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Preface

The Annual Energy Outlook 2008 (AEO2008), pre-
pared by the Energy Information Administration
(EIA), presents long-term projections of energy
supply, demand, and prices through 2030. The pro-
jections are based on results from EIA’s National
Energy Modeling System (NEMS). EIA published an
“early release” version of the AEO2008 reference case
in December 2007; however, the Energy Independ-
ence and Security Act of 2007 (EISA2007), which was
enacted later that month, will have a major impact
on energy markets, and given the year-long life of
AEQO2008 and its use as a baseline for analyses of
proposed policy changes, EIA decided to update the
reference case to reflect the provisions of EISA2007.

The report begins with an “Overview” summarizing
the AEO2008 reference case and comparing it with
the Annual Energy Outlook 2007 (AEO2007) refer-
ence case. The Overview also includes a section that
provides a comparison between the AEO2008 re-
leased in December and the current version. The next
section, “Legislation and Regulations,” discusses
evolving legislation and regulatory issues, including a
summary of recently enacted legislation, such as
EISA2007, and provides an update on the handling of
aspects of previously enacted legislation, such as the
loan guarantee program set up by Title XVII of the
Energy Policy Act of 2005 (EPACT2005). This section
also provides a summary of State renewable fuel re-
quirements and emissions regulations and a discus-
sion of how selected Federal fuel taxes and tax credits
are handled in AEO2008.

The “Issues in Focus” section includes discussion of a
scenario under which electricity generation options
other than natural gas are restricted and natural gas
supply is limited; the competitive factors that influ-
ence imports of liquefied natural gas (LNG); and the

implications of changing the basis for measuring
heating and cooling degree-days. It also discusses the
implications of uncertainty in energy project costs
and the basis of the world oil price and production
trends in AEO2008.

The “Market Trends” section summarizes the pro-
jections for energy markets. The analysis in AEO2008
focuses primarily on a reference case, low and high
economic growth cases, and low and high energy price
cases. Results from a number of other alternative
cases are also presented, illustrating uncertainties as-
sociated with the reference case projections for en-
ergy demand, supply, and prices. Complete tables for
the five primary cases are provided in Appendixes A
through C. Major results from many of the alterna-
tive cases are provided in Appendix D.

AEQO2008 projections are based on Federal, State,
and local laws and regulations in effect on or before
December 31, 2007. The potential impacts of pending
or proposed legislation, regulations, and standards
(and sections of existing legislation that require im-
plementing regulations or funds that have not been
appropriated) are not reflected in the projections.

In general, historical data used in the AEO2008 pro-
jections are based on EIA’s Annual Energy Review
2006, published in June 2007. Other historical data,
taken from multiple sources, are presented for com-
parative purposes; documents referenced in the
source notes should be consulted for official data
values.

AEO02008 is published in accordance with Section
205c of the Department of Energy (DOE) Organiza-
tion Act of 1977 (Public Law 95-91), which requires
the EIA Administrator to prepare annual reports on
trends and projections for energy use and supply.

Projections in AEO2008 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 and technological and demographic trends.
AEO02008 assumes that current laws and regulations
are maintained throughout the projections. Thus, the
projections provide a policy-neutral reference case that
can be used to analyze policy initiatives.

Because energy markets are complex, models are
simplified representations of energy production
and consumption, regulations, and producer and
consumer 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 uncer-
tainty. Many of the events that shape energy markets
are random and cannot be anticipated. In addition,
future developments in technologies, demographics,
and resources cannot be foreseen with certainty.
Many key uncertainties in the AEO2008 projections
are addressed through alternative cases.

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

ii Energy Information Administration / Annual Energy Outlook 2008
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Overview

Energy Trends to 2030

In preparing projections for AEO2008, EIA evaluated
a wide range of trends and issues that could have ma-
jor implications for U.S. energy markets between to-
day and 2030. This overview focuses on one case, the
reference case, which is presented and compared
with the AEO2007 reference case (see Table 1).
Readers are encouraged to review the full range of
alternative cases included in other sections of
AEO02008.

As in previous editions of the Annual Energy Outlook
(AEQO), the reference case assumes that current poli-
cies affecting the energy sector remain unchanged
throughout the projection period. The reference case
provides a clear basis against which alternative cases
and policies can be compared. Although current laws
and regulations may change over the next 25 years,
and new ones may be created, it is not possible to
predict what they will be or how they will be imple-
mented [1].

EIA published an “early release” version of the
AEO2008 reference case in December 2007. Later
that month, EISA2007 was enacted. The provisions in
EISA2007 will have a major impact on energy mar-
kets, particularly liquid fuels. Given the year-long life
of AEO2008 and its use as a baseline for analyses of
proposed policy changes, EIA decided to update the
reference case to reflect the provisions of EISA2007.
A short summary of the impact of including EISA-
2007 is provided in the box on pages 3 and 4.

Trends in energy supply and demand are affected by
many factors that are difficult to predict, including
energy prices, U.S. and worldwide economic growth,
advances in technologies, and future public policy de-
cisions both in the United States and in other coun-
tries. As noted in AEO2007, energy markets are
changing in response to readily observable factors,
which include, among others: higher energy prices;
the growing influence of developing countries on
worldwide energy requirements; recently enacted leg-
islation and regulations in the United States; chang-
ing public perceptions on issues related to emissions
of air pollutants and greenhouse gases (GHGs) and
the use of alternative fuels and; and the economic via-
bility of various energy technologies.

Projections in the AEO2008 reference case have been
updated to better reflect trends that are expected to
persist in the economy and in energy markets. For ex-
ample, the projection for U.S. economic growth, a key

determinant of U.S. energy demand, is lower in
AEO2008 than it was in AEO2007, reflecting an
updated assumption for productivity improvement.
Other key changes in the AEQO2008 projections
include:

* Higher price projections for crude oil and natural
gas

* Higher projections for delivered energy prices, re-
flecting both higher wellhead and minemouth
prices and higher costs to transport, distribute,
and refine fuels per unit supplied

+ Slower projected growth in energy demand (par-
ticularly for natural gas but also for liquid fuels
and coal)

* Faster projected growth in the use of nonhydro-
electric renewable energy, resulting from a re-
vised representation of State renewable portfolio
standard (RPS) provisions

* Higher projections for domestic oil production,
particularly in the near term

* Slower projected growth in energy imports, both
natural gas and oil

* Slower projected growth in energy-related emis-
sions of carbon dioxide (COy).

Coal, liquid fuels (excluding the biofuels portion of to-
tal liquids supply), and natural gas meet 80 percent of
total U.S. primary energy supply requirements in
2030—down from an 85-percent share in 2006,
reflecting the incorporation of EISA2007 provisions,
slower economic growth, higher energy prices, lower
total energy demand, and increased use of renewable
energy when compared with AEO2007.

Economic Growth

The AEO2008 reference case reflects reduced expec-
tations for economic growth: U.S. gross domestic
product (GDP) grows at an average annual rate of
2.4 percent from 2006 to 2030—0.4 percentage points
slower than the rate in the AEO2007 reference case
over the same period. The main factor contributing to
the slower rate of growth in GDP is a lower estimate
of growth in labor productivity. Nonfarm business
labor productivity grows by 1.9 percent per year in
the AEO2008 reference case, compared with 2.3 per-
cent per year in AEO2007. Nonfarm employment
growth is 0.9 percent per year in the AEO2008 refer-
ence case, about the same as in AEO2007. From
2006 to 2030, total industrial shipments grow by

2 Energy Information Administration / Annual Energy Outlook 2008



Overview

Impacts of Updating the AEO2008 Reference Case

EIA’s decision to update the AEO2008 early-release
reference case was motivated by the enactment in
December 2007 of EISA2007, which contains many
provisions that will significantly influence future
energy trends. The specific EISA2007 provisions
modeled in AEO2008 include updates to the renew-
able fuel standard (RFS) and the corporate average
fuel economy (CAFE) standard for new light-duty
vehicles (LDVs); updated and new appliance energy
efficiency standards for boilers, dehumidifiers, dish-
washers, clothes washers, and commercial walk-in
refrigerators and freezers; lighting energy efficiency
standards; provisions to reduce energy consumption
in Federal buildings; and efficiency standards for in-
dustrial electric motors.

Consistent with the general approach used in past
AEOs, the reference case does not consider those
sections of EISA2007 that require appropriations
for implementation or sections with highly uncer-
tain impacts on energy markets. It also includes ad-
ditional revisions that reflect historical data issued
after the AEO2008 early-release reference case was
completed, new data from EIA’s January 2008
Short-Term Energy Outlook (STEO), amore current
economic outlook, and technical updates to the ear-
lier version of NEMS.

Total energy consumption and greenhouse
gas emissions

EISA2007 has a significant impact on both projected
total energy consumption and GHG emissions. Total
primary energy consumption in the AEO2008 refer-
ence case grows by 18.5 quadrillion British thermal
units (Btu), from 99.5 quadrillion Btu in 2006 to
118.0 quadrillion Btu in 2030—5.3 quadrillion Btu
less than in the early-release reference case. Al-
though other changes were also made, the inclusion
of EISA2007 is by far the most important. In 2030,
the projected consumption levels for liquid fuels,
natural gas, and coal all are lower in the AEO2008
reference case than they were in the early-release
case.

Without the application of carbon capture and se-
questration (CCS) technology, CO4 emissions from
the combustion of fossil fuels are proportional to
the consumption and carbon content of the fuels.
Inclusion of EISA2007 provisions in the AEO2008

reference case both reduces total energy consump-
tion and shifts consumption to fuels that are less
carbon-intensive or are carbon-neutral. As a result,
the projection for total energy-related CO, emis-
sions in 2030 is 6,851 million metric tons in the
AEQO2008 reference case, as compared with 7,373
million metric tons in the early-release reference
case—a difference of 7 percent or 522 million metric
tons (see figure below). The difference between the
two cases grows over time, so that cumulative
energy-related CO, emissions over the period from
2008 to 2030 are 5.3 billion metric tons lower in the
AEQO2008 reference case than in the early-release
reference case.

Total annual carbon dioxide emissions in the
early-release and AEO2008 reference cases,
1980-2030 (million metric tons)
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Liquid fuels consumption and imports

The combination of a higher CAFE standard for new
LDVs and an updated RF'S has a substantial impact
on the level and mix of liquids consumption. Total
liquids consumption? in 2030 in the AEO2008 refer-
ence case, including the impact of EISA2007, is 22.8
million barrels per day—2.1 million barrels per day
lower than in the early-release reference case.

Conventional petroleum consumption in 2030, ex-
cluding biofuels but including coal-to-liquids (CTL)
diesel (a nonrenewable fuel), is 2.9 million barrels
per day less in the AEO2008 reference case. On
an energy basis, total liquids consumption is 44.0
quadrillion Btu in 2030 in the AEO2008 reference
case, about 9 percent lower than projected in the
early-release case.

(continued on page 4)

8Liquid fuels include conventional petroleum products, ethanol, biodiesel, diesel from biomass, CTL, and gas-to-liquids.
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1.3 percent per year in the AEO2008 reference case,
as compared with 2.0 percent per year in AEO2007.

Energy Prices

EIA raised the reference case path for world oil prices
in AEO2008 (although the upward adjustment is
smaller than the last major adjustment, introduced in
AEQ0Z2006). The real world crude oil price (which for
the purposes of AEO2008 is defined as the price of
light, low-sulfur crude oil delivered in Cushing,
Oklahoma, in 2006 dollars) declines gradually from
current levels to $57 per barrel in 2016 ($68 per bar-
rel in nominal dollars), as expanded investment in

exploration and development brings new supplies to
world markets. After 2016, real prices begin to rise
(Figure 1), as demand continues to grow and higher
cost supplies are brought to market. In 2030, the av-
erage real price of crude oil is $70 per barrel in 2006
dollars, or about $113 per barrel in nominal dollars.
Alternative AEO2008 cases address higher and lower
world crude oil prices.

