
Market Trends

The projections in AE02006 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 estimates,
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
certainty. Many key uncertainties in the AE02006
projections are addressed through alternative cases.

EIA has endeavored to make these projections as ob-
jective, reliable, and useful as possible; however,
they should serve as an adjunct to, not a substitute
for, a complete and focused analysis of public policy
initiatives.



Trends in Economic Activity

Strong Economic Growth Is Expected
To Continue Through 2030

Figure 24. Average annual growth rates of real
GDP, labor force, and productivity in three cases,
2004-2030 (percent per year)

Unemployment, Interest, and
Inflation Rates Near Historical Norms

Figure 25. Average annual unemployment, interest,
and inflation rates, 2004-2030 (percent per year)
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AE02006 presents three views of economic growth
for the forecast period from 2004 through 2030.
Although probabilities are not assigned, the reference
case reflects the most likely view of how the economy
will unfold over the period. In the reference case, the
Nation's economic growth, measured in terms of real
GDP based on 2000 chain-weighted dollars, is pro-
jected to average 3.0 percent per year (Figure 24). The
labor force is projected to grow by 0.8 percent per year
on average; labor productivity growth in the nonfarm
business sector is projected to average 2.3 percent per
year; and investment growth is projected to average
4.0 percent per year. Disposable income grows by 3.1
percent per year in the reference case and disposable
income per capita by 2.2 percent per year. Nonfarm
employment grows by 1.1 percent per year, while
employment in manufacturing shrinks by 0.5 percent
per year.

The high and low economic growth cases show the
effects of alternative growth assumptions on the
energy market projections. The high growth case
assumes higher growth rates for population (1.2 per-
cent per year), nonfarm employment (1.4 percent),
and productivity (2.7 percent). With higher produc-
tivity gains and employment growth, projected infla-
tion and interest rates are lower than in the reference
case. The low growth case assumes lower growth
rates for population (0.5 percent per year), nonfarm
employment (0.7 percent per year), and productivity
(1.8 percent per year), resulting in higher projections
for prices and interest rates and lower projections for
industrial output growth.

In the reference case, U.S. economic indicators gener-
ally are projected to follow historical trends, on aver-
age, from 2004 through 2030. Economic factors that
are widely viewed as barometers for conditions in the
markets for labor, credit, and goods and services
include: the average annual unemployment rate;
yields on Federal funds, 10-year U.S. Treasury notes,
and AA utility corporate bonds; and average annual
inflation rates as measured by various wholesale and
retail price indexes (Figure 25). For AE02006, unem-
ployment and interest rates are calculated as annual
averages over the 2004-2030 period, and inflation
rates are calculated as average annual percent
changes in the price indexes.

From 2004 through 2010, the economy (in terms of
real GDP) is projected to grow more rapidly than its
projected long-term average growth rate in the refer-
ence case. Over the same period, the unemployment
rate is projected to decline from 5.5 percent in 2004 to
4.7 percent in 2010. After an initial rise through 2015,
the Federal funds rate is projected to decline to its his-
torical norm of 5 percent. Longer term rates are
expected to be higher than the Federal funds rate,
with the 10-year Treasury note yielding 6 percent and
AA utility corporate bonds yielding approximately 8
percent per year, on average, for the entire forecast
period. The reference case projects an average annual
inflation rate of 2.7 percent, as measured by all urban
CPI-slightly higher than the CPI for energy com-
modities and services or the wholesale price index
(WPI) for fuel and power.
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Trends in Economic Activity

. Output Growth for Energy-Intensive
Industries Is Expected To Slow

Figure 26. Sectoral composition of output growth
rates, 2004-2030 (percent per year)
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Energy Expenditures Relative to GDP
Are Projected To Decline

Figure 28. Energy expenditures as share of gross
domestic product, 1970-2030 (nominal expenditures
as percent of nominal GDP)
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The industrial sector (all non-service industries) has
shown slower output growth than the economy as a
whole in recent decades, with imports meeting a
growing share of demand for industrial goods. That
trend is expected to continue in the reference case
projections.

Within the industrial sector, the output of manufac-
turing industries is projected to grow more rapidly
than that of nonmanufacturing industries, which
include agriculture, mining, and construction (Figure
26). With higher energy prices and more foreign com-
petition expected, however, the energy-intensive
manufacturing sectors [84] are projected to grow by
only 1.3 percent per year from 2004 through 2030,
compared with a projected 2.6-percent average
annual rate of growth for non-energy-intensive man-
ufacturing output (Figure 27).

Figure 27. Sectoral composition of manufacturing
output growth rates, 2004-2030 (percent per year)

The ratio of total expenditures for energy relative to
total GDP (both in nominal dollars) provides an indi-
cation of the importance of energy expenditures in
the aggregate economy. Before the oil embargo of
1973-74, total energy expenditures were equal to 8
percent of U.S. GDP, petroleum expenditures just
under 5 percent, and natural gas expenditures 1 per-
cent. Following the price shocks of the 1970s and
early 1980s, those shares rose dramatically-to 14
percent, 8 percent, and 2 percent, respectively, in
1981. Since then they have fallen consistently, to
2004 levels of about 7 percent for total energy expen-
ditures, 4 percent for petroleum expenditures, and
just over 1 percent for natural gas expenditures.
Although recent developments in the world oil mar-
ket have pushed the shares upward, they are pro-
jected to decline from current levels in the reference
case. In 2030, total nominal energy expenditures are
projected to equal 5 percent of nominal GDP, petro-
leum expenditures 3 percent, and natural gas expen-
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International Oil Markets

Oil Price Cases Show Uncertainty
in Prospects for World Oil Markets

Figure 29. World oil prices in three cases, 1980-2030
(2004 dollars per barrel)
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Figure 30. U.S. gross petroleum imports by source,
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World oil price projections in the AE02006 reference
case, in terms of the average price of imported
low-sulfur crude oil to U.S. refiners, are considerably
higher than those presented in the AE02005 refer-
ence case. The higher price path in the reference case
does not result from different assumptions about the
ultimate size of world oil resources but rather antici-
pates a lower level of future investment in production
capacity in key resource-rich regions and a reassess-
ment of the willingness of OPEC to produce at higher
rates than projected in last year's outlook.

The historical record shows substantial variability in
world oil prices, and there is arguably even more
uncertainty about future prices in the long term.
AE02006 considers three price cases, allowing an
assessment of alternative views on the course of
future oil prices (Figure 29). In the reference case,
world oil prices moderate from current levels to $47
per barrel in 2014, before rising to $57 per barrel in
2030 (2004 dollars). The low and high price cases
define a wide range of potential world oil price paths,
which in 2030 range from $34 to $96 per barrel.
This variability is meant to show the uncertainty
about prospects for future world oil resources and
economics.

In all three price cases, non-OPEC suppliers produce
to capacity. Thus, the variation in price paths has the
greatest impact on the need for OPEC supply in the
long term. In 2030, the call on OPEC is 46.8 million
barrels per day in the reference case and 51.3 million
barrels per day in the low price case, but only 31.7
million barrels per day in the high price case-not
much more than current OPEC production levels.

Total U.S. gross petroleum imports increase in the
reference case, from 13.1 million barrels per day in
2004 to 18.3 million in 2030 (Figure 30), deepening
U.S. reliance on imported oil in the long term. In
2030, gross petroleum imports account for 64 percent
of total U.S. petroleum supply.

More than one-half of the increase in U.S. gross
imports comes from OPEC suppliers. Crude oil
imports from the North Sea decline as production
ebbs, and West Coast refiners import small volumes
of crude oil from the Far East to replace a decline in
supplies of Alaskan crude oil. Canada and Mexico con-
tinue to be important sources of U.S. petroleum sup-
ply. Much of the future Canadian contribution comes
from the development of its enormous oil sands
resource base; however, the availability of such
nonconventional oil supplies is linked to world oil
prices. In the high price case, nonconventional sup-
plies are more competitive with conventional sources,
rising to about 2 1.1 million barrels per day worldwide
in 2030. In the low price case, nonconventional pro-
duction totals only 7.1 million barrels per day in 2030.

U.S. imports of refined petroleum products also
increase. Most of the increase comes 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

Average Energy Use per Person
Increases Through 2030

Coal and Petroleum Lead Increases
in Primary Energy Use

Figure 32. Primary energy use by fuel, 2004-2030
(quadrillion Btu)
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Population growth is a key determinant of total
energy consumption, closely linked to rising demand
for housing, services, and travel. Energy consumption
per capita, controlling for population growth, shows
the combined effect of other factors, such as economic
growth and technology improvement. In the AEO-
2006 reference case, energy consumption per capita
grows faster than it has in recent history (Figure 31),
as a result of continued growth in disposable income.

In dollar terms, the economy as a whole is becoming
less dependent on energy, the Nation's growing reli-
ance on imported fuel notwithstanding. Projected
energy intensity, as measured by energy use per 2000
dollar of GDP, declines at an average annual rate of
1.8 percent in the reference case. Efficiency gains and
faster growth in less energy-intensive industries
account for much of the decline, more than offsetting
the expected growth in demand for energy services in
buildings, transportation, and electricity generation.
Energy intensity declines more rapidly in the near
term, as consumers and businesses react to high
energy prices. As energy prices moderate over the lon-
ger term, energy intensity declines at a slower rate. A
similar pattern occurred from 1986 to 1992, when
energy prices were generally falling.

AE02006 does not assume policy-induced conserva-
tion measures beyond those in existing legislation
and regulation, nor does it assume behavioral
changes that could result in greater energy conserva-
tion, beyond those experienced in the past.

Total primary energy consumption, including energy
for electricity generation, grows by 1.1 percent per
year from 2004 to 2030 (Figure 32). Fossil fuels
account for 88 percent of the growth, with coal use
increasing by 53 percent, petroleum by 34 percent,
and natural gas by 20 percent over that period. The
increase in coal consumption occurs primarily in the
electric power sector, with strong growth in electric-
ity demand and favorable economics prompting
increases in coal-fired baseload capacity. More than
one-half of the increase in coal consumption is
expected after 2020, when higher natural gas prices
make coal the fuel choice for most new power plants.
Growth in natural gas consumption for power genera-
tion is restrained by its high price relative to coal.
Industry and buildings account for 71 percent of the
increase in natural gas consumption from 2004 to
2030.

Transportation accounts for 87 percent of the
increase in petroleum consumption, dominated by
growth in fuel use for light-duty vehicles. Fuel use by
freight trucks, second in energy use among travel
modes, grows by 1.9 percent per year on average, the
fastest annual rate among the major forms of trans-
port. Petroleum use in the buildings sectors, mostly
for space heating, declines slightly in the projection.

AE02006 projects rapid growth in energy production
from nonhydroelectric renewable sources, partly as a
result of State mandates for renewable electricity
generation and renewable energy production tax
credits. An increase in power generation from nuclear
energy is also projected, as tax credits spur construc-
tion of new nuclear plants between 2014 and 2018.
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Energy Demand

Petroleum and Electricity Lead
Growth in Energy Consumption

Figure 33. Delivered energy use by fuel, 1980-2030
(quadrillion Btu)
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Figure 34. Primary energy consumption by sector,
1980-2030 (quadrillion Btu)
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Delivered energy use (excluding losses in electricity
generation) grows by 1.1 percent per year on average
from 2004 through 2030. Petroleum use, which
makes up more than one-half of total delivered energy
use, grows at about the same rate (Figure 33). The
fastest growth in petroleum use is projected for trans-
portation energy use. Although high fuel prices tend
to restrain travel by passenger and commercial vehi-
cles, economic growth and more travel per capita
increase demand for gasoline and diesel fuel, assum-
ing no changes in consumer behavior.

Past trends in electricity consumption are expected to
continue, with future increases resulting from strong
growth in commercial floorspace, continued penetra-
tion of electric appliances in the residential sector,
and increases in industrial output. Natural gas use
grows more slowly than overall delivered energy
demand, in contrast to its more rapid growth during
the 1990s. As a result, natural gas meets 21 percent of
total end-use energy requirements in 2030, compared
with 24 percent in 2004.

End-use demand for energy from marketed renew-
ables, such as wood, grows by 1.0 percent per year.
Biomass used in the industrial sector, mostly as a
byproduct fuel in the pulp and paper industry, is the
largest source of renewable fuel for end use. Demand
for purchased wood for home heating remains steady
in the projections, with potential growth constrained
by its limited availability and inconvenience. Energy
from nonmarketed renewables, such as solar and geo-
thermal heat pumps, more than doubles over the pro-
jection period but is less than 1 percent of delivered
residential energy use throughout the period.

Primary energy use (including electricity generation
losses) increases by one-third over the next 26 years
(Figure 34). The projected growth rate of energy con-
sumption in the AE02006 reference case approxi-
mately matches the average from 1981 to 2004.
Demand for energy in the early 1980s fell in the face
of recession, high energy prices, and changing regula-
tions; but beginning in the mid-1980s, declining real
energy prices and economic expansion contributed to
a marked increase in energy consumption. The long-
term upward trend in energy consumption is pro-
jected to continue in the reference case, with growth
slowed somewhat by rising energy prices.

The most rapid growth in sectoral energy use is in the
commercial sector, where services continue to expand
more rapidly than the economy as a whole. The
growth rate for residential energy use is about half
that for the commercial sector, with demographic
trends being a dominant factor. Transportation
energy use grows at a slightly slower rate than it has
since 1980, despite high fuel prices. Increases in
travel by personal and commercial vehicles are only
partially offset by vehicle efficiency gains. Primary
energy use in the industrial sector grows more slowly
than in the other sectors, with efficiency gains, higher
real energy prices, and shifts to less energy-intensive
industries moderating the expected growth.

Alternative cases have been developed to explore the
key uncertainties in the forecast, including two eco-
nomic growth cases and two world oil price cases.
Detailed projections and comparisons with the refer-
ence case are provided in Appendixes B, C, and D.
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Residential Sector Energy Demand

Demographic Shifts Lead to Changes
in Residential Energy Use per Capita

Figure 35. Delivered residential energy
consumption per capita by fuel, 1980-2030
(index, 1980 = 1)

Energy Use per Household for Space
and Water Heating Is Expected To Fall

Figure 36. Delivered residential energy
consumption by end use, 2001, 2004, 2015, and 2030
(million Btu per household)
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Residential electricity use per person has increased
significantly since 1980 (Figure 35). With the U.S.
population migrating south and west, electricity use
for air conditioning has become more important than
natural gas and petroleum for space heating. The
South and West Census regions, which accounted for
52 percent of the U.S. population in 1980, increased to
59 percent in 2004 and continue increasing to nearly
65 percent in 2030.

The type and size of houses, household energy uses,
and the fuels chosen vary by region. In the Northeast,
37 percent of households (compared with 27 percent
nationally) live in multifamily units, which generally
are smaller and use less energy per household than
other types of housing. Fuel use for space heating is
relatively more important in this region than in other
regions. The Northeast, which accounted for 21 per-
cent of the U.S. population in 1980, decreased to 19
percent in 2004 and falls to 16 percent in 2030. This is
one of the factors that contributes to a decline in heat-
ing oil use per capita in the U.S. residential sector.

Natural gas use per capita has remained relatively
constant in the residential sector since 1990. In 2004,
56 percent of all households and 63 percent of new
single-family households used natural gas for home
heating. Natural gas consumption per household
declines as a growing share of the population lives
in warmer climates; but per capita consumption of
natural gas does not change significantly, because the
average size of new houses increases.

The size, type, and location of housing affect not only
the type and amount of energy consumed per house-
hold but also which services are used more inten-
sively. Larger houses require more energy to heat,
cool, and illuminate, and as housing size continues to
grow, energy use per household for these services can
be expected to grow, all else being equal. Energy
consumption for space heating, water heating, and
refrigeration per household decreases over time,
while energy use for lighting and all other applica-
tions grows, despite continuing increases in their
energy efficiency (Figure 36).

In 2004, houses required 101 million Btu of delivered
energy on average to provide all services. Energy use
for space heating, the largest single energy-consum-
ing service, declines by about 9 million Btu per house-
hold (20 percent) from 2004 to 2030 as a result of
increasing energy efficiency and a 5-percent decrease
in the average number of heating degree-days per
year. Energy use for space cooling per household
increases slightly, based on an 8-percent increase in
cooling degree-days and the expectation that central
air conditioning will be installed in more existing
homes over time.

The "all other" category shows the fastest growth on
a per household basis, as higher incomes and new
uses lead to additional purchases of electronics and
other miscellaneous devices. In 2004, 21 percent of
the energy used in the average home was for small
appliances. Their share of energy use per household
grows to 29 percent in 2030, as more large-screen
television sets, computers, and related equipment are
purchased.
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Residential Sector Energy Demand

Increases in Energy Efficiency
Are Projected To Continue

Figure 37. Efficiency indicators for selected
residential appliances, 2004 and 2030
(index, 2004 stock efficiency = 1)

Advanced Technologies Could Reduce
Residential Energy Use

Figure 38. Variation from reference case delivered
residential energy use in three alternative cases,
2004-2030 (million Btu per household)
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The energy efficiency of new household appliances
plays a large role in determining the type and amount
of energy used in the residential sector. As a result of
stock turnover and purchases of more efficient equip-
ment, the amount of energy used by residential con-
sumers on a per household basis has fallen over time,
and many technologies exist today that can further
reduce residential energy consumption if they are
purchased and used by more consumers (Figure 37).

The most efficient technologies can provide signifi-
cant long-run savings in energy bills, but their higher
purchase costs (and in some cases unsuitability for
retrofit applications) may restrict their market pene-
tration. For example, condensing technology for nat-
ural gas furnaces, which reclaims heat from exhaust
gases, can raise efficiency by more than 20 percent
over units that just meet the current standard. In
contrast, there is little room for efficiency improve-
ments in electric resistance water heaters, because
the technology is approaching its thermal limit.

In 2004,8 percent of all new single-family homes were
certified as ENERGY STAR compliant, implying at
least a 30-percent energy savings for heating and
cooling relative to comparable homes built to current
code. Four States-Texas, California, Arizona, and
Nevada-account for two-thirds of all ENERGY
STAR home completions, concentrating energy sav-
ings in areas with relatively moderate climates.
ENERGY STAR completions, as a percent of total
completions, are expected to increase over time as
builders become more familiar with the required
building practices and the cost of the more efficient
components used decreases.

The reference case includes the effects of several poli-
cies aimed at increasing residential end-use effi-
ciency, including minimum efficiency standards and
voluntary energy savings programs designed to pro-
mote energy efficiency through innovations in manu-
facturing, building, and mortgage financing. In the
2005 technology case, which assumes no increase in
the efficiency of equipment or building shells beyond
that available in 2005, energy use per household in
2030 would be 5 percent higher than projected in the
reference case (Figure 38). In the best available tech-
nology case, which assumes that the most energy-
efficient technology is always chosen regardless of
cost, energy use per household in 2030 would be 15
percent lower than in the reference case and 19 per-
cent lower than in the 2005 technology case. In the
high technology case, which assumes earlier availabil-
ity of the most energy-efficient technologies, with
lower costs and higher efficiencies, but does not con-
strain consumer choices, energy use per household
would be 6 percent lower than projected in the refer-
ence case but higher than in the best available case.

In the high technology case, the consumer discount
rates used to determine the purchased efficiency of all
residential appliances do not vary from those used in
the reference case; that is, consumers value efficiency
equally across the two cases. Energy-efficient equip-
ment, such as central air conditioners with efficiency
ratings 50 percent higher than the current standard,
can significantly reduce electricity use for space cool-
ing. Likewise, home builders can construct homes
that use 50 percent less energy for heating and cool-
ing relative to current code in most regions of the
country.
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Commercial Sector Energy Demand

Economic, Population Growth Shape
Trends in Commercial Energy Use

Figure 39. Delivered commercial energy
consumption per capita by fuel, 1980-2030
(index, 1980 = 1)
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Efficiency Gains Moderate Increases
in Commercial Energy Intensity

Figure 40. Delivered commercial energy intensity
by end use, 2004, 2015, and 2030
(thousand Btu per square foot)
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Recent trends in commercial fuel use are expected to
continue, with growth in overall consumption similar
to its pace in recent history (Figure 39). Commercial
delivered energy use (excluding primary energy losses
in electricity generation) grows at about the same
rate as commercial floorspace, by 1.6 percent per year
from 2004 through 2030.

Commercial floorspace growth and, in turn, commer-
cial energy use are driven by trends in economic and
population growth. Growth in disposable income
leads to increased demand for services ranging from
hotels and restaurants to stores, theaters, galleries,
and arenas. These establishments continue to grow
more electricity-based, as well as depending on elec-
tricity-based support services such as electronic pro-
cessing centers and Internet providers to complete
business transactions.

Increases in cooling demand contribute to the growth
in commercial electricity use per capita, as the com-
mercial sector expands to serve expected population
growth in the South and West. Slower population
growth in the Northeast, where heating oil is used
more extensively, contributes to a decline in per
capita petroleum use. Population effects on projected
commercial energy use are not limited to regional
trends. The share of the population over age 65
increases from 12 to 20 percent between 2004 and
2030, increasing the need for healthcare and assisted
living facilities and for electricity to power medical
and monitoring equipment in those facilities.

Space Light- Water Coal- Office: Office: Misc. All
heating ing heating ing PCs other gas other

The determinants of commercial energy demand
include both structural and demographic compo-
nents. The Nation's continued move to a service econ-
omy implies growth in commercial services that use
energy intensively, such as health care; however, new
construction must meet building codes and efficiency
standards, offsetting potential increases in energy
intensity (consumption per square foot of commercial
floorspace).

Energy intensity for the major commercial end uses
declines as more energy-efficient equipment is
adopted (Figure 40). Minimum efficiency standards,
including those in EPACT2005, contribute to pro-
jected efficiency improvements in commercial space
heating, space cooling, water heating, and lighting,
moderating the growth in commercial energy
demand. An increase in building shell efficiency also
contributes to the trend. In addition, the prospect of
high fossil fuel prices factors into expected efficiency
increases for space and water heating equipment.

Increases in energy intensity are expected only for
end uses that have not yet saturated the commercial
market, including electricity use for office equipment,
as well as new telecommunications technologies and
medical imaging equipment in the "all other" end-use
category. The "all other" category also includes
ventilation, refrigeration, minor fuel consumption,
municipal water services, service station equipment,
elevators, vending machines, and a myriad of other
uses.
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Commercial Sector Energy Demand

Current Technologies Provide
Potential Energy Savings

Figure 41. Efficiency indicators for selected
commercial equipment, 2004 and 2030
(index, 2004 stock efficiency = 1)

Advanced Technologies Could Reduce
Commercial Energy Use

Figure 42. Variation from reference case delivered
commercial energy intensity in three alternative
cases, 2004-2030 (thousand Btu per square foot)
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The stock efficiency of energy-using equipment in the
commercial sector increases in the AE02006 refer-
ence case (Figure 41). As equipment is replaced and
new buildings are built, technology advances are ex-
pected to reduce commercial energy intensity in most
end-use services, although the long equipment ser-
vice lives for many technologies moderate the pace of
efficiency improvement in the forecast. For much of
the equipment covered by the EPACT1992, the exist-
ing Federal efficiency standards are higher than the
average efficiency of the 2004 stock, ensuring some
increase in the stock average efficiency as new equip-
ment is added. EPACT2005 includes efficiency stan-
dards for a variety of commercial technologies, such
as air-cooled air conditioners, guaranteeing further
increases in stock efficiency. Future updates to the
Federal standards could have significant effects on
commercial energy consumption, but they are not in-
cluded in the reference case.

Currently available technologies have the potential to
reduce commercial energy consumption significantly.
Improved heat exchangers for oil-fired boilers can
raise efficiency by 8 percent over the current stan-
dard; and the use of multiple compressors and
enhanced heat exchanger surfaces can increase the
efficiency of unit air conditioners by more than
50 percent over the current standard and more than
20 percent over the new standard. When a business is
considering an equipment purchase, however, the
additional capital investment required for the most
efficient technologies often carries more weight than
do future energy savings, limiting the adoption of
more efficient technologies.

The AE02006 reference case incorporates efficiency
improvements for commercial equipment and build-
ing shells, resulting in little change in projected com-
mercial energy intensity (delivered energy use per
square foot of floorspace) over the projection period,
despite increased demand for services. The 2005 tech-
nology case assumes that future equipment and
building shells will be no more efficient than those
available in 2005. 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 2005 technology case, energy use per square
foot in 2030 is 6 percent higher than in the reference
case (Figure 42), as a result of an 0.3-percent average
annual increase in commercial delivered energy
intensity. The high technology case projects a
3-percent energy savings per square foot in 2030 rela-
tive to the reference case. In the best available tech-
nology case, commercial delivered energy intensity in
2030 is 12 percent lower than in the reference case.

More optimistic assumptions result in additional
projected energy savings from both renewable and
conventional fuel-using technologies. In 2030, com-
mercial solar PV systems generate more than three
times as much electricity in the best technology case
as in the reference case.

0

70 Energy Information Administration / Annual Energy Outlook 2006



Industrial Sector Energy Demand

* Advanced Technologies Could Slow
Electricity Sales Growth for Buildings

Figure 43. Buildings sector electricity generation
from advanced technologies in two alternative
cases, 2030 (percent change from reference case)
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Economic Growth, Structural Change
Shape Industrial Energy Intensity

Figure 44. Industrial energy intensity by two
measures, 1980-2030 (thousand Btu per 2000 dollar)
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Alternative technology cases for the residential and
commercial sectors include varied assumptions for
the availability and market penetration of advanced
distributed generation technologies (solar PV sys-
tems, fuel cells, and microturbines). In the high tech-
nology case, buildings generate 1.2 billion
kilowatthours (10 percent) more electricity in 2030
than in the reference case (Figure 43), most of which
offsets residential and commercial electricity pur-
chases. In the best available technology case, electric-
ity generation in buildings in 2030 is 10.9 billion
kilowatthours (90 percent) higher than in the refer-
ence case, with solar systems responsible for 96 per-
cent of the increase relative to the reference case. The
optimistic assumptions of the best technology case
affect solar PV systems more than fuel cells and
microturbines, because there are no fuel expenses for
solar systems. In the 2005 technology case, assuming
no further technological progress or cost reductions
after 2005, electricity generation in buildings in 2030
is 2.8 billion kilowatthours (23 percent) lower than in
the reference case.

Some of the heat produced by fossil-fuel-fired gener-
ating systems may be used to satisfy heating require-
ments, increasing system efficiency and enhancing
the attractiveness of the advanced technologies. On
the other hand, the additional natural gas use for fuel
cells and microturbines in the high technology and
best technology cases offsets some of the reductions
in energy costs that result from improvements in
building shells and end-use equipment. In addition,
the prospect of high natural gas prices may slow or
limit their adoption.

For the U.S. industrial sector, delivered energy
consumption in 2004 was approximately the same as
in 1980, although GDP more than doubled and the
value of shipments in the industrial sector was 50 per-
cent higher. Thus, aggregate industrial energy inten-
sity, measured as industrial delivered energy per
dollar of GDP, declined by 3.0 percent per year, and
industrial delivered energy per dollar of industrial
value of shipments declined by 1.6 percent per year
from 1980 to 2004 (Figure 44). Factors contributing
to the decline in industrial energy intensity included
a greater focus on energy efficiency after the energy
price shocks of the 1970s and 1980s and a reduction in
the share of manufacturing activity accounted for by
the most energy-intensive industries. As the economy
evolved, a larger portion of the nation's output was
provided by the services sector and a smaller portion
by the industrial sector.

In the AE02006 reference case, these trends continue
at a slower pace through 2030. Industrial energy use
per dollar of GDP declines by 2.1 percent per year on
average from 2004 through 2030, and energy use per
dollar of industrial value of shipments declines by 1.2
percent per year. The rates of decline in industrial
energy intensity are less rapid than those from 1980
to 2004, in part because the nonmanufacturing por-
tion of industrial value of shipments (agriculture,
mining, and construction) grows more slowly than
the manufacturing portion, which includes the more
energy-intensive manufacturing sectors.
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Most Energy-Intensive Industries
Are in the Manufacturing Sector

Figure 45. Energy intensity in the industrial sector,
2004 (thousand Btu per 2000 dollar of shipment)
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In the industrial sector, the manufacturing subsector
is more energy-intensive than the nonmanufacturing
subsector (Figure 45), using about 50 percent more
energy per dollar of output in 2004 [85]. From 1985 to
2004, energy intensity declined more rapidly for
nonmanufacturing industries than for manufactur-
ing, primarily because most of the historical reduc-
tion in energy intensity for the manufacturing
subsector had already occurred by 1985 in response to
the high energy prices of the late 1970s and early
1980s. In the nonmanufacturing subsector, much of
the decline in energy intensity from 1985 to 2004
resulted from a compositional shift: the relatively
low-intensity construction industry grew more rap-
idly, particularly in the late 1990s and early 2000s,
than the relatively high-intensity mining sector.

From 2004 levels, energy intensity in the manufac-
turing subsector, based on value of shipments,
declines in the reference case at an average annual
rate of 1.2 percent through 2030, compared with an
average decline of 1.0 percent per year in the
nonmanufacturing subsector. The improvement in
aggregate energy intensity for the manufacturing
subsector is accelerated by a compositional shift. In
2004, the energy-intensive group of manufacturing
industries accounted for 21 percent of industrial
value of shipments and the non-energy-intensive
group 54 percent. With more rapid output growth in
the non-energy-intensive group from 2004 to 2030,
the 2030 shares are 17 percent and 61 percent,
respectively.

Energy-Intensive Industries Grow
Less Rapidly Than Industrial Average

Figure 46. Average growth in industrial output and
delivered energy consumption by sector, 2004-2030
(percent per year)
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The shift in value of shipments from the industrial
sector to the service sectors seen in recent decades
continues in the AE02006 reference case. Total
industrial sector value of shipments grows by 2.1 per-
cent per year on average from 2004 through 2030,
while GDP grows by 3.0 percent per year. Among the
industrial subsectors, average annual growth rates
range from 3.0 percent for metal-based durables to
0.5 percent for bulk chemicals (Figure 46).

The energy-intensive manufacturing subsector ac-
counted for nearly two-thirds of industrial delivered
energy consumption in 2004. From 2004 through
2030, the value of shipments for the energy-intensive
subsector grows by an average of 1.3 percent per year,
while the non-energy-intensive subsector grows at
about twice that rate. The energy-intensive indus-
tries maintain their 2004 share of industrial energy
consumption in 2030. With the growth of coal-to-
liquids production in the refining sector, the bulk
chemicals industry accounts for a smaller share of to-
tal industrial energy use in 2030 than it did in 2004;
however, it remains the largest industrial energy con-
sumer, accounting for nearly 25 percent of total in-
dustrial energy consumption in 2030. Together, the
paper, bulk chemicals, and petroleum refining sub-
sectors account for more than 50 percent of all the en-
ergy consumed in the industrial sector.

Nonfuel use of energy in the industrial sector is con-
centrated in the bulk chemicals and construction
industries. More than 60 percent of the energy con-
sumed in the bulk chemicals industry is in the form of
feedstock, and asphalt accounts for more than 50 per-
cent of the energy consumed in construction.
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* Energy Intensity Declines in Most
Industrial Subsectors

Figure 47. Projected energy intensity in 2030
relative to 2004, by industry (percent of 2004 value)
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Alternative Technology Cases Show
Range of Industrial Efficiency Gains

Figure 48. Variation from reference case delivered
industrial energy use in two alternative cases,
2004-2030 (quadrillion Btu)
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Within the industrial sector, the energy intensity of
different industries (Figure 47) can change for a vari-
ety of reasons. For example, there may be a change in
the types of activities or the methods used in a given
subsector, or more energy-efficient new capacity may
be installed to accommodate growth or replace
worn-out machinery.

For each industry with a relatively rapid projected
change in energy intensity from 2004 to 2030, there is
a unique explanation. In the steel industry, most new
capacity is expected to use electric arc furnace tech-
nology, which has a lower energy intensity than the
older blast furnace/basic oxygen furnace technology.
Thus, the average energy intensity for the iron and
steel industry declines by 21 percent overall from
2004 to 2030. In the U.S. aluminum industry, no new
primary smelting capacity is expected to be con-
structed, and secondary smelting, a less energy-
intensive process of melting scrap, is expected to
become the dominant technology. As a result, the
energy intensity of the aluminum industry in 2030 is
nearly one-third less than in 2004. In the metal-based
durables industry, a robust growth projection, with
output 114 percent greater in 2030 than in 2004,
requires substantial amounts of new, more energy-
efficient capital stock to meet demand for the
industry's output. In the petroleum refining industry,
coal consumption increases by 1.6 quadrillion Btu
from 2004 to 2030, as CTL production grows. Conse-
quently, its energy intensity increases over time.

The technology cases for the industrial sector repre-
sent alternative views of the evolution and adoption
of energy-reducing technologies. In some sectors,
energy-reducing technologies make significant con-
tributions to lower energy intensity. For example,
energy intensity in mining would increase if there
were more widespread adoption of technologies to
produce fuels from oil shale. In other subsectors, such
as glass, technologies or techniques that tend to
improve output quality have the ancillary effect
of reducing energy consumption. Generally, the
manufacturing sector has more potential than the
nonmanufacturing sector for the adoption of energy-
reducing technologies.

In the high technology case, increased biomass
recovery and additions of CHP capacity offset pro-
cess-related reductions in on-site energy consump-
tion. Industrial cogeneration capacity increases more
rapidly in the high technology case (3.4 percent per
year) than in the reference case (3.1 percent per year)
[86]. Still, total industrial delivered energy consump-
tion in 2030 is 2 quadrillion Btu less than in the refer-
ence case for the same level of output, and industrial
energy intensity improves by 1.4 percent per year on
average, compared with 1.2 percent in the reference
case (Figure 48).

In the 2005 technology case, industrial delivered
energy use in 2030 is 2.4 quadrillion Btu higher than
in the reference case. Although the energy efficiency
of new equipment remains at its 2005 level in this
case, average efficiency improves as old equipment is
retired, and aggregate industrial energy intensity
improves by 0.9 percent per year.
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Transportation Energy Use Per Capita
in 2030 Is 15 Percent Over 2004 Level

Figure 49. Transportation energy use per capita,
1980-2030 (index, 2004 = 1)

Travel Demand Is Projected To Grow
for All Modes of Transportation

Figure 50. Transportation travel demand by mode,
1980-2030 (index, 2004 = 1)
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Total delivered energy consumption for transporta-
tion in the AE02006 reference case grows from 27.8
quadrillion Btu in 2004 to 39.7 quadrillion Btu in
2030, an increase of 43 percent. On a per-capita basis,
however, the corresponding increase is only 15 per-
cent (Figure 49). By mode, the most rapid increases
are in demand for freight movement and air travel.
Energy use for freight trucks increases by 61 percent
from 2004 to 2030, followed by increases of 47 percent
for aircraft and 42 percent for light-duty vehicles.

The increase in diesel fuel consumption by heavy
freight trucks averages 1.9 percent annually from
2004 through 2030, primarily as a result of growth in
industrial output that averages 2.1 percent per year.
Economic growth is the primary reason for the
increase in demand for air travel, which results in a
1.5-percent average annual increase in jet fuel use.

Demand for light-duty vehicle fuels increases from
16.2 quadrillion Btu in 2004 to 23.0 quadrillion Btu in
2030. Although the vast majority of light-duty fuel
use continues to be gasoline, diesel fuel consumption
grows from 1.6 percent of total light-duty vehicle fuel
consumption in 2004 to 5.2 percent in 2030. Trans-
portation demand for alternative fuels, mostly etha-
nol used in gasoline blending and liquefied petroleum
gas (LPG), increases from 1.9 percent of total trans-
portation energy use in 2004 to 5.9 percent in 2030.

From 2004 to 2030, demand for transportation ser-
vices increases for all modes of travel (Figure 50).
Light-duty vehicle travel grows by 1.8 percent annu-
ally through 2030, significantly slower than the aver-
age of 2.9 percent per year over the past 3 decades.
Approximately 50 percent of the growth in light-duty
vehicle travel can be attributed to growth in the driv-
ing age population, which increases by 0.9 percent
annually. Higher fuel prices through 2008 slow the
growth in demand for light-duty vehicle travel, but as
fuel prices stabilize and per capita disposable income
rises, there is a more rapid increase in travel demand.

Historically, freight truck travel has grown by 3.0
percent annually. In the reference case, its growth
averages 2.3 percent per year from 2004 through
2030. Although output grows in many manufacturing
sectors, most of the future increase in demand for
freight movement is tied to increased output from the
electronics, food, plastics, furniture, and miscella-
neous sectors.

Demand for air travel increases by 1.8 percent annu-
ally from 2004 through 2030, down from its historical
annual growth rate of 3.3 percent. The airline indus-
try is expected to recover from current financial con-
ditions and experience a strong recovery period
through 2011, when growth slows as congested condi-
tions begin to affect the market. By 2019, severe con-
straints associated with available infrastructure
make airport capacity expansion a requirement for
increasing air travel.

74 Energy Information Administration / Annual Energy Outlook 2006



Transportation Sector Energy Demand

New Technologies Promise Improved
Fuel Economy for Light-Duty Vehicles

Figure 51. Average fuel economy of new light-duty
vehicles, 1980-2030 (miles per gallon)
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Figure 52. Sales of advanced technology light-duty
vehicles by fuel type, 2015 and 2030
(thousand vehicles sold)
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The average fuel economy of new light-duty vehicles,
which peaked at 26.2 miles per gallon in 1987,
declined to 24.9 miles per gallon in 2004 (Figure 51).
The downward trend in light-duty vehicle fuel econ-
omy resulted from a rapid increase in sales of light
trucks (sport utility vehicles, minivans, and pickups),
which were required to meet a CAFE standard of 20.7
miles per gallon, compared with 27.5 miles per gallon
for cars. In April 2003, NHTSA increased the CAFE
standards for light trucks to 21 miles per gallon for
model year 2005, 21.6 miles per gallon for model year
2006, and 22.2 miles per gallon for 2007, and more
recently the agency has proposed a restructuring of
light truck standards, with additional increases in
fuel efficiency standards for model years 2008
through 2011. AE02006 assumes no changes in cur-
rently promulgated fuel efficiency standards for cars
and light trucks.

Reversing the historic trend, the average fuel econ-
omy of new light-duty vehicles increases in the refer-
ence case as a result of advances in fuel-saving
technologies. Fuel economy for new light-duty vehi-
cles is 29.2 miles per gallon in 2030. Although higher
personal incomes are expected to increase demand for
larger, more powerful vehicles, and the average
horsepower for new cars is 27 percent above the 2004
average in 2030, advanced technologies and materials
permit increases in performance and size of new
vehicles without sacrificing improvements in fuel
economy.

Sales of advanced technology vehicles, representing
automotive technologies that use alternative fuels or
require advanced engine technology, reach 5.7 million
per year (Figure 52) and make up more than 25 per-
cent of total light-duty vehicle sales in 2030. Hybrid
electric vehicles (including those specifically designed
to use electric motors and batteries in combination
with a combustion engine to drive the vehicle and
those incorporating only an integrated starter gener-
ator for fuel economy) are anticipated to sell well,
with 1.1 million units sold in 2015, increasing to 2.4
million units in 2030. Sales of turbo direct injection
diesel vehicles increase to 638,500 units in 2015 and
1.7 million units in 2030. Sales of alcohol flexible-
fueled vehicles continue to increase, with 1.3 million
sold in 2030.

About 40 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 CAFE regula-
tions. In the AE02006 reference case, the majority of
gasoline hybrid, electric, and fuel cell vehicle sales
result from compliance with low-emission vehicle
programs in California, Connecticut, Maine, Massa-
chusetts, New Jersey, New York, Rhode Island,
Washington, and Vermont. AE02006 does not
include the impacts of California Assembly Bill 1493,
which effectively sets carbon emission standards for
light-duty vehicles, because of uncertainty about the
State's ability to enforce the standards.
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Vehicle Technology Advances Reduce
Transportation Energy Demand

Technology Assumptions Include
improvements in Vehicle Efficiency

Figure 53. Changes in projected transportation
fuel use in two alternative cases, 2010 and 2030
(percent change from reference case)
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Figure 54. Changes in projected transportation
fuel efficiency in two alternative cases,
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In the AE02006 reference case, delivered energy use
in the transportation sector increases from 27.8
quadrillion Btu in 2004 to 39.7 quadrillion Btu in
2030. In the high technology case, the projection for
2030 is 2.8 quadrillion Btu (7.1 percent) lower, with
about 54 percent (1.5 quadrillion Btu) of the differ-
ence attributed to efficiency improvements in light-
duty vehicles (Figure 53) as a result of increased
penetration of advanced technologies, including
variable valve lift, electrically driven power steering
pumps, and advanced electronic transmission con-
trols. Similarly, projected fuel use by heavy freight
trucks in 2030 is 0.1 quadrillion Btu (0.9 percent)
lower in the high technology case than in the refer-
ence case, and advanced aircraft technologies reduce
fuel use for air travel by 1.0 quadrillion Btu (23.7 per-
cent) in 2030.

In the 2005 technology case, with new technology effi-
ciencies fixed at 2005 levels, efficiency improvements
can result only from stock turnover. As a result, total
delivered energy demand for transportation in 2030 is
3.7 quadrillion Btu (9.2 percent) higher in 2030 in the
2005 technology case than in the reference case. Fuel
use for air travel in 2030 is 1.0 quadrillion Btu (23.4
percent) higher in the 2005 technology case than in
the reference case, and freight trucks use 0.9 quadril-
lion Btu (11.9 percent) more fuel in 2030 [871.

The high technology case assumes lower costs and
higher efficiencies for new transportation technolo-
gies. Advances in conventional technologies increase
the average fuel economy of new light-duty vehicles in
2030 from 29.2 miles per gallon in the reference case
to 32.1 miles per gallon in the high technology case.
The average efficiency of the light-duty vehicle stock
is 20.6 miles per gallon in 2010 and 24.4 miles per gal-
lon in 2030 in the high technology case, compared
with 20.4 miles per gallon in 2010 and 22.5 miles per
gallon in 2030 in the reference case (Figure 54).

For freight trucks, average stock efficiency in the
high technology case is 0.6 percent higher in 2010 and
1.1 percent higher in 2030 than the reference case
projection of 6.8 miles per gallon. Advanced aircraft
technologies increase aircraft efficiency by 9.3 per-
cent in 2010 and 31.0 percent in 2030 relative to the
reference case projections.

In the 2005 technology case, the average fuel economy
of new light-duty vehicles is 26.2 miles per gallon in
2030, and the average for the entire light-duty vehicle
stock is 20.7 miles per gallon in 2030. For freight
trucks, the average stock efficiency in 2030 is 6.1
miles per gallon. Aircraft efficiency in 2030 averages
61.6 seat-miles per gallon in the 2005 technology case,
compared with 76.0 seat-miles per gallon in the refer-
ence case.
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Electricity Demand and Supply

Continued Growth in Electricity Use
Is Expected in All Sectors

Figure 55. Annual electricity sales by sector,
1980-2030 (billion kilowatthours)
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Total electricity sales increase by 50 percent in the
AE02006 reference case, from 3,567 billion kilowatt-
hours in 2004 to 5,341 billion kilowatthours in 2030
(Figure 55). The largest increase is in the commercial
sector, as service industries continue to drive eco-
nomic growth. By customer sector, electricity demand
grows by 75 percent from 2004 to 2030 in the
commercial sector, by 47 percent in the residential
sector, and by 24 percent in the industrial sector.

Efficiency gains are expected in both the residential
and commercial sectors as a result of new standards
in EPACT2005 and higher energy prices that prompt
more investment in energy-efficient equipment. In
the residential sector, the increase in electricity
demand that results from a trend toward houses with
more floorspace, in addition to population shifts to
warmer regions, is mitigated by an increase in the
efficiency of air conditioners and refrigerators. In the
commercial sector, increases in demand as a conse-
quence of larger building sizes and more intensive use
of electrical equipment is offset by increases in the
efficiency of heating, cooling, lighting, refrigeration,
and cooking appliances.

Personal computers become more energy-efficient on
average as residents and companies replace monitors
that use cathode ray tubes with new models that
use more efficient flat screens. New telecommunica-
tions technologies and medical imaging equipment
increase electricity demand in the "other" commer-
cial end-use category, which accounts for one-half of
the increase in commercial demand. In the industrial
sector, increases in electricity sales are offset by rapid
growth in on-site generation.

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

Figure 56. Electricity generation capacity additions
by fuel type, including combined heat and power,
2005-2030 (gigawatts)
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With growing electricity demand and the retirement
of 65 gigawatts of inefficient, older generating capac-
ity, 347 gigawatts of new capacity (including end-use
CHP) will be needed by 2030. Most retirements are
expected to be oil- and natural-gas-fired steam capac-
ity, along with smaller amounts of oil- and natu-
ral-gas-fired combustion turbines and coal-fired
capacity, which are not cost-competitive with newer
plants.

Capacity decisions depend on the costs and operating
efficiencies of different options, fuel prices, and the
availability of Federal tax credits for investments in
some technologies. Natural gas plants are generally
the least expensive capacity to build but are charac-
terized by comparatively high fuel costs. Coal,
nuclear, and renewable plants are typically expensive
to build but have relatively low operating costs and, in
addition, receive tax credits under EPACT2005.

Coal-fired and natural-gas-fired plants account for
about 50 percent and 40 percent, respectively, of the
capacity additions from 2004 to 2030 (Figure 56).
Coal-fired capacity is generally more economical to
operate than natural-gas-fired capacity, because coal
prices are considerably lower than natural gas prices.
As a result, new natural-gas-fired plants are built to
ensure reliability and operate for comparatively few
hours when electricity demand is high.

About 8 percent of the expected capacity expansion
consists of renewable generating units. New nuclear
capacity additions total 6 gigawatts, but no additional
new nuclear plants are built after 2020, when the
EPACT2005 production tax credit expires.
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Capacity Additions Are Expected
To Be Required in All Regions

Figure 57. Electricity generation capacity
additions, including combined heat and power,
by region and fuel, 2005-2030 (gigawatts)
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Most areas of the United States currently have
excess generation capacity, but all electricity demand
regions (see Appendix F for definitions) are expected
to need additional, currently unplanned, capacity by
2030 (Figure 57). The largest amounts of new capac-
ity are expected in the Southeast (FL and SERC) and
the West (NWP, RA, and CA). In the Southeast, elec-
tricity demand represents a relatively large share of
total U.S. electricity sales, and its need for new capac-
ity is greater than in other regions.

With natural gas prices rising in the reference case,
coal-fired plants make up most of the capacity addi-
tions through 2030. The largest concentrations of
new coal-fired plants are in the Southeast and the
West. In the Southeast, new coal-fired plants are built
in view of the size of the electricity market and the
corresponding need for additional capacity. In the
West, where the capacity requirement is much
smaller, the choice to build mostly coal-fired plants is
based on the region's lower-than-average coal prices
and higher-than-average natural gas prices.

Nationwide, some new natural-gas-fired plants are
built to maintain a diverse capacity mix or to serve as
reserve capacity. Most are located in the Midwest
(MAPP, MAIN, and ECAR) and South (ERCOT and
SPP). The Midwest has a surplus of coal-fired gener-
ating capacity and does not need to add many new
coal-fired plants. In the South, natural gas prices are
lower than the national average, and natural-gas-
fired plants are more economical than in other
regions.

Least Expensive Technology Options
Are Likely Choices for New Capacity

Figure 58. Levelized electricity costs for new plants,
2015 and 2030 (2004 mills per kilowatthour)
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Technology choices for new generating capacity are
made to minimize cost while meeting local and Fed-
eral emissions constraints. The choice of technology
for capacity additions is based on the least expensive
option available (Figure 58) [88]. The reference case
assumes a capital recovery period of 20 years. In addi-
tion, the cost of capital is based on competitive mar-
ket rates, to account for the risks of siting new units.

Capital costs decline over time (Table 16), at rates
that depend on the current stage of development for
each technology. For the newest technologies, capital
costs are initially adjusted upward to reflect the opti-
mism inherent in early estimates of project costs. As
project developers gain experience, the costs are
assumed to decline. The decline continues at a pro-
gressively slower rate as more units are built. The
efficiency of new plants is also assumed to improve
through 2015, with heat rates for advanced combined
cycle and coal gasification units declining to 6,333 and
7,200 Btu per kilowatthour, respectively.

Table 16. Costs of producing electricity
from new plants, 2015 and 2030

2015

Advanced
Advanced combined

coal cycle

2030

Advanced
Advanced combined

coal cycleCosts

2004 mills per kilowatthour

Capital
Fixed
Variable
Incremental
transmission
Total

30.34 11.33
4.73 1.40

14.58 36.97

3.47 2.88
53.12 52.58

27.78
4.73

15.82

3.40
51.73

10.76
1.40

40.18

2.94
55.28
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Electricity Supply

EPACT2005 Tax Credits Are Expected
To Stimulate New Nuclear Builds

Figure 59. Electricity generation from nuclear
power, 1973-2030 (billion kilowatthours)
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In the AE02006 reference case, nuclear capacity
increases from 99.6 gigawatts in 2004 to 108.8 giga-
watts in 2030. The increase includes 6.0 gigawatts of
capacity at new plants stimulated by EPACT2005 tax
incentives and 3.2 gigawatts of capacity expansion at
existing plants. EPACT2005 provides an 8-year pro-
duction tax credit of 1.8 cents per kilowatthour for up
to 6 gigawatts of capacity built before 2021. If the
capacity limit is reached before 2020, the credit pro-
gram ends, and no additional units are expected. The
increase in capacity at existing units assumes that all
uprates approved, pending, or expected by the NRC
will be carried out.

All existing nuclear plants are expected to continue
operating through 2030, although most will be
beyond their original license expiration dates by then.
As of September 2005, the NRC had approved license
renewals for 35 nuclear units, and 14 other applica-
tions were being reviewed. As many as 28 additional
applicants have announced intentions to pursue
license renewals over the next 7 years, indicating a
strong interest in maintaining the existing stock of
nuclear plants.

Because of the increase in capacity, from new capacity
and uprates, and the continued strong performance
of existing units, nuclear generation grows from 789
billion kilowatthours in 2004 to 871 billion kilowatt-
hours in 2030 (Figure 59). That increase is not suffi-
cient, however, for nuclear power to maintain its
current 20-percent share of total generation. In 2030,
even with a national average capacity factor of more
than 90 percent, nuclear power accounts for about 15
percent of total U.S. generation.

State Programs Support Renewable
Generating Capacity Additions

Figure 60. Additions of renewable generating
capacity, 2004-2030 (gigawatts)
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From 2004 to 2030, 26.4 gigawatts of new renewable
generating capacity is added in the reference case,
including 21.9 gigawatts in the electric power sector
and 4.5 gigawatts in the end-use sectors. Nearly
one-half of the total (11.7 gigawatts in the electric
power sector and 0.75 in the end-use sectors) is at
least partially stimulated by State programs, with the
remainder resulting from commercial projects.

Overall, 9.0 gigawatts of central-station capacity, pri-
marily in near-term projects, results from specific
State standards: 3.7 gigawatts in Texas, 3.4 in Cali-
fornia, 0.9 in Nevada, and 0.5 in Minnesota. Three
States-Montana, New Mexico, and New York-add
100 to 200 megawatts each. Ten States-Arizona,
Colorado, Hawaii, Illinois, Massachusetts, Maine,
New Jersey, Pennsylvania, Vermont, and Wiscon-
sin-add less than 100 megawatts each. Several
States without specific requirements also add new
renewable capacity, including nearly 400 megawatts
in Washington, 300 in Oklahoma, 200 in Iowa, 150 in
Kansas, and smaller amounts elsewhere.

The combination of Federal production tax credits
and State programs results primarily in new wind
power. More than 93 percent of the capacity additions
stimulated by State programs are wind plants (Figure
60). State programs also spur small amounts of PV
and solar thermal capacity, totaling 180 megawatts.
On the other hand, with the Federal production tax
credit assumed to expire on December 31, 2007, its
potential to trigger capacity additions using technolo-
gies with longer lead times, such as biomass, geother-
mal, and hydropower, is limited.

Energy Information Administration / Annual Energy Outlook 2006 79



Electricity Supply

Renewables Are Expected To Become
More Competitive Over Time

Figure 61. Levelized and avoided costs for new
renewable plants in the Northwest, 2015 and 2030
(2004 mills per kilowatthour)
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Figure 62. Electricity generation by fuel,
2004 and 2030 (billion kilowatthours)
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The competitiveness of both conventional and renew-
able generation resources is based on the most cost-
effective mix of capacity that satisfies the demand for
electricity across all hours and seasons. Baseload
technologies tend to have low operating costs and set
the market price for power only during the hours of
least demand. Dispatchable geothermal and biomass
resources compete directly with new coal and nuclear
plants, which to a large extent determine the avoided
cost [891 for baseload energy (Figure 61). In some
regions and years, new geothermal or biomass plants
may be competitive with new coal-fired plants, but
their development is limited by the availability of geo-
thermal resources or competitive biomass fuels.

Wind and solar are intermittent technologies that can
be used only when resources are available. With rela-
tively low operating costs and limited resource avail-
ability, their avoided costs are determined largely by
the operating costs of the most expensive units in
operation when their resources are available. Solar
generators tend to operate during peak load periods,
when natural-gas-fired combustion turbines and
combined-cycle units with higher fuel costs tend to
determine the avoided cost. The levelized cost of solar
thermal generation is significantly higher than its
avoided cost through 2030. The availability of wind
resources varies among regions, but wind plants gen-
erally tend to displace intermediate load generation.
Thus, the avoided costs of wind power will be deter-
mined largely by the low-to-moderate operating costs
of combined-cycle and coal-fired plants, which set
power prices during intermediate load hours. In some
regions and years, the levelized costs for wind power
are below its avoided costs.

Coal-fired power plants (including utilities, independ-
ent power producers, and end-use CHP) continue to
supply most of the Nation's electricity through 2030
(Figure 62). Coal-fired plants accounted for 50 per-
cent of all electricity generation in 2004, and their
share increases to 57 percent in 2030. In the near
term, coal use increases gradually as a result of
greater utilization of existing facilities, but its share
of total generation remains relatively constant. In the
longer term, the share of coal-fired generation
increases as new plants begin to operate.

Because of comparatively high fuel prices, natural-
gas-fired plants are not used as intensively as coal-
fired plants. Natural-gas-fired plants provided 18 per-
cent of total supply in 2004, and their share declines
slightly to 17 percent in 2030. Natural-gas-fired gen-
eration increases initially as the recent wave of
newer, more efficient plants come online, but it
declines toward the end of the forecast period as natu-
ral gas prices continue to rise.

Both nuclear and renewable generation increase as
new plants are built, stimulated by Federal tax incen-
tives and rising fossil fuel prices. Modest increases in
nuclear generation also result from improvements in
plant performance and expansion of existing facili-
ties, but the share of generation from nuclear plants
declines from 20 percent in 2004 to 15 percent in 2030
as total generation grows at a faster rate than nuclear
generation. The share of generation from renewable
capacity increases slightly, to account for about 9 per-
cent of total electricity supply in 2030. 0
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Electricity From Renewable Sources

Technology Advances, Tax Provisions
Increase Renewable Generation

Figure 63. Grid-connected electricity generation
from renewable energy sources, 1980-2030
(billion kilowatthours)
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Figure 64. Nonhydroelectric renewable electricity
generation by energy source, 2004-2030
(billion kilowatthours)
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Despite technology improvements, rising fossil fuel
costs, and public support, the contribution of renew-
able fuels to U.S. electricity supply remains relatively
small in the AE02006 reference case at 9.4 percent of
total generation in 2030, up from 9.0 percent in
2004 (Figure 63). Although conventional hydropower
remains the largest source of renewable generation
through 2030, a lack of untapped large-scale sites,
coupled with environmental concerns, limits its
growth, and its share of total generation falls from 6.8
percent in 2004 to 5.1 percent in 2030. Electricity
generation from nonhydroelectric alternative fuels
increases, however, bolstered by technology advances
and State and Federal supports. The share of non-
hydropower renewables increases by 95 percent, from
2.2 percent of total generation in 2004 to 4.3 percent
in 2030.

Biomass is the largest source of renewable electricity
generation among the nonhydropower renewable
fuels. Co-firing with coal is relatively inexpensive
when low-cost biomass resources are available; and as
the cost of biomass increases over time, new dedicated
biomass facilities, such as IGCC plants, are built.
Electricity generation from biomass increases from
0.9 percent of total generation in 2004 to 1.7 percent
in 2030, with 38 percent of the increase coming
from biomass co-firing, 36 percent from dedicated
power plants, and 26 percent from new on-site CHP
capacity.

Electricity generation from wind and geothermal
energy also increases in the reference case (Figure
64). There is considerable uncertainty about the
growth potential of wind power, which depends on a
variety of factors, including fossil fuel costs, State
renewable energy programs, technology improve-
ments, access to transmission grids, public concerns
about environmental and other impacts, and the
future of Federal production tax credits. In the refer-
ence case, generation from wind power increases
from 0.4 percent of total generation in 2004 to 1.1 per-
cent in 2030. Generation from geothermal facilities
increases from 0.4 percent of total generation in 2004
to 0.9 percent in 2030, despite limited opportunities
for the development of new sites. Most of the suitable
sites, restricted mainly to Nevada and California,
involve relatively high up-front costs and perfor-
mance risks; and although geothermal power plants
are eligible for the Federal production tax credit
through 2007, the long construction lead times
required make it unlikely that significant new capac-
ity could be built in time to benefit from the current
credit.

Among the other alternative fuel technologies, gener-
ation from municipal solid waste (MSW) and LFG
slips from 0.5 percent of total generation in 2004 to
0.5 percent in 2030. Solar technologies in general
remain too costly for grid-connected applications, but
demonstration programs and State policies support
some growth in central-station solar PV, and small-
scale customer-sited PV applications grow rapidly
[90]. Grid-connected solar generation remains at less
than 0.1 percent of total generation through 2030.

Energy Information Administration / Annual Energy Outlook 2006 81



Electricity Fuel Costs and Prices

Fuel Costs Drop From Recent Highs,
Then Increase Gradually

Electricity Prices Moderate in the
Near Term, Then Rise Gradually

Figure 65. Fuel prices to electricity generators,
1995-2030 (2004 dollars per million Btu)
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Figure 66. Average U.S. retail electricity prices,
1970-2030 (2004 cents per kilowatthour)
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Electricity production costs are a function of the costs
for fuel, operations and maintenance, and capital. In
the reference case, fuel costs account for about two-
thirds of the generating costs for new natural-gas-
fired plants, less than one-third for new coal-fired
units, and less than one-tenth for new nuclear power
plants in 2030. For most fuels, delivered prices to elec-
tricity generators peak by 2006, fall in the middle
years of the projections, and then increase steadily
through 2030. As a yearly average, natural gas prices
drop to $5.06 in 2016 and then rise to $6.26 per
million Btu in 2030 (Figure 65). Similarly, petroleum
prices decline to $6.39 in 2013 and then rise to $7.61
per million Btu in 2030. Coal prices remain relatively
low, with highs of about $1.50 per million Btu at the
beginning and end of the projection period and lows of
about $1.40 in the middle years. Nuclear fuel costs,
averaging $0.45 per million Btu in 2004, rise to $0.60
per million Btu in 2030.

Electricity generation from natural-gas-fired power
plants, which have relatively low capital costs and
emissions levels, increased in the early years of this
decade. More recently, higher fuel prices have
increased the cost of natural-gas-fired generation.
For example, the price of natural gas to generators
jumped by 37 percent from 2004 to 2005. With natu-
ral gas prices rising after 2016 in the reference case,
the natural gas share of total electricity generation
drops, and both coal-fired and renewable generation
increase.

Electricity prices are determined primarily by the
costs of generation, which make up about two-thirds
of the total retail price. The 2004-2005 spikes in natu-
ral gas and petroleum prices, along with elevated coal
prices, led to a jump in electricity prices. Average
retail prices (in 2004 dollars) fall to 7.1 cents per kilo-
watthour in 2015, as new sources of natural gas and
coal are brought on line. After 2015, natural gas and
petroleum prices rise steadily, and power producers
increase their reliance on lower priced coal. As a
result, retail electricity prices rise gradually, to 7.5
cents per kilowatthour in 2030 (Figure 66).

Customers in States with competitive retail markets
for electricity see the effects of natural gas prices in
their electricity bills more rapidly than those in regu-
lated States, because their prices are determined to a
greater extent by the marginal cost of energy-the
average operating cost of the last, most expensive
unit run each hour-rather than the average of all
plant costs. Natural gas plants, with their higher
operating costs, often set the hourly marginal price.

Distribution costs, which accounted for more than
one-quarter of retail electricity prices in 2004, decline
by 14 percent from 2004 to 2030, as the cost of distri-
bution infrastructure is spread over a growing cus-
tomer base, and technology improvements lower the
costs of billing, metering, and call-center services.
Because of the additional investment needed to meet
consumers' growing electricity use and to facilitate
competitive wholesale energy markets, transmission
costs rise by 27 percent, increasing their share of the
total electricity price from 7 percent to 9 percent.
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Electricity Alternative Cases

. Faster Economic Growth Stimulates
Capacity Additions, Particularly Coal

Figure 67. Cumulative new generating capacity
by technology type in three economic growth cases,
2004-2030 (gigawatts)
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Figure 68. Cumulative new generating capacity by
technology type in three fossil fuel technology cases,
2004-2030 (gigawatts)
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The need for new generating capacity, particularly
coal-fired capacity, is influenced by economic growth.
From 2004 to 2030, average annual GDP growth
ranges from 2.4 percent in the low economic growth
case to 3.5 percent in the high economic growth case.
The difference leads to a 21-percent variation in the.l evel of electricity demand in 2030 between the low
and high economic growth cases, with a correspond-
ing difference of 215 gigawatts in the amount of new
capacity added from 2004 through 2030, including
CHP in the end-use sectors.

Most (65 percent) of the capacity added in the high
economic growth case, relative to the reference case,
consists of new coal-fired plants. Higher demand for
electricity and lower interest rates in the high eco-
nomic growth case make new coal plants attractive.
The stronger demand growth assumed in the high
growth case also stimulates additions of renewable
plants and, to a lesser degree, new natural-gas-fired
capacity (Figure 67). In the low economic growth
case, total capacity additions are reduced by 104
gigawatts, and 73 percent of that projected reduction
is in coal-fired capacity additions.

Average electricity prices in 2030 are 4 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 2030 are 4 percent lower in the low
economic growth case than in the reference case. In. the high economic growth case, a 9-percent increase
in consumption of fossil fuels results in a 10-percent
increase in CO 2 emissions from electricity generators
in 2030.

The cost and performance characteristics for various
fossil fuel generating technologies in the AE02006
reference case are determined in consultation with
industry and government specialists. To test the sig-
nificance of uncertainty in the assumptions, alterna-
tive cases vary key parameters. In the high fossil fuel
case, capital costs, heat rates, and operating costs for
advanced fossil-fired generating technologies in 2030
are assumed to be 10 percent lower than in the refer-
ence case. The low fossil fuel case assumes no change
in capital costs and heat rates for advanced technolo-
gies from their 2006 levels.

With different cost and performance assumptions,
the mix of generating technologies changes (Figure
68). In the high fossil case, natural gas technologies
make up the largest share of new capacity additions;
in the reference and low fossil cases, coal technologies
account for most of the new capacity additions. In the
high fossil case, advanced technologies are used for 79
percent of all natural-gas-fired capacity additions and
71 percent of all coal-fired capacity additions by 2030;
in the low fossil case, advanced technologies are used
for only 54 percent of natural-gas-fired capacity addi-
tions and a negligible percentage of coal-fired capacity
additions, but almost 10 gigawatts of nuclear generat-
ing capacity is added by 2030. The average efficiency
of fossil-fuel-fired power plants varies only slightly
among the three cases-from 36 percent in the low
fossil case to almost 38 percent in the high fossil case
in 2030-because plant owners are not expected to
upgrade the large base of older generating units.

Energy Information Administration / Annual Energy Outlook 2006 83



Electricity Alternative Cases

New Nuclear Plants Are Competitive
When Lower Costs Are Assumed

Figure 69. Levelized electricity costs for new plants
by fuel type in two nuclear cost cases, 2015 and 2030
(2004 cents per kilowatthour)
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Figure 70. Nonhydroelectric renewable electricity
generation by energy source in three cases,
2010 and 2030 (billion kilowatthours)
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The reference case assumptions for the cost and
performance characteristics of new technologies are
based on cost estimates by government and industry
analysts, allowing for uncertainties about new
designs. Because no new nuclear plants have been
ordered in this country since 1977, there is no reliable
estimate of what they might cost. In recent years, var-
ious nuclear vendors have argued that their new
plants will be simpler and less costly. Two alternative
nuclear cost cases address this uncertainty. The
advanced nuclear cost case assumes capital and oper-
ating costs 20 percent below those in the reference
case in 2030, reflecting a 31-percent reduction in
overnight capital costs from 2006 to 2030. The vendor
estimate case assumes reductions relative to the ref-
erence case of 18 percent initially and 44 percent in
2030, consistent with estimates from British Nuclear
Fuels Limited (Westinghouse) for the manufacture of
its AP1000 advanced pressurized-water reactor.

Nuclear generating costs in the alternative nuclear
cost cases are competitive with the generating costs
for new coal- and natural-gas-fired units toward the
end of the projection period (Figure 69). (The figure
shows average generating costs, assuming generation
at the maximum capacity factor for each technology;
the costs and relative competitiveness of the technol-
ogies could vary by region.) In the reference case, Fed-
eral tax credits result in 6 gigawatts of new nuclear
capacity. In the advanced nuclear case 34 gigawatts of
new nuclear capacity is added between 2004 and
2030, and in the vendor estimate case 77 gigawatts of
new nuclear capacity is added. The additional nuclear
capacity displaces primarily new coal-fired capacity.

The impacts of key assumptions about the availability
and cost of nonhydroelectric renewable energy re-
sources for electricity generation are shown in two
alternative technology cases. In the low renewables
case, the cost and performance of generators using
renewable resources are assumed to remain un-
changed throughout the forecast. The high renew-
ables case assumes cost reductions of 10 percent in
2030 on a site-specific basis for hydroelectric, geo-
thermal, biomass, wind, and solar capacity.

In the low renewables case, construction of new
renewable capacity is less than projected in the refer-
ence case (Figure 70). In the high renewables case,
more additions of biomass, geothermal, and wind
capacity are projected through 2030 than in the refer-
ence case, with most of the incremental capacity
added between 2020 and 2030.

Biomass, available in some quantity in all U.S.
regions, provides desirable baseload and intermedi-
ate-load capacity. In the high renewables case, the
largest increase in generation relative to the refer-
ence case is seen for biomass, which nearly doubles in
2030. Geothermal resources are limited to the West,
and despite limited opportunities for expansion, gen-
eration increases by 39 percent from 2004 to 2030.
Generation from wind power, with significant
expansion in the reference case over current capacity,
increases by a modest 15 percent over the reference
case in 2030, and there is little or no increase in
generation from solar and hydropower. Even with the
assumptions of reduced costs, nonhydropower renew-
ables account for less than 6 percent of total genera-
tion in 2030 in the high renewables case.
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Natural Gas Demand

. Increases in Natural Gas Use Are
Moderated by High Prices

Figure 71. Natural gas consumption by sector,
1990-2030 (trillion cubic feet)
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Figure 72. Increases in natural gas consumption
by Census division, 2004-2030 (percent per year)
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In the AE02006 reference case, total natural gas con-
sumption increases from 22.4 trillion cubic feet in
2004 to 26.9 trillion cubic feet in 2030. Most of the
increase is seen before 2017, when total U.S. natural
gas consumption reaches just under 26.5 trillion cubic
feet. After 2017, high natural gas prices limit con-
sumption to about 27 trillion cubic feet through 2030.
Consequently, the natural gas share of total energy
consumption drops from 23 percent in 2004 to 21 per-
cent in 2030.

Currently, high natural gas prices discourage the con-
struction of new natural-gas-fired electricity genera-
tion plants. As a result, only 130 gigawatts of new
natural-gas-fired capacity is added from year-end
2004 through 2030, as compared with 154 gigawatts
of new coal-fired capacity. Natural gas consumption
in the electric power sector peaks at 7.5 trillion cubic
feet in 2019, then starts falling as new coal-fired elec-
tricity generation increasingly displaces natural-gas-
fired generation. Natural gas use for electricity gener-
ation declines to 6.4 trillion cubic feet in 2030 (Figure
71).

With natural gas prices remaining relatively high
throughout the projection period, consumption of
natural gas in the industrial sector gas grows slowly,
from 8.5 trillion cubic feet in 2004 to 10.0 trillion
cubic feet in 2030. Natural gas consumption increases
in all the major industrial sectors, with the exception
of the refining industry. High prices also limit con-
sumption increases in the buildings sector (residen-
tial and commercial), where natural gas use grows
from 7.9 trillion cubic feet in 2004 to 9.6 trillion cubic
feet in 2030.

1.0 1.2 1.4

From 2004 to 2030, 60 percent of the projected
growth in lower 48 end-use consumption of natural
gas occurs east of the Mississippi River (Figure 72).
Variation in regional growth rates for natural gas
consumption results from different prospects for pop-
ulation growth, economic activity, and natu-
ral-gas-fired electricity generation. The most rapid
increases in natural gas consumption, averaging 1.3
percent per year from 2004 through 2030, are in the
South Atlantic and East South Central Census divi-
sions. In the West North Central division, consump-
tion grows by 1.0 percent per year, and growth rates
in the other Census divisions are less than that,
including annual averages of 0.5 percent in New Eng-
land, 0.7 percent in the Middle Atlantic, 0.8 percent in
the East North Central, 0.5 percent in the West South
Central, 0.8 percent in the Mountain, and 0.3 percent
in the Pacific divisions.

The Rocky Mountain and Alaska regions provide
most of the increase in domestic natural gas produc-
tion from 2004 to 2030. Because 60 percent of the pro-
jected growth in natural gas consumption occurs east
of the Mississippi River, new natural gas pipelines are
built from supply regions in the West to meet natural
gas demand in the East, including a North Slope
Alaska pipeline. An exception is the construction of
new pipeline capacity originating in the Rocky Moun-
tains to provide its increasing production to Pacific
Coast markets. Also, some additional pipeline con-
struction is expected to provide new LNG terminals
access to the major consumption markets and to link
deepwater natural gas production to major onshore
transmission pipelines.
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Natural Gas Supply

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

Figure 73. Natural gas production by source,
1990-2030 (trillion cubic feet)
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Figure 74. Net U.S. imports of natural gas
by source, 1990-2030 (trillion cubic feet)
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A large proportion of the onshore lower 48 conven-
tional natural gas resource base has been discovered.
New reservoir discoveries are expected to be smaller
and deeper, and thus more expensive and riskier to
develop and produce. Much of the onshore lower 48
nonassociated (NA) conventional natural gas produc-
tion in the reference case comes from existing large
fields, as lower 48 NA onshore conventional natural
gas production declines from 4.8 trillion cubic feet in
2004 to 4.2 trillion cubic feet in 2030 (Figure 73). Pro-
duction of associated-dissolved (AD) natural gas from
lower 48 crude oil reserves also declines, from 2.4 tril-
lion cubic feet in 2004 to 2.3 trillion cubic feet in 2030.

Incremental production of lower 48 onshore natural
gas production comes primarily from unconventional
resources, including coalbed methane, tight sand-
stones, and gas shales. Lower 48 unconventional pro-
duction increases from 7.5 trillion cubic feet in 2004
to 9.5 trillion cubic feet in 2030.

Considerable natural gas resources remain in the off-
shore Gulf of Mexico, especially in the deep waters.
Deepwater natural gas production in the Gulf of Mex-
ico increases from 1.8 trillion cubic feet in 2004 to a
peak of 3.2 trillion cubic feet in 2014, then declines to
2.1 trillion cubic feet in 2030. Production in the shal-
lower waters of the Gulf of Mexico declines through-
out the projection period, from 2.4 trillion cubic feet
in 2004 to 1.8 trillion cubic feet in 2030.

The Alaska pipeline begins transporting natural gas
to the lower 48 States in 2015. In 2030, Alaska's natu-
ral gas production totals 2.1 trillion cubic feet.

1990 1995 2004 2010 2015 2020 2025 2030

With U.S. natural gas production declining, imports
of natural gas rise to meet increasing domestic
consumption. A decline in Canada's non-Arctic con-
ventional natural gas production is only partially
offset by its Arctic and unconventional production.
Although a MacKenzie Delta natural gas pipeline is
expected to begin transporting natural gas in 2011 in
the reference case, net imports from Canada fall from
3.2 trillion cubic feet in 2004 to 1.5 trillion cubic feet
in 2019. After 2019, net imports from Canada begin to
increase, as unconventional production eventually
offsets the decline in conventional production. Net
imports of natural gas from Canada total 1.8 trillion
cubic feet in 2030.

Most of the projected growth in U.S. natural gas
imports is in the form of LNG, some of which flows
into the United States by pipeline from Mexico.
The total capacity of U.S. LNG receiving terminals
increases rapidly, from 1.4 trillion cubic feet in 2004
to 4.9 trillion cubic feet in 2015, when net LNG
imports total 3.1 trillion cubic feet. Construction of
new LNG terminals slows after 2015. With terminal
capacity of 5.8 trillion cubic feet in 2030, U.S. net
LNG imports total 4.4 trillion cubic feet (Figure 74).

Net exports of U.S. natural gas to Mexico decrease
from 2004 through 2011, as new LNG terminals are
built in Mexico. After 2011 U.S. net exports of natural
gas to Mexico increase, to 560 billion cubic feet in
2030.
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Natural Gas Prices

Projected Natural Gas Prices
Remain Above Historical Levels

Figure 75. Lower 48 natural gas wellhead prices,
1990-2030 (2004 dollars per thousand cubic feet)

Delivered Natural Gas Prices
Follow Trends in Wellhead Prices

Figure 76. Natural gas prices by end-use sector,
1990-2030 (2004 dollars per thousand cubic feet)
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In the reference case, wellhead natural gas prices
decline from current levels to an average of $4.46
(2004 dollars) per thousand cubic feet in 2016, then
rise to $5.92 per thousand cubic feet in 2030 (Figure
75). Current high prices for natural gas are expected
to accelerate the construction of new LNG terminal
capacity, resulting in a significant increase in total
U.S. LNG receiving capacity by 2015. High natural
gas prices are also expected to increase support for
the construction of an Alaska natural gas pipeline
that begins operations in 2015, and to stimulate
production of unconventional natural gas. On the
demand side, high prices reduce the growth of natural
gas consumption.

As a result of the development of new natural gas
supplies and slower growth in consumption, wellhead
natural gas prices decline through 2016. After 2016,
as the cost of developing the remaining U.S. natural
gas resource base increases, wellhead natural gas
prices increase. World LNG prices also increase after
2016 in the reference case, slowing the growth of U.S.
LNG imports.

