
in the Price Cases

Higher world oil prices are expected to result in a shift away from petroleum consumption and toward
natural gas and coal consumption in all sectors of the international energy market. LNG prices are
expected to roughly follow the pattern of world crude oil prices because many LNG contract prices are
tied directly to crude oil prices and higher oil prices are expected to promote increased GTL production.
Both of these factors are expected to put upward price pressure on world natural gas supplies. Because of
the higher LNG prices in the high-price case, it is expected that U.S. LNG imports, new LNG receiving
capacity, and the utilization rates for LNG terminals will be lower than the reference case.

Net imports of LNG in the reference case are 4.4 trillion ft.> in 2030. In the low-price case,
net LNG imports increase to 7.4 trillion ft.’, and in the high-price case they fall to 1.9 trillion ft.”
(see Figure 7.18).

7.11.6 Natural Gas Wellhead Prices

In all three AEO2006 price cases, projected wellhead natural gas prices are projected to decline from
current levels, reach a low point around 2015, and subsequently rise (see Figure 7.19).

The relatively high projected natural gas prices, particularly in the reference case, both expand the
development of new gas supplies, particularly of LNG and Alaska gas, while also constraining future gas
consumption growth. Collectively, the interaction of greater gas supply and slower gas demand growth
leads to the projected decline in gas prices through roughly 2015 in all three cases. Natural gas from
Alaska is projected to be economic in all AEO2006 price cases by about 2015.

After 2015, natural gas prices are projected to rise again as the increasing marginal costs of developing
the remaining U.S. natural gas resources increase. As domestic natural gas resources are produced, the
remaining gas resources are more costly and riskier to develop and produce.

In the reference case, the projected wellhead natural gas price is projected to increase from about $4.45
per thousand ft.> in 2016 to about $5.90 per thousand ft.> (2004 dollars) in 2030. Because the low- and
high-price cases respectively increased or reduced domestic unproven gas resources by 15%, natural gas
prices in 2030 are projected to be about $5 per thousand ft.” in the low-price case and $7.70 per thousand
ft.” in the high-price case.
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FIGURE 7.18 Net imports of liquefied natural gas in three cases, 1990-2030 (trillion ft.%).

7.11.7 Petroleum Demand Is Significantly Lower in the High-Price Case

Petroleum demand in 2030 in the high-price case is projected to be about 2.4 million barrels per day
lower than the reference case. Petroleum imports in 2030 are expected to be roughly comparable to 2005
import levels. Most of the petroleum reduction in the high-price case occurs in gasoline consumption by
light-duty vehicles (cars and light trucks). Gasoline consumption in the high-price case is projected to be
about 1.5 million barrels per day lower than the reference case in 2030 (see Figure 7.20).

Motor gasoline consumption is driven by vehicle miles traveled and efficiency uptake. High oil prices
reduce personal disposable income, which lowers vehicle miles traveled and increases the adoption of
more efficient transportation technologies.

0 T T

Projections
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2005 2010 2015 2020 2025 2030

FIGURE 7.19 Natural gas wellhead prices, 1990-2030 (2004 dollars per thousand ft.?).
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FIGURE 7.20 Motor gasoline consumption, 1990-2030 (million barrels per day).

FIGURE 7.21

Gasoline consumption is expected to rise from 9.1 million barrels per day in 2004 to 13.7, 12.5,
and 11.0 million barrels per day in the low-price, reference, and high-price cases, respectively,
in 2030.

Vehicle miles traveled by light-duty vehicles is projected to rise from 2.6 trillion miles in 2005 to
4.4, 4.1, and 3.9 trillion miles in the low-price, reference, and high-price cases, respectively,
in 2030.

New car vehicle efficiency is projected to rise from 29.3 in 2004 to 32.6, 33.8, and 36.1 miles per
gallon in the reference case in 2030 (see Figure 7.21).