In developing its oil price outlook, EIA explicitly
considered four factors: (1) growth in world liquids
consumption; (2) the outlook for conventional oil pro-
duction in countries outside the Organization of the
Petroleum Exporting Countries (OPEC); (3) growth

Impacts of Updating the AEO2008 Reference Case (continued)

In the AEO2008 reference case, because a large
share of the biofuels consumed is produced domesti-
cally, net imports of liquid fuels (including both
crude oil and products) are reduced by more relative
to the early-release case than is total liquids con-
sumption. Total net imports of liquids in 2030 are
2.4 million barrels per day lower in the AEO2008
reference case than in the early-release case. As
shown in the figure below, U.S. dependence on net
imports of liquid fuels (including crude oil and re-
fined liquids) on a volumetric basis declines in the
AEO02008 reference case from 60 percent in 2006 to
51 percent in 2022, followed by an increase to 54 per-
cent in 2030—as compared with 59 percent in the
early-release reference case. Even with the increase
in biofuel use and the higher vehicle efficiency stan-
dards, however, petroleum products still account for
88 percent of total transportation energy consump-
tion in the AEO2008 reference case, compared with
96 percent in 2006.

U.S. liquids supply, consumption, and net imports
in the early-release and AEO2008 reference cases,
1980-2030 (million barrels per day)
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The fuel mix for vehicles also changes between the
two cases. The figure below shows the mix of fuels
for LDVs in 2030 on an energy basis in the two
cases. Biofuel consumption, excluding CTL,
reaches 2.0 quadrillion Btu (23.5 billion gallons)
in 2030, or about 11 percent of total demand for
motor vehicle fuel in the AEO2008 reference
case—an increase of 0.6 quadrillion Btu (7.1 billion
gallons) from the early-release reference case and
1.6 quadrillion Btu (18.2 billion gallons) more than
in 2006. The increase in the AEO2008 reference case
includes more ethanol consumption—both ethanol
blended with gasoline in E10 (gasoline containing
up to 10 percent ethanol by volume) and as E85 (fuel
containing a blend of 70 to 85 percent ethanol and 30
to 15 percent gasoline by volume)—and more
biodiesel consumption than in the early-release
projection.

Light-duty vehicle energy use by fuel in the early-
release and AEO2008 reference cases, 2030
(quadrillion Btu)
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Figure 1. Energy prices, 1980-2030 (2006 dollars per
million Btu)
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in unconventional liquids production; and (4) OPEC
behavior. With the forces driving demand outside the
United States as strong as, or stronger than, previ-
ously expected but with global supply projections
somewhat weaker, oil prices in AEO2008 are higher
than projected in AEO2007 [2].

As a result of recent strong economic growth world-
wide, transitory shortages of experienced personnel,
equipment, and construction materials in the oil in-
dustry, and political instability in some major produc-
ing regions, oil prices currently are above EIA’s
estimate of the long-run equilibrium price. EIA’s ex-
pectations regarding the ultimate size of both conven-
tional and unconventional liquid resources have not
changed since last year’s AEO.

The AEO2008 reference case represents EIA’s cur-
rent judgment about the most likely behavior of key
OPEC members in the mid-term. In the projection,
OPEC countries increase production at a rate that
keeps their market share of world liquids production
at approximately 40 percent through 2030.

The AEOZ2008 reference case also projects significant
long-term potential for supply from non-OPEC pro-
ducers. In several resource-rich regions—including
Brazil, Azerbaijan, and Kazakhstan—high oil prices,
expanded infrastructure, and new exploration and
drilling technologies permit additional non-OPEC oil
production. Also, with the economic viability of Can-
ada’s oil sands enhanced by higher world oil prices
and advances in production technology, oil sands pro-
duction is expected to reach 4 million barrels per day
in 2030.

The price of natural gas also is higher in the AEO2008
reference case. The real wellhead price of natural gas
(in 2006 dollars) declines from current levels through

2016, as new supplies enter the market. After some
fluctuations through 2021, real natural gas prices rise
to $6.63 per thousand cubic feet in 2030 ($10.64 per
thousand cubic feet in nominal dollars). The higher
prices in the AEO2008 reference case reflect an in-
crease in production costs associated with recent
trends that were discussed in AEO2007 but were not
reflected fully in the AEO2007 reference case [3]. The
higher natural gas prices also are supported by higher
oil prices.

Minemouth coal prices in the AEO2008 reference
case, both nationally and regionally, are generally
similar to those projected in the AEO2007 reference
case. By region, the largest price difference is for Wyo-
ming’s Powder River Basin, where the projected aver-
age minemouth price in 2030 is 12.1 percent above
the AEO2007 projection, at $0.66 (2006 dollars) per
million Btu, reflecting a less optimistic outlook for im-
provements in coal mining productivity.

Average real minemouth coal prices (in 2006 dollars)
fall from $1.21 per million Btu ($24.63 per short ton)
in 2006 to $1.14 per million Btu ($22.45 per short ton)
in 2018 in the AEO2008 reference case, as prices
moderate following a substantial run-up over the past
few years. After 2020, coal prices rise as demand in-
creases, reaching $1.19 per million Btu ($23.32 per
short ton) in 2030. The 2020 and 2030 price projec-
tions are 2.6 percent and 0.9 percent higher, respec-
tively, than those in the AEO2007 reference case.
Without adjustment for inflation, the average mine-
mouth price of coal in the AEO2008 reference case is
$1.91 per million Btu ($37.42 per ton) in 2030.

AEQ0O2008 projects higher prices for most energy fuels
delivered to consumers. For example, in 2030, the av-
erage delivered price of natural gas (in 2006 dollars) is
more than $1 per million Btu higher in the AEO2008
reference case than was projected in AEO2007. In
part, the higher delivered prices result from higher
prices paid to fossil fuel producers at the wellhead or
minemouth; but they also result from updates made
to assumptions about the costs to transport, dis-
tribute, and refine the fuels to make them more con-
sistent with recent trends. For example, as a result of
declining use per customer and the growing cost of
bringing supplies from new regions to market, mar-
gins between the delivered and wellhead prices of nat-
ural gas are higher than previously projected. Factors
contributing to higher margins for liquid fuels in-
clude continued growth in the use of heavier and
sourer crudes, growing demand for cleaner products,
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and the rising cost of refinery safety and emissions
abatement.

Increases in diesel fuel prices in recent years have led
railroads to implement fuel adjustment surcharges
on coal shipments, which are incorporated in the
AEQ0O2008 reference case. The average real delivered
price of coal to power plants (in 2006 dollars) in-
creases from $1.69 per million Btu ($33.85 per short
ton) in 2006 to $1.78 per million Btu ($35.03 per short
ton) in 2030, 2.3 percent higher than in the AEO2007
reference case. In nominal dollars, the average deliv-
ered price of coal to power plants is projected to reach
$2.86 per million Btu ($56.22 per short ton) in 2030.

Electricity prices follow trends in the delivered prices
of fuels to power plants in the reference case. From
a peak of 9.3 cents per kilowatthour (2006 dollars)
in 2009, average delivered electricity prices decline
to 8.5 cents per kilowatthour in 2015 and then
increase to 8.8 cents per kilowatthour in 2030. In
the AEO2007 reference case, with slightly lower ex-
pectations for delivered fuel prices and construction
costs for all new technologies, electricity prices
reached 8.3 cents per kilowatthour (2006 dollars) in
2030. In nominal dollars, the average delivered elec-
tricity price in the AEO2008 reference case reaches
14.1 cents per kilowatthour in 2030.

Energy Consumption by Sector

Total primary energy consumption in the AEO2008
reference case grows by 19 percent between 2006 and
2030 (an average rate of 0.7 percent per year), from
99.5 quadrillion Btu in 2006 to 118.0 quadrillion Btu
in 2030—13.2 quadrillion Btu less than in the
AEQ02007 reference case. In 2030, the levels of con-
sumption projected for liquid fuels, natural gas, and
coal are lower in the AEO2008 reference case than
they were in the AEO2007 reference case. Among the
most important factors leading to lower total energy
demand in the AEO2008 reference case are lower eco-
nomic growth, greater use of more efficient appli-
ances and vehicles, higher energy prices, and slower
growth in energy-intensive industries.

Residential delivered energy consumption in the
AEO02008 reference case grows from 10.8 quadrillion
Btu in 2006 to 12.9 quadrillion Btu in 2030, or by 0.7
percent per year (Figure 2). Higher delivered energy
prices, slower growth in the housing stock, increases
in lighting efficiency to meet the standards estab-
lished in EISA2007, and a revised accounting of heat-
ing and cooling degree-days to better reflect recent

temperature trends contribute to the lower level of
residential energy use in the AEO2008 projection,
which is 0.9 quadrillion Btu lower than the AEO2007
projection.

Higher delivered energy prices and slower growth in
commercial square footage lead to slower growth in
commercial energy consumption in the AEO2008
reference case than in the AEO2007 reference case.
Delivered commercial energy consumption grows
from 8.3 quadrillion Btu in 2006 to 11.3 quadrillion
Btu in 2030, over 1 quadrillion Btu less than in the
AEQ02007 reference case.

Since 1997, delivered energy consumption in the U.S.
industrial sector has trended downward, falling from
about 27 quadrillion Btu in 1997 to 25 quadrillion Btu
in 2006, despite rising output. A number of factors
have worked to reduce industrial energy consumption
since 1997: economic weakness between 2000 and
2003, the hurricanes of 2005 that reduced activity in
some industrial subsectors, and rising energy prices.

Industrial delivered energy consumption increases to
27.7 quadrillion Btu in 2030. Although the AEO2008
reference case includes steady economic growth and
declining energy prices in the near term, growth in
the energy-intensive industries continues to be weak,
reflecting increased competition from foreign regions
with lower relative energy prices. Growth in the en-
ergy-intensive U.S. manufacturing industries aver-
ages 0.7 percent per year from 2006 to 2030, slower
than the 1.3-percent average growth in AEO2007.

Delivered energy consumption in the transportation
sector grows to 33.0 quadrillion Btu in 2030 in the
AEO02008 reference case, 6.3 quadrillion Btu less than
in AEO2007. The lower projected level of consump-
tion predominantly reflects the influence of the new

Figure 2. Delivered energy consumption by sector,
1980-2030 (quadrillion Btu)
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CAFE standard for LDVs specified in EISA2007 and
slower economic growth, as well as the impact of
higher fuel prices.

EISA2007 requires new LDVs, including both cars
and trucks, to reach a combined average fuel economy
of 35 miles per gallon (mpg) by 2020, based on the
U.S. Environmental Protection Agency (EPA) test
value used to measure compliance with the CAFE
standard. The EPA CAFE test value generally differs
from the estimated mpg value on the fuel economy
label and, typically, exceeds the actual on-the-road
fuel economy of a new vehicle by a significant margin.
Despite these differences, the higher fuel economy
standards in EISA2007 significantly improve the
in-use fuel economy of the LDV stock. In the refer-
ence case, the average in-use fuel economy for the
stock of LDVs in 2030 increases to 27.9 mpg, almost
40 percent above its 2006 level. To attain these fuel
economy levels, the projection reflects increases in
the sale of unconventional vehicle technologies [4],
such as flex-fuel, hybrid, and diesel vehicles, and a
slowdown in the growth of new light truck sales.

Energy Consumption by Primary Fuel

Total consumption of liquid fuels, including both fos-
sil liquids and biofuels, grows from 20.7 million bar-
rels per day in 2006 to 22.8 million barrels per day in
2030 in the AEO2008 reference case (Figure 3), less
than the AEO2007 reference case projection of 26.9
million barrels per day in 2030. Liquid fuels consump-
tion is lower in all sectors in AEO2008 than in the
AEQ02007 reference case, as a result of incorporation
of the new LDV CAFE standard specified in EISA-
2007, slower economic growth, and higher delivered
prices for liquid fuels. Much of the difference is in the
transportation sector.