1990 1995 2004 2010 2015 2020 2025 2030

Trends in delivered natural gas prices largely reflect
changes in wellhead prices. In the reference case,
prices for natural gas delivered to the end-use sectors
decline through 2016 as wellhead prices decline, then
increase along with wellhead prices (Figure 76).

On average, end-use transmission and distribution
margins remain relatively constant, because the cost
of adding new facilities largely offsets the reduced
depreciation expenses of existing facilities. Transmis-
sion and distribution margins in the end-use sectors
reflect both the volumes of natural gas delivered and
the infrastructure arrangements of the different sec-
tors. The industrial and electricity generation sectors
have the lowest end-use prices, because they receive
most of their natural gas directly from interstate
pipelines, avoiding local distribution charges. In addi-
tion, summer-peaking electricity generators reduce
transmission costs by using interruptible transporta-
tion services during the summer, when there is spare
pipeline capacity. As power generators take a larger
share of the natural gas market, however, they are
expected to rely more on higher cost firm transporta-
tion service.

The reference case assumes that sufficient transmis-
sion and distribution capacity will be built to accom-
modate the growth in natural gas consumption. If
future public opposition were to prevent the building
of new infrastructure, delivered prices could be
higher than projected in the reference case.
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Natural Gas Alternative Cases

Technology Advances Could Moderate
Future Natural Gas Prices

Figure 77. Lower 48 natural gas wellhead prices
in three technology cases, 1990-2030
(2004 dollars per thousand cubic feet)
10- History I Projections

Natural Gas Supply Projections
Reflect Technological Progress Rates

Figure 78. Natural gas production and net imports
in three technology cases, 1990-2030
(trillion cubic feet)
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Technological progress affects natural gas production
by reducing production costs and expanding the eco-
nomically recoverable gas resource base. An example
is the relatively recent development of technologies
for producing unconventional natural gas resources,
which allow previously uneconomical deposits to be
produced profitably, whereas 50 years ago industry
technology was capable of exploiting only conven-
tional deposits.

In the slow oil and gas technology case, advances in
exploration and production technologies are assumed
to be 50 percent slower than those assumed in the
reference case, which are based on historical rates.
As a result, domestic natural gas development costs
are higher, production is lower, wellhead prices are
higher at $6.36 per thousand cubic feet in 2030
(Figure 77), natural gas consumption is reduced, and
LNG imports are higher than in the reference case.

The rapid technology case assumes 50 percent faster
technology progress than in the reference case,
resulting in lower development costs, higher produc-
tion levels, lower wellhead prices ($5.20 per thousand
cubic feet in 2030), increased consumption of natural
gas, and lower LNG imports than in the reference
case. Technically recoverable natural gas resources
(Table 17) are expected to be adequate to support the
higher production levels in the rapid technology case
[911.

Table 17. Technically recoverable U.S. natural gas
resources as of January 1, 2004 (trillion cubic feet)

Proved Unproved Total
189.0 1,115.0 1,304.0

In the rapid technology case, lower wellhead prices
for natural gas lead to increased consumption and
lower import levels. Natural gas production increases
to meet the increased demand (Figure 78). In 2030,
natural gas production is 24.4 trillion cubic feet
(17 percent higher than in the reference case), net
natural gas imports are 4.4 trillion cubic feet (20 per-
cent lower), and domestic natural gas consumption is
29.4 trillion cubic feet (9 percent higher).

In the slow technology case, higher wellhead prices
reduce domestic consumption of natural gas, increase
natural gas imports, and reduce domestic production.
In 2030, natural gas production is 18.8 trillion cubic
feet (10 percent lower than in the reference case), net
natural gas imports are 6.4 trillion cubic feet (14 per-
cent higher), and domestic natural gas consumption
is 25.6 trillion cubic feet (5 percent lower).

Canada's natural gas production also varies with
changes in assumptions about technological progress
rates. In the rapid technology case, U.S. imports of
natural gas from Canada in 2030 increase to 2.0 tril-
lion cubic feet, 10 percent higher than in the refer-
ence case. In the slow technology case, imports from
Canada in 2030 fall to 1.5 trillion cubic feet, 16 per-
cent lower than in the reference case.

Lower domestic prices for natural gas reduce net
imports of LNG, and higher prices increase net
imports. In the rapid and slow technology cases, net
LNG imports in 2030 are 3.2 and 5.3 trillion cubic
feet, respectively, compared with 4.4 trillion cubic
feet in the reference case.
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Natural Gas Alternative Cases

Natural Gas Prices Vary With
Assumptions About Resource Levels

Figure 79. Lower 48 natural gas wellhead prices
in three price cases, 1990-2030 (2004 dollars
per thousand cubic feet)
10- History I Projections

LNG Imports Are the Source of Supply
Most Affected in the Price Cases

Figure 80. Net imports of liquefted natural gas
in three price cases, 1990-2030 (trillion cubic feet)
10- History I Projections
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The high and low price cases assume that the
unproven domestic natural gas resource base is 15
percent lower and 15 percent higher, respectively,
than the estimates used in the reference case. As the
estimate of the domestic natural gas resource base
increases, projected natural gas prices decline,
because the more abundant resource base keeps
natural gas exploration and production costs lower
over time. With the lower resource level in the high
price case, the wellhead price for natural gas in 2030
rises to $7.71 per thousand cubic feet (2004 dollars),
30 percent higher than in the reference case ($5.92
per thousand cubic feet). In the low price case, with a
higher resource level, the wellhead price in 2030 falls
to $4.97 per thousand cubic feet in 2030, 16 percent
lower than in the reference case (Figure 79).

The high and low price cases affect domestic con-
sumption, production, and imports. In the high price
case, domestic natural gas consumption in 2030 is
2.9 trillion cubic feet (11 percent) lower than in the
reference case. In the low price case, domestic natural
gas consumption in 2030 is 4.2 trillion cubic feet
(16 percent) higher than in the reference case.Demand for natural gas in the electricity generation
sector is more responsive to prices than demand in
the other end-use sectors and shows more variation
in the two natural gas price cases. In 2030, natural
gas consumption in the electric power sector varies
from 4.0 trillion cubic feet in the high price case to
9.9 trillion cubic feet in the low price case, as com-
pared with 6.4 trillion cubic feet in the reference case.

1990 1995 2004 2010 2015 2020 2025 2030

Among the major sources of natural gas supply, LNG
imports are the most affected in the three price cases.
Net imports of LNG in the reference case are 4.4 tril-
lion cubic feet in 2030; in the low price case net
imports in 2030 increase to 7.4 trillion cubic feet, and
in the high price case they fall to 1.9 trillion cubic feet
(Figure 80).

Higher world oil prices are expected to result in a shift
away from petroleum consumption and toward natu-
ral gas consumption in all sectors of the international
energy market. In addition, some LNG contract
prices are tied directly to crude oil prices, putting
further upward pressure on LNG prices. Finally,
higher oil prices are expected to promote increases in
GTL production, which in turn would lead to more
price pressure on world natural gas supplies. In the
high price case, the result is higher prices for natural
gas and LNG, both in the United States and interna-
tionally, reducing U.S. LNG imports, new LNG
receiving capacity, and the utilization rates for exist-
ing LNG terminals.

With higher and lower wellhead prices for natural gas
in the high and low price cases, domestic consumption
is reduced or increased by about the same amount as
LNG imports. As a result, domestic natural gas pro-
duction does not vary significantly among the three
cases. From 18.5 trillion cubic feet in 2004, U.S. natu-
ral gas production increases to 20.8 trillion cubic feet
in 2030 in the reference case, 21.2 trillion cubic feet in
the high price case, and 21.4 trillion cubic feet in the
low price case.
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Natural Gas Alternative Cases

LNG Supply Cases Address
Uncertainty in Future LNG Imports

Figure 81. Net imports of liquefied natural gas
in three LNG supply cases, 1990-2030
(trillion cubic feet)
10- History I Projections

LNG Import Levels Have a Direct
Effect on Domestic Natural Gas Prices

Figure 82. Lower 48 natural gas wellhead prices
in three LNG supply cases, 1990-2030
(2004 dollars per thousand cubic feet)
8- Histor Projectionsy I .
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The AE02006 reference case assumes that two LNG
terminals under construction as of August 1, 2005,
will be completed: the Cheniere Energy terminals in
Freeport, Texas (1.5 billion cubic feet per day), and
Cameron Parish, Louisiana (2.6 billion cubic feet per
day), with assumed in-service dates of 2008 and 2009,
respectively. The reference case also assumes expan-
sions at three of the four existing terminals, including
a proposed expansion of 0.8 billion cubic feet per day
at Cove Point, Maryland, and approved expansions of
1. 1 billion cubic feet per day at Lake Charles, Louisi-
ana, and 0.54 billion cubic feet per day at Elba Island,
Georgia. In addition, the reference case assumes that
new facilities will be built to serve the Gulf Coast,
Southern California, Florida, and New England.

High and low LNG supply cases were developed to
examine the impacts of variations in LNG supply on
domestic natural gas supply, consumption, and
prices. The low LNG supply case assumes a future
level of LNG imports 30 percent lower than in the
high price case, with imports in 2030 at 1.3 trillion
cubic feet, compared with 4.4 trillion cubic feet in the
reference case (Figure 81). The high LNG supply case
assumes future LNG imports 30 percent higher than
in the low price case, with imports in 2030 at 9.6 tril-
lion cubic feet.

2004 2010 2015 2020 2025 2030

In the high LNG supply case, domestic natural gas
production and wellhead prices are lower than those
in the reference case, and natural gas consumption is
higher. In 2030, natural gas wellhead prices in the
high LNG case are 10 percent lower than in the refer-
ence case, at $5.35 per thousand cubic feet (Figure
82), and natural gas production is 8 percent lower
than in the reference case, at 19.1 trillion cubic feet.
Domestic natural gas consumption in 2030 in the
high LNG case is 12 percent higher than in the refer-
ence case, at 30.1 trillion cubic feet.

In the low LNG supply case the total supply of natural
gas to U.S. consumers is less than in the reference
case, leading to higher prices, lower consumption, and
more domestic natural gas production. In 2030, natu-
ral gas wellhead prices in the low LNG case are 7 per-
cent higher than in the reference case, at $6.36
thousand cubic feet, natural gas production is 6 per-
cent higher, at 22.0 trillion cubic feet, and domestic
natural gas consumption is 6 percent lower, at 25.3
trillion cubic feet.

Lower and higher wellhead prices for natural gas in
the high and low LNG supply cases have the greatest
impact on natural gas consumption in the electric
power sector, both because of its high projected
growth rate and because of the competition between
coal and natural gas. In the high LNG case, natural
gas consumption for electricity generation in 2030 is
44 percent higher than in the reference case, at 9.2
trillion cubic feet, and in the low LNG case it is 21 per-
cent lower than in the reference case, at 5.0 trillion
cubic feet.
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Oil Prices and Production

Oil Prices Decline in the Short Term,
Then Rise Through 2030

Figure 83. World oil prices in the reference case,
1990-2030 (2004 dollars per barrel)
70 - History Projections

60-

50-

40 -

30O

20 -

10-

0

Domestic Crude Oil Production
Begins To Decline After 2016

Figure 84. Domestic crude oil production by source,
1990-2030 (million barrels per day)
8 - History Projections

6 -

4 
-

2-

0-

Total

Lower 48 onshore

Deepwater offshore
as gwjaater offshore

1990 1995 2004 2010 2015 2020 2025 2030

The world oil price in AE02006 is defined as the
weighted average price of all crude oil containing less
than 0.5 percent sulfur by weight that is imported by
U.S. refiners. The price projection in the reference
case is based on the mean conventional petroleum
resource estimate (Table 18) reported by the USGS
and the U.S. Minerals Management Service [92]. The
reference case assumes that the Arctic National Wild-
life Refuge (ANWR) will continue to be off limits to
petroleum exploration and development.

In the AE02006 reference case, as new oil fields are
brought into production worldwide, world oil prices
decline to $46.90 per barrel (2004 dollars) in 2014,
then rise to $56.97 in 2030 (Figure 83). The increase
after 2014 reflects rising costs for the development
and production of non-OPEC oil resources. There is
considerable uncertainty associated with the price
projections, related to world economic growth, world
oil demand, OPEC's long-term oil production policies,
and international political stability.

Table 18. Technically recoverable U.S. crude oil
resources as of January 1, 2004 (billion barrels)

Proved Unproved Total

23.1 124.1 147.2

1990 1995 2004 2010 2015 2020 2025 2030

A large proportion of the total U.S. resource base of
onshore conventional oil has been produced, and new
oil reservoir discoveries are likely to be smaller, more
remote, and increasingly costly to exploit. While
higher oil prices make it economical to produce higher
cost resources, lower 48 onshore oil production
declines in the reference case from 2.9 million barrels
per day in 2004 to 2.3 million barrels per day in 2030
(Figure 84).

The remaining onshore conventional oil resource
base is not expected to provide significant new sup-
plies of oil, with the exception of production from the
National Petroleum Reserve in Alaska. Oil produc-
tion in the Reserve begins in 2007, increases to a peak
of 458,000 barrels per day in 2016, and declines
thereafter. As a result, Alaska's total oil production-
which falls from 906,000 barrels per day in 2004 to
828,000 barrels per day in 2007-rebounds to 902,000
barrels per day in 2014 before beginning a steady
decline to 274,000 barrels per day in 2030.

Considerable oil resources remain in the offshore,
especially in the deep waters of the Gulf of Mexico. Oil
production in the shallow waters of the Gulf, starting
from 0.4 million barrels per day in 2004, slips to 0.3
million barrels per day in 2030, while deepwater pro-
duction increases from 1.0 million barrels per day in
2004 to a peak of 2.2 million barrels per day in 2016
and then declines to 1.7 million barrels per day in
2030. As a result, total U.S. offshore oil production
increases from 1.6 million barrels per day in 2004 to
2.5 million barrels per day in 2016, then falls back to
2.0 million barrels per day in 2030.
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Oil Price Cases

Price Cases Assess Alternative
Futures for World Oil Market

U.S. Oil Production is Marginally
Sensitive to World Oil Prices

Figure 86. Total U.S. petroleum production in three
price cases, 1990-2030 (million barrels per day)
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Figure 85. World oil prices in three cases, 1990-2030
(2004 dollars per barrel)
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The high and low price cases reflect different assump-
tions about the size of the conventional world oil
resource, and they project different market shares for
OPEC and non-OPEC oil production. The high price
case assumes that the world conventional crude oil
resource base is 15 percent smaller than the USGS
mean oil resource estimate. In the high price case,
world oil production reaches 102 million barrels per
day in 2030, with OPEC contributing 31 percent of
total world oil production. World oil prices increase to
$76.30 per barrel (2004 dollars) in 2015 and $95.71
per barrel in 2030 (Figure 85).

The low price case assumes that the conventional
worldwide oil resource base is 15 percent larger than
the USGS mean estimate. In the low price case, world
oil production reaches 128 million barrels per day in
2030, with OPEC contributing 40 percent of total
world oil production. World oil prices, in terms of the
average price of imported low-sulfur crude oil to U.S.
refiners, drop to $33.78 per barrel in 2015 and remain
relatively stable thereafter.

1990 1995 2004 2010 2015 2020 2025 2030

The high price case assumes that conventional
domestic oil resources are 15 percent less than in the
reference case, and the low price case assumes they
are 15 percent greater. The difference has a direct
effect on the cost and availability of newly developed
domestic oil supplies. A higher (or lower) oil price also
induces more (or less) exploration activity and the
development of more (or less) expensive oil resources.
In all cases, a significant portion of total domestic oil
production comes from large, existing oil fields, such
as the Prudhoe Bay Field.

Oil prices also determine whether unconventional oil
production (such as oil shale, CTL, and GTL) is eco-
nomical, as illustrated in the alternative price cases.
CTL production is projected in both the reference and
high price cases; however, GTL production and
syncrude production from oil shale, both of which
require higher prices before they become economical,
are projected only in the high price case.

With higher oil prices, unconventional sources of oil
become economical, and unconventional production
increases. In the high price case, total conventional
and unconventional domestic petroleum production
(including NGL and refinery processing gain) in 2030
is 20 percent higher than in the reference case, at
10.3 million barrels per day. In the low price case,
total production is 10 percent lower than in the
reference case, at 7.7 million barrels per day in 2030
(Figure 86).
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Oil Price and Technology Cases

U.S. Syncrude Production From
Oil Shale Requires Higher Oil Prices

Figure 87. U.S. syncrude production from oil shale
in the high price case, 2004-2030
(thousand barrels per day)
500-

400 -

300 -

200 -

100 -

0
2004 2010 2015 2020 2025 203

More Rapid Technology Advances
Could Raise U.S. Oil Production

Figure 88. Total U.S. crude oil production
in three technology cases, 1990-2030
(million barrels per day)
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In the United States, the commercial viability of
syncrude produced from oil shale largely depends on
oil prices. Although the production costs for oil shale
syncrude decline through 2030 in all cases, it becomes
economical only in the high price case, with produc-
tion starting in 2019 and increasing to 405,000 bar-
rels per day in 2030, when it represents 4 percent of
U.S. petroleum production, including NGL and refin-
ery processing gain (Figure 87).

Production costs for oil shale syncrude are highly
uncertain. 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 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 pro-
ducing oil shale syncrude.

The development of U.S. oil shale resources is also
uncertain from an environmental perspective. Oil
shale costs will remain highly uncertain until the
petroleum industry builds a demonstration project.
An oil shale industry based on underground mining
and surface retorting could face considerable public
opposition because of its potential environmental
impacts, involving scenic vistas, waste rock disposal
and remediation, and water availability and con-
tamination. Consequently, there is a high level of
uncertainty in the projection for oil shale syncrude
production in the high price case.

The rapid and slow oil and gas technology cases
assume rates of technological progress in the petro-
leum industry that are 50 percent higher and 50 per-
cent lower, respectively, than the historical rate. The
rate of technological progress determines the cost of
developing and producing the remaining domestic oil
resource base. Higher (or lower) rates of technological
progress result in lower (or higher) oil development
and production costs, which in turn allow more (or
less) oil production.

With domestic oil consumption determined largely by
oil prices and economic growth rates, oil consumption
does not change significantly in the technology cases.
Domestic crude oil production in 2030, which is
4.6 million barrels per day in the reference case,
increases to 4.9 million barrels per day in the rapid
technology case and drops to 4.2 million barrels per
day in the slow technology case (Figure 88). The pro-
jected changes in domestic oil production result in
different projections for petroleum imports. In 2030,
projected net crude oil and petroleum product
imports range from 16.7 million barrels per day in the
rapid technology case to 17.7 million barrels per day
in the slow technology case, as compared with 17.2
million barrels per day in the reference case. U.S.
dependence on petroleum imports in 2030 ranges
from 61 percent in the rapid technology case to 64
percent in the slow technology case.

Cumulatively, from 2004 through 2030, U.S. total
crude oil production is projected to be 1.9 billion bar-
rels (3.8 percent) higher in the rapid technology case
and 2.1 billion barrels (4.1 percent) lower in the slow
technology case than in the reference case.
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ANWR Alternative Oil Case

Drilling in ANWR Could Sustain
Alaska's Oil Production

ANWR Oil Production Could Lower
U.S. Net Oil Imports Through 2030

Figure 89. Alaskan oil production in the
reference and ANWR cases, 1990-2030
(million barrels per day)
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Figure 90. U.S. net imports of oil in the
reference and ANWR cases, 1990-2030
(million barrels per day)
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Whether Federal oil and natural gas leasing in
ANWR will ever occur remains uncertain. The AEO-
2006 ANWR alternative case suggests the potential
impact of opening ANWR to leasing. The ANWR case
uses the same assumptions as the reference case,
except that oil and natural gas development and pro-
duction are allowed in ANWR, starting in 2005.

The opening of ANWR to development in 2005 results
in the initiation of ANWR oil production in 2015. Oil
production from ANWR grows to a peak of 780,000
barrels per day in 2024, then declines to 650,000 bar-
rels per day in 2030. In the reference case, with no oil
production from ANWR, Alaska's total oil production
grows to 900,000 barrels per day in 2014 and then
declines to 270,000 barrels per day in 2030. In the
ANWR case, Alaskan oil production rises to 1.4 mil-
lion barrels per day in 2021 and then falls to 930,000
barrels per day in 2030 (Figure 89).

World oil prices are slightly lower in the ANWR case
than in the reference case. The largest difference is
79 cents per barrel in 2024 (in 2004 dollars), when
ANWR oil production is at its peak. After 2024, as
ANWR production declines, the difference narrows to
68 cents per barrel in 2030.

The opening of ANWR to Federal oil and natural gas
leasing increases domestic oil production. In the ref-
erence case, U.S. total crude oil production peaks in
2010 at 5.9 million barrels per day, then declines to
4.6 million barrels per day in 2030. In the ANWR case,
total domestic oil production peaks in 2020 at 6.2 mil-
lion barrels per day and then falls to 5.2 million bar-
rels per day in 2030.

Every additional barrel of oil produced in ANWR
effectively displaces a barrel of imported crude oil. In
2024, when ANWR production peaks in the alterna-
tive case, the import share of total domestic petro-
leum supply is 57 percent (14.7 million barrels per
day), compared with 60 percent (15.4 million barrels
per day) in the reference case (Figure 90). In 2030,
when ANWR production is declining, the import
share of total domestic petroleum supply is 60 percent
in the ANWR case and 62 percent in the reference
case.

Although the opening of ANWR to Federal oil and
natural gas leasing reduces projected oil prices, the
impact on domestic oil consumption is negligible. In
2024, when projected ANWR oil production is highest
and the reduction in oil prices is largest, domestic
consumption of petroleum products is only about
60,000 barrels per day higher in the ANWR case than
in the reference case. The difference in domestic oil
consumption is the same in 2030.
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Refined Petroleum Products

. Transportation Uses Lead Growth
in Petroleum Consumption

Expansion at Existing Refineries
Increases U.S. Refining Capacity

Figure 91. Consumption of petroleum products,
1990-2030 (million barrels per day)

30 - History Projections

Figure 92. Domestic refinery distillation capacity,
1990-2030 (million barrels per day)
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Between 70 and 74 percent of U.S. petroleum use is
for transportation, and much of the projected growth
in domestic consumption reflects growth in the use of
transportation fuels (Figure 91). Gasoline, distillate
fuel (ultra-low-sulfur diesel), and jet fuel are the main
transportation fuels. In the AE02006 reference case,
improvements in technology increase the efficiency of
motor vehicles and aircraft, but growth in demand for
each mode of transit far outpaces increases in fuel
efficiency, as transportation demand grows in propor-
tion to increases in population and GDP.

In the residential sector, the use of distillate for home
heating declines as natural gas and LPG are used
increasingly as substitutes. Both burn more cleanly
than distillate, eliminating the annual maintenance
that is needed for an oil-fired furnace or boiler. Natu-
ral gas, where available, is more convenient than dis-
tillate or LPG.

In the industrial and commercial sectors, distillate is
used as a fuel for heating and for diesel engines. In the
near term, high prices for distillate lead to fuel
switching away from heating oil; but as prices moder-
ate, there is some switching back to distillate for
heating uses.

Residual fuel is blended from the heaviest crude oil
components. Undiluted residual fuel is used to power
ships and electricity plants. Residual fuel diluted with
distillate is used to fire boilers and to power some
locomotives. Residual fuel consumption declines
in the reference case as environmental restrictions
tighten, and because refiners find it more attractive
to upgrade residual fuel to lighter products.

1990 2004 2010 2015 2020 2025 2030

Distillation capacity at U.S. refineries expands in the
reference case (Figure 92) as demand for refined
petroleum products increases. More than 30 years
have passed since a new U.S. refinery was built, and
most of the expansion occurs at existing sites. Al-
though it is not difficult technically for refiners and
refinery process developers to expand the capacity of
existing units, obtaining permits is difficult, and get-
ting permits to build a new refinery is even harder.
Nonetheless, a startup company has announced plans
to open a major new refinery in Arizona in 2010.

The most basic refinery operation is atmospheric
distillation of crude oil. Crude oil is heated to about
750 degrees Fahrenheit and then fed into a tower
where it separates into fractions according to the boil-
ing points of the many compounds it contains. The
separated fractions are sent on to other units in
the refinery for further processing and, ultimately,
blending into finished products.

Other processing units in a refinery generally expand
at about the same rate as distillation capacity; how-
ever, tighter product specifications, poorer crude oil
quality, and dwindling demand for residual fuel
increase the capacity needed for two processes, coking
and hydrotreating. Coking is used to break the heavi-
est fractions of crude oil into elemental carbon, or
coke, and lighter fractions. Material used in the coker
would otherwise be usable only as residual fuel or
asphalt. Hydrotreating capacity, which is used to take
sulfur out of petroleum products, allows refiners to
meet tighter limits on sulfur content and to run
higher sulfur crude oils through their refineries.
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Refined Petroleum Products

Imports of Petroleum Products
Increase With Rising U.S. Demand

U.S. Motor Gasoline Prices Rise and
Fall With Changes in World Oil Price

Figure 94. Components of retail gasoline prices,
2004, 2015, and 2030 (2004 dollars per gallon)
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Figure 93. U.S. petroleum product demand and
domestic petroleum supply, 1990-2030
(million barrels per day)
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U.S. petroleum market regulations before the 1980s
encouraged the U.S. refinery industry to overinvest
in capacity. In the 1980s, deregulation encouraged
the shutdown of inefficient refineries, and strong
demand growth in response to the low oil prices of
the late 1980s and the 1990s eliminated any excess
capacity that remained. In the AE02006 reference
case, refinery utilization increases from 93 percent in
2004 to 95 percent in 2030. In the 1980s, capacity uti-
lization at U.S. refineries averaged only 69 percent.

The most advantageous locations for refineries are
near crude oil production sites or where demand for
petroleum products is concentrated. As both a major
producer and consumer of petroleum products, the
United States has a large refinery complex, but U.S.
demand for petroleum exceeded domestic production
long ago, and the Nation has been a net importer of
crude oil for more than 50 years (Figure 93).

In the reference case, demand for refined products
continues to increase more rapidly than refining
capacity, and petroleum product imports increase to
fill the gap. Historically, the availability of product
imports has been limited by a lack of foreign refiner-
ies capable of meeting the stringent U.S. standards
for petroleum products. More recently, petroleum
demand has grown rapidly in Eastern Europe and
Asia, and those nations are moving to adopt the same
quality standards as the developed world. As a result,
refineries throughout the world are becoming more
sophisticated, and more of them will be able to pro-
vide products suitable for the U.S. market in the
future, which they may do if it is profitable.

2004 2015 2030

Changes in crude oil prices have a direct impact on
wholesale prices for petroleum products. In the refer-
ence case, the world price (the price of imported
low-sulfur light crude oil in 2004 dollars) reachs a low
of $47.79 per barrel in 2015, then begins a slow
increase that continues to a level of $56.97 per barrel
in 2030. The U.S. average gasoline price in 2015 is
$2.00 per gallon and $2.19 per gallon in 2030 (Figure
94). Accordingly, the wholesale price makes up 69
percent of the retail price for transportation gasoline
in 2015 and 73 percent in 2030. In comparison, for
transportation diesel fuel, the wholesale price is 71
percent of the retail price in 2015 and 74 percent in
2030.

The most recent increase in the Federal excise tax on
motor fuels was enacted in 1993. Consistent with his-
torical trends, State taxes on gasoline decline slightly
in real terms in the reference case, and Federal taxes
decline substantially. As a result, Federal taxes on
gasoline and highway diesel in 2030 are only 52 per-
cent of their 2004 levels. State and Federal taxes
make up 19 percent of retail gasoline prices in 2015
and 16 percent in 2030. For transportation diesel,
taxes make up 20 percent of the retail price in 2015
and 16 percent in 2030.

0
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Ethanol and Synthetic Fuels

U.S. Demand for Ethanol Fuel Varies
With World Oil Price Projections

Figure 95. U.S. ethanol fuel consumption in three
price cases, 1995-2030 (billion gallons per year)
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Figure 96. Coal-to-liquids and gas-to-liquids
production in two price cases, 2004-2030
(million barrels per day)
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EPACT2005 repealed the oxygenate requirement
for Federal RFG. The only economically feasible oxy-
genates are ethanol and MTBE. It is easier to meet
the other requirements for RFG, such as volatility
and aromatics emissions limits, with MTBE; how-
ever, MTBE readily contaminates groundwater when
blended gasoline is leaked or spilled. Refiners see the
repeal of the oxygenate requirement as increasing
their liability for MTBE pollution of water. They are
expected to stop making and blending MTBE by 2008,
but ethanol blending into RFG is expected to con-
tinue, because ethanol is a clean, high-octane blend-
ing component that can be used to replace MTBE.

Ethanol is a substitute for hydrocarbons, and when
crude oil prices increase, more ethanol is used to meet
demand for gasoline (Figure 95). In 2030, ethanol
blending into gasoline ranges from about 5 percent of
the gasoline pool in the low price case to almost 9 per-
cent in the high price case.

Virtually all the fuel ethanol produced in the United
States is distilled from corn. EPACT2005 requires the
use of 250 million gallons per year of ethanol distilled
from cellulosic materials, starting in 2012. Declining
corn prices in real terms and improvements in grain
ethanol technology prevent further penetration of
cellulosic ethanol use in the reference case. Corn eth-
anol production is near practical limits in the refer-
ence case, however, and production of ethanol from
cellulose feedstocks begins in 2010. In the high price
case, cellulosic ethanol production exceeds the level
mandated in EPACT2005.

2004 2010 2015 2020 2025 2030

GTL and CTL processes are used to convert natural
gas and coal, respectively, into high-quality blending
components for diesel fuel. Naphthas, waxes, and
lubrication oil components are produced as
byproducts.

Per unit of capacity, CTL and GTL plants are more
expensive to construct than are petroleum refineries.
The natural gas needed to feed a GTL plant is also
expensive. In the reference case, the cost of natural
gas makes GTL unattractive, and no U.S. plants are
built by 2030. Coal, however, is much cheaper than
natural gas, and CTL fuels enter the market in 2011
(Figure 96). CTL production in 2030 totals 760,000
barrels per day in the reference case and makes up 13
percent of distillate fuel supply.

Higher crude oil prices encourage the substitution of
natural gas and coal for oil. In the high price case,
GTL enters the market in 2020, and production
grows to 194,000 barrels per day in 2030. CTL pro-
duction grows to 1.69 million barrels per day in 2030
in the high price case. Together, GTL and CTL pro-
vide 32 percent of the Nation's distillate fuel supply in
2030 in the high price case. Neither GTL nor CTL
fuels are economically feasible in the low price case.
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Coal Supply and Demand

Market Share of Western Coal
Continues To Increase

More Eastern Power Plants
Are Expected To Use Western Coal

Figure 97. Coal production by region, 1970-2030
(million short tons)
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Figure 98. Distribution of domestic coal by demand
and supply region, 2003 and 2030 (million short
tons)
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U.S. coal production has remained near 1,100 million
tons annually since 1996. In the AE02006 reference
case, increasing coal use for electricity generation at
existing plants and construction of a few new coal-
fired plants lead to annual production increases that
average 1.1 percent per year from 2004 to 2015, when
total production is 1,272 million tons. The growth in
coal production is even stronger thereafter, averaging
2.0 percent per year from 2015 to 2030, as substantial
amounts of new coal-fired generating capacity are
added, and several CTL plants are brought on line.

Western coal production, which has grown steadily
since 1970, continues to increase through 2030
(Figure 97), especially in the Powder River Basin,
where vast reserves are contained in thick seams
accessible to surface mining. Easing of rail transpor-
tation bottlenecks will be needed for producers in the
West to exploit the market opportunities presented
by slow growth in Appalachian coal production and by
demand for coal at new power plants built to serve
electricity markets in the Southwest and California.

Appalachian coal production remains nearly flat in
the reference case. Although producers in Central
Appalachia are well situated geographically to supply
coal to new generating capacity in the Southeast, the
Appalachian basin has been mined extensively, and
production costs have been increasing more rapidly
than in other regions. The Eastern Interior coal basin
(Illinois, Indiana, and western Kentucky), with exten-
sive reserves of mid- and high-sulfur bituminous
coals, does benefit from the new builds of coal-fired
generating capacity in the Southeast.

In the reference case, low-cost Western coal continues
to gain market share east of the Mississippi River and
remains the dominant supplier in markets west of the
Mississippi River (Figure 98). Use of low-sulfur West-
ern coal continues to increase through 2030, even
though 141 gigawatts of existing coal-fired capacity is
retrofitted with flue gas desulfurization equipment
and another 174 gigawatts of new environmentally
compliant coal-fired capacity is built. Even in the
absence of sulfur compliance costs, Western coal is
the lowest cost fuel option for electricity generation in
many areas of the country. As a result, each year typi-
cally sees more coal-fired plants switching to Western
coal, particularly from the Powder River Basin. In
2004, approximately 20 plants, many located east of
the Mississippi River, used Powder River Basin coal
for the first time.

Although two new pieces of environmental legislation
enacted in 2005, CAIR and CAMR, will increase the
cost of coal-fired generation, they have only minor
impacts on overall coal use in the electric power sector
or regional coal production patterns. As a result of the
stricter caps on S02 emissions in CAIR, allowance
prices increase substantially, virtually eliminating by
2030 the use of medium- and high-sulfur coals (con-
taining more than 0.6 pounds sulfur per million Btu)
at power plants not equipped with scrubbers. In 2004,
medium- and high-sulfur coals accounted for about 40
percent of the 638 million tons of coal consumed at
generating units without scrubbers [93]. In 2030,
coal-fired power plants without scrubbers consume
only 233 million tons.
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Coal Mine Employment and Coal Prices

. Coal Mine Employment Increases
As Production Expands

Figure 99. U.S. coal mine employment by region,
1970-2030 (number ofjobs)

Average Minemouth Coal Prices
Increase Slowly
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Figure 100. Average minemouth price of coal by
region, 1990-2030 (2004 dollars per short ton)
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Most jobs in the U.S. coal industry remain east of the
Mississippi River, mainly in the Appalachian region
(67 percent in 2004). Most coal production, however,
occurs west of the Mississippi River (56 percent in
2004), with the major share from the Powder River
Basin. As coal demand increases, pressure to keep
prices low will shift more production to mines with
higher labor productivity. Large surface mines in the
Powder River Basin take advantage of economies of
scale, using large earth-moving equipment and com-
bining adjacent mines to increase operating flexibil-
ity. Underground mines in the Northern Appalachia
and Rocky Mountain supply regions use highly pro-
ductive and increasingly automated longwall equip-
ment to maximize production while reducing the
number of miners required.

In the reference case, labor productivity remains near
current levels in most coal supply regions, reflecting
the trend of the past 5 years. Higher stripping ratios
and the additional labor needed to maintain more
extensive underground mines offset productivity
gains achieved from improved equipment, automa-
tion, and technology. Productivity in some areas of
the East declines as operations move to marginal
reserve areas. Regulatory restrictions on surface
mines and fragmentation of underground reserves
limit the benefits that can be achieved by Appala-
chian producers from economies of scale.

Some 27,000 additional mining jobs are created
between 2004 and 2030 (Figure 99). In the East, job
losses in Central Appalachia are more than offset by
additional jobs at more productive mines in Northern
Appalachia.

From 1990 to 1999, the average minemouth price
of coal declined by 4.9 percent per year, from $29.09
per ton (2004 dollars) to $18.54 per ton (Figure 100).
Increases in U.S. coal mining productivity of 6.3 per-
cent per year during the period helped to reduce
mining costs and contributed to the decline in prices.
Since 1999, growth in U.S. coal mining productivity
has slowed to 0.6 percent per year, and the average
minemouth coal price has increased by 1.6 percent
per year, to $20.07 per ton in 2004.

In the reference case, the average minemouth coal
price drops slightly from 2010 to 2020, as mine capac-
ity utilization declines and production shifts away
from higher cost Central Appalachian mines. After
2020, rising natural gas prices and the need for
baseload generating capacity result in the construc-
tion of 126 gigawatts of new coal-fired generating
plants (72 percent of all coal builds from 2004 to 2030
in the reference case), and production in most of the
major coal supply basins increases. The substantial
investment in new mining capacity required to meet
increasing demand during the period, combined with
low productivity growth and rising utilization of min-
ing capacity, leads to an increase in the average
minemouth price, from $20.20 per ton in 2020 to
$21.73 per ton in 2030. Strong growth in production
in the Interior and Western supply regions, combined
with limited improvement in coal mining productiv-
ity, results in minemouth price increases of 1.4 and
1.2 percent per year, respectively, in those regions
from 2004 through 2030. With little increase in pro-
duction, average minemouth prices in Appalachia
increase by only 0.1 percent per year over the same
period.
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Coal Transportation and Imports

Rising Regional Coal Transportation
Rates Depart from Historical Trend

Demand for Imported Coal Increases
in the East and Southeast

Figure 102. U.S. coal exports and imports,
1970-2030 (million short tons)
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Figure 101. Changes in regional coal
transportation rates, 2010,2025, and 2030
(percent increase from 2004 rates)
10- Eastern cool

8-

6-

coal 100-

75-

50-

25-

4-

2-

0 -- "
19702010 2025 2030 1985 1995 2004 2015 2030

Coal transportation rates (in constant 2004 dollars),
rise in the reference case, ending the decreasing trend
of the past 20 years. Historically, infrastructure
investments and subsequent overcapacity, as well as
the efficiency gains associated with consolidation of
the railroad industry, have steadily reduced coal
transportation rates. Productivity improvements
continue in the forecast, but they are dampened by
larger demands on rail infrastructure and an expecta-
tion that investments will be made incrementally, as
needed, rather than in anticipation of higher demand.

Periodic bottlenecks are likely as railroads adapt to
increasing traffic flows from western mines and
changing coal distribution patterns in the East. In
constant dollars, coal transportation costs peak in
2010, then fall to 2.2 percent and 3.3 percent above
2004 levels in 2030 for coal originating in the West
and East, respectively (Figure 101). In general, west-
ern suppliers are at a greater disadvantage than east-
ern suppliers when transportation rates rise, because
western coal typically travels over longer distances.

Despite the increases in transportation rates, the
national average continues to decline, because 76 per-
cent of the increase in demand from 2004 to 2030 is
from CTL plants and new electric power plants, many
of which are expected to be built near sources of coal
supply. In 2030, the average coal transportation rate
for new electric power capacity is $7.14 per short ton
(2004 dollars), compared with $8.63 for existing
capacity.

U.S. imports of low-sulfur coal rise from 27 million
tons in 2004 to 99 million tons in 2030 (Figure 102).
In addition to further displacement of more expensive
Central and Southern Appalachian coal at existing
power plants, imports fuel some of the new coal-fired
generating capacity expected to be built in the U.S.
East and Southeast. Much of the additional import
tonnage originates from mines in Colombia, Vene-
zuela, and Indonesia.

U.S. coal exports have been in steady decline from
their 1996 level of 90 million tons, falling to 40 million
tons in 2002, despite a substantial increase in world
coal trade (from 503 million tons to 656 million tons).
Low-cost supplies of coal from China, Colombia, Indo-
nesia, Russia, and Australia satisfied much of the
growth in international demand for steam coal during
the period, and low-cost supplies of coking coal from
Australia supplanted substantial amounts of U.S.
coking coal in world markets. Since 2002, however,
U.S. exports have rebounded, including increases in
steam coal exports to Canada in 2003 and coking coal
to overseas customers in 2004.

Although U.S. exports remain near their 2004 level
for the next several years, their share of total world
coal trade ultimately falls from 6 percent in 2004 to
1 percent in 2030, as international competition inten-
sifies and imports of coal to Europe and the Americas
(excluding the United States) grow more slowly
or decline. With the planned decommissioning of
Ontario's five coal-fired generating plants, U.S. coal
exports to Canada decline from 19 million tons in
2004 to 7 million tons in 2030.
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Coal Consumption

Coal-Fired Generators Can Comply
With CAIR and CAMR

Figure 103. Electricity and other coal consumption,
1970-2030 (million short tons)
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Emerging Coal-to-Liquids Industry
Increases Industrial Coal Use

Figure 104. Coal consumption in the industrial and
buildings sectors and at coal-to-liquids plants,
2004, 2015, and 2030 (million short tons)
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EPA's CAIR and CAMR regulations tighten restric-
tions on emissions of SO 2 and NO. and, for the first
time, address mercury emissions from electric power
plants. Even with the new regulations, however, the
average capacity utilization of coal-fired power plants
rises from 72 percent in 2004 to 80 percent in 2012.
Coal-fired power plants fitted with emissions control
equipment remain competitive with natural-gas-fired
generators because of their lower fuel costs. Coal con-
sumption in the electric power sector rises to 1.5 bil-
lion tons in 2030 (Figure 103). To comply with CAIR
and CAMR, selective catalytic reduction equipment is
added to 118 gigawatts of coal-fired capacity between
2004 and 2030 in the reference case, flue gas
desulfurization equipment is added to 141 gigawatts,
and supplemental fabric filters are added to 126
gigawatts between 2004 and 2030. Activated carbon,
a sorbent added to post-combustion flue gases to
remove mercury, is also used in some plants.

In the projections, a mix of advanced IGCC and con-
ventional coal-fired capacity is built in the electric
power sector; 55 percent of the 154 gigawatts of new
coal capacity is IGCC, which has low emissions of
both SO 2 and mercury. A typical IGCC plant may
remove 99 percent of the sulfur and 95 percent of the
mercury present in bituminous coal. In addition, sus-
tained high world oil prices combined with competi-
tive coal prices stimulate investment in 19 gigawatts
of CTL capacity, requiring 190 million tons of coal per
year, by 2030. SO2 and mercury emissions from CTL
plants are comparable with those from IGCC plants.

Although the electric power sector accounts for the
bulk of U.S. coal consumption, 89 million tons of coal
currently is consumed in the industrial and buildings
(residential and commercial) sectors (Figure 104). In
the industrial sector, steam coal is used to manufac-
ture or produce cement, paper, chemicals, food, pri-
mary metals, and synthetic fuels; as a boiler fuel to
produce process steam and electricity; as a direct
source of heat; and as a feedstock. Coal consumption
in the other industrial sector (excluding production of
coal-based synthetic liquids) increases slightly in the
AE02006 reference case.

Coal is also used to produce coke, which in turn is
used as a source of energy and as a raw material input
at blast furnaces to produce iron. A continuing shift
from coke-based production at integrated steel mills
to electric arc furnaces, combined with a relatively
flat outlook for U.S. steel production, leads to a slight
decline in consumption of coal at coke plants.

Outside the electric power sector, most of the increase
in coal demand in the reference case is for production
of coal-based synthetic liquids. High world oil prices
spur investment in the CTL industry, leading to the
construction of new plants in the West and Midwest
that produce just under 0.8 million barrels of liquids
per day in 2030. In AE02006, CTL technology is rep-
resented as an IGCC coal plant equipped with a
Fischer-Tropsch reactor to convert the synthesis gas
to liquids. Of the total amount of coal consumed at
each plant, 49 percent of the energy input is retained
in the product, 20 percent is used for conversion,
and 31 percent is used for grid-connected electricity
generation.
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Coal Alternative Cases

High Economic Growth, High Oil and
Gas Prices Increase Coal Demand

Higher Mining and Transportation
Costs Reduce Demand for Coal

Figure 105. Projected variation from the reference
case projection of U.S. total coal demand in four
cases, 2030 (million short tons)
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Figure 106. Average delivered coal prices in three
cost cases, 1990-2030 (2004 dollars per short ton)
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In comparison with the reference case, electricity
demand is higher in the high economic growth case
and lower in the low growth case. Accordingly, coal
consumption also rises and falls in the high and low
growth cases, respectively (Figure 105). As in the ref-
erence and high growth cases, the first CTL plant
comes on line in 2011 in the low economic growth
case; but total CTL capacity in 2030 in the low growth
case is only 62 percent of that in the high growth case.

In the high price case, higher natural gas prices dis-
courage natural-gas-fired generation and boost coal-
fired generation. Delivered natural gas prices to the
electric power sector in 2030 are $1.63 per million Btu
higher in the high price case than in the reference
case, whereas coal prices are only 10 cents per million
Btu higher than in the reference case. In the refer-
ence case, coal fuels 57 percent of total electricity gen-
eration in 2030 in the reference case, as compared
with 64 percent in the high price case and 46 percent
in the low price case.

Higher world oil prices in the high price case favor
increased investment in CTL, and the demand for
coal at CTL facilities increases to 20 percent of total
coal consumption in 2030. In the low price case, no
CTL plants are operating in 2030. Because electricity
generation at CTL plants displaces some generation
in the electric power sector in the high price case, coal
demand in the electric power sector is only 75 million
tons higher than in the reference case. In the low
price case there is more natural-gas-fired electricity
generation, and as a result coal demand in the electric
power sector is 151 million tons lower than in the ref-
erence case.

Alternative assumptions about future coal mining
and transportation costs affect coal prices and, conse-
quently, demand. The two alternative coal cost cases
developed for AE02006 examine the impacts on U.S.
coal markets of alternative assumptions about min-
ing productivity, labor costs and mine equipment
costs on the production side, and railroad productiv-
ity and rail equipment costs on the transportation
side. Adjustments of about 2.5 percent from the refer-
ence case assumptions are based on variations in his-
torical growth rates for the coal mining and rail
transportation industries since 1980.

In the high cost case, the average delivered coal price
in 2030, in constant 2004 dollars, is $45.39 per ton-
50 percent higher than in the reference case (Figure
106). As a result, U.S. coal consumption is 284 million
tons (16 percent) lower than in the reference case in
2030, reflecting both a switch from coal to natural
gas, nuclear, and renewables in the electricity sector
and reduced production of coal-based synthetic liq-
uids. In the electric power sector, 111 gigawatts of
new coal-fired generating capacity is built by 2030 in
the high cost case-63 gigawatts less than in the ref-
erence case. CTL production in 2030 in the high cost
case totals only 0.2 million barrels per day, or 77 per-
cent less than in the reference case.

In the low cost case, the average delivered coal price
in 2030 is $21.42 per ton-29 percent lower than in
the reference case-and total coal consumption is 160
million tons (9 percent) higher than in the reference
case.
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Carbon Dioxide Emissions

. Higher Energy Consumption Forecast
Increases Carbon Dioxide Emissions

Emissions Projections Change With
Economic Growth Assumptions

Figure 107. Carbon dioxide emissions by sector and
fuel, 2004 and 2030 (million metric tons)
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Figure 108. Carbon dioxide emissions in
three economic growth cases, 1990-2030
(million metric tons)
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CO 2 emissions from the combustion of fossil fuels are
proportional to fuel consumption. Among fossil fuel
types, coal has the highest carbon content, natural
gas the lowest, and petroleum in between. In the
AE02006 reference case, the shares of these fuels
change slightly from 2004 to 2030, with more coal and
less petroleum and natural gas. The combined share
of carbon-neutral renewable and nuclear energy is
stable from 2004 to 2030 at 14 percent. As a result,
CO 2 emissions increase by a moderate average of 1.2
percent per year over the period, slightly higher than
the average annual increase in total energy use (Fig-
ure 107). At the same time, the economy becomes less
carbon intensive: the percentage increase in CO 2
emissions is one-third the increase in GDP, and
emissions per capita increase by only 11 percent over
the 26-year period.

The factors that influence growth in CO 2 emissions
are the same as those that drive increases in energy
demand. Among the most significant are population
growth; increased penetration of computers, elec-
tronics, appliances, and office equipment; increases in
commercial floorspace; growth in industrial output;
increases in highway, rail, and air travel; and contin-
ued reliance on coal and natural gas for electric power
generation. The increases in demand for energy ser-
vices are partially offset by efficiency improvements
and shifts toward less energy-intensive industries.
New CO 2 mitigation programs, more rapid improve-
ments in technology, or more rapid adoption of volun-
tary programs could result in lower CO 2 emissions
levels than projected here.

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, higher disposable income, lower infla-
tion, and lower interest rates. The low economic
growth case assumes the reverse. The spread in GDP
projections increases over time, with GDP in the
alternative cases varying by about 15 percent from
the reference case in 2030.

Alternative projections for industrial output, com-
mercial floorspace, housing, and transportation influ-
ence the demand for energy and result in variations in
CO 2 emissions (Figure 108). Emissions in 2030 are 10
percent lower in the low growth case and 10 percent
higher in the high growth case. The strength of the
relationship between economic growth and emissions
varies by end-use sector. It is strongest for the indus-
trial sector and, to a lesser extent, the transportation
sector, where economic activity strongly influences
energy use and emissions, and where fuel choices are
limited. It is weaker in the commercial and residential
sectors, where population and building characteris-
tics have large influences and vary less across the
three cases.

In the electricity sector, changes in electricity sales
across the cases affect the amount of new, more effi-
cient generating capacity required, reducing the sen-
sitivity of energy use to GDP. However, the choice of
coal for most new baseload capacity increases CO 2
intensity in the high growth case while decreasing it
in the low case, offsetting the effects of changes in
efficiency across the cases.
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Carbon Dioxide and Sulfur Dioxide Emissions

Technology Advances Could Reduce
Carbon Dioxide Emissions

Figure 109. Carbon dioxide emissions in three
technology cases, 2004, 2020, and 2030
(million metric tons)
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Sulfur Dioxide Emissions Fall Sharply
in Response to Tighter Regulations

Figure 110. Sulfur dioxide emissions from
electricity generation, 1990-2030
(million short tons)
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Future CO 2 emissions depend, in part, on the timing,
effectiveness, and costs of new energy technologies.
The reference case assumes continuing improvement
in energy-consuming and producing technologies.
The high technology case assumes earlier introduc-
tion, lower costs, and higher efficiencies for energy
technologies in the end-use sectors, as well as
improved costs and efficiencies for advanced fos-
sil-fired and new renewable generating technologies
in the electric power sector [94]. As in the reference
case, however, technology adoption is assumed to be
consistent with past patterns of market behavior.

Energy use grows more slowly in the high technology
case, with prospects for greater energy savings con-
strained by gradual turnover of energy-using equip-
ment and buildings. Increased use of renewables and
less new coal-fired generating capacity accompany
the efficiency improvements in the high technology
case. As a result, CO 2 emissions in 2030 are 9 percent
lower in the high technology than in the reference
case, while total energy consumption is only 8 percent
lower (Figure 109).

In contrast, the 2005 technology case assumes that
only the equipment and vehicles available in 2005 will
be available through 2030, with no further improve-
ments in efficiency for new building shells and elec-
tric power plants. Consequently, more energy is used,
and CO 2 emissions in 2030 are 9 percent higher than
in the reference case, with the difference quantifying
the effects of technology improvement assumptions
on the reference case projections.

EPA's CAIR regulation, promulgated in March 2005,
caps emissions of SO 2 for the District of Columbia and
28 eastern and midwestern States that were deter-
mined by the EPA to contribute to nonattainment of
the NAAQS for PM2 .5 and ozone. CAIR is scheduled to
supersede Title IV of the Clean Air Act through the
use of a cap and trade approach. Phase I of CAIR
comes into effect in 2010 for SO 2 . Phase II takes effect
in 2015. States can achieve the required emissions
reductions by using one of two compliance options:
meet the State's emissions budget by requiring power
plants to participate in an EPA-administered inter-
state cap and trade system that caps emissions in two
stages; or meet an individual State emissions budget
through measures of the State's choosing.

Power companies are projected to add flue gas
desulfurization equipment to 141 gigawatts of capac-
ity in order to comply with State or Federal initia-
tives. As a result of those actions and the growing use
of lower sulfur coal, SO 2 emissions drop from 10.9
million short tons in 2004 to 3.7 million short tons in
2030 (Figure 110). The SO 2 emissions allowance
price rises to nearly $890 per ton in 2015 and remains
between $880 and $980 per ton from 2015 through
2030. The reference case projections indicate that
the level of SO2 reductions called for in CAIR can be
achieved without significantly raising electricity
prices, which are determined by many factors,
including natural gas prices, environmental compli-
ance costs, and the status of electricity deregulation
activities.
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Nitrogen Oxide Emissions Fall
As New Regulations Take Effect

Figure 111. Nitrogen oxide emissions
from electricity generation, 1990-2030
(million short tons)
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In the reference case, NO. emissions from electricity
generation in the U.S. power sector fall as new
regulations take effect. The required reductions are
intended to reduce the formation of ground-level
ozone, for which NO. emissions are a major precur-
sor. Together with VOCs and hot weather, NO. emis-
sions contribute to unhealthy air quality in many
areas during the summer months.

EPA's CAIR will apply to NOx emissions from 28 east-
ern and midwestern States and the District of
Columbia. Each State will be subject to two NO, lim-
its under CAIR: a 5-month summer season limit and
an annual limit. These caps are expected to stimulate
additions of emission control equipment to some
existing coal-fired power plants.

National NOx emissions fall from 3.7 million short
tons in 2004 to 2.2 million short tons in 2030 in
the reference case (Figure 111). The largest decrease
occurs in 2009, when Phase I of CAIR is imple-
mented, and there is a smaller reduction in 2015
with the start of Phase II caps. Between 2009 and
2030, NOX allowance prices range from roughly
$2,000 to $2,500 per ton, and they are expected to be
highly volatile as the emission caps tighten. These
projections are indicative of the general range and
direction of the allowance prices. Power companies
are expected to add selective catalytic reduction
equipment to 118 gigawatts of coal-fired capacity in
order to comply with both Federal and State initia-
tives; however, as with the requirements for SO 2 com-
pliance, the CAIR NOx caps are not expected to lead to
significantly higher electricity prices for consumers.

New Environmental Regulations
Reduce Mercury Emissions

Figure 112. Mercury emissions from electricity
generation, 1995-2030 (short tons)
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EPA's CAMR regulation, also promulgated in March
2005, establishes a cap and trade program to reduce
mercury emissions from coal-fired power plants in
the United States. In addition to nationwide caps,
each new and existing coal-fired power plant must
meet mercury emissions standards based on coal
type. Emissions of mercury must be reduced in two
phases: the national Phase I mercury cap is 38 short
tons in 2010, and the Phase II cap is 15 short tons in
2018.

Emissions of mercury depend on a variety of site-
specific factors, including the amounts of mercury
and other compounds (such as chlorine) in the coal,
the boiler type and configuration, and the presence of
pollution control equipment, such as fabric filters,
electrostatic precipitators, flue gas desulfurization,
and selective catalytic reduction equipment.

The AE02006 reference case assumes that States will
comply with CAMR regulations. As a result, mercury
emissions decline from 53.3 short tons in 2004 to 15.3
short tons in 2030 (Figure 112). National emissions
will be slightly higher than the Phase II cap in 2018
due to the use of banked allowances from earlier
years. Electricity generators are expected to retrofit
about 126 gigawatts of coal-fired capacity with ACI
technology in order to comply with the CAMR caps.
Mercury allowance prices increase steadily from 2010
on, to about $62,000 per pound in 2030. As with the
CAIR requirements for SO2 and NO. compliance, the
CAMR mercury caps are not expected to lead to sig-
nificantly higher electricity prices for consumers.
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Only GII produces a comprehensive energy projec-
tion with a time horizon similar to that of AE02006.
Other organizations address one or more aspects of
the energy markets. The most recent projection from
GII, as well as others that concentrate on economic
growth, international oil prices, energy consumption,
electricity, natural gas, petroleum, and coal, are com-
pared here with the AE02006 projections.

Economic Growth

In the AE02006 reference case, the projected growth
in real GDP, based on 2000 chain-weighted dollars, is
3.0 percent per year from 2004 to 2030 (Table 19). For
the period from 2004 to 2025, real GDP growth in the
AE02006 reference case is similar to the average
annual growth projected in AE02005. The AE02006
projections of economic growth are based on the
August short-term forecast of GII, extended by EIA
through 2030 and modified to reflect EIA's view on
energy prices, demand, and production.

The projected average annual GDP growth rate for
the United States from 2004 through 2010 ranges
from 2.8 percent to 3.3 percent. The AE02006 refer-
ence case projects annual growth of 3.3 percent,
matching the average annual real GDP growth pro-
jected by the Office of Management and Budget
(OMB), the Congressional Budget Office (CBO), and
the consensus Blue Chip forecast. GII and Energy
Ventures Analysis, Inc. (EVA) project real GDP
growth at 3.2 percent per year. Two other organiza-
tions project somewhat lower annual growth:
Interindustry Forecasting at the University of Mary-
land (INFORUM) at 2.9 percent and Energy and
Environmental Analysis, Inc. (EEA) at 2.8 percent.

When the projection period is extended to 2015, the
uncertainty in the projected rate of GDP growth is
reflected in the wider range of the projections (2.5 to
3.2 percent per year). AE02006 remains in the upper
half of the range, whereas the CBO projection shows a
considerable slowing of GDP growth from 2010
through 2015. There are few public or private projec-
tions of GDP growth rates for the United States that
extend to 2030. The AE02006 reference case projec-
tion reflects a slowing of the GDP growth rate after
2020, consistent with an expected slowing of popula-
tion growth.

World Oil Prices

Comparisons with other oil price projections are
shown in Table 20. The world oil prices in EIA's

AE02006 are generally toward the high end of the oil
price projections. Of the nine other publicly available
long-term projections, only two-Petroleum Industry
Research Associates, Inc. (PIRA) and Petroleum Eco-
nomics, Ltd. (PEL)-have projections of world oil
prices for specific years after 2010 that exceed the
AE02006 reference case projections. Four of the
nine-GII, Altos Partners (Altos), Strategic Energy
and Economic Research, Inc. (SEER), and the Inter-
national Energy Agency (IEA) Reference Scenario-
have prices lower than those in the AE02006 low
price case for at least some years. All the projec-
tions-except for the price forecast from Altos, which
has not been revised since July 2003-have raised
their long-term price expectations relative to last
year's releases.

Table 19. Forecasts of annual average economic
growth, 2004-2030

Average annual percentage growth
Forecast

AE02005
AE02006
Reference
Low growth
High growth

GIl
OMB
CBO
Blue Chip
INFORUM
EEA
EVA

2004-2010 2010-2015 2015-2020 2020-2030

3.2 3.1 3.0 NA

3.3
2.6
3.9
3.2
3.3
3.3
3.3
2.9
2.8
3.2

3.0
2.3
3.5
3.0
NA
2.6
3.2
2.5
2.8
NA

3.1
2.7
3.4
3.0
NA
NA
NA
2.6
2.8
NA

2.8
2.4
3.7
2.8
NA
NA
NA
NA
2.8
NA

NA = not available.

Table 20. Forecasts of world oil prices, 2010-2030
(2004 dollars per barrel)

Forecast 2010 2015 2020 2025 2030

AE02005 (reference case)

AE02006

Reference

High price

Low price

GII

Altos

IEA (reference)

lEA (deferred investment)

PEL

PIRA

EEA

DB

SEER

Delphi

NA = not available.

27.18 28.97 30.88 32.95 NA

47.29

62.65

40.29

37.82

27.58

35.00

41.00

47.84

44.10

46.74

31.75

29.54

NA

47.79

76.30

33.78

34.06

31.14

36.00

43.50

47.84

49.95

43.85

31.75

31.00

52.50

50.70

85.06

33.99

31.53

34.02

37.00

46.00

49.80

63.35

42.79

31.75

32.00

57.50

54.08

90.27

34.44

33.50

37.89

38.00

49.00

50.77

NA

41.76

31.75

34.18

62.50

56.97

95.71

33.73

34.50

40.03

39.00

52.00

NA

NA

NA

31.75

36.50

72.50

108 Energy Information Administration / Annual Energy Outlook 2006



Forecast Comparisons

1W The world oil price measure does vary by projection.
In some cases, the measure is the WTI spot price,
Brent equivalent, weighted average U.S. refiner
acquisition cost of imported crude oil, or a basket of
crude oils. For AE02006, EIA redefined its world oil
price path to represent the average U.S. refiners
acquisition price of imported low-sulfur light crude oil
(see "Issues in Focus" for discussion). Those prices
are considered comparable to the WTI prices most
often cited in the trade press as a proxy for world
oil prices. The different price measures used in the
various projections do not wholly explain the differ-
ent price expectations among the projections. For
instance, GII publishes a WTI spot price forecast that
is considerably lower than the A-EO2006 reference
case prices, and PIRA publishes a WTI spot price fore-
cast that is considerably higher than the AE02006
reference case prices in most years (Table 20).

Recent variability in crude oil prices demonstrates
the uncertainty inherent in projections for crude oil
markets. The oil price paths projected by several
organizations, including EIA, illustrate the uncer-
tainty. For example, for 2010, the price range in the
projections is from a low of about $28 per barrel by
Altos to a high of almost $48 per barrel projected by
PEL. The range in the projections widens in 2020,
from a low of $32 per barrel (GII and DB) to a high of
$63 per barrel (PIRA). In 2030, the band of prices rep-
resented by the published projections narrows to $23
per barrel, probably in part because the PIRA forecast
horizon ends in 2020.

To construct the world oil price cases for AE02006,
EIA employed input from a Delphi group of energy
analysts. In August 2005, an informal, nonrandoin
sample of expert oil analysts from outside DOE were
invited to participate, with the stipulation that the
responses were to reflect the analysts' personal views
and not necessarily the views of the organizations
with which they were affiliated. In addition, the ana-
lysts were told that their responses would be anony-
mous. Seventeen analysts were surveyed, and eight
responses were received. The median response from
the Delphi group was generally higher than any of the
other published projections, though still falling
within the range defined by the AE02006 low and
high price cases (Table 20). The group expected oil
prices to continue rising through the 2005-2030 time
period, to nearly $73 per barrel in 2030-more than
$20 per barrel higher than the nearest alternative,
the Deferred Investment Scenario published by IEA.

Total Energy Consumption

The AE02006 projects higher growth in end-use sec-
tor consumption of petroleum, natural gas, and coal
than occurred from 1980 to 2004 but lower growth in
electricity consumption (Table 21). Much of the pro-
jected growth in petroleum consumption is driven by
increased demand in the transportation sector, with
continued growth in personal travel and freight
transport projected to result from demographic
trends and economic expansion. Natural gas con-
sumption is expected to increase in the residential,
commercial, and industrial sectors, despite relatively
high prices. Natural gas is cleaner than other fuels,
does not require on-site storage, and has tended to be
priced competitively with oil for heating. Coal con-
sumption as a boiler fuel in the commercial and
industrial sectors is expected to decline slightly, with
potential use in new boilers limited by environmental
restrictions; however, the projections for industrial
coal consumption include its use in CTL plants, a
technology that is expected to become competitive at
the high oil prices assumed in AE02006.

While strong growth in electricity use is projected to
continue in the AE02006 projections, the pace slows
from historical rates. Some rapidly growing applica-
tions, such as air conditioning and computers, slow as
penetration approaches saturation levels. Electrical
efficiency also continues to improve, due in large part
to efficiency standards, and the impacts tend to accu-
mulate with the gradual turnover of appliance stocks.

The AE02006 projections are generally consistent
with the outlook from GII; however, GII projects
slightly faster growth in petroleum and natural gas
consumption and slightly slower growth in electricity

Table 21. Forecasts of average annual growth rates
for energy consumption, 2004-2030 (percent)

Projections

Energy use

Petroleum*

Natural gas

Coal*

Electricity

Deliuered energy

Electricity losses

History
1980-2004

0.9

0.2

-1.5

2.2

0.7

1.9

AE02006

1.2

0.7

2.0

1.6

1.1

1.2

GH
1.3

0.9

-0.4

1.5

1.1

0.9

Primary energy 1.0 1.2 1.1

"Excludes consumption by electricity generators in the electric
power sector; includes consumption for end-use combined heat and
power generation.
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consumption and losses. The differences can be
attributed largely to the higher oil and natural gas
prices assumed in AE02006. Differences between the
AE02006 andGII projections for coal result from an
increase in coal use for CTL in AE02006.

Electricity

The AE02006 projections for the electricity genera-
tion sector assume that new generating capacity will
be built by independent power producers rather than
utilities. Retail price projections are based on average
costs for electricity supply regions that are still regu-
lated; marginal costs for regions that are competi-
tive; and a mixture of average and marginal costs,
weighted by the amounts of load, in regions with a
mix of regulated and competitive markets. As of 2005,
only four electricity market regions had fully competi-
tive retail markets in operation; seven had mixed
competitive and regulated retail markets; and two
had fully regulated markets. The AE02006 cases
assume that no additional retail markets will be
restructured, but that partial restructuring (par-
ticularly in wholesale markets) will lead to increased
competition in the electric power industry, lower
operating and maintenance costs, and early retire-
ment of inefficient generating units.

Comparison of the AE02006 and GII projections
shows some variation in electricity sales (Table 22).
The projections for total electricity sales in 2030
range from 4,828 billion kilowatthours (AE02006 low
economic growth case) to 5,854 billion kilowatthours
(AE02006 high economic growth case). The rate of
demand growth ranges from 1.2 percent (AE02006
low economic growth) to 1.9 percent (AE02006 high
economic growth). All price projections reflect compe-
tition in wholesale markets and slow growth in elec-
tricity demand relative to GDP growth, exerting
downward pressure on real electricity prices through
2030. Rising natural gas and coal prices balance some
of the downward pressure and tend to push electricity
prices up in the later years of the projections.

The AE02006 reference case shows a slight decline in
real electricity prices over the full period of the projec-
tion (except for the industrial sector), although aver-
age prices increase slightly during the last several
years as capacity margins tighten and natural gas
prices climb. In contrast, GII projects a decline in
electricity prices over the second half of the projec-
tion, as lower delivered natural gas prices to genera-
tors ($5.08 per million Btu in the GII projection,

compared with $6.26 in the AE02006 reference case
in 2030) contribute to a small decrease in average
electricity prices, from 7.6 cents per kilowatthour in
2015 to 7.4 cents per kilowatthour in 2030. The
higher natural gas price in the AE02006 reference
case leads to an increase in average electricity price,
from 7.1 cents per kilowatthour in 2015 to 7.5 cents
per kilowatthour in 2030.

Both the AE02006 reference case and GII projections
include some planned capacity additions in the near
term, with the AE02006 reference case expecting
about 29 gigawatts through 2006 and GII expecting
about 25 gigawatts. Virtually all the projected capac-
ity additions are natural gas fired. Both projections
show electricity prices falling in the near term as a
result of excess total capacity.

Except for GII, all the projections for electricity
demand show the fastest growth in the commercial
sector, and more additions of cycling and baseload
capability than peaking units. All the projections
show significant net additions to coal-fired capacity,
including 167 gigawatts through 2030 in the AEO-
2006 reference case and 136 gigawatts through 2030
in the GII projection. Both GII and the AE02006 ref-
erence case project no nuclear retirements; however,
each of the three AE02006 cases (reference and high
and low economic growth) projects 6 gigawatts of
nuclear capacity additions by 2030 as a result of the
incentives in EPACT2005.

The fuel mix in the EVA projection differs from that
in the AE02006 reference case and the other projec-
tions. Except for EVA, all the projections show coal
meeting about one-half and natural gas about one-
quarter of the growth in electricity generation capac-
ity over the projection period. The EVA projection
assumes that legislation similar to the Clear Skies
Act-including further restrictions on SO2 , NO., and
mercury emissions-will be in effect by 2010. The
EVA projection also includes a tax of $5 per ton on
CO 2 emissions, beginning in 2013. AE02006 includes
the impact of the EPA's new CAIR and CAMR regula-
tions, which have environmental effects similar to
those of the Clear Skies Act; however, AE02006 does
not assume any tax on CO 2 emissions. In the EVA
projection, the combination of further environmental
restrictions, a tax on C0 2, and aggregate State-level
RPS requirements leads to greater growth in non-
hydroelectric generation.
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O Table 22. Comparison of electricity forecasts, 2015 and 2030 (billion kilowatthours, except where noted)

AE02006 Other forecasts

Projection 2004 Low High
Reference economic economic GII EVA EEA SEER PIRA

growth growth

2015

Average end-use price
(2003 cents per kilowatthour)
Residential
Commercial
Industrial

Net energy for load, including CHP
Coal
Oil
Natural gas a

Nuclear
Hydroelectric/other b

Nonutility sales to grid c
Net imports

Electricity sales
Residential
Commercial/other d

3,
1

3,
1,
1,

7.6 7.1
8.9 8.3
8.0 7.4
5.3 5.1

614 4,813
,977 2,277
136 120
326 1,018
789 829
349 482
26 62
11 23

567 4,300
,293 1,576
,253 1,620
021 1,103
965 1,002
314 326
433 439
100 104

118 133

Industrial
Capability, including CHP (gigawatts) e
Coal
Oil and natural gas
Nuclear

OHydroelectric/other
Average end-use price
(2002 cents per kilowatthour)

Residential
Commercial
Industrial

Net energy for load, including CHP
Coal
Oil
Natural gas a
Nuclear
Hydroelectric/other b

Nonutility sales to grid c
Net imports

Electricity sales
Residential
Commercial/other d

6.9
8.1
7.2
4.9

4,642
2,245

116
929
807
469

57
19

4,147
1,539
1,583
1,024

977
323
422
101

131

7.2
8.2
7.4
5.2

5,496
2,835

121
1,010

856
517
143

13
4,828
1,759
1,997
1,073
1,134

405
483
107
139

7.3 7.6 NA NA NA NA
8.5 8.8 9.0 NA NA NA
7.6 8.2 8.0 NA NA NA
5.3 5.2 5.8 NA NA NA

4,984 4,663 4,966 4,970 4,875 4,658
2,360 2,217 2,267 2,281 2,211 2,293

126 56 37 96 126 90
1,069 1,080 1,286 1,323 1,238 1,004

840 814 842 811 826 819
495 496 521 381 457 452

70 NA NA 41 NA NA
25 17 13 38 17 22

4,449 4,239 4,638 4,456 NA NA
1,613 1,593 1,697 1,575 NA NA
1,650 1,493 1,718 1,602 NA NA
1,185 1,153 1,225 1,278 NA NA
1,026 1,008 1,055 1,046 NA NA

336 331 338 331 NA NA
451 429 487 478 NA NA
105 101 105 102 NA NA

134 147 125 136 NA NA

2030

7.6
8.9
8.0
5.3

3,614
1,977

136
326
789
349
26
11

3,567
1,293
1,253

7.5
8.5
7.8
5.4

6,119
3,381

131
993
871
550
179

14
5,341
1,897
2,182
1,262
1,248

481
513
109
145

7.8 7.4 NA NA NA
8.8 8.5 NA NA NA
8.2 8.0 NA NA NA
5.7 5.0 NA NA NA

6,748 5,828 NA NA 6,237
3,897 3,032 NA NA 3,221

138 27 NA NA 127
990 1,453 NA NA 1,407
871 774 NA NA 926
609 542 NA NA 528
229 NA NA NA NA

15 12 NA NA 28
5,854 5,289 NA NA NA
2,036 2,001 NA NA NA
2,366 1,926 NA NA NA
1,453 1,362 NA NA NA
1,362 1,209 NA NA NA

555 449 NA NA NA
545 501 NA NA NA
109 101 NA NA NA
154 158 NA NA NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Industrial 1,021
Capability, including CHP (gigawatts) e 965
Coal 314
Oil and natural gas 433
Nuclear
Hydroelectric/other

100
118

alncludes supplemental gaseous fuels. b",Other" includes conventional hydroelectric, pumped storage, geothermal, wood, wood waste,
municipal waste, other biomass, solar and wind power, plus a small quantity of petroleum coke. CFor AEO2006, includes only net sales from
combined heat and power plants. d",Other" includes sales of electricity to government, railways, and street lighting authorities. eEIA
capacity is net summer capability, including combined heat and power plants. GII capacity is nameplate, excluding cogeneration plants.O CHP = combined heat and power. NA = not available.

Sources: 2004 and AE02006: AE02006 National Energy Modeling System, runs AE02006.D111905A (reference case), LM2006.
D113005A (low economic growth case), and HM2006.D112505B (high economic growth case). GIl: Global Insight, Inc., Summer 2005 U.S.
Energy Outlook (August 2005). EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term Outlook (August 2005). EEA: Energy and
Environmental Analysis, Inc., EEA's Compass Service Base Case (October 2005). SEER: Strategic Energy and Economic Research, Inc.,
2005 Energy Outlook (October 2005). PIRA: PIRA Energy Group (October 2005).
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Natural Gas decline. The exception is in the early part of the pro-
jection period: in 2015, PIRA and Deutsche Bank AG

Published projections of natural gas prices, produc- (DB) project lower natural gas consumption than the
tion, consumption, and imports (Table 23) differ con- AE02006 reference case, but by 2025 the AE02006
siderably. The differences highlight the uncertainty reference case projects lower consumption than any
of future market trends. Because the projections of the others. The primary reason is that AE02006
depend heavily on the underlying assumptions that expects a stronger demand response to higher natural
shape them, the assumptions made in each should be gas prices, particularly in the electricity generation
considered when they are compared. sector.