Three of the most promising transportation technologies are advanced drag reduction, variable
valve timing, and extension of four valves per cylinder technology to six valves per cylinder
engines. Each of these would provide more than an 8% boost to fuel economy.

Projections
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Reference
Low-price
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New car miles per gallon, 1990-2030.
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FIGURE 7.22 Hybrid vehicle annual fuel savings.

7.11.8 EPAct2005 Accelerates the Early Adoption of Hybrid Vehicles

EPAct2005 provides financial incentives for the early adoption of hybrid vehicles prior to 2010. Those
incentives are projected to accelerate the adoption of hybrid fuel vehicles and help reduce the incremental
vehicle costs for midsize full hybrid vehicles from about $2500 in 2005 to about $1500 by 2015. However,
because the incentives are limited to the first 60,000 sales by each manufacturer and based on the relative
efficiency improvements, the relative impacts are also limited. After 2010, hybrid adoption loses its
EPAact 2005 incentives. In the high-price case, fuel savings for a typical midsize car are approximately
$300 per year while the savings are reduced to about $225 per year in the reference case and to under $200
per year in the low-price case (see Figure 7.22).

The projected energy savings between the price cases are not sufficiently large, however, to drastically
change the hybrid vehicle adoptions by 2030. Hybrid vehicle sales are projected to increase from about 92
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FIGURE 7.23 Hybrid vehicle sales.
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thousand in 2004 to about 2.4 million in 2030 in the reference case, 2.6 million in the high-price case,
and 1.9 million in the low-price case. With faster hybrid penetration, vehicle costs decline due to
manufacturer learning, which leads to greater adoption (see Figure 7.23). Hybrids like the Prius can be
viewed as full hybrids and the less aggressive types with the integrated starter generator (ISG), no power
assist, like those made by GM are called mild hybrids. Full hybrids are expected to represent about 80% of
the hybrid sales by 2030.

7.11.9 High Oil and Gas Prices Increase Coal-Based Generation

The U.S. power generation industry is projected to increasingly rely on coal-based generation as natural
gas prices increase. Of the four major gas consumption sectors (residential, commercial, industrial, and
electric power), the electric power sector’s consumption of natural gas is the most affected by natural gas
prices over time.

Gas-fired generation facilities can operate in the base, intermediate, and peaking portions of the
electricity load duration curve. As gas prices become increasingly more expensive, the operating costs
become a more important factor in making the capacity addition and dispatch decisions. With higher
natural gas prices, an increasing proportion of new electricity generators are projected to be coal-fired
facilities, which are placed in preference to gas-fired facilities in the load duration curve, thereby
displacing gas-fired generators from operating in the base and later in the intermediate-load portions of
the load duration curve, limiting their operation mostly to the peaking portion of the curve.

In the reference case, electricity sector gas consumption is projected to grow from 5.3 trillion ft.” in
2004 to 6.4 trillion ft.* in 2030. In comparison, electric power sector is projected to consume 9.9 and
4.1 trillion ft.> in the low- and high-price cases, respectively, in 2030.

Figure 7.24 illustrates that steam coal facility construction increases at higher natural gas prices,
thereby reducing the level of gas-fired capacity by 2030 relative to the AEO2006 reference case. In the
reference case, combined cycle gas-fired facilities increase from 159 GW in 2004 to 231 GW in 2030. In
the high-price case, gas-fired combined cycle capacity only grows to 191 GW in 2030, while the low-price
case projects 281 GW of gas-fired combined cycle capacity.

Most of the reduction in gas-fired electricity generator construction in the high gas price case is
compensated by an increase in coal-fired electricity generation facilities. In the reference case, coal-fired
steam capacity grows from 310 GW in 2004 to 457 GW in 2030. In the low- and high-price cases, coal-
fired steam capacity is projected to be 380 and 509 GW, respectively.
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FIGURE 7.24 Generation capacity from steam coal and combined cycle, 1990-2030 (GW).
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