In AEO2008, natural gas consumption increases from
21.7 trillion cubic feet in 2006 to 23.8 trillion cubic
feet in 2016, then declines to 22.7 trillion cubic in
2030 (Figure 3). The projection for natural gas con-
sumption in the AEO2008 reference case is sharply
lower than in AEO2007, where consumption grew to
26.1 trillion cubic feet in 2030. Consumption is lower
in all sectors in AEO2008, and particularly in the in-
dustrial and electricity power sectors. Industrial nat-
ural gas use is 1.7 trillion cubic feet lower in 2030 in
the AEO2008 reference case (8.1 trillion cubic feet,
compared with 9.8 trillion cubic feet in AEO2007),
as a result of higher delivered prices for natural
gas, lower economic growth, and a reassessment of
natural gas use in the energy-intensive industries. In

AEO02008, electricity generation accounts for 5.0 tril-
lion cubic feet of natural gas use in 2030, compared
with the AEO2007 projection of 5.9 trillion cubic feet.
The lower level of consumption in AEO2008 results
from higher natural gas prices and slower growth in
electricity demand.

Total coal consumption increases from 22.5 quadril-
lion Btu (1,114 million short tons) in 2006 to 29.9 qua-
drillion Btu (1,545 million short tons) in 2030 in the
AEO02008 reference case. As in the AEO2007 refer-
ence case, coal consumption is projected to grow at a
faster rate toward the end of the projection period,
particularly after 2020, as coal use for new coal-fired
generating capacity grows rapidly. In the AEO2008
reference case, coal consumption in the electric power
sector increases from 23.7 quadrillion Btu in 2020 to
27.5 quadrillion Btu in 2030, and coal use at CTL
plants increases from 0.6 quadrillion Btu in 2020 to
1.0 quadrillion Btu in 2030. The projected increase in
coal use for CTL plants is lower than in previous
AEQOs as a result of EISA2007, because investment
dollars that previously would have gone into CTL
capacity now flow to biomass-to-liquids (BTL) capac-
ity; however, there is a great deal of uncertainty
around this projection.

The AEO2008 reference case projects substantially
greater use of renewable energy than was projected in
AEQ02007. Total consumption of marketed renewable
fuels—including ethanol for gasoline blending, bio-
diesel [5], and diesel from biomass [6], of which 2.8
quadrillion Btu in 2030 is included with liquids fuel
consumption—grows by 3.0 percent per year in the
reference case, from 6.8 quadrillion Btu in 2006 to
13.7 quadrillion Btu in 2030, compared with 9.9
quadrillion Btu in AEO2007. About 45 percent of the
demand for renewables in 2030 is for grid-related

Figure 3. Energy consumption by fuel, 1980-2030
(quadrillion Btu)
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electricity generation (including combined heat and
power [CHP]).

The rapid growth in the use of renewable fuels for
transportation in AEO2008 reflects the EISA2007
RF'S, which sets a requirement for 21 billion gallons
of advanced biofuels and 36 billion gallons of total
renewable fuels by 2022. Included are requirements
for 1 billion gallons of biodiesel and 16 billion gallons
of cellulosic biofuels, both of which count toward the
advanced biofuels requirement. The remaining 4 bil-
lion gallons of advanced biofuels may come from any
source. The difference between advanced biofuels and
total renewable fuels may be met by corn ethanol.
Diesel fuels derived from biomass feedstocks count
for 1.5 times their physical volume in the calculation
of credits toward the RFS requirements, because
diesel has a higher energy content per gallon than
ethanol does.

Although the situation is very uncertain, the current
state of the industry and EIA’s present view of pro-
jected rates of technology development and market
penetration of cellulosic biofuel technologies suggest
that available quantities of cellulosic biofuels before
2022 will be insufficient to meet the new RF'S targets
for cellulosic biofuels, triggering both waivers and a
modification of applicable volumes, as provided for in
Section 211(o) of the Clean Air Act as amended by
EISA2007. The modification of volumes reduces the
overall target in 2022 from 36 billion gallons to 32.5
billion gallons in the AEO2008 reference case.

Ethanol use in the AEO2008 reference case, grows
from 5.6 billion gallons in 2006 to 23.9 billion gallons
in 2030—about 16 percent of total gasoline consump-
tion by volume and about 65 percent more than in
AEQ02007. Ethanol use for gasoline blending grows to
13.4 billion gallons and E85 consumption to 10.5 bil-
lion gallons in 2030. The ethanol supply is expected to
be produced from both corn and cellulose feedstocks,
with corn accounting for 15.0 billion gallons and cel-
lulose 6.9 billion gallons of ethanol production in
2030. Biodiesel use increases to 1.2 billion gallons in
2030, or about 1.5 percent of total diesel consumption
by volume. In addition, consumption of BTL diesel
grows to 4.5 billion gallons in 2030, or 5.3 percent of
total diesel consumption by volume.

Excluding hydroelectricity, renewable energy con-
sumption for electric power generation grows from
0.9 quadrillion Btu in 2006 to 3.2 quadrillion Btu
in 2030, as compared with 2.1 quadrillion Btu in

AEO02007. The higher level of nonhydroelectric re-
newable energy consumption in the AEO2008 refer-
ence case reflects primarily a revised representation
of State RPS programs, which require that specific
and generally increasing shares of electricity sales be
supplied by renewable resources, such as wind, solar,
geothermal, and sometimes biomass or hydropower.
Previous AEOs placed more weight on the “escape
clauses” incorporated in many State RPS programs,
given that the consumer costs of the programs would
increase significantly if the Federal production tax
credit (PTC) for qualifying renewable energy expired
as provided for under current law. The new represen-
tation, which assumes that the State RPS goals will
be met absent a clear contrary indication, results in
significant additional growth of renewable generation
from wind, biomass, and geothermal resources.

Energy Intensity

Energy intensity, measured as primary energy use (in
thousand Btu) per dollar of GDP (in 2000 dollars), de-
clines by about one-third from 2006 to 2030 in the
AEO02008 reference case (Figure 4). Although energy
use generally increases as the economy grows, contin-
uing improvement in the energy efficiency of the U.S.
economy and a shift to less energy-intensive activities
are projected to keep the rate of energy consumption
growth lower than the rate of GDP growth.

Since 1992, the energy intensity of the U.S. economy
has declined on average by 2.0 percent per year, in
part because the share of industrial shipments ac-
counted for by the energy-intensive industries has
fallen from 30 percent in 1992 to 21 percent in 2006.
In the AEO2008 reference case, the energy-intensive
industries’ share of total industrial shipments contin-
ues to decline, although at a slower rate, to 18 percent
in 2030.

Figure 4. Energy use per capita and per dollar of
gross domestic product, 1980-2030 (index, 1980 = 1)
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Population is a key determinant of energy consump-
tion, influencing demand for travel, housing, con-
sumer goods, and services. Since 1990, the population
has increased by about 20 percent and energy con-
sumption by a comparable 18 percent in the United
States, with annual variations in energy use per
capita resulting from variations in weather and eco-
nomic factors. The age, income, and geographic distri-
bution of the population also affect the growth of
energy consumption. Aging of the population, a grad-
ual shift from the North to the South, and rising
per-capita income will influence future trends. Over-
all, the U.S. population increases by 22 percent from
2006 to 2030 in the AEO2008 reference case. Over the
same period, energy consumption increases by 19 per-
cent. The result is a decrease in energy consumption
per capita at an annual rate of 0.1 percent per year
from 2006 to 2030, a drop from the 0.3-percent yearly
increase in the AEO2007 reference case.

Recently, as energy prices have risen, the potential
for more energy conservation has received increased
attention. Although additional energy conservation
is induced by higher energy prices in the AEO2008
reference case and by the passage of EISA2007, no
further policy-induced conservation measures are
assumed beyond those in existing legislation and reg-
ulation, nor does the reference case assume behav-
ioral changes beyond those observed in the past.

Energy Production and Imports

Net imports of energy are expected to continue meet-
ing a major share of total U.S. energy demand (Figure
5). The increased use of biofuels resulting from
EISA2007, much of which is domestically produced,
and the reduction in demand for transportation
fuels due to the new CAFE standards both serve to

Figure 5. Total energy production and
consumption, 1980-2030 (quadrillion Btu)
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moderate growth in energy imports. Higher fuel
prices over the projection period also spur increased
domestic energy production (Figure 6) and moderate
energy demand growth, further tempering growth in
imports. The projected net import share of total U.S.
energy consumption in 2030 is 27 percent, a decline
from the 30-percent share in 2006.

The projection for U.S. crude oil production in the
AEQO2008 reference case is higher than in the
AEQ02007 reference case, primarily as a result of more
production from the expansion of enhanced oil recov-
ery (EOR) operations and, to a lesser extent, higher
crude oil prices. U.S. crude oil production in the
AEO02008 reference case increases from 5.1 million
barrels per day in 2006 to a peak of 6.3 million barrels
per day in 2018, with production increases from the
deep waters of the Gulf of Mexico and from onshore
EOR projects. Domestic production subsequently de-
clines to 5.6 million barrels per day in 2030, as in-
creased production from new, smaller discoveries is
inadequate to offset declines in production from large
fields in Alaska and the Gulf of Mexico.

Total domestic liquids supply, including crude oil,
natural gas plant liquids, refinery processing gains,
and other refinery inputs (including ethanol, bio-
diesel, BTL, and liquids from coal) generally increase
through 2022 in the AEO2008 reference case, while
imports of crude oil and other petroleum products re-
main flat. Total domestic liquids supply grows from
8.2 million barrels per day in 2006 to 10.4 million bar-
rels per day in 2030.

In the AEO2008 reference case, the net import share
of total liquids supplied, including crude oil and re-
fined products, drops from 60 percent in 2006 to 51
percent in 2022 and then increases to 54 percent in

Figure 6. Energy production by fuel, 1980-2030
(quadrillion Btu)
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2030. Net imports of crude oil and net imports of
petroleum products in 2030 each are about 2.0 million
barrels per day lower in the AEO2008 reference case
than in the AEO2007 reference case. The primary
reasons for the difference between the AEO2008 and
AEO02007 projections for net imports of liquid fuels
are a lower level of total liquids consumption and a
higher level of biofuels consumption in the transpor-
tation sector in the AEO2008 reference case.

Total domestic production of natural gas (including
supplemental natural gas supplies) increases from
18.6 trillion cubic feet in 2006 to 20.0 trillion cubic
feet in 2022 before declining to 19.5 trillion cubic feet
in 2030 in the AEO2008 reference case. The projec-
tions are lower than in the AEO2007 reference case,
which showed production increasing to 20.6 trillion
cubic feet in 2030, primarily because of higher costs
associated with exploration and development and,
particularly in the last decade of the projection, lower
demand for natural gas in AEO2008. Onshore pro-
duction of unconventional natural gas is expected to
be a key contributor to the growth in U.S. supply,
increasing from 8.5 trillion cubic feet in 2006 to a
peak of 9.6 trillion cubic feet in 2018 and generally
holding at about that level through 2030.

The Alaska natural gas pipeline is expected to be com-
pleted in 2020 (2 years later than in the AEO2007 ref-
erence case, because of delays in the resolution of
issues between Alaska’s State government and indus-
try participants). After the pipeline goes into opera-
tion, Alaska’s total natural gas production in the
AEQ0O2008 reference case increases to 2.0 trillion cubic
feet in 2021 (from 0.4 trillion cubic feet in 2006) and
then remains at that level through 2030.

Net pipeline imports of natural gas from Canada and
Mexico fall from 2.9 trillion cubic feet in 2006 to 0.3
trillion cubic feet in 2030 in the AEO2008 reference
case (compared with the AEO2007 projection of 0.9
trillion cubic feet in 2030). The difference between
the 2030 projections in AEO2008 and AEO2007 is
largely the result of a higher level of exports to Mexico
and lower demand in the United States.