The AE02006 reference case in general projects The highest projected level of total natural gas con-
lower total natural gas consumption than in the other sumption is in the EVA projection, due to strong
projections, and it is the only one showing a period of growth in natural gas consumption for electric power

Table 23. Comparison of natural gas forecasts, 2015, 2025, and 2030 (trillion cubic feet, except where noted)

Projection

Dry gas production c
Net imports
Pipeline
LNG

Consumption
Residential
Commercial
Industrial f
Electricity generators k

Othero

AE02006 Other forecasts
2004 reference a b DB SEER Altos

case GHa EEA EVA PIRA

2015

18.46 20.36 19.19 21.12 1 8 .6 4 d 17.61 21.38 19.68 20.74
3.40 5.10 6.80 7.11 9.67 7.33 4.30 7.86 7.92
2.81 2.05e 2.17 2.82 4.78 3.28 1.75 3.00 1.82
0.59 3.05 4.63 4.29 4.89 4.05 2.55 4.85 6.10

22.41 25.91 26.16 27.98 28.32 25.32 25.67 28.18 NA
4.88 5.36 ý5.15 5.49 5.33 5.24 5.53 5.45 5.41
3.00 3.36 3.09 3.35 3.41 3.53 3.53 3.28 3.54
7.41 8.08 7 5 7 g 6 .9 8 h 7.99' 6.61j 8.17 7.83 7.53
5.32 7.14 8.44' 10.08 9.42 8.01 n 6.63 9.61 9.30
1.80 1.97 1.92 2.08 2.17P 1.95 1.81 2.01 NA

Lower 48 wellhead price
(2004 dollars per thousand cubic feet) 5.49 4.52 4.73 5.91 5.53 5.55 q 5.03 4.65 4.15
End-use prices
(2004 dollars per thousand cubic feet)
Residential 10.72 10.11 9.21 9.33 NA NA NA 9.68 NA
Commercial 9.38 8.37 8.11 8.57 NA NA NA 7.97 NA
Industrial f 6.29 5.32 6.09 r 6.81 NA NA NA 5.75 NA
Electricity generators k 6.07 5.21 5.13 6.62 NA NA NA 5.32 NA

Dry gas production c
Net imports

Pipeline
LNG

Consumption

Residential
Commercial
Industrial f
Electricity generators k

Other o

2025
18.46 21.16 20.46 21.38 1 9 .2 7 d NA 18.95 21.53 25.77

3.40 5.37 8.64 8.89 11.80 NA 8.19 8.47 7.69
2.81 1.24e 1.61 1.81 3.64 NA 4.75 1.90 0.70
0.59 4.13 7.03 7.07 8.16 NA 3.44 6.57 6.99

22.41 26.99 29.28 30.33 31.08 NA 27.74 30.44 NA
4.88 5.57 5.61 5.88 5.44 NA 6.11 5.89 6.09
3.00 3.77 3.34 3.56 3.76 NA 3.99 3.49 4.19
7.41 8.51 8 . 1 4 g 7.64 h 8.95i NA 9.03 8.37 7.73
5.32 7.05 10.10' 11.14- 10.55 NA 6.97 10.50 11.37
1.80 2.08 2.09 2.12 2.38P NA 1.64 2.19 NA

Lower 48 wellhead price
(2003 dollars per thousand cubic feet) 5.49 5.43. 4.52 6.45 6.07 NA 5.03 5.13 5.67
End-use prices
(2003 dollars per thousand cubic feet)

Residential
Commercial
Industrialj
Electricity generators 0

10.72 11.10 8.82 9.71 NA
9.38 9.11 7.73 8.99 NA
6.29 6.18 5.81 r 7.22 NA
6.07 6.02 4.90 6.86 NA

NA NA 9.92 NA
NA NA 8.30 NA
NA NA 6.07 NA,
NA NA 5.61 NA

NA = not available. See notes and sources at end of table.
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generation. Altos projects the strongest growth in res-
idential and commercial sector natural gas consump-
tion through both 2025 and 2030, whereas the GIl
and EVA projections have the lowest projected con-
sumption levels. The AE02006 reference case projec-
tion for residential natural gas consumption in 2030
is lower than all but the EVA projection, but its com-
mercial sector projection is higher than the GIl, EVA,
and SEER projections. Natural gas consumption in
the industrial and electric power sectors is more diffi-
cult to compare, given potential definitional differ-
ences. The combined total of industrial and electric
power sector natural gas consumption from 2004 to
2030 is projected to grow the fastest in the EVA and
Altos projections; the DB projection shows much

slower growth but still faster than is projected in the
AE02006 reference case. The DB combined total in
2030 exceeds the AE02006 reference case by less
than 10 percent, whereas the GII, EVA, SEER, and
Altos projections all exceed the AE02006 by more
than 25percent.

Domestic natural gas production provides a decreas-
ing share and net imports an increasing share of total
natural gas supply in all the projections. The EVA
projection shows the greatest increase in the net
import share of supply, at more than 41 percent of
total supply in 2030. More than 34 percent of supply
is projected to come from imports in 2030 in the DB
projection, and GIl and SEER both show net imports

Table 23. Comparison of natural gas forecasts, 2015, 2025, and 2030 (continued)
(trillion cubic feet, except where noted)

Projection 2004
AE02006
reference

case GIC EREAb

Other forecasts

EVA PIRA DB SEER Altos

Dry gas production c
Net imports
Pipeline

LNG
Consumption
Residential
Commercial
Industrial f
Electricity generators k

Other0

18.46 20.83
3.40 5.57
2.81 1.22e

0.59 4.36
22.41 .26.86

4.88 5.64
3.00 3.99
7.41 8.81
5.32 6.38
1.80 2.04

21.40

9.06
1.37

7.68
30.64

5.84
3.48
8.489

10.67'
2.17

NA
NA
NA

NA
NA
NA
NA

NA
NA
NA

2030
18.96 d

13.30
2.80

10.50

32.39
5.49
3.96
9.45i

11.01
2.48P

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

18.95
9.86
1.75
8.11

28.81
6.42
4.20
9.49
7.14

1.56

21.70
9.33
1.00

8.33
31.56

6.12
3.63
8.73

10.85

2.24

28.13
7.92
0.20

7.72
NA
6.48
4.56
7.85

12.54
NA

Lower 48 wellhead price
(2004 dollars per thousand cubic feet) 5.49
End-use prices
(2004 dollars per thousand cubic feet)
Residential 10.72

5.92 4.65 NA 6.52 NA 5.02 5.42 6.30

Commercial
Industrial f
Electricity generators k

9.38

6.29
6.07

11.67

9.58
6.65
6.41

8.86
7.79
5.90 r

5.02

NA
NA
NA
NA

NA

NA
NA
NA

NA
NA

NA
NA

NA

NA

NA
NA

10.16

8.60

6.37
5.92

NA
NA

NA
NA

NA = not available.
aFebruary 2005 (previously DRI-WEFA). Conversion factors: 1,000 cubic feet = 1.027 million Btu for production, 1.028 million Btu for

end-use consumption, 1.0 19 million Btu for electric power. bThe EEA projection shows a cyclical price trend; forecast values for an isolated'
year may be misleading. 'Does not include supplemental fuels. dIncludes supplemental fuels. 'Includes LNG imports into Florida via the
Bahamas. fIncludes consumption for industrial combined heat and power (CHP) plants and a small number of'electricity-only plants;
excludes consumption by nonutility generators. 9Excludes gas used in cogeneration or other nonutility generation. Includes natural gas
consumed in cogeneration. 'Includes transportation fuel consumed in natural gas vehicles. jExcludes gas demand for nonutility generation.
kIncludes consumption of energy by electricity-only and CHP plants whose primary business is to sell electricity, or electricity and heat, to
the public; includes electric utilities, small power producers, and exempt wholesale generators. lIncludes gas used in cogeneration or other
nonutility generation. mIncludes independent power producers; excludes cogenerators. nEquals the sum of natural gas demand for
nonutility generation (NUG) and for utility generation. 'Includes lease, plant, and pipeline fuel and fuel consumed in natural gas vehicles.
PIncludes lease, plant, and pipeline fuel. qHenry Hub daily cash price for natural gas, in 2004 dollars per thousand cubic feet. rOn-system
sales or system gas (i.e., does not include gas delivered for the account of others).

Sources: 2004 and AE02006: AE02006 National Energy Modeling System, run AEO2006.D111905A (reference case). GII: Global
Insight, Inc., Summer 2005 U.S. Energy Outlook (August 2005). EEA: Energy and Environmental Analysis, Inc., EEA's Compass Service
Base Case (October 2005). EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term Outlook (August 2005). PIRA: PIRA Energy
Group (October 2005). DB: Deutsche Bank AG, e-mail from Adam Sieminski on October 31,2005. SEER: Strategic Energy and Economic
Research, Inc., 2005 Energy Outlook (October 2005). Altos: Altos Partners North American Regional Gas Model (NARG) Long-Term Base
Case (October 7, 2005).
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providing about 30 percent of total natural gas sup-
ply. The AE02006 reference case and Altos project
that net imports will meet the smallest share of total
supply-21 percent and 22 percent, respectively-in
2030. Most of the projections show a notable decline
in pipeline imports over the forecast period. Only DB
shows an increase from 2015 to 2025. EVA's pipeline
import projection, although significantly greater than
the rest, also declines after 2015. Much of the varia-
tion in imports reflects different projections of net
LNG imports in 2030, ranging from a low of 4.4 tril-
lion cubic feet in the AE02006 reference case to 10.5
trillion cubic feet in the EVA projection.

The AE02006 reference case projections for wellhead
natural gas prices in 2025 and 2030 fall within the
range of the other projections, with the EEA, EVA,
and Altos projections higher than AE02006 and the
others lower. In the earlier years, however, all the
projections with the exception of Altos show wellhead
natural gas prices exceeding those in the AE02006
reference case. Of the three projections that project
end-use prices for 2030 (AE02006, GII, and SEER),
the AE02006 reference case and SEER show the
highest end-use-to-wellhead margins for the electric
power sector ($0.50 and $0.51, respectively). The
AE02006 reference case shows the lowest end-use-
to-wellhead margins for the industrial sector. While
GII's margins for the electric power sector are the
lowest, some of the difference may be definitional. For
the residential and commercial sectors, the projected
margins in the AE02006 reference case exceed the
other projections by more than 15 percent.

Petroleum

As discussed earlier in this report, crude oil prices
in the AE02006 reference case are substantially
higher than they were in earlier AEOs. They are
also considerably higher than those in most of the
other projections. The AE02006 reference case shows
the weighted average refiners acquisition cost of
imported crude oil (the price basis used in most of the
other forecasts) ranging from $43 to $50 per barrel
(2004 dollars) between 2015 and 2030 and the aver-
age refiners acquisition cost of imported low-sulfur
light crude oil (the reference price used in AE02006)
ranging from $48 to $57 per barrel (2004 dollars) over
the same period. DB assumes that the refiners acqui-
sition cost of crude oil will average $31.75 per barrel
from 2010 through 2030; GII assumes that the refin-
ers acquisition cost of crude oil will be between $28

and $31 per barrel from 2015 through 2030. PIRA
gives its oil price forecast in terms of WTI, a
low-sulfur, light crude oil, assuming prices of $50 per
barrel in 2015 and $63 per barrel in 2020.

Despite much lower crude oil price projections, GII
and DB project gasoline consumption levels that are
essentially the same as those in the AE02006 refer-
ence case (Table 24). The GII and DB projections for
gasoline demand are within 1 percent of the AE02006
reference case from 2015 to 2030. PIRA sees slower
growth in gasoline demand, 14 percent below the
AE02006 reference case in 2015, due to more rapid
improvement in vehicle efficiency.

In comparison with the AE02006 reference case, pro-
jected distillate consumption is about 2 percent lower
in the DB and PIRA projections in 2015 and 5 percent
lower in 2030 in the DB projection. GII also projects
lower levels of distillate consumption than the
AE02006 reference case, 6 percent less in 2015 and
13 percent less in 2030. Most of the variation is
accounted for by the projected level of highway diesel
consumption.

The projected pattern of growth in jet fuel consump-
tion varies significantly by projection, and the basis
of the variation is not always clear. Relative to the
AE02006 reference case, PIRA projects slightly
higher jet fuel consumption in 2015, whereas GII pro-
jects higher jet fuel consumption only toward the end
of the projection (25 percent higher in 2030 but 4 per-
cent lower in 2015). DB also projects lower jet fuel
consumption in the middle years, 9 percent below the
AE02006 reference case in 2015, but is nearly identi-
cal with the AE02006 reference case in the later years
of the projection.

The projections also differ substantially on the pro-
jected future use of residual fuel oil. PIRA and GII
project a steady decline in residual fuel oil consump-
tion, but DB sees some growth in the future. In the
GII projection, residual fuel oil consumption is 3 per-
cent below that in the AE02006 reference case in
2015 and 18 percent below in 2030. Both GII and
PIRA project deep declines in residual fuel oil con-
sumption for electricity generation. The AE02006
reference case projects more modest reductions
through 2015 and then slow growth for the remainder
of the projection. The DB projections are 14 percent
and 17 percent above the AE02006 reference case in
2015 and 2030, respectively.
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Domestic crude oil production declines in all the pro-
jections, but at different rates. As compared with the
AE02006 reference case, domestic crude oil produc-
tion declines more rapidly in the earlier years and
much more slowly in the later years of the GII projec-
tion. GII projects domestic crude oil production 14
percent lower than in the AE02006 reference case in
2015 but essentially the same in 2030. DB and PIRA
project a much more rapid decline in domestic crude
oil production: both are about 15 percent below the
AE02006 reference case in 2015, and DB projects a
further decline, to 19 percent below the AE02006 ref-
erence case in 2030.

The projections do not agree on domestic production
of NGL. The AE02006 reference case projects NGL
production slightly above current levels in 2015 and
2030, with peak production in 2020. DB is bearish
on NGL production, projecting 19 percent lower
levels than in the AE02006 reference case in 2015
and 42 percent lower in 2030. GII, on the other hand,
is bullish on NGL production, projecting domestic

production 24 percent above the levels in the
AE02006 reference case in 2015 and 38 percent above
in 2030. EVA and DB project the lowest totals of
domestic crude oil and NGL production in 2015 and
2030.

Declining domestic production of crude oil and rising
petroleum product demand imply greater dependence
on imports in all the projections. The decreases in
crude oil production are offset somewhat by projected
increases in NGL production in the AE02006 refer-
ence case and GII. DB projects substantial declines in
crude oil and NGL production and therefore projects
the highest levels of net imports of crude and petro-
leum products. DB projects import shares 9 percent-
age points above the AE02006 reference case in 2015
and 14 percentage points above in 2030. GII projects
import shares that are 8 percentage points above the
AE02006 reference case in 2015 and 2030.

AE02006 also includes alternative price cases. The
AE02006 low price case assumes that the average

Table 24. Comparison of petroleum forecasts, 2015 and 2030 (million barrels per day, except where noted)
.... 2 AE02006 I Other forecasts

Projection 2004 Reference I Low price tHigh price I GII DB I EVA I PIRA

2015
Crude oil and NGL production 7.23 7.72 7.34 6.49 6.56 NA 7.88 7.61
Crude oil 5.42 5.84 5.02 4.98 NA 4.99 5.99 5.76
Natural gas liquids 1.81 1.88 2.32 1.51 NA NA 1.89 1.85

Total net imports 12.11 13.23 15.08 15.31 NA 14.37 14.06 11.87
Crude oil 10.06 10.47 11.28 NA NA 11.74 11.06 9.65
Petroleum products 2.05 2.76 3.79 NA NA 2.63 3.00 2.22

Petroleum demand 20.76 23.53 23.71 23.43 NA 23.01 24.48 22.21
Motor gasoline 9.10 10.63 10.69 10.39 NA 9.14 11.07 9.85
Jet fuel 1.63 2.06 1.98 1.88 NA 2.11 2.09 2.03
Distillate fuel 4.06 4.91 4.60 4.81 NA 4.83 5.05 4.72
Residual fuel 0.87 0.73 0.71 0.83 NA 0.72 0.83 0.66
Other 5.10 5.20 5.74 5.51 NA 6.21 5.44 4.95

Import share of product supplied (percent) 58 56 64 65 NA 62 57 53

2030
Crude oil and NGL production 7.23 6.44 7.17 4.78 4.70 NA 6.41 6.85

Crude oil 5.42 4.57 4.59 3.69 NA NA 4.49 4.96
Natural gas liquids 1.81 1.87 2.58 1.09 NA NA 1.92 1.89

Total net imports 12.11 17.24 19.69 21.13 NA NA 20.21 13.28
Crude oil 10.06 13.51 13.01 NA NA NA 15.51 11.24
Petroleum products 2.05 3.73 6.67 NA NA NA 4.70 2.04

Petroleum demand 20.76 27.57 28.24 27.74 NA NA 29.57 25.17
Motor gasoline 9.10 12.49 12.59 12.25 NA NA 13.68 10.96
Jet fuel 1.63 2.31 2.89 2.29 NA NA 2.33 2.09
Distillate fuel 4.06 6.09 5.31 5.81 NA NA 6.29 5.99
Residual fuel 0.87 0.78 0.64 0.91 NA NA 1.01 0.70
Other 5.10 5.89 6.80 6.49 NA NA 6.26 5.44

Import share of product supplied (percent) 58 62 70 76 NA NA 68 53

NA = Not available.
Sources: 2004 and AE02006: AE02006 National Energy Modeling System, runs AE02006.D111905A (reference case), LP2006.

D113005A (low price case), and HP2006.D120105A (high price case). GII: Global Insight, Inc., Summer 2005 U.S. Energy Outlook (August
2005). DB: Deutsche Bank AG, e-mail from Adam Sieminski on October 31, 2005. EVA: Energy Ventures Analysis, Inc., FUELCAST:
Long-Term Outlook (August 2005). PIRA: PIRA Energy Group (October 2005).
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refiners acquisition cost of imported crude oil will
remain at about $28 per barrel from 2015 to 2030
(2004 dollars), and that the average refiners acquisi-
tion cost of imported low-sulfur light crude oil will
remain at about $34 per barrel over the same period.
The AE02006 low price case is somewhat lower than
GII's crude oil price path. The AE02006 high price
case assumes that the average refiners acquisition
cost of imported crude oil will range between $72 and
$90 per barrel from 2015 to 2030, and that the aver-
age refiners acquisitions cost of imported low-sulfur
light crude oil will range between $76 and $96 per
barrel over the same period. The crude oil prices in
the AE02006 high price case are well above PIRA's
projected levels. The AE02006 low price case shows
the highest levels of total petroleum demand in 2015
and 2030, and the AE02006 high price case shows the

lowest. The projected demand reduction in the AEO-
2006 high price case also results in the least reliance
on imports to meet petroleum demand in 2015 and
2030. The DB projection shows the greatest reliance
on petroleum imports, because it assumes the lowest
levels of domestic crude oil and NGL production.

Coal
The coal projections for the AE02006 reference case
and economic growth cases (Table 25) incorporate
CAAA90, CAIR, and CAMR. EVA's forecast assumes
legislation similar to the Clear Skies Act but also
includes a fee of $5 per ton on CO 2 emissions, begin-
ning in 2013. The AE02006, PIRA, and GII projec-
tions do not include assumptions about reductions in
CO 2 emissions for the United States. In addition to
environmental assumptions, differences among the

Table 25. Comparison of coal forecasts, 2015, 2025, and 2030 (million short tons, except where noted)

AE02006 Other forecasts

Projection 2004 Low . High
Reference economic economic PIRA EVA GIl

growth growth

2015
Production 1,125 1,272 1,251 1,318 1,250 1,234 1,149
Consumption by sector
Electric power 1,015 1,161 1,145 1,199 1,171 1,140 1,071
Coke plants 24 22 21 23 NA 29 19
Coal-to-liquids 0 22 19 27 NA NA NA
Industrial/other 65 71 69 72 88 a 65 66

Total 1,104 1,276 1,254 1,321 1,259 1,234 1,156
Net coal exports 20.7 -4.8 -4.8 -4.8 -8.0 -17.3 -7.7

Exports 48.0 22.0 22.0 22.0 NA 28.0 28.6
Imports 27.3 26.7 26.7 26.8 NA 45.3 36.3

Minemouth price
(2004 dollars per short ton) 20.07 20.39 20.04 20.67 NA 19.69 b 17.82 d
(2004 dollars per million Btu) 0.98 1.01 0.99 1.02 NA 0.99 c 0.86d

Average delivered price
to electricity generators

(2004 dollars per short ton) 27.43 28.12 27.74 28.50 NA 29.45 b 28.17 e
(2004 dollars per million Btu) 1.36 1.40 1.39 1.42 NA 1.48b 1.36

2025
Production 1,125 1,530 1,394 1,710 NA 1,404 1,296
Consumption by sector
Electric power 1,015 1,354 1,248 1,486 NA 1,329 1,226
Coke plants 24 21 19 23 NA 26 16
Coal-to-liquids 0 146 115 192 NA NA NA
Industrial/other 65 71 68 73 NA 60 67
Total 1,104 1,592 1,450 1,774 NA 1,415 1,309

Net coal exports 20.7 -62.8 -57.9 -65.5 NA -29.2 -15.1
Exports 48.0 19.6 19.6 18.4 NA 30.1 23.4
Imports 27.3 82.4 77.4 84.0 NA 59.3 38.5

Minemouth price
(2004 dollars per short ton) 20.07 20.63 19.40 21.73 NA 2 0 .1 5 b 1 6 .1 2 d
(2004 dollars per million Btu) 0.98 1.03 0.98 1.09 NA 1.02' 0.78 d

Average delivered price
to electricity generators

(2004 dollars per short ton) 27.43 29.02 27.48 30.87 NA 30.12 b 25.84 e
(2004 dollars per million Btu) 1.36 1.44 1.37 1.52 NA 1.53b 1.25

Btu = British thermal unit. NA = Not available. See notes and sources at end of table.
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AE02006, EVA, PIRA, and GII projections reflect
variation in other assumptions, including those about
economic growth, the natural gas outlook, and world
oil prices.

While all the projections show increases in coal con-
sumption over their projection horizons, the
AE02006 reference case projects the highest level of
total coal consumption. Given its more restrictive
environmental assumptions after 2012 and an aver-
age economic growth rate of 2.5 percent per year from
2004, EVA projects lower levels of coal consumption
(11 percent lower in 2025) than the AE02006 refer-
ence case. The EVA and PIRA projections for total
coal consumption in the 2015-2020 period most
closely resemble those in the AE02006 low economic
growth case. GII's projection, which does not include
a carbon tax, has the lowest projection of total coal
consumption. Although the GII projection shows 21
percent less total coal consumption than the
AE02006 reference case in 2030, GII's outlook for

coal consumption in the electric power sector in 2030
is virtually identical to that in the AE02006 low eco-
nomic growth case.

In contrast to the AE02006 reference case, the other
projections show natural gas with a larger share of
electricity generation than coal's. GII, PIRA, and
EVA expect imports of LNG to be greater than pro-
jected in the AE02006 reference case. Although EVA
and the AE02006 reference case project similar levels
of generation in the electric power sector, the
AE02006 reference case also projects 19 gigawatts of
generation capacity at CTL plants by 2030, represent-
ing 11 percent of total coal consumption in 2030.

For coke plants, both GII and the AE02006 reference
case project declining consumption of coal. EVA dif-
fers from the other projections and projects an
increase in coal consumption at coke plants, peaking
at around 30 million tons before falling to 26 million
tons in 2025-2 million tons higher than 2004

Table 25. Comparison of coal forecasts, 2015, 2025, and 2030 (continued)
(million short tons, except where noted)

AE02006 Other forecasts

Projection 2004 Low High
Reference economic economic PIRA EVA GIl

growth growth

2030
Production 1,125 1,703 1,497 1,936 NA NA 1,395
Consumption by sector
Electric power 1,015 1,502 1,331 1,680 NA NA 1,330
Coke plants 24 21 19 23 NA NA 14
Coal-to-liquids 0 190 153 247 NA NA NA
Industrial/other 65 72 68 75 NA NA 67
Total 1,104 1,784 1,571 2,025 NA NA 1,411

Net coal exports 20.7 -82.7 -69.3 -89.0 NA NA -18.7
Exports 48.0 16.7 16.4 16.8 NA NA 22.3
Imports 27.3 99.4 85.7 105.8 NA NA 41.0

Minemouth price
(2004 dollars per short ton) 20.07 21.73 19.91 23.05 NA NA 15.65 d
(2004 dollars per million Btu) 0.98 1.09 1.00 1.15 NA NA 0.76d

Average delivered price
to electricity generators

(2004 dollars per short ton) 27.43 30.58 28.28 32.79 NA NA 25.23 e
(2004 dollars per million Btu) 1.36 1.51 1.41 1.61 NA NA 1.22

Btu = British thermal unit. NA = Not available.
aIncludes coal consumed at coke plants.
bThe average coal price is a weighted average of the projected spot market price for the electric power sector only and was converted from

2005 dollars to 2004 dollars to be consistent with AE02006.
cEstimated by dividing the minemouth price in dollars per short ton by the average heat content of coal delivered to the electric power

sector.
dThe minemouth prices are average prices for the electric power sector only and are calculated as a weighted average from Census region

prices.O eCalculated by multiplying the delivered price of coal to the electric power sector in dollars per million Btu by the average heat content of
coal delivered to the electric power sector.

Sources: 2004 and AE02006: AE02006 National Energy Modeling System, runs AE02006.D111905A (reference case), LM2006.
D113005A (low economic growth case), and HM2006.D112505B (high economic growth case). PIRA: PIRA Energy Group (October 2005).
EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term Outlook (August 2005). GII: Global Insight, Inc., U.S. Energy Outlook
(Summer 2005).
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consumption. In the GII projection, coke plants con-
sume only 14 million tons of coal in 2030, compared
with 21 million tons in the AE02006 reference case.
The AE02006 reference case shows no change in
industrial/other coal consumption, whereas EVA pro-
jects a drop in industrial/other consumption, to 60
million short tons in 2025.

In the GII projections, minemouth coal prices (elec-
tric power sector only) appear to peak by 2010 and
then fall below 2004 levels by 2030 (in real dollars).
The AE02006 reference case shows a similar down-
ward trend after 2010 in its average national
minemouth price (all sectors combined) through
2020; however, prices rise after 2020, in response to
substantial growth in coal demand from the electric
power sector and CTL. GII's average delivered price
of coal to the electric power sector in 2030 is 19 per-
cent lower than the AE02006 reference case (on a Btu
basis). The average delivered price of coal to the elec-
tricity sector ' in the GII forecast is still 13 percent
lower (on a Btu basis) than the AE02006 low eco-
nomic growth case, despite comparable levels of coal
consumption in the electricity sector.

All the forecasts reviewed meet coal demand primar-
ily through domestic production. AE02006 projects

the largest increasein production over the forecast
horizon, 51 percent higher in 2030 than in 2004. As
with consumption, the PIRA and EVA projections for
coal production most closely resemble those in the
AE02006 low economic growth case. GII projects coal
consumption levels for 2015, 2025, and 2030 that are
more than 100 million tons less than projected in the
AE02006 reference case.

In all the projections, gross exports of coal represent a
small and declining part of domestic coal production.
EVA projects the most exports, 30 million tons in
2025, and the other projections are around 20 million
tons. The AE02006 reference case shows coal exports
falling to 17 million tons in 2030, and GII projects 22
million tons. In the AE02006 reference case, the
export share of total U.S. coal production falls from 4
percent in 2004 to roughly 1 percent in 2030. Cur-
rently, coal is the only domestic U.S. energy resource
for which exports exceed imports. All the projections
expect the United States to become a net importer of
coal over the projection period. GII projects the lowest
level of coal imports, only 14 million tons in 2030. The
AE02006 reference case projection for coal imports in
2025 is 23 million tons higher than the EVA projec-
tion, which is the next highest.
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ACI Activated carbon injection

AD Associated-dissolved (natural gas)
AEO Annual Energy Outlook

AE02005 Annual Energy-Outlook 2005
AE02006 Annual Energy Outlook 2006
Altos Altos Partners

ANWR Arctic National Wildlife Refuge

API American Petroleum Institute
BLGCC Black liquor gasification coupled with a

combined-cycle power plant
BOE Barrels of oil equivalent

BTL Biomass-to-liquids

Btu British thermal units

CAAA90 Clean Air Act Amendments of 1990
CAFE Corporate average fuel economy
CAIR Clean Air Interstate Rule

CAMR Clean Air Mercury Rule
CARB California Air Resources Board

CBO Congressional Budget Office
CHP Combined heat and power
CO 2  Carbon dioxide

CPI Consumer price index

CRI Color rendering index
CTL Coal-to-liquids
DB Deutsche Bank AG, DCL Direct coal liquefaction

DOE U.S. Department of Energy
E85 Fuel containing a blend of 70 to 85 percent ethanol

EEA Energy and Environmental Analysis, Inc.
EIA Energy Information Administration

EMF Stanford University Energy Modeling Forum
EPA U.S. Environmental Protection Agency

EPACT1992 Energy Policy Act of 1992
EPACT2005 Energy Policy Act of 2005
ERO Electric Reliability Organization

ETBE Ethyl tertiary butyl ether
EVA Energy Ventures Analysis, Inc.

FERC Federal Energy Regulatory Commission

GATS Generation Attribute Tracking System
GDP Gross domestic product
GHG Greenhouse gas

GII Global Insight, Inc.

GT-MH Gas-Turbine Modular Helium reactor
GTL Gas-to-liquids
H 2  Molecular hydrogen

HCCI Homogeneous charge compression ignition
ICL Indirect coal liquefaction
IEA International Energy Agency
IGCC Integrated gasification combined-cycle

INFORUM Interindustry Forecasting at the University of
Maryland

IRAC Average' imported refiner acquisition cost of crude
oil to the United States

IRIS International Reactor Innovative and Secure reactor
LED Light-emitting diode

LFG Landfill gas
LNG Liquefied natural gas

LPG

LWR

MACT

MRETS

MSW

MTBE

NA

NAAQS

NARG

NAS

NEMS

NEPOOL

NGL

NHTSA

nm

NO.

NRC

NYMEX

OLED

OMB

OPEC

PATH

PBMR

PDVSA

PEL

PIRA

PM2 .5
ppm

PTC

PURPA

PV

R&D

RD&D

RFG

RFS

RPS

SAFETEA-
LU

SAGD

SCR

SEER

SIP

SNCR

SO2

SSL

Syncrude

TAME
TAN

ULSD

USGS

VOC

WPI

WREGIS.

WTI

ZEH

Liquefied petroleum gas

Light-water reactor

Maximum Achievable Control Technology

Midwest Renewable Energy Tracking System

Municipal solid waste

Methyl tertiary butyl ether

Nonassociated (natural gas)

National Ambient Air Quality Standards

Altos Partners North American Regional Gas Model
National Academy of Sciences
National Energy Modeling System

New England Power Pool

Natural gas liquids

National Highway Traffic Safety Administration

Nanometer (one-billionth of a meter)

Nitrogen oxides

U.S. Nuclear Regulatory Commission

New York Mercantile Exchange

Organic light-emitting diode

Office of Management and Budget

Organization of the Petroleum Exporting Countries

Partnership for Advanced Technology in Housing

Pebble Bed Modular Reactor

Petroleos de Venezuela SA

Petroleum Economics, Ltd.
Petroleum Industry Research Associates, Inc.

Fine particulate matter

Parts per million

Production tax credit

Public Utility Regulatory Policies Act

Photovoltaic

Research and development

Research, development, and demonstration

Reformulated gasoline

Renewable fuels standard

Renewable portfolio standard

Safe, Accountable, Flexible, and Efficient
Transportation Equity Act: A Legacy for Users

Steam-assisted gravity drainage

Selective catalytic reduction

Strategic Energy and Economic Research, Inc.

State Implementation Plan

Selective noncatalytic reduction

Sulfur dioxide

Solid-state lighting

Synthetic crude

Tertiary amyl methyl ether

Total acid number

Ultra-low-sulfur diesel fuel

U.S. Geological Survey

Volatile organic compound
Wholesale price index

Western Renewable Energy Generation Information
Tracking System

West Texas Intermediate (crude oil)

Zero Energy Home
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Text Notes

Legislation and Regulations

[1] For the complete text of the Energy Policy Act of 2005,
see web site http://frwebgate.access.gpo.gov/cgi-bin/
getdoc.cgi?dbname= 109_congpubliclaws&docid=f:
pub1058.109.pdf.

[2] See, for example, web site http://energy.senate.gov/
public/ files/PostConferenceBillSummary.doc.

[3] Joint Committee on Taxation, Description and Techni-
cal Explanation of the Conference Agreement of H.R.6, Ti-
tle XIII, The "Energy Tax Incentives Act of 2005,"
JCX-60-05 (Washington, DC, July 28, 2005), pp. 6-8, web
site www. house.gov/jct/x-60-05.pdf.

[4] Other Federal credit assistance programs, such as that
created by the Transportation Infrastructure Finance
and Innovation Act of 1998 (TIFIA), have used loan guar-
antees to leverage limited Federal resources and stimu-
late private capital investment. With a budget authoriza-
tion of $130 million for fiscal year 2003, the TIFIA
program was able to support loans valued at $2.6 billion.
See web site http://tifia.fhwa.dot.gov.

[5] Other States that have adopted the California emission
standards include Connecticut, Maine, Massachusetts,
New Jersey, New York, Rhode Island, Vermont, and
Washington.

[6] On December 7, 2004, the Alliance of Automobile Manu-
facturers and several California auto dealerships filed
suit in the U.S. District Court in Fresno, California,
against A.B. 1493.

[7] Energy Information Administration, Annual Energy
Outlook 2005, DOE/EIA-0383(2005) (Washington, DC,
February 2005), pp. 27-31, web site www.eia.doe.gov/
oiaf/archive/aeo05/index.html.

[8] National Highway Traffic Safety Administration,
Average Fuel Economy Standards for Light Trucks
Model Years 2008-2011, Notice of Proposed Rule-
making, 49 CFR Parts 523, 533, and 537, Docket No.
2005-22223, RIN 2127-AJ61 (Washington, DC, August
2005), web site www.nhtsa.dot.gov/cars/rules/rulings/
LightTrucksRuling-2008-2001/ProposedRulemaking/
CAFE-LigthTrucks-PR-24Aug05.pdf.

[9] Energy Information Administration, "State Renewable
Energy Requirements and Goals: Status Through 2003,"
Annual Energy Outlook 2005, DOE/EIA-0383(2005)
(Washington, DC, February 2005), pp. 20-23, web site
www.eia.doe.gov/oiaf/archive/aeo05/index.html.

[10]Vermont Senate Bill 52, Sec. 2 (8002)(2) (June 14,
2005).

[11]Federal Register, Vol. 70, No. 91 (May 12, 2005), 40
CFR Parts 51, 72, 73, 74, 77, 78, and 96.

[12] U.S. Environmental Protection Agency, "Clean Air In-
terstate Rule," web site www.epa.gov/cair.

[131 States are required to meet both seasonal and annual
NO. caps. The SO 2 caps are annual only.

[14]Federal Register, Vol. 70, No. 95 (May 18, 2005), 40
CFR Parts 60, 72, and 75.

[15] For the complete text of SAFETEA-LU, Public Law
109-59, see web site, http://frwebgate.access.gpo.gov/
cgi-bin/getdoc.cgi?dbname= 109_congpubliclaws&
docid= f:pub1059.109.pdf.

Issues in Focus

[16] The USGS provides three point estimates of undiscov-
ered and inferred resources: the mean, a 5-percent confi-
dence interval, and a 95-percent confidence interval with
no price relationship. AE02006 assumes that proven re-
serves are not subject to much uncertainty.

[17] For readers interested in the international effects of
higher oil prices, an International Energy Agency paper,
"Impact of Higher Oil Prices on the World Economy"
(2003) is available from web site www.iea.org/Textbase/
publications/freenewDesc.asp? PUBSID=886.

[18]The more that is spent back in the U.S. economy, the
lower will be the net effect. If the receivers of the extra in-
come, domestic oil companies and oil-exporting countries,
do not spend it back in the U.S. economy, aggregate de-
mand for goods and services will be reduced in the short
term. Even if all additional oil revenues are spent back in
the United States, there still will be distribution effects
involving a move toward different categories of consump-
tion. There will also be an indirect impact on demand for
U.S. goods and services through third-country effects;
when higher oil prices have negative effects on economic
growth in other countries, their demand for imports from
the United States will be reduced.

[19]See K.A. Mork, "Oil and the Macroeconomy When
Prices Go Up and Down: An Extension of Hamilton's Re-
sults," Journal of Political Economy, Vol. 97 (1989), pp.
740-744.

[20] There have been several recent surveys of past research
on the economic impacts of oil price shocks. See S.P.A.
Brown, M.K. Yiicel, and J. Thompson, "Business Cycles:
The Role of Energy Prices," in Encyclopedia of Energy,
C.J. Cleveland, Ed. (New York, NY: Academic Press,
2004); S.P.A. Brown and M.K. Yucel, "Energy Prices and
Aggregate Economic Activity: An Interpretative Survey,"
Quarterly Review of Economics and Finance, Vol. 42
(2002), pp. 193-208; and D.W. Jones, P.N. Leiby, and I.K.
Paik, "Oil Price Shocks and the Macroeconomy: What
Has Been Learned Since 1996," Energy Journal, Vol. 25,
No. 2 (2004).

[21]H.G. Huntington, The Economic Consequences of
Higher Crude Oil Prices, EMF SR 9 (Stanford, CA, Octo-
ber 2005), web site www.stanford.edu/group/EMF/
publications/doc/EMFSR9.pdf.

[22] Results of Global Insight's Macroeconomic Model of the
U.S. Economy are from N. Gault, "Impacts on the U.S.
Economy: Macroeconomic Models," Presented at the En-
ergy Modeling Forum Workshop on Macroeconomic Im-
pacts of Oil Shocks (Arlington, VA, February 8, 2005),
web site www.stanford.edu/group/EMF/research/doc/
gault.pdf. Federal Reserve Bank macroeconomic model
results are from D. Reifschneider, R. Tetlow, and J. Wil-
liams, "Aggregate Disturbances, Monetary Policy, and
the Macroeconomy: The FRB/US Perspective," Federal
Reserve Bulletin (January 1999), web site www.
federalreserve.gov/pubs/bulletin/1999/0199lead.pdf. Re-
sults from the NiGEM global macroeconomic model are
from R. Barrell and 0. Pomerantz, "Oil Prices and the
World Economy," National Institute of Economic and So-
cial Research Discussion Paper 242 (London, UK, Decem-
ber 2004), web site www.niesr.ac.uk/pubs/dps/dp242.pdf.
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[23]R. Jimenez-Rodriguez and M. Sanchez. "Oil Price
Shocks and Real GDP Growth: Empirical Evidence for
Some OECD Countries," Applied Economics, Vol. 37, No.
2 (February 2005), pp. 201-228.

[24]H.G. Huntington, "Energy Disruptions, Interfirm
Price Effects and the Aggregate Economy," Energy Eco-
nomics, Vol. 25, No. 2 (March 2003), pp. 119-136.

[25] Quality and prices vary among imported light, sweet
crudes. For example, Nigerian Bonny Light usually is
worth 15 cents a barrel more than WTI, and Norwegian
Oseberg is discounted by about 55 cents a barrel. See
NYMEX Light Sweet Crude Oil Futures Contract Specifi-
cations, web site www.nymex.com/CLspec.aspx.

[26]Energy Information Administration, Form EIA-856,
"Monthly Foreign Crude Oil Acquisition Report" (1985-
2005).

[27]Energy Information Administration, Form EIA-856,
"Monthly Foreign Crude Oil Acquisition Report" (1985-
2005).

[28] See Purvin & Gertz, Inc., "Global Petroleum Market
Outlook-An Online Global Service," Petroleum Bal-
ances (2004), web site www.purvingertz.com/studies.
html.

[29]U.S. Environmental Protection Agency, "Tier 2/
Gasoline Sulfur Final Rule" (Washington, DC, February
2000), web site www.epa.gov/tier2/finalrule.htm; "Con-
trol of Air Pollution From New Motor Vehicles: Heavy-
Duty Engine and Vehicle Standards and Highway Diesel
Fuel Sulfur Control Requirements Final Rule" (Washing-
ton, DC, January 2001), web site www.epa.gov/fedrgstr/
EPA-AIR/2001/January/Day-18/aOla.htm; and "Control
of Emissions of Air Pollution From Nonroad Diesel
Engines and Fuel Final Rule" (Washington, DC, June
2004), web site www.epa.gov/fedrgstr/EPA-AIR/2004/
June/Day-29/al1293a.htm.

[30] Navigant Consulting, Inc., Energy Savings Potential of
Solid State Lighting in General Illumination Applica-
tions (Washington DC, November 2003), prepared for
Building Technologies Program, Office of Energy Effi-
ciency and Renewable Energy, U.S. Department of
Energy, web site www.netl.doe.gov/sslVPDFs/SSL%20
Energy%20Savintial%20Final.pdf. General research
goals are provided in Optoelectronics Industry Develop-
ment Association, 2002 Update: The Promise of Solid
State Lighting for General Illumination (Washington,
DC, 2002), web site http://lighting.sandia.gov/lighting
docs/OIDASSLRoadmapSummary_2002.pdf.

[31] The home would be both an energy consumer and, at
certain times, a net energy provider. Over the course of a
year, its net energy purchases would be zero or near zero.
U.S. Department of Energy, Building America Research
is Leading the Way to Zero Energy Homes (Washington,
DC, May 2005), web site www.nrel.gov/docs/fy05osti/
37547.pdf.

[32] Non-grid-connected housing units that derive most or
all of their energy from renewable sources exist, but most
are in remote areas and not designed for year-round liv-
ing.

[33] Partnership for Advancing Housing Technology
(PATH), web site www.pathnet.org.

[34] These are the six high-priority areas for emerging tech-
nologies identified in American Council for an Energy-
Efficient Economy, Emerging Energy-Saving Technol-
ogies and Practices for the Buildings Sector as of 2004,
Report Number A042 (Washington, DC, October 2004),
web site http://aceee.org/pubs/a042full.pdf.

[35] G.A. Smook, Handbook for Pulp & Paper Technolo-
gists, 2nd Edition (Vancouver, BC: Angus Wilde Publica-
tions, 1992), p. 140.

[36] Forest Products Industry Technology Alliance, Agenda
2020: 2003 Progress Report (Washington, DC, 2003),
p. 5, web site www.agenda202O.org/PDF/2003_Progress
_Report.pdf.

[37]National Academy of Sciences, National Research
Council, Energy Research at DOE: Was It Worth It? En-
ergy Efficiency and Fossil Energy Research 1978 to 2000
(Washington, DC: National Academy Press, 2001), web
site www.nap.edu/catalog/10165.html.

[38]A nanometer is one-billionth of a meter.

[39]National Nanotechnology Initiative, web site www.
nano.gov.

[40]J. McConnico, "Breakthrough at WFU Nanotechnology
Center Aids Quest for Viable Alternative Energy
Sources" (Wake Forest University News Service, Novem-
ber 7, 2005), web site www.wfu.edu/wfunews/2005/
110705n.html.

[41]Y. Chen, J. Au, P. Kazlas, A. Ritenour, H. Gates, and M.
McCreary, "Electronic Paper: Flexible Active-Matrix
Electronic Ink Display," Nature, Vol. 423 (May 8, 2003),
p. 136.

[42]M. Brown, "Nano-Bio-Info Pathways to Extreme
Energy Efficiency," Presentation to the American Associ-
ation for the Advancement of Science Annual Meeting
(Washington, DC, February 21, 2005), web site www.
ornl.gov/sci/eere/aaas/ExtremeEfficiency8.pdf.

[43] The estimates of "in-place" resources do not take into
consideration whether the resources are either techni-
cally or economically recoverable.

[44] M. Kray, "Testimony on Behalf of NuStart Energy De-
velopment, LLC, United States Senate, Committee on
Environment & Public Works, Subcommittee on Clean
Air, Climate Change and Nuclear Safety" (May 20, 2004),
web site www.nei.org/documents/TestimonyKray_
05-20-04.pdf; and E.W. Merrow, K.E. Phillips, and C.W.
Myers, Understanding Cost Growth and Performance
Shortfalls in Pioneer Process Plants, R-2569-DOE (Santa
Monica, CA: The Rand Corporation, September 1981),
web site www.rand.org/pubs/reports/R2569.

[45] For more details, see Energy Information Administra-
tion, "New Reactor Designs," web site www.eia.doe.gov/
cneaf/nuclear/page/analysis/nucenviss2.html.

[46] See, for example, A. Dixit and R. Pyndick, Investment
Under Uncertainty (New York, NY: McGraw-Hill, 2001).

[47] R.M. Heavenrich, Light-Duty Automotive Technology
.and Fuel Economy Trends: 1975 Through 2005,
EPA420-R-05-001, Appendix E, "Data Stratified by Vehi-
cle Type" (Washington, DC: U.S. Environmental Protec-
tion Agency, July 2005), web site www.epa.gov/otaq/
cert/mpg/fetrends/420r05001e.pdf.
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[48] These costs represent the range of difference in cost be-
tween hybrid and conventional vehicles. The hybrid vehi-
cles represented here have electric drive train compo-
nents that are used to move the vehicle.

[49]Moody International Group, "Canada Oil-Sandy
Depths," Milestones, Vol. 5, No. 1 (May 2005), p. 2,
web site www.moodyint.com/news/documents/MoodyVol
5IsslFINAL.pdf.

[50] Alberta Energy and Utilities Board, Alberta's Reserves
2003 and Supply/Demand Outlook 2004-2013, Statistical
Series (ST) 2004-98 (Calgary, Alberta: June 2004).

[51] National Energy Board, Canada's Oil Sands: A Supply
and Market Outlook to 2015 (Calgary, Alberta: October
2000).

[52]Syncrude Canada, Ltd., 2004 Sustainability Report
(Fort McMurray, Alberta: 2004), p. 14, "2004 Results,"
web site http://sustainability.syncrude.ca/sustainability
2004/download/SyncrudeSD2004.pdf.

[53] F. Birol and W. Davie, "Oil Supply Costs and Enhanced
Productivity," Energy Prices and Taxes (4th Quarter
2001), pp. xvii-xxii, web site http://data.iea.org/ieastore/
assets/products/eptnotes/feature/4Q2001B.pdf.

[54]Petroleos De Venezuela, S.A., U.S. Securities and Ex-
change Commission Form 20-F (October 7, 2005).

[55]J.R. Dyni, "Geology and Resources of Some World
Oil-Shale Deposits," Oil Shale, Vol. 20, No. 3 (2003), pp.
193-252.

[56]J.R. Donnell, "Geology and Oil-Shale Resources of the
Green River Formation," in Proceedings of the First Sym-
posium on Oil Shale (Colorado School of Mines, 1964),
pp. 153-163.

[57]T. Dammer, "Strategic Significance of America's Oil
Shale Resource," Presented at the 2005 EIA Midterm
Energy Outlook Conference (Washington, DC, April
12, 2005), web site www.eia.doe.gov/oiaf/aeo/conf/pdf/
dammer.pdf.

[58]"Shell Signs Chinese Oil-Shale Deal; Begins US
Groundwater-Freezing Test," Syngas Refiner, Vol. 1, No.
9 (September 2005), p. 46.

[59]J.T. Bartis, T. LaTourrette, L. Dixon, D.J. Peterson,
and G. Cecchine, Oil Shale Development in the United
States: Prospects and Policy Issues (Santa Monica, CA:
RAND Corporation, 2005), p. xiii, web site www.rand.
org/pubs/monographs/2005/RANDMG414.pdf.

[60]J.T. Bartis et al., p. 15.

[61] "Fischer-Tropsch Condensate Boosts Lubricity in Syn-
thetic Diesel: New SASOL Study," World Fuels Today
(October 6, 2005), p. 3.

[62] "Coal-To-Liquids Looks Profitable If Oil Prices Stay
Above $30 to $40/Barrel Range," World Fuels Today, (De-
cember 22, 2004), p. 1;

[63] Rentech, Inc., "The Economic Viability of an FT Facil-
ity Using PRB Coals," Presentation to the Wyoming Gov-
ernor's Office and the Wyoming Business Council (April
14, 2005), web site www.rentechinc.com/pdfs/WBC-
Presentation-4-14-05-b.pdf.

[64] "Shenhua Coal Liquefaction Project Planned for Exe-
cution in Inner Mongolia," Business China (January 24,
2005).

[65] World Fuels Today (August 16, 2005), p. 2.
[66]S. Clarke and B. Ghaemmaghami, "Taking GTL

Forward-Engineering a Gas-to-Liquids Project," TCE
Today (July 2003), pp. 34-37, web site www.fwc.com/
publications/techpapers/files/GTL06%2Epdf.

[67] U. Zuberbuhler, M. Specht, and A. Bandi, "Gasification
of Biomass: An Overview on Available Technologies,"
Centre for Solar Energy and Hydrogen Research (ZSW),
Birkenfeld, Germany (August 30, 2005), p. 2.

[68] CHOREN Industries GmbH, Freiberg, Germany.
[69] Correspondence with Matthias Rudloff, Head of Busi-

ness Development, CHOREN Industries GmbH (Novem-
ber 29, 2005).

[70]M. Rudloff, CHOREN Industries GmbH, "Biomass to
Liquids (BtL) from the Carbo-V Process: Technology and
the Latest Developments," Presentation at the Second
World Conference and Technology Exhibition (Rome, It-
aly, May 10-14, 2004).

[71] Bechtel, Aspen Process Flowsheet Simulation Model of
a Battelle Biomass-Based Gasification, Fischer-Tropsch
Liquefaction and Combined-Cycle Power Plant: Topical
Report, May 1998," DE-AC22-93PC91029--16 (Pitts-
burgh, PA: Pittsburgh Energy Technology Center, Octo-
ber 30, 1998), Appendix B-3.

[72]Business Advisory Services, "Illinois Ethanol Pre-
feasibility Evaluator," web site www.iletohprefeas.com.

[73]J.A. Waynick, Sr., Characterization of Biodiesel Oxida-
tion and Oxidation Products: CRC Project No. AVFL-2b,
Task 1 Results (San Antonio, TX: Southwest Research
Institute, August 2005), web site www.nrel.gov/
vehiclesandfuels/npbf/pdfs/39096.pdf.

[74] Frazier, Barnes & Associates, LLC (Memphis, TN).
[75] "Oil Refiners Might Blend or Co-Process 'Renewables'

With Crude-Based Feedstocks," World Fuels Today (Sep-
tember 20, 2005), p. 4.

[76] "Oil Refiners Might Blend or Co-Process 'Renewables'
With Crude-Based Feedstocks," World Fuels Today (Sep-
tember 20, 2005), p. 4.

[77]Approximately 2 to 3 pounds of brominated ACI per
million metric actual cubic feet of flue gas.

[78]A.P. Jones, J.W. Hoffman, T.J. Feeley, III, and J.T.
Murphy, DOE/NETL Mercury Control Technology Cost
Estimate Report - 2005 Update (National Energy Tech-
nology Laboratory, June 2005).

[79] Configuration refers to the type of air pollution control
device at a plant, such as cold-side electrostatic precipi-
tator, fabric filter, or flue gas desulfurization unit.

[80] "President Announces Clear Skies & Global Climate
Change Initiatives" (February 14, 2002), web site www.
whitehouse.gov/news/releases/2002/02/20020214-5.html.

[81]See "Addendum" in the "Global Change Policy Book,"
web site www.whitehouse.gov/news/releases/2002/02/
climatechange.html. The business-as-usual (BAU) pro-
jections cited in the addendum are somewhat higher than
a "Policies and Measures" case developed by the EPA for
the U.S. Climate Action Report 2002.
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[82] U.S. Department of State, U.S. Climate Action Report
2002 (Washington, DC, May 2002), Chapter 5, "Projected
Greenhouse Gas Emissions," pp. 70-80, web site http://
yosemite.epa.gov/oar/globalwarming.nsf/content/
ResourceCenterPublicationsUSClimateActionReport.
html.

[83] Personal communication from Casey Delhotal, EPA, to
Daniel Skelly, EIA, July 7, 2005. EIA adjusted the EPA
no-measures case projections to extrapolate from the
most recent 2002-to-2004 data on these gases as pub-
lished by EIA, as well as to estimate the intervening years
of the projections, because the projections were provided
only for every 5 years, beginning in 2005 and ending in
2020.

Market Trends

[84]The energy-intensive manufacturing sectors include
food, paper, bulk chemicals, petroleum refining, glass, ce-
ment, steel, and aluminum.

[85] EIA collects aggregate data on total energy consump-
tion in the industrial sector and detailed energy con-
sumption in the manufacturing sector. The difference be-
tween the aggregate industrial sector energy data and the
detailed manufacturing sector data is nonmanufacturing
industrial energy consumption. Nonmanufacturing en-
ergy consumption is allocated to the agriculture, mining,
and construction sectors on the basis of information from
the Energy Information Administration, the U.S. Census
Bureau, and the U.S. Department of Agriculture.

[86]The alternative technology cases change technology
characterizations only for sectors represented in the
NEMS industrial model. Consequently, refining values
are unchanged from those in the reference case projec-
tions. The reference case projections for the refining sec-
tor include considerable cogeneration capacity additions
associated with coal-to-liquids production. Excluding the
refining sector, cogeneration capacity increases by 2.4
percent per year in the high technology case, as compared
with 1.8 percent per year in the reference case.

[87] U.S. Department of Energy, Office of Energy Efficiency
and Renewable Energy, Scenarios of U.S. Carbon Reduc-
tions: Potential Impacts of Energy Technologies by 2010
and Beyond, ORNL/CON-444 (Washington, DC, Septem-
ber 1997); J. DeCicco et al., Technical Options for Im-
proving the Fuel Economy of U.S. Cars and Light Trucks
by 2010-2015 (Washington, DC: American Council for an
Energy Efficient Economy, April 2001); M.A. Weiss et al.,
On the Road in 2020: A Life-Cycle Analysis of New Auto-
motive Technologies (Cambridge, MA: Massachusetts In-
stitute of Technology, October 2000); A. Vyas, C. Saricks,
and F. Stodolsky, Projected Effect of Future Energy Effi-
ciency and Emissions Improving Technologies on Fuel
Consumption of Heavy Trucks (Argonne, IL: Argonne Na-
tional Laboratory, 2001); and Energy and Environmental
Analysis, Inc., Documentation of Technologies included
in the NEMS Fuel Economy Model for Passenger Cars
and Light Trucks (prepared for Energy Information Ad-
ministration, September 30, 2002).

[88] Unless otherwise noted, the term "capacity" in the dis-
cussion of electricity generation indicates utility,
nonutility, and combined heat and power capacity. Costs
reflect the arithmetic average of regional costs.

[89]Avoided cost estimates the incremental cost of fuel and
capacity displaced by a unit of the specified resource and
more accurately reflects its as-dispatched energy value
than comparison to the levelized cost of other individual
technologies. It does not reflect system reliability cost,
nor does it necessarily indicate the lowest cost alternative
for meeting system energy and capacity needs.

[90]AE02006 does not include off-grid photovoltaics (PV).
Based on annual PV shipments from 1989 through 2003,
EIA estimates that as much as 149 megawatts of remote
electricity generation PV applications (i.e., off-grid power
systems) were in service in 2003, plus an additional 414
megawatts in communications, transportation, and as-
sorted other non-grid-connected, specialized applica-
tions. See Energy Information Administration, Annual
Energy Review 2004, DOE/EIA-0384 (2004) (Washing-
ton, DC, August 2005), Table 10.6, "Photovoltaic Cell and
Module Shipments by End Use and Market Sector,
1989-2003." The approach used to develop the estimate,
based on shipment data, provides an upper estimate of
the size of the PV stock, including both grid-based and
off-grid PV. It overestimates the size of the stock, because
shipments include a substantial number of units that are
exported, and each year some of the PV units installed
earlier are retired from service or abandoned.

[91]Stranded Arctic natural gas and resources in areas
where drilling is officially prohibited are not included in
Table 17.

[92] Resources from the Arctic Offshore Outer Continental
shelf and resources in areas where drilling is officially
prohibited are not included in Table 18.

[93]Energy Information Administration (EIA), Form
EIA-767, "Steam-Electric Plant Operation and Design
Data"; and EIA, Office of Integrated Analysis and Fore-
casting, Plant File.

[94]Assumptions for the Integrated High Technology case
are documented in Energy Information Administration
(EIA), Assumptions to the Annual Energy Outlook 2006,
DOE/EIA-0554(2006) (Washington, DC, February 2006).
Primary sources and assumptions include the following:
Buildings: EIA, Technology Forecast Updates-Residen-
tial and Commercial Building Technologies-Advanced
Adoption Case (Navigant Consulting, Inc., September
2004). Industrial: EIA, Industrial Technology and Data
Analysis Supporting the NEMS Industrial Model (Focis
Associates, October 2005). Transportation: EIA, Docu-
mentation of Technologies included in the NEMS Fuel
Economy Model for Passenger Cars and Light Trucks
(Energy and environmental Analysis, Inc., September
2002), and A. Vyas, C. Saricks, and F. Stodolsky, Pro-
jected Effect of Future Energy Efficiency and Emissions
Improving Technologies on Fuel Consumption of Heavy
Trucks (Argonne, IL: Argonne National Laboratory,
2001). Fossil-fired generating technologies: By assump-
tion, capital costs, heat rates, and operating costs for ad-
vanced coal and gas technologies fall more rapidly over
time, reaching levels 10 percent lower than in the refer-
ence case in 2030. Advanced nuclear technology: By as-
sumption, capital and operating costs fall more rapidly
over time, reaching levels 20 percent lower than in the
reference case in 2030.
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Table Notes and Sources

Note: Tables indicated as sources in these notes refer
to the tables in Appendixes A, B, C, and D of this
report.

Table 1. Total energy supply and disposition in the
AE02006 reference case: summary, 2003-2030:
AE02006 National Energy Modeling System, run AEO-
2006.D111905A. Notes: Quantities are derived from his-
torical volumes and assumed thermal conversion factors.
Other production includes liquid hydrogen, methanol, sup-
plemental natural gas, and some inputs to refineries. Net
imports of petroleum include crude oil, petroleum products,
unfinished oils, alcohols, ethers, and blending components.
Other net imports include coal coke and electricity. Some
refinery inputs appear as petroleum product consumption.
Other consumption includes net electricity imports, liquid
hydrogen, and methanol.

Table 2. CARB emissions standards for light-duty ve-
hicles, model years 2009-2016: California Air Resources
Board, California Exhaust Emission Standards and Test
Procedures for 2001 and Subsequent Model Passenger Cars,
Light-Duty Trucks, and Medium-Duty Vehicles (Sacra-
mento, CA, August 4, 2005).

Table 3. Proposed light truck CAFE standards by
model year and footprint category: National Highway
Traffic Safety Administration, "Average Fuel Economy
Standards for Light Trucks Model Years 2008-2011," 49
CFR Parts 523, 533 and 537, Docket No. 2005-22223, RIN
2127-AJ61 (Washington, DC, August, 2005).

Table 4. Key projections for light truck fuel economy
in the alternative CAFE standards case, 2011-2030:
AE02006 National Energy Modeling System, runs
AE02006.D 111905A and ALTCAFE.D121505A.

Table 5. Basic features of State renewable energy re-
quirements and goals enacted since 2003: Energy In-
formation Administration, Office of Integrated Analysis
and Forecasting.

Table 6. Major changes in existing State renewable
energy requirements and goals since 2003: Energy In-
formation Administration, Office of Integrated Analysis
and Forecasting.

Table 7. New U.S. renewable energy capacity, 2004-
2005: Energy Information Administration, Office of Inte-
grated Analysis and Forecasting.

Table 8. Estimates of national trends in annual emis-
sions of sulfur dioxide and nitrogen oxides, 2003-
2020: EPA Data: U.S. Environmental Protection Agency,
Regulatory Impact Analysis for the Final Clean Air Inter-
state Rule, EPA-452/R-05-002 (Washington, DC, March
2005), Table 7-2, p. 196. Projections: AE02006 National
Energy Modeling System, run AE02006.D111905A.

Table 9. Macroeconomic model estimates of eco-
nomic impacts from oil price increases: H.G. Hunting-
ton, The Economic Consequences of Higher Crude Oil
Prices, EMF SR 9 (Stanford, CA, October 2005), web site
www.stanford.edu/group/EMF/publications/doc/EMFSR9.
pdf.

Table 10. Time-series estimates of economic impacts
from oil price increases: R. Jimenez-Rodriguez and M.
Sanchez. "Oil Price Shocks and Real GDP Growth: Empiri-
cal Evidence for Some OECD Countries," Applied Econom-
ics, Vol. 37, No. 2 (February 2005), pp. 201-228.

Table 11. Summary of U.S. oil price-GDP elasticities:
H.G. Huntington, The Economic Consequences of Higher
Crude Oil Prices, EMF SR 9 (Stanford, CA, October 2005),
web site www.stanford.edu/group/EMF/publications/doc/
EMFSR9.pdf.

Table 12. Economic indicators in the reference, high
price, and low price cases, 2005-2030: AE02006 Na-
tional Energy Modeling System, runs AE02006.D111905A,
LP2006.D120105A, and HP2006.D113005A.

Table 13. Technologies expected to have significant
impacts on new light-duty vehicles: Energy Informa-
tion Administration, Office of Integrated Analysis and
Forecasting.

Table 14. Nonconventional liquid fuels production
in the AE02006 reference and high price cases, 2030:
AE02006 National Energy Modeling System, runs AEO-
2006.D111905A and HP2006.D113005A.

Table 15. Projected changes in U.S. greenhouse gas
emissions, gross domestic product, and greenhouse
gas intensity, 2002-2020: AE02006 National Energy
Modeling System, run AE02006.D111905A.

Table 16. Costs of producing electricity from new
plants, 2015 and 2030: AE02006 National Energy
Modeling System, run AE02006.D111905A.

Table 17. Technically recoverable U.S. natural gas
resources as of January 1, 2004: Energy Information
Administration, Office of Integrated Analysis and Fore-
casting.

Table 18. Technically recoverable U.S. crude oil re-
sources as of January 1, 2004: Energy Information Ad-
ministration, Office of Integrated Analysis and Forecasting.

Figure Notes and Sources

Note: Tables indicated as sources in these notes refer
to the tables in Appendixes A, B, C, and D of this
report.

Figure 1. Energy prices, 1980-2030: History: Energy
Information Administration, Annual Energy Review 2004,
DOE/EIA-0384(2004) (Washington, DC, August 2005).
Projections: Table Al.

Figure 2. Delivered energy consumption by sector,
1980-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: Table A2.

Figure 3. Energy consumption by fuel, 1980-2030:
History: Energy Information Administration, Annual En-
ergy Review 2004, DOE/EIA-0384(2004) (Washington, DC,
August 2005). Projections: Tables Al and A18.
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Figure 4. Energy use per capita and per dollar of
gross domestic product, 1980-2030: History: Energy
Information Administration, Annual Energy Review 2004,
DOE/EIA-0384(2004) (Washington, DC, August 2005).
Projections: Energy use per capita: Calculated from
data in Table A2. Energy use per dollar of GDP: Table
A19.

Figure 5. Electricity generation by fuel, 1980-2030:
History: Energy Information Administration (EIA), Form
EIA-860B, "Annual Electric Generator Report-Nonutil-
ity"; EIA, Annual Energy Review 2004, DOE/EIA-0384
(2004) (Washington, DC, August 2005); and Edison Electric
Institute. Projections: Table A8.

Figure 6. Total energy production and consumption,
1980-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: Table Al.

Figure 7. Energy production by fuel, 1980-2030: His-
tory: Energy Information Administration, Annual Energy
Review 2004, DOE/EIA-0384(2004) (Washington, DC, Au-
gust 2005). Projections: Tables Al and A17.

Figure 8. Projected U.S. carbon dioxide emissions by
sector and fuel, 1990-2030: History: Energy Informa-
tion Administration, Emissions of Greenhouse Gases in the
United States 2004, DOE/EIA-0573(2004) (Washington,
DC, December 2005). Projections: Table A18.

Figure 9. Sulfur dioxide emissions in selected States,
1980-2003: U.S. Environmental Protection Agency, web
site http://cfpub.epa.gov/gdm.

Figure 10. World oil prices in the AE02005 and
AE02006 reference cases: AE02005: Energy Informa-
tion Administration, AE02005 National Energy Modeling
System, run AE02005.D102004A. AE02006: Table Al.

Figure 11. World oil prices in three AE02006 cases,
1980-2030: Table Cl.

Figure 12. Changes in world oil price and U.S. real
GDP in the AE02006 high and low price cases, 2004-
2030: AE02006 National Energy Modeling System, runs
LP2006.D120105A and HP2006.D113005A.

Figure 13. GDP elasticities with respect to oil price
changes in the high price case, 2006-2030: AE02006
National Energy Modeling System, run HP2006.
D 113005A. Note: The figure shows profiles of year-by-year
and period average GDP elasticities with respect to oil price
changes in the high price case. The elasticities are com-
puted as follows: (1) Year-by-year elasticity = ( Percentage
change from baseline real GDP) / (Percentage change from
baseline oil price ). (2) Period average elasticity = (percent-
age change in cumulative high price GDPs from cumulative
baseline GDPs ) / ( Percentage change in cumulative high
prices from cumulative baseline prices ).

Figure 14. Purvin & Gertz forecast for world oil pro-
duction by crude oil quality, 1990-2020: Purvin &
Gertz, Inc., "Global Petroleum Market Outlook-An On-
line Global Service," Petroleum Balances (2004), web site
www.purvingertz.com/studies.html.

Figure 15. Sulfur content specifications for U.S. pe-
troleum products, 1990-2014: U.S. Environmental Pro-
tection Agency, "Tier 2/Gasoline Sulfur Final Rule" (Wash-
ington, DC, February 2000), web site www.epa.gov/tier2/
finalrule.htm; "Control of Air Pollution From New Motor
Vehicles: Heavy-Duty Engine and Vehicle Standards and
Highway Diesel Fuel Sulfur Control Requirements Final
Rule" (Washington, DC, January 2001), web site www.epa.
gov/fedrgstr/EPA-AIR/2001/January/Day-18/aOla.htm;
and "Control of Emissions of Air Pollution From Nonroad
Diesel Engines and Fuel Final Rule" (Washington, DC,
June 2004), web site www.epa.gov/fedrgstr/EPA-AIR/2004/
June/Day-29/al1293a.htm.

Figure 16. U.S. hydrotreating capacity, 1990-2030:
History: Energy Information Administration, Office of Oil
and Gas, derived from Form EI-810 "Monthly Refinery Re-
port." Projections: AE02006 National Energy Modeling
System, run AE02006.D111905A.

Figure 17. Market penetration of advanced technol-
ogies in new cars, 2004 and 2030: AE02006 National
Energy Modeling System, run AE02006.D111905A.

Figure 18. Market penetration of advanced technol-
ogies in new light trucks, 2004 and 2030: AE02006 Na-
tional Energy Modeling System, run AE02006.D11905A.

Figure 19. System elements for production of syn-
thetic fuels from coal, natural gas, and biomass:
Energy Information Administration, Office of Integrated
Analysis and Forecasting.

Figure 20. Mercury emissions from the electricity
generation sector, 2002-2030: AE02006 National En-
ergy Modeling System, runs AE02006.D111905A and
AC12006.Dl12305A.

Figure 21. Mercury. allowance prices, 2010-2030:
AE02006 National Energy Modeling System, runs AEO-
2006.D111905A and AC12006.Dl12305A.

Figure 22. Coal-fired generating capacity retrofitted
with activated carbon injection systems, 2010-2030:
AE02006 National Energy Modeling System, runs AEO-
2006.Dl11905A and AC12006.Dl12305A.

Figure 23. Projected change in U.S. greenhouse gas
intensity in three cases, 2002-2020: AE02006 National
Energy Modeling System, runs AE02006.D111905A,
LTRKITEN.D121905A, and HTRKITEN.D121905A.

Figure 24. Average annual growth rates of real GDP,
labor force, and productivity in three cases, 2004-
2030: Table B4.

Figure 25. Average annual unemployment, interest,
and inflation rates, 2004-2030: Table A19.

Figure 26. Sectoral composition of output growth
rates, 2004-2030: AE02006 National Energy Modeling
System, run AE02006.D111905A.

Figure 27. Sectoral composition of manufacturing
output growth rates, 2004-2030: AE02006 National En-
ergy Modeling System, run AE02006.D1l1905A.
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Figure 28. Energy expenditures as share of gross do-
mestic product, 1970-2030: History: U.S. Department
of Commerce, Bureau of Economic Analysis; and Energy In-
formation Administration, Annual Energy Review 2004,
DOE/EIA-0384(2004) (Washington, DC, August 2005).
Projections: AE02006 National Energy Modeling Sys-
tem, run AE02006.D11905A.

Figure 29. World oil prices in three cases, 1980-2030:
History: Energy Information Administration, Annual En-
ergy Review 2004, DOE/EIA-0384(2004) (Washington, DC,
August 2005). Projections: Table C1.
Figure 30. U.S. gross petroleum imports by source,
2004-2030: AE02006 National Energy Modeling System,
run AE02006.D111905A.

Figure 31. Energy use per capita and per dollar of
gross domestic product, 1980-2030: History: Energy
Information Administration, Annual Energy Review 2004,
DOE/EIA-0384(2004) (Washington, DC, August 2005).
Projections: Energy use per capita: Calculated from
data in Table A2. Energy use per dollar of GDP: Table
A19.

Figure 32. Primary energy use by fuel, 2004-2030:
History: Energy Information Administration, Annual En-
ergy Review 2004, DOE/EIA-0384(2004) (Washington, DC,
August 2005). Projections: Tables Al and A17.

Figure 33. Delivered energy use by fuel, 1980-2030:
History: Energy Information Administration, Annual En-
ergy Review 2004, DOE/EIA-0384(2004) (Washington, DC,
August 2005). Projections: Table A2.
Figure 34. Primary energy consumption by sector,
1980-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: Table A2.
Figure 35. Delivered residential energy consump-
tion per capita by fuel, 1980-2030: History: Energy In-
formation Administration, State Energy Data Report 2001,
DOE/EIA-0214(2001) (Washington, DC, November 2004),
and Annual Energy Review 2004, DOE/EIA-0384(2004)
(Washington, DC, August 2005). Projections: AE02006
National Energy Modeling System, run AE02006.
D111905A.

Figure 36. Delivered residential energy consump-
tion by end use, 2001, 2004, 2015, and 2030: History:
Energy Information Administration, "Residential Energy
Consumption Survey." Projections: Table A4. Note: Al-
though 2001 is the last year of historical data for many of
the detailed end-use consumption concepts (e.g., space
heating, cooling), 2004 data, taken from EIA's Annual En-
ergy Review 2004, is used as the base year for the more ag-
gregate statistics shown in AE02006. For illustrative pur-
poses, EIA estimates for the detailed end-use consumption
concepts, consistent with this historical information, are
used to show growth rates.
Figure 37. Efficiency indicators for selected residen-
tial appliances, 2004 and 2030: Energy Information Ad-
ministration, Technology Forecast Updates-Residential
and Commercial Building Technologies-Advanced Adop-
tion Case (Navigant Consulting, Inc., September 2004); and
AE02006 National Energy Modeling System, run AEO-
2006.D111905A.

Figure 38. Variation from reference case delivered
residential energy use in three alternative cases,
2004-2030: Table D1.

Figure 39. Delivered commercial energy consump-
tion per capita by fuel, 1980-2030: History: Energy In-
formation Administration, State Energy Data Report 2001,
DOE/EIA-0214(2001) (Washington, DC, November 2004),
and Annual Energy Review 2004, DOE/EIA-0384(2004)
(Washington, DC, August 2005). Projections: AE02006
National Energy Modeling System, run AE02006.
D111905A.

Figure 40. Delivered commercial energy intensity by
end use, 2004, 2015, and 2030: Table A5.
Figure 41. Efficiency indicators for selected com-
mercial equipment, 2004 and 2030: Energy Informa-
tion Administration, Technology Forecast Updates-Resi-
dential and Commercial Building Technologies-Advanced
Adoption Case (Navigant Consulting, Inc., September
2004); and AE02006 National Energy Modeling System,
run AE02006.D111905A.

Figure 42. Variation from reference case delivered
commercial energy intensity in three alternative
cases, 2004-2030: Table D1.
Figure 43. Buildings sector electricity generation
from advanced technologies in two alternative
cases, 2030: AE02006 National Energy Modeling System,
runs AE02006.D111905A, BLDHIGH.D112205A, and
BLDBEST.D112205C.

Figure 44. Industrial energy intensity by two mea-
sures, 1980-2030: History: Energy Information Adminis-
tration, Annual Energy Review 2004, DOE/EIA-0384(2004)
(Washington, DC, August 2005). Projections: AE02006
National Energy Modeling System, run AE02006.
D111905A.

Figure 45. Energy intensity in the industrial sector,
2004: AE02006 National Energy Modeling System, run
AE02006.D111905A.

Figure 46. Average growth in industrial output and
delivered energy consumption by sector, 2004-2030:
AE02006 National Energy Modeling System, run AEO-
2006.D111905A.

Figure 47. Projected energy intensity in 2030 rela-
tive to 2004, by industry: AE02006 National Energy
Modeling System, run AE02006.D111905A.

Figure 48. Variation from reference case delivered
industrial energy use in two alternative cases, 2004-
2030: Table D2.
Figure 49. Transportation energy use per capita,
1980-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: AE02006 Na-
tional Energy Modeling System, run AE02006.D111905A.
Figure 50. Transportation travel demand by mode,
1980-2030: History: Federal Highway Administration,
Highway Statistics 2002 (Washington, DC, November
2003), Table VM-1, p. V-57, web site www.fhwa.dot.gov/
policy/ohim/hs02/pdf/vml.pdf, and previous annual issues.
Projections: AE02006 National Energy Modeling Sys-
tem, run AE02006.D111905A.
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W Figure 51. Average fuel economy of new light-dutyvehicles, 1980-2030: History: National Highway Traffic
Safety Administration, Summary of Fuel Economy Perfor-
mance (Washington, DC, March 2004), web site www.
nhtsa.gov/cars/rules/CAFE/docs/Summary-Fuel-Economy-
Pref-2004.pdf. Projections: AE02006 National Energy
Modeling System, run AE02006.D111905A.
Figure 52. Sales of advanced technology light-duty
vehicles by fuel type, 2015 and 2030: AE02006 Na-
tional Energy Modeling System, run AE02006.D111905A.
Figure 53. Changes in projected transportation fuel
use in two alternative cases, 2010 and 2030: Table D3.

Figure 54. Changes in projected transportation fuel
efficiency in two alternative cases, 2010 and 2030:
Table D3.

Figure 55. Annual electricity sales by sector, 1980-
2030: History: Energy Information Administration, An-
nual Energy Review 2004, DOE/EIA-0384(2004) (Washing-
ton, DC, August 2005). Projections: Table A8.
Figure 56. Electricity generation capacity additions
by fuel type, including combined heat and power,
2005-2030: Table A9.
Figure 57. Electricity generation capacity additions,
including combined heat and power, by region and
fuel, 2005-2030: AEO2006 National Energy Modeling Sys-
tem, run AE02006.D111905A.
Figure 58. Levelized electricity costs for new plants,O 2015 and 2030: AE02006 National Energy Modeling Sys-
tem, run AE02006.D111905A.

Figure 59. Electricity generation from nuclear
power, 1973-2030: History: Energy Information Admin-
istration, Annual Energy Review 2004, DOE/EIA-0384
(2004) (Washington, DC, August 2005). Projections:
Table A8.
Figure 60. Additions of renewable generating capac-
ity, 2004-2030: AE02006 National Energy Modeling Sys-
tem, run AE02006.D111905A.
Figure 61. Levelized and avoided costs for new re-
newable plants in the Northwest, 2015 and 2030:
AE02006 National Energy Modeling System, run AEO-
2006.D111905A.
Figure 62. Electricity generation by fuel, 2004 and
2030: Table A8.

Figure 63. Grid-connected electricity generation
from renewable energy sources, 1980-2030: History:
Energy Information Administration, Annual Energy Re-
view 2004, DOE/EIA-0384(2004) (Washington, DC, August
2005). Projections: Table A16. Note: Data for nonutility
producers are not available before 1989.

Figure 64. Nonhydroelectric renewable electricity
generation by energy source, 2004-2030: Table A16.

Figure 65. Fuel prices to electricity generators,
1995-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: AE02006 Na-
tional Energy Modeling System, run AE02006.D111905A.

Figure 66. Average U.S. retail electricity prices,
1970-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: Table A8.