Total net imports of LNG to the United States in the
AEQ02008 reference case increase from 0.5 trillion cu-
bic feet in 2006 to 2.8 trillion cubic feet in 2030, as
compared with 4.5 trillion cubic feet in 2030 in
AEQ02007. The lower projection is attributable to two
factors: higher costs throughout the LNG industry,
especially in the area of liquefaction, and decreased

U.S. natural gas consumption due to higher natural
gas prices, slower economic growth, and expected
greater competition for supplies in the global LNG
market.

The future direction of the global LNG market is one
of the key uncertainties in the AEO2008 reference
case. With many new international players entering
LNG markets, the competition for available supplies
is strong, and the amounts available to the U.S. mar-
ket may vary considerably from year to year. The
AEQ0O2008 reference case has been updated to reflect
current market dynamics, which could change consid-
erably as worldwide LNG markets evolve.

As domestic coal demand grows in the AEO2008 ref-
erence case, U.S. coal production (excluding waste
coal) increases at an average rate of 0.8 percent per
year, from 23.8 quadrillion Btu (1,163 million short
tons) in 2006 to 28.6 quadrillion Btu (1,455 million
short tons) in 2030—15 percent less than in the
AEQ02007 reference case. Production from mines west
of the Mississippi River provides the largest share of
the incremental coal production. On a Btu basis, 59
percent of domestic coal production originates from
States west of the Mississippi River in 2030, up from
49 percent in 2006.

Typically, trends in U.S. coal production are linked to
its use for electricity generation, which currently ac-
counts for 91 percent of total coal consumption. Coal
consumption in the electric power sector in the
AEO02008 reference case, at 27.5 quadrillion Btu in
2030, is less than in the AEO2007 reference case (31.1
quadrillion Btu in 2030). Slower growth in overall
electricity demand, combined with more generation
from nuclear and renewable energy, underlies the re-
duced outlook for electricity sector coal consumption.
Another emerging market for coal is CTL. Coal use in
CTL plants grows from 0.6 quadrillion Btu (42 mil-
lion short tons) in 2020 to 1.0 quadrillion Btu (64 mil-
lion short tons) in 2030.

Electricity Generation

Total electricity consumption, including both pur-
chases from electric power producers and on-site
generation, grows from 3,814 billion kilowatthours
in 2006 to 4,972 billion kilowatthours in 2030,
increasing at an average annual rate of 1.1 percent in
the AEOZ2008 reference case. In comparison, electric-
ity consumption grew by annual rates of 4.2 percent,
2.6 percent, and 2.3 percent in the 1970s, 1980s, and
1990s, respectively. The growth rate in the AEO2008
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projection is lower than in the AEO2007 reference
case (1.5 percent per year). The reduced rate of
growth in AEO2008 results from slower economic
growth, the imposition of new efficiency standards in
EISA2007, and higher electricity prices.

In the AEO2008 reference case, electricity generation
from natural-gas-fired power plants increases sharply
from 2006 to 2008 and then remains relatively stable
for the next decade, growing by 3 percent from
2008 to 2016—Iless rapidly than in the AEO2007 ref-
erence case. After 2016, however, generation from
new coal, nuclear, and renewable plants displaces
some natural-gas-fired generation (Figure 7). In the
AEO02008 reference case, 741 billion kilowatthours of
electricity is generated from natural gas in 2030, 21
percent less than the 937 billion kilowatthours in
2030 in the AEO2007 reference case.

In the AEO2008 reference case, the natural gas share
of electricity generation (including generation in the
end-use sectors) remains between 20 percent and 21
percent through 2017 before falling to 14 percent in
2030. The coal share remains between 48 percent and
49 percent from 2006 through 2018 before increasing
to 54 percent in 2030. Additions to coal-fired generat-
ing capacity in the AEO2008 reference case total 104
gigawatts from 2006 to 2030 (as compared with 156
gigawatts in the AEO2007 reference case), including
4 gigawatts at CTL plants and 29 gigawatts at inte-
grated gasification combined-cycle plants. Given the
assumed continuation of current energy and environ-
mental policies in the reference case, CCS technology
does not come into use during the projection period.

Nuclear generating capacity in the AEO2008 refer-
ence case increases from 100.2 gigawatts in 2006

Figure 7. Electricity generation by fuel, 1980-2030
(billion kilowatthours)
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to 114.9 gigawatts in 2030. The increase includes 17
gigawatts of capacity at newly built nuclear power
plants (33 percent more than in the AEO2007 refer-
ence case) and 2.7 gigawatts expected from uprates of
existing plants, partially offset by 4.5 gigawatts of
retirements.

Rules issued by the Internal Revenue Service in 2006
for the EPACT2005 PTC for new nuclear plants allow
the credits to be shared out on a prorated basis to
more than 6 gigawatts of new capacity. In the
AEQ0O2008 reference case the credits are shared out to
8 gigawatts of new nuclear capacity, and another 9
gigawatts of capacity is built without credits.

Total electricity generation from nuclear power
plants grows from 787 billion kilowatthours in 2006
to 917 billion kilowatthours in 2030 in the AEO2008
reference case, accounting for about 18 percent of to-
tal generation in 2030. Additional nuclear capacity is
built in some of the alternative AEO2008 cases, par-
ticularly those that project higher demand for elec-
tricity or higher fossil fuel prices.

The use of renewable technologies for electricity gen-
eration is stimulated by improved technology, higher
fossil fuel prices, and short-term extensions of the
EPACT2005 tax credits. The reference case also in-
cludes State RPS programs for which legislation is in
place. Total renewable generation in the AEO2008
reference case, including CHP and end-use genera-
tion, grows by 2.2 percent per year, from 385 billion
kilowatthours in 2006 to 656 billion kilowatthours in
2030. The projection for renewable generation in the
AEQO2008 reference case, which includes State and
regional programs, is significantly higher than the
AEO02007 projection.

Energy-Related Carbon Dioxide
Emissions

Absent the application of CCS technology (which is
not expected to come into use without changes in cur-
rent policies that are not included in the reference
case), COq emissions from the combustion of fossil
fuels are proportional to fuel consumption and carbon
content, with coal having the highest carbon content,
natural gas the lowest, and liquid fuels in between.
In the AEO2008 reference case, the coal share of to-
tal energy use increases from 23 percent in 2006 to 25
percent in 2030, while the share of natural gas
falls from 22 percent to 20 percent, and the liquids
share falls from 40 percent to 37 percent. The com-
bined share of carbon-neutral renewable and nuclear
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energy grows from 15 percent in 2006 to 17 percent in
2030.

Taken together, projected growth in the absolute
level of primary energy consumption and a shift
toward a fuel mix with slightly lower average carbon
content cause projected energy-related emissions of
CO, (Figure 8) to grow by 16 percent from 2006 to
2030—slightly lower than the projected 19-percent
increase in total energy use. Over the same period,
the economy becomes less carbon-intensive, because
the 16-percent increase in CO, emissions is about
one-fifth of the projected increase in GDP (79 per-
cent), and emissions per capita decline by 5 percent.
In the AEO2008 reference case, projected energy-
related CO, emissions grow from 5,890 million metric
tons in 2006 to 6,851 million metric tons in 2030.
By comparison, in the AEO2007 reference case,
energy-related CO, emissions were projected to grow

Figure 8. U.S. carbon dioxide emissions by sector

and fuel, 1990-2030 (million metric tons)
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by about 35 percent, to 7,950 million metric tons in
2030, reflecting both a higher projection of overall
energy use and, to a lesser extent, a different mix of
energy sources.
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Table 1. Total energy supply and disposition in the AEO2008 and AEO2007 reference cases, 2006-2030

2010 2020 2030
Energy and economic factors 2006 | AEO2008 | AEO2007 | AEO2008 | AEO2007 | AEO2008 | AEO2007
Primary energy production (quadrillion Btu)
Petroleum. .. ... .. 13.16 15.03 14.42 15.71 14.85 14.15 13.71
Drynaturalgas. .. .........coo i, 19.04 19.85 19.93 20.24 21.41 20.00 21.15
Coal .o 23.79 23.97 24.47 25.2 26.61 28.63 33.52
Nuclear electricity. . . ......... .. .. 8.21 8.31 8.23 9.05 9.23 9.57 9.33
Hydroelectricity. .. ... 2.89 2.92 3.02 3.00 3.08 3.00 3.09
Biomass . ......... .. 2.94 4.05 4.22 6.42 4.69 8.12 5.26
Otherrenewableenergy. . ......... .. ... ... ....... 0.88 1.51 1.18 2.00 1.33 2.45 1.44
Other ... 0.50 0.54 0.67 0.58 0.89 0.64 1.12
Total. ..o e 71.41 76.17 76.13 82.21 82.09 86.56 88.63
Net imports (quadrillion Btu)
Petroleum. . ... ... .. .. 26.69 23.93 25.19 24.03 28.92 26.52 34.74
Naturalgas. ........ . . 3.56 3.96 4.67 3.66 5.48 3.28 5.59
Coal/other (- indicates export) .. .................... -0.28 -0.84 -0.19 1.06 0.93 1.86 1.57
Total. ..ot s 29.98 27.04 29.66 28.75 35.33 31.66 41.90
Consumption (quadrillion Btu)
Liquidfuels. . ... ... .. .. 40.06 40.46 41.76 42.24 46.52 43.99 52.17
Naturalgas. . ... . 22.30 23.93 24.73 24.01 27.04 23.39 26.89
Coal .o 22.50 23.03 24.24 25.87 27.29 29.90 34.14
Nuclear electricity . .. ........ ... 8.21 8.31 8.23 9.05 9.23 9.57 9.33
Hydroelectricity. . .. ... ... . 2.89 2.92 3.02 3.00 3.08 3.00 3.09
Biomass . ........ . 2.50 3.01 3.30 4.50 3.64 5.51 4.06
Otherrenewableenergy. . ......... .. ... ... ....... 0.88 1.51 1.18 2.00 1.33 2.45 1.44
Net electricity imports. . . ....... .. ... ... . ... 0.19 0.18 0.04 0.17 0.04 0.20 0.04
Total. ..o s 99.50 103.30 106.50 110.80 118.16 118.00 131.16
Liquid fuels (million barrels per day)
Domestic crude oil production .. .................... 5.10 5.93 5.67 6.23 5.89 5.59 5.39
Other domestic production. . ....................... 3.19 3.69 4.03 4.46 4.49 4.85 5.08
Netimports. . ... . 12.45 11.39 11.79 11.36 13.56 12.41 16.37
Consumption . ........ .. 20.65 20.99 21.59 21.96 24.03 22.80 26.95
Natural gas (trillion cubic feet)
Production ....... ... ... . 18.57 19.35 19.42 19.73 20.86 19.49 20.61
Netimports. . ... .. 3.46 3.85 4.55 3.55 5.35 3.18 5.45
Consumption .. ... 21.66 23.25 24.02 23.33 26.26 22.72 26.12
Coal (million short tons)
Production . ..... ... .. .. ... 1,177 1,179 1,202 1,281 1,336 1,467 1,704
Netimports. . ... . -15 -34 -7 46 41 78 68
Consumption . ... .. 1,114 1,145 1,195 1,327 1,377 1,545 1,772
Prices (2006 dollars)
Imported low-sulfur, light crude oil (dollars per barrel). . . . 66.02 74.03 59.23 59.70 53.64 70.45 60.93
Imported crude oil (dollars perbarrel) ................ 59.05 65.18 52.76 51.55 47.89 58.66 53.21
Domestic natural gas at wellhead
(dollars per thousand cubicfeet) .................... 6.42 6.33 5.93 5.44 5.39 6.63 6.16
Domestic coal at minemouth (dollars per short ton). .. . .. 24.63 26.16 24.94 22.51 22.24 23.32 23.29
Average electricity price (cents per kilowatthour). .. ... .. 8.9 9.2 8.3 8.6 8.1 8.8 8.3
Economic indicators
Real gross domestic product (billion 2000 dollars). . . . . . . 11,319 12,453 12,790 15,984 17,077 20,219 22,494
GDP chain-type price index (index, 2000=1.000). .. ..... 1.166 1.26 1.253 1.52 1.495 1.871 1.815
Real disposable personal income (billion 2000 dollars). . . 8,397 9,472 9,568 12,654 13,000 16,246 17,535
Value of manufacturing shipments (billion 2000 dollars) . . 5,821 5,997 6,298 7,113 7,779 7,997 9,502
Primary energy intensity
(thousand Btu per 2000 dollar of GDP) .............. 8.79 8.30 8.33 6.93 6.92 5.84 5.83
Carbon dioxide emissions (million metric tons)....... 5,890 6,011 6,214 6,384 6,944 6,851 7,950

Notes: Quantities are derived from historical volumes and assumed thermal conversion factors. Other production includes liquid hydrogen,
methanol, 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. For nuclear electricity, both production and consumption numbers are
based on its fossil-fuel-equivalent energy content.