Figure 67. Cumulative new generating capacity by
technology type in three economic growth cases,
2004-2030: AE02006 National Energy Modeling System,
runs AE02006.D111905A, LM2006.D113005A, and
HM2006.D112505B.

Figure 68. Cumulative new generating capacity by
technology type in three fossil fuel technology
cases, 2004-2030: Table D6.
Figure 69. Levelized electricity costs for new plants
by fuel type in two nuclear cost cases, 2015 and
2030: AE02006 National Energy Modeling System,
runs AE02006.D111905A, ADVNUC5A.D120105A, and
ADVNUC20.D120105A. Note: Includes generation and in-
terconnection costs.

Figure 70. Nonhydroelectric renewable electricity
generation by energy source in three cases, 2010 and
2030: Table D7.

Figure 71. Natural gas consumption by sector, i990-
2030: History: Energy Information Administration, An-
nual Energy Review 2004, DOE/EIA-0384 (2004) (Washing-
ton, DC, August 2005). Projections: Table A13.
Figure 72. Increases in natural gas consumption by
Census division, 2004-2030: AE02006 National Energy
Modeling System, run AE02006.D111905A.

Figure 73. Natural gas production by source, 1990-
2030: Table A14.

Figure 74. Net U.S. imports of natural gas by source,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: AE02006 Na-
tional Energy Modeling System, run AE02006. D111905A.

Figure 75. Lower 48 natural gas wellhead prices,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: Table A14.
Figure 76. Natural gas prices by end-use sector,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: Table A13.
Figure 77. Lower 48 natural gas wellhead prices in
three technology cases, 1990-2030: History: Energy
Information Administration, Annual Energy Review 2004,
DOE/EIA-0384(2004) (Washington, DC, August 2005).
Projections: Table D9.
Figure 78. Natural gas production and net imports
in three technology cases, 1990-2030: History: Energy
Information Administration, Annual Energy Review 2004,
DOE/EIA-0384(2004) (Washington, DC, August 2005).
Projections: Table D9.
Figure 79. Lower 48 natural gas wellhead prices in
three price cases, 1990-2030: History: Energy Informa-
tion Administration, Annual Energy Review 2004, DOE/
EIA-0384(2004) (Washington, DC, August 2005). Projec-
tions: Table C1.
Figure 80. Net imports of liquefied natural gas in
three price cases, 1990-2030: History: Energy Informa-
tion Administration, Annual Energy Review 2004, DOE/
EIA-0384(2004) (Washington, DC, August 2005). Projec-
tions: AE02006 National Energy Modeling System, runs
AE02006.D111905A, LP2006.D120105A, and HP2006.
D113005A.
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Figure 81. Net imports of liquefied natural gas in
three LNG supply cases, 1990-2030: History: Energy
Information Administration, Annual Energy Review 2004,
DOE/EIA-0384(2004) (Washington, DC, August 2005).
Projections: AE02006 National Energy Modeling Sys-
tem, runs AE02006.D111905A, LOLNG06.D120405A, and
HILNGD6.D120405.

Figure 82. Lower 48 natural gas wellhead prices in
three LNG supply cases, 1990-2030: History: Energy
Information Administration, Annual Energy Review 2004,
DOE/EIA-0384(2004) (Washington, DC, August 2005).
Projections: Table Dll.

Figure 83. World oil prices in the reference case,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: Table Al.

Figure 84. Domestic crude oil production by source,
1990-2030: History: Energy Information Administration,
Petroleum Supply Annual 1990, DOE/EIA-0340(90) (Wash-
ington, DC, May 1991), and Office of Integrated Analysis
and Forecasting. Projections: AE02006 National Energy
Modeling System, run AE02006.D111905A.

Figure 85. World oil prices in three cases, 1990-2030:
History: Energy Information Administration, Annual En-
ergy Review 2004, DOE/EIA-0384(2004) (Washington, DC,
August 2005). Projections: Table Cl.

Figure 86. Total U.S. petroleum production in three
price cases, 1990-2030: History: Energy Information
Administration, Annual Energy Review 2004, DOE/EIA-
0384(2004) (Washington, DC, August 2005). Projections:
Table C4.

Figure 87. U.S. syncrude production from oil shale in
the high price case, 2004-2030: AE02006 National En-
ergy Modeling System, run HP2006.D113005A.

Figure 88. Total U.S. crude oil production in three
technology cases, 1990-2030: History: Energy Informa-
tion Administration, Annual Energy Review 2004, DOE/
EIA-0384(2004) (Washington, DC, August 2005). Projec-
tions: Table D10.

Figure 89. Alaskan oil production in the reference
and ANWR cases, 1990-2030: History: Energy Informa-
tion Administration, Annual Energy Review 2004, DOE/
EIA-0384(2004) (Washington, DC, August 2005). Projec-
tions: Table D12.

Figure 90. U.S. net imports of oil in the reference
and ANWR cases, 1990-2030: History: Energy Informa-
tion Administration, Annual Energy Review 2004, DOE/
EIA-0384(2004) (Washington, DC, August 2005). Projec-
tions: Table D12.

Figure 91. Consumption of petroleum products,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: Table All.

Figure 92. Domestic refinery distillation capacity,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: Table All.

Figure 93. U.S. petroleum product demand and do-
mestic petroleum supply, 1990-2030: History: Energy
Information Administration, Annual Energy Review 2004,
DOE/EIA-0384(2004) (Washington, DC, August 2005).
Projections: Tables All.

Figure 94. Components of retail gasoline prices,
2004, 2015, and 2030: AE02006 Energy Modeling Sys-
tem, run AE02006.D111905A.

Figure 95. U.S. ethanol fuel consumption in three
price cases, 1995-2030: History: Energy Information
Administration, Annual Energy Review 2004, DOE/EIA-
0384(2004) (Washington, DC, August 2005). Projections:
AE02006 National Energy Modeling System, runs
AE02006.Dll1905A, LP2006.D120105A, and HP2006.
D113005A.

Figure 96. Coal-to-liquids and gas-to-liquids produc-
tion in two price cases, 2004-2030: Table C4.

Figure 97. Coal production by region, 1970-2030: His-
tory: 1970-1990: Energy Information Administration
(ETA), The U.S. Coal Industry, 1970-1990: Two Decades of
Change, DOE/EIA-0559 (Washington, DC, November
2002); 1991-2000: EIA, Coal Industry Annual, DOE/
EIA-0584 (various years); 2001-2004: EIA, Annual Coal
Report 2004, DOE/EIA-0584(2004) (Washington, DC, No-
vember 2005), and previous issues; and EIA, Short-Term
Energy Outlook (Washington, DC, September 2005). Pro-
jections: Table A15.

Figure 98. Distribution of domestic coal by demand
and supply region, 2003 and 2030: 2003: Energy Infor-
mation Administration (ETA), Form EIA-6, "Coal Distribu-
tion Report-Annual." Projections: AE02006 National
Energy Modeling System, run AE02006.D111905A. Note:
The Eastern Demand Region includes the New England,
Middle Atlantic, South Atlantic, East North Central, and
East South Central Census Divisions. The Western De-
mand Region includes the West North Central, West South
Central, Mountain, and Pacific Census Divisions.

Figure 99. U.S. coal mine employment by region,
1970-2030: History: 1970-1976: U.S. Department of the
Interior, Bureau of Mines, Minerals Yearbook (various
years); 1977-1978: Energy Information Administration
(EIA), Energy Data Report, Coal-Bituminous and Lignite,
DOE/EIA-0118 (Washington, DC, various years), and En-
ergy Data Report, Coal-Pennsylvania Anthracite, DOE/
EIA-0119 (Washington, DC, various years); 1979-1992:
EIA, Coal Production, DOE/EIA-0118 (various years);
1993-2000: EIA, Coal Industry Annual, DOE/EIA-0584
(Washington, DC, various years); 2001-2004: EIA, Annual
Coal Report 2004, DOE/EIA-0584(2004) (Washington, DC,
November 2005), and previous issues. Projections: AEO-
2006 National Energy Modeling System, run AE02006.
D111905A.

Figure 100. Average minemouth price of coal by re-
gion, 1990-2030: History: 1990-2000: Energy Informa-
tion Administration (ETA), Coal Industry Annual, DOE/
EIA-0584 (various years); 2001-2004: EIA, Annual Coal
Report 2004, DOE/EIA-0584(2004) (Washington, DC, No-
vember 2005), and previous issues. Projections: AE02006
National Energy Modeling System, run AE02006.
D111905A.
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W Figure 101. Changes in regional coal transportationrates, 2010, 2025, and 2030: AE02006 National Energy
Modeling System, run AE02006.D111905A.

Figure 102. U.S. coal exports and imports, 1970-2030:
History: Energy Information Administration, Annual En-
ergy Review 2004, DOE/EIA-0384(2004) (Washington, DC,
August 2005). Projections: Table A15.

Figure 103. Electricity and other coal consumption,
1970-2030: History: Energy Information Administration,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Wash-
ington, DC, August 2005). Projections: Table A15.

Figure 104. Coal consumption in the industrial and
buildings sectors and at coal-to-liquids plants, 2004,
2015, and 2030: Table A15.

Figure 105. Projected variation from the reference
case projection of U.S. total coal demand in four
cases, 2030: AE02006 National Energy Modeling System,
runs AE02006.D111905A, LP2006.D120105A, HP2006.
Dl13005A, LM2006.D113005A, and HM2006.D112505B.

Figure 106. Average delivered coal prices in three
cost cases, 1990-2030: History: Energy Information
Administration (EIA), Quarterly Coal Report, October-
December 2004, DOE/EIA-0121(2004/4Q) (Washington,
DC, March 2005), and previous issues; EIA, Electric Power
Monthly, June 2005, DOE/EIA-0226(2005/06) (Washing-
ton, DC, June 2005); and EIA, Annual Energy Review 2004,
DOE/EIA-0384(2004) (Washington, DC, August 2005).O Projections: Table D13. Note: Historical prices are
weighted by consumption but exclude residential/commer-
cial prices and export free-alongside-ship (f.a.s.) prices. Pro-
jected prices are weighted in the same way as historical
prices and also exclude import quantities and prices.

Figure 107. Carbon dioxide emissions by sector and
fuel, 2004 and 2030: 2004: Energy Information Adminis-
tration, Emissions of Greenhouse Gases in the United States
2004, DOE/EIA-0573(2004) (Washington, DC, December
2005). Projections: Table A18.

Figure 108. Carbon dioxide emissions in three eco-
nomic growth cases, 1990-2030: History: Energy Infor-
mation Administration, Emissions of Greenhouse Gases in
the United States 2004, DOE/EIA-0573(2004) (Washington,
DC, December 2005). Projections: Table B2.

Figure 109. Carbon dioxide emissions in three tech-
nology cases, 2004, 2020, and 2030: History: Energy
Information Administration, Emissions of Greenhouse
Gases in the United States 2004, DOE/EIA-0573(2004)
(Washington, DC, December 2005). Projections: Table
D4.

Figure 110. Sulfur dioxide emissions from electricity
generation, 1990-2030: History: 1990 and 1995: U.S.
Environmental Protection Agency, National Air Pollutant
Emissions Trends, 1990-1998, EPA- 454/R-00-002 (Wash-
ington, DC, March 2000). 2004: U.S. Environmental Pro-
tection Agency, Acid Rain Program Preliminary Summary
Emissions Report, Fourth Quarter 2004, web site www.epa.
gov/airmarkets/emissions/prelimarp/index.html. Projec-
tions: AE02006 National Energy Modeling System, run
AE02006.D111905A.

Figure 111. Nitrogen oxide emissions from electric-
ity generation, 1990-2030: History: 1990 and 1995:
U.S. Environmental Protection Agency, National Air Pol-
lutant Emissions Trends, 1990-1998, EPA- 454/R-00-002
(Washington, DC, March 2000). 2004: U.S. Environmental
Protection Agency, Acid Rain Program Preliminary Sum-
mary Emissions Report, Fourth Quarter 2004, web site
www.epa.gov/airmarkets/emissions/prelimarp/index.html.
Projections: AE02006 National Energy Modeling Sys-
tem, run AE02006.D111905A.

Figure 112. Mercury emissions from electricity gen-
eration, 1995-2030: History: 1995, 2000, and 2004:
Energy Information Administration, Office of Integrated
Analysis and Forecasting. Projections: AE02006 Na-
tional Energy Modeling System, run AE02006.D111905A.
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Appendix A

Reference Case
Table Al. Total Energy Supply and Disposition Summary

(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case Annual

Supply, Disposition, and Prices __ Growth
I 2 I 2 I 2 i I o004.2030

2003T2004 2010 2015 2020 2025 2030 (percent)

Production
Crude Oil and Lease Condensate ............ 12.05 11.47 12.45 12.37 11.75 10.56 9.68 -0.7%
Natural Gas Plant Liquids .................. 2.34 2.46 2.39 2.57 2.67 2.62 2.57 0.2%
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%

Imports
Crude Oi 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
•

. 
21.06. 22.02 22.01 22.91 24.63 26.96 29.54 1.1%

Petroleum Products
4  . . . . . . . . . . . . . . . . . . . . . . . . . 

5.16 5.93 6.36 7.29 8.01 8.41. 9.27 1.7%
Natural Gas ............................. 4.10 4.36 5.01 5.81 5.83 6.37 6.72 1.7%
Other Imports5 ........................... 0.67 0.83 0.45 0.74 1.36 2.02 2.42 4.2%

Total ................................. 30.98 33.14 33.83 36.75 39.83 43.76 47.95 1.4%

Exports
Petroleum6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.03 2.07 2.15 2.18 2.24 2.26 2.31 0.4%
Natural Gas ............................. 0.71 0.86 0.55 0.58 0.68 0.86 1.01 0.6%
Coal ................................... 1.12 1.25 1.03 0.54 0.46 0.48 0.40 -4.3%

Total ................................. 3.86 4.18 3.74 3.30 3.39 3.61 3.72 -0.5%

Discrepancy 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-0.40 -0.31 -0.36 -0.16 -0.15 -0.25 -0.30 N/A

Consumption
Petroleum Products

8 . . . . . . . . . . . . . . . . . . . . . . .  
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
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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%

Net Imports - Petroleum .................... 24.19 25.88 26.22 28.02 30.39 33.11 36.49 1.3%

Prices (2004 dollars per unit)
Imported Low Sulfur Light Crude Oil Price
(dollars per barrel)

1  . . . . . . . . . . . . . . . . . . . . . .  
31.72 40.49 47.29 47.79 50.70 54.08 56.97 1.3%

Imported Crude Oil Price (dollars per barrel)
1
" 

28 .4 6  3 5 . 9 9  4 3 .9 9  4 3 . 0 0  4 4 . 9 9  4 7 .9 9  4 9 . 9 9  1 . 3 %

Natural Gas Wellhead Price
(dollars per thousand cubic feet)

11 . . . . . . . . . . . .  
5.08 5.49 5.03 4.52 4.90 5.43 5.92 0.3%

Coal Minemouth Price (dollars per ton) ........ 18.40 20.07 22.23 20.39 20.20 20.63 21.73 0.3%
Average Electricity Price (cents per kilowatthour) 7.6 7.6 7.3 7.1 7.2 7.4 7.5 -0.0%

'Includes grid-connected electricity from conventional hydroelectric; wood and wood waste; landfill gas; municipal solid waste; other biomass; wind; photovoltaic and
solar thermal sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components
of E85, but not the ethanol components of blends less than 85 percent. Excludes electricity imports using renewable sources and nonmarketed renewable energy.
See Table A17 for selected nonmarketed residential and commercial renewable energy.

2Includes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.
3Includes imports of crude oil for the Strategic Petroleum Reserve.
'Includes imports of finished petroleum products, unfinished oils, alcohols, ethers, and blending components.
5Includes coal, coal coke (net), and electricity (net).
6Includes crude oil and petroleum products.
7Balancing item. Includes unaccounted for supply, losses, gains, net storage withdrawals, heat loss when natural gas is converted to liquid fuel, and heat loss when

coal is converted to liquid fuel.
'Includes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum-based liquids for blending, such as ethanol.
.Includes net electricity imports, methanol, and liquid hydrogen.
"°Weighted average price delivered to U.S. refiners.
'Represents lower 48 onshore and offshore supplies.
Btu = British thermal unit.
N/A = Not applicable.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports.
Sources: 2003 natural gas supply values: Energy Information Administration (EIA), Natural Gas Annual2003, DOE/EIA-0131 (2003) (Washington, DC, December

2004). 2004 natural gas supply values and natural gas wellhead price: EIA, Natural Gas Monthly, DOE/EIA-0130(2005/06) (Washington, DC, June 2005), subtracting
1 billion cubic feet per day to account for carbon dioxide included in production in Texas. 2003 natural gas wellhead price: Mineral Management Service and EIA, Natural
Gas Annual 2003, DOE/EIA-01 31(2003) (Washington, DC, December 2004). 2003 coal minemouth prices: EIA, Annual Coal Report 2004, DOE/EIA-0584(2004)
(Washington, DC, November 2005). 2004 petroleum supply values and 2003 crude oil and lease condensate production: EIA, Petroleum Supply Annual 2004,
DOE/EIA-0340(2004)/1 (Washington, DC, June 2005). Other 2003 petroleum supply values: EIA, Petroleum SupplyAnnual2003, DOE/EIA-0340(2003)/1 (Washington,
DC, July 2004). 2003 and 2004 low sulfur light crude oil price: EIA, Form EIA-856, "Monthly Foreign Crude Oil Acquisition Report." Other 2003 and 2004 coal values:
Ouarterty Coal Report, October-December2004, DOEIEIA-0121(2004/4Q) (Washington, DC, March 2005). Other2003 and 2004 values: EIA, Annual Energy Review
2004, DOEFEIA-0384(2004) (Washington, DC, August 2005). Projections: EIA, AEO2006 National Energy Modeling System run AE02006.D111905A.

Energy Information Administration / Annual Energy Outlook 2006 133



Reference Case

Table A2. Energy Consumption by Sector and Source
(Quadrillion Btu per Year, Unless Otherwise Noted)

Sector and Source

Reference Case Annual
Growth

2004-2030
2003 1 2004 1 2010 1 2015 1 2020 1 2025 1 2030 (percent)

Energy Consumption

Residential
D istillate Fuel ..........................
Kerosene .............................
Liquefied Petroleum Gas .................

Petroleum Subtotal ....................
Natural G as ...........................
C oa l .... ........... ............... ...
Renewable Energy' .....................
E lectricity .............................

Delivered Energy .....................
Electricity Related Losses ................
Total ...............................

Commercial
Distillate Fuel ..........................
Residual Fuel .........................
Kerosene .............................
Liquefied Petroleum Gas .................
M otor Gasoline .........................

Petroleum Subtotal ....................
Natural G as ...........................
C o a l .............. .. .................
Renewable Energy ......................
E lectricity .............................

Delivered Energy .....................
Electricity Related Losses ................
Total ...............................

Industrial'
Distillate Fuel ..........................
Liquefied Petroleum Gas .................
Petrochemical Feedstock ................
Residual Fuel .........................
M otor Gasoline .........................
Other Petroleum ........................

Petroleum Subtotal ....................
Natural G as ...........................
Lease and Plant Fuel ...................

Natural Gas Subtotal ...................
M etallurgical Coal ......................
Other Industrial Coal ....................
Coal-to-Liquids Heat and Power ...........
Net Coal Coke Imports ..................

Coal Subtotal .........................
Renewable Energy7 .....................
E lectricity .............................

Delivered Energy .....................
Electricity Related Losses ................
Total ...............................

0.91
0.08
0.52
1.50
5.25
0.01
0.40
4.34

11.51
9.51

21.02

0.48
0.11
0.02
0.09
0.05
0.75
3.32
0.08
0.09
4.09
8.34
8.96

17.30

1.14
2.12
1.37
0.22
0.31
4.12
9.28
7.38
1.16
8.54
0.67
1.38
0.00
0.05
2.09
1.59
3.44

24.94
7.53

32.46

0.94
0.09
0.54
1.57
5.03
0.01
0.41
4.41

11.44
9.60

21.04

0.50
0.12
0.02
0.10
0.05
0.79
3.09
0.09
0.09
4.19
8.24
9.13

17.37

1.19
2.19
1.49
0.24
0.32
4.16
9.58
7.64
1.14
8.78
0.65
1.38
0.00
0.14
2.16
1.68
3.48

25.68
7.58

33.27

0.84
0.09
0.56
1.48
5.33
0.01
0.44
4.99

12.25
10.74
22.99

0.48
0.12
0.02
0.10
0.05
0.77
3.18
0.09
0.09
4.88
9.00

10.51
19.51

1.20
2.21
1.48
0.20
0.32
4.60

10.01
8.07
1.12
9.19
0.62
1.43
0.00
0.02
2.07
1.79
3.62

26.67
7.79

34.46

0.79
0.09
0.59
1.47
5.52
0.01
0.43
5.38

12.81
11.26
24.07

0.49
0.12
0.02
0.10
0.05
0.78
3.46
0.09
0.09
5.43
9.85

11.37
21.23

1.20
2.26
1.49
0.19
0.32
4.83

10.29
8.33
1.22
9.55
0.61
1.43
0.16
0.02
2.21
1.90
3.76

27.72
7.88

35.60

0.73
0.08
0.61
1.43
5.68
0.01
0.43
5.77

13.31
11.85
25.17

0.50
0.12
0.02
0.10
0.05
0.79
3.68
0.09
0.09
6.01

10.66
12.35
23.02

1.23
2.34
1.51
0.20
0.32
5.05

10.65
8.52
1.28
9.80
0.59
1.43
0.49
0.02
2.53
2.01
3.91

28.91
8.04

36.95

0.67
0.07
0.63
1.37
5.74
0.01
0.42
6.10

13.64
12.24
25.88

0.51
0.12
0.03
0.10
0.05
0.80
3.89
0.09
0.09
6.63

11.50
13.32
24.82

1.26
2.44
1.53
0.21
0.33
5.34

11.10
8.77
1.24

10.02
0.58
1.43
1.22
0.01
3.25
2.14
4.08

30.58
8.19

38.77

0.61 -1.7%
0.07 -1.0%
0.65 0.7%
1.32 -0.7%
5.82 0.6%
0.01 -0.5%
0.41 0.1%
6.47 1.5%

14.04 0.8%
12.60 1.1%
26.64 0.9%

0.52 0.1%
0.12 0.1%
0.03 0.3%
0.10 0.2%
0.05 0.3%
0.82 0.1%
4.11 1.1%
0.09 -0.0%
0.09 0.0%
7.34 2.2%

12.44 1.6%
14.29 1.7%
26.73 1.7%

1.32 0.4%
2.54 0.6%
1.55 0.2%
0.21 -0.4%
0.34 0.2%
5.69 1.2%

11.66 0.8%
9.08 0.7%
1.21 0.2%

10.29 0.6%
0.58 -0.4%
1.45 0.2%
1.61 33.8%
0.02 -8.1%
3.65 2.0%
2.29 1.2%
4.31 0.8%

32.19 0.9%
8.39 0.4%

40.58 0.8%
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Reference Case

Table A2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Sector and Source

Reference Case Annual
Growth

2004-2030
2003 1 2004 1 2010 1 2015 1 2020 1 2025 1 2030 (percent)

Transportation
D istillate Fuel . .........................
Jet Fuel' .............................
M otor Gasoline .........................
Residual Fuel .........................
Liquefied Petroleum Gas .................
Other Petroleum" ......................

Petroleum Subtotal ....................
Pipeline Fuel Natural Gas ................
Compressed Natural Gas ................
Renewable Energy (E85) .. ...............
Liquid Hydrogen .......................
E lectricity .............................
Delivered Energy .....................

Electricity Related Losses ................
Total ...............................

Delivered Energy Consumption for All
Sectors

Distillate Fuel ..........................
Kerosene .............................
Jet Fuel . .............................
Liquefied Petroleum Gas .................
M otor Gasoline 2 . . . . . .. . . . . .. . . . . .. . . . . .

Petrochemical Feedstock ................
Residual Fuel .........................
Other Petroleu M12 ......................

Petroleum Subtotal ....................
Natural G as ...........................
Lease and Plant Fuel ....................
Pipeline Natural Gas ....................
Natural Gas Subtotal ...................

Metallurgical Coal ......................
O ther C oal ............................
Coal-to-Liquids Heat and Power ...........
Net Coal Coke Imports ..................

Coal Subtotal .........................
Renewable Energy .. .....................
Liquid Hydrogen .......................
E lectricity .............................
Delivered Energy .....................

Electricity Related Losses ................
Total ...............................

Electric Power"
D istillate Fuel ..........................
Residual Fuel .........................

Petroleum Subtotal ....................
Natural G as ............................
Steam C oal ...........................
Nuclear Power .........................
Renewable Energy .. ....................
Electricity Im ports ......................

Total ...............................

5.67 5.91 6.82 7.48 8.13 8.95 9.98
3.26 3.35 3.89 4.27 4.53 4.61 4.79

16.62 16.93 18.33 19.54 20.73 21.81 22.99
0.57 0.61 0.62 0.63 0.64 0.65 0.65
0.02 0.03 0.06 0.07 0.09 0.10 0.11
0.15 0.18 0.18 0.18 0.18 0.19 0.19

26.30 27.02 29.91 32.18 34.30 36.30 38.71
0.69 0.69 0.65 0.74 0.80 0.79 0.78
0.02 0.03 0.05 0.08 0.09 0.11 0.12
0.00 0.00 0.00 0.00 0.00 0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.08 0.08 0.09 0.09 0.10 0.10 0.11

27.09 27.82 30.70 33.09 35.30 37.31 39.72
0.18 0.18 0.19 0.20 0.20 0.21 0.21

27.27 28.00 30.90 33.29 35.50 37.52 39.93

8.19 8.55 9.34 9.96 10.59 11.38 12.43
0.11 0.13 0.14 0.13 0.13 0.12 0.11
3.26 3.35 3.89 4.27 4.53 4.61 4.79
2.76 2.85 2.92 3.02 3.14 3.27 3.40

16.98 17.30 18.70 19.91 21.10 22.19 23.38
1.37 1.49 1.48 1.49 1.51 1.53 1.55
0.90 0.97 0.94 0.94 0.96 0.98 0.99
4.26 4.32 4.75 4.99 5.21 5.50 5.86

37.83 38.96 42.17 44.72 47.17 49.57 52.51
15.96 15.79 16.63 17.39 17.97 18.51 19.13

1.16 1.14 1.12 1.22 1.28 1.24 1.21
0.69 0.69 0.65 0.74 0.80 0.79 0.78

17.81 17.62 18.40 19.35 20.06 20.55 21.11
0.67 0.65 0.62 0.61 0.59 0.58 0.58
1.47 1.47 1.53 1.52 1.53 1.53 1.54
0.00 0.00 0.00 0.16 0.49 1.22 1.61
0.05 0.14 0.02 0.02 0.02 0.01 0.02
2.19 2.26 2.17 2.31 2.63 3.35 3.74
2.08 2.17 2.32 2.41 2.53 2.66 2.80
0.00 0.00 0.00 0.00 0.00 0.00 0.00

11.96 12.17 13.57 14.67 15.79 16.91 18.22
71.87 73.18 78.62 83.46 88.19 93.04 98.40
26.18 26.50 29.24 30.71 32.45 33.95 35.48
98.05 99.68 107.87 114.18 120.63 126.99 133.88

0.29 0.17 0.23 0.23 0.24 0.26 0.27
0.84 0.95 0.74 0.73 0.73 0.74 0.80
1.13 1.12 0.97 0.96 0.97 1.00 1.07
5.23 5.45 5.65 7.32 7.65 7.23 6.54

20.19 20.26 22.92 23.35 25.02 27.54 30.74
7.96 8.23 8.44 8.66 9.09 9.09 9.09
3.62 3.57 4.76 5.01 5.47 5.95 6.22
0.02 0.04 0.07 0.08 0.05 0.05 0.05

38.14 38.67 42.82 45.38 48.24 50.86 53.71

2.0%
1.4%
1.2%
0.3%
5.0%
0.3%
1.4%
0.5%
6.0%
6.4%

N/A
0.9%
1.4%
0.5%
1.4%

1.5%
-0.6%
1.4%
0.7%
1.2%
0.2%
0.1%
1.2%
1.2%
0.7%
0.2%
0.5%
0.7%

-0.4%
0.2%

33.8%
-8.1%
2.0%
1.0%

N/A
1.6%
1.1%
1.1%
1.1%

1.8%
-0.6%
-0.2%
0.7%
1.6%
0.4%
2.2%
0.9%
1.3%
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Reference Case

Table A2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case Annual

Sector and Source Growth
I I I I I I 2004-2030

2003 2004 2010 2015 2020 2025 2030 (percent)

Total Energy Consumption
Distillate Fuel .......................... 8.48 8.72 9.57 10.19 10.83 11.64 12.70 1.5%
Kerosene ............................. 0.11 0.13 0.14 0.13 0.13 0.12 0.11 -0.6%
Jet Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3.26 3.35 3.89 4.27 4.53 4.61 4.79 1.4%
Liquefied Petroleum Gas ................. 2.76 2.85 2.92 3.02 3.14 3.27 3.40 0.7%
Motor Gasoline . . . . . . . . . . . . . . . . . . . . . . . . .  

16.98 17.30 18.70 19.91 21.10 22.19 23.38 1.2%
Petrochemical Feedstock ................ 1.37 1.49 1.48 1.49 1.51 1.53 1.55 0.2%
Residual Fuel ......................... 1.74 1.91 1.68 1.67 1.69 1.72 1.79 -0.3%
Other Petroleum 2. . . . . . . . . . . . . . . . . . . . . . . .  

4.26 4.32 4.75 4.99 5.21 5.50 5.86 1.2%
Petroleum Subtotal .................... 38.96 40.08 43.14 45.69 48.14 50.57 53.58 1.1%

Natural Gas ........................... 21.19 21.24 22.28 24.71 25.62 25.75 25.67 0.7%
Lease and Plant Fuel 

. . . . . . . . . . . . . . . . . . . .  
1.16 1.14 1.12 1.22 1.28 1.24 1.21 0.2%

Pipeline Natural Gas .................... 0.69 0.69 0.65 0.74 0.80 0.79 0.78 0.5%
Natural Gas Subtotal ................... 23.04 23.07 24.04 26.67 27.70 27.78 27.66 0.7%

Metallurgical Coal ...................... 0.67 0.65 0.62 0.61 0.59 0.58 0.58 -0.4%
Other Coal ............................ 21.66 21.74 24.45 24.88 26.55 29.07 32.29 1.5%
Coal-to-Liquids Heat and Power ........... 0.00 0.00 0.00 0.16 0.49 1.22 1.61 33.8%
Net Coal Coke Imports .................. 0.05 0.14 0.02 0.02 0.02 0.01 0.02 -8.1%

Coal Subtotal ......................... 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%
Liquid Hydrogen ....................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A
Electricity Imports ...................... 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%

Energy Use and Related Statistics

Delivered Energy Use .................... 71.87 73.18 78.62 83.46 88.19 93.04 98.40 1.1%
Total Energy Use ........................ 98.05 99.68 107.87 114.18 120.63 126.99 133.88 1.1%
Population (millions) ..................... 291.39 294.10 310.12 323.55 336.99 350.64 364.79 0.8%
Gross Domestic Product (billion 2000 dollars) 10321 10756 13043 15082 17541 20123 23112 3.0%
Carbon Dioxide Emissions (million metric tons) 5795.5 5899.9 6364.9 6717.6 7119.0 7586.7 8114.5 1.2%

'Includes wood used for residential heating. See Table A4 and/or Table A1 7 for estimates of nonmarketed renewable energy consumption for geothermal heat pumps,
solar thermal hot water heating, and solar photovoltaic electricity generation.

'Includes ethanol (blends of 10 percent or less) and ethers blended into gasoline.
'Includes commercial sector consumption of wood and wood waste, landfill gas, municipal solid waste, and other biomass for combined heat and power. See Table

A17 for estimates of nonmarketed renewable energy consumption for solar thermal hot water heating and solar photovoltaic electricity generation.
4Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.
'Includes petroleum coke, asphalt, road oil, lubricants, still gas, and miscellaneous petroleum products.
6Represents natural gas used in the field gathering and processing plant machinery.
'Includes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass.
'Diesel fuel for on- and off- road use.
'Includes only kerosene type.
"Includes aviation gasoline and lubricants.
"E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable). To address cold starting issues, the percentage of ethanol

actually varies seasonally. The annual average ethanol content of 74 percent is used for this forecast.
"Includes unfinished oils, natural gasoline, motor gasoline blending components, aviation gasoline, lubricants, still gas, asphalt, road oil, petroleum coke, and

miscellaneous petroleum products.
"Includes electricity generated for sale to the grid and for own use from renewable sources, and non-electric energy from renewable sources. Excludes nonmarketed

renewable energy consumption for geothermal heat pumps, buildings photovoltaic systems, and solar thermal hot water heaters.
"Includes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the

public. Includes small power producers and exempt wholesale generators.
"Includes conventional hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, petroleum coke, wind, photovoltaic and solar thermal

sources. Excludes net electricity imports.
"Includes hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, wind, photovoltaic and solar thermal sources. Includes ethanol

components of E85; excludes ethanol blends (10 percent or less) in motor gasoline. Excludes net electricity imports and nonmarketed renewable energy consumption
for geothermal heat pumps, buildings photovoltaic systems, and solar thermal hot water heaters.

Btu = British thermal unit.
N/A = Not applicable.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports. Consumption values of 0.00 are values that round to 0.00, because they are less than 0.005.
Sources: 2003 and 2004 consumption based on: Energy Information Administration (EIA), Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC,

August 2005). 2003 and 2004 population and gross domestic product: Global Insight macroeconomic model CTL0805. 2003 and 2004 carbon dioxide emissions: EIA,
Emissions of Greenhouse Gases in the United States 2004, DOE/EIA-0573(2004) (Washington, DC, December 2005). Projections: EIA, AEO2006 National Energy
Modeling System run AEO2006.D1 11905A.
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Reference Case

Table A3. Energy Prices by Sector and Source
(2004 Dollars per Million Btu, Unless Otherwise Noted)

Sector and Source

Reference Case Annual
Growth

2004-2030
2003 1 2004 1 2010 1 2015 1 2020 1 2025 1 2030 (percent)

Residential .............................
Primary Energy' ........................

Petroleum Prod UCtS2 ....................

Distillate Fuel .........................
Liquefied Petroleum Gas ................

Natural G as ...........................
E lectricity ..............................

Com m ercial .............................
Primary Energy . ........................

Petroleum Prod UCtS2 ....................

D istillate Fuel .........................
Residual Fuel ........................

Natural G as ...........................
E lectricity ..............................

Industria 13 . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .

Prim ary Energy .........................
Petroleum Prod UCtS2 ....................

D istillate Fuel .........................
Liquefied Petroleum Gas ................
Residual Fuel ........................

Natural G as . .............. I ............
Metallurgical Coal .......................
Other Industrial Coal . ...................
Coal to Liquids .........................

E lectricity ..............................

Transportation ..........................
Prim ary Energy .........................

Petroleum Products . ....................

Distillate FueI6 ........................
Jet Fuel . ............................
Motor Gasoline ........................
Residual Fuel ........................
Liquefied Petroleum Gas . ...............

Natural G as . ..........................
Ethanol (E85) .. ........................

E lectricity ..............................

Average End-Use Energy .................
Prim ary Energy .........................
E lectricity ..............................

Electric Power 12

Fossil Fuel Average ......................
Petroleum Products .....................

D istillate Fuel .........................
Residual Fuel ........................

Natural G as ...........................
Steam Coal' ..........................

16.25
9.90

11.61
9.85

15.00
9.43

26.14

15.95
8.11
8.17
7.24
5.11
8.26

23.90

8.03
6.66
8.60
7.45

12.93
4.72
5.59
1.90
1.62
N/A

15.49

11.83
11.80
11.80
11.24

6.65
13.31

4.63
17.14

8.90
16.71
21.74

17.31
11.39
14.63
13.62
17.30
10.40
26.19

16.56
9.20

10.39
9.99
6.37
9.10

23.52

8.67
7.42
9.65

10.29
14.24

5.88
6.10
2.24
1.74
N/A

15.54

13.81
13.79
13.79
13.25

9.02
15.34

4.91
17.14

9.94
20.24
21.67

16.98 16.65
11.28 10.82
14.77 14.72
12.85 12.73
18.17 17.91
10.33 9.80
24.78 24.24

16.27 15.80
8.96 8.45

10.56 10.65
10.15 10.39
6.14 6.04
8.76 8.12

22.31 21.66

8.48 8.15
7.19 6.92
9.46 9.44

10.75 11.42
12.03 11.80
6.31 6.32
5.69 5.16
2.36 2.19
1.86 1.80
N/A 0.86

15.65 14.95

14.83 14.82
14.82 14.80
14.82 14.82
14.29 14.56

9.67 9.87
16.52 16.34
6.43 6.31

16.7ý 16.33
10.09 9.61
21.19 20.50
20.76 20.25

17.19 17.89 18.51
11.31 12.01 12.62
15.94 17.31 18.42
13.55 14.23 14.56
19.34 21.19 22.68
10.16 10.76 11.32
24.44 24.76 25.02

16.28 16.95 17.52
8.74 9.21 9.65

11.22 11.78 12.28
10.89 11.33 11.77

6.31 6.66 6.91
8.37 8.83 9.29

22.00 22.52 22.90

8.48 8.84 9.27
7.24 7.62 8.09
9.94 10.63 11.36

11.84 12.35 12.91
12.92 14.06 15.25

6.70 6.99 7.27
5.49 5.99 6.45
2.23 2.28 2.28
1.81 1.86 1.92
1.04 1.22 1.26

15.35 15.76 15.95

15.38 15.84 16.32
15.36 15.83 16.31
15.38 15.84 16.32
14.78 15.15 15.65
10.49 10.92 11.53
17.02 17.49 17.92

6.54 7.05 7.59
16.82 18.40 19.25

9.90 10.32 10.68
21.10 21.74 22.48
20.56 20.86 21.00

13.66 14.14 14.64
11.89 12.35 12.86
21.23 21.69 22.00

0.3%
0.4%
0.9%
0.3%
1.0%
0.3%

-0.2%

0.2%
0.2%
0.6%
0.6%
0.3%
0.1%

-0.1%

0.3%
0.3%
0.6%
0.9%
0.3%
0.8%
0.2%
0.1%
0.4%

N/A
0.1%

0.6%
0.6%
0.7%
0.6%
0.9%
0.6%
1.7%
0.4%

0.4%
-0.1%

0.5%
0.6%

-0.0%

0.0%
1.3%
0.4%
1.3%
0.2%
0.4%

11.82 13.00 13.32 13.16
9.58 11.04 11.52 11.40'

22.28 22.19 21.43 20.87

2.35
5.35
6.65
4.90
5.66
1.33

2.46
5.43
9.23
4.76
5.92
1.36

2.41
6.50
9.04
5.70
5.46
1.48

2.41
6.52
9.02
5.72
5.08
1.40

2.46
6.91
9.62
6.02
5.40
1.39

2.49
7.37 7.61

10.05 10.28
6.43 6.73
5.87 6.26
1.44 1.51
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Reference Case

Table A3. Energy Prices by Sector and Source (Continued)
(2004 Dollars per Million Btu, Unless Otherwise Noted)

Reference Case Annual

Sector and Source Growth

2003 2004 2010 2015 2020 2025 2030 (percent)

Average Price to All Users"3

Petroleum Products
2 . . . . . . . . . . . . . . . . . . . . .  

10.86 12.61 13.41 13.45 14.05 14.61 15.16 0.7%
Distillate Fuel .......................... 10.20 12.62 13.30 13.72 14.07 14.52 15.04 0.7%
Jet Fuel .............................. 6.65 9.02 9.67 9.87 10.49 10.92 11.53 0.9%
Liquefied Petroleum Gas ................. 13.40 14.89 13.39 13.19 14.38 15.66 16.90 0.5%
Motor Gasoline

8 . . . . . . . . . . . . . . . . . . . . . . .
. 13.30 15.33 16.52 16.34 17.02 17.49 17.92 0.6%

Residual Fuel ......................... 4.80 5.04 6.07 6.03 6.31 6.75 7.12 1.3%
Natural Gas ............................ 6.98 7.52 7.19 6.60 6.93 7.47 7.98 0.2%
Metallurgical Coal5 . . . . . . . . . . . . . . . . . . . . . . . .  

1.90 2.24 2.36 2.19 2.23 2.28 2.28 0.1%
Other Coal . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1.35 1.39 1.51 1.43 1.42 1.46 1.53 0.4%
Coal to Liquids .......................... 0.00 0.00 0.00 0.86 1.04 1.22 1.26 N/A
Ethanol (E85)" ......................... 16.71 20.24 21.19 20.50 21.10 21.74 22.48 0.4%
Electricity .............................. 22.28 22.19 21.43 20.87 21.23 21.69 22.00 -0.0%

Non-Renewable Energy Expenditures by
Sector (billion 2004 dollars)

Residential ............................. 180.52 190.90 200.59 206.16 221.50 236.52 252.12 1.1%
Commercial ............................ 131.57 135.07 145.01 154.28 172.19 193.44 216.48 1.8%
Industrial .............................. 153.18 170.01 169.60 167.05 179.83 197.21 216.86 0.9%
Transportation .......................... 312.29 374.67 445.81 479.43 530.44 578.48 635.46 2.1%

Total Non-Renewable Expenditures ........ 777.56 870.65 961.01 1006.92 1103.97 1205.65 1320.94 1.6%
Transportation Renewable Expenditures .... 0.02 0.02 0.05 0.08 0.10 0.12 0.13 6.9%
Total Expenditures .................... 777.58 870.67 961.06 1007.00 1104.07 1205.76 1321.07 1.6%

'Weighted average price includes fuels below as well as coal.
'This quantity is the weighted average for all petroleum products, not just those listed below.3
Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.

'Excludes use for lease and plant fuel.
'Excludes imported coal.
'Diesel fuel for on-road use. Includes Federal and State taxes while excluding county and local taxes.7
Kerosene-type jet fuel. Includes Federal and State taxes while excluding county and local taxes.

'Sales weighted-average price for all grades. Includes Federal, State and local taxes.
'Includes Federal and State taxes while excluding county and local taxes.
"Compressed natural gas used as a vehicle fuel. Includes estimated motor vehicle fuel taxes.
"E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable). To address cold starting issues, the percentage of ethanol

actually varies seasonally. The annual average ethanol content of 74 percent is used for this forecast.
"Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public.
"Weighted averages of end-use fuel prices are derived from the prices shown in each sector and the corresponding sectoral consumption.
Btu = British thermal unit.
N/A = Not applicable.
Note: Data for 2003 and 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2003 and 2004 prices for motor gasoline, distillate, and jet fuel are based on prices in the Energy Information Administration (EIA), Petroleum Marketing

Annual 2004, DOE/EIA-0487(2004) (Washington, DC, August 2005). 2003 residential and commercial natural gas delivered prices: EIANatural Gas Annual 2003,
DOE/EIA-0131(2003) (Washington, DC, December 2004). 2004 residential and commercial natural gas delivered prices: EIA, Natural Gas Monthly, DOE/EIA-
0130(2005/06) (Washington, DC, June 2005). 2003 and 2004 industrial natural gas delivered prices are estimated based on: EIA, Manufacturing Energy Consumption
Survey 1994 and industrial and wellhead prices from the Natural Gas Annual 2003, DOE/EIA-01 31(2003) (Washington, DC, December 2004) and the Natural Gas
Monthly, DOE/EIA-01 30(2005/06) (Washington, DC, June 2005). 2003 transportation sector natural gas delivered prices are based on EIA, Natural Gas Annual2003,
DOE/EIA-0131(2003) (Washington, DC, December 2004) and estimated state and federal taxes. 2004 transportation sector natural gas delivered prices are model
results. 2003 and 2004 electric power sector natural gas prices: EIA, Electric PowerMonthly, DOE/EIA-0226, May 2003 through April 2004, Table 4.11 .A. 2003 and
2004 coal prices based on: EIA, Quarterly Coal Report, October-December2004, DOE/EIA-0121(2004/40) (Washington, DC, March 2005) and EIA, AE02006 National
Energy Modeling System run AE02006.DI 11 905A. 2003 and 2004 electricity prices: EIA, AnnualEnergyReview2004, DOE/EIA-0384(2004) (Washington, DC, August
2005). 2003 and 2004 ethanol prices derived from weekly spot prices in the Oxy Fuel News. Projections: EIA, AE02006 National Energy Modeling System run
AE02006.D1111905A.
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Reference Case

Table A4. Residential Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case Annual

Key Indicators and Consumption Growth

2003 1 2004 1 2010 1 2015 1 2020 1 2025 2030 (percent)

Key Indicators
Households (millions)

Single-Fam ily ..........................
M ultifam ily ............................
Mobile Homes .........................

Total ...............................

Average House Square Footage ..........

Energy Intensity
(million Btu per household)

Delivered Energy Consumption ...........
Total Energy Consumption ...............

(thousand Btu per square foot)
Delivered Energy Consumption ...........
Total Energy Consumption ...............

Delivered Energy Consumption by Fuel
Electricity
Space Heating .........................
Space Cooling .........................
W ater Heating .........................
Refrigeration ..........................

C ooking ..............................
Clothes Dryers .........................
Freezers .............................

Lighting ..............................
Clothes W ashers . ......................
Dishwashers ...........................
Color Televisions .......................
Personal Computers ....................

Furnace Fans .........................
O ther Uses ............................

Delivered Energy .....................

Natural Gas
Space Heating .........................
Space Cooling .........................
W ater Heating .........................
C ooking ..... ........................
Clothes Dryers .........................
O ther Uses . ...........................

Delivered Energy .....................

Distillate
Space Heating .........................
W ater Heating .........................
O ther Uses . ...........................
Delivered Energy .....................

Liquefied Petroleum Gas
Space Heating .........................
W ater Heating .........................
C ooking ..............................
O ther Uses . ...........................

Delivered Energy .....................

Marketed Renewables (wood) ..............
O ther Fue IS6 ...........................

76.15 77.53 84.95 90.49 95.85 100.66 105.20 1.2%
29.51 29.80 31.46 32.72 34.09 35.37 36.81 0.8%

6.35 6.32 6.52 6.90 7.25 7.52 7.80 0.8%
112.01 113.65 122.93 130.11 137.19 143.55 149.81 1.1%

1728 1740 1812 1861 1905

102.7 100.6 99.6 98.4 97.0
187.7 185.1 187.0 185.0 183.4

59.5 57.8 55.0 52.9 50.9
108.6 106.4 103.2 99.4 96.3

0.40 0.39 0.44 0.46 0.48
0.65 0.64 0.70 0.73 0.77
0.37 0.37 0.38 0.39 0.39
0.41 0.40 0.37 0.35 0 ' 36
0.10 0.10 0.11 0.12 0.13
0.24 0.24 0.26 0.27 0.28
0.13 0.13 0.12 0.12 0.12
0.76 0.78 0.85 0.93 0.99
0.03 0.03 0.03 0.03 0.03
0.02 0.02 0.03 0.03 0.03
0.13 0.14 0.19 0.23 0.27
0.07 0.07 0.10 0.11 0.13
0.08 0.08 0.09 0.10 0.11
0.94 1.00 1.31 1.51 1.70
4.34 4.41 4.99 5.38 5.77

3.69 3.50 3.73 3.87 3.98
0.00 0.00 0.00 0.00 0.00
1.17 1.15 1.19 1.22 1.25
0.21 0.21 0.23 0.24 0.26
0.07 0.07 0.08 0.09 0.10
0.10 0.10 0.09 0.09 0.09
5.25 5.03 5.33 5.52 5.68

0.79 0.82 0.73 0.69 0.64
0.11 0.12 0.11 0.10 0.09
0.00 0.00 0.00 0.00 0.00
0.91 0.94 0.84 0.79 0.73

0.29 0.29 0.28 0.28 0.28
0.05 0.05 0.05 0.05 0.05
0.03 0.03 0.03 0.03 0.03
0.16 0.17 0.20 0.23 0.25
0.52 0.54 0.56 0.59 0.61

0.40 0.41 0.44 0.43 0.43

0.09 0.10 0.10 0.10 0.09

1944 1977 0.5%

95.0 93.7 -0.3%
180.3 177.8 -0.2%

48.9 47.4 -0.8%
92.8 89.9 -0.6%

0.49
0.80
0.39
0.36
0.14
0.29
0.13
1.05
0.03
0.03
0.28
0.14
0.11
1.86
6.10

4.02
0.00
1.26
0.27
0.11
0.09
5.74

0.49 0.9%
0.85 1.1%
0.39 0.2%
0.38 -0.2%
0.14 1.2%
0.30 0.8%
0.13 0.1%
1.11 1.4%
0.03 -0.6%
0.03 1.2%
0.30 3.0%
0.16 3.1%
0.12 1.4%
2.03 2.8%
6.47 1.5%

4.06 0.6%
0.00 12.9%
1.28 0.4%
0.28 1.0%
0.11 1.8%
0.09 -0.4%
5.82 0.6%

0.59 0.53 -1.7%
0.08 0.08 -1.9%
0.00 0.00 N/A
0.67 0.61 -1.7%

0.27
0.05
0.03
0.28
0.63

0.26 -0.4%
0.05 -0.1%
0.03 0.4%
0.30 2.2%
0.65 0.7%

0.42 0.41 0.1%
0.09 0.08 -1.0%
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Reference Case

Table A4. Residential Sector Key Indicators and Consumption (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Delivered Energy Consumption by End Use
Space Heating ......................... 5.66 5.51
Space Cooling ......................... 0.65 0.64
W ater Heating ......................... 1.70 1.70
Refrigeration .......................... 0.41 0.40
Cooking .............................. 0.34 0.35
Clothes Dryers ......................... 0.31 0.32
Freezers .............................
Lighting ..............................
Clothes W ashers .......................
Dishwashers ..........................
Color Televisions .......................
Personal Computers ....................
Furnace Fans .........................
Other Uses

7 ... . . . . . . . . . . . . . . . . . . . . . . . .

Delivered Energy .....................

Electricity Related Losses ................

Total Energy Consumption by End Use
Space Heating .........................
Space Cooling .........................
W ater Heating .........................
Refrigeration ..........................
C ooking ..............................
Clothes Dryers .........................
Freezers .............................
Lighting ..............................
Clothes W ashers .......................
Dishwashers ..........................
Color Televisions .......................
Personal Computers ....................
Furnace Fans .........................
O ther Uses7 ... . . . . . . . . . . . . . . . . . . . . . . . .

Total ...............................

Nonmarketed Renewables
Geothermal . . . . . . . . . . . . . . . . . . . . . . .

S olar9 .... . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total ............................

0.13 0.13
0.76 0.78
0.03 0.03
0.02 0.02
0.13 0.14
0.07 0.07
0.08 0.08
1.20 1.27

11.51 11.44

9.51 9.60

6.55
2.08
2.52
1.29
0.57
0.84
0.42
2.41
0.10
0.08
0.42
0.22
0.27
3.26

21.02

6.36
2.04
2.51
1.27
0.57
0.85
0.41
2.46
0.10
0.08
0.45
0.22
0.26
3.46

21.04

5.73 5.84
0.70 0.73
1.73 1.76
0.37 0.35
0.37 0.39
0.34 0.36
0.12 0.12
0.85 0.93
0.03 0.03
0.03 0.03
0.19 0.23
0.10 0.11
0.09 0.10
1.60 1.83

12.25 12.81

10.74 11.26

6.68 6.81
2.22 2.26
2.55 2.58
1.15 1.09
0.62 0.65
0.89 0.91
0.37 0.37
2.69 2.87
0.10 0.09
0.08 0.09
0.60 0.71
0.32 0.35
0.30 0.31
4.42 4.98

22.99 24.07

0.01 0.01
0.03 0.04
0.04 0.04

5.91 5.87 5.84 0.2%
0.77 0.80 0.85 1.1%
1.78 1.78 1.80 0.2%
0.36 0.36 0.38 -0.2%
0.42 0.43 0.45 1.0%
0.38 0.39 0.42 1.1%
0.12 0.13 0.13 0.1%
0.99 1.05 1.11 1.4%
0.03 0.03 0.03 -0.6%
0.03 0.03 0.03 1.2%
0.27 0.28 0.30 3.0%
0.13 0.14 0.16 3.1%
0.11 0.11 0.12 1.4%
2.04 2.22 2.42 2.5%

13.31 13.64 14.04 0.8%

11.85 12.24 12.60 1.1%

6.89
2.34
2.59
1.08
0.68
0.94
0.38
3.03
0.08
0.09
0.82
0.38
0.33
5.52

25.17

6.84 6.80 0.3%
2.42 2.51 0.8%
2.57 2.56 0.1%
1.09 1.12 -0.5%
0.70 0.73 0.9%
0.97 1.01 0.7%
0.38 0.39 -0.2%
3.15 3.27 1.1%
0.08 0.08 -0.9%
0.09 0.10 0.9%
0.86 0.89 2.7%
0.42 0.46 2.8%
0.34 0.35 1.2%
5.95 6.38 2.4%

25.88 26.64 0.9%

0.00 0.00
0.02 0.02
0.02 0.03

0.01 0.01 0.01 7.1%
0.04 0.05 0.05 • 3.0%
0.05 0.06 0.06 3.5%

'Does not include electric water heating portion of load.
'lncludes small electric devices, heating elements, and motors not listed above.3

lncludes such appliances as swimming pool heaters, outdoor grills, and outdoor lighting (natural gas).
4 ncludes such appliances as swimming pool and spa heaters.5
Includes wood used for primary and secondary heating in wood stoves or fireplaces as reported in the Residential Energy Consumption Survey 2001.

'Includes kerosene and coal.
'Includes all other uses listed above.
'lncludes primary energy displaced by geothermal heat pumps in space heating and cooling applications.
'Includes primary energy displaced by solar thermal water heaters and electricity generated using photovoltaics.
Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports.
Sources: 2003 and 2004 based on: Energy Information Administration (EIA), Annual Energy Review2004, DOE/EIA-0384(2004) (Washington, DC, August 2005).

Projections: EIA, AE02006 National Energy Modeling System run AE02006.D111905A.
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Reference Case

Table A5. Commercial Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case A nual

Key Indicators and Consumption Growth
2004-2030

2003 1 2004 1 2010 1 2015 1 2020 1 2025 1 2030 (percent)

Key Indicators

Total Floorspace (billion square feet)
S urviving ............................
New Additions ........................

Total ..............................

Energy Consumption Intensity
(thousand Btu per square foot)
Delivered Energy Consumption ..........
Electricity Related Losses ...............
Total Energy Consumption ..............

Delivered Energy Consumption by Fuel

Purchased Electricity
Space Heating . .......................
Space Cooling . .......................
W ater Heating . .......................
V entilation ...........................

C ooking .............................
Lighting .............................
Refrigeration .........................

Office Equipment (PC) .................
Office Equipment (non-PC) ..............
O ther Uses ...........................

Delivered Energy ....................

Natural Gas
Space Heating . .......................
Space Cooling . .......................
W ater Heating . .......................
C ooking .............................
O ther Uses ...........................

Delivered Energy ....................

Distillate
Space Heating . .......................
W ater Heating . .......................

Other Uses . ..........................
Delivered Energy ....................

Marketed Renewables (biomass) ..........

O ther Fuels . ..........................

Delivered Energy Consumption by End Use
Space Heating . .......................
Space Cooling . .......................

W ater Heating . .......................
V entilation ...........................
C ooking .............................
Lighting .............................

Refrigeration .........................

Office Equipment (PC) .................

Office Equipment (non-PC) ..............
O ther Uses6 ..........................

Delivered Energy ....................

71.6 73.1 80.4 86.8
2.1 2.0 2.0 2.1

73.7 75.0 82.3 88.9

93.7 101.2 109.4 1.6%
2.3 2.4 2.6 1.1%

96.0 103.7 112.0 1.6%

111.1 111.0 111.0 0.0%
128.7 128.5 127.5 0.2%
239.8 239.5 238.6 0.1%

113.2
121.6
234.8

109.9 109.3 110.8
121.6 127.7 127.9
231.5 237.0 238.8

0.15
0.43
0.14
0.16
0.03
1.09
0.20
0.13
0.27
1.48
4.09

1.27
0.01
0.55
0.26
1.23
3.32

0.15 0.16 0.16
0.41 0.44 0.46
0.14 0.14 0.15
0.17 0.17 0.18
0.03 0.03 0.03
1.10 1.17 1.27
0.21 0.22 0.24
0.14 0.23 0.26
0.31 0.46 0.55
1.53 1.84 2.12
4.19 4.88 5.43

1.20 1.30 1.40
0.01 0.01 0.02
0.54 0.53 0.60
0.26 0.28 0.32
1.07 1.05 1.13
3.09 3.18 3.46

0.17
0.48
0.15
0.19
0.03
1.36
0.25
0.29
0.65
2.44
6.01

1.47
0.02
0.65
0.35
1.19
3.68

0.17 0.18 0.7%
0.51 0.55 1.1%
0.16 0.16 0.5%
0.20 0.21 1.0%
0.03 0.03 -0.1%
1.44 1.52 1.2%
0.27 0.29 1.3%
0.30 0.30 3.0%
0.76 0.89 4.1%
2.80 3.19 2.9%
6.63 7.34 2.2%

1.53 1.60 1.1%
0.03 0.03 4.3%
0.71 0.76 1.3%
0.37 0.40 1.7%
1.25 1.32 0.8%
3.89 4.11 1.1%

0.21 0.19 0.22 0.23
0.07 0.07 0.06 0.06
0.20 0.24 0.20 0.20
0.48 0.50 0.48 0.49

0.09 0.09 0.09 0.09
0.35 0.37 0.37 0.38

0.23 0.24 0.25 1.0%
0.06 0.06 0.06 -0.1%
0.20 0.20 0.20 -0.7%
0.50 0.51 0.52 0.1%

0.09 0.09 0.09 0.0%
0.38 0.38 0.39 0.2%

1.63
0.44
0.76
0.16
0.29
1.09
0.20
0.13
0.27
3.36
8.34

1.55 1.67 1.79
0.42 0.46 0.48
0.75 0.73 0.80
0.17 0.17 0.18
0.29 0.32 0.35
1.10 1.17 1.27
0.21 0.22 0.24
0.14 0.23 0.26
0.31 0.46 0.55
3.31 3.55 3.93
8.24 9.00 9.85

1.87
0.51
0.87
0.19
0.38
1.36
0.25
0.29
0.65
4.31

10.66

1.94 2.02 1.0%
0.54 0.58 1.2%
0.93 0.99 1.1%
0.20 0.21 1.0%
0.40 0.43 1.5%
1.44 1.52 1.2%
0.27 0.29 1.3%
0.30 0.30 3.0%
0.76 0.89 4.1%
4.72 5.19 1.7%

11.50 12.44 1.6%
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Reference Case

Table A5. Commercial Sector Key Indicators and Consumption (Continued)
(Quadrillion Btu oer Year, Unless Otherwise Noted)

Electricity Related Losses ................ 8.96 9.13 10.51 11.37 12.35 13.32 14.29 1.7%

Total Energy Consumption by End Use
Space Heating

1  . . . . . . . . . . . . . . . . . . . . . . .

Space Cooling1 . . . . . . . . . . . . . . . . . . . . . . . .

W ater Heating1  . . . . . . . . . . . . . . . . . . . . . . .

V entilation ...........................
C ooking .............................
Lighting .............................
Refrigeration .........................
Office Equipment (PC) .................
Office Equipment (non-PC) ..............
O ther Uses . . . . . . . . . . . . . . . . . . . . . . . . . .

Total ..............................

Nonmarketed Renewable Fuels
S olar7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1.97 1.87 2.02 2.13 2.21 2.29 2.37
1.39 1.32 1.41 1.44 1.50 1.57 1.66
1.06 1.06 1.04 1.11 1.18 1.24 1.30
0.52 0.53 0.54 0.56 0.57 0.60 0.63
0.36 0.36 0.38 0.42 0.44 0.46 0.49
3.48 3.51 3.70 3.94 4.15 4.33 4.49
0.65 0.66 0.71 0.74 0.78 0.82 0.86
0.41 0.44 0.74 0.82 0.88 0.89 0.89
0.86 0.99 1.46 1.71 1.98 2.29 2.63
6.61 6.64 7.52 8.37 9.33 10.34 11.41

17.30 17.37 19.51 21.23 23.02 24.82 26.73

0.9%
0.9%
0.8%
0.7%
1.2%
1.0%
1.0%
2.7%
3.8%
2.1%
1.7%

1.6%0.02 0.03 0.03 0.03 0.03 0.03 0.04

1Includes fuel consumption for district services.2
Includes miscellaneous uses, such as service station equipment, automated teller machines, telecommunications equipment, and medical equipment.3
includes miscellaneous uses, such as pumps, emergency electric generators, combined heat and power in commercial buildings, and manufacturing performed

in commercial buildings.
,Includes miscellaneous uses, such as cooking, emergency electric generators, and combined heat and power in commercial buildings.
5
lncludes residual fuel oil, liquefied petroleum gas, coal, motor gasoline, and kerosene.

'lncludes miscellaneous uses, such as service station equipment, automated teller machines, telecommunications equipment, medical equipment, pumps, emergency
electric generators, combined heat and power in commercial buildings, manufacturing performed in commercial buildings, and cooking (distillate), plus residual fuel oil,
liquefied petroleum gas, coal, motor gasoline, and kerosene.

'Includes primary energy displaced by solar thermal space heating and water heating, and electricity generation by solar photovoltaic systems.
Btu = British thermal unit.
PC = Personal computer.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports.
Sources: 2003 and 2004 based on: Energy Information Administration (EIA), Annual Energy Review2004, DOE/EIA-0384(2004) (Washington, DC, August 2005).

Projections: EIA, AE02006 National Energy Modeling System run AE02006.D1 11905A.
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Reference, Case

Key Indicators
Value of Shipments (billion 2000 dollars)

Manufacturing .........................
Nonmanufacturing ......................
Total ...............................

Energy Prices (2004 dollars per million Btu)
D istillate O il ...........................
Liquefied Petroleum Gas .................
R esidual O il ...........................
Motor Gasoline ........................
Natural G as ...........................
Metallurgical Coal ......................
Other Industrial Coal ....................
Coal to Liquids .........................
Electricity .............................

Energy Consumption (quadrillion Btu)'
D istillate ...............................
Liquefied Petroleum Gas ..................
Petrochemical Feedstocks ................
Residual Fuel ..........................
Motor Gasoline .........................
Petroleum Coke .........................
Still G as ...............................
Asphalt and Road Oil ....................
Miscellaneous Petroleum ..................

Petroleum Subtotal .....................
Natural G as ............................
Lease and Plant Fuel .....................

Natural Gas Subtotal ...................
Metallurgical Coal and Coke . ..............
Other Industrial Coal .....................
Coal-to-Liquids Heat and Power ............

Coal Subtotal .........................
Renewables ............................
Purchased Electricity .....................

Delivered Energy .....................
Electricity Related Losses .................

Total ................................

Energy Consumption per dollar of
Shipment (thousand Btu per 2000 dollars)

D istillate ...............................
Liquefied Petroleum Gas ..................
Petrochemical Feedstocks ................
Residual Fuel ..........................
M otor Gasoline .........................
Petroleum Coke .........................
S till G as ...............................
Asphalt and Road Oil ....................
Miscellaneous Petroleum ..................

Petroleum Subtotal .....................
Natural G as ............................
Lease and Plant Fuel .....................

Natural Gas Subtotal ...................
Metallurgical Coal and Coke . ..............
Other Industrial Coal .....................
Coal-to-Liquids Heat and Power ............

Coal Subtotal .........................
Renewables ............................
Purchased Electricity .....................

Delivered Energy .....................
Electricity Related Losses .................

Total ................................

3985 4204 4783 5347 5969 6664
1393 1439 1572 1689 1808 1926
5378 5643 6355 7036 7778 8589

7.45
12.93
4.72

13.16
5.59
1.90
1.62
N/A

15.49

1.14
2.12
1.37
0.22
0.31
0.83
1.55
1.22
0.53
9.28
7.38
1.16
8.54
0.72
1.38
0.00
2.09
1.59
3.44

24.94
7.53

32.46

0.21
0.39
0.25
0.04
0.06
0.15
0.29
0.23
0.10
1.73
1.37
0.22
1.59
0.13
0.26
0.00
0.39
0.30
0.64
4.64
1.40
6.04

10.29
14.24

5.88
15.18

6.10
2.24
1.74
N/A

15.54

1.19
2.19
1.49
0.24
0.32
0.94
1.55
1.24
0.43
9.58
7.64
1.14
8.78
0.79
1.38
0.00
2.16
1.68
3.48

25.68
7.58

33.27

10.75
12.03

6.31
16.46

5.69
2.36
1.86
N/A

15.65

1.20
2.21
1.48
0.20
0.32
1.12
1.78
1.22
0.48

10.01
8.07
1.12
9.19
0.64
1.43
0.00
2.07
1.79
3.62

26.67
7.79

34.46

11.42
11.80

6.32
16.29

5.16
2.19
1.80
0.86

14.95

1.20
2.26
1.49
0.19
0.32
1.18
1.94
1.23
0.48

10.29
8.33
1.22
9.55
0.62
1.43
0.16
2.21
1.90
3.76

27.72
7.88

35.60

0.17
0.32
0.21
0.03
0.05
0.17
0.28
0.17
0.07
1.46
1.18
0.17
1.36
0.09
0.20
0.02
0.31
0.27
0.53
3.94
1.12
5.06

11.84
12.92
6.70

16.97
5.49
2.23
1.81
1.04

15.35

1.23
2.34
1.51
0.20
0.32
1.24
2.07
1.25
0.49

10.65
8.52
1.28
9.80
0.61
1.43
0.49
2.53
2.01
3.91

28.91
8.04

36.95

0.16
0.30
0.19
0.03
0.04
0.16
0.27
0.16
0.06
1.37
1.09
0.16
1.26
0.08
0.18
0.06
0.33
0.26
0.50
3.72
1.03
4.75

12.35,
14.06
6.99

17.43
5.99
2.28
1.86
1.22

15.76

1.26
2.44
1.53
0.21
0.33
1.26
2.27
1.30
0.50

11.10
8.77
1.24

10.02
0.59
1.43
1.22
3.25
2.14
4.08

30.58
8.19

38.77

7509
2069
9578

12.91
15.25
7.27

17.87
6.45
2.28
1.92
1.26

15.95

1.32
2.54
1.55
0.21
0.34
1.34
2.44
1.39
0.52

11.66
9.08
1.21

10.29
0.59
1.45
1.61
3.65
2.29
4.31

32.19
8.39

40.58

2.3%
1.4%
2.1%

0.9%
0.3%
0.8%
0.6%
0.2%
0.1%
0.4%

N/A
0.1%

0.4%
0.6%
0.2%

-0.4%
0.2%
1.4%
1.8%
0.4%
0.7%
0.8%
0.7%
0.2%
0.6%

-1.1%
0.2%

33.8%
2.0%
1.2%
0.8%
0.9%
0.4%
0.8%

0.21 0.19
0.39 0.35
0.26 0.23
0.04 0.03
0.06 0.05
0.17 0.18
0.28 0.28
0.22 0.19
0.08 0.08
1.70 1.57
1.35 1.27
0.20 0.18
1.56 1.45
0.14 0.10
0.24 0.23
0.00 0.00
0.38 0.33
0.30 0.28
0.62 0.57
4.55 4.20
1.34 1.23
5.89 5.42

0.15
0.28
0.18
0.02
0.04
0.15
0.26
0.15
0.06
1.29
1.02
0.14
1.17
0.07
0.17
0.14
0.38
0.25
0.47
3.56
0.95
4.51

0.14 -1.6%
0.27 -1.4%
0.16 -1.9%
0.02 -2.4%
0.04 -1.8%
0.14 -0.7%
0.25 -0.3%
0.15 -1.6%
0.05 -1.3%
1.22 -1.3%
0.95 -1.4%
0.13 -1.8%
1.07 -1.4%
0.06 -3.1%
0.15 -1.8%
0.17 31.1%
0.38 -0.0%
0.24 -0.8%
0.45 -1.2%
3.36 -1.2%
0.88 -1.6%
4.24 -1.3%
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Reference Case

Table A6. Industrial Sector Key Indicators and Consumption (Continued)

Reference Case Annual
Key Indicators and Consumption GrowthI I I (percent)0

2003 2004 2010 2015 2020 2025 2030 (percent)

Industrial Combined Heat and Power
Capacity (gigawafts) ..................... 26.74 27.53 30.09 34.56 41.70 53.64 60.83 3.1%
Generation (billion kilowatthours) ............ 149.85 149.23 178.58 212.43 266.77 356.08 412.59 4.0%

'Fuel consumption includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.2
Includes lubricants and miscellaneous petroleum products.

'Represents natural gas used in the field gathering and processing plant machinery.
'Includes net coal coke imports.5
lncludes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass.

Btu = British thermal unit.
N/A = Not applicable.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports.
Sources: 2003 and 2004 prices for motor gasoline and distillate are based on: Energy Information Administration (EIA), Petroleum Marketing Annual 2004,

DOE/EIA-0487(2004) (Washington, DC, August 2005). 2003 and 2004 coal prices are based on: EIA, Quarterly Coal Report, October-December 2004, DOE/EIA-
0121 (2004/4Q) (Washington, DC, March 2005) and EIA, AE02006 National Energy Modeling System run AE02006.D111905A. 2003 and 2004 electricity prices: EIA,
Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). 2003 and 2004 natural gas prices based on: EIA, Manufacturing Energy
Consumption Survey 1994 and industrial and wellhead prices from the Natural Gas Annual 2003, DOE/EIA-01 31(2003) (Washington, DC, December 2004) and the
Natural Gas Monthly, DOE/EIA-0130(2005/06) (Washington, DC, June 2005). 2003 and 2004 consumption values based on: EIA, Annual Energy Review 2004,
DOE/EIA-0384(2004) (Washington, DC, August 2005). 2003 and 2004 shipments: Global Insight industry model, July 2004. Projections: EIA, AE02006 National
Energy Modeling System run AE02006.D1 11905A.
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Reference Case

Key Indicators
Level of Travel

(billion vehicle miles traveled)
Light-Duty Vehicles less than 8,500 pounds
Commercial Light Trucks . ..............

Freight Trucks greater than 10,000 pounds
(billion seat miles available)

A ir ................................
(billion ton miles traveled)
R a il ..... ... ....... ..... ...... .....
Domestic Shipping ...................

Energy Efficiency Indicators
(miles per gallon)

New Light-Duty Vehicle 2 . . . . . . . . . . . . . . .

N ew C ar . ..........................
New Light Truck 2 . . . . . . . . . . . . . . . . . . .

Light-Duty Stock 3 . . . . . . . . . . . . . . . . . . . .

New Commercial Light Truck ............
Stock Commercial Light Truck ...........
Freight Truck ........................

(seat miles per gallon)
A ircraft .............................

(ton miles per thousand Btu)
R a il .. ..... ..... .... ...... ....... ..
Domestic Shipping ...................

Energy Use by Mode
(quadrillion Btu)

Light-Duty Vehicles ............... : ......
Commercial Light Trucks ..................
Bus Transportation ......................
Freight Trucks ..........................
Rail, Passenger .........................
R ail, Freight ............................
Shipping, Domestic ......................
Shipping, International ...................

Recreational Boats ......................
A ir ...................................
M ilitary U se ............................
Lubricants .............................
Pipeline Fuel ...........................

Total ................................

2594 2632 2890 3171 3474 3791
66 69 77 85 94 103

216 226 261 292 328 367

919 980 1192 1340 1452 1507

1489 1539 1721 1825 1983 2188
597 629 683 727 767 792

25.0 24.9 26.7 27.4 28.0 28.8
29.4 29.3 31.4 32.2 32.7 33.5
21.6 21.5 23.2 24.0 24.9 25.8
20.2 20.2 20.4 20.8 21.4 22.0
14.4 14.5 15.4 15.8 16.3 16.9
14.0 14.1 14.6 15.2 15.7 16.2
6.0 6.0 6.0 6.2 6.4 6.6

4132 1.8%
115 2.0%
413 2.3%

1567 1.8%

2403 1.7%
824 1.0%

29.2 0.6%
33.8 0.6%
26.4 0.8%
22.5 0.4%
17.1 0.6%
16.7 0.7%
6.8 0.5%

55.3 55.5 59.0 63.0 67.6 72.4 76.0 1.2%

2.9 2.9 2.9 2.9 3.0 3.0 3.0 0.1%
2.1 2.1 2.2 2.2 2.2 2.2 2.2 0.2%

15.90 16.21 17.71 19.00 20.30 21.56
0.59 0.61 0.66 0.70 0.75 0.80
0.26 0.27 0.28 0.29 0.29 0.29
4.50 4.70 5.42 5.92 6.37 6.90
0.13 0.13 0.14 0.15 0.15 0.16
0.51 0.53 0.59 0.62 0.67 0.74
0.28 0.30 0.32 0.33 0.35 0.36
0.51 0.55 0.55 0.56 0.56 0.57
0.16 0.17 0.17 0.17 0.18 0.18
2.76 2.82 3.32 3.68 3.92 3.98
0.67 0.71 0.76 0.78 0.81 0.82
0.15 0.15 0.15 0.15 0.15 0.16
0.69 0.69 0.65 0.74 0.80 0.79

27.12 27.82 30.70 33.09 35.30 37.31

22.98 1.4%
0.86 1.3%
0.30 0.4%
7.57 1.9%
0.17 0.8%
0.80 1.6%
0.37 0.8%
0.57 0.1%
0.19 0.5%
4.15 1.5%
0.84 0.7%
0.16 0.4%
0.78 0.5%

39.72 1.4%
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Reference Case

Table A7. Transportation Sector Key Indicators and Delivered Energy Consumption
(Continuedl

Energy Use by Mode
(million barrels per day oil equivalent)

Light-Duty Vehicles ...................... 8.36 8.51 9.40 10.13 10.83 11.49
Commercial Light Trucks

1  . . . . . . . . . . . . . . . . .  
0.31 0.32 0.35 0.37 0.40 0.43

Bus Transportation ......................... 0.12 0.13 0.13 0.14 0.14 0.14
Freight Trucks .......................... 2.15 2.24 2.59 2.84 3.05 3.31
Rail, Passenger ......................... 0.06 0.06 0.07 0.07 0.07 0.08
Rail, Freight ............................ 0.24 0.25 0.28 0.30 0.32 0.35
Shipping, Domestic ...................... 0.13 0.14 0.15 0.16 0.16 0.17
Shipping, International ................... 0.22 0.24 0.24 0.24 0.25 0.25
Recreational Boats ...................... 0.09 0.09 0.09 0.09 0.10 0.10
Air .... ................................ .. 1.33 1.37 1.60 1.78 1.90 1.93
Military Use ............................ 0.32 0.34 0.36 0.38 0.39 0.40
Lubricants ............................. 0.07 0.07 0.07 0.07 0.07 0.07
Pipeline Fuel ........................... 0.35 0.35 0.33 0.37 0.41 0.40

Total ................................ 13.76 14.09 15.67 16.94 18.08 19.10

12.23 1.4%
0.46 1.4%
0.14 0.5%
3.63 1.9%
0.08 0.8%
0.38 1.6%
0.17 0.9%
0.25 0.1%
0.10 0.5%
2.01 1.5%
0.40 0.7%
0.08 0.4%
0.39 0.5%

20.32 1.4%

'Commercial trucks 8,500 to 10,000 pounds.
'Environmental Protection Agency rated miles per gallon.3
Combined car and light truck "on-the-road" estimate.

Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA data

reports.
Sources: 2003 and 2004: Energy Information Administration (EIA), Natural Gas Annual2003, DOE/EIA-0131(2003) (Washington, DC, December 2004); Federal

Highway Administration, Highway Statistics 2003 (Washington, DC, December 2004); Oak Ridge National Laboratory, Transportation Energy Data Book: Edition 24
and Annual (Oak Ridge, TN, December 2004); National Highway Traffic and Safety Administration, Summary of Fuel Economy Performance (Washington, DC, March
2004); U.S. Department of Commerce, Bureau of the Census, Vehicle Inventory and Use Survey," EC97TV (Washington, DC, October 1999); EIA, Describing Current
and Potential Markets for Alternative-Fuel Vehicles, DOE/EIA-0604(96) (Washington, DC, March 1996); EIA, Alternatives to Traditional Transportation Fuels 2004,
http://www.eia.doe.gov/fuelrenewable.html; EIA, State Energy Data Report 2001, DOE/EIA-0214(2001) (Washington, DC, December 2004) U.S. Department of
Transportation, Research and Special Programs Administration, AirCarrierStatistics Monthly, December2004/2003(Washington, DC, 2004); EIA, Fuel OilandKerosene
Sales 2003, DOE/EIA-0535(2003) (Washington, DC, November 2004); and United States Department of Defense, Defense Fuel Supply Center. Projections: EIA,
AEO2006 National Energy Modeling System run AE02006.D1 11905A.
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Reference Case

O Table A8. Electricity Supply, Disposition, Prices, and Emissions
(Billion Kilowatthours, Unless Otherwise Noted)

Reference Case I Annual

Supply, Disposition, and Prices __ __ _ __ __2004-Growth

2003 2004 2010 1 2015 2020 2025 2030 (percent)

Generation by Fuel Type
Electric Power Sector'
Power Only

2

Coal ................................ 1916 1916 2164 2209 2405 2728 3178 2.0%
Petroleum ............................ 111 110 90 89 90 93 99 -0.4%
Natural Gas

3 . . . . . . . . . . . . . . . . . . . . . . . . . .  
439 486 533 743 814 775 691 1.4%

Nuclear Power ........................ 764 789 809 829 871 871 871 0.4%
Pumped Storage/Other ................. -9 -8 -9 -9 -9 -9 -9 0.3%
Renewable Sources

4 . . . . . . . . . . . . . . . . . . .  
322 319 432 445 465 486 500 1.7%

Distributed Generation (Natural Gas) ....... 0 0 0 0 1 1 2 N/A
Total .............................. 3543 3612 4020 4306 4638 4945 5332 1.5%

Combined Heat and Power'
Coal ................................ 37 38 30 30 30 29 27 -1.3%
Petroleum ............................ 5 5 2 2 2 2 2 -2.8%
Natural Gas .......................... 129 132 140 159 153 141 131 -0.1%
Renewable Sources .................... 4 4 4 4 4 4 4 -0.3%

Total .............................. 177 182 176 195 189 177 164 -0.4%
Total Net Generation .................... 3720 3794 4196 4501 4827 5121 5497 1.4%
Less Direct Use ......................... 27 26 28 28 28 28 28 0.3%

Net Available to the Grid .................. 3694 3768 4168 4473 4799 5093 5469 1.4%

End-Use Generation
6

Coal ................................. 21 23 23 38 70 139 175 8.2%
Petroleum .................... .......... 5 5 12 13 14 13 13 3.9%
Natural Gas ........................... 83 83 101 116 134 152 169 2.8%
Other Gaseous Fuels

7  . . . . . . . . . . . . . . . . . . .  
7 5 4 4 5 5 5 0.3%

Renewable Sources
4 . . . . . . . . . . . . . . . . . . . .  

35 35 40 43 46 50 55 1.8%
Other

4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11 12 12 12 12 12 12 -0.0%

Total ............................... 162 161 192 226 280 370 429 3.8%
Less Direct Use ........................ 137 135 149 163 186 224 250 2.4%

Total Sales to the Grid ................ 24 26 43 62 94 146 179 7.7%

Total Electricity Generation ................. 3882 3955 4388 4727 5108 5491 5926 1.6%
Total Net Generation to the Grid ............. 3718 3793 4211 4536 4893 5240 5648 1.5%

Net Im ports .............................. 6 11 22 23 14 15 14 0.9%

Electricity Sales by Sector
Residential .............................. 1273 1293 1461 1576 1691 1787 1897 1.5%
Commercial ............................. 1200 1229 1430 1592 1762 1944 2151 2.2%
Industrial ............................... 1008 1021 1060 1103 1147 1195 1262 0.8%
Transportation ........................... 25 25 26 28 29 30 31 0.9%

Total ................................. 3505 3567 3978 4300 4629 4956 5341 1.6%
Direct Use .............................. 164 161 177 192 214 252 278 2.1%
Total Electricity Use .................... 3669 3729 4155 4491 4844 5208 5619 1.6%

End-Use Prices
(2004 cents per kilowatthour)

R esidential ..............................
Com m ercial .............................
Industrial ...............................
Transportation ...........................

All Sectors Average ....................

Prices by Service Category
(2004 cents per kilowatthour)

G eneration ..............................
Transm ission ............................
D istribution .............................

8.9 8.9 8.5 8.3 8.3 8.4 8.5 -0.2%
8.2 8.0 7.6 7.4 7.5 7.7 7.8 -0.1%
5.3 5.3 5.3 5.1 5.2 5.4 5.4 0.1%
7.4 7.4 7.1 6.9 7.0 7.1 7.2 -0.1%
7.6 7.6 7.3 7.1 7.2 7.4 7.5 -0.0%

5.0 5.0 4.7 4.6 4.8 5.0 5.1 0.1%
0.6 0.5 0.6 0.6 0.7 0.7 0.7 0.9%
2.1 2.1 2.0 1.9 1.9 1.8 1.8 -0.6%
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Reference Case

Table A8. Electricity Supply, Disposition, Prices, and Emissions (Continued)
(Billion Kilowatthours, Unless Otherwise Noted)

Reference Case Annual

Supply, Disposition, and Prices GrowthI I I 2025 2 ,004-20302003 12004 12010 12015 12020 12025 12030 (Opercent)

Electric Power Sector Emissions'
Sulfur Dioxide (million tons) ................ 10.60 10.89 5.91 4.63 4.04 3.80 3.72 -4.0%
Nitrogen Oxide (million tons) ................ 4.12 3.74 2.34 2.10 2.13 2.16 2.17 -2.1%
Mercury (tons) ........................... 50.70 53.31 37.73 24.04 18.74 16.59 15.31 -4.7%

Ilncludes electricity-only and combined heat and power (CHP) plants whose primary business is to sell electdcity, or electricity and heat, to the public.
'Includes plants that only produce electricity.
'Includes electricity generation from fuel cells.
l1ncludes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar, and wind power.

5Includes combined heat and power plants whose primary business is to sell electricity and heat to the public (i.e., those that report North American Industry
Classification System code 22).

6lncludes combined heat and power plants and electricity-only plants in the commercial and industrial sectors; and small on-site generating systems in the residential,
commercial, and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid.

7Other gaseous fuels include refinery and still gas.
'Other includes batteries, chemicals, hydrogen, pitch, purchased steam, sulfur and miscellaneous technologies.
N/A = Not applicable.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports.
Sources: 2003 and 2004 power only and combined heat and power generation, sales to utilities, net imports, residential, industrial, and total electricity sales, and

emissions: Energy Information Administration (EIA), Annual Energy Review2004, DOE/EIA-0384(2004) (Washington, DC, August 2005), and supporting databases.
2003 and 2004 commercial and transportation electricity sales based on: EIA, Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005),
and Oak Ridge National Laboratory, Transportation Energy Data Book 24 (Oak Ridge, TN, December 2004). 2003 and 2004 prices: EIA, AE02006 National Energy
Modeling System run AEO2006.D1 1 1905A. Projections: EIA, AE02006 National Energy Modeling System run AE02006.D1 1 1905A.
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Reference Case

O Table A9. Electricity Generating Capacity(Ginawatts)

Electric Power Sector'
Power Only'

Coal Steam ..........................
Other Fossil Steam 

4  . . . . . . . . . . . . . . . . .
..

Combined Cycle ......................
Combustion Turbine/Diesel ..............
Nuclear Power

5 . . . . . . . . . . . . . . . . . . . .

Pumped Storage ......................
Fuel Cells ...........................
Renewable Sources6 ...................
Distributed Generation' 

. . . . . . . . . . . . . . .
..

Total .............................
Combined Heat and Power

8

Coal Steam ..........................
Other Fossil Steam

4  . . . . . . . . . . . . . . . . .
..

Combined Cycle ......................
Combustion Turbine/Diesel ..............

Renewable Sources6 ...................
Total ..............................

Cumulative Planned Additions'
Coal Steam ..........................
Other Fossil Steam

4  . . . . . . . . . . . . . . . . .
..

Combined Cycle ......................
Combustion Turbine/Diesel ..............
Nuclear Power ........................
Pumped Storage ......................
Fuel C ells ...........................
Renewable Sources

6  . . . . . . . . . . . . . . . .
...

Distributed Generation
7  . . . . . . . . . . . . . . .

..
Total .............................

Cumulative Unplanned Additions
9

Coal Steam ..........................
Other Fossil Steam

4  . . . . . . . . . . . . . . . . .
..

Combined Cycle ......................
Combustion Turbine/Diesel ..............
Nuclear Power ........................
Pumped Storage ......................
Fuel C ells ...........................
Renewable Sources

6  . . . . . . . . . . . . . . . .
...

Distributed Generation7 
. . . . . . . . . . . . . . .

..
Total .............................

Cumulative Electric Power Sector

Cumulative Retirements
1
"

Coal Steam ..........................
Other Fossil Steam

4  . . . . . . . . . . . . . . . . .
..

Combined Cycle ......................
Combustion Turbine/Diesel ..............
Nuclear Power ........................
Pumped Storage ......................
Fuel C ells ............................
Renewable Sources

6 . . . . . . . . . . . . . . . .
..

Total ..........................

Total Electric Power Sector Capacity .......

305.5 305.0
128.8 123.8
110.4 126.3
125.2 127.2

99.5 99.6
20.7 20.8

0.0 0.0
91.4 91.9

0.0 0.0
881.5 894.6

4.9
0.5

31.7
2.9
0.4

40.4

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

4.9
0.5

32.4
2.9
0.4

41.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

313.7 315.0 340.9 385.7 453.1
121.8 85.9 79.8 78.8 74.8
151.5 157.0 181.4 193.4 198.3
136.1 136.3 146.1 155.9 170.8
100.9 104.0 108.8 108.8 108.8
20.8 20.8 20.8 20.8 20.8

0.0 0.0 0.0 0.0 0.0
102.3 104.6 107.8 111.4 113.7

0.2 0.6 1.4 2.4 5.5
947.4 924.2 986.9 1057.2 1145.7

4.9 4.3 4.3 4.3 4.3
0.5 0.5 0.5 0.5 0.5

32.3 32.3 32.3 32.3 32.3
2.9 2.9 2.9 2.9 2.9
0.4 0.4 0.4 0.4 0.4

41.0 40.5 40.5 40.5 40.5

8.3 9.3 9.3 9.3 9.3
0.1 0.1 0.1 0.1 0.1

25.7 25.7 25.7 25.7 25.7
5.3 5.3 5.3 5.3 5.3
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

10.0 11.0 11.1 11.2 11.4

0.0 0.0 0.0 0.0 0.0
49.4 51.5 51.6 51.7 51.8

3.4 7.0 32.9 77.7 145.1
0.0 0.0 0.0 0.0 0.0
0.0 5.5 29.9 41.9 46.8
4.7 11.6 21.5 31.3 46.2
0.0 2.2 6.0 6.0 6.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.4 1.7 4.8 8.3 10.4
0.2 0.6 1.4 2.4 5.5
8.8 28.6 96.5 167.7 260.0

58.2 80.1 148.1 219.3 311.8

3.0 6.8 6.8 6.8 6.8
2.0 37.9 44.0 45.1 49.0
0.6 0.6 0.6 0.6 0.6
1.4 8.2 8.2 8.2 8.2
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.1 0.1 0.1 0.1 0.1
7.1 53.6 59.8 60.8 64.7

1.5%
-1.9%
1.7%
1.1%
0.3%

N/A
N/A

0.8%
N/A

1.0%

-0.4%
N/A

-0.0%
-0.0%
0.2%

-0.0%

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

0.9%921.9 935.6 988.4 964.7 1027.4 1097.7 1186.2
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Reference Case

Table A9. Electricity Generating Capacity (Continued)
(Gigawatts)

Reference Case Annual

Net Summer Capacity
1  Growth

2003 2004 2010 2015 2020 2025 2030 (percent)

End-Use Generators"
Coal ................................. 4.2 4.1 4.2 6.2 10.2 19.2 23.6 6.9%
Petroleum ............................ 0.8 1.6 1.8 1.8 2.0 1.8 1.9 0.7%
Natural Gas ........................... 15.7 15.8 17.7 19.6 22.1 24.5 26.7 2.0%
Other Gaseous Fuels ................... 1.8 1.8 1.5 1.5 1.5 1.5 1.6 -0.5%
Renewable Sources

6 . . . . . . . . . . . . . . . . . . . .  
5.3 5.4 6.6 7.1 7.7 8.4 9.9 2.4%

Other ................................ 0.7 0.7 0.7 0.7 0.7 0.7 0.7 N/A
Total ............................... 28.5 29.3 32.4 36.9 44.2 56.3 64.3 3.1%

Cumulative Capacity Additions9  
0.0 0.0 3.1 7.6 14.8 26.9 35.0 N/A

'Net summer capacity is the steady hourly output that generating equipment is expected to supply to system load (exclusive of auxiliary power), as demonstrated
by tests during summer peak demand.

'Includes electricity-only and combined heat and power (CHP) plants whose primary business is to sell electricity, or electricity and heat, to the public.3Includes plants that only produce electricity. Includes capacity increases (uprates) at existing units.
4Includes oil-, gas-, and dual-fired capacity.
5Nuclear capacity includes 3 gigawatts of uprates through 2030.
'Includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar, and wind power. Facilities co-firing

biomass and coal are classified as coal.
'Primarily peak load capacity fueled by natural gas.
'Includes combined heat and power plants whose primary business is to sell electricity and heat to the public (i.e., those that report North American Industry

Classification System code 22).
'Cumulative additions after December 31, 2004.
"Cumulative retirements after December 31, 2004.
"Includes combined heat and power plants and electricity-only plants in the commercial and industrial sectors; and small on-site generating systems in the residential,

commercial, and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid.
N/A = Not applicable.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports.
Sources: 2003 and 2004 electric generating capacity and projected planned additions: Energy Information Administration (EIA), Form EIA-860, "Annual Electric

Generator Report" (preliminary). Projections: EIA, AEO2006 National Energy Modeling System run AE02006.D111905A.
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Reference Case

TableA10. Electricity Trade
(Billion Kilowatthours, Unless Otherwise Noted)

Reference Case Annual

Electricity Trade Growth

2003 2004 1 2010 1 2015 1 2020 2025 2030 (percent)

Interregional Electricity Trade

Gross Domestic Sales
Firm Power .............................. 136.7 142.4 105.5 82.4 50.6 37.9 37.9 -5.0%
Economy ............................... 215.1 233.2 231.5 200.4 168.3 165.4 158.2 -1.5%

Total ................................. 351.8 375.6 336.9 282.8 218.9 203.3 196.1 -2.5%

Gross Domestic Sales (million 2004 dollars)
Firm Power .............................. 7129.0 7428.5 5500.9 4298.7 2639.5 1975.9 1975.9 -5.0%
Economy ............................... 9070.8 9820.2 9433.0 8328.1 7360.0 7381.2 7234.1 -1.2%

Total ................................. 16199.8 17248.6 14933.9 12626.8 9999.5 9357.1 9210.0 -2.4%

International Electricity Trade

Imports from Canada and Mexico
Firm Power .............................. 11.3 12.5 2.5 1.9 0.8 0.4 0.4 -12.5%
Economy ............................... 19.0 21.6 39.7 39.3 28.6 27.1 26.5 0.8%

Total ................................. 30.3 34.1 42.3 41.1 29.4 27.5 26.9 -0.9%

Exports to Canada and Mexico
Firm Power .............................. 5.5 7.4 1.0 0.7 0.2 0.0 0.0 N/A
Economy ............................... 18.7 15.6 19.6 17.2 14.8 12.9 12.9 -0.7%

Total ................................. 24.1 23.0 20.6 17.8 15.0 12.9 12.9 -2.2%

N/A = Not applicable.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports. Firm Power Sales are capacity sales, meaning the delivery of the power is scheduled as part of the normal operating conditions of the affected electric
systems. Economy Sales are subject to curtailment or cessation of delivery by the supplier in accordance with prior agreements or under specified conditions.

Sources: 2003 and 2004 interregional firm electricity trade data: North American Electric Reliability Council (NERC), Electricity Sales and Demand Database 2003.
2003 and 2004 Mexican electricity trade data: DOE Form FE-718R, "Annual Report of International Electrical Export/Import Data." 2003 Canadian international
electricity trade data: National Energy Board, Annual Reporl 2003. 2004 Canadian electricity trade data: National Energy Board, Annual Report 2004. Projections:
Energy Information Administration, AE02006 National Energy Modeling System run AE02006.D1 1 1905A.
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Reference Case

Table Al 1. Petroleum Supply and Disposition Balance
(Million Barrels per Day, Unless Otherwise Noted)

Reference Case Annual

Supply and Disposition Growth
004-2030

2003 2004 1 2010 2015 2020 2025 1 2030 (percent)

Crude Oil
Domestic Crude Production' ................. 5.69 5.42 5.88 5.84 5.55 4.99 4.57 -0.7%

Alaska ................................. 0.99 0.91 0.83 0.89 0.76 0.47 0.27 -4.5%
Lower 48 States ......................... 4.71 4.51 5.05 4.95 4.79 4.52 4.30 -0.2%

Net Imports .............................. 9.65 10.06 10.05 10.47 11.26 12.33 13.51 1.1%
Gross Imports ........................... 9.66 10.09 10.08 10.50 11.28 12.35 13.53 1.1%
Exports ................................ 0.01 0.03 0.03 0.03 0.03 0.02 0.02 -0.7%

Other Crude Supply . ....................... -0.03 -0.00 0.00 0.00 0.00 0.00 0.00 N/A
Total Crude Supply ..................... 15.32 15.48 15.93 16.31 16.81 17.32 18.08 0.6%

Other Petroleum Supply
Natural Gas Plant Liquids ................... 1.72 1.81 1.75 1.88 1.94 1.90 1.87 0.1%
Net Product Imports ....................... 1.60 2.05 2.28 2.76 3.16 3.35 3.73 2.3%

Gross Refined Product ImportS3 . . . . . . . . . . . 1.85 2.07 2.39 2.83 3.13 3.25 3.56 2.1%
Unfinished Oil Imports .................... 0.34 0.49 0.41 0.44 0.54 0.60 0.66 1.2%
Blending Component Imports ............... 0.41 0.41 0.46 0.49 0.52 0.55 0.57 1.3%
Exports ................................ 0.96 0.96 0.98 1.00 1.03 1.04 1.07 0.4%

Refinery Processing Gain 4 . . . . . . . . . . .. . . . . . 0.97 1.05 1.31 1.37 1.44 1.63 1.82 2.1%
Other Inputs .............................. 0.44 0.35 0.94 1.25 1.52 1.92 2.16 7.2%

Liquids from Gas ........................ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A
Liquids from Coal ........................ 0.00 0.00 0.00 0.08 0.23 0.58 0.76 N/A
Other5 ................................. 0.44 0.35 0.94 1.18 1.28 1.34 1.39 5.4%

Total Primary Supply' ...................... 20.05 20.74 22.21 23.57 24.87 26.12 27.65 1.1%

Refined Petroleum Products Supplied
by Fuel

Motor Gasoline . ......................... 8.94 9.10 9.94 10.63 11.28 11.86 12.49 1.2%
Jet Fuel . ................................ 1.58 1.63 1.88 2.06 2.19 2.23 2.31 1.4%
Distillate Fuel' ........................... 3.93 4.06 4.61 4.91 5.21 5.59 6.09 1.6%
Residual Fuel ........................... 0.77 0.87 0.73 0.73 0.74 0.75 0.78 -0.4%
Other" ................................ 4.84 5.10 5.01 5.20 5.40 5.62 5.89 0.6%

by Sector
Residential and Commercial ............... 1.24 1.29 1.25 1.26 1.25 1.23 1.22 -0.2%
Industrial . ............................. 4.86 5.02 5.23 5.37 5.55 5.78 6.06 0.7%
Transportation .......................... 13.34 13.69 15.27 16.48 17.57 18.59 19.81 1.4%
Electric Power .. ......................... 0.50 0.49 0.43 0.43 0.43 0.44 0.47 -0.1%

Total ................................... 20.05 20.76 22.17 23.53 24.81 26.05 27.57 1.1%

Discrepancy .. ............................. -0.01 -0.02 0.03 0.04 0.05 0.07 0.09 WA
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Reference Case

Table All. Petroleum Supply and Disposition Balance (Continued)
(Million Barrels per-Day, Unless Otherwise Noted)

Reference Case Annual
Supply and Disposition GrowthI I I (percent) o

2003 1 2004 2010 1 2015 2020 2025 2030 (percent)

Imported Low Sulfur Light Crude Oil Price
(2004 dollars per barrel) 14 . . . . . . . . . . . . . . . . . . . .  

31.72 40.49 47.29 47.79 50.70 54.08 56.97 1.3%
Imported Crude Oil Price (2004 dollars per barrel) 14  

28.46 35.99 43.99 43.00 44.99 47.99 49.99 1.3%
Import Share of Product Supplied .............. 0.56 0.58 0.56 0.56 0.58 0.60 0.62 0.3%
Net Expenditures for Imported Crude Oil and

Petroleum Products (billion 2004 dollars) ....... 117.53 152.36 189.84 201.18 231.71 268.22 310.15 2.8%
Domestic Refinery Distillation Capacity

5 . . . . . . . . . . .  
16.8 16.9 17.6 17.9 18.1 18.5 19.3 0.5%

Capacity Utilization Rate (percent)1 . . . . . . . . . . . . .  
93.0 93.0 91.9 92.2 94.1 95.1 94.8 0.1%

'Includes lease condensate.
'Strategic petroleum reserve stock additions plus unaccounted for crude oil and crude stock withdrawals minus crude product supplied.
'Includes other hydrocarbons and alcohols.
'Represents volumetric gain in refinery distillation and cracking processes.
slncludes petroleum product stock withdrawals; domestic sources of blending components, other hydrocarbons, alcohols, and ethers.
'Total crude supply plus natural gas plant liquids, other inputs, refinery processing gain, and net product imports.
'Includes ethanol and ethers blended into gasoline.
'lncludes only kerosene type.
'Includes distillate and kerosene.
"Includes aviation gasoline, liquefied petroleum gas, petrochemical feedstocks, lubricants, waxes, asphalt, road oil, still gas, special naphthas, petroleum coke, crude

oil product supplied, and miscellaneous petroleum products.
"Includes consumption for combined heat and power (CHP), which produces electricity and other useful thermal energy.
"Includes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the

public. Includes small power producers and exempt wholesale generators.
"Balancing item. Includes unaccounted for supply, losses, and gains.
14Weighted average price delivered to U.S. refiners.
"End-of-year operable capacity.
"Rate is calculated by dividing the gross annual input to atmospheric crude oil distillation units by their operable refining capacity in barrels per calendar day.
N/A = Not applicable.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports.
Sources: 2003 and 2004 imported crude oil price and petroleum product supplied based on: Energy Information Administration (EIA), Annual Energy Review 2004,

DOE/EIA-0384(2004) (Washington, DC, August 2005). 2003 and 2004 imported low sulfur light crude oil price: EIA, Form EIA-856, "Monthly Foreign Crude Oil
Acquisition Report." Other 2003 data: EIA, Petroleum Supply Annual2003, DOE/EIA-0340(2003)/1 (Washington, DC, July 2004). Other 2004 data: EIA, Petroleum
SupplyAnnual2004, DOE/EIA-0340(2004)/1 (Washington, DC, June 2005). Projections: EIA, AE02006 National Energy Modeling System run AE02006.D1 11905A.
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Reference Case

Table A12. Petroleum Product Prices
(2004 Cents per Gallon, Unless Otherwise Noted)

Sector and Fuel

Reference Case Annual
Growth

I I I I I I 0 4-2030
2003 1 2004 1 2010 1 2015 2020 2025 2030 (percent)

Crude Oil Prices (2004 dollars per barrel)
Imported Low Sulfur Light Crude Oil Price

1 
....

Imported Crude Oil Price' . . . . . . . . . . . . . . . . .
31.72 40.49 47.29 47.79 50.70 54.08 56.97
28.46 35.99 43.99 43.00 44.99 47.99 49.99

1.3%
1.3%

Delivered Sector Product Prices

Residential
Distillate Fuel .........................
Liquefied Petroleum Gas ................

Commercial
Distillate Fuel .........................
Residual Fuel ........................
Residual Fuel (2004 dollars per barrel) .....

Industrial'
Distillate Fuel .........................
Liquefied Petroleum Gas ................
Residual Fuel .........................
Residual Fuel (2004 dollars per barrel) .....

Transportation
Diesel Fuel (distillate)3  . . . . . . . . . . . . . . . . . .

Jet Fuel
4  . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Motor Gasoline5  . . . . . . . . . . . . . . . . . . . . . .

Liquid Petroleum Gas ...................
Residual Fuel .........................
Residual Fuel (2004 dollars per barrel) .....
Ethanol (E85)

6  . . . . . . . . . . . . . . . . . . . . . . . .

Ethanol W holesale Price ................

Electric Power7

Distillate Fuel .........................
Residual Fuel .........................
Residual Fuel (2004 dollars per barrel) .....

Refined Petroleum Product Prices'
D istillate Fuel .........................
Jet Fuel

4  . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Liquefied Petroleum Gas ................
Motor Gasoline5  . . . . . . . . . . . . . . . . . . . . . .

Residual Fuel .........................
Residual Fuel (2004 dollars per barrel) .....

Average ...........................

136.6 188.8 178.2 176.6 188.0 197.4 202.0
129.7 149.1 156.5 154.3 166.6 182.6 195.4

100.2 138.3 140.0 143.2 150.1 156.3 162.2
76.5 95.3 91.8 90.5 94.4 99.7 103.5

32.13 40.03 38.57 38.00 39.66 41.88 43.47

103.2 142.5 147.8 156.8 162.5 169.6 177.2
111.7 122.7 103.6 101.7 111.3 121.1 131.4
70.7 87.9 94.4 94.6 100.2 104.6 108.9

29.69 36.94 39.67 39.74 42.10 43.95 45.72

154.8 182.4 195.9 199.5 202.5 207.6 214.4.
89.7 121.8 130.6 133.2 141.6 147.4 155.6

165.0 190.4 202.7 199.6 207.6 213.4 218.8
148.1 147.7 144.0 140.7 144.9 158.5 165.8

69.2 73.5 96.3 94.5 97.8 105.5 113.6
29.08 30.89 40.43 39.68 41.09 44.31 47.70
156.9 190.2 198.3 191.5 197.1 203.1 210.0
134.2 171.5 157.5 146.1 164.1 169.0 167.2

92.2 128.0 125.4 125.2 133.5 139.4 142.6
73.4 71.2 85.3 85.6 90.1 96.3 100.7

30.82 29.90 35.84 35.95 37.84 40.44 42.29

140.8 174.2 182.8 188.3 193.1 199.2 206.3
89.7 121.8 130.6 133.2 141.6 147.4 155.6

115.8 128.3 115.4 113.7 123.9 134.9 145.6
164.9 190.4 202.7 199.6 207.6 213.4 218.8
71.9 75.5 90.9 90.3 94.5 101.0 106.6

30.19 31.71 38.19 37.94 39.70 42.42 44.75
140.6 164.3 173.2 173.4 181.1 187.9 194.7

0.3%
1.0%

0.6%
0.3%
0.3%

0.8%
0.3%
0.8%
0.8%

0.6%
0.9%
0.5%
0.4%
1.7%
1.7%
0.4%

-0.1%

0.4%
1.3%
1.3%

0.7%
0.9%
0.5%
0.5%
1.3%
1.3%
0.7%

'Weighted average price delivered to U.S. refiners.
'Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.
3'Diesel fuel for on-road use. Includes Federal and State taxes while excluding county and local taxes.
4Includes only kerosene type.
'Sales weighted-average price for all grades. Includes Federal, State and local taxes.
6E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable). To address cold starting issues, the percentage of ethanol

actually varies seasonally. The annual average ethanol content of 74 percent is used for this forecast.
7Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public. Includes small power

producers and exempt wholesale generators.
Weighted averages of end-use fuel prices are derived from the prices in each sector and the corresponding sectoral consumption.
Note: Data for 2003 and 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2003 and 2004 imported low sulfur light crude oil price: Energy Information Administration (EIA), Form EIA-856, "Monthly Foreign Crude Oil Acquisition

Report." 2003 and 2004 imported crude oil price: EIA, Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). 2003 and 2004 prices
for motor gasoline, distillate, and jet fuel are based on: EIA, Petroleum Marketing Annual2004, DOE/EIA-0487(2004) (Washington, DC, August 2005). 2003 and 2004
residential, commercial, industrial, and transportation sector petroleum product prices are derived from: EIA, Form EIA-782A, "Refiners'/Gas Plant Operators' Monthly
Petroleum Product Sales Report." 2003 and 2004 electric power prices based on: Federal Energy Regulatory Commission, FERC Form 423, "Monthly Report of Cost
and Quality of Fuels for Electric Plants." 2003 and 2004 ethanol prices derived from weekly spot prices in the Oxy Fuel News. 2003 and 2004 wholesale ethanol prices
derived from Bloomburg U.S. average rack price. Projections: EIA, AEO2006 National Energy Modeling System run AE02006.D111905A.
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Reference Case

O Table A13. Natural Gas Supply, Disposition, and Prices
(Trillion Cubic Feet per Year, Unless Otherwise Noted)

Reference Case I Annual

Supply, Disposition, and Prices Growth

2003 2004 2010 2015 2020 J 2025 J 2030 (042e0n3)

Production
Dry Gas Production' ..................... 19.04 18.46 18.58 20.36 21.44 21.16 20.83 0.5%
Supplemental Natural Gas . . . . . . . . . . . . . . . . .  

0.07 0.06 0.07 0.07 0.07 0.07 0.07 1.1%

Net Imports ............................. 3.29 3.40 4.35 5.10 5.02 5.37 5.57 1.9%
Pipeline ............................... 2.85 2.81 2.28 2.05 1.32 1.24 1.22 -3.2%
Liquefied Natural Gas

3 . . . . . . . . . . . . . . . . . . . .  
0.44 0.59 2.07 3.05 3.70 4.13 4.36 8.0%

Total Supply ............................ 22.40 21.92 23.00 25.54 26.54 26.60 26.48 0.7%

Consumption by Sector
Residential ............................. 5.08 4.88 5.17 5.36 5.51 5.57 5.64 0.6%
Commercial ............................ 3.22 3.00 3.08 3.36 3.57 3.77 3.99 1.1%
Industrial

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7.14 7.41 7.82 8.08 8.26 8.51 8.81 0.7%

Electric Power .......................... 5.10 5.32 5.51 7.14 7.46 7.05 6.38 0.7%
Transportation ......................... .. 0.02 0.02 0.05 0.08 0.09 0.11 0.12 6.2%

Pipeline Fuel ........................... 0.66 0.67 0.63 0.71 0.78 0.77 0.75 0.5%
Lease and Plant Fuel 

. . . . . . . . . . . . . . . . . . . . .  
1.13 1.11 1.09 1.18 1.25 1.20 1.17 0.2%

Total ................................ 22.34 22.41 23.35 25.91 26.92 26.99 26.86 0.7%

Natural Gas to Liquids .................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A

Discrepancy' ............................ 0.06 -0.49 -0.36 -0.37 -0.38 -0.38 -0.39 N/A

Natural Gas Prices
(2004 dollars per thousand cubic feet)

Average Lower 48 Wellhead Price9 ........ 5.08 5.49 5.03 4.52 4.90 5.43 5.92 0.3%

Delivered Prices
Residential ........................... 9.74 10.72 10.65 10.11 10.48 11.10 11.67 0.3%
Commercial .......................... 8.53 9.38 9.03 8.37 8.63 9.11 9.58 0.1%
Industrial4 ........................... . . 5.77 6.29 5.86 5.32 5.66 6.18 6.65 0.2%
Electric Power ........................ 5.81 6.07 5.60 5.21 5.53 6.02 6.41 0.2%
Transportation .. .. . . . . . . . . . . . . . . . . . . . . . .  9.20 10.25 10.40 9.91 10.21 10.64 ,11.01 0.3%

Average" .......................... 7.20 7.74 7.41 6.80 7.14 7.69 8.22 0.2%

'Marketed production (wet) minus extraction losses.
2Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed

with natural gas.
3Includes any natural gas regasified in the Bahamas and transported via pipeline to Florida.
4Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.
'Includes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the

public. Includes small power producers and exempt wholesale generators.
6Compressed natural gas used as vehicle fuel.
'Represents natural gas used in field gathering and processing plant machinery.
'Balancing item. Natural gas lost as a result of converting flow data measured at varying temperatures and pressures to a standard temperature and pressure and

the merger of different data reporting systems which vary in scope, format, definition, and respondent type. In addition, 2003 and 2004 values include net storage
injections.

'Represents lower 48 onshore and offshore supplies.
"Compressed natural gas used as a vehicle fuel. Price includes estimated motor vehicle fuel taxes.
"Weighted average prices. Weights used are the sectoral consumption values excluding lease, plant, and pipeline fuel.
N/A = Not applicable.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EtA

data reports.
Sources: 2003 supply values; and lease, plant, and pipeline fuel consumption: Energy Information Administration (EIA), Natural Gas Annual 2003, DOE/EIA-

0131(2003) (Washington, DC, December 2004). 2004 supply values; and lease, plant, and pipeline fuel consumption; and wellhead price: EIA, Natural Gas Monthly,
DOE/EIA-0130(2005/06) (Washington, DC, June 2005), subtracting 1 billion cubic feet per day to account for carbon dioxide included in production in Texas. Other
2003 and 2004 consumption based on: EIA, Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). 2003 wellhead price: Mineral
Management Service and EIA, Natural Gas Annual2003, DOE/EIA-01 31(2003) (Washington, DC, December 2004). 2003 residential and commercial delivered prices:
EIA, Natural Gas Annual2003, DOE/EIA-0131(2003) (Washington, DC, December2004). 2004 residential and commercial delivered prices: EIA, Natural Gas Monthly,
DOE/EIA-01 30(2005/06) (Washington, DC, June 2005). 2003 and 2004 electric power sector prices: EIA, Electric PowerMonthly, DOE/EIA-0226, May 2004 through
April 2005. 2003 and 2004 industrial delivered prices are estimated based on: EIA, Manufacturing Energy Consumption Survey 1994 and industrial and wellhead prices
from the Natural Gas Annual2003, DOE/EIA-0131 (2003) (Washington, DC, December 2004) and the Natural Gas Monthly, DOE/EIA-0130(2005/06) (Washington, DC,
June 2005). 2003 transportation sector delivered prices are based on: EIA, Natural Gas Annual 2003, DOE/EIA-0131 (2003) (Washington, DC, December 2004) and
estimated state and federal taxes. 2004 transportation sector delivered prices are model results. Projections: EIA, AE02006 National Energy Modeling System run
AE02006.D111905A.
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Reference Case

Crude Oil

Lower 48 Average Wellhead Price
1

(2004 dollars per barrel) ...................

Production (million barrels per day)
2

U .S . Total ..............................
Lower 48 Onshore ......................
Lower 48 Offshore ......................
A laska ................................

Lower 48 End of Year Reserves2

(billion barrels) ...........................

29.68 38.06 43.49 44.98 47.50 50.41 53.16 1.3%

5.69 5.40 5.88
2.99 2.90 2.62
1.72 1.59 2.42
0.99 0.91 0.83

5.84 5.55 4.99
2.48 2.42 2.36
2.47 2.36 2.15
0.89 0.76 0.47

4.57 -0.6%
2.27 -0.9%
2.03 0.9%
0.27 -4.5%

18.66 18.21 19.83 19.98 19.61 18.74 17.91 -0.1%

Natural Gas

Lower 48 Average Wellhead Price1

(2004 dollars per thousand cubic feet) .......

Dry Production (trillion cubic feet)
3

U.S. Total ...........................
Lower 48 Onshore ......................

Associated-Dissolved4 . . . . . . . . . . . . . . . .
..

Non-Associated .......................
Conventional .......................
Unconventional ......................

Lower 48 Offshore ......................
Associated-Dissolved4 . . . . . . . . . . . . . . . .

Non-Associated .......................
A laska ................................

5.08 5.49 5.03 4.52 4.90 5.43 5.92 0.3%

19.04 18.46 18.58 20.36 21.44 21.16 20.83 0.5%
13.82 13.76 14.03 14.23 14.52 14.73 14.72 0.3%

1.49 1.51 1.34 1.26 1.20 1.15 1.10 -1.2%
12.33 12.26 12.69 12.97 13.33 13.58 13.62 0.4%
5.49 4.79 5.01 4.86 4.66 4.44 4.17 -0.5%
6.84 7.47 7.68 8.11 8.66 9.14 9.45 0.9%
4.76 4.26 4.31 5.08 4.71 4.25 3.97 -0.3%
0.95 0.85 1.08 1.40 1.34 1.20 1.15 1.2%
3.81 3.41 3.23 3.68 3.37 3.05 2.82 -0.7%
0.46 0.44 0.24 1.06 2.21 2.19 2.14 6.3%

Lower 48 End of Year Dry Reserves'
(trillion cubic feet) ........................ 180.76 183.64 214.35 228.95 229.52 226.85 222.72 0.7%

Supplemental Gas Supplies (trillion cubic feet)
5

0.07 0.06 0.07 0.07 0.07 0.07 0.07 1.1%

Total Lower 48 Wells Drilled (thousands) ...... 30.62 33.74 32.31 27.86 26.95 26.40 26.42 -0.9%

'Represents lower 48 onshore and offshore supplies.
2Includes lease condensate.
3Marketed production (wet) minus extraction losses.
4Gas which occurs in crude oil reservoirs either as free gas (associated) or as gas in solution with crude oil (dissolved).
'Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed

with natural gas.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports.
Sources: 2003 and 2004 lower 48 onshore, lower 48 offshore, and Alaska crude oil production: Energy Information Administration (EIA), Petroleum SupplyAnnual

2004, DOE/EIA-0340(2004)/i (Washington, DC, June 2005). 2003 U.S. crude oil and natural gas reserves: EIA, U.S. Crude Oil, Natural Gas, andNatural Gas Liquids
Reserves, DOE/EIA-0216(2003) (Washington, DC, November 2004). 2003 Alaska and total natural gas production, and supplemental gas supplies: EIA, Natural Gas
Annual 2003, DOE/EIA-01 31(2003) (Washington, DC, December 2004). 2003 natural gas lower 48 average wellhead price: Mineral Management Service and EIA,
Natural Gas Annual 2003, DOE/EIA-01 31(2003) (Washington, DC, December 2004). 2004 natural gas lower 48 average wellhead price, Alaska and total natural gas
production, and supplemental gas supplies: EiA, Natural Gas Monthly, DOE/EIA-0130(2005/06) (Washington, DC, June 2005), subtracting 1 billion cubic feet per day
to account for carbon dioxide included in production in Texas. 2003 and 2004 crude oil lower 48 average wellhead price: EIA, Petroleum Marketing Annual 2004,
DOE/EIA-0487(2004) (Washington, DC, August 2005). Other 2003 and 2004 values: EIA, Office of Integrated Analysis and Forecasting. Projections: EIA, AE02006
National Energy Modeling System run AE02006.D1 11905A.
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Reference Case

OTable A15. Coal Supply, Disposition, and Prices
(Million Short Tons per Year, Unless Otherwise Noted)

Reference Case Annual

Supply, Disposition, and Prices Growth

2003 2004 2010 2015 2020 2025 2030 (percent)

Production1

Appalachia ............................. 388 403 426 389 379 391 412 0.1%
Interior ................................ 146 146 190 209 219 236 281 2.5%
West ................................. 549 575 645 674 758 904 1010 2.2%

East of the Mississippi .................... 481 497 559 538 542 570 633 0.9%
West of the Mississippi ................... 603 627 702 734 813 960 1070 2.1%

Total ................................ 1083 1125 1261 1272 1355 1530 1703 1.6%

Net Imports
Imports ............................... 25 27 15 27 55 82 99 5.1%
Exports ............................... 43 48 41 22 19 20 17 -4.0%

Total ................................ -18 -21 -26 5 36 63 83 N/A

Total Supply2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1065 1104 1235 1277 1391 1593 1785 1.9%

Consumption by Sector
Residential and Commercial ............... 4 4 4 4 4 4 4 0.0%
Coke Plants ............................ 24 24 23 22 22 21 21 -0.4%
Other Industrial 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
61 61 66 66 66 67 67 0.4%

Coal-to-Liquids Heat and Power ............ 0 0 0 11 31 74 96 N/A
Coal-to-Liquids Liquids Production .......... 0 0 0 11 31 72 94 N/A
Electric Power

4  . . . . . . . . . . . . . . . . . . . . . . . . .  
1005 1015 1140 1161 1235 1354 1502 1.5%

Total Coal Use ....................... 1095 1104 1.233 1276 1390 1592 1784 1.9%

Discrepancy and Stock Change ........... ....- 30 -0 2 1 1 1 1 N/A

Average Minemouth Price
(2004 dollars per short ton) ................ 18.40 20.07 22.23 20.39 20.20 20.63 21.73 0.3%
(2004 dollars per million Btu) .............. 0.89 0.98 1.09 1.01 1.00 1.03 1.09 0.4%

Delivered Prices (2004 dollars per short ton)
6

Coke Plants ............................ 51.96 61.50 64.63 60.06 61.12 62.64 62.67 0.1%
Other Industria . . . . . . . . . . . . . . . . . . . . . . . . . . 36.22 39.53 39.99 38.48 38.76 39.83 41.05 0.1%
Coal to Liquids .......................... N/A N/A N/A 12.74 16.28 20.07 21.06 N/A
Electric Power

(2004 dollars per short ton) .............. 26.99 27.43 29.74 28.12 28.07 29.02 30.58 0.4%
(2004 dollars per million Btu) ............. 1.33 1.36 1.48 1.40 1.39 1.44 1.51 0.4%

Average .......................... 28.06 28.81 30.90 28.93 28.55 29.06 30.30 0.2%
Exports

7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
40.85 54.11 54.45 46.68 47.86 48.94 46.91 -0.5%

'Includes anthracite, bituminous coal, lignite, and waste coal delivered to independent power producers. Waste coal deliveries totaled 11.6 million tons in 2003 and
12.5 million tons in 2004.

2Production plus net imports plus net storage withdrawals.
'Includes consumption for combined heat and power plants, except those plants whose primary business is to sell electricity, or electricity and heat, to the public.

Excludes all coal use in the coal-to-liquids process.
'Includes all electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public.
'Balancing item: the sum of production, net imports, and net storage withdrawals minus total consumption.
'Prices weighted by consumption tonnage less imports; weighted average excludes residential and commercial prices, import prices, and export free-alongside-ship

(f.a.s.) prices.
7F.a.s. price at U.S. port of exit.
N/A = Not applicable.
Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EiA

data reports.
Sources: 2003 and 2004 data based on: Energy Information Administration (EIA), Annual Coal Report2004, DOE/EIA-0584(2004) (Washington, DC, November

2005); EIA, Quarterly Coal Report, October-December2004, DOE/EIA-0121(2004/40) (Washington, DC, March 2005); and EIA, AE02006 National Energy Modeling
System run AE02006.D111905A. Projections: EIA, AE02006 National Energy Modeling System run AE02006.D111905A.
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Reference Case

Table A16. Renewable Energy Generating Capacity and Generation
(Gigawatts, Unless Otherwise Noted)

Capacity and Generation
Reference Case I Annual

Growth
I I I I I I 12004-2030

2003 1 2004 I 2010 1 2015 I 2020 I 2025 I 2030 I(percent)

Electric Power Sector1

Net Summer Capacity
Conventional Hydropower ...............
Geotherm al

2  . . . . . . . . . . . . . . . . . . . . . . .
...

Municipal Solid Waste3 . . . . . . . . . . . . . . . .

Wood and Other Biomass 4
'
5  . . . . . . . . . . . .

..

Solar Therm al .........................
Solar Photovoltaic

6  . . . . . . . . . . . . . . . . . .
...

W ind ................................
Total ..............................

Generation (billion kilowatthours)
Conventional Hydropower ...............
Geotherm al

2  . . . . . . . . . . . . . . . . . . . . . . .
...

Municipal Solid Waste3 . . . . . . . . . . . . . . . .

Wood and Other Biomass . . . . . . . . . . . . .
..

Dedicated Plants .....................
C ofiring ............................

Solar Therm al .........................
Solar Photovoltaic6  . . . . . . . . . . . . . . . . . .

...
W ind ................................

Total ..............................

End-Use Generators
7

Net Summer Capacity
Conventional Hydropower

5 . . . . . . . . . . . .

G eotherm al .........................
Municipal Solid W aste .................
Biom ass ............................
Solar Photovoltaic8 . . . . . . . . . . . . . . . . .

Total .............................

Generation (billion kilowatthours)
Conventional Hydropower" . . . . . . . . . . . .

.
G eotherm al .........................
Municipal Solid W aste .................
Biom ass ............................
Solar Photovoltaic6 . . . . . . . . . . . . . . . . .

..
Total .............................

77.69
2.11
3.19
2.00
0.39
0.03
6.39

91.80

77.64 77.67 77.72 77.87 77.87 77.87 0.0%
2.11 2.56 3.19 4.61 6.02 6.64 4.5%
3.22 3.52 3.65 3.76 3.84 3.87 0.7%
2.00 2.15 2.15 2.46 3.45 4.63 3.3%
0.39 0.47 0.48 0.50 0.53 0.55 1.3%
0.03 0.07 0.14 0.22 0.31 0.39 10.5%
6.87 16.27 17.71 18.81 19.80 20.10 4.2%

92.26 102.69 105.03 108.23 111.81 114.06 0.8%

270.26 264.50 296.98 297.40 298.46 298.64 298.85 0.5%
14.42 14.36 17.51 22.84 34.01 46.74 52.70 5.1%
20.84 19.86 24.89 25.96 26.83 27.52 27.79 1.3%

9.53 9.49 44.67 44.80 48.59 51.30 57.83 7.2%
9.53 8.00 10.39 9.98 13.03 22.05 31.67 5.4%
0.00 1.49 34.29 34.82 35.55 29.25 26.16 11.7%
0.53 0.58 0.84 0.89 0.96 1.03 1.11 2.5%
0.00 0.00 0.18 0.34 0.54 0.76 0.98 26.9%

11.19 14.15 50.87 55.98 59.82 63.48 64.51 6.0%
326.78 322.93 435.94 448.23 469.21 489.47 503.77 1.7%

0.66
0.00
0.27
4.32
0.08
5.32

0.66
0.00
0.27
4.33
0.12
5.38

0.66
0.00
0.27
5.01
0.63
6.57

0.66
0.00
0.27
5.48
0.68
7.09

0.66
0.00
0.27
6.02
0.75
7.70

0.66
0.00
0.27
6.60
0.87
8.40

0.66 0.0%
0.00 N/A
0.27 0.0%
7.29 2.0%
1.68 10.6%
9.89 2.4%

4.29 4.45 4.42 4.42 4.42 4.42 4.42 -0.0%
0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A
2.22 2.12 2.24 2.24 2.24 2.24 2.24 0.2%

28.00 27.81 31.81 34.52 37.69 41.05 45.09 1.9%
0.17 0.26 1.34 1.46 1.60 1.89 3.62 10.7%

34.69 34.63 39.80 42.63 45.94 49.59 55.37 1.8%

'Includes electricity-only and combined heat and power plants'whose primary business is to sell electricity, or electricity and heat, to the public.2
Includes hydrothermal resources only (hot water and steam).

3
Includes landfill gas.

'Facilities co-firing biomass and coal are classified as coal.
sIncludes projections for energy crops after 2010.
eDoes not include off-grid photovoltaics (PV). Based on annual PV shipments from 1989 through 2003, EIA estimates that as much as 149 megawatts of remote

electricity generation PV applications (i.e., off-grid power systems) were in service in 2003, plus an additional 414 megawatts in communications, transportation, and
assorted other non-grid-connected, specialized applications. See Energy Information Administration, Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington,
DC, August 2005), Table 10.6 (annual PV shipments, 1989-2003). The approach used to develop the estimate, based on shipment data, provides an upper estimate
of the size of the PV stock, including both grid-based and off-grid PV. It will overestimate the size of the stock, because shipments include a substantial number of units
that are exported, and each year some of the PV units installed earlier will be retired from service or abandoned.

'Includes combined heat and power plants and electricity-only plants in the commercial and industrial sectors; and small on-site generating systems in the residential,
commercial, and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid.

'Represents own-use industrial hydroelectric power.
N/A = Not applicable.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports.
Sources: 2003 and 2004 capacity: Energy Information Administration (EIA), Form EIA-860, "Annual Electric Generator Report' (preliminary). 2003 and 2004

generation: EIA, Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). Projections: EIA, AE02006 National Energy Modeling System
run AE02006.D1 1 1905A.
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Reference Case

Table A17. Renewable Energy, Consumption by Sector and Source1

(Quadrillion Btu per Year)

Sector and Source

Reference Case Annual
Growth

I I 2 I 2 I 2 I 2 00423o
2003 2004 2010 2015 2020 2025 2030 (percent)

Marketed Renewable Energy
2

Residential (wood) ......................

Commercial (biomass) ...................

Industrial3 .... . . . . . . . . . . . . . . . . . . . . . . . . . .

Conventional Hydroelectric ...............
Municipal Solid W aste ...................
Biom ass ..............................

Transportation ..........................
Ethanol used in E85

4  . . . . . . . . . . . . . . . . . .
..

Ethanol used in Gasoline Blending .........

Electric Power
5 . . . . . . . . . . . . . . . . . . . . . . .

Conventional Hydroelectric ...............
G eotherm al ............................
Municipal Solid Waste

6 . . . . . . . . . . . . . . . .

Biom ass ..............................
Dedicated Plants ......................
C ofiring .............................

Solar Therm al ..........................
Solar Photovoltaic ......................
W ind .................................

Total Marketed Renewable Energy ...........

Sources of Ethanol
From C orn ..............................
From Cellulose ..........................
Im ports ................................

Total .................................

0.40 0.41 0.44 0.43 0.43 0.42 0.41 0.1%

0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.0%

1.59 1.68 1.79 1.90 2.01 2.14 2.29 1.2%
0.04 0.04 0.04 0.04 0.04 0.04 0.04 N/A
0.01 0.01 0.01 0.01 0.01 0.01 0.01 N/A
1.53 1.62 1.74 1.84 1.96 2.09 2.24 1.3%

0.23 0.28 0.66 0.87 0.96 1.00 1.01 5.0%
0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.4%
0.23 0.28 0.65 0.87 0.95 0.99 1.00 5.0%

3.62
2.77
0.30
0.30
0.12
0.12
0.00
0.01
0.00
0.11

3.57 4.76 5.01 5.47 5.95 6.22 2.2%
2.67 2.98 2.99 2.99 2.99 2.99 0.4%
0.30 0.39 0.57 0.92 1.33 1.54 6.5%
0.31 0.33 0.35 0.36 0.37 0.37 0.8%
0.14 0.52 0.52 0.57 0.58 0.63 6.1%
0.11 0.11 0.10 0.14 0.24 0.34 4.4%
0.03 0.41 0.42 0.43 0.34 0.30 9.6%
0.01 0.01 0.01 0.02 0.02 0.02 5.1%
0.00 0.00 0.00 0.00 0.00 0.00 N/A
0.14 0.52 0.58 0.62 0.65 0.66 6.1%

5.93 6.02 7.73 8.30 8.96 9.60 10.02 2.0%

0.23 0.28 0.61 0.80 0.87 0.91 0.92 4.6%
0.00 0.00 0.01 0.02 0.02 0.02 0.02 N/A
0.00 0.00 0.04 0.06 0.06 0.07 0.07 N/A
0.23 0.28 0.66 0.87 0.96 1.00 1.01 5.0%

Nonmarketed Renewable Energy
7

Selected Consumption

Residential .............................
Solar Hot Water Heating .................
Geothermal Heat Pumps .................
Solar Photovoltaic ......................

Com m ercial ............................
Solar Therm al ..........................
Solar Photovoltaic ......................

0.02 0.03 0.04 0.04 0.05 0.06 0.06 3.5%
0.02 0.02 0.03 0.03 0.04 0.04 0.05 2.8%
0.00 0.00 0.01 0.01 0.01 0.01 0.01 7.1%
0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.8%

0.02 0.03 0.03 0.03 0.03 0.03 0.04 1.6%
0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.5%
0.00 0.00 0.00 0.00 0.00 0.00 0.01 10.2%

'Actual heat rates used to determine fuel consumption for all renewable fuels except hydropower, solar, and wind. Consumption at hydroelectric, solar, and wind
facilities determined by using the fossil fuel equivalent of 10,280 Btu per kilowatthour.

2Includes nonelectric renewable energy groups for which the energy source is bought and sold in the marketplace, although all transactions may not necessarily be
marketed, and marketed renewable energy inputs for electricity entering the marketplace on the electric power grid. Excludes electricity imports; see Table A8.

3
Includes all electricity production by industrial and other combined heat and power for the grid and for own use.

'Excludes motor gasoline component of E85.
'lncludes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the

public. Includes small power producers and exempt wholesale generators.
'lncludes landfill gas.
7
Includes selected renewable energy consumption data for which the energy is not bought or sold, either directly or indirectly as an input to marketed energy. The

Energy Information Administration does not estimate or project total consumption of nonmarketed renewable energy.
N/A = Not applicable.
Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports.
Sources: 2003 and 2004 ethanol: Energy Information Administration (EIA), Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005).

2003 and 2004 electric power sector: EIA, Form EIA-860, "Annual Electric Generator Report" (preliminary). Other 2003 and 2004 values: EIA, Office of Integrated
Analysis and Forecasting. Projections: EIA, AE02006 National Energy Modeling System run AEO2006.D1 11905A.
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Reference Case

Table A18. Carbon Dioxide Emissions by Sector and Source
(Million Metric Tons, Unless Otherwise Noted)

Reference Case Annual

Sector and Source Growth
2004-2030

2003 1 2004 2010 1 2015 1 2020 1 2025 2030 (percent)

Residential
Petroleum .............................. 103.3 108.1 102.0 100.5 97.5 93.0 89.3 -0.7%
Natural Gas ............................. 276.9 265.5 281.4 291.6 299.7 303.3 307.3 0.6%
Coal ................................... 1.0 1.0 1.1 1.0 1.0 1.0 0.9 -0.4%
Electricity ............................... 827.8 833.2 930.5 975.8 1035.6 1100.1 1178.4 1.3%

Total ................................. 1209.0 1207.8 1315.0 1369.0 1433.9 1497.4 1575.9 1.0%

Commercial
Petroleum .............................. 53.9 57.9 55.2 56.4 57.1 57.8 58.7 0.1%
Natural Gas ............................. 175.4 162.7 167.9 182.7 194.6 205.4 217.1 1.1%
Coal ................ .................. 8.0 8.2 8.2 8.2 8.2 8.2 8.2 -0.0%
Electricity ............................... 779.8 791.6 910.6 985.6 1079.2 1197.1 1335.9 2.0%

Total ................................. 1017.1 1020.4 1141.8 1232.9 1339.0 1468.5 1620.0 1.8%

Industrial'
Petroleum .............................. 409.4 440.6 441.5 456.9 475.1 497.5 523.8 0.7%
Natural Gas . ............................ 428.8 441.9 477.9 497.1 510.4 521.8 535.9 0.7%
Coal ................................... 188.9 186.8 192.9 206.4 236.2 303.4 340.6 2.3%
Electricity ............................... 655.2 657.7 674.9 682.8 702.6 735.8 784.1 0.7%

Total ................................. 1682.3 1727.1 1787.2 1843.2 1924.3 2058.4 2184.5 0.9%

Transportation
Petrol eUM3 .............................. 1833.8 1891.3 2067.1 2212.4 2356.6 2496.3 2667.1 1.3%
Natural Gas . ............................ 37.3 37.4 37.1 43.0. 47.4 47.5 47.5 0.9%
Electricity ............................... 15.9 16.0 16.7 17.1 17.7 18.6 19.6 0.8%

Total ................................. 1887.0 1944.7 2121.0 2272.4 2421.8 2562.4 2734.1 1.3%

Electric Power 5

Petroleum .............................. 97.1 97.4 74,5 73.6 74.5 76.4 81.8 -0.7%
Natural Gas ....................... : ..... 277.6 295.9 297.4 385.7 402.8 380.7 344.3 0.6%
Coal ................................... 1892.4 1893.9 2147,8 2188.4 2343.5 2579.4 2876.6 1.6%
Other . ................................. 11.7 11.4 110 13.6 14.3 15.0 15.3 1.1%

Total ................................. 2278.8 2298.6 2532.7 2661.3 2835.2 3051.6 3318.0 1.4%

Carbon Dioxide Emissions by Primary Fue17

Petroleum ............................... 2497.5 2595.2 2740.3 2899.8 3060.8 3221.0 3420.8 1.1%
Natural Gas ............................. 1196.0 1203.4 1261.6 1400.1 1454.9 1458.7 1452.1 0.7%
Coal ................................... 2090.2 2089.9 2350.0 2404.0 2589.0 2892.0 3226.3 1.7%
Other6 ................................. 11.7 11.4 13.0 13.6 14.3 15.0 15.3 1.1%

Total ................................. 5795.5 5899.9 6364.9 6717.6 7119.0 7586.7 8114.5 1.2%

Carbon Dioxide Emissions
(ton per person) .......................... 19.9 20.1 20.5 20.8 21.1 21.6 22.2 0.4%

'Fuel consumption includes energy for combined heat and power plants (CHP), except those plants whose primary business is to sell electricity, or electricity and
heat, to the public.

'Includes lease and plant fuel.
'This includes carbon dioxide from international bunker fuels, both civilian and military, which are excluded from the accounting of carbon dioxide emissions under

the United Nations convention. From 1990 through 2003, international bunker fuels accounted for 83 to 115 million metric tons annually.
'Includes pipeline fuel natural gas and compressed natural gas used as vehicle fuel.
'Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public. Does not include

emissions from the nonbiogenic component of municipal solid waste because under international guidelines these are accounted for as waste, not energy.
'Includes emissions from geothermal power and nonbiogenic emissions from municipal solid waste.
'Emissions from the electric power sector are distributed to the primary fuels.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports.
Sources: 2003 and 2004 emissions and emission factors: Energy Information Administration (EIA), Emissions of Greenhouse Gases in the United States 2004,

DOE/EIA-0573(2004) (Washington, DC, December 2005). Projections: EIA, AE02006 National Energy Modeling System run AE02006.Dl 1 1905A.
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Reference Case

Table Al 9. Macroeconomic Indicators
0 (Billion 2000 Chain-Weighted Dollars, Unless Otherwise Noted)

Reference Case Annual

Indicators Growth
004-2030

2003 1 2004 1 2010 2015 1 2020 1 2025 1 2030 (percent)

Real Gross Domestic Product .............
Real Potential Gross Domestic Product .....
Components of Real Gross Domestic Product

Real Consumption .......................
Real Investment ........................
Real Government Spending ...............
Real Exports ...........................
Real Im ports ...........................

Energy Intensity
(thousand Btu per 2000 dollar of GDP)

Delivered Energy ........................
Total Energy ...........................

Price Indices
GDP Chain-Type Price Index (2000=1.000) ...
Consumer Price Index (1 982-4=1)

A ll-U rban ............................
Energy Commodities and Services ........

Wholesale Price Index (1982=1.00)
All Com modities .......................
Fuel and Power .......................

Interest Rates (percent, nominal)
Federal Funds Rate ......................
10-Year Treasury Note ...................
AA Utility Bond Rate .....................

Value of Shipments (billion 2000 dollars)
Total Industrial ..........................

Non-manufacturing .....................
M anufacturing .........................

Energy- Intensive .....................
Non-Energy Intensive .............

Population and Employment (millions)
Population, with Armed Forces Overseas .....
Population, aged 16 and over ..............
Population, over age 65 ..................
Employment, Nonfarm ....................
Employment, Manufacturing ...............

Key Labor Indicators
Labor Force (millions) ...................Non-farm Labor Productivity 0 992=1.00) .....
Unemployment Rate (percent) .............

Key Indicators for Energy Demand
Real Disposable Personal Incom6 ..........
Housing Starts (millions) ..................
Commercial Floorspace (billion square feet) ...
Unit Sales of Light-Duty Vehicles (millions) ...

10321 10756 13043 15082 17541 20123 23112
10686 11030 13367 15073 17176 19765 22738

7307 7589 9128 10373 11916 13555 15352
1617 1810 2259 2713 3293 4025 4985
1911 1952 2150 2296 2464 2631 2838
1031 1118 1831 2671 3776 5083 6833
1553 1719 2295 2857 3659 4734 6156

6.97 6.81 6.03 5.54
9.51 9.27 8.28 7.58

5.03 4.63 4.26
6.88 6.32 5.80

1.063 1.091 1.235 1.398 1.597 1.818 2.048

3.0%
2.8%

2.7%
4.0%
1.4%
7.2%
5.0%

2.5%

2.7%
2.6%

1.5%
2.6%

N/A
N/A
N/A

2.1%
1.4%
2.3%
1.3%
2.6%

1.84
1.36

1.38
1.13

1.89 2.15 2.46
1.51 1.67 1.86

1.47 1.55 1.66
1.27 1.36 1.49

2.86 3.31 3.78
2.19 2.57 2.96

1.82 1.98 2.13
1.77 2.12 2.49

5.24 5.01 5.04
6.21 6.14 6.13
8.15 8.35 8.52

1.13 1.35 5.30 5.46
4.01 4.27 5.92 6.11
6.39 6.04 7.55 7.69

5378 5643 6355 7036 7778 8589 9578
1393 1439 1572 1689 1808 1926 2069
3985 4204 4783 5347 5969 6664 7509
1117 1161 1265 1350 1441 1529 1627
2868 3044 3518 3997 4528 5135 5882-

291.4 294.1 310.1 323.5 337.0 350.6 364.8 0.8%
226.5 229.1 244.1 254.5 265.3 276.6 288.5 0.9%

36.0 36.4 40.4 47.0 54.9 63.8 71.6 ' 2.6%
129.9 131.4 142.1 147.6 156.2 164.2 173.6 1.1%

14.5 14.3 14.0 13.5 13.3 12.9 12.6 -0.5%

146.5 147.4 158.9 162.9 167.7 173.1 180.8 0.8%
1.29 1.34 1.52 1.73 1.93 2.15 2.42 2.3%
5.99 5.53 4.69 4.58 4.37 4.80 4.90 N/A

7742 8004 9622 11058 13057 15182 17562 3.1%
1.98 2.08 1.97 1.95 1.89 1.83 1.82 -0.5%
73.7 75.0 82.3 88.9 96.0 103.7 112.0 1.6%

16.64 16.87 17.61 18.00 18.90 20.31 21J5 1.0%

GDP = Gross domestic product.
Btu British thermal unit.
N/A Not applicable.
Sources: 2003 and 2004: Global Insight macroeconomic model CTL0805 and Global Insight industry model, July 2004. Projections: Energy Information

Administration, AE02006 National Energy Modeling System run AE02006.Dl 1 1905A.
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Reference Case

Table A20. International Petroleum Supply and Disposition Summary
(Million Barrels per Day, Unless Otherwise Noted)

Reference Case Annual

Supply and Disposition Growth

2003 12004T2010 ]2015 12020 2025 2030 (percent)

Crude Oil Prices (2004 dollars per barrel)
Imported Low Sulfur Light Crude Oil Price ..... 31.72
Imported Crude Oil Price ................... 28.46

Production (Conventional)
2

Mature Market Economies
United States (50 states) ................. 8.64
Canada ............................... 2.37
M exico ............................... 4.00
W estern Europe 3  . . . . . . . . . . . . . . . . . . . . . . .  

7.04
Japan ................................ 0.14
Australia and New Zealand ............... 0.70

Total Mature Market Economies ........ 22.88

40.49 47.29 47.79 50.70 54.08 56.97 1.3%
35.99 43.99 43.00 44.99 47.99 49.99 1.3%

8.41
2.40
4.10
6.85
0.14
0.67

22.57

9.39
1.66
3.97
5.88
0.09
0.89

21.88

9.62
1.43
4.19
5.32
0.07
0.83

21.46

9.51 9.13 8.92 0.2%
1.45 1.45 1.43 -2.0%
4.48 4.78 5.01 0.8%
5.22 4.83 4.37 -1.7%
0.07 0.07 0.07 -2.8%
0.84 0.83 0.81 0.7%

21.58 21.09 20.60 -0.3%

Transitional Economies
Former Soviet Union

R ussia ..............................
Caspian Area4 ........................

Eastern Europe5 . . . . . . . . . . . . . . . . . . . . .

Total Transitional Economies ..........

Emerging Economies
OPEC'

A sia ................................
M iddle East ..........................
North Africa ..........................
W est Africa ..........................
South America ........................

Non-OPEC
C hina ...............................
O ther Asia ...........................
M iddle East

7  
..

. . . . . . . . . . . . . . . . . . . . . . .

Africa ...........................
South and Central America ..............

Total Emerging Economies ...........

Total Production (Conventional) .............

Production (Nonconventional)8

United States (50 states) ...................
Other North America ......................
W estern Europe .........................
A sia . .. . . .. . .. . . . . . .. . . . . . .. . . . . . .. . . . .
M iddle East

7  
... . . . . . . . . . . . . . . . . . . . . . . . . .

A frica . .................................
South and Central America .................

Total Production (Nonconventional) ......

Total Production ..........................

8.81 9.29 9.50
1.92 2.32 2.99
0.24 0.25 0.31

10.96 11.86 12.80

9.88 10.66 11.06 11.26 0.7%
4.18 5.16 6.25 7.43 4.6%
0.34 0.39 0.44 0.48 2.5%

14.40 16.21 17.74 19.17 1.9%

1.33
20.25

2.89
1.91
2.75

3.26
2.73
1.90
3.10
4.14

44.26

1.39
21.25

2.98
1.96
2.82

3.25
2.88
1.76
3.54
4.22

46.07

1.49
24.76

3.48
2.39
3.38

3.38
2.48
2.09
3.62
4.34

51.41

1.39
25.57

3.53
2.51
3.63

3.18
2.53
2.24
4.49
5.04

54.12

1.26 1.17 1.09 -0.9%
26.99 28.88 31.07 1.5%

3.70 3.59 3.50 0.6%
2.61 2.81 3.05 1.7%
3.70 3.90 4.14 1.5%

3.33 3.30 3.22 -0.0%
2.61 2.58 2.51 -0.5%
2.45 2.69 2.91 1.9%
5.41 6.65 8.03 3.2%
5.83 6.45 7.00 2.0%

57.89 62.03 66.52 1.4%

78.10 80.50 86.09 89.98 95.68 100.87 10629 1.1%

0.18
0.79
0.03
0.20
0.01
0.08
0.49
1.79

0.22
0.92
0.03
0.20
0.01
0.08
0.49
1.96

0.48 0.72
1.79 2.32
0.09 0.11
0.68 ' 1.07
0.53 0.64
0.21 0.41
1.13 1.65
4.91 6.92

0.94 1.31 1.50 7.6%
2.67 3.16 3.58 5.4%
0.12 0.12 0.13 6.4%
1.25 1.54 2.06 9.4%
0.73 0.86 1.08 18.3%
0.53 0.67 0.85 9.4%
1.78 2.07 2.31 6.1%
8.02 9.73 11.52 7.1%

79.89 82.46 91.00 96.90 103.70 110.60 117.80 1.4%
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Reference Case

O Table A20. International Petroleum Supply and Disposition Summary (Continued)(Million Barrels per Day, Unless Otherwise Noted)

Consumption9

Mature Market Economies
United States (50 states) .................
United States Territories ..................
C anada ...............................
Mexico ............................
Western Europe3 . . . . . . . . . . . . . . . . . . . . .

Japan ................................
Australia and New Zealand ...............

Total Mature Market Economies ........

Transitional Economies
Former Soviet Union ....................
Eastern Europe5 . . . . . . . . . . . . . . . . . . . . .

...
Total Transitional Economies ..........

Emerging Economies
C hina ................................
Ind ia . .. . . . .. . . . . . .. . . .. . . . . .. . . . .. .. .
South Korea ...........................
O ther Asia ............................
M iddle East. ... . . . . . . . . . . . . . . . . . . . . . . . .

A frica ................................
South and Central America ...............

Total Emerging Economies ............

Total Consumption ........................

OPEC Production'" .........................
Non-OPEC Production'0 . . . . . . . . . . . . . . . . . .

Net Eurasia Exports ........................
OPEC Market Share ........................

20.05 20.76 22.17 23.53 24.81 26.05 27.57
0.31 0.33 0.34 0.35 0.38 0.41 0.45
2.11 2.15 2.13 2.18 2.25 2.30 2.34
1.98 2.00 2.13 2.18 2.24 2.27 2.29

13.66 13.63 13.44 13.37 13.52 13.95 14.27
5.24 5.22 4.85 4.57 4.40 4.27 4.13
1.04 1.07 1.16 1.21 1.28 1.37 1.45

44.40 45.16 46.22 47.39 48.89 50.62 52.50

1.1%
1.2%
0.3%
0.5%
0.2%

-0.9%
1.2%
0.6%

4.11 4.14 4.55
1.41 1.42 1.58
5.52 5.56 6.13

4.66 4.93 5.19
1.72 1.87 2.01
6.38 6.81 7.20

5.41 1.0%
2.15 1.6%
7.57 1.2%

5.87 6.63 8.64 9.82 11.38 13.08 14.93
2.29 2.42 2.92 3.33 3.81 4.30 4.85
2.20 2.23 2.41 2.50 2.57 2.62 2.66
5.84 6.10 7.64 8.69 9.85 10.93 12.05
5.86 6.09 7.16 7.75 8.34 8.85 9.34
2.81 2.96 3.63 4.00 4.31 4.56 4.81
5.11 5.30 6.25 7.02 7.75 8.42 9.10

29.98 31.74 38.65 43.13 48.01 52.78 57.74

79.89 82.46 91.00 96.90 103.70 110.60 117.80

29.50 30.78 36.67 38.34 40.27 42.82 45.82
50.39 51.68 54.33 58.56 63.43 67.78 71.98

5.44 6.31 6.67 8.02 9.40 10.54 11.60
0.37 0.37 0.40 0.40 0.39 0.39 0.39

3.2%
2.7%
0.7%
2.6%
1.7%
1.9%
2.1%
2.3%

1.4%

1.5%
1.3%
2.4%
0.2%

'Weighted average price delivered to U.S. refiners.2
Includes production of crude oil (including lease condensates), natural gas plant liquids, other hydrogen and hydrocarbons for refinery feedstocks, alcohol and other

sources, and refinery gains.3
Western Europe = Austria, Belgium, Bosnia and Herzegovina, Croatia, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Macedonia,

Netherlands, Norway, Portugal, Slovenia, Spain, Sweden, Switzerland, United Kingdom, and Yugoslavia.4
Caspian area includes Other Former Soviet Union.

'Eastern Europe = Albania, Bulgaria, Czech Republic, Hungary, Poland, Romania, and Slovakia.
'OPEC = Organization of Petroleum Exporting Countries -Algeria, Indonesia, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the United Arab Emirates, and

Venezuela.
7Non-OPEC Middle East includes Turkey.
'Includes liquids produced from energy crops, natural gas, coal, oil sands, and shale. Includes both OPEC and non-OPEC producers in the regional breakdown.
'Includes both OPEC and non-OPEC consumers in the regional breakdown.
"Includes both conventional and nonconventional liquids production.
Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA

data reports.
Sources: 2003 and 2004 low sulfur light crude oil price: Energy Information Administration (EIA), Form EIA-856, "Monthly Foreign Crude Oil Acquisition Report."

2003 and 2004 imported crude oil price: EIA, Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). 2003 quantities derived from: EIA,
International Energy Annual 2003, DOE/EIA-0219(2003) (Washington, DC, May-July 2005). 2004 quantities and projections: EIA, AE02006 National Energy
Modeling System run AE02006.D1 11905A.
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Appendix B

Economic Growth Case Comparisons
Table B1. Total Energy Supply and Disposition Summary

(Quadrillion Btu per Year, Unless Otherwise Noted)
Projections

• 2010 . 2020 2030
Supply, Disposition, and Prices 2004 Low High Low High Low High

Economic Reference Economic Economic Reference Economic Economic Reference Economic
S Growth Growth Growth Growth Growth Growth

Production
Crude Oil and Lease Condensate .......... 11.47 12.44 12.45 12.46 11.66 11.75
Natural Gas Plant Liquids ................ 2.46 2.35 2.39 2.42 2.61 2.67
Dry Natural Gas ................... ..... 19.02 18.79 19.13 19.48 21.51 22.09
Coal ................................. 22.86 25.27 25.78 26.09 25.70 27.30
Nuclear Power ......................... 8.23 8.44 8.44 8.44 8.93 9.09
Renewable Energy' ........ ' 5.74 6.98 7.08 7.15 7.55 8.00
Other

2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.64 2.12 2.16 2.20 3.06 3.16

Total ................................ 70.42 76.39 77.42 78.23 81.03 84.05

Imports
Crude Oil

3  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
22.02 21.93 22.01 22.81 23.07 24.63

Petroleum Products
4 . . . . . . . . . . . . . . . . . . . . .  