Sources: AEO2008 National Energy Modeling System, run AEO2008.D030208F; and AEO2007 National Energy Modeling System, run
AEO2007.D112106A.
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Introduction

Because analyses by EIA are required to be pol-
icy-neutral, the projections in AEO2008 are based on
Federal and State laws and regulations in effect on or
before December 31, 2007. The potential impacts
of pending or proposed legislation, regula-
tions, and standards—or of sections of legisla-
tion that have been enacted but that require
implementing regulations or appropriation of
funds that are not provided or specified in the
legislation itself—are not reflected in the pro-
jections. Throughout 2007, however, at the request
of the Administration and Congress, EIA has regu-
larly examined the potential implications of proposed
legislation in Service Reports (see box on page 17).

Examples of Federal and State legislation incorpo-
rated in AEO2008 include:

+ EISA2007, signed into law on December 19, 2007,
which (a) includes an expanded RFS requiring the
use of 36 billion gallons of ethanol by 2022; (b) cre-
ates an attribute-based minimum CAFE standard
of 35 mpg by 2020 for cars and trucks; (c) estab-
lishes a program of CAFE credit trading and
transfer; (d) extends and then phases out the
CAFE credits established under the Alternative
Motor Fuels Act of 1988 (AMFA); (e) creates vari-
ous appliance efficiency standards; (f) establishes
a lighting efficiency standard starting in 2012;
(g) requires industrial electric motors to meet
the premium motor efficiency standards of the
National Electrical Manufacturers Association
(NEMA); and (h) creates or enhances a number of
other programs related to industrial waste heat or
natural gas efficiency, energy use in Federal
buildings, weatherization assistance, and manu-
factured housing (see below for more detailed dis-
cussion of the provisions in EISA2007 and their
handling in AEO2008)

* The provisions of EPACT2005 that remain in
effect and have not been superseded by EISA2007,
including: mandatory energy conservation stan-
dards; numerous tax credits for businesses and
individuals; elimination of the oxygen content
requirement for Federal reformulated gasoline
(RFG); extended royalty relief for offshore oil and
natural gas producers; authorization for DOE
to issue loan guarantees for new or improved
technology projects that avoid, reduce, or seques-
ter GHGs; a PTC for new nuclear facilities; and

extension and expansion of the PTC for electricity
generated from renewable fuels

* The Military Construction Appropriations Act
of 2005, which contains provisions to support
construction of the Alaska natural gas pipeline,
including Federal loan guarantees during con-
struction

* The Working Families Tax Relief Act of 2004,
which includes tax deductions for qualified clean-
fuel and electric vehicles and changes in the rules
governing oil and natural gas well depletion

* The American Jobs Creation Act of 2004, which
includes incentives and tax credits for biodiesel
fuels and a modified depreciation schedule for the
Alaska natural gas pipeline

+ State RPS programs, including the California
RPS passed on September 12, 2002

* The Clean Air Act Amendments of 1990 (CAAA-
90), which included new standards for motor gaso-
line and diesel fuel and for heavy-duty vehicle
emissions

* The National Appliance Energy Conservation Act
of 1987

* State programs for restructuring of the electricity
industry.

Examples of Federal and State regulations incorpo-
rated in AEO2008 include the following:

* The Mobile Source Air Toxics rule released by the
EPA on February 9, 2007 (MSAT2), which estab-
lishes controls on gasoline, passenger vehicles,
and portable fuel containers designed to signifi-
cantly reduce emissions of benzene and other haz-
ardous air pollutants [7]

* New stationary diesel regulations issued by the
EPA on July 11, 2006, which limit emissions of
nitrogen oxides (NO,), particulate matter, sulfur
dioxide (SOg), carbon monoxide, and hydro-
carbons to the same levels required by the EPA’s
nonroad diesel engine regulations.

More detailed information on recent legislative and
regulatory developments is provided below.

Energy Independence and Security Act
of 2007: Summary of Provisions

The Energy Independence and Security Act of 2007
was signed into law on December 19, 2007, and be-
came Public Law 110-140 [8]. Provisions in EISA2007
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EIA Service Reports on Proposed Legislation Released Since January 2007

The table below summarizes the Service Reports on proposed legislation completed since 2007. Those reports,
and others that were completed before 2007, can be found on the EIA web site at www.eia.doe.gov/oiaf/

service rpts.htm.

Availability on
EIA web site

Date of (www.eia.doe.gov/
Title release Requestor oiaflservicerpt/) Focus of analysis

Analysis of Crude Oil  May Senator Ted Stevens anwrfindex.html Provides an assessment of Federal oil and

Production in the 2008 natural gas leasing in the coastal plain of the

Arctic National Arctic National Wildlife Refuge (ANWR) in

Wildlife Refuge Alaska.

Energy Market and April Senators s2191/index.html  S. 2191 is a complex bill regulating emissions of

Economic Impacts 2008 Joseph Lieberman, GHGs through market-based mechanisms, energy

of S. 2191, the John Warner, efficiency programs, and economic incentives.

Lieberman-Warner John Barrasso, This analysis focuses on the impacts of the GHG

Climate Security Act James Inhofe, and cap-and-trade program established under Title I

of 2007 George Voinovich of S. 2191.

Federal Financial April Senator Lamar Alexander subsidy2/ Update to 1999 to 2000 EIA work on Federal

Interventions and 2008 index.html energy subsidies, including any additions or

Subsidies in Energy deletions of Federal subsidies based on

Markets 2007 Administration or Congressional action since
2000, and providing an estimate of the size of
each current subsidy. Subsidies directed to
electricity production are estimated on the basis of
generation by fuel.

Energy Market and January Senators Jeff Bingaman  lcea/index.html S. 1766 establishes a mandatory GHG allowance

Economic Impacts 2008 and Arlen Specter program to maintain covered emissions

of S. 1766, the at approximately 2006 levels in 2020, 1990 levels

Low Carbon Economy in 2030, and at least 60 percent below 1990 levels

Act of 2007 by 2050.

Oil and Natural Gas ~ December Representatives bmylindex.html Analyze selected provisions of H.R. 3221, the

Market Supply and 2007 Joe Barton, energy bill adopted by the House of

Renewable Portfolio Jim McCrery, Representatives (H.R.) in early August 2007. The

Standard Impact of and Don Young analysis focuses on Title VII, dealing with energy

Selected Provisions on Federal lands; Section 9611, which would

of H.R. 3221 establish a Federal renewable portfolio standard
for certain electricity sellers; and Section 13001,
which would eliminate the eligibility of oil and
natural gas producers and refiners to
claim deductions under Section 199 of the
Internal Revenue Code.

Supplement to: November Senators John Barrasso, biv/index.html Further energy and economic analysis to

Energy Market and 2007 James Inhofe, supplement information presented in EIA’s recent

Economic Impacts of and George Voinovich analysis of S. 280, the Climate Stewardship and

S. 280, the Climate Innovation Act of 2007.

Stewardship and

Innovation Act of 2007

Energy and Economic September Senator James Inhofe eeim/index.html Analysis of a “25-by-25" proposal that combines a

Impacts of 2007 requirement that a 25-percent share of electricity

Implementing a sales be produced from renewable sources by 2025

25-Percent Renewable with a requirement that a 25-percent share of

Portfolio Standard liquid transportation fuel sales also be derived

and Renewable Fuel from renewable sources by 2025. The electricity

Standard by 2025 requirement is implemented as a renewable
portfolio standard, while the motor fuel standard
is implemented as an RFS.

Energy Market and July Senators csiafindex.html Estimate of the economic impacts of S. 280, the

Economic Impacts of 2007 Joseph Lieberman Climate Stewardship and Innovation Act of 2007.

S. 280, the Climate and John McCain S. 280 would establish a series of caps on GHG

Stewardship and
Innovation Act of 2007

emissions starting in 2012 followed by
increasingly stringent caps beginning in 2020,
2030, and 2050.

(continued on page 18)
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that require funding appropriations to be imple-
mented, whose impact is highly uncertain, or that re-
quire further specification by Federal agencies or
Congress are not included in AEO2008. For example,
EIA does not try to anticipate policy responses to the
many studies required by EISA2007, nor to predict
the impact of research and development (R&D) fund-
ing authorizations included in the bill. Moreover,
AEO2008 does not include any provision that ad-
dresses a level of detail beyond that modeled in
NEMS, which was used to develop the AEO2008 pro-
jections. AEO2008 addresses only those provisions in
EISA2007 that establish specific tax credits, incen-
tives, or standards, including the following:

* RFSrequirements for the use of 36 billion gallons
of ethanol per year by 2022, with corn ethanol
limited to 15 billion gallons. Any other ethanol or
biodiesel may be used to fulfill the balance of
the mandate, but the balance must include 16
billion gallons per year of cellulosic ethanol by
2022 and 5 billion gallons per year of biodiesel by
2012.

* A new CAFE standard for LDVs (cars and light
trucks) of 35 mpg by 2020. The Act also
specifies that vehicle attribute-based standards
are to be developed separately for cars and light
trucks.

* A CAFE credit and transfer program among man-
ufacturers and across a manufacturer’s fleet.

+ Extension through 2019 of the CAFE credits spec-
ified under the AMFA. EISA2007 reduces the
maximum credit by 0.2 mpg for each model year
after 2014 and phases it out entirely by model year
2020.

* Appliance energy efficiency standards for boilers,
dehumidifiers, dishwashers, clothes washers, ex-
ternal power supplies, and commercial walk-in
coolers and freezers.

+ Lighting energy efficiency standards for general-
service incandescent lighting in 2012 and sooner
for general-service tubular fluorescent lighting
and metal halide lamp fixtures.

+ Standards for industrial electric motor efficiency,
requiring industrial motors of various sizes to

meet the NEMA premium motor efficiency stan-
dards.

+ Standards for energy use in Federal buildings, re-
quiring a 30-percent reduction by 2015.

The following discussion provides a summary of the
EISA2007 provisions included in AEO2008 and some
of the provisions that could be included if more

EIA Service Reports on Proposed Legislation Released Since January 2007 (continued)

Availability on
EIA web site

Date of (www.eia.doe.gov/
Title release Requestor oiaflservicerpt/) Focus of analysis
Impacts of a 15-Percent June Senator Jeff Bingaman  prpsf/index.html Analysts of a renewable portfolio standard

Renewable Portfolio 2007
Standard

requiring that 15 percent of U.S. electricity sales
be derived from qualifying renewable energy
resources.

Analysis of Alternative May Ms. Janice Mays, ptclindex.himl Analysis of alternative extensions of the existing

Extensions of the 2007 Chief Counsel, Committee PTC that would apply to wind generators only.
Existing Production on Ways & Means,

Tax Credit for Wind U.S. House of

Generators Representatives

Energy Market Impacts February Senator Norman Coleman portfoliolindex.html Analysis of a proposed clean energy portfolio

of a Clean Energy 2007 standard (CEPS). The proposed CEPS requires
Portfolio Standard - electricity suppliers to increase their share of
Follow-up electricity sales that is generated using clean
energy resources, including: nonhydropower
renewable resources, new hydroelectric or nuclear
resources, fuel cells, and fossil-fired plants that
capture and sequester COy emissions.
Energy Market and January Senators Jeff Bingaman, bllmss/index.html  Analysis of the impacts of a proposal that would
Economic Impacts of a 2007 Mary Landrieu, regulate emissions of GHGSs through an
Proposal to Reduce Lisa Murkowski, allowance cap-and-trade system. The program
Greenhouse Gas Arlen Specter, would set the cap to achieve a reduction in
Intensity with a Cap Ken Salazar, emissions relative to economic output, or GHG
and Trade System and Richard Lugar intensity.
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complete information were available about their
funding and implementation. This discussion is not a
complete summary of all the sections of EISA2007.
More extensive summaries are available from other
sources [9].