5.93 5.29 6.36 6.82 6.97 8.01
Natural Gas ........................... 4.36 4.75 5.01 5.30 4.96 5.83
Other Imports 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
0.83 0.44 0.45 0.45 1.24 1.36

Total ............................... 33.14 32.41 33.83 35.38 36.24 39.83

11.73 9.61 9.68 9.73
2.71 2.50 2.57 2.64

22.64 20.75 21.45 22.15
29.07 29.78 34.10 38.77

9.09 8.94 9.09 9.09
8.42 8.34 9.02 9.83
3.26 3.23 3.44 3.69

86.91 83.15 89.36 95.89

26.72 26.25 29.54 32.70
8.95 7.58 9.27 11.08
6.27 6.07 6.72 7.49
1.57 2.08 2.42 2.58

43.50 41.97 47.95 53.84

2.32 2.19 2.31. 2.44
0.65 1.08 1.01 0.92
0.46 0.39 0.40 0.40
3.43 3.66 3.72 3.77

-0.27 -0.08 -0.30 -0.42

Exports
Petroleum . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.07
Natural Gas ............................ 0.86
C oal ................................. 1.25
Total ............................... 4.18

2.11 2.15 2.19 2.15 2.24
0.56 0.55 0,.55 0.71 0.68
1.03 1.03 1.03 0.47 0.46
3.71 3.74 3.77 3.33 3.39

Discrepancy 7 . . . . . . . . . . . . . . . . . . . . . . . . . . -0.31 -0.33 -0.36 -0.36 -0.06 -0.15

WConsumption
Petroleum Products8 . . . . . . . . . . . . . . . . . . . . .  

40.08 41.93 43.14 44.45 45.11 48.14 51.46 47.89 53.58 59.33
Natural Gas ........................... 23.07 23.43 24.04 24.68 26.22 27.70 28.73 26.20 27.66 29.23
Coal ................................. 22.53 24.58 25.09 25.40 26.13 27.65 29.50 30.13 34.49 38.86
Nuclear Power ......................... 8.23 8.44 8.44 8.44 8.93 9.09 9.09 8.94 9.09 9.09
Renewable Energy' ..................... 5.74 6.98 . 7.08 7.15 7.55 8.00 8.42 8.34 9.02 9.83
Other

9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.04 0.07 0.07 0.08 0.05 0.05 0.05 0.04 0.05 0.05

Total ............................... 99.68 105.42 107.87 110.19 114.00 120.63 127.25 121.54 133.88 146.39

Net Imports - Petroleum ................. 25.88 25.11 26.22 27.43 27.89 30.39 33.34 31.64 36.49 41.34

Prices (2004 dollars per unit)
Imported Low Sulfur Light Crude Oil Price
(dollars per barrel)1 . . . . . . . . . . . . . . . . . . . . .  

40.49 47.29 47.29 47.29 50.70 50.70 50.78 56.97 56.97 56.97
Imported Crude Oil Price (dollars per barrel)1

0  
35.99 43.99 43.99 43.99 44.99 44.99 44.99 49.99 49.99 49.99

Natural Gas Wellhead Price
(dollars per thousand cubic feet)" .......... 5.49 4.87 5.03 5.20 4.76 4.90 5.10 5.61 5.92 6.22
Coal Minemouth Price (dollars per ton) ...... 20.07 21.79 22.23 22.02 19.60 20.20 20.85 19.96 21.73 23.05
Average Electricity Price
(cents per kilowatthour) ................... 7.6 7.2 7.3 7.4 7.0 7.2 7.5 7.2 7.5 7.8

'Includes grid-connected electricity from conventional hydroelectric; wood and wood waste; landfill gas; municipal solid waste; other biomass; wind; photovoltaic and solar thermal
sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components of E85, but not the ethanol
components of blends less than 85 percent. Excludes electricity imports using renewable sources and nonmarketed renewable energy.

21ncludes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.
'Includes imports of crude oil for the Strategic Petroleum Reserve.
4Includes imports of finished petroleum products, unfinished oils, alcohols, ethers, and blending components.
5
Includes coal, coal coke (net), and electricity (net).

'lncludes crude oil and petroleum products.
'Balancing item. Includes unaccounted for supply, losses, gains, net storage withdrawals, heat loss when natural gas is converted to liquid fuel, and heat loss when coal is

converted to liquid fuel.
8lncludes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum-based liquids for blending, such as ethanol.
9
Includes net electricity imports, methanol, and liquid hydrogen.

'0Weighted average price delivered to U.S. refiners. Crude oil prices were held constant in alternative economic growth cases.
"Represents lower 48 onshore and offshore supplies.
Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2004 natural gas supply values and natural gas wellhead price: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-0130(2005/06) (Washington,

DC, June 2005), subtracting 1 billion cubic feet per day to account for carbon dioxide included in production in Texas. 2004 petroleum supply values: EtA, Petroleum Supply Annual
2004, DOE/EIA-0340(2004)/1 (Washington, DC, June 2005). 2004 imported low sulfur light crude oil price: EIA, Form EIA-856, "Monthly Foreign Crude Oil Acquisition Report."
Other 2004 coal values: Quarterly Coal Report, October-December2004, DOE/EIA-01 21(2004/4Q) (Washington, DC, March 2005). Other 2004 values: EIA, Annual Energy Review
2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). Projections: EIA, AE02006 National Energy Modeling System runs LM2006.D113005A, AE02006.D11 1905A, and
HM2006.D112505B.
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Economic Growth Case Comparisons

Table B2. Energy Consumption by Sectorand Source
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2020 2030

Sector and Source 2004 L High. Low High Low High

Economic Reference Economic Economic Reference Economic Economic Reference Economic
_Growth i Growth Growth Growth Growth Growth

Energy Consumption

Residential
Distillate Fuel ......................... 0.94 0.84 0.84 0.84 0.73 0.73 0.74 0.60 0.61 0.62
Kerosene ......................... 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.07 0.07 0.07
Liquefied Petroleum Gas ................ 0.54 0.55 0.56 0.56 0.60 0.61 0.63 0.61 0.65 0.68

Petroleum Subtotal ................... 1.57 1.48 1.48 1.49 1.41 1.43 1.45 1.28 1.32 1.36
Natural Gas .......................... 5.03 5.29 5.33 5.37 5.49 5.68 5.87 5.45 5.82 6.19
Coal ................................ 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Renewable Energy' . . . . . . . . . . . . . . . . . . . .  

0.41 0.43 0.44 0.44 0.42 0.43 0.44 0.40 0.41 0.43
Electricity ............................. 4.41 4.94 4.99 5.04 5.55 5.77 5.99 6.00 6.47 6.95

Delivered Energy .................... 11.44 12.16 12.25 12.34 12.88 13.31 13.75 13.13 14.04 14.94
Electricity Related Losses ............... 9.60 10.62 10.74 10.79 11.55 11.85 12.15 12.03 12.60 13.15

Total .............................. 21.04 22.78 22.99 23.14 24.43 25.17 25.90 25.16 26.64 28.08

Commercial
Distillate Fuel ......................... 0.50 0.48 0.48 0.48 0.49 0.50 0.51 0.49 0.52 0.54
Residual Fuel ........................ 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.13
Kerosene ......................... 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.03 0.03
Liquefied Petroleum Gas ................ 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Motor Gasoline . . . . . . . . . . . . . . . . . . . . . . . . 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Petroleum Subtotal ................... 0.79 0.77 0.77 0.77 0.78 0.79 0.81 0.78 0.82 0.85

Natural Gas .......................... 3.09 3.17 3.18 3.19 3.54 3.68 3.83 3.76 4.11 4.46
Coal ................................ 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Renewable Energy3 . . . . . . . . . . . . . . . . . . . . .  

0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Electricity ............................ 4.19 4.86 4.88 4.90 5.77 6.01 6.22 6.71 7.34 7.96

Delivered Energy .................... 8.24 8.97 9.00 9.03 10.26 10.66 11.03 11.42 12.44 13.45
Electricity Related Losses ............... 9.13 10.46 10.51 10.50 12.00 12.35 12.63 13.45 14.29 15.07

Total .............................. 17.37 19.43 19.51 19.53 22.26 23.02 23.67 24.88 26.73 28.51

Industrial
4

Distillate Fuel ......................... 1.19 1.13 1.20 1.27 1.11 1.23 1.35 1.15 1.32 1.50
Liquefied Petroleum Gas ................ 2.19 2.07 2.21 2.35 2.06 2.34 2.64 2.10 2.54 2.97
Petrochemical Feedstock ............... 1.49 1.38 1.48 1.57 1,32 1.51 1.72 1.27 1.55 1.87
Residual Fuel ........................ 0.24 0.19 0.20 0.21 0.19 0.20 0.21 0.19 0.21 0.23
Motor Gasoline . . . . . . . . . . . . . . . . . . . . . . . .  0.32 0.31 0.32 0.34 0.30 0.32 0.35 0.30 0.34 0.37
Other Petroleum . . . . . . . . . . . . . . . . . . . . . .  

4.16 4.41 4.60 4.83 4.60 5.05 5.66 4.85 5.69 6.54
Petroleum Subtotal ................... 9.58 9.49 10.01 10.57 9.57 10.65 11.93 9.85 11.66 13.49

Natural Gas .......................... 7.64 7.80 8.07 8.32 7.89 8.52 9.06 8.11 9.08 10.09
Lease and Plant Fuel

6 . . . . . . . . . . . . . . . . . . .  
1.14 1.10 1.12 1.13 1.26 1.28 1.31 1.17 1.21 1.24

Natural Gas Subtotal ................. 8.78 8.90 9.19 9.45 9.15 9.80 10.36 9.29 10.29 11.33
Metallurgical Coal ..................... 0.65 0.60 0.62 0.64 0.55 0.59 0.64 0.51 0.58 0.64
Other Industrial Coal ................... 1.38 1.41 1.43 1.45 1.39 1.43 1.47 1.38 1.45 1.52
Coal-to-Liquids Heat and Power .......... 0.00 0.00 0.00 0.00 0.26 0.49 0.62 1.28 1.61 2.07
Net Coal Coke Imports ................. 0.14 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.02 0.02

Coal Subtotal ........................ 2.16 2.02 2.07 2.12 2.21 2.53 2.74 3.18 3.65 4.25
Renewable Energy 7 . . . . . . . . . . . . . . . . . . . .  

1.68 1.73 1.79 1.86 1.86 2.01 2.17 1.99 2.29 2.60
Electricity ............................ 3.48 3.45 3.62 3.79 3.55 3.91 4.29 3.66 4.31 4.96
Delivered Energy .................... 25.68 25.59 26.67 27.78 26.34 28.91 31.51 27.97 32.19 36.63

Electricity Related Losses ............... 7.58 7.42 7.79 8.11 7.39 8.04 8.71 7.34 8.39 9.38
Total .............................. 33.27 33.02 34.46 35.89 33.73 36.95 40.22 35.31 40.58 46.01
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Economic Growth Case Comparisons

Table 132. Energy Consumption by Sector and Source (Continued)
0 (Quadrillion Btu per ear, Unless Otherwise Noted)

Projections

2010 2020 2030
Sector and Source 2004 - High ow High Low High

Economic Reference Economic Economic Reference Economic Economic Reference Economic
c. micwow Growth Growth Growth Growth GrowthrovTathi I I I I -

Transportation
Distillate Fuel . ........................ 5.91 6.53
Jet Fuel . ............................ 3.35 3.82
Motor Gasoline ........................ 16.93 18.03
Residual Fuel . ...................... 0.61 0.62
Liquefied Petroleum Gas ................ 0.03 0.06
Other Petroleum" ..................... 0.18 0.18

Petroleum Subtotal ................... 27.02 29.23
Pipeline Fuel Natural Gas ............... 0.69 0.64
Compressed Natural Gas ............... 0.03 0.05
Renewable Energy (E85) . .............. 0.00 0.00
Liquid Hydrogen ...................... 0.00 0.00
Electricity ............................ 0.08 0.09

Delivered Energy .................... 27.82 30.01
Electricity Related Losses ............... 0.18 0.19
Total .............................. 28.00 30.20

Delivered Energy Consumption for
All Sectors
Distillate Fuel ......................... 8.55 8.98
Kerosene ............................ 0.13 0.14
Jet Fuel . ..... ...................... 3.35 3.82
Liquefied Petroleum Gas ................ 2.85 2.78
Motor Gasoline ........................ 17.30 18.39
Petrochemical Feedstock ............... 1.49 1.38
Residual Fuel ........................ 0.97 0.93
Other Petroleum 12 . . . . . . . . . . . . . . . . . . . . . 4.32 4.56

Petroleum Subtotal ................... 38.96 40.97
Natural Gas .......................... 15.79 16.32
Lease and Plant Fuel Plant .............. 1.14 1.10
Pipeline Natural Gas .................. 0.69 0.64
Natural Gas Subtotal .................. 17.62 18.06

Metallurgical Coal ..................... 0.65 0.60
Other Coal ........................... 1.47 1.50
Coal-to-Liquids Heat and Power .......... 0.00 0.00
Net Coal Coke Imports ................. 0.14 0.02

Coal Subtotal ........................ 2.26 2.12
Renewable Energy13 ................... 2.17 2.25
Liquid Hydrogen ...................... 0.00 0.00
Electricity ............................ 12.17 13.33

Delivered Energy .................... 73.18 76.73
Electricity Related Losses ............... 26.50 28.69

6.82
3.89

18.33
0.62
0.06
0.18

29.91
0.65
0.05
0.00
0.00
0.09

30.70
0.19

30.90

9.34
0.14
3.89
2.92

18.70
1.48
0.94
4.75

42.17
16.63

1.12
0.65

18.40
0.62
1.53
0.00
0.02
2.17
2.32
0.00

13.57
78.62
29.24

7.14
3.97

18.65
0.63
0.06
0.18

30.63
0.66
0.06
0.00
0.00
0.09

31.44
0.19

31.64

9.73
0.14
3.97
3.07

19.03
1.57
0.96
4.99

43.46
16.93

1.13
0.66

18.72
0.64
1.55
0.00
0.02
2.21
2.39
0.00

13.82
80.60
29.60

7.41
4.35

19.77
0.63
0.08
0.18

32.43
0.77
0.09
0.00
0.00
0.10

33.39
0.20

33.59

9.74
0.13
4.35
2.84

20.12
1.32
0.94
4.76

44.19
17.01

1.26
0.77

19.03
0.55
1.48
0.26
0.01
2.30
2.37
0.00

14.96
82.86
31.14

8.13
4.53

20.73
0.64
0.09
0.18

34.30
0.80
0.09
0.00
0.00
0.10

35.30
0.20

35.50

10.59
0.13
4.53
3.14

21.10
1.51
0.96
5.21

47.17
17.97

1.28
0.80

20.06
0.59
1.53
0.49
0.02
2.63
2.53
0.00

15.79
88.19
32.45

8.89
4.70

21.71
0.65
0.09
0.19

36.22
0.82
0.10
0.00
0.00
0.10

37.25
0.21

37.46

11.49
0.13
4.70
3.47

22.10
1.72
0.98
5.83

50.41
18.85

1.31
0.82

20.98
0.64
1.57
0.62
0.02
2.84
2.70
0.00

16.60
93.55
33.70

8.67
4.36

21.08
0.64
0.10
0.18

35.03
0.75
0.10
0.01
0.00
0.10

35.99
0.21

36.19

10.90
0.11
4.36
2.91

21.43
1.27
0.95
5.01

46.93
17.42

1.17
0.75

19.34
0.51
1.47
1.28
0.01
3.28
2.49
0.00

16.47
88.52
33.02

9.98
4.79

22.99
0.65
0.11
0.19

38.71
0.78
0.12
0.01
0.00
0.11

39.72
0.21

39.93

11.38
5.26

24.88
0.67
0.11

,0.20
42.50

0.81
0.13
0.01
0.00
0.11

43.56
0.21

43.78

12.43 14.04
0.11 0.12
4.79 5.26
3.40 3.87

23.38 25.30
1.55 1.87
0.99 1.03
5.86 6.71

52.51 58.19
19.13 20.87

1.21 1.24
0.78 0.81

21.11 22.93
0.58 0.64
1.54 1.61
1.61 2.07
0.02 0.02
3.74 4.35
2.80 3.13
0.00 0.00

18.22 19.97
98.40 108.57
35.48 37.81

Total .............................. 99.68 105.42 107.87 110.19 114.00 120.63 127.25 121.54 133.88 146.39

Electric Power 14

Distillate Fuel ......................... 0.17 0.23 0.23 0.24 0.23 0.24 0.26 0.25 0.27 0.30
Residual Fuel ........................ 0.95 0.73 0.74 0.75 0.69 0.73 0.79 0.71 0.80 0.84

Petroleum Subtotal ................... 1.12 0.96 0.97 0.99 0.91 0.97 1.05 0.96 1.07 1.14
Natural Gas .......................... 5.45 5.37 5.65 5.96 7.19 7.65 7.74 6.85 6.54 6.30
Steam Coal .......................... 20.26 22.46 22.92 23.18 23.83 25.02 26.66 26.85 30.74 34.51
Nuclear Power ........................ 8.23 8.44 8.44 8.44 8.93 9.09 9.09 8.94 9.09 9.09
Renewable Energy .. ................... 3.57 4.73 4.76 4.76 5.19 5.47 5.72 5.85 6.22 6.70
Electricity Imports ..................... 0.04 0.07 0.07 0.08 0.05 0.05 0.05 0.04 0.05 0.05
Total .............................. 38.67 42.03 42.82 43.41 46.10 48.24 50.31 49.50 53.71 57.79

Energy Information Administration / Annual Energy Outlook 2006 167



Economic Growth Case Comparisons

Table B2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2020 2030

Sector and Source 2004 Low High Low High Low High

Economic Reference Economic Economic Reference Economic Economic Reference Economic
Growth Growth Growth Growth Growth Growth

Total Energy Consumption
Distillate Fuel .......................... 8.72 9.21 9.57 9.97 9.96 10.83 11.75 11.15 12.70 14.34
Kerosene ............................ 0.13 0.14 0.14 0.14 0.13 0.13 0.13 0.11 0.11 0.12
Jet Fuel9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .

3.35 3.82 3.89 3.97 4.35 4.53 4.70 4.36 4.79 5.26
Liquefied Petroleum Gas ................ 2.85 2.78 2.92 3.07 2.84 3.14 3.47 2.91 3.40 3.87
Motor Gasoline 2 . . . . . . . . . . . . . . . . . . . . . .

. 17.30 18.39 18.70 19.03 20.12 21.10 22.10 21.43 23.38 25.30
Petrochemical Feedstock ............... 1.49 1.38 1.48 1.57 1.32 1.51 1.72 1.27 1.55 1.87
Residual Fuel ........................ 1.91 1.66 1.68 1.70 1.63 1.69 1.77 1.66 1.79 1.86
Other Petroleum' . .. . . . . . . . . . . . . . . . . . . . .  

4.32 4.56 4.75 4.99 4.76 5.21 5.83 5.01 5.86 6.71
Petroleum Subtotal ................... 40.08 41.93 43.14 44.45 45.11 48.14 51.46 47.89 53.58 59.33

Natural Gas .......................... 21.24 21.69 22.28 22.89 24.19 25.62 26.60 24.28 25.67 27.18
Lease and Plant Fuel

6  . . . . . . . . . . . . . . . . . .  
1.14 1.10 1.12 1.13 1.26 1.28 1.31 1.17 1.21 1.24

Pipeline Natural Gas ................... 0.69 0.64 0.65 0.66 0.77 0.80 0.82 0.75 0.78 0.81
Natural Gas Subtotal .................. 23.07 23.43 24.04 24.68 26.22 27.70 28.73 26.20 27.66 29.23

Metallurgical Coal ..................... 0.65 0.60 0.62 0.64 0.55 0.59 0.64 0.51 0.58 0.64
Other Coal ........................... 21.74 23.97 24.45 24.74 25.31 26.55 28.23 28.32 32.29 36.13
Coal-to-Liquids Heat and Power .......... 0.00 0.00 0.00 0.00 0.26 0.49 0.62 1.28 1.61 2.07
Net Coal Coke Imports ................. 0.14 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.02 0.02
Coal Subtotal ........................ 22.53 24.58 25.09 25.40 26.13 27.65 29.50 30.13 34.49 38.86

Nuclear Power ........................ 8.23 8.44 8.44 8.44 8.93 9.09 9.09 8.94 9.09 9.09
Renewable Energy'6 . . . . . . . . . . . . . . . . . . .  

5.74 6.98 7.08 7.15 7.55 8.00 8.42 8.34 9.02 9.83
Liquid Hydrogen ...................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity Imports ..................... 0.04 0.07 0.07 0.08 0.05 0.05 0.05 0.04 0.05 0.05

Total .............................. 99.68 105.42 107.87 110.19 114.00 120.63 127.25 121.54 133.88 146.39

Energy Use and Related Statistics

Delivered Energy Use ................... 73.18 76.73 78.62 80.60 82.86 88.19 93.55 88.52 98.40 108.57
Total Energy Use ...................... 99.68 105.42 107.87 110.19 114.00 120.63 127.25 121.54 133.88 146.39
Population (millions) ..................... 294.10 307.61 310.12 312.62 322.74 336.99 351.24 334.11 364.79 395.48
Gross Domestic Product (billion 2000 dollars). 10756 12529 13043 13561 16022 17541 19073 19771 23112 26471
Carbon Dioxide Emissions (million metric tons) 5899.9 6219.0 6364.9 6501.9 6720.4 7119.0 7542.4 7283.7 8114.5 8956.8

'Includes wood used for residential heating.
'Includes ethanol (blends of 10 percent or less) and ethers blended into gasoline.
'Includes commercial sector consumption of wood and wood waste, landfill gas, municipal solid waste, and other biomass for combined heat and power.
4Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.
slncludes petroleum coke, asphalt, road oil, lubricants, still gas, and miscellaneous petroleum products.6
Represents natural gas used in the field gathering and processing plant machinery.

'Includes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass.
'Diesel fuel for on- and off- road use.9
Includes only kerosene type.

"Includes aviation gasoline and lubricants.
"E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable). To address cold starting issues, the percentage of ethanol actually

varies seasonally. The annual average ethanol content of 74 percent is used for this forecast.
"Includes unfinished oils, natural gasoline, motor gasoline blending components, aviation gasoline, lubricants, still gas, asphalt, road oil, petroleum coke, and miscellaneous

petroleum products.
"Includes electricity generated for sale to the grid and for own use from renewable sources, and non-electric energy from renewable sources. Excludes nonmarketed renewable

energy consumption for geothermal heat pumps, buildings photovoltaic systems, and solar thermal hot water heaters.
"Includes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public. Includes

small power producers and exempt wholesale generators.
"Includes conventional hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, petroleum coke, wind, photovoltaic and solar thermal sources.

Excludes net electricity imports.
"Includes hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, wind, photovoltaic and solar thermal sources. Includes ethanol components

of E85; excludes ethanol blends (10 percent or less) in motor gasoline. Excludes net electricity imports and nonmarketed renewable energy consumption for geothermal heat pumps,
buildings photovoltaic systems, and solar thermal hot water heaters.

Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports. Consumption

values of 0.00 are values that round to 0.00, because they are less than 0.005.
Sources: 2004 consumption based on: Energy Information Administration (EIA), Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). 2004

population and gross domestic product: Global Insight macroeconomic model CTI-0805. 2004 carbon dioxide emissions: EIA, Emissions of Greenhouse Gases in the United States
2004, DOE/EIA-0573(2004) (Washington, DC, December 2005). Projections: EIA, AE02006 National Energy Modeling System runs LM2006.D113005A, AE02006.D111905A,
and HM2006.D1 12505B.

168 Energy Information Administration / Annual Energy Outlook 2006



Economic Growth Case Comparisons

Table 133. Energy Prices by Sector and Source
(2004 Dollars per Mi lion Btu, Unless Otherwise Noted)

Projections

2010 2020 2030
Sector and Source 2004 Low H.igh Low High Low High

Economic Reference Eco ornic Economic Reference Economic Economic: Reference Economic
Growth Growth Growth Growth Growth I I owth

Residential ........................... 17.31 16.65 16.98 17.25 16.69 17.19 17.74 17.85 18.51 19.19
Primary Energy' ...................... 11.39 11.05 11.28 11.46 11.06 11.31 11.58 12.26 1 2.62 13.01

Petroleum Products' .................. 14.63 14.27 14.77 14.95 15.36 15.94 16.39 17.92 18.42 1 9.15
Distillate Fuel ....................... 13.62 12.39 12.85 12.88 13.46 13.55 13.63 14.56 14.56 14.66
Liquefied Petroleum Gas .............. 17.30 17.62 18.17 18.59 18.15 19.34 20.23 21.79 22.68 23.92

Natural Gas ......................... 10.40 10.17 10.33 10.51 9.98 10.16 10.41 10.95 11.32 11.68
Electricity ............................ 26.19 24.36 24.78 25.15 23.69 24.44 25.26 24.12 25.02 25.92

Commercial .......................... 16.56 15.87 16.27 16.60 15.75 16.28 16.87 16.74 17.52 18.35
Primary Energy . ...................... 9.20 8.79 8.96 9.11 8.59 8.74 8.94 9.41 9.65 9.94

Petroleum ProdUCtS2 .................. 10.39 10.30 10.56 10.63 10.99 11.22 11.37 12.17 12.28 12.66
Distillate Fuel ....................... 9.99 9.85 10.15 10.18 10.75 10.89 10.99 11.75 11.77 12.12
Residual Fuel ...................... 6.37 6.13 6.14 6.14 6.29 6.31 6.29 6.89 6.91 6.96

Natural Gas ......................... 9.10 8.61 8.76 8.93 8.22 8.37 8.58 9.01 9.29 9.57
Electricity ............................ 23.52 21.74 22.31 22.78 21.22 22.00 22.90 21.80 22.90 24.06

Industrial ............................. 8.67 8.23 8.48 8.67 8.18 8.48 8.85 8.84 9.27 9.85
Primary Energy .................. : .... 7.42 6.99 7.19 7.33 7.01 7.24 7.54 7.75 8.09 8.62

Petroleum ProdUCtS2 ....... : .......... 9.65 9.24 9.46 9.55 9.58 9.94 10.26 11.01 11.36 12.21
Distillate Fuel ....................... 10.29 10.44 10.75 10.79 11.66 11.84 11.97 12.92 12.91 13.39
Liquefied Petroleum Gas .............. 14.24 11.70 12.03 12.30 11.87 12.92 13.67 14.38 15.25 16.42
Residual Fuel ...................... 5.88 6.30 6.31 6.35 6.61 6.70 6.59 7.16 7.27 7.51

Natural Gas . ........................ 6.10 5.53 5.69 5.85 5.35 5.49 5.70 6.17 6.45 6.72
Metallurgical CoaI6 .................... 2.24 2.34 2.36 2.37 2.19 2.23 2.27 2.22 2.28 2.34
Other Industrial Coa15 ................. 1.74 1.84 1.86 1.87 1.76 1.81 1.86 1.82 1.92 2.00
Coal to Liquids ....................... N/A N/A N/A N/A 0.86 1.04 1.11 1.23 1.26 1.32

Electricity ............................ 15.54 15.17 15.65 16.08 14.69 15.35 16.05 15.15 15.95 16.77

Transportation ........................ 13.81 14.56 14.83 14.92 15.10 15.38 15.52 16.17 16.32 16.79
Primary Energy ....................... 13.79 14.54 14.82 14.90 15.08 15.36 15.51 16.16 16.31 16.78

Petroleum ProdUCtS2 .................. 13.79 14.55 14.82 14.91 15.10 15.38 15.52 16.17 16.32 16.80
Distillate Fue16 ...................... 13.25 13.98 14.29 14.36 14.49 14.78 15.06 15.52 15.65 16.38
Jet Fue17 .......................... 9.02 9.35 9.67 9.71 10.25 10.49 10.69 11.24 11.53 11.94
Motor Gasoline ...................... 15.34 16.26 16.52 16.62 16.73 17.02 17.09 17.78 17.92 18.32
Residual Fuel ...................... 4.91 6.31 6.43 6.45 6.56 6.54 6.62 7.45 7.59 7.68
Liquefied Petroleum Gas . ............. 17.14 16.19 16.72 17.03 15.83 16.82 17.96 18.37 19.25 20.48

Natural Gas'o ........................ 9.94 9.91 10.09 10.26 9.68 9.90 10.19 10.31 10.68 11.06
Ethanol (E85) .. ...................... 20.24 20.90 21.19 21.37 20.67 21.10 21.52 21.99 22.48 23.00

Electricity ............................ 21.67 20.30 20.76 21.15 19.84 20.56 21.33 20.12 21.00 21.79

Average End-Use Energy ............... 13.00 13.08 13.32 13.45 13.39 13.66 13.91 14.34 14.64 15.13
Primary Energy ....................... 11.04 11.30 11.52 11.61 11.69 11.89 12.06 12.68 12.86 13.27
Electricity ............................ 22.19 21.00 21.43 21.80 20.58 21.23 21.97 21.16 22.00 22.88

Electric Power"
Fossil Fuel Average ..................... 2.46 2.34 2.41 2.48 2.39 2.46 2.51 2.49 2.49 2.52

Petroleum Products ................... 5.43 6.41 6.50 6.53 6.90 6.91 6.89 7.67 7.61 7.77
Distillate Fuel ....................... 9.23 8.75 9.04 9.07 9.52 9.62 9.66 10.24 10.28 10.43
Residual Fuel ...................... 4.76 5.67 5.70 5.71 6.05 6.02 5.97 6.76 6.73 6.82

Natural Gas ......................... 5.92 5.28 5.46 5.67 5.24 5.40 5.60 5.98 6.26 6.55
Steam Coal . ........................ 1.36 1.46 1.48 1.48 1.36 1.39 1.44 1.41 1.51 1.61
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Table B3. Energy Prices by Sector and Source (Continued)
(2004 Dollars per Million Btu, Unless Otherwise Noted)

0 LProjections

2010 2020 2030
Sector and Source 2004 High Low High Low High

Economic Reference Economic Economic Reference Economic Economic Reference Economic
__ Growth Growth Growth Growth Growth Growth

Average Price to All Users13

Petroleum Products
2  . . . . . . . . . . . . . . . . . . .  

12.61 13.17 13.41 13.47 13.80 14.05 14.19 15.02 15.16 15.68
Distillate Fuel ........................ 12.62 12.96 13.30 13.37 13.81 14.07 14.31 14.93 15.04 15.69
Jet Fuel ............................ 9.02 9.35 9.67 9.71 10.25 10.49 10.69 11.24 11.53 11.94
Liquefied Petroleum Gas ............... 14.89 13.07 13.39 13.64 13.41 14.38 15.06 16.20 16.90 17.95
Motor Gasoline

8 . . . . . . . . . . . . . . . . . . . . . .  
15.33 16.26 16.52 16.62 16.73 17.02 17.09 17.78 17.92 18.32

Residual Fuel ....................... 5.04 6.02 6.07 6.09 6.33 6.31 6.31 7.08 7.12 7.22
Natural Gas .......................... 7.52 7.06 7.19 7.34 6.80 6.93 7.14 7.65 7.98 8.30
Metallurgical Coal 

. . . . . . . . . . . . . . . . . . . . . .  
2.24 2.34 2.36 2.37 2.19 2.23 2.27 2.22 2.28 2.34

Other Coal 
. .. . . . . . . . . . . . . . . . . . . . . . . . . .  

1.39 1.48 1.51 1.51 1.39 1.42 1.46 1.43 1.53 1.63
Coal to Liquids ........................ N/A N/A N/A N/A 0.86 1.04 1.11 1.23 1.26 1.32
Ethanol (E85)1 ........................ 20.24 20.90 21.19 21.37 20.67 21.10 21.52 21.99 22.48 23.00
Electricity ............................ 22.19 21.00 21.43 21.80 20.58 21.23 21.97 21.16 22.00 22.88

Non-Renewable Energy Expenditures
by Sector (billion 2004 dollars)
Residential ............................ 190.90 195.27 200.59 205.38 207.93 221.50 236.10 227.28 252.12 278.41
Commercial ........................... 135.07 141.03 145.01 148.51 160.17 172.19 184.74 189.81 216.48 245.17
Industrial .............................. 170.01 156.56 169.60 182.01 156.14 179.83 205.96 177.33 216.86 264.94
Transportation ......................... 374.67 427.60 445.81 459.08 492.36 530.44 565.50 569.70 635.46 717.72

Total Non-Renewable Expenditures ....... 870.65 920.45 961.01 994.97 1016.60 1103.97 1192.30 1164.11 1320.94 1506.24
Transportation Renewable Expenditures .... 0.02 0.05 0.05 0.05 0.09 0.10 0.10 0.12 0.13 0.15
Total Expenditures .................... 870.67 920.50 961.06 995.03 1016.69 1104.07 1192.40 1164.23 1321.07 1506.39

'Weighted average price includes fuels below as well as coal.
'This quantity is the weighted average for all petroleum products, not just those listed below.

'Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.
'Excludes use for lease and plant fuel.
'Excludes imported coal.
'Diesel fuel for on-road use. Includes Federal and State taxes while excluding county and local taxes.7
Kerosene-type jet fuel. Includes Federal and State taxes while excluding county and local taxes.

'Sales weighted-average price for all grades. Includes Federal, State and local taxes.
'Includes Federal and State taxes while excluding county and local taxes.
"0Compressed natural gas used as a vehicle fuel. Includes estimated motor vehicle fuel taxes.
"E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable). To address cold starting issues, the percentage of ethanol actually

varies seasonally. The annual average ethanol content of 74 percent is used for this forecast.
"
2
Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public.

"Weighted averages of end-use fuel prices are derived from the prices shown in each sector and the corresponding sectoral consumption.
Btu = British thermal unit.
Note: Data for 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2004 prices for motor gasoline, distillate, and jet fuel are based on prices in the Energy Information Administration (EIA), Petroleum Marketing Annual 2004, DOE/EIA-

0487(2004) (Washington, DC, August 2005). 2004 residential and commercial natural gas delivered prices: EIA, Natural Gas Monthly, DOE/EIA-0130(2005/06) (Washington, DC,
June 2005). 2004 industrial natural gas delivered prices are estimated based on: EIA, Manufacturing Energy Consumption Survey 1994 and industrial and wellhead prices from
the Natural Gas Annual2003, DOE/EIA-01 31(2003) (Washington, DC, December 2004) and the Natural Gas Monthly, DOE/EIA-01 30(2005/06) (Washington, DC, June 2005). 2004
transportation sector natural gas delivered prices are model results. 2004 electric power sector natural gas prices: EIA, Electric Power Monthly, DOE/EIA-0226, May 2003 through
April 2004, Table 4.11.A. 2004 coal prices based on: EIA, Quarterly Coal Report, October-December 2004, DOE/EIA-0121(2004/4Q) (Washington, DC, March 2005) and EIA,
AE02006 National Energy Modeling System run AE02006.D1 11905A. 2004 electricity prices: EIA, Annual Energy Review2004, DOE/EIA-0384(2004) (Washington, DC, August
2005). 2004 ethanol prices derived from weekly spot prices in the Oxy Fuel News. Projections: EIA, AEO2006 National Energy Modeling System runs LM2006.D113005A,
AE02006.D11 1905A, and HM2006.D1 12505B.
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Table 134. Macroeconomic Indicators
(Billion 2000 Chain- eighted Dollars,.Unless Otherwise Noted)

Projections

2010 2020 2030
Indicators 2004 High Low High Low High

Economic Reference Economic Economic Reference Economic Economic Reference Economic
cc 0. mi Growth Growth Growth Growth Growth

Real Gross Domestic Product ............. 10756 12529 13043 13561 16022 17541 19073 19771 23112 26471
Real Potential Gross Domestic Product ..... 11030 13153 13367 13583 15886 17176 18469 19756 22738 25731
Components of Real Gross Domestic Product

Real Consumption ....................... 7589 8831 9128 9429 11016 11916 12826 13416 15352 17306
Real Investment ........................ 1810 2033 2259 2487 2858 3293 3730 3960 4985 6001
Real Government Spending ............... 1952 2097 2150 2204 2288 2464 2640 2471 2838 3204
Real Exports ........................... 1118 1823 1831 1839 3589 3776 3967 6252 6833 7421
Real Imports ........................... 1719 2219 2295 2366 3479 3659 3788 5775 6156 6492

Energy Intensity
(thousand Btu per 2000 dollar of GDP)

Delivered Energy ........................ 6.81 6.13 6.03 5.95 5.18 5.03 4.91 4.48 4.26 4.11
Total Energy ........................... 9.27 8.42 8.28 8.13 7.12 6.88 6.68 6.15 5.80 5.53

Price Indices
GDP Chain-Type Price Index (2000=1.000) ... 1.091 1.265 1.235 1.204 1.741 1.597 1.453 2.326 2.048 1.778
Consumer Price Index (1982-4=1)

All-Urban ............................ 1.89 2.21 2.15 2.10 3.12 2.86 2.61 4.29 3.78 3.30
Energy Commodities and Services ........ 1.51 1.68 1.67 1.64 2.34 2.19 2.03 3.31 2.96 2.66

Wholesale Price Index (1982=1.00)
All Commodities ....................... 1.47 1.59 1.55 1.50 2.02 1.82 1.62 2.50 2.13 1.79
Fuel and Power ....................... 1.27 1.36 1.36 1.34 1.89 1.77 1.65 2.75 2.49 2.24

Interest Rates (percent, nominal)
Federal Funds Rate ...................... 1.35 5.69 5.30 4.90 5.74 5.24 4.74 5.56 5.04 4.60
1 0-Year Treasury Note ................... 4.27 6.44 5.92 5.38 6.82 6.21 5.62 6.76 6.13 5.57
AA Utility Bond Rate ..................... 6.04 7.91 7.55 7.17 8.79 8.15 7.54 9.20 8.52 7.91

Value of Shipments (billion 2000 dollars)
Total Industrial . . : ...... *- ............. 5643 6015 6355 6704 6936 7778 8636 7989 9578 11201

Non-manufactu ring ..................... 1439 1437 1572 1710 1579 1808 2040 1746 2069 2392
Manufacturing ......................... 4204 4578 4783 4994 5357 5969 6596 6243 7509 8809

Energy- Intensive ..................... 1161 1226 1265 1310 1335 1441 1550 1436 1627 1819
Non-Energy Intensive ................. 3044 3352 3518 3684 4022 4528 5046 4807 5882 6990

Population and Employment (millions)
Population with Armed Forces Overseas ..... 294.1 307.6 310.1 312.6 322.7 337.0 351.2 334.1 364.8 395.5
Population (aged 16 and over) ............. 229.1 241.7 244.1 246.5 256.0 265.3 274.6 268.5 288.5 308.5
Population, over age 65 .................. 36.4 40.2 40.4 40.6 53.9 54.9 55.8 69.1 71.6 74.1
Employment, Nonfarm .................... 131.4 135.2 142.1 148.9 145.3 156.2 167.1 157.3 173.6 189.8
Employment, Manufacturing ............... 14.3 13.6 14.0 14.3 12.8 13.3 13.7 11.9 12.6 13.2

Key Labor Indicators
Labor Force (millions) .................... 147.4 156.7 158.9 161.7 161.5 167.7 174.4 171.3 180.8 190.7
Non-farm Labor Productivity (1992=1.00) ..... 1.34 1.50 1.52 1.55 1.80 1.93 2.06 2.15 2.42 2.68
Unemployment Rate (percent) ............. 5.53 4.70 4.69 4.67 4.46 4.37 4.27 4.98 4.90 4.83

Key Indicators for Energy Demand
Real Disposable Personal Income .......... 8004 9325 9622 9926 12205 13057 13923 15703 17562 19450
Housing Starts (millions) .................. 2.08 1.64 1.97 2.30 1.45 1.89 2.34 1.21 1.82 2.43
Commercial Floorspace (billion square feet) ... 75.0 81.7 82.3 83.0 91.5 96.0 100.4 101.2 112.0 123.0
Unit Sales of Light-Duty Vehicles (millions) ... 16.87 17.02 17.61 18.50 17.40 18.90 20.55 19.15 21.75 24.70

GDP = Gross domestic product.
Btu = British thermal unit.
Sources: 2004: Global Insight macroeconomic model CTL0805, and Global Insight industry model, July 2005. Projections: Energy Information

Administration, AE02006 National Energy Modeling System runs LM2006.D1 13005A, AE02006.D1 1 1905A, and HM2006.D1 12505B.
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Appendix C

Price Case Comparisons
Table C1. Total Energy Supply and Disposition Summary

Production
Crude Oil and Lease Condensate .......... 11.47
Natural Gas Plant Liquids ................ 2.46
Dry Natural Gas ........................ 19.02
C oal ................................. 22.86
Nuclear Power ......................... 8.23
Renewable Energy' 

. . . . . . . . . . . . . . . . . . . .
. 5.74

O ther 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.64
Total ............................... 70.42

Imports
Crude O il3  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22.02
Petroleum Products 4  . . . . . . . . . . . . . . . . . . . .  

5.93
Natural Gas ........................... 4.36
Other Imports' ......................... 0.83

Total ............................... 33.14

Exports
Petroleum6  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.07
Natural Gas ........................... 0.86
C oal ................................. 1.25

Total ............................... 4.18

Discrepancy 7 . . . . . . . . . . . . . . . . . . . . . . . . . .  
-0.31

Consumption
Petroleum Products8  . . . . . . . . . . . . . . . . . . . .  

40.08
Natural Gas ........................... 23.07
C oal ................................. 22.53
Nuclear Power ......................... 8.23
Renewable Energy

1 . . . . . . . . . . . . . . . . . . . . . .  
5.74

O ther
9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

0.04

12.71 12.45 12.24 11.77
2.43 2.39 2.35 2.61

19.58 19.13 18.67 21.66
25.38 25.78 25.91 24.81

8.44 8.44 8.44 9.03
7.00 7.08 7.25 7.64
2.13 2.16 2.20 3.04

77.67 77.42 77.05 80.57

22.25 22.01 21.23 27.19
6.55 6.36 5.90 9.08
5.19 5.01 4.74 8.32
0.45 0.45 0.46 1.49

34.43 33.83 32.33 46.08

2.17 2.15 2.11 2.68
0.57 0.55 0.53 0.83
1.03 1.03 i.03 0.46
3.78 3.74 , 3.67 3.97

-0.32 -0.36 -0.49 -0.10

43.78 43.14 41.88 50.67
24.65 24.04 23.34 29.62
24.68 25.09 25.22 25.77

8.44 8.44 8.44 9.03
7.00 7.08 7.25 7.64
0.07 0.07 0.08 0.04

11.75 11.91 9.51 9.68
2.67 2.65 2.65 2.57

22.09 21.90 22.09 21.45
27.30 29.53 27.86 34.10

9.09 9.09 9.03 9.09
8.00 8.15 8.73 9.02
3.16 3.37 3.15 3.44

84.05 86.61 83.00 89.36

24.63 22.09 33.90 29.54
8.01 6.31 11.68 9.27
5.83 3.33 10.75 6.72
1.36 1.61 2.09 2.42

39.83 33.35 58.43 47.95

2.24 2.16 2.86 2.31
0.68 0.50 1.35 1.01
0.46 0.46 0.39 0.40
3.39 3.11 4.61 3.72

-0.15 -0.24 0.00 -0.30

48.14 44.72 57.55 53.58
27.70 25.05 31.97 27.66
27.65 30.01 29.49 34.49

9.09 9.09 9.03 9.09
8.00 8.16 8.73 9.02
0.05 0.06 0.05 0.05

10.50
2.62

21.83
39.52

9.09
9.12
3.91

96.57

24.59
5.88
3.63
2.69

36.79

2.24
0.57
0.40
3.21

0.07

48.87
24.71
38.25

9.09
9.12
0.05

Total ............................... 99.68 108.64 107.87 106.21 122.78 120.63 117.09 136.82. 133.88 130.09

Net Imports - Petroleum ................. 25.88 26.62 26.22 25.02 33.59 30.39 26.25 42.72 36.49 28.23

Prices (2004 dollars per unit)
Imported Low Sulfur Light Crude Oil Price
(dollars per barrel)" 

. . . . . . . . . . . . . . . . . . . . .  
40.49 40.29 47.29 62.65 33.99 50.70 85.06 33.73 56.97 95.71

Imported Crude Oil Price (dollars per barrel)'" 35.99 37.00 43.99 58.99 27.99 44.99 79.98 27.99 49.99 89.98
Natural Gas Wellhead Price

(dollars per thousand cubic feet)" ........ 5.49 4.55 5.03 5.95 4.09 4.90 5.94 4.97 5.92 7.71
Coal Minemouth Price (dollars per ton) ...... 20.07 21.74 22.23 22.53 19.19 20.20 21.54 20.66 21.73 22.66
Average Electricity Price
(cents per kilowatthour) ................. 7.6 7.1 7.3 7.6 7.0 7.2 7.6 7.3 7.5 7.9

'Includes grid-connected electricity from conventional hydroelectric; wood and wood waste; landfill gas; municipal solid waste; other biomass; wind; photovoltaic and solar thermal
sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components of E85, but not the ethanol
components of blends less than 85 percent. Excludes electricity imports using renewable sources and nonmarketed renewable energy.

'Includes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.
3Includes imports of crude oil for the Strategic Petroleum Reserve.
'Includes imports of finished petroleum products, unfinished oils, alcohols, ethers, and blending components.
'Includes coal, coal coke (net), and electricity (net).
'Includes crude oil and petroleum products.
7Balancing item. Includes unaccounted for supply, losses, gains, net storage withdrawals, heat loss when natural gas is converted to liquid fuel, and heat loss when coal is

converted to liquid fuel.
oIncludes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum-based liquids for blending, such as ethanol.
'lncludes net electricity imports, methanol, and liquid hydrogen.
"Weighted average price delivered to U.S. refiners.
"Represents lower 48 onshore and offshore supplies.
Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2004 natural gas supply values and natural gas wellhead price: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-01 30(2005/06) (Washington,

DC, June 2005), subtracting I billion cubic feet per day to account for carbon dioxide included in production in Texas. 2004 petroleum supply values: EIA, Petroleum Supply Annual
2004, DOE/EIA-0340(2004)/1 (Washington, DC, June 2005). 2004 imported low sulfur light crude oil price: EIA, Form EIA-856, "Monthly Foreign Crude Oil Acquisition Report."
Other 2004 coal values: Quarterly Coal Report, October-December2004, DOE/EIA-01 21(2004/40) (Washington, DC, March 2005). Other 2004 values: EIA, Annual Energy Review
2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). Projections: EIA, AE02006 National Energy Modeling System runs LP2006.D120105A, AE02006.D111905A, and
HP2006.D1 13005A.
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Price Case Comparisons

Table C2. Energy Consumption by Sector and Source
(Quadrillion Btu per Year, Unless Otherwise No

Energy Consumption

Residential
D istillate Fuel .........................
Kerosene ............................
Liquefied Petroleum Gas ................

Petroleum Subtotal ...................
Natural G as .... : .................... *
C oa l ............... .................
Renewable Energy .....................
Electricity ............................

Delivered Energy ....................
Electricity Related Losses ...............

Total ..............................

0.94
0.09
0.54
1.57
5.03
0.01
0.41
4.41

11.44
9.60

21.04

Commercial
Distillate Fuel ......................... 0.50
Residual Fuel ........................ 0.12
Kerosene ............................ 0.02
Liquefied Petroleum Gas ................ 0.10
Motor Gasoline ........................ 0.05

Petroleum Subtotal ................... 0.79
Natural Gas .......................... 3.09
C oal ................................ 0.09
Renewable Energy3 .................... 0.09
Electricity ............................ 4.19

Delivered Energy .................... 8.24
Electricity Related Losses ............... 9.13
Total .............................. 17.37

IndustriaI4
Distillate Fuel ......................... 1.19
Liquefied Petroleum Gas ................ 2.19
Petrochemical Feedstock ............... 1.49
Residual Fuel ........................ 0.24
Motor Gasoline ........................ 0.32
Other Petroleum' ...................... 4.16

Petroleum Subtotal ................... 9.58
Natural Gas .......................... 7.64
Lease and Plant Fue16 . . . . . . . . . . . . . . . .. . 1.14

Natural Gas Subtotal ................. 8.78
Metallurgical Coal ..................... 0.65
Other Industrial Coal ................... 1.38
Coal-to-Liquids Heat and Power .......... 0.00
Net Coal Coke Imports ................. 0.14

Coal Subtotal ........................ 2.16
Renewable Energy7 .................... 1.68
Electricity ............................ 3.48

Delivered Energy .................... 25.68
Electricity Related Losses ............... 7.58
Total .............................. 33.27

0.86
0.09
0.57
1.52
5.38
0.01
0.43
5.00

12.34
10.69
23.03

0.50
0.12
0.02
0.10
6.05
0.79
3.23
0.09
0.09
4.90
9.09

10.48
19.57

1.21
2.23
1.49
0.21
0.33
4.65

10.12
8.15
1.14
9.29
0.63
1.44
0.00
0.02
2.08
1.80
3.65

26.94
7.80

34.74

0.84
0.09
0.56
1.48
5.33
0.01
0.44
4.99

12.25
10.74
22.99

0.48
0.12
0.02
0.10
0.05
0.77
3.18
0.09
0.09
4.88
9.00

10.51
19.51

1.20
2.21
1.48
0.20
0.32
4.60

10.01
8.07
1.12
9.19
0.62
1.43
0.00
0.02
2.07
1.79
3.62

26.67
7.79

34.46

0.79
0.09
0.53
1.41
5.25
0.01
0.46
4.96

12.10
10.78
22.88

0.45
0.11
0.02
0.09
0.05
0.73
3.10
0.09
0.09
4.84
8.84

10.51
19.35

1.17
2.17
1.45
0.17
0.32
4.48
9.77
7.95
1.09
9.05
0.60
1.42
0.00
0.02
2.03
1.77
3.56

26.18
7.73

33.91

0.81
0.09
0.68
1.57
5.76
0.01
0.39
5.80

13.54
11.78
25.31

0.55
0.13
0.03
0.10
0.05
0.86
3.80
0.09
0.09
6.08

10.91
12.34
23.26

1.26
2.46
1.55
0.23
0.32
5.37

11.19
8.66
1.27
9.92
0.61
1.44
0.00
0.02
2.07
2.05
3.97

29.20
8.07

37.27

0.73
0.08
0.61
1.43
5.68
0.01
0.43
5.77

13.31
11.85
25.17

0.50
0.12
0.02
0.10
0.05
0.79
3.68
0.09
0.09
6.01

10.66
12.35
23.02

1.23
2.34
1.51
0.20
0.32
5.05

10.65
8.52
1.28
9.80
0.59
1.43
0.49
0.02
2.53
2.01
3.91

28.91
8.04

36.95

0.64
0.07
0.53
1.25
5.59
0.01
0.47
5.74

13.06
12.03
25.09

0.44
0.11
0.02
0.09
0.05
0.72
3.54
0.09
0.09
5.90

10.33
12.37
22.70

1.20
2.22
1.46
0.16
0.32
4.70

10.06
8.36
1.30
9.67
0.57
1.42
0.62
0.01
2.61
1.97
3.88

28.18
8.13

36.31

0.69
0.08
0.74
1.51
5.90
0.01
0.38
6.49

14.29
12.69
26.98

0.60
0.13
0.03
0.11
0.05
0.91
4.25
0.09
0.09
7.45

12.79
14.56
27.34

1.40
2.64
1.62
0.26
0.34
6.09

12.34
9.41
1.24

10.65
0.60
1.45
0.00
0.01
2.06
2.33
4.27

31.64
8.34

39.99

0.61
0.07
0.65
1.32
5.82
0.01
0.41
6.47

14.04
12.60
26.64

0.52
0.12
0.03
0.10
0.05
0.82
4.11
0.09
0.09
7.34

12.44
14.29
26.73

1.32
2.54
1.55
0.21
0.34
5.69

11.66
9.08
1.21

10.29
0.58
1.45
1.61
0.02
3.65
2.29
4.31

32.19
8.39

40.58

0.51
0.06
0.55
1.12
5.71
0.01
0.45
6.45

13.73
12.46
26.19

0.46
0.11
0.02
0.09
0.05
0.74
3.89
0.09
0.09
7.20

12.00
13.91
25.91

1.30
2.39
1.52
0.15
0.33
5.17

10.87
8.71
1.39

10.10
0.56
1.44
3.57
0.02
5.58
2.26
4.37

33.18
8.45

41.63
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Price Case Comparisons

Table C2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections

Sector and Source 2010 2020 20302(

Low Reference High Low Reference High Low n1c-ýTRe ePrice I .I Price I Price I I Price [ Price Price
f re el High

Transportation
Distillate Fuel . ........................ 5.91 6.90
Jet Fuel . ............................ 3.35 3.93
Motor Gasoline ........................ 16.93 18.62
Residual Fuel ........................ 0.61 0.62
Liquefied Petroleum Gas ................ 0.03 0.06
Other Petroleum'o ..................... 0.18 0.18

Petroleum Subtotal ................... 27.02 30.30
Pipeline Fuel Natural Gas ............... 0.69 0.66
Comoressed Natural Gas ............... 0.03 0.06
Renewable Energy (E85)" .............. 0.00 0.00
Liquid Hydrogen ...................... 0.00 0.00
Electricity ............................ 0.08 0.09

Delivered Energy .................... 27.82 31.11
Electricity Related Losses ............... 0.18 0.19

Total .............................. 28.00 31.30

Delivered Energy Consumption for
All Sectors
Distillate Fuel ......................... 8.55 9.46
Kerosene ............................ 0.13 0.14
Jet Fuel' ............................ 3.35 3.93
Liquefied Petroleum Gas ................ 2.85 2.97
Motor Gasoline ........................ 17.30 18.99
Petrochemical Feedstock ............... 1.49 1.49
Residual Fuel ........................ 0.97 0.96
Other PetroleUM12 ..................... 4.32 4.81

Petroleum Subtotal ................... 38.96 42.74
Natural Gas .......................... 15.79 16.80
Lease and Plant Fuel Plant ............. 1.14 1.14
Pipeline Natural Gas .................. 0.69 0.66
Natural Gas Subtotal .................. 17.62 18.60

Metallurgical Coal ..................... 0.65 0.63
Other Coal ........................... 1.47 1.53
Coal-to-Liquids Heat and Power .......... 0.00 0.00
Net Coal Coke Imports ................. 0.14 0.02

Coal Subtotal ........................ 2.26 2.18
Renewable Energy .. ................... 2.17 2.32
Liquid Hydrogen ...................... 0.00 0.00
Electricity ............................ 12.17 13.64

Delivered Energy .................... 73.18 79.48
Electricity Related Losses ............... 26.50 29.15

6.82
3.89

18.33
0.62
0.06
0.18

29.91
0.65
0.05
0.00
0.00
0.09

30.70
0.19

30.90

9.34
0.14
3.89
2.92

18.70
1.48
0.94
4.75

42.17
16.63

1.12
0.65

18.40
0.62
1.53
0.00
0.02
2.17
2.32
0.00

13.57
78.62
29.24

6.71
3.83

17.72
0.62
0.06
0.18

29.11
0.64
0.05
0.00
0.00
0.09

29.89
0.19

30.08

9.13
0.13
3.83
2.85

18.08
1.45
0.91
4.64

41.02
16.36

1.09
0.64

18.09
0.60
1.52
0.00
0.02
2.13
2.32
0.00

13.44
77.00
29.21

8.25
4.58

21.98
0.64
0.09
0.18

35.73
0.80
0.09
0.00
0.00
0.10

36.73
0.21

36.94

10.87
0.13
4.58
3.33

22.35
1.55
1.00
5.53

49.35
18.31

1.27
0.80

20.38
0.61
1.54
0.00
0.02
2.17
2.54
0.00

15.95
90.38
32.39

8.13
4.53

20.73
0.64
0.09
0.18

34.30
0.80
0.09
0.00
0.00
0.10

35.30
0.20

35.50

10.59
0.13
4.53
3.14

21.10
1.51
0.96
5.21

47.17
17.97

1.28
0.80

20.06
0.59
1.53
0.49
0.02
2.63
2.53
0.00

15.79
88.19
32.45

7.90
4.44

18.60
0.64
0.07
0.18

31.83
0.76
0.09
0.00
0.00
0.10

32.78
0.20

32.98

10.18
0.12
4.44
2.92

18.97
1.46
0.91
4.86

43.85
17.59

1.30
0.76

19.66
0.57
1.51
0.62
0.01
2.71
2.53
0.00

15.60

10.10
4.82

25.33
0.66
0.12
0.19

41.21
0.85
0.12
0.01
0.00
0.11

42.29
0.22

42.51

12.78
0.12
4.82
3.61

25.71
1.62
1.04
6.26

55.97
19.68

1.24
0.85

21.77
0.60
1.55
0.00
0.01
2.16
2.80
0.00

18.31

9.98
4.79

22.99
0.65
0.11
0.19

38.71
0.78
0.12
0.01
0.00
0.11

39.72
0.21

39.93

12.43
0.11
4.79
3.40

23.38
1.55
0.99
5.86

52.51
19.13

1.21
0.78

21.11
0.58
1.54
1 , 61
0.02
3.74
2.80
0.00

18.22

9.93
4.33

20.00
0.65
0.09
0.19

35.18
0.74
0.12
0.01
0.00
0.10

36.15
0.20

36.35

12.20
0.10
4.33
3.12

20.37
1.52
0.92
5.34

47.91
18.42

1.39
0.74

20.56
0.56
1.53
3.57
0.02
5.68
2.81
0.00

18.12
84.35 101.02
32.73 35.80

98.40 95.07
35.48 35.01

Total .............................. 99.68 108.64 107.87 106.21 122.78 120.63 117.09 136.82 133.88 130.09

Electric Power 14

Distillate Fuel ......................... 0.17 0.23 0.23 0.23 0.29 0.24 0.25 0.32 0.27 0.28
Residual Fuel ........................ 0.95 0.81 0.74 0.63 1.03 0.73 0.63 1.26 0.80 0.67

Petroleum Subtotal ................... 1.12 1.05 0.97 0.86 1.32 0.97 0.88 1.58 1.07 0.96
Natural Gas ........................... 5.45 6.05 5.65 5.25 9.24 7.65 5.39 10.19 6.54 4.15
Steam Coal .......................... 20.26 22.50 22.92 23.09 23.60 25.02 27.30 27.33 30.74 32.57
Nuclear Power ........................ 8.23 8.44 8.44 8.44 9.03 9.09 9.09 9.03 9.09 9.09
Renewable Energy' . ................... 3.57 4.68 4.76 4.93 5.10 5.47 5.62 5.93 6.22 6.32
Electricity Imports ..................... 0.04 0.07 0.07 0.08 0.04 0.05 0.06 0.05 0.05 0.05
Total .............................. 38.67 42.79 42.82 42.65 48.35 48.24 48.34 54.12 53.71 53.13

Energy Information Administration / Annual Energy Outlook 2006 175



Price Case Comparisons

Table C2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections

Sector and Source 2004 2010 2020 2030

Low Reference High Low TReference High Low Reference High
Price Price Price Price Price Price

Total Energy Consumption
Distillate Fuel ......................... 8.72 9.70 9.57 9.36 11.16 10.83 10.43 13.10 12.70 12.49
Kerosene ............................ 0.13 0.14 0.14 0.13 0.13 0.13 0.12 0.12 0.11 0.10
Jet Fuel .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.35 3.93 3.89 3.83 4.58 4.53 4.44 4.82 4.79 4.33

Liquefied Petroleum Gas ................ 2.85 2.97 2.92 2.85 3.33 3.14 2.92 3.61 3.40 3.12
Motor Gasoline . . . . . . . . . . . . . . . . . . . . . .

. 17.30 18.99 18.70 18.08 22.35 21.10 18.97 25.71 23.38 20.37
Petrochemical Feedstock ............... 1.49 1.49 1.48 1.45 1.55 1.51 1.46 1.62 1.55 1.52
Residual Fuel ........................ 1.91 1.77 1.68 1.54 2.03 1.69 1.53 2.31 1.79 1.60
Other Petroleum 12 . . . . . . . . . . . . . . . . . . . . . . 

4.32 4.81 4.75 4.64 5.53 5.21 4.86 6.26 5.86 5.34
Petroleum Subtotal ................... 40.08 43.78 43.14 41.88 50.67 48.14 44.72 57.55 53.58 48.87

Natural Gas .......................... 21.24 22.85 22.28 21.61 27.55 25.62 22.99 29.88 25.67 22.58
Lease and Plant Fuel

6 . . . . . . . . . . . . . . . . . . .  
1.14 1.14 1.12 1.09 1.27 1.28 1.30 1.24 1.21 1.39

Pipeline Natural Gas ................... 0.69 0.66 0.65 0.64 0.80 0.80 0.76 0.85 0.78 0.74
Natural Gas Subtotal .................. 23.07 24.65 24.04 23.34 29.62 27.70 25.05 31.97 27.66 24.71

Metallurgical Coal ..................... 0.65 0.63 0.62 0.60 0.61 0.59 0.57 0.60 0.58 0.56
Other Coal ........................... 21.74 24.03 24.45 24.61 25.14 26.55 28.81 28.88 32.29 34.10
Coal-to-Liquids Heat and Power .......... 0.00 0.00 0.00 0.00 0.00 0.49 0.62 0.00 1.61 3.57
Net Coal Coke Imports ................. 0.14 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.02

Coal Subtotal ........................ 22.53 24.68 25.09 25.22 25.77 27.65 30.01 29.49 34.49 38.25
Nuclear Power ........................ 8.23 8.44 8.44 8.44 9.03 9.09 9.09 9.03 9.09 9.09
Renewable Energy

6. . . . . . . . . . . . . . . . . . . . .  
5.74 7.00 7.08 7.25 7.64 8.00 8.16 8.73 9.02 9.12

Liquid Hydrogen ...................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity Imports ..................... 0.04 0.07 0.07 0.08 0.04 0.05 0.06 0.05 0.05 0.05

Total .............................. 99.68 108.64 107.87 106.21 122.78 120.63 117.09 136.82 133.88 130.09

Energy Use and Related Statistics

Delivered Energy Use ................... 73.18 79.48 78.62 77.00 90.38 88.19 84.35 101.02 98.40 95.07
Total Energy Use ...................... 99.68 108.64 107.87 106.21 122.78 120.63 117.09 136.82 133.88 130.09
Population (millions) ..................... 294.10 310.12 310.12 310.12 336.99 336.99 336.99 364.79 364.79 364.79
Gross Domestic Product (billion 2000 dollars) . 10756 13103 13043 12935 17597 17541 17469 23178 23112 23054
Carbon Dioxide Emissions (million metric tons) 5899.9 6403.1 6364.9 6255.6 7223.1 7119.0 6961.9 8158.5 8114.5 7974.7

'Includes wood used for residential heating.
'Includes ethanol (blends of 10 percent or less) and ethers blended into gasoline.
'Includes commercial sector consumption of wood and wood waste, landfill gas, municipal solid waste, and other biomass for combined heat and power.
4Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.
'Includes petroleum coke, asphalt, road oil, lubricants, still gas, and miscellaneous petroleum products.
'Represents natural gas used in the field gathering and processing plant machinery.
'Includes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass.
'Diesel fuel for on- and off- road use.
'Includes only kerosene type.
"Includes aviation gasoline and lubricants.
"E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable). To address cold starting issues, the percentage of ethanol actually

varies seasonally. The annual average ethanol content of 74 percent is used for this forecast.
"Includes unfinished oils, natural gasoline, motor gasoline blending components, aviation gasoline, lubricants, still gas, asphalt, road oil, petroleum coke, and miscellaneous

petroleum products.
"Includes electricity generated for sale to the grid and for own use from renewable sources, and non-electric energy from renewable sources. Excludes nonmarketed renewable

energy consumption for geothermal heat pumps, buildings photovoltaic systems, and solar thermal hot water heaters.
"Includes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public. Includes

small power producers and exempt wholesale generators.
"Includes conventional hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, petroleum coke, wind, photovoltaic and solar thermal sources.

Excludes net electricity imports.
"Includes hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, wind, photovoltaic and solar thermal sources. Includes ethanol components

of E85; excludes ethanol blends (10 percent or less) in motor gasoline. Excludes net electricity imports and nonmarketed renewable energy consumption forgeothermal heat pumps,
buildings photovoltaic systems, and solar thermal hot water heaters.

Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports. Consumption

values of 0.00 are values that round to 0.00, because they are less than 0.005.
Sources: 2004 consumption based on: Energy Information Administration (EIA), Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). 2004

population and gross domestic product: Global Insight macroeconomic model CTL0805. 2004 carbon dioxide emissions: EIA, Emissions of Greenhouse Gases in the United States
2004, DOE/EIA-0573(2004) (Washington, DC, December 2005). Projections: EIA, AE02006 National Energy Modeling System runs LP2006.D120105A, AE02006.D1 1 1905A,
and HP2006.D 13005A.
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Price Case Comparisons

Table C3. Energy Prices by Sector and Source
0 (2004 Dollars r)er Million Btu. Unless Otherwise Notedl

Residential ........................... 17.31 16.24 16.98 18.37
Primary Energy . ...................... 11.39 10.41 11.28 13.01

Petroleum Prod UCtS2 .................. 14.63 12.61 14.77 19.35
Distillate Fuel ....................... 13.62 11.13 12.85 16.64
Liquefied Petroleum Gas .............. 17.30 15.18 18.17 24.28

Natural Gas ......................... 10.40 9.81 10.33 11.33
Electricity ............................ 26.19 24.30 24.78 25.58

Commercial .......................... 16.56 15.58 16.27 17.52
Primary Energy . ...................... 9.20 8.30 8.96 10.27

Petroleum ProdUCtS2 .................. 10.39 9.18 10.56 13.54
Distillate Fuel ....................... 9.99 8.89 10.15 12.94
Residual Fuel ...................... 6.37 5.24 6.14 8.15

Natural Gas ......................... 9.10 8.25 8.76 9.74
Electricity ............................ 23.52 21.69 22.31 23.38

Industrial ............................. 8.67 7.67 8.48 10.07
Primary Energy ....................... 7.42 6.32 7.19 8.93

Petroleum Products . .................. 9.65 8.10 9.46 12.23
Distillate Fuel ....................... 10.29 9.46 10.75 13.60
Liquefied Petroleum Gas .............. 14.24 10.00 12.03 15.91
Residual Fuel ...................... 5.88 5.42 6.31 8.48

Natural GaS4 ........................ 6.10 5.19 5.69 6.62
Metallurgical Coal ..................... 2.24 2.36 2.36 2.36
Other Industrial Coal . ................. 1.74 1.84 1.86 1.89
Coal to Liquids ....................... N/A N/A N/A N/A

Electricity ............................ 15.54 15.19 15.65 16.37

Transportation ........................ 13.81 13.53 14.83 17.57
Primary Energy ....................... 13.79 13.51 14.82 17.56

Petroleum ProdUCtS2 .................. 13.79 13.51 14.82 17.57
Distillate Fue16 ...................... 13.25 13.01 14.29 17.05
Jet Fuel . .......................... 9.02 8.53 9.67 12.23
Motor Gasoline ...................... 15.34 15.14 16.52 19.34
Residual Fuel ...................... 4.91 5.44 6.43 8.68
Liquefied Petroleum Gas . ............. 17.14 14.31 16.72 21.26

Natural Gas .......................... 9.94 9.60 10.09 11.05
Ethanol (E85) .. ...................... 20.24 19.59 21.19 24.57

Electricity ............................ 21.67 20.27 20.76 21.58

Average End-Use Energy ............... 13.00 12.34 13.32 15.29
Primary Energy ....................... 11.04 10.44 11.52 13.71
Electricity ............................ 22.19 20.90 21.43 22.32

Electric Power 12

Fossil Fuel Average .................... 2.46 2.34 2.41 2.59
Petroleum Products ................... 5.43 5.47 6.50 8.86

Distillate Fuel ....................... 9.23 7.84 9.04 11.74
Residual Fuel ...................... 4.76 4.79 5.70 7.83

Natural Gas ......................... 5.92 5.06 5.46 6.33
Steam Coal . ........................ 1.36 1.46 1.48 1.50

15.84 17.19 19.14 17.12 18.51 20.73
9.65 11.31 13.96 10.58 12.62 15.75

11.13 15.94 26.03 11.86 18.42 29.03
9.57 13.55 21.46 9.82 14.56 22.18

13.27 19.34 32.77 14.04 22.68 36.63
9.25 10.16 11.30 10.27 11.32 13.17

23.68 24.44 25.32 24.60 25.02 26.00

15.06 16.28 17.95
7.51 8.74 10.70
8.13 11.22 17.86
7.94 10.89 17.11
4.41 6.31 10.93
7.49 8.37 9.46

20.97 22.00 23.30

7.04 8.48 11.49
5.65 7.24 10.65
7.10 9.94 16.36
8.87 11.84 18.41
8.98 12.92 21.89
4.31 6.70 11.91
4.67 5.49 6.53
2.23 2.23 2.23
1.73 1.81 1.89
N/A 1.04 1.16

14.67 15.35 16.03

12.34 15.38 21.62
12.32 15.36 21.62
12.33 15.38 21.65
11.86 14.78 21.43

7.79 10.49 15.76
13.76 17.02 23.55

4.04 6.54 11.98
12.39 16.82 26.89

9.07 9.90 10.98
17.58 21.10 28.92
19.75 20.56 21.44

11.62 13.66 17.59
9.62 11.89 16.46

20.38 21.23 22.22

2.35 2.46 2.54
4.33 6.91 12.32
6.70 9.62 15.44
3.68 6.02 11.09
4.68 5.40 6.28
1.33 1.39 1.49

16.29 17.52 19.74
8.21 9.65 12.17
8.44 12.28 18.93
8.28 11.77 17.67
4.49 6.91 12.17
8.28 9.29 11.11

21.99 22.90 24.71

7.68 9.27 11.81
6.24 8.09 10.93
7.50 11.36 17.80
9.26 12.91 19.25
9.71 15.25 24.32
4.73 7.27 13.12
5.51 6.45 8.24
2.29 2.28 2.29
1.80 1.92 1.99
N/A 1.26 1.50

15.69 15.95 16.91

12.36 16.32 23.06
12.34 16.31 23.06
12.34 16.32 23.10
11.98 15.65 22.28
7.82 11.53 17.25

13.61 17.92 25.15
4.16 7.59 13.47

12.70 19.25 29.37
9.72 10.68 12.46

17.73 22.48 26.66
20.51 21.00 21.89

12.20 14.64 18.59
10.02 12.86 17.42
21.44 22.00 23.27

2.60 2.49 2.60
4.47 7.61 13.16
7.05 10.28 15.13
3.82 6.73 12.33
5.56 6.26 7.89
1.39 1.51 1.61
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Price Case Comparisons

Table C3. Energy Prices by Sector and Source (Continued)
(2004 Dollars per Million Btu, Unless Otherwise Noted)

Projections

Sector and Source 2004 2010 2020 2030

Low Reference High Low Reference High Low Reference High
Price Price Price Price Price Price

Average Price to All Users
13

Petroleum Products
2 . . . . . . . . . . . . . . . . . . .  

12.61 12.05 13.41 16.23 10.96 14.05 20.43 11.12 15.16 21.89
Distillate Fuel ........................ 12.62 11.98 13.30 16.19 11.03 14.07 20.76 11.29 15.04 21.62
Jet Fuel ............................ 9.02 8.53 9.67 12.23 7.79 10.49 15.76 7.82 11.53 17.25
Liquefied Petroleum Gas ............... 14.89 11.17 13.39 17.71 10.01 14.38 24.16 10.76 16.90 26.82
Motor Gasoline . . . . . . . . . . . . . . . . . . . . . .  

15.33 15.13 16.52 19.34 13.75 17.02 23.55 13.61 17.92 25.15
Residual Fuel ....................... 5.04 5.12 6.07 8.27 3.91 6.31 11.53 4.06 7.12 12.86

Natural Gas .......................... 7.52 6.68 7.19 8.15 6.03 6.93 8.10 6.88 7.98 .9.94
Metallurgical Coal . . . . . . . . . . . . . . . . . . . . .  

2.24 2.36 2.36 2.36 2.23 2.23 2.23 2.29 2.28 2.29
Other Coal5 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1.39 1.48 1.51 1.53 1.36 1.42 1.51 1.42 1.53 1.63
Coal to Liquids ........................ N/A N/A N/A N/A N/A 1.04 1.16 N/A 1.26 1.50
Ethanol (E85)

1 . . . . . . . . . . . . . . . . . . . . . . . .  
20.24 19.59 21.19 24.57 17.58 21.10 28.92 17.73 22.48 26.66

Electricity ............................ 22.19 20.90 21.43 22.32 20.38 21.23 22.22 21.44 22.00 23.27

Non-Renewable Energy Expenditures
by Sector (billion 2004 dollars)
Residential ............................ 190.90 193.52 200.59 213.78 208.19 221.50 240.85 238.21 252.12 275.34
Commercial ........................... 135.07 140.38 145.01 153.30 163.10 172.19 183.90 206.87 216.48 235.28
Industrial .............................. 170.01 156.00 169.60 195.61 153.11 179.83 231.32 180.93 216.86 280.30
Transportation ......................... 374.67 411.84 445.81 513.93 443.45 530.44 691.99 512.03 635.46 816.38

Total Non-Renewable Expenditures ....... 870.65 901.73 961.01 1076.61 967.86 1103.97 1348.07 1138.04 1320.94 1607.30
Transportation Renewable Expenditures .... 0.02 0.05 0.05 0.06 0.08 0.10 0.12 . 0.11 0.13 0.22
Total Expenditures .................... 870.67 901.77 961.06 1076.67 967.94 1104.07 1348.19 1138.15 1321.07 1607.52

'Weighted average price includes fuels below as well as coal.
'This quantity is the weighted average for all petroleum products, not just those listed below.
'Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.
'Excludes use for lease and plant fuel.
'Excludes imported coal.
'Diesel fuel for on-road use. Includes Federal and State taxes while excluding county and local taxes.
'Kerosene-type jet fuel. Includes Federal and State taxes while excluding county and local taxes.
aSales weighted-average price for all grades. Includes Federal, State and local taxes.
'Includes Federal and State taxes while excluding county and local taxes.
"Compressed natural gas used as a vehicle fuel. Includes estimated motor vehicle fuel taxes.
"E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable). To address cold starting issues, the percentage of ethanol actually

varies seasonally. The annual average ethanol content of 74 percent is used for this forecast.
"Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public.
"Weighted averages of end-use fuel prices are derived from the prices shown in each sector and the corresponding sectoral consumption.
Btu = British thermal unit.
Note: Data for 2004 are model results and may differ slightly from official EtA data reports.
Sources: 2004 prices for motor gasoline, distillate, and jet fuel are based on prices in the Energy Information Administration (EIA), Petroleum Marketing Annual 2004, DOE/EIA-

0487(2004) (Washington, DC, August 2005). 2004 residential and commercial natural gas delivered prices: EIA, Natural Gas Monthly, DOE/EIA-0130(2005/06) (Washington, DC,
June 2005). 2004 industrial natural gas delivered prices are estimated based on: EIA, Manufacturing Energy Consumption Survey 1994 and industrial and wellhead prices from
the Natural Gas Annual2003, DOE/EIA-0131(2003) (Washington, DC, December 2004) and the Natural Gas Monthly, DOE/EIA-0130(2005/06) (Washington, DC, June 2005). 2004
transportation sector natural gas delivered prices are model results. 2004 electric power sector natural gas prices: EIA, Electric Power Monthly, DOE/EIA-0226, May 2003 through
April 2004, Table 4.11.A. 2004 coal prices based on: EIA, Quarterly Coal Report, October-December2004, DOE/EIA-0121(2004/40) (Washington, DC, March 2005) and EIA,
AEO2006 National Energy Modeling System run AE02006.D1 11905A. 2004 electricity prices: EIA, Annual Energy Review2004, DOE/EIA-0384(2004) (Washington, DC, August
2005). 2004 ethanol prices derived from weekly spot prices in the Oxy Fuel News. Projections: EIA, AE02006 National Energy Modeling System runs LP2006.D120105A,
AE02006.D11 1905A, and HP2006.D113005A.