End-Use Demand
Buildings Sector

EISA2007 affects residential and commercial build-
ings in three specific areas: appliance and lighting
energy efficiency, energy savings in private-sector
buildings and industry, and energy savings in govern-
ment and public institutions.

Appliance and Lighting Energy Efficiency. Sub-
titles A and B in Title III of EISA2007 include provi-
sions with the potential to affect energy demand in
the buildings sector. Many of the provisions give DOE
the authority to set new efficiency standards or test
procedures for new efficiency standards. Where
EISA2007 specifies both efficiency levels and effective
dates in the standards, they are implemented directly
in the NEMS buildings modules. Where specific appli-
ances and future DOE updates to the standards are
not specified, they are not included in AEO2008.

Section 301 provides efficiency standards for external
power supplies, limiting wattage in both active and
no-load mode for units produced after July 1, 2008.
DOE is instructed to review the standards in the
future, but only the 2008 standard is included in
AEO02008. Section 303 increases the Federal effi-
ciency standard for residential boiler units manufac-
tured after September 1, 2012, providing a small
increase (less than 5 percent) over the current
standard. Dehumidifiers, clothes washers, and dish-
washers are subject to new standards between 2010
and 2012, as provided in Section 311. Energy conser-
vation standards for walk-in refrigerators and
walk-in freezers established in Section 312 require
energy-efficient elements in the doors, walls, motors,
and lighting of units manufactured in 2009 or later.
Section 313 amends electric motor efficiency stan-
dards, and Section 314 adds single-package vertical
air conditioners and heat pumps to the packaged air
conditioning and heating equipment covered by the
standards in EPACT2005. These two provisions
address a level of detail that is not modeled in NEMS,
and they are not included in AEO2008.

The largest projected energy savings from EISA2007
are the result of energy conservation standards for
efficient light bulbs described in Sections 321, 322,

and 324. Section 321 requires significant wattage re-
ductions (approximately 28 percent) in incandescent
lamps beginning in 2012, increasing to a reduction of
about 65 percent in 2020. Section 322 sets standards
for general-service fluorescent lamps and incandes-
cent reflector lamps, and Section 324 imposes mini-
mum ballast efficiency standards for metal halide
lamp fixtures beginning in 2009. Section 323 man-
dates the use of energy-efficient lighting fixtures and
bulbs to the maximum extent feasible in all Federal
buildings starting in 2009.

Energy Savings in Buildings and Industry. Pro-
visions under EISA2007 Title IV, Subtitle A, address
energy efficiency in residential buildings. Section 411
reauthorizes funding for weatherization programs
through fiscal year (FY) 2012; however, the program
has been targeted for elimination by DOE in its most
current budget and therefore is not included in
AEQ02008. Section 413 requires manufactured hous-
ing to comply with the most recent version of the
International Energy Conservation Code (IECC)
starting in 2012. This provision is included in
AEQ02008. The 2006 version of the IECC represents
the most recent code.

Provisions under Title IV, Subtitle B, establish an
office and a partnership consortium to promote
high-performance green building initiatives. Section
422 specifically directs the establishment of a Zero
Net Energy Commercial Buildings Initiative, with the
eventual goal of having all U.S. commercial buildings
use zero net energy by 2050. The provision includes
several research, development, and deployment activ-
ities and authorizes funding for the initiative through
2018. Because the activities depend on future appro-
priations, they are not included in AEO2008.

Title IV, Subtitle C, addresses Federal energy use, up-
dating energy intensity reduction goals and perfor-
mance standards for Federal buildings, mandating
energy and efficiency management, providing for the
development of high-performance green building
standards for Federal facilities, and directing the
establishment of a program to accelerate Federal use
of cost-effective technologies and practices. Federal
purchasing requirements for energy intensity reduc-
tion and performance standards are represented in
AEO02008 as a result of earlier Executive Orders and
legislation. Other aspects of these provisions either
address a level of detail that is not modeled in
AEQO2008 or are not included because they depend on
future appropriations.
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Provisions under the other Subtitles of Title IV
address data center efficiency, environmental quality
in schools, and sustainability and efficiency grants
and loans for institutions. These provisions are not
included in AEO2008, because they depend on future
appropriations or address a level of detail that is not
modeled in NEMS.

Energy Savings in Government and Public In-
stitutions. Title V contains a variety of provisions,
including promotion of efficiency and environmental
measures for the Capitol complex; promotion and per-
manent authorization of energy savings performance
contracts; standards for Federal purchase of specific
technologies; and authorization for funding of State
energy programs, utility efficiency incentives, and
local energy efficiency block grants. Federal pur-
chasing requirements governing purchases of cost-
effective energy-efficient products are represented in
AEO2008 as a result of earlier Executive Orders and
legislation. The provisions in EISA2007 Title V are
not included in AEO2008, because they depend on
future appropriations or address a level of detail that
is not modeled in NEMS.

Industrial Sector

EISA2007 includes several provisions in Titles IIT and
IV that could affect energy demand in the U.S. indus-
trial sector; however, provisions in Title VI, Acceler-
ated Research and Development, that may affect

industrial energy consumption over the long term are
not included in AEO2008.

Section 313 of Title III increases or creates minimum
efficiency standards for newly manufactured general-
purpose electric motors that must be met within 3
years of enactment (Table 2). Efficiency standards
for general-purpose, integral-horsepower induction
motors are raised, with the exception of fire pump
motors. Minimum standards are created for seven
types of poly-phase, integral-horsepower induction
motors and NEMA design B motors (201 to 500 horse-
power) not covered under the previous standards

Table 2. Representative efficiency standards
for enclosed motors (percent)

Horsepower EPACT1992 EISA2007

1 82.5 85.5

5 87.5 89.5

20 91.0 93.0

50 93.0 94.5

100 94.5 95.4

200 95.0 96.2

500 — 96.2

in the Energy Policy Act of 1992 (EPACT1992). These
standards are included in AEO2008 for industrial
motor additions.

Sections 451, 452, and 453 direct the EPA to survey
all major industrial combustion sources and create a
registry of the quantity and quality of waste energy at
each site. DOE may provide up to 50 percent of the
funding for a feasibility study to determine whether
the waste heat can be captured with a 5-year payback.
In addition, DOE is authorized to provide grants of
nearly $200 million per year to industrial partner-
ships for research on energy savings. Finally, these
sections create a program that collects best practices,
designs, processes, and innovations for building en-
ergy-efficient data centers. These provisions are not
funded and are not included in AEO2008.

Transportation Sector

EISA2007 Title 1, Section 102, requires that the aver-
age manufacturer’s fleet fuel economy for cars and
light-duty trucks be increased, starting in 2011, to an
average of 35 mpg by 2020, based on the EPA test
value used to measure compliance with the CAFE
standard. The EPA CAFE test value generally differs
from the estimated mpg value on the fuel economy
label and, typically, exceeds the actual on-the-road
fuel economy of a new vehicle by a significant margin.
For model years 2021 through 2030, Section 102
specifies that the average fuel economy must be set
at the maximum feasible average for each fleet. In
AEO02008, fuel economy standards for LDVs are
assumed to remain at the 2020 level. AEO2008 in-
cludes attribute-based fuel economy standards for
light trucks, given vehicle footprint [10] and sales
share. It uses these fuel economy curves to achieve
the overall fleet fuel economy standard of 35 mpg.
The fuel economy standards for cars are not attrib-
ute-based, but they apply to the manufacturer’s fleet
of both domestic and imported vehicles. In AEO2008,
the fuel economy standard for cars is assumed to
increase from 27.5 mpg in 2010 to 41.0 mpg in 2020.
For light trucks, the footprint-based average fleet fuel
economy standard increases from 24.0 mpg in 2011 to
31.0 mpg in 2020.

Section 103 requires the development of fuel economy
standards for work trucks—=8,500 pounds to less than
10,000 pounds gross vehicle weight rating (GVWR)—
and commercial medium- and heavy-duty on-highway
vehicles (GVWR 10,000 pounds or more). The new
fuel economy standards require consideration of
vehicle attributes and duty requirements and can
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prescribe standards for different vehicle classes, such
as buses used in urban operation or semi-trucks used
primarily in highway operation. Section 103 provides
a minimum lead time of four full model years before
the new fuel economy standard is adopted, and a min-
imum of three full model years after the new fuel
economy standard has been established before the
fuel economy standards for work trucks can be modi-
fied. Because these fuel economy standards are pend-
ing, and because NEMS currently does not model fuel
economy regulations for work trucks or commercial
medium- and heavy-duty vehicles, this aspect of
EISA2007 is not included in AEO2008.

Section 104 establishes a fuel economy credit trading
program. Currently, CAFE credits earned by manu-
facturers can be banked for up to 3 years and can be
applied only to the fleets (car or light truck) from
which the credits were earned. Starting in model year
2011, the credit trading program will allow manufac-
turers whose vehicles exceed the minimum fuel econ-
omy standards to earn credits that can be sold to
other manufacturers whose vehicles fail to achieve
the prescribed standards. The credit trading program
is designed to ensure that the total fuel savings for
manufacturers exceeding the prescribed standards
are preserved when credits are sold to manufacturers
not achieving the standards.

The credit trading program begins in 2011, and
EISA2007 allows manufacturers to apply credits
earned to any of the three model years before the
model year for which they are earned and to any of
the five model years after the credits are earned.
Credit transfers within a manufacturer’s fleet are
limited to specific maximums: 1.0 mpg for model
years 2011 through 2013, 1.5 mpg for model years
2014 through 2017, and 2.0 mpg for model years 2018
and later. NEMS currently allows for sensitivity anal-
ysis of CAFE credit banking by manufacturer fleet
but does not model the trading of credits among dif-
ferent manufacturers. Consequently, AEO2008 does
not include trading of fuel economy credits.

Section 109 extends the CAFE credits specified under
AMFA through 2019. Before the passage of EISA-
2007, the CAFE credits under AMFA were scheduled
to expire after model year 2010. Currently, 1.2 mpg is
the maximum CAFE credit that can be earned for
selling alternative-fuel vehicles. EISA2007 extends
the 1.2 mpg credit maximum through 2014 and
reduces the maximum by 0.2 mpg for each following
year until it is phased out by model year 2020. NEMS

currently does not model CAFE credits earned from
alternative-fuel vehicles sales, and AEO2008 does not
consider this section of EISA2007.

Petroleum, Ethanol, and Biofuels

This section summarizes the numerous provisions
of EISA2007 affecting the supply, composition, and
refining of petroleum and related products that are
included in AEO2008.

Renewable Fuels Standard

EISA2007 Title II, in Subtitles A and B, includes an
updated RFS that increases the requirement for to-
tal U.S. consumption of renewable fuels from the 7.5
billion gallons in 2012 as specified in EPACT2005 to
36 billion gallons in 2022. Mandates are set for
specific types of renewable fuels, including both con-
ventional biofuels (corn-based ethanol) and advanced
biofuels that are not derived from corn starch (such as
cellulosic ethanol, butanol, or diesel products and
biomass-based diesel [11].

The advanced biofuel requirement comes into effect
in 2009 at 0.6 billion gallons and rises to 21 billion gal-
lons in 2022. In 2015 and thereafter, the maximum
amount of corn-based ethanol that can be applied to
the overall RFS is 15 billion gallons. The cellulosic
biofuel requirement starts in 2010 at 0.1 billion gal-
lons and rises to 16 billion gallons in 2022. The bio-
mass-based diesel requirement begins at 0.5 billion
gallons in 2009 and rises to 1 billion gallons in 2012,
with the remaining years to be determined by the
EPA Administrator.

EISA2007 also establishes a life-cycle GHG standard
for biofuels. The GHG standard for all biofuels is
based on the 2005 emission level for the particular
type of transportation fuel. Corn-based ethanol
must achieve a 20-percent reduction in life-cycle
GHG emissions, which would disqualify future corn
ethanol production facilities that use coal for process
heat. In addition to being defined as not being
derived from corn starch, advanced biofuels are
further defined as any renewable fuels that reduce
emissions by at least 50 percent. Finally, 60 percent
or more of the reduction in emissions must be
achieved before any cellulosic biofuel can qualify
under that category.

Given uncertainty about whether the new RFS sched-
ule can be achieved, EISA2007 contains a general
waiver based on technical, economic, or environ-
mental feasibility. In addition, the cellulosic biofuel
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mandate includes a credit program that is activated
only in years when the mandated level of cellulosic
biofuel is judged by the EPA Administrator as un-
likely to be met. For all the fuel mandates, if there is a
20-percent deficit in more than two consecutive years
or a 50-percent deficit in any one year, regulatory
adjustment mechanisms are provided to lower the
mandated levels from that point forward. This rule,
which could be enacted by the EPA Administrator no
sooner than 2016, would modify all applicable vol-
umes (including the overall and advanced biofuel
totals) for all subsequent years.

The RFS is included in AEO2008, with cellulosic
biofuel credit and waiver provisions that are consis-
tent with those in the existing law. Actual renewable
fuel supplies in any year are allowed to exceed the
minimum RFS requirements, depending on the
availability of technology and feedstocks and the rela-
tive costs of renewable fuels and competing petro-
leum products. Because the RFS does not explicitly
specify the level of the mandate after 2022, AEO2008
assumes that it will remain at the 2022 level through
2030.

In order to achieve the biofuel consumption levels
mandated in EISA2007, significantly more biofuels
must be consumed than can be blended into gasoline
as E10. Other than requiring studies involving
ethanol pipelines and similar infrastructure issues,
EISA2007 does not directly provide for infrastructure
improvements that may be necessary. In AEO2008,
the amount of ethanol in excess of what can be con-
sumed in E10 is assumed to be used in E85. Flexible-
fuel vehicles are assumed to be available in sufficient
numbers to use the required amounts of E85, and E85
distribution infrastructure is assumed to be built over
a technically practicable period. The infrastructure
development costs are spread across all transporta-
tion fuels.

E85 infrastructure costs potentially could be reduced
if biobutanol or ethanol-gasoline blends containing
more than 10 percent ethanol (other than E85) were
able to meet a significant portion of the RFS; how-
ever, AEO2008 assumes that neither will actually
contribute to meeting the EISA2007 mandates. At
present there is little commercial activity for
biobutanol, and only a few tests are under way [12].
Automakers and engine manufacturers are con-
cerned about ethanol-related problems in vehicles
built to run on gasoline blends no higher than
E10, because higher ethanol blends are corrosive to

engines not designed to handle them, and their use
could adversely affect performance and cause vehicle
warranties to be voided [13].

Amortization of Geological and Geophysical
Expenditures

EISA2007 extends the 5-year amortization period
for geological and geophysical expenditures by major
integrated oil companies to 7 years as of the enact-
ment of the bill. Because the NEMS oil and gas supply
model does not directly represent geological and geo-
physical expenditures, this change is not included in
AEO02008.

Electricity

EISA2007 includes few provisions that affect elec-
tricity generation or transmission. Title XIII, Smart
Grid, promotes a modernization of the electricity
transmission and distribution system to strengthen
reliability and energy efficiency. Funding is provided
for research and demonstration projects, as well as
matching funds for qualifying investments. States are
to encourage, but not require, utilities to adopt smart
grid technology and allow them to recover their costs
through rate increases. The bill does not include
enough specific information to support NEMS projec-
tions of changes in investment or prices for electricity
transmission and distribution, but it is implicitly
assumed in AEO2008 that electricity will be provided
reliably.

Coal

Industries that rely on coal could benefit from EISA-
2007 Title VII, Carbon Capture and Sequestration, if
CO, emissions are restricted in the future. Sections
702 through 711 expand authorized funding and pro-
vide greater detail on the carbon capture and develop-
ment program originally established in EPACT2005,
Section 963. EISA2007 Sections 702 through 711 are
not included in AEO2008, because the authorized
funds have not been appropriated and the effects
of the included research, development, and other
projects are uncertain.

Section 702 authorizes $240 million per year from
2008 through 2012 for carbon sequestration projects,
an increase from the amount authorized in EPACT-
2005. Among the R&D programs supported under
Section 702 are the development of a minimum
of seven large-scale geologic sequestration pro-
jects, with each project capable of injecting at least
1 million tons of CO, annually. Geologic formations

22 Energy Information Administration / Annual Energy Outlook 2008



Legislation and Regulations

that potentially could be used for sequestration in-
clude operating or depleted oil and natural gas fields,
unmineable coal seams, deep saline or basalt forma-
tions, and deep geologic resources from which eco-
nomical geothermal heat is extracted. Monitoring,
mitigation, and verification of CO, containment are
also required under Section 702.

Section 703 authorizes additional funding of $200
million per year from 2009 through 2013 for R&D
projects focused on capture, purification, compres-
sion, transportation, and injection of CO, emitted
from industry sources. In the decision to undertake
Section 703 projects, the Secretary of Energy may
prioritize projects that include sequestration pro-
grams described under Section 702; however,
integration is not a requirement for funding. As
noted above, these R&D provisions are not included
in AEO2008.

Section 706 recognizes that the CCS program must
adhere to the Safe Drinking Water Act. Additional
provisions in EISA2007 authorize funds for the edu-
cation and training of individuals to work in the CCS
field. None of these provisions is specifically reflected
in AEO2008.

Section 711 requires the Secretary of the Interior and
the Director of the United States Geological Survey
(USGS) to develop an assessment of the potential,
including geographical extent and capacity, of geo-
logic formations to sequester carbon. The Secretary
of Energy and the Secretary of the Interior are
further charged with the responsibility for creating
a database of possible sequestration sites, ranked by
capacity and risk. Section 711 authorizes total fund-
ing of $30 million from 2008 through 2012. This sec-
tion does not pertain directly to AEO2008 and is not
included.

Renewable Energy

In addition to the renewable energy provisions affect-
ing the transportation, industrial, and buildings
sectors, EISA2007 contains provisions authorizing
several R&D programs for renewable energy use in
the electric power sector. Specifically, Title VI calls
for renewed, new, or enhanced R&D, educational,
and technology transfer programs in the areas of
solar energy (Sections 601-607), geothermal energy
(Sections 611-625), and marine and hydrokinetic
energy (Sections 631-636). Section 656 authorizes
the Renewable Energy Innovation Manufacturing
Partnership to advance manufacturing methods

that use renewable energy. Appropriations for the
authorized programs are not provided in the bill,
however, and the programs are not included in
AEO02008.

Other titles in EISA2007 contain provisions directly
related to renewable electricity generation, but they
either call for programs to be established or require
specific appropriations that have not been made and,
therefore, are not included in AEO2008. Section 803
authorizes direct grants for eligible renewable energy
development projects. Section 806 is a nonbinding
“sense of the Congress” statement that the Nation
should strive to achieve a 25-percent renewable share
of total energy consumption by 2025, while also pro-
viding sufficient food, feed, and fiber from agricul-
tural resources. This statement does not contain any
enforceable provisions or require any specific policy
actions. Section 807 requires the Secretary of Interior
to compile a comprehensive assessment of domestic
geothermal resources. Section 1002 calls for the es-
tablishment of a workforce training program for
trades related to renewable and energy efficiency.
Section 1201 establishes a loan program for small
businesses that want to purchase renewable energy
or energy efficiency systems. Section 1207 establishes
a program to support venture capital funding for new
renewable energy businesses.

Federal Fuels Taxes and Tax Credits

The AEO2008 reference case incorporates current
regulations that pertain to the energy industry. This
section describes the handling of Federal taxes and
tax credits in AEO2008, focusing primarily on areas
where regulations have changed or the handling of
taxes or tax credits has been updated.

Excise Taxes on Highway Fuel

The handling of Federal highway fuel taxes remains
unchanged from AEO2007 [14]. Gasoline is assumed
to be taxed at 18.4 cents per gallon, diesel at 24.4
cents per gallon, and kerosene jet fuel at 4.4 cents per
gallon [15]. Taxes are not adjusted for inflation and
remain at the same nominal values throughout the
projections. State fuel taxes are calculated on the ba-
sis of a volume-weighted average of gasoline, diesel,
and jet fuels sold. The handling of State fuel taxes was
updated as of July 2007 [16].

Biofuels Tax Credits

The most significant change for AEO2008 is in the
handling of Federal fuels taxes and credits that
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pertain to biofuels. Several Federal tax credits are
available for liquid fuel blenders who blend ethanol
into gasoline or biodiesel into diesel fuel or heating
oil. Under the Volumetric Ethanol Excise Tax Credit
(VEETC) [17], blenders are eligible for a tax credit of
$0.51 per gallon of ethanol blended. Thus, the tax
credit is equal to $0.051 per gallon for E10 and $0.434
per gallon for E85 [18]. The credit is scheduled to
expire at the end of 2010. Biodiesel also receives a tax
credit under VEETC, equal to $1.00 per gallon for
“agri-biodiesel” and $0.50 per gallon for “waste-
grease biodiesel” made from recycled vegetable oils
and animal fats. Currently, the credits are scheduled
to expire in 2008 [19, 20]. In AEO2008, both tax
credits are assumed to expire according to the provi-
sions of existing laws [21].

EPACT2005 provides small producers of ethanol, up
to 60 million gallons [22], with an income tax credit of
$0.10 per gallon on production volumes up to 15 mil-
lion gallons. Because the credit affects only a small
portion of the overall ethanol supply and is scheduled
to expire on December 31, 2008, it is not included in

AEO02008.

Ethanol Import Tariff

Two duties currently are imposed on imported etha-
nol. The first is an ad valorem tariff of 2.5 percent; the
second is a tariff of $0.54 per gallon, which is applied
after the ad valorem tariff. The second tariff, which
was set to expire in October 2007 but has been ex-
tended to January 1, 2009, allows for limited duty-
free imports from designated Central American and
Caribbean countries, not exceeding 7 percent of do-
mestic production in the previous year. In the
AEO02008 projections, ethanol imports increase after
the tariff expires.

Production Tax Credits for
Renewable Electricity Production

The handling of the Federal PTC for renewable elec-
tricity has been updated for AEO2008 to be consistent
with current legislation. The PTC, which was set to
expire on December 31, 2007, was extended to Decem-
ber 31, 2008, by the Tax Relief and Health Care Act of
2006, Public Law (P.L.) 109-432. It provides a benefit
of $0.020 per kilowatthour (real 2007 dollars) for the
first 10 years of an eligible renewable energy facility’s
operation, boosting the growth of U.S. wind capacity
in the near term. In the AEO2008 reference case,
wind capacity in the electric power sector grows from
15.9 gigawatts in 2007 to 20.2 gigawatts in 2008, as

compared with the AEO2007 projection of 16.6 giga-
watts in 2008.