0

0
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Price Case Comparisons

Table C4. Petroleum Supply and Disposition Balance
(Million Barrels per ay, Unless Otherwise Noted)

Projections

Supply and Disposition 2004 Low 2010 High Low 2020 Wi h Low 2030 HighReference Reference 9 ReferencePrice Price Price ice Price Price

Crude Oil
Domestic Crude Production ............... 5.42 6.00 5.88 5.78 5.56 5.55 5.63 4.49 4.57 4.96

Alaska .............................. 0.91 0.86 0.83 0.80 0.83 0.76 0.69 0.29 0.27 0.26
Lower 48 States ...................... 4.51 5.14 5.05 4.98 4.73 4.79 4.94 4.20 4.30 4.70

Net Imports ........................... 10.06 10.16 10.05 9.70 12.43 11.26 10.09 15.51 13.51 11.24
Gross Imports ........................ 10.09 10.19 10.08 9.73 12.46 11.28 10.12 15.53 13.53 11.26
Exports ............................. 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02

Other Crude Supply . .................... -0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Crude Supply .................. 15.48 16.17 15.93 15.48 17.99 16.81 15.72 20.00 18.08 16.20

Other Petroleum Supply
Natural Gas Plant Liquids ................ 1.81 1.78 1.75 1.72 1.90 1.94 1.92 1.92 1.87 1.89
Net Product Imports .................... 2.05 2.39 2.28 2.03 3.51 3.16 2.26 4.70 3.73 2.04

Gross Refined Product ImportS3 .......... 2.07 2.49 2.39 2.18 3.55 3.13 2.39 4.52 3.56 2.12
Unfinished Oil Imports ................. 0.49 0.42 0.41 0.36 0.63 0.54 0.39 0.86 0.66 0.44
Blending Components ................. 0.41 0.46 0.46 0.44 0.55 0.52 0.47 0.63 0.57 0.50
Exports ............................. 0.96 0.99 0.98 0.96 1.22 1.03 0.99 1.31 1.07 1.03

Refinery Processing Gain 4 . . . . . . . . . . . . . . . 1.05 1.28 1.31 1.35 1.48 1.44 1.48 1.75 1.82 1.66
Other Supply .......................... 0.35 0.93 0.94 0.96 1.26 1.52 1.69 1.30 2.16 3.43

Liquids from Gas ..................... 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.19
Liquids from Coal ..................... 0.00 0.00 0.00 0.00 0.00 0.23 0.29 0.00 0.76 1.69
Other .............................. 0.35 0.93 0.94 0.96 1.26 1.28 1.36 1.30 1.39 1.55

Total Primary Supply6 ................... 20.74 22.54 22.21 21.54 26.14 24.87 23.08 29.68 27.65 25.22

Refined Petroleum Products Supplied
by Fuel

Motor Gasoline . ...................... 9.10 10.09 9.94 9.62 11.92 11.28 10.18 13.68 12.49 10.96
Jet Fuel . ............................ 1.63 1.90 1.88 1.85 2.21 2.19 2.14 2.33 2.31 2.09
Distillate Fuel9 ........................ 4.06 4.67 4.61 4.51 5.37 5.21 5.01 6.29 6.09 5.99
Residual Fuel ........................ 0.87 0.77 0.73 0.67 0.89 0.74 0.67 1.01 0.78 0.70
Other .. ............................. 5.10 5.07 5.01 4.90 5.70 5.40 5.05 6.26 5.89 5.44

by Sector
Residential and Commercial ............ 1.29 1.29 1.25 1.18 1.37 1.25 1.10 1.39 1.22 1.06
Industrial" .......................... 5.02 5.28 5.23 5.11 5.83 5.55 5.25 6.40 6.06 5.67
Transportation ....................... 13.69 15.47 15.27 14.86 18.30 17.57 16.31 21.08 19.81 18.01
Electric Power' . ...................... 0.49 0.46 0.43 0.38 0.58 0.43 0.39 0.70 0.47 0.43

Total ................................ 20.76 22.50 22.17 21.54 26.08 24.81 23.05 29.57 27.57 25.17

DiscrepanCy,13 . . ý ....................... -0.02 0.03 0.03 0.00 0.05 0.05 0.02 0.11 0.09 0.05
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Price Case Comparisons

Table C4. Petroleum Supply and Disposition Balance (Continued)
(Million Barrels per Day, Unless Otherwise Noted)

Imported Low Sulfur Light Crude Oil Price
(2004 dollars per barrel)

4. . . . . . . . . . . . . . . . . . .  
40.49 40.29 47.29 62.65 33.99 50.70 85.06

Imported Crude Oil Price
(2004 dollars per barrel)

1  . . . . . . . . . . . . . . . . .  
35.99 37.00 43.99 58.99 27.99 44.99 79.98

Import Share of Product Supplied ........... 0.58 0.56 0.56 0.54 0.61 0.58 0.54
Net Expenditures for Imported Crude Oil and

Petroleum Products (billion 2004 dollars) .... 152.36 162.94 189.84 242.97 161.48 231.71 347.85
Domestic Refinery Distillation Capacity15 ...... 16.9 17.6 17.6 17.3 19.2 18.1 17.6
Capacity Utilization Rate (percent) 1 

. . . . . . . . .. . .
93.0 93.1 91.9 90.8 95.2 94.1 90.8

33.73 56.97 95.71

27.99
0.68

208.01
21.3
95.3

49.99 89.98
0.62 0.53

310.15
19.3
94.8

420.97
17.9
91.8

'Includes lease condensate.
2Strategic petroleum reserve stock additions plus unaccounted for crude oil and crude stock withdrawals minus crude product supplied.
'Includes other hydrocarbons and alcohols.
4Represents volumetric gain in refinery distillation and cracking processes.
'Includes petroleum product stock withdrawals; domestic sources of blending components, other hydrocarbons, alcohols, and ethers.
'Total crude supply plus natural gas plant liquids, other inputs, refinery processing gain, and net product imports.
'Includes ethanol and ethers blended into gasoline.
'Includes only kerosene type.
'Includes distillate and kerosene.
"Includes aviation gasoline, liquefied petroleum gas, petrochemical feedstocks, lubricants, waxes, asphalt, road oil, still gas, special naphthas, petroleum coke, crude oil product

supplied, and miscellaneous petroleum products.
"Includes consumption for combined heat and power (CHP), which produces electricity and other useful thermal energy.
"Includes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, orelectricityand heat, to the public. Includes

small power producers and exempt wholesale generators.
"Balancing item. Includes unaccounted for supply, losses, and gains.
14Weighted average price delivered to U.S. refiners.
"End-of-year operable capacity.
"Rate is calculated by dividing the gross annual input to atmospheric crude oil distillation units by their operable refining capacity in barrels per calendar day.
N/A = Not applicable.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2004 imported crude oil price and petroleum product supplied based on: Energy Information Administration (EIA), Annual Energy Review2004, DOE/EIA-0384(2004)

(Washington, DC, August 2005). 2004 imported low sulfur light crude oil price: EIA, Form EIA-856, "Monthly Foreign Crude Oil Acquisition Report." Other 2004 data: EIA, Petroleum
Supply Annual 2004, DOE/EIA-0340(2004)/1 (Washington, DC, June 2005). Projections: EIA, AE02006 National Energy Modeling System runs LP2006.D120105A,
AE02006.D1 11905A, and HP2006.D1 13005A.
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Price Case Comparisons

Table C5. Petroleum Product Prices(2004 Cents per Gallon, Unless Otherwise N(

Crude Oil Prices (2004 dollars per barrel)
Imported Low Sulfur Light Crude Oil Price' 

4 0 . 4 9  4 0 . 2 9  4 7 . 2 9  6 2 . 6 5

Imported Crude Oil
1. . . . . . . . . . . . . . . . . . . . . .

35.99 37.00 43.99 58.99
33.99 50.70 85.06 33.73 56.97 95.71
27.99 44.99 79.98 27.99 49.99 89.98

Delivered Sector Product Prices

Residential
Distillate Fuel ......................... 188.8 154.3 178.2 230.8
Liquefied Petroleum Gas ................ 149.1 130.8 156.5 209.2

Commercial
Distillate Fuel ......................... 138.3 122.6 140.0 178.5
Residual Fuel ........................ 95.3 78.4 91.8 122.1
Residual Fuel (2004 dollars per barrel) ..... 40.03 32.91 38.57 51.26

Industrial2
Distillate Fuel ......................... 142.5 130.1 147.8 187.0
Liquefied Petroleum Gas ................ 122.7 86.1 103.6 137.1
Residual Fuel ........................ 87.9 81.2 94.4 126.9
Residual Fuel (2004 dollars per barrel) ..... 36.94 34.09 39.67 53.29

Transportation
Diesel Fuel (distillate)3 . . . . . . . . . . . . . . . . . .  

182.4 178.4 195.9 233.8
Jet Fuel

4  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
121.8 115.2 130.6 165.1

Motor Gasoline5  . . . . . . . . . . . . . . . . . . . . . . .  190.4 185.8 202.7 237.2
Liquid Petroleum Gas ............... ... 147.7 123.3 144.0 183.2
Residual Fuel ........................ 73.5 81.4 96.3 129.9
Residual Fuel (2004 dollars per barrel) ..... 30.89 34.19 40.43 54.57
Ethanol (E85)6 ........................ 190.2 183.3 198.3 229.9
Ethanol Wholesale Price ................ 171.5 146.3 157.5 165.6

Electric Power7

Distillate Fuel ......................... 128.0 108.8 125.4 162.9
Residual Fuel ........................ 71.2 71.7 85.3 117.2
Residual Fuel (2004 dollars per barrel) ..... 29.90 30.10 35.84 49.22

Refined Petroleum Product Prices'
Distillate Fuel ......................... 174.2 164.6 182.8 222.5
Jet Fuel4 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121.8 115.2 130.6 165.1
Liquefied Petroleum Gas ................ 128.3 96.3 115.4 152.6
Motor Gasoline 5 . . . . . . . . . . . . . . . . . . . . . . .  190.4 185.8 202.7 237.2
Residual Fuel ........................ 75.5 76.7 90.9 123.8
Residual Fuel (2004 dollars per barrel) ..... 31.71 32.21 38.19 51.98
Average ........................... 164.3 156.2 173.2 208.7

132.7 188.0 297.6 136.1 202.0
114.3 166.6 282.4 120.9 195.4

109.5 150.1 236.0 114.1 162.2
66.0 94.4 163.7 67.2 103.5

27.71 39.66 68.75 28.23 43.47

121.8 162.5 252.7 127.1 177.2
77.4 111.3 188.6 83.7 131.4
64.6 100.2 178.2 70.8 108.9

27.11 42.10 74.86 29.72 45.72

162.6 202.5 293.6 164.2 214.4
105.2 141.6 212.7 105.6 155.6
168.2 207.6 286.2 166.8 218.8
106.7 144.9 231.6 109.4 165.8
60.5 97.8 179.3 62.3 113.6

25.43 41.09 75.30 26.16 47.70
164.3 197.1 269.7 165.8 210.0
141.0 164.1 189.7 143.3 167.2

92.9 133.5 214.1 97.7 142.6
55.0 90.1 166.0 57.2 100.7

23.11 37.84 69.72 24.01 42.29

151.5 193.1 284.8 154.9 206.3
105.2 141.6 212.7 105.6 155.6

86.2 123.9 208.1 92.7 145.6
168.2 207.6 286.2 166.8 218.8

58.5 94.5 172.6 60.7 106.6
24.59 39.70 72.50 25.50 44.75
142.2 181.1 260.9 144.0 194.7

307.6
315.5

243.6
182.2
76.50

264.2
209.5
196.4
82.49

305.2
232.8
305.1
253.0
201.7
84.70
248.5
204.9

209.8
184.5
77.50

296.7
232.8
231.0
305.1
192.5
80.86
279.6

1
Weighted average price delivered to U.S. refiners.

'Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.
'Diesel fuel for on-road use.- Includes Federal and State taxes while excluding county and local taxes.
'Includes only kerosene type.
5Sales weighted-average price for all grades. Includes Federal, State and local taxes.
'E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable). To address cold starting issues, the percentage of ethanol actually varies

seasonally. The annual average ethanol content of 74 percent is used for this forecast.
'Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public. Includes small power producers

and exempt wholesale generators.
'Weighted averages of end-use fuel prices are derived from the prices in each sector and the corresponding sectoral consumption.
Note: Data for 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2004 imported low sulfur light crude oil price: Energy Information Administration (EIA), Form EIA-856, "Monthly Foreign Crude Oil Acquisition Report." 2004 imported

crude oil price: EIA, Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). 2004 prices for motor gasoline, distillate, and jet fuel are based on: EIA,
Petroleum Marketing Annual 2004, DOE/EIA-0487(2004) (Washington, DC, August 2005). 2004 residential, commercial, industrial, and transportation sector petroleum product
prices are derived from: EIA, Form EIA-782A, "Refiners'/Gas Plant Operators' Monthly Petroleum Product Sales Report." 2004 electric power prices based on: Federal Energy
Regulatory Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for Electric Plants." 2004 ethanol prices derived from weekly spot prices in the Oxy Fuel
News. 2004 wholesale ethanol prices derived from Bloomburg U.S. average rack price. Projections: EIA, AE02006 National Energy Modeling System runs LP2006.D120105A,
AE02006.D1 11905A, and HP2006.D 13005A.
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Price Case Comparisons

Table C6. International Petroleum Supply and Disposition Summary
(Million Barrels per ay, Unless Otherwise Noted)

Projections

Supply and Disposition 2004 2010 2020 2030

Low Reference High Low Reference High Low Reference High
Price I I Price I Price I I Pr Price I I Price

Crude Oil Prices (2004 dollars per barrel)
Imported Low Sulfur Light Crude Oil Price' ...
Imported Crude Oil Price' ................

Production (Conventional)2

Mature Market Economies
United States (50 states) ................
C anada .............................
M exico ..............................
W estern Europe 3 . . . . . . . . . . . . . . . . . . . . . .

Japan ...............................
Australia and New Zealand ..............

Total Mature Market Economies .......

Transitional Economies
Former Soviet Union

R ussia .............................
Caspian Area . .......................

Eastern Europe . ......................
Total Transitional Economies .........

Emerging Economies
OPEC'

A sia .. ... .... ..... ...... ... ........
M iddle East .........................
North Africa .........................
W est Africa .........................
South America .......................

Non-OPEC
C hina ..............................
O ther Asia ..........................
M iddle East . ........................

A frica ..............................
South and Central America .............
Total Emerging Economies ..........

Total Production (Conventional) ..........

Production' (Nonconventional) ,
United States (50 states) ...............
Other North America ..................
W estern Europe .....................
A sia ...............................
M iddle EaSt7 . . . . . . . . . . . . . . . . . . . . . . . .

A frica ............................. .
South and Central America .............
Total Production (Nonconventional) ...

Total Production .......................

40.49 40.29
35.99 37.00

8.41 9.51
2.40 1.72
4.10 4.10
6.85 6.08
0.14 0.09
0.67 0.92

22.57 22.42

9.29 9.79
2.32 3.08
0.25 0.32

:11.86 13.19

1.39 1.55
21.25 25.67

2.98 3.61
1.96 2.47
2.82 3.50

3.25 3.49
2.88 2.56
1.76 2.15
3.54 3.73
4.22 4.47

46.07 53.20

47.29 62.65 33.99
43.99 58.99 27.99

50.70 85.06 33.73 56.97
44.99 79.98 27.99 49.99

9.39
1.66
3.97
5.88
0.09
0.89

21.88

9.33 9.55
1.61 1.70
3.91 4.96
5.75 5.90
0.09 0.07
0.87 0.94

21.57 23.13

9.51
1.45
4.48
5.22
0.07
0.84

21.58

9.53 8.83 8.92
1.34 1.80 1.43
4.30 5.76 5.01
4.89 5.17 4.37
0.08 0.08 0.07
0.80 0.94 0.81

20.92 22.57 20.60

9.50 9.37 11.75
2.99 2.95 5.66
0.31 0.31 0.44

12.80 12.63 17.84

10.66 10.29 12.86 11.26
5.16 5.01 8.43 7.43
0.39 0.37 0.56 0.48

16.21 15.67 21.85 19.17

1.49
24.76

3.48
2.39
3.38

3.38
2.48
2.09
3.62
4.34

51.41

1.31 1.37
21.80 29.36

3.06 4.02
2.10 2.84
2.98 4.02

3.32 3.72
2.44 2.90
2.05 2.74
3.58 5.91
4.28 6.40

46.93 63.29

1.26
26.99

3.70
2.61
3.70

3.33
2.61
2.45
5.41
5.83

57.89

0.86 1.25 1.09
18.48 35.65 31.07

2.53 4.02 3.50
1.79 3.50 3.05
2.53 4.75 4.14

3.15 3.75 3.22
2.49 2.91 2.51
2.32 3.39 2.91
5.29 9.05 8.03
5.66 7.95 7.00

45.11 76.22 66.52

95.71
89.98

8.76
1.09
4.16
3.53
0.06
0.66

18.25

9.41
6.25
0.39

16.05

0.68
19.36
2.18
1.90
2.58

2.63
2.07
2.38
6.80
5.89

46.48

80.78

3.18
4.88
0.17
5.09
1.49
2.09
4.22

21.12

80.50 88.81 86.09 81.12 104.26 95.68 81.70 120.64 106.29

0.22 0.48
0.92 1.12
0.03 0.09
0.20 0.60
0.01 0.06
0.08 0.20
0.49 1.14
1.96 3.69

0.48
1.79
0.09
0.68
0.53
0.21
1.13
4.91

0.48 0.65
1.86 2.33
0.10 0.10
0.79 0.81
0.69 0.19
0.30 0.38
1.65 1.69
5.88 6.14

0.94
2.67
0.12
1.25
0.73
0.53
1.78
8.02

1.19 0.64 1.50
3.54 2.67 3.58
0.15 0.10 0.13
2.33 0.91 2.06
1.13 0.30 1.08
1.07 0.57 0.85
3.07 1.85 2.31

12.50 7.06 11.52

82.46 92.50 91.00 87.00 110.40 103.70 94.20 127.70 117.80 101.90
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Price Case Comparisons

O Table C6. International Petroleum Supply and Disposition Summary (Continued)
(Million Barrels per Day, Unless Otherwise Noted)

Projections

Supply and Disposition 2004 2010 2020 2030

Low Reference High Low ReferenceI High Low ReferenceI High
Price Price Price Price Price Price

Consumption8
Mature Market Economies

United States (50 states) ................ 20.76 22.50 22.17 21.54 26.08 24.81 23.05 29.57 27.57 25.17
United States Territories ................ 0.33 0.35 0.34 0.31 0.44 0.38 0.30 0.55 0.45 0.34
Canada ............................. 2.15 2.20 2.13 1.98 2.58 2.25 1.85 2.80 2.34 1.79
Mexico .............................. 2.00 2.18 2.13 1.97 2.61 2.24 1.73 3.03 2.29 1.37
Western Europe . . . . . . . . . . . . . . . . . . . . . . . 

13.63 13.67 13.44 12.80 14.37 13.52 12.30 15.32 14.27 12.34
Japan ............................... 5.22 4.99 4.85 4.48 5.23 4.40 3.39 5.43 4.13 2.66
Australia and New Zealand .............. 1.07 1.17 1.16 1.11 1.35 1.28 1.18 1.53 1.45 1.26

Total Mature Market Economies ....... 45.16 47.06 46.22 44.18 52.66 48.89 43.80 58.22 52.50 44.93

Transitional Economies
Former Soviet Union ................... . 4.14 4.61 4.55 4.35 5.17 4.93 4.57 5.70 5.41 4.79
Eastern Europe' . . . . . . . . . . . . . . . . . . . . . .  

1.42 1.60 1.58 1.53 1.93 1.87 1.78 2.22 2.15 1.98
Total Transitional Economies ......... 5.56 6.21 6.13 5.88 7.10 6.81 6.35 7.92 7.57 6.78

Emerging Economies
China ............................... 6.63 8.84 8.64 8.15 12.41 11.38 10.02 16.58 14.93 12.51
India ................................ 2.42 2.98 2.92 2.75 4.13 3.81 3.32 5.43 4.85 3.82
South Korea ......................... 2.23 2.47 2.41 2.26 2.84 2.57 2.21 3.03 2.66 2.10
Other Asia ........................... 6.10 7.74 7.64 7.34 10.24 9.85 9.21 12.56 12.05 10.72
Middle East

7  . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 
6.09 7.22 7.16 6.94 8.52 8.34 8.00 9.52 9.34 8.67

Africa ............................... 2.96 3.67 3.63 3.46 4.48 4.31 3.99 5.01 4.81 4.12
South and Central America .............. 5.30 6.32 6.25 6.03 8.02 7.75 7.30 9.43 9.10 8.27

Total Emerging Economies ........... 31.74 39.23 38.65 36.94 50.64 48.01 44.05 61.55 57.74 50.19

Total Consumption ..................... 82.46 92.50 91.00 87.00 110.40 103.70 94.20 127.70 117.80 101.90

OPEC Production
1 . . . . . . . . . . . . . . . . . . . . . .  

30.78 37.50 36.67 32.99 42.95 40.27 29.58 50.77 45.82 31.66
Non-OPEC Production

1 . . . . . . . . . . . . . . . . . . .  
51.68 55.00 54.33 54.01 67.45 63.43 64.62 76.93 71.98 70.24

Net Eurasia Exports ..................... 6.31 6.98 6.67 6.74 10.74 9.40 9.32 13.93 11.60 9.28
OPEC Market Share ..................... 0.37 0.41 0.40 0.38 0.39 0.39 0.31 0.40 0.39 0.31

'Weighted average price delivered to U.S. refiners.
'Includes production of crude oil (including lease condensates), natural gas plant liquids, other hydrogen and hydrocarbons for refinery feedstocks, alcohol and other sources,

and refinery gains.3
Westem Europe = Austria, Belgium, Bosnia and Herzegovina, Croatia, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Macedonia, Netherlands,

Norway, Portugal, Slovenia, Spain, Sweden, Switzerland, United Kingdom, and Yugoslavia.
'Caspian area includes Other Former Soviet Union.
'Eastern Europe = Albania, Bulgaria, Czech Republic, Hungary, Poland, Romania, and Slovakia.
'OPEC = Organization of Petroleum Exporting Countries -Algeria, Indonesia, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the United Arab Emirates, and Venezuela.7
Non-OPEC Middle East includes Turkey.

'lncludes liquids produced from energy crops, natural gas, coal, oil sands, and shale. Includes both OPEC and non-OPEC producers in the regional breakdown.9
Includes both OPEC and non-OPEC consumers in the regional breakdown.

"
0
Includes both conventional and nonconventional liquids production.

Note: Totals may not equal sum of components due to independent rounding. Data for 2003 and 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2004 low sulfur light crude oil price: Energy Information Administration (EIA), Form EIA-856, "Monthly Foreign Crude Oil Acquisition Report." 2004 imported crude

oil price: EIA, Annual Energy Review2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). 2004 quantities and projections: Energy Information Administration, AE02006
National Energy Modeling System runs LP2006.D120105A, AE02006.D111905A, and HP2006.D113005A.
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Appendix D

Results from Side Cases
Table D1. Key Results for Residential and

Residential

Energy Consumption
(quadrillion Btu)

Distillate Fuel ................... 0.94 0.86 0.83 0.83 0.81 0.78 0.73 0.71 0.67
Kerosene ...................... 0.09 0.10 0.09 0.09 0.09 0.09 0.08 0.08 0.07
Liquefied Petroleum Gas .......... 0.54 0.56 0.56 0.55 0.54 0.63 0.61 0.60 0.57

Petroleum Subtotal ............. 1.57 1.51 1.48 1.47 1.44 1.50 1.43 1.39 1.32
Natural Gas .................... 5.03 5.39 5.33 5.30 5.25 5.86 5.68 5.43 5.25
Coal .......................... 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Renewable Energy .............. 0.41 0.44 0.44 0.43 0.43 0.45 0.43 0.41 0.40
Electricity ...................... 4.41 5.01 4.99 4.92 4.62 5.88 5.77 5.52 4.88

Delivered Energy ............. 11.44 12.37 12.25 12.13 11.76 13.69 13.31 12.77 11.86
Electricity Related Losses ......... 9.60 10.80 10.74 10.60 9.96 12.07 11.85 11.35 10.02

Total ........................ 21.04 23.17 22.99 22.73 21.72 25.77 25.17 24.12 21.88

Delivered Energy Intensity
(million Btu per household) ....... 100.6 100.7 99.6 98.7 95.6

0.04 0.04 0.03

99.8 97.0 93.1

0.05 0.05 0.07

86.4

0.06

Nonmarketed Renewables
Consumption (quadrillion Btu) .... 0.03 0.04

Commercial

Energy Consumption
(quadrillion Btu)

Distillate Fuel ...................
Residual Fuel ..................
Kerosene ......................
Liquefied Petroleum Gas ..........
Motor Gasoline .................

Petroleum Subtotal .............
Natural Gas ....................
C oal ..........................
Renewable Energy ..............
Electricity ......................

Delivered Energy .............
Electricity Related Losses .........

Total .......................

Delivered Energy Intensity
(thousand Btu per square foot) ....

Commercial Sector Generation
Net Summer Generation Capacity
(megawatts)

Natural Gas ..................
Solar Photovoltaic .............

Electricity Generation
(billion kilowatthours)

Natural Gas ..................
Solar Photovoltaic .............

Nonmarketed Renewables
Consumption (quadrillion Btu) ....

0.50
0.12
0.02
0.10
0.05
0.79
3.09
0.09
0.09
4.19
8.24
9.13

17.37

0.49
0.12
0.02
0.10
0.05
0.77
3.19
0.09
0.09
4.94
9.07

10.64
19.71

0.48
0.12
0.02
0.10
0.05
0.77
3.18
0.09
0.09
4.88
9.00

10.51
19.51

0.48
0.12
0.02
0.10
0.05
0.77
3.17
0.09
0.09
4.77
8.88

10.27
19.15

0.49
0.12
0.02
0.10
0.05
0.78
3.12
0.09
0.09
4.41
8.47
9.49

17.97

0.53
0.12
0.02
0.10
0.05
0.83
3.68
0.09
0.09
6.35

11.03
13.04
24.07

0.50
0.12
0.02
0.10
0.05
0.79
3.68
0.09
0.09
6.01

10.66
12.35
23.02

0.50
0.12
0.02
0.10
0.05
0.79
3.65
0.09
0.09
5.79

10.41
11.90
22.31

0.54
0.12
0.02
0.10
0.05
0.84
3.48
0.09
0.09
5.01
9.50

10.29
19.78

109.9 110.2 109.3 107.9 102.9 115.0 111.1 108.5 99.0

561 569 570 570 570 570 587 587 587
111 453 491 491 505 528 577 577 1093

4.04 4.10 4.10 4.10 4.10 4.10 4.23 4.23 4.23
0.23 0.96 1.04 1.04 1.07 1.12 1.22 1.22 2.34

0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04

Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports. Side cases

were run without the fully integrated modeling system, so not all feedbacks are captured. The reference case ratio of electricity losses to electricity use was used to compute electricity
losses for the technology cases.

Source: Energy Information Administration, AE02006 National Energy Modeling System, runs BLDFRZN.D112205A, BLDDEF.D112205A, BLDHIGH.D112205A, and
BLDBEST.D112205C.
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Results from Side Cases

2030 / Annual Growth 2004-2030 (percent)

2005 Reference I High Best Availablel 2005 Reference High Best Available
Technology I I Technology 'Technology| Technology Technology I Technology

0.67 0.61 0.58 0.53 -1.3% -1.7% -1.9% -2.2%
0.08 0.07 0.07 0.06 -0.6% -1.0% -1.2% -1.8%
0.67 0.65 0.62 0.60 0.8% 0.7% 0.5% 0.4%
1.42 1.32 1.27 1.18 -0.4% -0.7% -0.8% -1.1%
6.13 5.82 5.39 5.08 0.8% 0.6% 0.3% 0.0%
0.01 0.01 0.01 0.01 -0.1% -0.5% -0.6% -0.7%
0.46 0.41 0.39 0.38 0.4% 0.1% -0.1% -0.3%
6.68 6.47 6.16 5.29 1.6% 1.5% 1.3% 0.7%

14.70 14.04 13.22 11.93 1.0% 0.8% 0.6% 0.2%
13.01 12.60 11.99 10.30 1.2% 1.1% 0.9% 0.3%
27.72 26.64 25.22 22.23 1.1% 0.9% 0.7% 0.2%

98.1 93.7 88.3 79.7 -0.1% -0.3% -0.5% -0.9%

0.06 0.06 0.13 0.12 3.6% 3.5% 6.4% 6.0%

0.58
0.12
0.03
0.10
0.05
0.88
4.11
0.09
0.09
7.98

13.15
15.55
28.69

0.52
0.12
0.03
0.10
0.05
0.82
4.11
0.09
0.09
7.34

12.44
14.29
26.73

0.52
0.12
0.03
0.10
0.05
0.82
4.06
0.09
0.09
7.05

12.09
13.72
25.82

0.60 0.6% 0.1% 0.1% 0.7%
0.12 0.1% 0.1% 0.1% 0.1%
0.03 0.3% 0.3% 0.3% 0.3%
0.10 0.2% 0.2% 0.2% 0.2%
0.05 0.3% 0.3% 0.3% 0.3%
0.90 0.4% 0.1% 0.1% 0.5%
3.81 1.1% 1.1% 1.0% 0.8%
0.09 -0.0% -0.0% -0.0% -0.0%
0.09 0.0% 0.0% 0.0% 0.0%
6.03 2.5% 2.2% 2.0% 1.4%

10.92 1.8% 1.6% 1.5% 1.1%
11.74 2.1% 1.7% 1.6% 1.0%
22.66 1.9% 1.7% 1.5% 1.0%

117.3 111.0 107.9 97.5 0.3% 0.0% -0.1% -0.5%

581 696
616 1357

701 749 0.1% 0.8% 0.9% 1.1%
1774 4769 6.8% 10.1% 11.3% 15.6%

4.19 5.02 5.05 5.41 0.1% 0.8% 0.9% 1.1%
1.31 2.92 3.79 9.81 6.9% 10.2% 11.3% 15.5%

0.03 0.04 0.04 0.06 1.0% 1.6% 1.8% 3.5%
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Results from Side Cases
Table D2. Key Results for Industrial Sector Technology Cases

2010 2020 2030

Consumption 2004 '2005 Reference High 2005 gj Reference IHigh 2005 IReference High

ITechnology ITechnology Technologyi ITechnologyltechnologyt R Technology

Value of Shipments
(billion 2000 dollars)

Manufacturing .................... 4204 4783 4783 4783 5969 5969 5969 7509 7509 7509
Nonmanufacturing ................. 1439 1572 1572 1572 1808 1808 1808 2069 2069 2069
Total .......................... 5643 6355 6355 6355 7778 7778 7778 9578 9578 9578

Energy Consumption (quadrillion Btu)'
Distillate Fuel ...................... 1.19 1.25 1.20 1.16 1.37 1.23 1.11 1.53 1.32 1.18
Liquefied Petroleum Gas ............. 2.19 2.27 2.21 2.16 2.50 2.34 2.21 2.75 2.54 2.38
Petrochemical Feedstocks ........... 1.49 1.52 1.48 1.44 1.62 1.51 1.41 1.71 1.55 1.45
Residual Fuel ..................... 0.24 0.20 0.20 0.20 0.20 0.20 0.18 0.23 0.21 0.19
Motor Gasoline .................... 0.32 0.34 0.32 0.31 0.36 0.32 0.29 0.38 0.34 0.30
Petroleum Coke .................... 0.94 1.13 1.12 1.10 1.29 1.24 1.19 1.41 1.34 1.28
Still Gas .......................... 1.55 1.78 1.78 1.78 2.07 2.07 2.07 2.44 2.44 2.44
Asphalt and Road Oil ............... 1.24 1.33 1.22 1.14 1.53 1.25 1.04 1.76 1.39 1.14
Miscellaneous Petroleum 2 . . . . . . . . . . . .  

0.43 0.50 0.48 0.46 0.53 0.49 0.44 0.57 0.52 0.45
Petroleum Subtotal ................ 9.58 10.32 10.01 9.73 11.46 10.65 9.95 12.78 11.66 10.80

Natural Gas ....................... 7.64 8.30 8.07 7.93 9.12 8.51 8.07 9.78 9.08 8.32
Lease and Plant Fuel

3 . . . . . . . . . . . . . . . .  
1.14 1.12 1.12 1.12 1.28 1.28 1.28 1.21 1.21 1.21

Natural Gas Subtotal ............... 8.78 9.42 9.19 9.05 10.41 9.80 9.36 10.99 10.28 9.53
Metallurgical Coal and Coke4 . . . . . . . . .  

0.79 0.67 0.64 0.60 0.68 0.61 0.52 0.68 0.59 0.47
Other Industrial Coal ................ 1.38 1.45 1.43 1.41 1.47 1.43 1.38 1.51 1.45 1.37
Coal to Liquids Heat and Power ....... 0.00 0.00 0.00 0.00 0.49 0.49 0.49 1.61 1.61 1.61

Coal Subtotal ..... ............... 2.16 2.12 2.07 2.01 2.64 2.53 2.39 3.80 3.65 3.45
Renewable Energy

5 . . . . . . . . . . . . . . . . .  
1.68 1.79 1.79 1.83 2.00 2.01 2.17 2.26 2.29 2.61

Purchased Electricity ................ 3.48 3.71 3.62 3.50 4.18 3.91 3.61 4.76 4.31 3.82
Delivered Energy ................. 25.68 27.35 26.67 26.12 30.70 28.91 27.48 34.59 32.19 30.21

Electricity Related Losses ............ 7.58 7.99 7.79 7.54 8.59 8.04 7.41 9.27 8.39 7.43
Total ........................... 33.27 35.34 34.46 33.66 39.29 36.95 34.89 43.86 40.58 37.64

Delivered Energy Use per Dollar
of Shipments
(thousand Btu per 2000 dollar) ....... 5.89 5.56 5.42 5.30 5.05 4.75 4.49 4.58 4.24 3.93

Industrial Combined Heat and Power
Capacity (gigawatts) ................ 27.53 30.11 30.09 31.36 41.40 41.69 45.12 59.28 60.79 65.72
Generation (billion kilowatthours) ...... 149.23 178.82 178.57 187.10 265.31 266.65 288.81 402.96 412.28 442.53

'Fuel consumption includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.2
Includes lubricants and miscellaneous petroleum products.

'Represents natural gas used in the field gathering and processing plant machinery.
'lncludes net coal coke imports.
'lncludes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass.
Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports. Side cases

were run without the fully integrated modeling system, so not all potential feedbacks were captured. The reference case ratio of electricity losses to electricity use was used to
compute electricity losses for the technology cases.

Source: Energy Information Administration, AE02006 National Energy Modeling System runs INDFRZN.D120505A, INDDEF.D120505A, and INDHIGH.D120505A.
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Results from Side Cases

Table D3. Key Results for Trans ortation Sector Technology Cases
2010 2020 2030

Consumption and Indicators 2004 2005 R High 2005 l_ .2 High
Technologyl e echnology echnologyj e echnology echnology| e echnology

Level of Travel
(billion vehicle miles traveled)

Light-Duty Vehicles less than 8,500
Commercial Light Trucks1  . . . . . . . . ..
Freight Trucks greater than 10,000

(billion seat miles available)
A ir . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(billion ton miles traveled)
R a il . . . . . .. . . . . . .. . . .. . . . . . . .. ..
Domestic Shipping ................

Energy Efficiency Indicators
(miles per gallon)

New Light-Duty Vehicle ............
New Car2 . . . . . . . . . . . . . . . . . . . ...
New Light Truck . . . . . . . . . . . . . ...

Light-Duty Stock' ...............
New Commercial Light Truck1 .......
Stock Commercial Light Truck' ......
Freight Truck ....................

(seat miles per gallon)
A ircraft .........................

(ton miles per thousand Btu)
R a il . . . . .. . . .. . . . . . .. . . . . . .. . . . .
Domestic Shipping ................

Energy Use by Mode
(quadrillion Btu)

Light-Duty Vehicles .................
Commercial Light Trucks' ............
Bus Transportation .................
Freight Trucks .....................
Rail, Passenger ....................
R ail, Freight .......................
Shipping, Domestic .................
Shipping, International ..............
Recreational Boats .................
A ir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
M ilitary Use .......................
Lubricants ........................
Pipeline Fuel ......................

Total ...........................

Energy Use by Fuel
(quadrillion Btu)

Distillate Fuel4 . . . . . . . . . . . . . . . . . . .

Jet Fuel' .. . . . . . . . . . . . . . . . . . . . . . . .

Motor Gasoline6 . . . . . . . . . . . . . . . . .

Residual Fuel .....................
Liquefied Petroleum Gas .............
Other Petroleum' . . . . . . . . . . . . . . . . ...

Petroleum Subtotal ................
Pipeline Fuel Natural Gas ............
Compressed Natural Gas ............
Renewable Energy (E85)8 . . . . . . . . . .

Liquid Hydrogen ...................
E lectricity .........................

Delivered Energy ................
Electricity Related Losses ............

Total ...........................

2632 2887 2889 2895 3450 3474 3509 4066 4132 4198
69 77 77 77 93 94 94 114 114 115

226 261 261 261 328 328 329 414 414 414

980 1192 1192 1192 1452 1452 1452 1567 1567 1567

1539 1723 1723 1724 1985 1985 1987 2406 2406 2408
629 684 684 684 768 768 768 825 825 825

24.9
29.3
21.5
20.2
14.5
14.1
6.0

26.1
30.5
22.8
20.3
15.1
14.6
6.0

26.7
31.4
23.2
20.3
15.4
14.6
6.0

28.2
33.4
24.3
20.6
16.2
14.8
6.1

26.0
30.6
22.9
20.5
14.7
14.9

6.1

28.0
32.7
24.9
21.4
16.3
15.7

6.4

30.5
35.5
27.1
22.6
18.0
16.8
6.5

26.2
30.7
23.4
20.7
14.7
14.7
6.1

29.2
33.8
26.4
22.5
17.1
16.7
6.8

32.1
36.9
29.0
24.4
19.1
18.5

6.9

55.5 58.5 59.0 64.5 61.0 67.6 83.8 61.6 76.0 99.6

2.9 2.9 2.9 3.0 2.9 3.0 3.3 2.9 3.0 3.6
2.1 2.1 2.2 2.2 2.1 2.2 2.3 2.1 2.2 2.4

16.21
0.61
0.27
4.70
0.13
0.53
0.30
0.55
0.17
2.82
0.71
0.15
0.69

27.82

5.91
3.35

16.93
0.61
0.03
0.18

27.02
0.69
0.03
0.00
0.00
0.08

27.82
0.18

28.00

17.75
0.66
0.28
5.42
0.14
0.59
0.32
0.56
0.17
3.35
0.76
0.15
0.65

30.80

6.84
3.92

18.38
0.62
0.06
0.18

30.00
0.65
0.05
0.00
0.00
0.09

30.80
0.19

30.99

17.69
0.66
0.28
5.42
0.14
0.59
0.32
0.55
0.17
3.32
0.76
0.15
0.65

30.69

6.83
3.89

18.31
0.62
0.06
0.18

29.90
0.65
0.05
0.00
0.00
0.09

30.69
0.19

30.88

17.46
0.65
0.28
5.39
0.14
0.57
0.31
0.55
0.17
3.04
0.76
0.15
0.65

30.11

6.76
3.61

18.09
0.62
0.06
0.18

29.32
0.65
0.05
0.00
0.00
0.09

30.11
0.19

30.30

20.94
0.79
0.30
6.76
0.16
0.68
0.36
0.57
0.18
4.34
0.81
0.15
0.80

36.85

8.57
4.96

21.41
0.65
0.09
0.18

35.84
0.80
0.09
0.00
0.00
0.10

36.85
0.20

37.05

20.26
0.75
0.29
6.38
0.15
0.67
0.35
0.56
0.18
3.92
0.81
0.15
0.80

35.27

8.14
4.53

20.69
0.64
0.09
0.18

34.27
0.80
0.09
0.00
0.00
0.10

35.27
0.20

35.47

19.37
0.70
0.29
6.31
0.14
0.60
0.33
0.56
0.18
3.16
0.80
0.15
0.80

33.40

7.92
3.77

19.82
0.63
0.08
0.18

32.41
0.80
0.09
0.00
0.00
0.09

33.40
0.18

33.59

24.57
0.97
0.33
8.47
0.17
0.83
0.39
0.57
0.19
5.12
0.84
0.16
0.78

43.38

10.96
5.76

24.68
0.66
0.11
0.19

42.36
0.78
0.12
0.00
0.00
0.11

43.38
0.21

43.59

22.94
0.86
0.30
7.58
0.17
0.81
0.37
0.57
0.19
4.15
0.84
0.16
0.78

39.69

10.00
4.79

22.95
0.65
0.11
0.19

38.68
0.78
0.12
0.01
0.00
0.11

39.69
0.21

39.90

21.47
0.78
0.30
7.50
0.14
0.68
0.34
0.57
0.19
3.16
0.84
0.16
0.78

36.91

9.60
3.80

21.58
0.64
0.10
0.19

35.92
0.78
0.11
0.01
0.00
0.09

36.91
0.18

37.09

'Commercial trucks 8,500 to 10,000 pounds.2
Environmental Protection Agency rated miles per gallon.2
Combined car and light truck "on-the-road" estimate.

4Diesel fuel for on- and off- road use.
'Includes only kerosene type.
'lncludes ethanol (blends of 10 percent or less) and ethers blended into gasoline.
7Includes aviation gasoline and lubricants.
8
E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable). To address cold starting issues, the percentage of ethanol actually varies

seasonally. The annual average ethanol content of 74 percent is used for this forecast.
Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports. Side cases

were run without the fully integrated modeling system, so not all potential feedbacks were captured. The reference case ratio of electricity losses to electricity use was used to
compute electricity losses for the technology cases.

Source: Energy Information Administration, AE02006 National Energy Modeling System runs LOTEK_06.D113005A, REF.D120505A, and HITEK_06.D120805B.
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Results from Side Cases

Table D4. Key Results for Integrated Technology Cases
2010 2020 2030

Consumption and Emissions 2004 2005 Ref/ence High 2005 Reference High 2005 Reference High
I echnology echnology echnology echnology echnology echnology

Consumption by Sector
(quadrillion Btu)

Residential ........................ 21.0 23.1 23.0 22.8 25.7 25.2 24.3 27.7 26.6 25.2
Commercial ....................... 17.4 19.6 19.5 19.2 23.9 23.0 22.5 28.4 26.7 25.9
Industrial ......................... 33.3 35.3 34.5 33.7 39.4 37.0 34.7 44.6 40.6 37.4
Transportation ..................... 28.0 31.0 30.9 30.4 37.0 35.5 33.7 43.5 39.9 37.2

Total ........................... 99.7 109.1 107.9 106.1 125.9 120.6 115.2 144.2 133.9 125.7

Consumption by Fuel
(quadrillion Btu)

Petroleum Products ................. 40.1 43.6 43.1 42.3 50.7 48.1 45.5 58.7 53.6 49.7
Natural Gas ....................... 23.1 24.6 24.0 23.5 28.5 27.7 26.4 28.8 27.7 26.7
Coal ............................. 22.5 25.3 25.1 24.7 29.7 27.6 26.0 38.1 34.5 30.2
Nuclear Power ..................... 8.2 8.4 8.4 8.4 9.1 9.1 8.9 9.7 9.1 9.5
Renewable Energy ................. 5.7 7.1 7.1 7.1 7.8 8.0 8.3 8.8 9.0 9.6
Other ............................ 0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0

Total ........................... 99.7 109.1 107.9 106.1 125.9 120.6 115.2 144.2 133.9 125.7

Energy Intensity (thousand Btu
per 2000 dollar of GDP) .............. 9.3 8.4 8.3 8.1 7.2 6.9 6.6 6.3 5.8 5.4

Carbon Dioxide Emissions by Sector
(million metric tons)

Residential ........................ 1207.8 1323.9 1315.0 1301.2 1487.3 1433.9 1366.1 1653.2 1575.9 1432.1
Commercial ....................... 1020.4 1151.5 1141.8 1123.2 1418.2 1339.0 1292.8 1748.5 1620.0 1502.2
Industrial ......................... 1727.1 1831.0 1787.2 1744.8 2073.2 1924.3 1778.1 2444.8 2184.5 1945.6
Transportation ..................... 1944.7 2127.6 2121.0 2083.4 2527.8 2421.8 2296.9 2985.0 2734.1 2541.0

Total ........................... 5899.9 6433.9 6364.9 6252.6 7506.5 7119.0 6733.8 8831.5 8114.5 7420.8

Carbon Dioxide Emissions by End-Use
Fuel (million metric tons)

Petroleum ........................ 2497.8 2685.1 2665.8 2619.8 3135.3 2986.3 2829.1 3653.9 3339.0 3102.9
Natural Gas ....................... 907.5 979.6 964.2 955.6 1089.9 1052.1 1015.1 1158.1 1107.8 1042.1
Coal ............................. 196.1 206.3 202.2 197.4 266.4 245.4 212.9 434.0 349.7 318.8
Electricity ......................... 2298.6 2562.8 2532.7 2479.8 3014.8 2835.2 2676.8 3585.5 3318.0 2957.1
Total ........................... 5899.9 6433.9 6364.9 6252.6 7506.5 7119.0 6733.8 8831.5 8114.5 7420.8

Carbon Dioxide Emissions by the
Electric Power Sector
(million metric tons)

Petroleum ........................ 97.4 75.3 74.5 73.1 77.5 74.5 70.4 91.0 81.8 75.2
Natural Gas ....................... 295.9 311.3 297.4 276.6 408.5 402.8 372.9 352.9 344.3 361.2
Coal ............................. 1893.9 2163.3 2147.8 2117.1 2514.6 2343.5 2219.3 3127.0 2876.6 2505.7
Other ............................ 11.4 13.0 13.0 13.0 14.2 14.3 14.2 14.6 15.3 15.0

Total ........................... 2298.6 2562.8 2532.7 2479.8 3014.8 2835.2 2676.8 3585.5 3318.0 2957.1

Carbon Dioxide Emissions by Primary
Fuel (million metric tons)

Petroleum ........................ 2595.2 2760.5 2740.3 2692.9 3212.8 3060.8 2899.5 3744.9 3420.8 3178.1
Natural Gas ....................... 1203.4 1290.9 1261.6 1232.2 1498.5 1454.9 1388.0 1511.0 1452.1 1403.2
Coal ............................. 2089.9 2369.6 2350.0 2314.5 2781.0 2589.0 2432.1 3561.0 3226.3 2824.5
Other ............................ 11.4 13.0 13.0 13.0 14.2 14.3 14.2 14.6 15.3 15.0

Total ........................... 5899.9 6433.9 6364.9 6252.6 7506.5 7119.0 6733.8 8831.5 8114.5 7420.8

Btu = British thermal unit.
GDP = Gross domestic product.
Note: Includes end-use, fossil electricity, and renewable technology assumptions. Totals may not equal sum of components due to independent rounding. Data for 2004 are

model results and may differ slightly from official EIA data reports.
Source: Energy Information Administration, AEO2006 National Energy Modeling System runs LTRKITEN.D121905A, AE02006.D111905A, and HTRKITEN.D121905A.
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Results from Side Cases

O Table D5. Key Results for Advanced Nuclear Cost Cases(Giaawatts. Unless Otherwise Noted)

Capacity
Coal Steam ...........................
Other Fossil Steam .....................
Combined Cycle .......................
Combustion Turbine/Diesel ...............
Nuclear Power .........................
Pumped Storage .......................
Fuel Cells ............................
Renewable Sources ....................
Distributed Generation (Natural Gas) .......
Combined Heat and Power. ............

Total ...............................

Cumulative Additions
Coal Steam ...........................
Other Fossil Steam .....................
Combined Cycle .......................
Combustion Turbine/Diesel ...............
Nuclear Power .........................
Pumped Storage .......................
Fuel Cells ............................
Renewable Sources ....................
Distributed Generation ..................
Combined Heat and Power. ............

Total ...............................

Cumulative Retirements .................

Generation by Fuel (billion kilowatthours)
C o al ............. ....................
Petroleum ............................
Natural G as ...........................
Nuclear Power .........................
Pumped Storage .......................
Renewable Sources ....................
Distributed Generation ..................

Combined Heat and Power ..............
Total ...............................

Carbon Dioxide Emissions by the Electric
Power Sector (million metric tons)

2

Petroleum ............................
Natural G as ...........................

309.9 318.6 318.7 318.7 345.3 337.0 342.0 457.4 390.5 437.3
124.3 122.4 122.4 122.4 80.3 78.3 78.6 75.3 73.1 72.9
158.7 183.8 183.8 183.8 213.8 210.2 212.8 230.6 223.2 222.8
130.1 139.0 139.0 139.0 149.0 153.8 151.8 173.7 184.2 179.5

99.6 100.9 100.9 100.9 108.8 116.1 111.7 108.8 179.5 136.8
20.8 20.8 20.8 20.8 20.8 20.8 20.8 20.8 20.8 20.8

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
92.3 102.7 102.7 102.7 108.2 107.2 108.2 114.1 110.8 112.4

0.0 0.2 0.2 0.2 1.4 1.3 1.4 5.5 7.1 6.7
29.3 32.4 32.4 32.4 44.2 44.1 44.2 64.3 64.3 63.7

964.9 1020.8 1021.0 1021.0 1071.6 1068.8 1071.4 1250.5 1253.5 1252.7

0.0 11.7
0.0 0.1
0.0 25.7
0.0 10.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 10.4
0.0 0.2
0.0 3.1
0.0 61.3

11.9 11.9
0.1 0.1

25.7 25.7
10.0 10.0

0.0 0.0
0.0 0.0
0.0 0.0

10.4 10.4
0.2 0.2
3.1 3.1

61.4 61.5

42.2 34.1 38.8
0.1 0.1 0.1

55.7 52.1 54.7
26.8 31.6 29.8

6.0 13.3 8.9
0.0 0.0 0.0
0.0 0.0 0.0

16.0 14.9 15.9
1.4 1.3 1.4

14.8 14.8 14.8
162.9 162.3 164.4

0.0 7.1 7.1 7.1 59.8 61.9 61.5

154.4 87.6
0.1 0.1

72.5 65.1
51.5 62.0

6.0 76.7
0.0 0.0
0.0 0.0

21.8 18.6
5.5 7.1

35.0 34.9
346.8 352.1

64.7 67.1

3205 2737
101 94
822 786
871 1412

-9 -9
504 482

2 3
429 429

5926 5935

81.8 76.1
344.3 335.0

134.1
0.1

64.7
57.4
34.o

0.0
0.0

20.1
6.7

34.4
351.5

67.2

3065
99

779
1086

-9
493

3
425

5942

79.9
331.3

1954 2195
115 93
619 673
789 809

-8 -9
323 436

0 0
161 192

3955 4388

97.4 74.5
295.9 297.4

2194 2199
92 93

674 672
809 809

-9 -9
436 433

0 0
192 192

4389 4388

74.3 74.5
298.0 297.1

2435 2385 2416
92 93 93

968 970 970
871 924 889

-9 -9 -9
469 462 467

1 1 1
280 280 279

5108 5106 5107

74.5 75.4 75.1
402.8 405.2 403.8

Coal ................................. 1893.9 2147.8 2145.8 2150.9 2343.5 2311.5 2331.4 2876.6 2566.2 2782.5
Other ..................... ........... 11.4 13.0 13.0 13.0 14.3 14.3 14.3 15.3 15.1 15.2

Total ............................... 2298.6 2532.7 2531.0 2535.5 2835.2 2806.4 2824.7 3318.0 2992.4 3209.0

Prices to the Electric Power Sector
2

(2004 dollars per million Btu)
Petroleum ............................ 5.43 6.50 6.50 6.50 6.91 6.85 6.87 7.61 7.75 7.65
Natural Gas ........................... 5.92 5.46 5.47 5.46 5.40 5.43 5.41 6.26 6.21 6.17
Coal ................................. 1.36 1.48 1.48 1.48 1.39 1.38 1.39 1.51 1.43 1.48

'Includes combined heat and power plants and electricity-only plants in commercial and industrial sectors. Includes small on-site generating systems in the residential, commercial,
and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid. Excludes off-grid photovoltaics and other generators not connected
to the distribution or transmission systems.

2Includes electricity-only and combined heat and power plants whose primary business to sell electricity, or electricity and heat, to the public.
Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports.
Source: Energy Information Administration, AE02006 National Energy Modeling System runs AE02006.D111905A, ADVNUC5A.D120105A, and ADVNUC20.D120105A.
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Results from Side Cases

Table D6. Key Results for Electric Power Sector Fossil Technology Cases
(Gigawatts, Unless Otherwise Noted)

2010 2020 2030
Net Summer Capacity, Generation 2004 Low 200' High Low High Low High

Consumption, and Emissions Fossil I Reference Fossil Fossil Reference r Fossil Fossil IReference I Fossil

Capacity
Pulverized Coal ........................
Coal Gasification Combined-Cycle .........
Conventional Natural Gas Combined-Cycle ..
Advanced Natural Gas Combined-Cycle ....
Conventional Combustion Turbine .........
Advanced Combustion Turbine ............
Fuel Cells ............................
N uclear ..............................
Oil and Gas Steam .....................
Renewable Sources/Pumped Storage ......
Distributed Generation ..................
Combined Heat and Power. ............

Total ...............................

Cumulative Additions
Pulverized Coal ........................
Coal Gasification Combined-Cycle .........
Conventional Natural Gas Combined-Cycle ..
Advanced Natural Gas Combined-Cycle ....
Conventional Combustion Turbine .........
Advanced Combustion Turbine ............
Fuel Cells ............................
N uclear ..............................
Oil and Gas Steam .....................
Renewable Sources .....................
Distributed Generation ..................
Combined Heat and Power. ............

Total ...............................

Cumulative Retirements .................

Generation by Fuel (billion kilowatthours)

309.5 317.9 317.9 317.9 349.7 334.7 330.2 449.0 372.6 340.0
0.3 0.3 0.7 0.3 0.3 10.6 9.9 0.3 84.8 90.6

158.7 183.8 183.8 183.8 186.0 184.9 183.8 194.0 185.8 184.0
0.0 0.0 0.0 0.0 8.7 28.8 54.7 18.4 44.9 102.9

130.1 138.1 138.1 137.9 135.8 134.4 131.8 144.0 134.6 131.8
0.0 0.9 0.9 1.1 17.9 14.6 9.6 36.1 39.1 32.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

99.6 100.9 100.9 100.9 108.8 108.8 108.8 112.4 108.8 108.8
124.3 122.4 122.4 122.4 85.9 80.3 70.6 75.9 75.3 59.4
113.0 123.4 123.4 123.4 129.8 129.0 127.5 137.1 134.8 130.0

0.0 0.2 0.2 0.2 2.9 1.4 1.1 13.1 5.5 3.8
29.3 32.5 32.4 32.5 45.8 44.2 44.1 66.2 64.3 65.1

964.9 1020.5 1020.8 1020.5 1071.6 1071.6 1072.0 1246.6 1250.5 1248.3

0.0 11.3 11.3 11.3 46.7 31.9 27.4 146.0 69.9 37.2
0.0 0.0 0.4 0.0 0.0 10.3 9.6 0.0 84.5 90.3
0.0 25.7 25.7 25.7 27.9 26.8 25.7 35.9 27.7 25.9
0.0 0.0 0.0 0.0 8.7 28.8 54.7 18.4 44.9 102.9
0.0 9.1 9.1 9.0 13.8 12.2 10.4 22.0 12.4 10.4
0.0 0.9 0.9 1.1 17.9 14.6 9.6 36.1 39.1 32.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 6.0 6.0 6.0 9.6 6.0 6.0
0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
0.0 10.4 10.4 10.4 16.8 16.0 14.5 24.1 21.8 17.0
0.0 0.2 0.2 0.2 2.9 1.4 1.1 13.1 5.5 3.8
0.0 3.1 3.1 3.1 16.4 14.8 14.7 36.9 35.0 35.7
0.0 61.0 61.3 61.0 157.3 162.9 173.7 342.3 346.8 361.2

0.0 7.1 7.1 7.1 54.2 59.8 70.1 64.1 64.7 81.4

S

Coal ................................. 1954.0 2197.9 2194.8 2192.4 2460.5 2435.2 2399.1 3152.4 3205.4 3049.9
Petroleum ............................ 115.2 92.8 92.6 92.4 90.7 92.4 93.1 101.1 101.3 98.9
Natural Gas ........................... 618.6 672.5 672.6 676.0 922.4 967.8 1016.5 791.0 821.8 996.4
Nuclear Power ......................... 788.6 808.7 808.7 808.7 870.7 870.7 870.7 897.2 870.6 870.6
Renewable Sources/Pumped Storage ...... 314.8 423.9 427.2 426.5 466.5 460.5 452.3 513.2 495.0 469.2
Distributed Generation .................. 0.0 0.1 0.1 0.1 1.3 0.6 0.5 5.7 2.4 1.6
Combined Heat and Power . . . . . . . . . . . . . . .  

161.3 192.1 191.8 192.2 292.0 280.3 279.7 442.8 429.0 434.1
Total ............................... 3954.9 4388.1 4387.7 4388.2 5104.0 5107.5 5111.9 5903.4 5925.6 5920.7

Fuel Consumption by the Electric Power
Sector (quadrillion Btu)

2

Coal ................................. 20.26 22.96 22.92 22.89 25.32 25.02 24.67 31.22 30.74 28.96
Petroleum ............................ 1.12 0.97 0.97 0.97 0.95 0.97 0.98 1.05 1.07 1.05
Natural Gas ........................... 5.45 5.65 5.65 5.67 7.52 7.65 7.60 6.56 6.54 7.17
Nuclear Power ......................... 8.23 8.44 8.44 8.44 9.09 9.09 9.09 9.37 9.09 9.09
Renewable Sources .................... 3.57 4.73 4.76 4.75 5.54 5.47 5.39 6.37 6.22 5.83

Total ............................... 38.63 42.76 42.74 42.73 48.41 48.19 47.73 54.57 53.66 52.10

Carbon Dioxide Emissions by the Electric
Power Sector (million metric tons)

2

Coal .................................. 1893.9 2152.0 2147.8 2145.5 2372.1 2343.5 2311.5 2922.8 2876.6 2711.1
Petroleum ............................ 97.4 74.7 74.5 74.3 72.8 74.5 75.4 80.1 81.8 80.7
Natural Gas ........................... 295.9 297.4 297.4 298.6 396.0 402.8 400.3 345.6 344.3 377.4
Other ................................ 11.4 13.0 13.0 13.0 14.3 14.3 14.1 14.9 15.3 14.4

Total ............................... 2298.6 2537.0 2532.7 2531.4 2855.2 2835.2 2801.1 3363.4 3318.0 3183.7

'Includes combined heat and power plants and electricity-only plants in the commercial and industrial sectors. Includes small on-site generating systems in the residential,
commercial, and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid. Excludes off-grid photovoltaics and other generators not
connected to the distribution or transmission systems.

'Includes electricity-only and combined heat and power plants whose primary business to sell electricity, or electricity and heat, to the public.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports.
Source: Energy Information Administration, AE02006 National Energy Modeling System runs LFOSS06.D120105A, AE02006.D1 11905A, and HFOSS06.D120105B.
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Results from Side Cases

Table D7. Key Results for Renewable Technology Cases
2010 2020 2030

Capacity, Generation, and Emissions 2004 Low .Reference High Low Refe nce High Low High
echnologyl e rechnology echnology re Technology rechnologye ITechnology

Net Summer Capacity (gigawatts)
Electric Power Sector

1

Conventional Hydropower ........... 77.64 77.67 77.67 77.67 77.80 77.87 77.75 77.80 77.87 78.10
Geothermal

2 . . . . . . . . . . . . . . . . . . . . . .  
2.11 2.56 2.56 2.80 3.83 4.61 6.19 5.11 6.64 9.14

Municipal Solid Waste
3 . . . . . . . . . . . . . .  

3.22 3.52 3.52 3.52 3.71 3.76 3.76 3.87 3.87 3.87
Wood and Other Biomass

4 . . . . . . . . . . .  
2.00 2.15 2.15 2.20 2.41 2.46 3.96 3.84 4.63 10.55

Solar Thermal .................... 0.39 0.47 0.47 0.47 0.50 0.50 0.50 0.55 0.55 0.55
Solar Photovoltaic ................. 0.03 0.07 0.07 0.07 0.22 0.22 0.22 0.39 0.39 0.39
Wind ........................... 6.87 16.27 16.27 16.27 17.13 18.81 18.87 17.18 20.10 22.63

Total .......................... 92.26 102.69 102.69 103.00 105.59 108.23 111.24 108.74 114.06 125.24

End-Use Sector
Conventional Hydropower ........... 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Geothermal ...................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Municipal Solid Waste .............. 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
Wood and Other Biomass ........... 4.33 4.98 5.01 5.27 5.88 6.02 6.89 7.03 7.29 9.00
Solar Photovoltaic ................. 0.12 0.58 0.63 0.63 0.68 0.75 0.75 0.80 1.68 1.93

Total .......................... 5.38 6.48 . 6.57 6.82 7.49 7.70 8.57 8.75 9.89 11.85

Generation (billion kilowatthours)
Electric Power Sector1

Coal ............................ 1954 2200 2195 2191 2441 2435 2424 3222 3205 3162
Petroleum ....................... 115 92 93 93 94 92 92 103 101 101
Natural Gas ...................... 619 673 - 673 673 972 968 955 828 822 804

Total Fossil .................... 2688 2966 2960 2957 3507 3495 3471 4153 4129 4067
Conventional Hydropower ........... 264.50 296.98 296.98 296.98 298.07 298.46 297.73 298.46 298.85 300.04
Geothermal ...................... 14.36 17.51 17.51 19.16 27.65 34.01 47.91 39.74 52.70 73.01
Municipal Solid Waste3 

. . . . . . . . . . . . . .
19.86 24.89 24.89 24.89 26.47 26.83 26.84 27.78 27.79 27.80

Wood and Other Biomass 4 . . . . . . . . . .  
9.49 40.64 44.67 45.45 48.73 48.59 59.94 54.86 57.83 95.96

Dedicated Plants ................. 8.00 10.92 10.39 10.79 12.52 13.03 25.28 25.27 31.67 78.99
Cofiring ........................ 1.49 29.72 34.29 34.66 36.21 35.55 34.66 29.59, 26.16 16.96

Solar Thermal .................... 0.58 , 0.84 0.84 0.84 0.96 0.96 0.96 1.11 1.11 1.11

Solar Photovoltaic .................. 0.00 0.18 0.18 0.18 0.54 0.54 0.54 0.98 0.98 0.98
Wind ........................... 14.15 50.87 50.87 50.87 53.91 59.82 59.97 54.08 64.51 73.90

Total Renewable ................ 322.93 431.91 435.94 438.38 456.32 469.21 493.88 477.00 503.77 572.79

End-Use Sector'
Total Fossil ...................... 111 136 136 136 219 218 217 357 357 353

Conventional Hydropower ........... 4.45 4.42 4.42 4.42 4.42 4.42 4.42 4.42 4.42 4.42
Geothermal ...................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Municipal Solid Waste .............. 2.12 2.24 2.24 2.24 2.24 2.24 2.24 2.24 2.24 2.24
Wood and Other Biomass ........... 27.81 31.58 31.81 33.28 36.87 37.69 42.78 43.56 45.09 55.06
Solar Photovoltaic ................. 0.26 1.23 1.34 1.34 1.45 1.60 1.60 1.70 3.62 4.16

Total Renewables ............... 34.63 39.47 39.80 41.27 44.98 45.94 51.03 51.92 55.37 65.88

Sources of Ethanol
From Corn ........................ 0.28 0.61 0.61 0.61 0.87 0.87 0.87 0.92 0.92 0.91
From Cellulose .................... 0.00 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.05
Imports .......................... 0.00 0.04 0.04 0.04 0.06 0.06 0.06 0.07 0.07 0.07
Total ........................... 0.28 0.66 0.66 0.67 0.96 0.96 0.96 1.01 1.01 1.03

Carbon Dioxide Emissions by the
Electric Power Sector
(million metric tons)

1

Coal ............................. 1893.9 2152.0 2147.8 2145.5 2350.5 2343.5 2336.8 2896.4 2876.6 2842.7
Petroleum ........................ 97.4 74.3 74.5 74.6 76.0 74.5 74.1 82.7 81.8 81.8
Natural Gas ....................... 295.9 297.6 297.4 297.5 404.0 402.8 398.2 346.5 344.3 337.5
Other ............................ 11.4 13.0 13.0 13.0 14.0 14.3 14.7 14.9 15.3 15.8

Total ........................... 2298.6 2536.9 2532.7 2530.6 2844.6 2835.2 2823.9 3340.6 3318.0 3277.7

'Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public.
2Includes hydrothermal resources only (hot water and steam).
'Includes landfill gas.
4Includes projections for energy crops after 2010.0Includes combined heat and power plants and electricity-only plants in the commercial and industrial sectors; and small on-site generating systems in the residential, commercial,

and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid. Excludes off-grid photovoltaics and other generators not connected
to the distribution or transmission systems.

'Represents own-use industrial hydroelectric power.
Note: Totals may not equal sum of components due to independent rounding, Data for 2004 are model results and may differ slightly from official EIA data reports.
Source: Energy Information Administration, AE02006 National Energy Modeling System runs LOREN06.D120505A, AEO2006.D111905A, and HIREN06.D120605A.
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Results from Side Cases

Table D8. Total Energy Supply and Disposition, Oil and Gas Technological Progress Cases
(Quadrillion Btu per Year, Unless Otherwise Noted)

2010 2020 2030

Supply, Disposition, and Prices 2004 Slow / Rapid 20Slow Ren Rapid Slow Ree Rapid
loechnology Reference enoor en c hno grechnolog echnology1 Reference Iechnology

Production
Crude Oil and Lease Condensate ...... 11.47 12.21 12.45 12.65
Natural Gas Plant Liquids ............ 2.46 2.37 2.39 2.40
Dry Natural Gas .................... 19.02 18.91 19.13 19.27
Coal ............................. 22.86 25.97 25.78 25.75
Nuclear Power .................... 8.23 8.44 8.44 8.44
Renewable Energy .................. 5.74 7.07 7.08 7.04
Other

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.64 2.16 2.16 2.16

Total ........................... 70.42 77.12 77.42 77.71

Imports
Crude Oil 

. . . . . . . . . . . . . . . . . . . . . . . . .  
22.02 22.18 22.01 21.93

Petroleum Products 4 . . . . . . . . . . . . . . . .  
5.93 6.44 6.36 6.24

Natural Gas ....................... 4.36 4.94 5.01 5.06
Other Imports5 . . . . . . . . . . . . . . . . . . . . . .  

0.83 0.44 0.45 0.45
Total ........................... 33.14 34.00 33.83 33.67

11.05 11.75 12.32 8.91 9.68 10.38
2.55 2.67 2.79 2.38 2.57 2.85

20.87 22.09 23.55 19.34 21.45 25.18
28.04 27.30 26.84 34.99 34.10 32.53

9.09 9.09 9.09 9.09 9.09 9.09
8.02 8.00 7.78 9.12 9.02 8.85
3.17 3.16 3.15 3.42 3.44 3.45

82.79 84.05 85.52 87.26 89.36 92.32

25.33 24.63 24.14 30.47 29.54 28.75
8.09 8.01 7.83 9.39 9.27 8.96
5.99 5.83 5.16 7.42 6.72 5.69
1.56 1.36 1.36 2.51 2.42 2.24

40.96 39.83 38.50 49.79 47.95 45.63

Exports
Petroleum ......................... 2.07
Natural Gas ....................... 0.86
C oal ............................. 1.25

Total ........................... 4.18

2.15 2.15 2.15 2.26 2.24 2.23 2.31 2.31 2.31
0.55 0.55 0.56 0.65 0.68 0.72 0.90 1.01 1.12
1.03 1.03 1.03 0.46 0.46 0.46 0.40 0.40 0.39
3.73 3.74 3.75 3.37 3.39 3.41 3.61 3.72 3.82

Consumption '
Petroleum Products 7 . . . . . . . . . . . . . . . .  

40.08 43.13 43.14 43.16
Natural Gas ....................... 23.07 23.76 24.04 24.22
Coal ........................ .... 22.53 25.28 25.09 25.05
Nuclear Power ..................... 8.23 8.44 8.44 8.44
Renewable Energy1 . . . . . . . . . . . . . . . . .  

5.74 7.07 7.08 7.04
Others ........................... 0.04 0.07 0.07 0.07

48.17 48.14 48.15 53.60 53.58 53.51
26.68 27.70 28.46 26.36 27.66 30.21
28.50 27.65 27.24 35.46 34.49 32.78

9,09 9.09 9.09 9.09 9.09 9.09
8.02 8.00 7.78 9.12 9.02 8.86
0.05 0.05 0.05 0.05 0.05 0.05

Total ........................... .99.68 107.75 107.87 107.99 120.51 120.63 120.77 133.69 133.88 134.50

Net Imports - Petroleum .............. 25.88 26.47 26.22 26.01 31.16 30.39 29.74 37.54 36.49 35.40

Prices (2004 dollars per unit)
Imported Low Sulfur Light Crude Oil
Price (dollars per barrel)9 . . . . . . . . . . . .

. 40.49 47.29 47.29 47.29 50.70 50.70 50.70 56.97 56.97 56.97
Imported Crude Oil Price
(dollars per barrel)9 . . . . . . . . . . . . . . . . . .  

35.99 43.99 43.99 43.99 44.99 44.99 44.99 49.99 49.99 49.99
Natural Gas Wellhead Price
(dollars per thousand cubic feet)" ..... 5.49 5.19 5.03 4.88 5.17 4.90 4.76 6.36 5.92 5.20

Coal Minemouth Price (dollars per ton) . 20.07 22.21 22.23 22.30 20.35 20.20 19.95 21.76 21.73 20.99
Average Electricity Price
(cents per kilowatthour) ............. 7.6 7.3 7.3 7.2 7.3 7.2 7.2 7.5 7.5 7.4

Carbon Dioxide Emissions
(million metric tons) ................ 5899.9 6368.5 6364.9 6372.2 7148.2 7119.0 7121.4 8140.7 8114.5 8082.3

'Includes grid-connected electricity from conventional hydroelectric; wood and wood waste; landfill gas; municipal solid waste; other biomass; wind; photovoltaic and solarthermal
sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components of E85, but not the ethanol
components of blends less than 85 percent. Excludes electricity imports using renewable sources and nonmarketed renewable energy.

21ncludes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.
31ncludes imports of crude oil for the Strategic Petroleum Reserve.4
Includes imports of finished petroleum products, unfinished oils, alcohols, ethers, and blending components.

'Includes coal, coal coke (net), and electricity (net).
'lncludes crude oil and petroleum products.7
Includes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum-based liquids for blending, such as ethanol.8
Includes net electricity imports, methanol, and liquid hydrogen.9
Weighted average price delivered to U.S. refiners.

'"Represents lower 48 onshore and offshore supplies.
Btu = British thermal unit.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2004 natural gas supply values: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-0130(2005/06) (Washington, DC, June 2005). 2004 petroleum

supply values: EIA, Petroleum Supply Annual 2004, DOE/EIA-0340(2004)/1 (Washington, DC, June 2005). 2004 carbon dioxide emission values: EIA, Emissions of Greenhouse
Gases in the United States 2004, DOE/EIA-0573(2004) (Washington, DC, December 2005). 2004 imported low sulfur light crude oil price: EIA, Form EIA-856, "Monthly Foreign
Crude Oil Acquisition Report." Other 2004 values: EIA,Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005) and EIA,Quarterly Coal Report,
October-December2004, DOE/EIA-01 21(2004/40) (Washington, DC, March 2005). Projections: EIA, AE02006 National Energy Modeling System runs OGLTEC06.D121605A,
AE02006.D111905A, and OGHTEC06.D121605A.
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Results from Side Cases

, Table D9. Natural Gas Supply and Disposition, Oil and Gas Technological Progress Cases
(Trillion Cubic Feet per Year, Unless Otherwise Noted)

2010 2020 2030

Supply, Disposition, and Prices 2004 Slow rence Rapid Slow Reference Rapid Slow Reference Rapid
Technology Refe echnology echnology echnology echnology echnology

Lower 48 Average Wellhead Price
(2004 dollars per thousand cubic feet) 5.49 5.19 5.03 4.88 5.17 4.90 4.76 6.36 5.92 5.20

Dry Gas Production
1 . . . . . . . . . . . . . . . .  

18.46 18.36 18.58 18.71 20.26 21.44 22.87 18.78 20.83 24.44
Lower 48 Onshore .................. 13.76 13.89 14.03 14.12 13.74 14.52 15.71 12.92 14.72 18.08

Associated-Dissolved .............. 1.51 1.33 1.34 1.35 1.17 1.20 1.22 1.07 1.10 1.12
Non-Associated .................. 12.26 12.57 12.69 12.77 12.57 13.33 14.49 11.85 13.62 16.96

Conventional ................... 4.79 5.02 5.01 5.00 4.59 4.66 4.76 4.05 4.17 4.16
Unconventional ................. .7.47 7.55 7.68 7.77 7.98 8.66 9.73 7.80 9.45 12.80

Lower 48 Offshore .................. 4.26 4.22 4.31 4.35 4.32 4.71 4.94 3.72 3.97 4.22
Associated-Dissolved .............. 0.85 1.07 1.08 1.10 1.25 1.34 1.40 1.06 1.15 1.26
Non-Associated .................. 3.41 3.16 3.23 3.25 3.06 3.37 3.54 2.65 2.82 2.96

Alaska ........................... 0.44 0.24 0.24 0.24 2.21 2.21 2.21 2.14 2.14 2.14
Supplemental Natural Gas

2 . . . . . . . . . . . .  
0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07

Net Imports ......................... 3.40 4.29 4.35 4.39 5.21 5.02 4.34 6.36 5.57 4.45
Pipeline .......................... 2.81 2.10 2.28 2.42 1.23 1.32 1.53 1.02 1.22 1.29
Liquefied Natural Gas

3 . . . . . . . . . . . . . . .  
0.59 2.19 2.07 1.97 3.97 3.70 2.80 5.34 4.36 3.16

Total Supply ....................... 21.92 22.72 23.00 23.17 25.54 26.54 27.28 25.22 26.48 28.97

Consumption by Sector
Residential ........................ 4.88 5.15 5.17 5.19 5.48 5.51 5.53 5.60 5.64 5.73
Commercial ....................... 3.00 3.07 3.08 3.10 3.55 3.57 3.60 3.94 3.99 4.08
Industrial

4 . . . . . . . . . . . . . . . . . . . . . . . . . . 
7.41 7.77 7.82 7.87 8.13 8.26 8.37 8.59 8.81 9.15

Electric Power 
. . . . . . . . . . . . . . . . . . . .

. 5.32 5.33 5.51 5.60 6.73 7.46 7.95 5.57 6.38 8.12
Transportation . . . . . . . . . . . . . . . . . . . . . 

0.02 0.05 0.05 0.05 0.09 0.09 0.09 0.12 0.12 0.12
Pipeline Fuel ...................... 0.67 0.62 0.63 0.63 0.75 0.78 0.80 0.72 0.75 0.83
Lease and Plant Fuel

7 . . . . . . . . . . . . . . . . 
1.11 1.07 1.09 1.09 1.19 1.25 1.31 1.08 1.17 1.33

Total ........................... 22.41 23.08 23.35 23.53 25.92 26.92 27.66 25.60 26.86 29.36

Gas to Liquids ...................... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Discrepancy 8 . . . . . . . . . . . . . . . . . . . . . . . . 
0.49 -0.36 -0.36 . -0.36 -0.38 -0.38 -0.38 -0.39 -0.39 -0.39

Lower 48 End of Year Reserves ....... 183.64 209.30 214.35 219.01 210.18 229.52 254.49 187.07 222.72 295.89

'Marketed production (wet) minus extraction losses.
2Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed with natural

gas.
'lncludes any natural gas regasified in the Bahamas and transported via pipeline to Florida.
'Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.5
Includes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public. Includes

small power producers and exempt wholesale generators.
'Compressed natural gas used as vehicle fuel.
7
Represents natural gas used in field gathering and processing plant machinery.

oBalancing item. Natural gas lost as a result of converting flow data measured at varying temperatures and pressures to a standard temperature and pressure and the merger
of different data reporting systems which vary in scope, format, definition, and respondent type. In addition, 2004 values include net storage injections.

Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2004 supply values: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-0130(2005/06) (Washington, DC, June 2005). 2004 consumption based

on: EIA, Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). Projections: EIA, AE02006 National Energy Modeling System runs
OGLTEC06.D121605A, AE02006.D1 11905A, and OGHTEC06.D1 21605A.
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Results from Side Cases

Table D10. Petroleum Supply and Disposition, Oil and Gas Technological Progress Cases
(Million Barrels r Day, Unless Otherwise Noted)

2010 2020 2030
Supply, Disposition, and Prices 2004 Slow I Rapid Slow Reference Rapid Slow Reference RapidReference ecnlgrehooy eeec ecnlg... erne

I echnology echnolog chnogy echnologyiechnology echnology

Prices (2004 dollars per barrel)
Imported Low Sulfur Light Crude Oil' 40.49 47.29 47.29 47.29 50.70 50.70 50.70 56.97 56.97 56.97
Imported Crude Oil ................. 35.99 43.99 43.99 43.99 44.99 44.99 44.99 49.99 49.99 49.99

Crude Oil Supply
Domestic Crude Oil Production. ....... 5.40 5.77 5.88 5.98 5.22 5.55 5.82 4.21 4.57 4.90

Lower 48 Onshore ................ 2.90 2.57 2.62 2.68 2.27 2.42 2.57 2.12 2.27 2.40
Lower 48 Offshore ................ 1.59 2.37 2.42 2.46 2.19 2.36 2.49 1.82 2.03 2.23
Alaska .......................... 0.91 0.83 0.83 0.84 0.75 0.76 0.77 0.27 0.27 0.28

Net Crude Oil Imports ............... 10.06 10.13 10.05 10.02 11.58 11.26 11.03 13.94 13.51 13.15
Other Crude Oil Supply .............. -0.00 0.00 0.00 0.00 0.00 0.00. 0.00 0.00 0.00 0.00

Total Crude Oil Supply ........ ... 15.48 15.90 15.93 15.99 16.80 16.81 16.85 18.15 18.08 18.05

Other Petroleum Supply
Natural Gas Plant Liquids ............ 1.81
Net Petroleum Product Imports

3 
....... 2.05

Refinery Processing Gain4 ........... .. 1.05
Other Supply5 . . . . . . . . . . . . . . . . . . . . . 0.35

1.74 1.75 1.76 1.86 1.94 2.03 1.73 1.87 2.07
2.32 2.28 2.22 3.20 3.16 3.08 3.78 3.73 3.58
1.31 1.31 1.30 1.46 1.44 1.43 1.85 1.82 1.79
0.94 0.94 0.94 1.56 1.52 1.49 2.16 2.16 2.14

Total Primary Supply . . . . . . . . . . . . . . . .  
20.74 22.20 22.21 22.22 24.87 24.87 24.87 27.66 27.65 27.63

Refined Petroleum Products Supplied
Residential and Commercial ........... 1.29 1.25 1.25 1.25 1.25 1.25 1.25 1.22 1.22 1.22
Industrial7 . . . . . . . . . . . . . . . . . . . . . . . . .  

5.02 5.23 5.23 5.23 5.56 5.55 5.56 6.06 6.06 6.05
Transportation ..................... 13.69 15.26 15.27 15.28 17.56 17.57 17.59 19.79 19.81 19.85
Electric Power6 . . . . . . . . . . . . . . . . . . . . .  

0.49 0.44 0.43 0.43 0.46 0.43 0.42 0.49 0.47 0.42
Total ........................... 20.76 . 22.17 22.17 22.18 24.82 24.81 24.82 27.57 27.57 27.55 A

Discrepancy9. . . . . . . . . . . . . . . . . . . . . . . . -0.02 0.03 0.03 0.03 0.05 0.05 0.06 0.09 0.09 0.08 V
Lower 48 End of Year Reserves
(billion barrels)2 . . . . . . . . . . . . . . . . . . . . .  18.21 19.28 19.83 20.32 18.33 19.61 20.70 16.50 17.91 19.26

'Weighted average price delivered to U.S. refiners.
2Includes lease condensate.
3Includes net imports of finished petroleum products, unfinished oils, other hydrocarbons, alcohols, ethers, and blending components.
4Represents volumetric gain in refinery distillation and cracking processes.
'Includes alcohols, ethers, petroleum product stock withdrawals, domestic sources of blending components, other hydrocarbons, natural gas converted to liquid fuel, and coal

converted to liquid fuel.
'Total crude supply plus natural gas plant liquids, other inputs, refinery processing gain, and net product imports.
7Includes consumption for combined heat and power, which produces electricity and other useful thermal energy.
8Includes consumption of energy by electricity-only and combined heat and power (CHP) plants whose primary business is to sell electricity, or electricity and heat, to the public.

Includes small power producers and exempt wholesale generators.
'Balancing item. Includes unaccounted for supply, losses and gains.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2004 product supplied data based on: Energy Information Administration (EIA), Annual Energy Review2004, DOE/EIA-0384(2004) (Washington, DC, August 2005).

2004 imported low sulfur light crude oil price: EIA, Form EIA-856, "Monthly Foreign Crude Oil Acquisition Report." Other 2004 data: EIA, Petroleum Supply Annual 2004,
DOE/EIA-0340(2004)/1 (Washington, DC, June 2005). Projections: EIA, AE02006 National Energy Modeling System runs OGLTEC06.D121605A, AE02006.D111905A, and
OGHTEC06.D121605A.
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Results from Side Cases

O Table Dll. Natural Gas Supply and Disposition, Liquefied Natural Gas Supply Cases
(Trillion Cubic Feet per Year, Unless Otherwise Noted)

Sand Prices I2004 2010 1 2020 1 2030

S Low LNG I Reference I High LNG Low LNG I Reference I High LNG I Low LNG I Reference I High LNG

Production
Dry Gas Production' . . . . . . . . . . . . . . . .  

18.46 18.95 18.58 18.19 22.55 21.44 19.30 21.99 20.83 19.10
Lower 48 Onshore ................ 13.76 14.33 14.03 13.70 15.51 14.52 13.09 15.67 14.72 13.08

Associated-Dissolved ............ 1.51 1.34 1.34 1.34 1.20 1.20 1.20 1.10 1.10 1.10
Non-Associated ................. 12.26 12.99 12.69 12.37 14.31 13.33 11.89 14.57 13.62 11.99

Conventional ................. 4.79 5.13 5.01 4.88 4.88 4.66 4.31 4.36 4.17 3.95
Unconventional ................ 7.47 7.86 7.68 7.48 9.42 8.66 7.58 10.21 9.45 8.04

Lower 48 Offshore ................ 4.26 4.37 4.31 4.24 4.83 4.71 4.36 4.18 3.97 3.88
Associated-Dissolved ............ 0.85 1.08 1.08 1.08 1.35 1.34 1.30 1.18 1.15 1.15
Non-Associated ................. 3.41 3.29 3.23 3.16 3.48 3.37 3.06 3.01 2.82 2.73

Alaska .......................... 0.44 0.24 0.24 0.24 2.21 2.21 1.86 2.14 2.14 2.14

Supplemental Natural Gas 2 . . . . . . . . . . .  
0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07

Net Imports ........................ 3.40 3.73 4.35 4.94 2.59 5.02 8.61 2.80 5.57 10.53
Pipeline .......................... 2.81 2.41 2.28 2.13 1.49 1.32 1.08 1.50 1.22 0.95
Liquefied Natural Gas

3 . . . . . . . . . . . . . .  
0.59 1.33 2.07 2.80 1.10 3.70 7.52 1.30 4.36 9.58

Total Supply ....................... 21.92 22.75 23.00 23.20 25.21 26.54 27.98 24.87 26.48 29.70

Consumption by Sector
Residential ........................ 4.88 5.15 5.17 5.19 5.46 5.51 5.59 5.59 5.64 5.73
Commercial ....................... 3.00 3.06 3.08 3.10 3.53 3.57 3.65 3.94 3.99 4.06
Industrial

4 . . . . . . . . . . . . . . . . . . . . . . . . .  
7.41 7.79 7.82 7.87 8.15 8.26 8.42 8.60 8.81 9.12

Electric Power 
. . . . . . . . . . . . . . . . . . . . .  

5.32 5.32 5.51 5.65 6.29 7.46 8.70 5.03 6.38 9.17
Transportation" .

. . . . . . . . . . . . . . . . . . . .  
0.02 0.05 0.05 0.05 0.09 0.09 0.09 0.12 0.12 0.12

Pipeline Fuel ...................... 0.67 0.63 0.63 0.63 0.77 0.78 0.76 0.75 0.75 0.80
Lease and Plant Fuel

7 . . . . . . . . . . . . . . .  
1.11 1.10 1.09 1.07 1.30 1.25 1.14 1.22 1.17 1.09

Total ........................... 22.41 23.11 23.35 23.55 25.59 26.92 28.36 25.25 26.86 30.09

0 Natural Gas to Liquids ............... 0.00 0.00 0.00 0.00 0.00 0.00 00 0.00 0.00 0.00

Discrepancy ........................ -0.49 -0.36 -0.36 -0.36 -0.38 -0.38 -0.38 -0.39 -0.39 -0.39

Lower 48 End of Year Reserves ....... 183.64 216.33 214.35 212.33 239.57 229.52 214.88 234.12 222.72 202.44

Natural Gas Prices
(2004 dollars per thousand cubic feet)

Average Lower 48 Wellhead Price
9 

... 5.49 5.24 5.03 4.81 5.30 4.90 4.22 6.36 5.92 5.35

Delivered Prices
Residential ...................... 10.72 10.86 10.65 10.43 10.90 10.48 9.72 12.11 11.67 11.05
Commercial ..................... 9.38 9.24 9.03 8.81 9.03 8.63 7.89 10.01 9.58 8.99
Industrial

4  . . . . . . . . . . . . . . . . . . . . . . .  
6.29 6.09 5.86 5.63 6.07 5.66 4.94 7.10 6.65 6.08

Electric Power ................... 6.07 5.77 5.60 5.40 5.84 5.53 4.92 6.76 6.41 6.05
Transportation' 

5 . . . . . . . . . . . . . . . . . .  
10.25 10.60 10.40 10.19 10.59 10.21 9.51 11.42 11.01 10.46

Average" 
. . . . . . . . . . . . . . . . . . . . .  

7.74 7.63 7.41 7.17 7.60 7.14 6.37 8.75 8.22 7.53

'Marketed production (wet) minus extraction losses.2
Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed with natural

gas.3
Includes any natural gas regasified in the Bahamas and transported via pipeline to Florida.

4Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public.
'Includes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public. Includes

small power producers and exempt wholesale generators.
'Compressed natural gas used as vehicle fuel.
'Represents natural gas used in field gathering and processing plant machinery.
'Balancing item. Natural gas lost as a result of converting flow data measured at varying temperatures and pressures to a standard temperature and pressure and the merger

of different data reporting systems which vary in scope, format, definition, and respondent type. In addition, 2004 values include net storage injections.
'Represents lower 48 onshore and offshore supplies.
"Compressed natural gas used as a vehicle fuel. Price includes estimated motor vehicle fuel taxes.
"Weighted average prices. Weights used are the sectoral consumption values excluding lease, plant, and pipeline fuel.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2004 supply values: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-01 30(2005/06) (Washington, DC, June 2005). 2004 consumption based

on: EIA, Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, August 2005). Projections: EIA, AE02006 National Energy Modeling System runs
LOLNG06.D1 20405A, AE02006.D1 11905A, and HILNG06.D1 20405A.
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Table D12. Petroleum Supply and Disposition, ANWR Drilling Case
(Million Barrels per Day, Unless Otherwise Noted)

Supply, Disposition, and Prices 204 f 01 2020 2030
2004 Reference ANWR Reference ANWR Reference ANWR

Crude Oil
Domestic Crude Production1 . . . . . . . . . . . . . . . . . . .  

5.42 5.88 5.88 5.55 6.15 4.57 5.22
Alaska .................................. 0.91 0.83 0.83 0.76 1.37 0.27 0.93
Lower 48 States .......................... 4.51 5.05 5.05 4.79 4.78 4.30 4.30

Net Imports .... ........................... 10.06 10.05 10.05 11.26 10.68 13.51 12.90
Other Crude Supply

2 . . . . . . . . . . . . . . . . . . . . . . . . .  
-0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total Crude Supply ...................... 15.48 15.93 15.93 16.81 16.84 18.08 18.13

Other Petroleum Supply
Natural Gas Plant Liquids .................... 1.81 1.75 1.75 1.94 1.95 1.87 1.90
Net Product Imports 3 . . . . . . . . . . . . . . . . . . . . . . . .  

2.05 2.28 2.28 3.16 3.21 3.73 3.74
Refinery Processing Gain4 ................... .. 1.05 1.31 1.31 1.44 1.45 1.82 1.81
Other Inputs ............................... 0.35 0.94 0.94 1.52 1.48 2.16 2.14

Liquids from Coal ......................... 0.00 0.00 0.00 0.23 0.20 0.76 0.75
Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.35 0.94 0.94 1.28 1.28 1.39 1.39

Total Primary Supply6 . . . . . . . . . . . . . . . . . . . . . . .  
20.74 22.21 22.21 24.87 24.92 27.65 27.71

Refined Petroleum Products Supplied by Fuel
Motor Gasoline ............................ 9.10 9.94 9.94 11.28 11.31 12.49 12.52
Jet Fuel

8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1.63 1.88 1.88 2.19 2.19 2.31 2.31

Distillate Fuel
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4.06 4.61 4.61 5.21 5.22 6.09 6.11
Residual Fuel ............................ 0.87 0.73 0.73 0.74 0.74 0.78 0.78
Otherl .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5.10 5.01 5.01 5.40 5.41 5.89 5.90
by Sector

Residential and Commercial ................ 1.29 1.25 1.25 1.25 1.26 1.22 1.22
Industrial'1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5.02 5.23 5.23 5.55 5.57 6.06 6.07
Transportation ........................... 13.69 15.27 15.27 17.57 17.61 19.81 19.85
Electric Power' . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.49 0.43 0.43 0.43 0.44 0.47 0.48
Total .................................... 20.76 22.17 22.18 24.81 24.87 27.57 27.62

Discrepancy1
3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-0.02 0.03 0.03 0.05 0.05 0.09 0.09

Imported Low Sulfur Light Crude Oil Price
(2004 dollars per barrel)14  . . . . . . . . . . . . . . . . . . . . .  

40.49 47.29 47.29 50.70 50.35 56.97 56.29
Imported Crude Oil Price
(2004 dollars per barrel) 4. . . . . . . . . . . . . . . . . . . . . . .  

35.99 43.99 43.99 44.99 44.35 49.99 49.31
Import Share of Product Supplied ............... 0.58 0.56 0.56 0.58 0.56 0.62 0.60
Net Expenditures for Imported Crude Oil and

Petroleum Products (billion 2004 dollars) ........ 152.36 189.84 189.86 231.71 219.94 310.15 295.23

'Includes lease condensate.
'Strategic petroleum reserve stock additions plus unaccounted for crude oil and crude stock withdrawals minus crude product supplied.
3Includes other hydrocarbons and alcohols.
4Represents volumetric gain in refinery distillation and cracking processes.
'lncludes petroleum product stock withdrawals; domestic sources of blending components, other hydrocarbons, alcohols, and ethers.
6Total crude supply plus natural gas plant liquids, other inputs, refinery processing gain, and net product imports.
'Includes ethanol and ethers blended into gasoline.
'Includes only kerosene type.
'Includes distillate and kerosene.
"Includes aviation gasoline, liquefied petroleum gas, petrochemical feedstocks, lubricants, waxes, asphalt, road oil, still gas, special naphthas, petroleum coke, crude oil product

supplied, and miscellaneous petroleum products.
"Includes consumption for combined heat and power (CHP), which produces electricity and other useful thermal energy.
"Includes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, orelectricity and heat, to the public. Includes

small power producers and exempt wholesale generators.
13Balancing item. Includes unaccounted for supply, losses, and gains.
"Weighted average price delivered to U.S. refiners.
"End-of-year operable capacity.
"Rate is calculated by dividing the gross annual input to atmospheric crude oil distillation units by their operable refining capacity in barrels per calendar day.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2004 imported crude oil price and petroleum product supplied based on: Energy Information Administration (EIA), Annual Energy Review 2004, DOE/EIA-0384(2004)

(Washington, DC, August 2005). 2004 imported low sulfur light crude oil price: EIA, Form EIA-856, "Monthly Foreign Crude Oil Acquisition Report." Other 2004 data: EIA, Petroleum
Supply Annual 2004, DOE/EIA-0340(2004)/1 (Washington, DC, June 2005). Projections: EIA, AEO2006 National Energy Modeling System runs AE02006.D1 11905A and
ANWR2006.D120605A.
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, Table D13. Key Results for Coal Cost Cases
(Million Short Tons per Year, Unless Otherwise Noted)

Supply, Disposition, and Prices 2004 1 2015 2030 Growth Rate, 20D4-2030

I Low Cost I Reference I High Cost Low Cost I Reference I Hgh Cost Low Cost I Reference High Cost

ProductionI 
. . . . . . . . . . . . . . . . . . . . . . . .  

1124.6 1300.5 1272.2 1248.2 1876.1 1702.7 1420.0
Appalachia ........................ 403.2 398.6 389.2 378.7 461.7 412.0 367.5
Interior ........................... 146.3 209.5 208.9 214.5 299.2 280.8 289.1
West ............................ 575.2 692.4 674.1 655.0 1115.2 1009.9 763.4

Net Imports ........................ -20.7 4.6 4.8 5.5 69.5 82.7 81.5
Total Supply

2 . . . . . . . . . . . . . . . . . . . . . . .  
1103.9 1305.1 1277.0 1253.8 1945.6 1785.4 1501.5

Consumption by Sector
Residential and Commercial .......... 4.2 4.3 4.3 4.3 4.3 4.3 4.3
Coke Plants ....................... 23.7 22.2 22.1 22.0 21.2 21.1 20.7
Other Industrial

3 . . . . . . . . . . . . . . . . . . . . . 
61.2 66.1 66.2 66.1 67.5 67.2 66.6

Coal-to-Liquids Heat and Power ....... 0.0 13.6 10.9 10.1 155.1 96.4 25.4
Coal-to-Liquids Liquids Production ..... 0.0 13.2 10.6 9.8 150.6 93.6 24.6
Electric Power

4  . . . . . . . . . . . . . . . . . . . .  
1015.1 1184.1 1161.3 1139.8 1545.6 1501.6 1358.9

Total Coal Use .................. 1104.2 1303.5 1275.5 1252.1 1944.3 1784.2 1500.4

Average Minemouth Price
(2004 dollars per short ton) ........... 20.07 16.84 20.39 24.98 13.10 21.73 37.65
(2004 dollars per million Btu) ......... 0.98 0.83 1.01 1.24 0.65 1.09 1.88

Delivered Prices
(2004 dollars per short ton)

5

Coke Plants ....................... 61.50 52.35 60.06 69.90 44.38 62.67 94.11
Other Industrial 

. . . . . . . . . . . . . . . . . . . .  
39.53 34.34 38.48 43.72 30.68 41.05 56.50

Coal to Liquids ..................... N/A 10.25 12.74 16.02 14.36 21.06 26.11
Electric Power

(2004 dollars per short ton) ......... 27.43 24.57 28.12 32.57 22.16 30.58 44.83
(2004 dollars per million Btu) ........ 1.36 1.22 1.40 1.64 1.07 1.51 2.24

Average ..................... 28.81 25.22 28.93 33.52 21.42 30.30 45.39
Exports . . . . . . . . . . . . . . . . . . . . . . . . . .

54.11 40.73 46.68 54.16 32.88 46.91 68.22

2.0% 1.6% 0.9%
0.5% 0.1% -0.4%
2.8% 2.5% 2.7%
2.6% 2.2% 1.1%

N/A N/A N/A
2.2% 1.9% 1.2%

0.0% 0.0% 0.0%
-0.4% -0.4% -0.5%
0.4% 0.4% 0.3%

N/A N/A N/A
N/A N/A N/A

1.6% 1.5% 1.1%
2.2% 1.9% 1.2%

-1.6% . 0.3%
-1.5% 0.4%

2.4%
2.5%

-1.2%
-1.0%

N/A

-0.8%
-0.9%
-1.1%
-1.9%

0.1% 1.6%
0.1% 1.4%

N/A N/A

0.4% 1.9%
0.4% 1.9%
0.2% 1.8%

-0.5% 0.9%

Cumulative Electricity Generating
Capacity Additions (gigawatts) 7

C oa l .............................
Conventional: Pulverized Coal .......
Advanced: IGCC .................

Petroleum ........................
Natural Gas .......................
N uclear ..........................
Renewables 8 .....................
O ther ............................

Total ...........................

0.0 22.1 18.4 17.1 199.7 173.9 111.1
0.0 16.5 13.3 12.2 120.7 69.9 43.4
0.0 5.5 5.1 4.9 79.0 104.0 67.7
0.0 0.3 0.3 0.3 0.3 0.3 0.3
0.0 52.0 52.6 53.3 132.5 140.5 168.1
0.0 2.2 2.2 2.2 6.0 6.0 19.1
0.0 13.8 14.5 14.8 22.9 26.3 34.5
0.0 -0.3 -0.3 -0.3 -0.2 -0.2 -0.2
0.0 90.1 87.7 87.4 361.3 346.8 333.0

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Liquids from Coal (million barrels per day) 0.00 0.10 0.08 0.07 1.17 0.76 0.18

Labor Productivity

Coal Mining
(short tons per miner per hour) ........ 6.80 8.84 6.90 5.34 14.20 7.56 3.67
Rail: Eastern Railroads (billion freight
ton-miles per employee per year) ...... 7.43 11.43 8.91 6.90 19.79 10.61 5.59
Rail: Western Railroads (billion freight
ton-miles per employee per year) ...... 11.94 18.58 14.49 11.23 32.50 17.43 9.20

N/A N/A N/A

2.9% 0.4% -2.3%

3.8% 1.4% -1.1%

3.9% 1.5% -1.0%
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Table D13. Key Results for Coal Cost Cases (Continued)
(Million Short Tons per Year, Unless Otherwise Noted)

SplDsoiinanPrcs 2004 12015 12030 Growth Rate, 2004-2030
I Low Cost I Reference I High Cost Low Cost I Reference High Cost Low Cost I Reference I High Cost

Cost Indices
(constant dollar index, 2004=1.000)

Transportation Rate Multipliers
Eastern Railroads ................. 1.000 1.023 1.050 1.078 0.952 1.033 1.121 -0.2% 0.1% 0.4%
Western Railroads ................. 1.000 1.015 1.035 1.057 0.958 1.022 1.089 -0.2% 0.1% 0.3%

Equipment Costs
Mining .......................... 1.000 0.904 1.000 1.104 0.778 1.000 1.282 -1.0% 0.0% 1.0%
Railroads ....................... 1.000 0.875 0.968 1.070 0.705 0.908 1.166 -1.3% -0.4% 0.6%

Average Coal Miner Wage
(2004 dollars per hour) ............... 21.57 19.71 21.57 23.83 16.95 21.57 27.65 -0.9% -0.0% 1.0%

1
Includes anthracite, bituminous coal, lignite, and waste coal delivered to independent power producers. Waste coal deliveries totaled 12.5 million tons in 2004.2
Production plus net imports plus net storage withdrawals.3
Includes consumption for combined heat and power plants, except those plants whose primary business is to sell electricity, or electricity and heat, to the public. Excludes all

coal use in the coal to liquids process. "
4 Includes all electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public.
5Prices weighted by consumption tonnage less imports; weighted average excludes residential and commercial prices, import prices, and export free-alongside-ship (f.a.s.) prices.
1F.a.s. price at U.S. port of exit.
7Cumulative additions after December 31, 2004. Includes all additions of electricity only and combined heat and power plants projected for the electric power, industrial, and

commercial sectors.8
includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar, and wind power. Facilities co-firing biomass and

coal are classified as coal.
N/A = Not applicable.
Btu = British thermal unit.
IGCC = Integrated gas combined cycle.
Note: Totals may not equal sum of components due to independent rounding. Data for 2004 are model results and may differ slightly from official EIA data reports.
Sources: 2004 data based on: Energy Information Administration (EIA), Annual Coal Report2004, DOE/EIA-0584(2004) (Washington, DC, November 2005); EIA, Quarterly

Coal Report, October-December2004, DOE/EIA-0121(2004/4Q) (Washington, DC, March 2005); Securities and Exchange Commission Form 1 OK filings (BNSF, Norfolk Southern,
and Union Pacific), web site www.sec.com; CSX Corporation, web site www.csx.com; U.S. Department of Labor, Bureau of Labor Statistics, Average Hourly Earnings of Productive
Workers: Coal Mining, Series ID: ceul 021210006; and EIA, AE02006 National Energy Modeling System run AE02006.D1 1 1905A. Projections: EIA, AE02006 National Energy
Modeling System runs HCCST06.D1 13005A, AE02006.D1 11905A, and LCCST06.D1 13005A.
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Appendix E

NEMS Overview and Brief Description of Cases

The National Energy Modeling System

The projections in the Annual Energy Outlook 2006
(AE02006) are generated from the National Energy
Modeling System (NEMS) [1], developed and main-
tained by the Office of Integrated Analysis and
Forecasting (OIAF) of the Energy Information Ad-
ministration (EIA). In addition to its use in the devel-
opment of the AEO projections, NEMS is also used in
analytical studies for the U.S. Congress, the White
House, and other offices within the Department of
Energy. The AEO projections are also used by ana-
lysts and planners in other government agencies and
outside organizations.

The projections in NEMS are developed with the use
of a market-based approach to energy analysis. For
each fuel and consuming sector, NEMS balances
energy supply and demand, accounting for economic
competition among the various energy fuels and
sources. The time horizon of NEMS is the long-term
period through 2030, approximately 25 years into the
future. In order to represent regional differences in
energy markets, the component modules of NEMS
function at the regional level: the nine Census divi-
sions for the end-use demand modules; production
regions specific to oil, gas, and coal supply and distri-
bution; the North American Electric Reliability
Council (NERC) regions and subregions for electric-
ity; and the Petroleum Administration for Defense
Districts (PADDs) for refineries.

NEMS is organized and implemented as a modular
system. The modules represent each of the fuel sup-
ply markets, conversion sectors, and end-use con-
sumption sectors of the energy system. NEMS also
includes macroeconomic and international modules.
The primary flows of information between each of
these modules are the delivered prices of energy to the
end user and the quantities consumed by product,
region, and sector. The delivered fuel prices encom-
pass all the activities necessary to produce, import,
and transport fuels to the end user. The information
flows also include other data on such areas as eco-
nomic activity, domestic production, and interna-
tional petroleum supply.

The integrating module controls the execution of
each of the component modules. To facilitate modu-
larity, the components do not pass information to
each other directly but communicate through a

central data file. This modular design provides the
capability to execute modules individually, thus
allowing decentralized development of the system
and independent analysis and testing of individual
modules, and permits the use of the methodology and
level of detail most appropriate for each energy sec-
tor. NEMS calls each supply, conversion, and end-use
demand module in sequence until the delivered prices
of energy and the quantities demanded have con-
verged within tolerance, thus achieving an economic
equilibrium of supply and demand in the consuming
sectors. Solution is reached annually through the
long-term horizon. Other variables are also evaluated
for convergence, such as petroleum product imports,
crude oil imports, and several macroeconomic
indicators.

Each NEMS component represents the impacts and
costs of legislation and environmental regulations
that affect that sector and reports key emissions.
NEMS represents current legislation and environ-
mental regulations as of October 31, 2005, such as the
Energy Policy Acts of 2005 [21 and 1992 [3], the Clean
Air Act Amendments (CAAA), and the costs of compli-
ance with regulations, such as the Clean Air Inter-
state Rule (CAIR) and Clean Air Mercury Rule
(CAMR), both of which were finalized and published
on the U.S. Environmental Protection Agency web
page in March 2005 and in the Federal Register in
May 2005.

In general, the historical data used for the AE02006
projections were based on EIA's Annual Energy
Review 2004, published in August 2005 [4]; however,
data were taken from multiple sources. In some cases,
only partial or preliminary data were available for
2004. Carbon dioxide emissions were calculated by
using carbon dioxide coefficients from the EIA report,
Emissions of Greenhouse Gases in the United States
2004, published in December 2005 [5].

Historical numbers are presented for comparison
only and may be estimates. Source documents should
be consulted for the official data values. Some defini-
tional adjustments were made to EIA data for the pro-
jections. For example, the transportation demand
sector in AE02006 includes electricity used by rail-
roads, which is included in the commercial sector in
EIA's consumption data publications. Footnotes in
the appendix tables of this report indicate the defini-
tions and sources of historical data.
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The AE02006 projections for 2005 and 2006 incorpo-
rate short-term projections from EIA's September
2005 Short-Term Energy Outlook (STEO). For short-
term energy projections, readers are referred to
monthly updates of the STEO [6].

Component Modules

The component modules of NEMS represent the indi-
vidual supply, demand, and conversion sectors of
domestic energy markets and also include interna-
tional and macroeconomic modules. In general, the
modules interact through values representing the
prices or expenditures of energy delivered to the con-
suming sectors and the quantities of end-use energy
consumption.

Macroeconomic Activity Module

The Macroeconomic Activity Module provides a set of
essential macroeconomic drivers to the energy mod-
ules and a macroeconomic feedback mechanism
within NEMS. Key macroeconomic variables include
gross domestic product (GDP), industrial output,
interest rates, disposable income, prices, new housing
starts, new light-duty vehicle sales, and employment.
The module uses the following models from Global
Insight, Inc. (GII): Macroeconomic Model of the U.S.
Economy, national Industry Model, and national
Employment Model. In addition, EIA has constructed
a Regional Economic and Industry Model to project
regional economic drivers and a Commercial
Floorspace Model to project 13 floorspace types in 9
Census divisions. The accounting framework for
industrial output uses the North American Industry
Classification System (NAICS).

International Module

The International Module represents world oil mar-
kets, calculating the average world oil price and com-
puting supply curves for 5 categories of imported
crude oil for the Petroleum Market Module (PMM) of
NEMS. The module allows changes in U.S. import
requirements. In addition, 17 international petro-
leum product supply curves, including supply curves
for oxygenates and unfinished oils, are also calculated
and provided to the PMM. A world oil supply/demand
balance is created, including estimates for 16 oil con-
sumption regions and 19 oil production regions. The
oil production estimates include both conventional
and nonconventional supply recovery technologies.

Residential and Commercial Demand Modules

The Residential Demand Module projects energy con-
sumption in the residential sector by housing type
and end use, based on delivered energy prices, the
menu of equipment available, the availability of
renewable sources of energy, and housing starts. The
Commercial Demand Module projects energy con-
sumption in the commercial sector by building type
and nonbuilding uses of energy and by category of end
use, based on delivered prices of energy, availability of
renewable sources of energy, and macroeconomic
variables representing interest rates and floorspace
construction.

Both modules estimate the equipment stock for the
major end-use services, incorporating assessments of
advanced technologies, including representations of
renewable energy technologies and effects of both
building shell and appliance standards. The Commer-
cial Demand Module incorporates combined heat and
power (CHP) technology. The modules also include
projections of distributed generation. Both modules
incorporate changes to "normal" heating and cooling
degree-days by Census division, based on State-level
population projections. The Residential Demand
Module projects that the average square footage of
both new construction and existing structures is
increasing based on trends in the size of new con-
struction and the remodeling of existing homes.

Industrial Demand Module

The Industrial Demand Module projects the con-
sumption of energy for heat and power and for
feedstocks and raw materials in each of 16 industry
groups, subject to the delivered prices of energy and
macroeconomic variables representing employment
and the value of shipments for each industry. As
noted in the description of the Macroeconomic Mod-
ule, the value of shipments is based on NAICS. The
industries are classified into three groups-energy-
intensive manufacturing, non-energy-intensive man-
ufacturing, and nonmanufacturing. Of the 8 energy-
intensive industries, 7 are modeled in the Industrial
Demand Module, with components for boiler/steam/
cogeneration, buildings, and process/assembly use of
energy. Bulk chemicals are further disaggregated to
organic, inorganic, resins, and agricultural chemicals.
A representation of cogeneration and a recycling com-
ponent are also included. The use of energy for petro-
leum refining is modeled in the Petroleum Market
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1W Module, and the projected consumption is included in
the industrial totals.

Transportation Demand Module

The Transportation Demand Module projects con-
sumption of fuels in the transportation sector, includ-
ing petroleum products, electricity, methanol,
ethanol, compressed natural gas, and hydrogen, by
transportation mode, vehicle vintage, and size class,
subject to delivered prices of energy fuels and macro-
economic variables representing disposable personal
income, GDP, population, interest rates, and the
value of output for industries in the freight sector.
Fleet vehicles are represented separately to allow
analysis of CAAA and other legislative proposals.

The module also includes a component to assess the
penetration of alternative-fuel vehicles explicitly. The
air transportation module explicitly represents the
industry practice of parking aircraft to reduce operat-
ing costs and the movement of aircraft from passen-
ger to cargo markets as aircraft age [7]. For air freight
shipments, the model employs narrow-body andO wide-body aircraft only. The model also uses an infra-
structure constraint that limits growth in air travel to
levels commensurate with industry-projected infra-
structure expansion and capacity growth.

Electricity Market Module

The Electricity Market Module (EMM) represents
generation, transmission, and pricing of electricity,
subject to delivered prices for coal, petroleum prod-
ucts, natural gas, and biofuels; costs of generation by
all generation plants, including capital costs; macro-
economic variables for costs of capital and domestic
investment; enforced environmental emissions laws
and regulations; and electricity load shapes and
demand. There are three primary submodules-
capacity planning, fuel dispatching, and finance and
pricing. Nonutility generation, distributed genera-
tion, and transmission and trade are modeled in the
planning and dispatching submodules. The levelized
cost of uranium fuel for nuclear generation is incorpo-
rated directly in the EMM.

All specifically identified CAAA compliance options
that have been promulgated by the EPA are explicitly
represented in the capacity expansion and dispatchO decisions; those that have not been promulgated are
not incorporated (e.g., fine particulate proposal). All
specifically identified EPACT2005 financial incen-
tives for power generation expansion and dispatch

have been implemented. Several States, primarily in
the Northeast, have recently enacted air emission
regulations that affect the electricity generation sec-
tor. Where firm State compliance plans have been
announced, regulations are represented in AE02006.

Renewable Fuels Module

The Renewable Fuels Module (RFM) includes
submodules representing renewable resource supply
and technology input information for central-station,
grid-connected electricity generation technologies,
including conventional hydroelectricity, biomass
(wood, energy crops, and biomass co-firing), geother-
mal, landfill gas, solar thermal electricity, solar
photovoltaics, and wind energy. The RFM contains
renewable resource supply estimates representing
the regional opportunities for renewable energy
development. Investment tax credits for renewable
fuels are incorporated, as currently legislated in the
EPACT1992 and EPACT2005. EPACT1992 provides
a 10-percent tax credit for business investment in
solar energy (thermal non-power uses as well as
power uses) and geothermal power. EPACT2005
increases the tax credit to 30 percent for solar energy
systems installed before January 1, 2008. The credits
have no expiration dates.

Production tax credits for wind, geothermal, landfill
gas, and some types of hydroelectric and bio-
mass-fueled plants are also represented. They provide
a tax credit of up to 1.9 cents per kilowatthour for
electricity produced in the first 10 years of plant oper-
ation. New plants that come on line before January 1,
2008, are eligible to receive the credit. Significant
changes made for AE02006 in the accounting of new
renewable energy capacity resulting from State
renewable portfolio standards, mandates, and goals
are described in Assumptions to the Annual Energy
Outlook 2006 [8].

Oil and Gas Supply Module

The Oil and Gas Supply Module represents domestic
crude oil and natural gas supply within an integrated
framework that captures the interrelationships
among the various sources of supply: onshore, off-
shore, and Alaska by both conventional and
nonconventional techniques, including natural gas
recovery from coalbeds and low-permeability forma-
tions of sandstone and shale. This framework ana-
lyzes cash flow and profitability to compute
investment and drilling for each of the supply
sources, based on the prices for crude oil and natural
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gas, the domestic recoverable resource base, and the
state of technology. Oil and gas production functions
are computed at a level of 12 supply regions, including
3 offshore and 3 Alaskan regions. This module also
represents foreign sources of natural gas, including
pipeline imports and exports to Canada and Mexico,
and liquefied natural gas (LNG) imports and exports.

Crude oil production quantities are input to the
Petroleum Market Module in NEMS for conversion
and blending into refined petroleum products. Supply
curves for natural gas are input to the Natural Gas
Transmission and Distribution Module for use in
determining natural gas prices and quantities. Inter-
national LNG supply sources and options for regional
expansions of domestic regasification capacity are
represented, based on the projected regional costs
associated with international gas supply, liquefac-
tion, transportation, and regasification and world
natural gas market conditions.

Natural Gas Transmission and Distribution
Module

The Natural Gas Transmission and Distribution
Module represents the transmission, distribution,
and pricing of natural gas, subject to end-use demand
for natural gas and the availability of domestic natu-
ral gas and natural gas traded on the international
market. The module tracks the flows of natural gas in
an aggregate domestic pipeline network, connecting
the domestic and foreign supply regions with 12
demand regions. This capability allows the analysis of
impacts of regional capacity constraints in the inter-
state natural gas pipeline network and the identifica-
tion of pipeline capacity expansion requirements. The
flow of natural gas is determined for both a peak and
off-peak period in the year. Key components of pipe-
line and distributor tariffs are included in separate
pricing algorithms.

Petroleum Market Module

The Petroleum Market Module (PMM) projects prices
of petroleum products, crude oil and product import
activity, and domestic refinery operations (including
fuel consumption), subject to the demand for petro-
leum products, the availability and price of imported
petroleum, and the domestic production of crude oil,
natural gas liquids, and alcohol and biodiesel fuels.
The module represents refining activities in the five
Petroleum Administration for Defense Districts
(PADDs), using the same crude oil types represented
in the International Energy Module. It explicitly
models the requirements of CAAA and the costs of

automotive fuels, such as conventional and reformu-
lated gasoline, and includes biofuels production for
blending in gasoline and diesel.

AE02006 reflects State legislation that bans or limits
the use of the gasoline blending component methyl
tertiary butyl ether (MTBE) in Arizona, California,
Colorado, Connecticut, Illinois, Indiana, Iowa, Kan-
sas, Kentucky, Maine, Michigan, Minnesota, Mis-
souri, Montana, Nebraska, New Hampshire, New
Jersey, New York, North Carolina, Ohio, Rhode
Island, South Dakota, Vermont, Washington, and
Wisconsin. Furthermore, MTBE is assumed to be
phased out by the end of 2008 as a result of
EPACT2005, which allows refiners to discontinue use
of oxygenates in reformulated gasoline, and because
of concern about MTBE contamination of surface
water and groundwater resources.

The nationwide phase-in of gasoline with an annual
average sulfur content of 30 ppm between 2005 and
2007, regulations that limit the sulfur content of
highway diesel fuel to 15 ppm starting in mid-2006
and of all nonroad and locomotive/marine diesel to 15
ppm by mid-2012, and the renewable fuels standard
of 7.5 billion gallons by 2012 are represented in
AE02006. Growth in demand and the costs of the reg-
ulations lead to capacity expansion for refin-
ery-processing units, assuming a financing ratio of 60
percent equity and 40 percent debt, with a hurdle rate
and an after-tax return on investment of about 9 per-
cent [9]. End-use prices are based on the marginal
costs of production, plus markups representing prod-
uct and distribution costs and State and Federal taxes
[10]. Expansion of refinery capacity at existing sites is
permitted in all of the five refining regions modeled.

Fuel ethanol and biodiesel are included in the PMM,
because they are commonly blended into petroleum
products. The module allows ethanol blending into
gasoline at 10 percent by volume or less, as well as
limited quantities of E85, a blend of up to 85 percent
ethanol by volume. Ethanol is produced primarily in
the Midwest from corn or other starchy crops, and it
is expected to be produced from cellulosic material in
other regions in the future. Biodiesel is produced
from soybean oil or yellow grease (primarily, recycled
cooking oil). Both soybean oil biodiesel and yellow
grease biodiesel are assumed to be blended into high-
way diesel.

Alternative fuels such as coal-to-liquids (CTL) and
gas-to-liquids (GTL) are modeled in the PMM, based
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on their economics relative to competing feedstocks
and products. CTL facilities are likely to be built at
locations close to coal supply sources, where liquid
products and electricity could also be distributed to
nearby demand regions. GTL facilities may be built
on the North Slope of Alaska but would compete with
the Alaska Natural Gas Transportation System
(ANGTS) for available natural gas resources. Both
CTL and GTL are discussed in more detail in "Issues
in Focus."

Coal Market Module

The Coal Market Module (CMM) simulates mining,
transportation, and pricing of coal, subject to the
end-use demand for, coal differentiated by heat and
sulfur content. U.S. coal production is represented in
the CMM using 40 separate supply curves-differen-
tiated by region, mine type, coal rank, and sulfur con-
tent. The coal supply curves include a response to
capacity utilization of mines, mining capacity, labor
productivity, and factor input costs (mining equip-
ment, mining labor, and fuel requirements). Projec-
tions of U.S. coal distribution are determined in the
CMM through the use of a linear programming algo-
rithm that determines the least-cost supplies of coal
for a given set of coal demands by demand region and
sector, accounting for minemouth prices, transporta-
tion costs, existing coal supply contracts, and sulfur
and mercury allowance costs. Over the projection
horizon, coal transportation costs in the CMM are
projected to vary in response to changes in railroad
productivity and the user cost of rail transportation
equipment.

The CMM produces projections of U.S. steam and
metallurgical coal exports and imports, in the context
of world coal trade. The CMM's linear programming
algorithm determines the pattern of world coal trade
flows that minimizes the production and transporta-
tion costs of meeting a pre-specified set of regional
world coal import demands, subject to constraints on
export capacities and trade flows. The international
coal market component of the module computes trade
in 3 types of coal for 16 export and 20 import regions.
U.S. coal production and distribution are computed
for 14 supply and 14 demand regions.

Annual Energy Outlook 2006 Cases

Table El provides a summary of the cases used to
derive the AE02006 projections. For each case, the
table gives the name used in this report, a brief

description of the major assumptions underlying the
projections, a designation of the mode in which the
case was run in NEMS (either fully integrated, par-
tially integrated, or standalone), and a reference to
the pages in the body of the report and in this appen-
dix where the case is discussed. The following sections
describe the cases listed in Table El. The reference
case assumptions for each sector are described at web
site v;ww.eia.doe.gov/oiaf/aeo/assumption/. Regional
results and other details of the projections are
available at web site www.eia.doe.gov/oiaf/aeo/
supplement/.

Macroeconomic Growth Cases

In addition to the AE02006 reference case, the low
economic growth and high economic growth cases
were developed to reflect the uncertainty in projec-
tions of economic growth. The alternative cases are
intended to show the effects of alternative growth
assumptions on energy market projections. The cases
are described as follows:

The low economic growth case assumes lower
growth rates for population (0.5 percent per year),
nonfarm employment (0.7 percent per year), and
productivity (1.8 percent per year), resulting in
higherýprices and interest rates and lower growth
in industrial output. In the low economic growth
case, economic output increases by 2.4 percent per
year from 2004 through 2030, and growth in GDP
per capita averages 1.9 percent per year.

The high economic growth case assumes higher

growth rates for population (1. 1 percent per year),
nonfarm employment (1.4 percent per year), and
productivity (2.7 percent per year). With higher
productivity gains and employment growth, infla-
tion and interest rates are lower than in the refer-
ence case, and consequently economic output
grows at a higher rate (3.5 percent per year) than
in the reference case (3.0 percent). GDP per capita
grows by 2.4 percent per year, compared with 2.2
percent in the reference case.

Price Cases

The world oil price in AE02006 is represented by the
average U.S. refiners acquisition costs of imported
low-sulfur light crude oil, in order to be more consis-
tent wi th prices typically reported in the media. The
low-sulfur light crude oil price is similar to the West
Texas Intermediate (WTI) crude oil price. AE02006
also includes a projection of the annual average U.S.
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Table El. Summary

Case name

of the AE02006 cases

Description
Integration Reference Reference in

mode in text Appendix E

Reference Baseline economic growth (3.0 percent per year), world Fully -

oil price, and technology assumptions. Complete integrated
--------. projection tables in Appendix A.

Low Economic Growth Gross domestic product grows at an average annual rate Fully p. 62 p. 203
of 2.4 percent from 2004 through 2030. Subset of integrated

------ proection tables in Appendix B.

High Economic Growth Gross domestic product grows at an average annual rate Fully p. 62 p. 203
of 3.5 percent from 2004 through 2030. Subset of integrated

-------- pr[ojection tables in Appendix B.

Low Price More optimistic assumptions for worldwide crude oil and Fully p. 64 p. 206
natural gas resources than in the reference case. World integrated
oil prices are $28 per barrel in 2030, compared with $50
per barrel in the reference case, and lower 48 wellhead
natural gas prices $4.96 per thousand cubic feet in 2030,
compared with $5.92 in the reference case. Subset of
_projection tables in Appendix C.

High Price More pessimistic assumptions for worldwide crude oil and Fully p. 64
natural gas resources than in the reference case. World integrated
oil prices are about $90 per barrel in 2030 and lower 48
wellhead natural gas prices $7.72 per thousand cubic feet
in 2030. Subset of projection tables in Appendix C.

Residential: Future equipment purchases based on equipment With " p. 68
2005 Technology available in 2005. Existing building shell efficiencies fixed commercial

at 2005 levels. Partial projection tables in Appendix D.
Residential: Earlier availability, lower costs, and higher efficiencies With p. 68
High Technology assumed for more advanced equipment. Building shell commercial

efficiencies increase by 22 percent from 2003 values by
2030. Partial projection tables in Appendix D.

Residential: Best Future equipment purchases and new building shells With p. 68
Available Technology based on most efficient technologies available. Building commercial

shell efficiencies increase by 26 percent from 2003 values
-------- by 2030. Partialprojection tables in -Appendix D.

Commercial: Future equipment purchases based on equipment With p. 70
2005 Technology available in 2005. Building shell efficiencies fixed at 2005 residential

levels. Partial projection tables in Appendix D.

p. 206

p. 206

p. 207

__

p. 207

p. 207

Commercial:
High Technology

Commercial: Best
Available Technolc

Industrial:
_20_05 Technology_.
Industrial:
High Technology

Transportation:
2005 Technology

Earlier availability, lower costs, and higher efficiencies With
assumed for more advanced equipment. Building shell residential
efficiencies for new and existing buildings increase by
10.4 and 7.4 percent, respectively, from 1999 values by
2030. Partial proijection tables in Appendix D.

Future equipment purchases based on most efficient With
ogy technologies available. Building shell efficiencies for new residential

and existing buildings increase by 12.4 and 8.9 percent,
respectively, from 1999 values by 2030. Partial projection
tables in Appendix D.

Efficiency of plant and equipment fixed at 2005 levels. Standalone
-Partial projection tables- in Appendix D.

Earlier availability, lower costs, and higher efficiencies Standalone
assumed for more advanced equipment. Partial projection
tables in Appendix D.

Efficiencies for new equipment in all modes of travel fixed Standalone
at 2005 levels. Partial projection tables in Appendix D.
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Table El. Summary of the AE02006 cases (continued)

Integration Reference Reference in
Case name Description mode in text Appendix E

Transportation:
High Technology

Transportation:
Alternative CAFE

Integrated
2005 Technology

Integrated
High Technology

Reduced costs and improved efficiencies assumed for Standalone p. 76 p. 208
advanced technologies. Partial projection tables in
Appendix D.

Assumes that manufacturers adhere to the proposed Standalone p. 24 p. 208
fleetwide increases in light truck CAFE standards to 24
miler per gallon for model year 2011.

Combination of the residential, commercial, industrial, Fully p. 60
and transportation 2005 technology cases, electricity low integrated
fossil technology case, and assumption of renewable
technologies fixed at 2005 levels. Partial projection tables
in Appendix D.

Combination of the residential, commercial, industrial, Fully p. 60
and transportation high technology cases, electricity high integrated
fossil technology case, high renewables case, and
advanced nuclear cost case. Partial projection tables in
Appendix D. -

Electricity: Advanced New nuclear capacity assumed to have 20 percent lower
Nuclear Cost capital and operating costs in 2030 than in the reference

case. Partial projection tables in Appendix D.

Electricity: Nuclear New nuclear capacity assumed to have lower capital
Vendor Estimate costs based on vendor goals. Partial projection tables iri

Appendix D.

Electricity: Low Fossil New advanced fossil generating technologies assumed
Technology not to improve over time from 2006. Partial projection

Fully
integrated

Fully
integrated

Fully
integrated

p. 84

p. 84

p. 83

tables in Appendix D. -

Electricity: High Fossi
Technology

Electricity: Mercury
Control Technologies

Renewables:
Low Renewables

Renewables:

High Renewables

Oil and Gas:
Slow Technology

Costs and efficiencies for advanced fossil-fired generating Fully p. 83
technologies improve by 10 percent in 2030 from integrated
reference case values. Partial projection tables in
Appendix D.

Cost and performance for halogenated activated carbon Fully p. 59
injection technology used to determine its impact on integrated
mercury removal requirements from coal-fired power

_ p la n ts .- -------------------------- ------------------------

New renewable generating technologies assumed not to Fully p. 84
improve over time from 2006. Partial projection tables in integrated

p. 208

p. 208

p. 209

p. 208

p. 209

p. 209

p. 209

p. 210

A-p-pendix D.

Levelized cost of energy for nonhydropower renewable Fully
generating technologies declines by 10 percent in 2030 integrated
from reference case values. Lower capital cost for
cellulose ethanol plants. Partial projection tables in
Appendix D.

Cost, finding rate, and success rate parameters adjusted Fully
for 50-percent slower improvement than in the reference integrated
case. Partial projection tables in Appendix D.

Cost, finding rate, and success rate parameters adjusted Fully
for 50-percent more rapid improvement than in the integrated
reference case. Partial projection tables in Appendix D.

p. 84

p. 88

Oil and Gas:
Rapid Technology

Oil and Gas: Low LNC

p. 88 p. 209

3 LNG imports exogenously set to 30 percent less than
the results from the high price case, with remaining
assumptions from the reference case. Partial projection
tables in Aopendix D.

Fully
integrated

p. 90 p. 210
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Table El. Summary of the AE02006 cases (continued)

Integration Reference Reference in
Case name Description mode in text Appendix E

Oil and Gas: High LNG LNG imports exogenously set to 30 percent more than Fully
the results from the low price case, with remaining integrated
assumptions from the reference case. Partial projection
tables in Appendix D.

Oil and Gas: ANWR Federal oil and gas leasing permitted in the Fully
Arctic National Wildlife Refuge starting in 2005. Partial integrated

-------------------------------- -_p rojection ta-b le-s_ i-nA p pe nd ix D . ........................................................

Coal: Low Cost Productivity for coal mining and coal transportation Fully
assumed to increase more rapidly than in the reference integrated
case. Coal mining wages, mine equipment and coal
transportation equipment costs assumed to be lower than
in the reference case. Partial projection tables in

---------------------------------- A p p e n d i _ x D . .................................................................. ................

Coal: High Cost Productivity for coal mining and coal transportation Fully
assumed to increase more slowly than in the reference integrated
case. Coal mining wages, mine equipment and coal
transportation equipment costs assumed to be higher
than in the reference case. Partial projection tables in
Appendix D.

p. 90 p. 210

p. 94 p. 210

p. 102
p. 210

p. 210
p. 102

refiners acquisition cost of imported crude oil (IRAC),
which is more representative of the average cost of all
crude oil used by refiners.

The historical record shows substantial variability in
world oil prices, and there is arguably even more
uncertainty about future prices in the long term.
AE02006 considers three price cases (reference case,
low price case, and high price case) to allow an assess-
ment of alternative views on the course of future oil
and natural gas prices. In the reference case, world oil
prices moderate from current levels through 2015
before beginning to rise to $57 per barrel in 2030
(2004 dollars). The low and high price cases define a
wide range of potential price paths (from $34 to $96
per barrel in 2030). The two cases reflect different
assumptions about the availability of world oil and
natural gas resources and production costs; they do
not assume changes in OPEC behavior. Because the
low and high price cases are not directly integrated
with a world economic model, the impact of world oil
prices on international economies is not directly
accounted for in this analysis.

The reference case represents EIA's current judg-
ment regarding the expected behavior of OPEC
producers in the long term, adjusting production
to keep world oil prices in a range of $40 to $50 per
barrel, in keeping with OPEC's stated goal of
keeping potential competitors from eroding its
market share. Because OPEC (and particularly

the Persian Gulf nations) is expected to be the
dominant supplier of oil in the international mar-
ket over the long term, its production choices will
significantly affect world oil prices.

The low price case assumes greater world crude
oil and natural gas resources which are less expen-
sive to produce and a future market where all oil
and natural gas production becomes more com-
petitive and plentiful than the reference case.

The high price case assumes that world crude oil
and natural gas resources, including OPEC's, are
lower and require greater cost to produce than
assumed in the reference case.

Buildings Sector Cases

In addition to the AE02006 reference case, three
standalone technology-focused cases using the Resi-
dential and Commercial Demand Modules of NEMS
were developed to examine the effects of changes to
equipment and building shell efficiencies.

For the residential sector, the three technology-
focused cases are as follows:

The 2005 technology case assumes that all future
equipment purchases are based only on the range
of equipment available in 2005. Existing building
shell efficiencies are assumed to be fixed at 2005
levels.
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The high technology case assumes earlier avail-
ability, lower costs, and higher efficiencies for
more advanced equipment [11]. Building shell
efficiency in 2030 is assumed to be 22 percent
higher than the 2003 level.

The best available technology case assumes that
all future equipment purchases are made from a
menu of technologies that includes only the most
efficient models available in a particular year,
regardless of cost. Building shell efficiency in 2030
is assumed to be 26 percent higher than the 2003
level.

For the commercial sector, the three technology-
focused cases are as follows:

The 2005 technology case assumes that all future
equipment purchases are based only on the range
of equipment available in 2005. Building shell effi-
ciencies are assumed to be fixed at 2005 levels.

The high technology case assumes earlier avail-
ability, lower costs, and/or higher efficiencies for
more advanced equipment than in the reference
case [12]. Building shell efficiencies for new and
existing buildings in 2030 are assumed to be 10.4
percent and 7.4 percent higher, respectively, than
their 1999 levels-a 25-percent improvement rel-
ative to the reference case.

The best available technology case assumes that
all future equipment purchases are made from a
menu of technologies that includes only the most
efficient models available in a particular year,
regardless of cost. Building shell efficiencies for
new and existing buildings in 2030 are assumed to
be 12.4 percent and 8.9 percent higher, respec-
tively, than their 1999 values-a 50-percent
improvement relative to the reference case.

Two additional integrated cases were developed, in
combination with assumptions for electricity genera-
tion from renewable fuels, to analyze the sensitivity
of the projections to changes in generating technolo-
gies that use renewable fuels and in the availability of
renewable energy sources. For the Residential and
Commercial Demand Modules:

* The high renewables case assumes greater im-
provements in residential and commercial photo-
voltaic systems than in the reference case. The
high renewables assumptions result in capital
cost estimates for 2030 that are approximately 10
percent lower than reference case costs for dis-
tributed photovoltaic technologies.

* The low renewables case assumes that costs and
performance levels for residential and commercial
photovoltaic systems remain constant at 2005 lev-
els through 2030.

Industrial Sector Cases

In addition to the AE02006 reference case, two
standalone cases using the Industrial Demand Mod-
ule of NEMS were developed to examine the effects of
less rapid and more rapid technology change and
adoption. The Industrial Demand Module was also
used as part of an integrated high renewables case.
For the industrial sector:

The 2005 technology case holds the energy effi-
ciency of plant and equipment constant at the
2005 level over the projection period. In this case,
delivered energy intensity falls by 0.9 percent
annually. Because the level and composition of
industrial output are the same in the reference,
2005 technology, and high technology cases, any
change in primary energy intensity in the two
technology cases is attributable to efficiency
changes. The 2005 technology case was run with
only the Industrial Demand Module, rather than
in fully integrated NEMS runs. Consequently, no
potential feedback effects from energy market

• interactions were captured.

The high technology case assumes earlier avail-
ability, lower costs, and higher efficiency for more
advanced equipment [13] and a more rapid rate of
improvement in the recovery of biomass byprod-
ucts from industrial processes (0.7 percent per
year, as compared with 0.4 percent per year in the
reference case). The same assumption is also
incorporated in the integrated high renewables
case, which focuses on electricity generation.
While the choice of 0.7 percent recovery is an
assumption of the high technology case, it is based
on the expectation that there would be higher
recovery rates and substantially increased use of
CHP in that case. Changes in aggregate energy
intensity result both from changing equipment
and production efficiency and from changing com-
position of industrial output. Because the compo-
sition of industrial output remains the same as in
the reference case, delivered energy intensity falls
by 1.4 percent annually in the high technology
case. In the reference case, delivered energy inten-
sity falls by 1.2 percent annually between 2004
and 2030.
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0Transportation Sector Cases

In addition to the AE02006 reference case, two
standalone cases using the Transportation Demand
Module of NEMS were developed to examine the
effects of less rapid technology change and adoption
and more rapid technology change and adoption. For
the transportation sector:

The 2005 technology case assumes that new vehi-
cle fuel efficiencies remain constant at 2005 levels
through the projection horizon, unless emissions
and/or efficiency regulations require the imple-
mentation of technology that affects vehicle effi-
ciency. For example, the new light truck corporate
average fuel economy (CAFE) standards require
an increase in fuel economy through 2007, and
increases in heavy truck emissions standards are
required through 20 10. As a result, the technology
available for light truck efficiency improvement is
frozen at 2007 levels, and the technology available
to heavy trucks is frozen at 2010 levels.

In the high technology case, the characteristics of
light-duty conventional and alternative-fuel vehi-
cles reflect more optimistic assumptions about
incremental improvements in fuel economy and
costs [141. In the air travel sector, the high tech-
nology case reflects lower costs for improved ther-
modynamics, advanced aerodynamics, and
weight-reducing materials, providing a 25-per-
cent improvement in new aircraft efficiency rela-
tive to the reference case in 2025. In the freight
truck sector, the high technology case assumes
more incremental improvement in fuel efficiency
for engine and emissions control technologies
[15]. More optimistic assumptions for fuel effi-
ciency improvements are also made for the rail
and shipping sectors.

Both cases were run with only the Transportation
Demand Module rather than as fully integrated
NEMS runs. Consequently, no potential macroeco-
nomic feedback on travel demand was captured, nor
were changes in fuel prices incorporated.

In addition to these standalone cases, EIA also devel-
oped an alternative CAFE case designed to examine
the potential energy impacts of proposed reforms to
the structure of CAFE standards for light trucks and
increases in light truck CAFE standards for model
years 2008 through 2011 [161. The alternative CAFE
case assumes that manufacturers will adhere to the
proposed fleet-wide increases in light truck CAFE
standards, to 24 miles per gallon for model year 2011.

Electricity Sector Cases

In addition to the reference case, four integrated
cases with alternative electric power assumptions
were developed to analyze uncertainties about the
future costs and performance of new generating tech-
nologies. Two of the cases examine alternative
assumptions for nuclear power technologies, and two
examine alternative assumptions for fossil fuel tech-
nologies. Reference case values for technology charac-
teristics are determined in consultation with industry
and government specialists; however, there is always
uncertainty surrounding newer, untested designs.
The electricity cases analyze what could happen if
costs of advanced designs are either higher or lower
than assumed in the reference case. The cases are
fully integrated to allow feedback between the poten-
tial shifts in fuel consumption and fuel prices.

Nuclear Technology Cases

The cost assumptions for the advanced nuclear
cost case reflect a 20-percent reduction in the capi-
tal and operating costs for advanced nuclear tech-
nology in 2030, relative to the reference case. The
reference case, which assumes that some learning
occurs regardless of new orders and construction,
projects a 14-percent reduction in the capital costs
of nuclear power plants between 2006 and 2030.
The advanced nuclear cost case assumes a 31-
percent reduction between 2006 and 2030.

The nuclear vendor estimate case uses assump-
tions that are consistent with estimates from Brit-
ish Nuclear Fuels Limited (Westinghouse) for the
manufacture of its A-P1000 advanced pressur-
ized-water reactor. In this case, the overnight cap-
ital cost of a new advanced nuclear unit is
assumed to be 18 percent lower initially than
assumed in the reference case and 44 percent
lower in 2030. In both of the alternative nuclear
cases, cost and performance characteristics for all
other technologies are as assumed in the reference
case.

Fossil Technology Cases

In the high fossil technology case, capital costs,
heat rates, and operating costs for advanced coal
and natural gas generating technologies are
assumed to be 10 percent lower than reference
case levels in 2030. Because learning is assumed
to occur in the reference case, costs and perfor-
mance in the high case are reduced from initial
levels by more than 10 percent. Heat rates in the

0

0
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high fossil technology case fall to between 16 and
22 percent below initial levels, and capital costs
are reduced by 22 to 26 percent between 2006 and
2030, depending on the technology.

In the low fossil technology case, capital costs and
heat rates for coal gasification combined-cycle
units and advanced combustion turbine and com-
bined-cycle units do not decline during the projec-
tion period but remain fixed at the 2006 values
assumed in the reference case.

Details about annual capital costs, operating and
maintenance costs, plant efficiencies, and other fac-
tors used in the high and low fossil technology cases
are described in the detailed assumptions, which
are available at web site www.eia.doe.gov/oiaf/aeo/
assumption/.

An additional integrated case was also run to analyze
the potential impacts of improved mercury control
technologies to comply with CAMR. A detailed
description of the rule is included in "Legislation and
Regulations."

* In the mercury control technology case, the cost
and performance for halogenated activated car-
bon injection technology are used to determine its
impact on mercury removal requirements from
coal-fired power plants. Conventional activated
carbon injection has not been effective in achiev-
ing high mercury removal rates from subbitumi-
nous and lignite coals, but preliminary tests show
that high levels of mercury removal can be
achieved with relatively low rates of brominated
activated carbon injection. If brominated acti-
vated carbon becomes commercially available by
2018, it could have significant impacts on the cost
of achieving mercury removal targets.

Renewable Fuels Cases

In addition to the AE02006 reference case, two inte-
grated cases with alternative assumptions about
renewable fuels were developed to examine the effects
of less aggressive and more aggressive improvement
in renewable technologies. The cases are as follows:

* In the low renewables case, capital costs, opera-
tions and maintenance costs, and performance
levels for wind, solar, biomass, and geothermal
resources are assumed to remain constant at 2006
levels through 2030.

* In the high renewables case, the levelized costs of
energy for nonhydroelectric generating technolo-
gies using renewable resources are assumed to

decline to 10 percent below the reference case
costs for the same resources in 2030. For most
renewable resources, lower costs are accom-
plished by reducing the capital costs of new plant
construction. To reflect recent trends in wind
energy cost reductions, however, it is assumed
that wind plants ultimately achieve the 10-per-
cent cost reduction through a combination of
performance improvement (increased capacity
factor) and capital cost reductions. Biomass sup-
plies are also assumed to be 10 percent greater for
each supply step. Annual limits are placed on the
development of geothermal sites, because they
require incremental development to assure that
the resource is viable. In the high renewables case,
the annual limits on capacity additions at geother-
mal sites are raised from 25 megawatts per year
through 2015 to 50 megawatts per year for all pro-
jection years. All other cases are assumed to retain
the 25-megawatt limit through 2015. Other gen-
erating technologies and projection assumptions
remain unchanged from those in the reference
case. In the high renewables case, the rate of
improvement in recovery of biomass byproducts
from industrial processes is also increased. More
rapid improvement in cellulosic ethanol produc-
tion technology is also assumed, resulting in lower
cost for cellulose ethanol at any level of output
than in the reference case.

Oil and Gas Supply Cases

Two alternative technology cases were created to
assess the sensitivity of the projections to changes in
the assumed rates of progress in oil and natural gas
supply technologies. In addition, high and low LNG
supply cases were developed to examine the impacts
of variations in LNG supply on the domestic natural
gas market.

In the rapid technology case, the parameters rep-
resenting the effects of technological progress
on finding rates, drilling, lease equipment and
operating costs, and success rates for conven-
tional oil and natural gas drilling in the reference
case were increased by 50 percent. A number of
key exploration and production technologies for
unconventional natural gas were also increased
by 50 percent in the rapid technology case. Key
Canadian supply parameters were also modified
to simulate the assumed impacts of more rapid oil
and natural gas technology penetration on the
Canadian supply potential. All other parameters
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in the model were kept at the reference case val-
ues, including technology parameters for other
modules, parameters affecting foreign oil supply,
and assumptions about imports and exports of
LNG and natural gas trade between the United
States and Mexico. Specific detail by region and
fuel category is presented in Assumptions to the
Annual Energy Outlook 2006, available at web
site www. eia.doe.gov/oiaf/aeo/assumption/.

In the slow technology case, the parameters repre-
senting the effects of technological progress on
finding rates, drilling, lease equipment and oper-
ating costs, and success rates for conventional oil
and natural gas drilling in the AE02006 reference
case were reduced by 50 percent. A number of key
exploration and production technologies for
unconventional natural gas were also reduced by
50 percent in the slow technology case. Key Cana-
dian supply parameters were also modified to sim-
ulate the assumed impacts of slow oil and natural
gas technology penetration on Canadian supply
potential. All other parameters in the model were
kept at the reference case values.

The high LNG case exogenously specifies LNG
imports at levels 30 percent higher than projected
in the low price case. The intent is to project the
potential impact on domestic markets if LNG
imports turn out to be, higher than projected in
the reference case.

The low LNG case exogenously specifies LNG
imports at levels 30 percent lower than projected
in the high price case. The intent is to project the
potential impact on domestic markets if LNG
imports turn out to be lower than projected in the
reference case.

The ANWR case assumes that the U.S. Congress
will approve leasing in the 1002 Area Federal
lands in the Arctic National Wildlife Refuge for oil
and natural gas exploration and production.

Petroleum Market Cases

In addition to the AE02006 reference case, a case that
is part of the integrated high renewable case evalu-
ates the impact of more optimistic assumptions about
biomass supplies on the production and use of cellu-
losic ethanol.

The high renewables case uses more optimistic
assumptions about the availability of renewable
energy sources. The supply curve for cellulosic

ethanol is shifted in each projection year relative
to the reference case, making larger quantities
available at any given price earlier than in the ref-
erence case. More rapid improvement in cellulosic
ethanol production technology is also assumed,
resulting in lower cost for cellulose ethanol at any
level of output than in the reference case.

Coal Market Cases

Two alternative coal cost cases examine the impacts
on U.S. coal supply, demand, distribution, and prices
that result from alternative assumptions about min-
ing productivity, labor costs, and mine equipment
costs on the production side, and railroad productiv-
ity and rail equipment costs on the transportation
side. For the coal cost cases, adjustments to the refer-
ence case assumptions for coal mining and railroad
productivity were based on variations in growth rates
observed in the data for these industries since 1980.
The low and high coal cost cases represent fully inte-
grated NEMS runs, with feedback from the macroeco-
nomic activity, international, supply, conversion, and
end-use demand modules.

In the low coal cost case, average annual produc-
tivity growth rates for coal mining and railroad
productivity are 2.5 percent and 2.6 percent
higher, respectively, than in the AE02006 refer-
ence case. On the mining side, adjustments to ref-
erence case productivity are applied at the supply
curve level, while adjustments to railroad produc-
tivity are made at the regional level. Coal mining
wages and mine equipment costs, which remain
constant in real dollars in the reference case, are
assumed to decline by 1.0 percent per year in real
terms in the low coal cost case. Railroad equip-
ment costs, which are projected to increase by 2.1
percent per year in constant dollars in the refer-
ence case, are assumed to increase at a slower rate
of 1.1 percent per year.

In the high coal cost case, average annual produc-
tivity growth rates for coal mining and railroad
productivity are 2.5 percent and 2.6 percent
lower, respectively, than in the AE02006 refer-
ence case. Coal mining wages and mine equip-
ment costs are assumed to increase by 1.0 percent
per year in real terms. Railroad equipment costs
are assumed to increase by 3.1 percent per year.

Additional details about the productivity, wage, and
equipment cost assumptions for the reference and
alternative coal cost cases are provided in Appendix
D.
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Appendix F

Regional Maps
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Regional Maps

F2. Electricity Market Module Regions
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1 East Central Area Reliability Coordination
Agreement (ECAR)

2 Electric Reliability Council of Texas (ERCOT)
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4 Mid-America Interconnected Network (MAIN)
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6. New York (NY)
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Mexico, and Southern Nevada (RA)
13. California (CA)

Source: Energy Information Administration. Office of Integrated Analysis and Forecasting.
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Regional Maps

F3. Oil and Gas Supply Model Regions
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Regional Maps

F4. Natural Gas Transmission and Distribution Model Regions
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Regional Maps

F5. Petroleum Administration for Defense Districts
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Regional Maps

F6. Coal Supply Regions
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Regional Maps

F7. Coal Demand Regions

Source: Energy Information Administration. Office of Integrated Analysis and Forecasting.
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Appendix G
Conversion Factors

Table G1. Heat Rates

I I Approximate
Fuel Units Heat Content

Coal
1

Production .................... million Btu per short ton 20.411
Consumption ................... million Btu per short ton 20.276
Coke Plants ................... million Btu per short ton 27.426
Industrial ...................... million Btu per short ton 22.473
Residential and Commercial ...... million Btu per short ton 22.948
Electric Power Sector ............ million Btu per short ton 19.966

Imports ........................ million Btu per short ton 25.000
Exports ........................ million Btu per short ton 26.108

Coal Coke ...................... million Btu per short ton 24.800

Crude Oil
Production ..................... million Btu per barrel 5.800
Imports' . . . . . . . . . . . . . . . . . . . . . . .  

million Btu per barrel 5.980

Petroleum Products
Consumption . . . . . . . . . . . . . . . . . . . .  

million Btu per barrel 5.357
Motor Gasoline ................. million Btu per barrel 5.215
Jet Fuel ...................... million Btu per barrel 5.670
Distillate Fuel Oil

1  . . . . . . . . . . . . . . .  
million Btu per barrel 5.799

Residual Fuel Oil ............... million Btu per barrel 6.287
Liquefied Petroleum Gas. ........ million Btu per barrel 3.618
Kerosene ..................... million Btu per barrel 5.670
Petrochemical Feedstocks' ....... million Btu per barrel 5.527
Unfinished Oils ................. million Btu per barrel 5.825

Imports' . ....................... million Btu per barrel 5.473
Exports ......................... million Btu per barrel 5.753

Natural Gas Plant Liquids
Production ...................... million Btu per barrel 3.724

Natural Gas'
Production, Dry .................. Btu per cubic foot 1,027
Consumption ................... Btu per cubic foot 1,030

End-Use Sectors ............... Btu per cubic foot 1,031
Electric Power Sector ............ Btu per cubic foot 1,025

Imports ........................ Btu per cubic foot 1,023
Exports ........................ Btu per cubic foot 1,009

Electricity Consumption .......... Btu per kilowatthour 3,412

Btu = British thermal unit.
'Conversion factors vary from year to year. Values correspond to those published by EIA for 2004 and may differ slightly from

model results.
Sources: Energy Information Administration (EIA), Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC,

August 2005), and EIA, AEO2006 National Energy Modeling System run AE02006.D1 1 1905A.
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