Mobile Source Air Toxics Rule

On February 9, 2007, the EPA released its MSAT2
rule, which will establish controls on gasoline,
passenger vehicles, and portable fuel containers. The
controls are designed to reduce emissions of benzene
and other hazardous air pollutants [23]. Benzene is
a known carcinogen, and the EPA estimates that
mobile sources produced more than 70 percent of all
benzene emissions in 1999. Other mobile source air
toxics, including 1,3-butadiene, formaldehyde, acetal-
dehyde, acrolein, and naphthalene, also are thought
to increase cancer rates or contribute to other serious
health problems. The MSAT2 rule sets a revised spec-
ification for benzene, which will take effect in 2011.
The regulations on passenger vehicles, which will
control hydrocarbon emissions in colder tempera-
tures, will be implemented from 2010 to 2015. The
rule also sets more stringent controls on portable fuel
containers, beginning in 2009.

The MSAT?2 rule has been included in AEO2008 by
modifying the NEMS representation of refinery pro-
cessing of catalytic reformer feed. Although virtually
every refinery will meet the requirement in a differ-
ent way, most will involve treatment of the feed or
product or the operation of the catalytic reformer.

Beginning on January 1, 2011, all gasoline products
(including both reformulated and conventional
gasoline) produced at refineries will be required to
contain no more than 0.62 percent benzene by vol-
ume. (This does not apply to gasoline produced or sold
in California, which is already covered by the current
California Phase 3 Reformulated Gasoline program.)
Approved small refineries will be required to conform
to the rule by 2015. The second part of the standard
requires that the actual average benzene levels that
each refinery produces be no greater than 1.3 percent
by volume by July 1, 2012 (July 1, 2016 for small
refiners). The actual level is the level reached without
use of any credits.

The published rule for gasoline benzene control in-
cludes an averaging, banking, and trading (ABT)
program that is consistent with past EPA fuel regula-
tions, allowing refiners to choose the most economical
compliance strategy to meet the 0.62-percent annual
average standard either by investing in new technol-
ogy or by buying credits from the ABT program.
From 2007 to 2010, the ABT program allows refiners
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to build “early credits” by making qualifying benzene
reductions earlier than required. In 2011 and beyond,
refiners and importers can generate “standard cred-
its” by producing or importing gasoline with benzene
levels below 0.62 volume percent on an annual
average basis. The credits will be interchangeable
between refiners and importers nationwide and can
be “banked” for future use. The 3-year lag following
establishment of the credit program provides the time
necessary for small refiners to finish capital projects
that are needed to meet the new standards without
relying on credits. The rule also establishes a tempo-
rary hardship provision, which will provide refiners
and importers with temporary relief from the
benzene standards under certain rare circumstances
(such as a refinery fire or natural disaster).

EPACT2005 Loan Guarantee Program

Title XVII of EPACT2005 authorized DOE to issue
loan guarantees for projects involving new or im-
proved technologies to avoid, reduce, or sequester
GHGs. The law specified that the amount of the guar-
antee would be up to 80 percent of a project’s cost.
EPACT2005 also specified that DOE must receive
funds equal to the “subsidy cost” either through the
Federal appropriations process or from the firm re-
ceiving the guarantee [24]. As discussed in AEO2007,
this program, by lowering borrowing costs, can have a
major impact on the economics of capital-intensive
technologies [25].

In August 2006, DOE announced its first solicitation
for $2 billion in loan guarantees. Even though the
entire subsidy costs would be paid by successful appli-
cants, DOE believed that authorization from Con-
gress in an appropriations bill was required, and
because there was no such authorization at the time,
the requests were considered “pre-applications.”
Consequently, the effects of the solicitation were
not included in AEO2007. In February 2007, DOE
did receive authorization to issue a total of $4 billion
in guarantees. To codify DOE’s view that authoriza-
tion is needed, the omnibus appropriations bill for
FY 2008 passed by Congress in December 2007
(H.R. 2764) and its accompanying conference report
required DOE to submit a loan guarantee implemen-
tation plan to both the House and Senate Appropria-
tions Committees for approval 45 days before DOE
issues any future solicitations.

The conference report also directed DOE “to make
no authority in excess of” $38.5 billion for FY 2008

and FY 2009 [26] and allocated the $38.5 billion
cap as follows: $18.5 billion for nuclear plants; $6
billion for carbon capture technologies; $2 billion for
advanced coal gasification units; $2 billion for
“advanced nuclear facilities for the ‘front end’ of the
nuclear fuel cycle”; and $10 billion for technologies
related to renewables, energy conservation, distrib-
uted energy, and electricity generation, transmission,
and distribution.

The guidelines that accompanied the August 2006
solicitation—which stated that DOE would only guar-
antee up to 80 percent of a project’s debi—were
criticized by some in the investment community and
the nuclear industry for failing to take maximum
advantage of the loan guarantee provision in EPACT-
2005, which allows DOE to guarantee up to 80 per-
cent of a project’s cost [27]. The final rule that
formalized the guidelines, issued in October 2007, al-
lows for up to 100 percent of the project debt to be
guaranteed. This approach was codified in EISA2007.

Because future solicitations have not yet been issued
and remain subject to approval of a loan guarantee
implementation plan by the Appropriations Commit-
tees, only the effects of the August 2006 solicitation
are included in AEO2008. Table 3 summarizes the
number of applications and the requested amounts
that could be guaranteed for various technologies in
the solicitation. In total, DOE received 143 applica-
tions for $27 billion in loan guarantees for projects
costing $51 billion [28]. In October 2007, DOE
released information about the 16 projects and spon-
sors that will be invited to submit full applications.
Because the final approval process will take some
time, AEO2008 assumes that the dollar amount of the
approved guarantees will be roughly proportional
to the requested guarantees. Accordingly, AEO2008
includes an additional 1.2 gigawatts of capacity at
advanced coal-fired power plants and 250 megawatts
at solar power plants that are built as a result of the
loan program. (The other projects in the October 2007
announcement were for technologies that are outside
the scope of AEO2008.)

State Renewable Energy Requirements
and Goals: Update Through 2007

In recent years, the AEO has tracked the growing
number of States that have adopted requirements or
goals for renewable energy. While there is no Federal
renewable generation mandate, the States have been
adopting such standards for some time. AEO2005
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provided a summary of all existing programs in effect
at that time [29], and subsequent AEOs have exam-
ined new policies or changes to existing ones [30,31].
Since the publication of AEO2007, four States have
enacted new RPS legislation, and five others have
strengthened their existing RPS programs. In total,
25 States and the District of Columbia now have man-
datory RPS programs (Table 4). At least four other
States—Missouri, North Dakota, Vermont, and Vir-
ginia—have voluntary renewable energy programs.

All mandatory State RPS programs enacted as of
the end of 2007 are represented in the AEO2008
reference case. While States differ in aspects such
as eligible generation technologies and compliance
penalties, a regional representation was created for
modeling purposes. With the exception of California
and New York, where eligible future renewable gen-
eration is uncertain because of funding limitations for
State-supported programs, all States were assumed
to meet their program targets, consistent with region-
ally aggregated compliance schedules. EIA estimated
compliance generation in California and New York
based on regional costs and authorized funding levels.
In estimating diverse State mandates on a regional
level, some precision is lost; however, including the
State RPS programs in the reference case results in a
better projection that is more consistent with current
legislation and regulation. If recent trends continue,
the State RPS programs will exert growing influence
over the national energy mix.

Four States enacted new mandatory RPS programs
over the past year:

New Hampshire. In May 2007, the State enacted an
RPS which requires that the renewable share of
energy consumed for electricity generation increase
through 2025, reaching nearly 24 percent by 2025
[32]. Approximately 16 percent of all electricity sales
must be from renewable facilities that begin opera-
tion after 2006. New Hampshire will collaborate
with the New England control area to establish a

renewable energy certificate (REC) program. Eligible
generation must occur within New England or be con-
sumed by costumers in the area. In this legislation,
different renewable technologies are given distinct
classifications with minimum generation require-
ments and compliance penalties. Solar power, which
has the highest compliance penalty, must make up 0.3
percent of total sales by 2015 to reach the mandate.

North Carolina. The State established an RPS in
August 2007 with different targets for inves-
tor-owned utilities, municipal suppliers, and electric
cooperatives [33]. Investor-owned utilities must gen-
erate 12.5 percent of their total electric sales from re-
newable generation sources by 2021. Until 2018,
one-quarter of this requirement can be met through
the implementation of energy efficiency technologies.
After 2018, 40 percent of the requirement can be met
through the use of energy efficiency technologies.
Municipal suppliers and electric cooperatives have a
renewable mandate of 10 percent of retail electricity
sales by 2018. In addition to the energy efficiency pro-
vision, municipal suppliers and electric cooperatives
may meet a majority of the mandate through de-
mand-side management and the use of large hydro-
electric facilities. North Carolina will use an REC
market, and limited out-of-State generation qualifies
in meeting the RPS.

Oregon. The State enacted an RPS in June 2007,
with standards that vary according to the size of the
electricity provider [34]. Larger utilities must pro-
duce 25 percent of their electricity sales from renew-
able resources by 2025. Medium-sized suppliers have
a 10-percent requirement and small providers a 5-
percent requirement. Any renewable power plant
coming online after 1995 is considered eligible toward
meeting the State renewable energy goal. Oregon will
use an REC market exclusive to the State, and credits
will be capped at a price yet to be determined.

Washington. Voters approved Initiative 937 in
November 2006, enacting the Nation’s second ballot

Table 3. Summary of DOE’s August 2006 loan guarantee solicitation

Applications Project costs Guarantees
Amount requested
Technology Number Percent of total (billion dollars) Percent of total (billion dollars)
Biomass 70 49 6 11 4
Advanced fossil fuel 23 16 35 69 16
Solar 17 12 3 6 2
Energy efficiency 9 6 4 7 3
Other 24 17 4 7 2
Total 143 100 52 100 27
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Table 4. State renewable portfolio standards

State Program mandate

AZ ACC Decision No. 69127 requires 15 percent of sales to be renewable by 2025, with interim goals increasing annually. A specific
percentage of the target must be from distributed generation. Multiple credits may be given for solar generation and in-State
manufactured systems.

CA Public Utilities Code, Section 399.11-399.20, mandates that 20 percent of sales be renewable by 2010. There are also longer-term
goals. Renewable projects with above-market costs will be funded by supplemental energy payments from a limited fund, possibly
limiting renewable generation below the 20-percent requirement.

CO House Bill 1281 strengthened the renewable target to 20 percent by 2020 for investor-owned utilities. There is a 10-percent
requirement in the same year for cooperative and municipal utilities. Moreover, 2 percent of total sales by investor-owned utilities
must be from solar power. In-State generation receives a 25-percent credit premium.

CT Public Act 07-242 strengthened the original RPS provisions and mandated a 27-percent renewable sales requirement by 2020.
Included in the total is a 4-percent mandate from greater efficiency or CHP systems. Three percent of the overall total may be met
from waste-to-energy facilities and conventional biomass.

DE Senate Bill 19 strengthened the RPS to 20 percent of sales by 2019. There is a separate requirement for solar generation (2 percent of
the total), and compliance failure results in higher penalty payments. Solar technologies receive triple credits.

DC Enacted in 2005, the RPS mandates that 11 percent of sales be renewables by 2022. Some technologies receive bonus credits and
awards for early installations of renewable systems.

HI Senate Bill 3185 amended the RPS to increase the mandate to 20 percent by 2020. All existing renewable facilities are eligible in
meeting the target, which has two interim milestones.

IL  Public Act 095-0481 created an agency responsible for overseeing the mandate of 25 percent renewable sales by 2025. There are
escalating annual targets, and 75 percent of the requirements must be from wind-generated electricity. The plan also includes a cap
on the incremental costs added from renewable penetration.

IA An RPS mandating 105 megawatts of renewable energy capacity has already been exceeded.

ME In 2007, Public Law 403 added to the State’s RPS requirements. Originally a mandate of 30 percent renewable generation by 2000
was set to be lower than current generation. The new law states that new renewable resource capacity must increase to 10 percent of
electricity generation by 2017 and in the subsequent years. The years leading up to 2017 also have new capacity milestones.

MD Senate Bill 595 revised the RPS to contain a 9.5-percent target by 2022. Moreover, renewable generation technologies are categorized
into differing share requirements. Penalty payments for compliance shortfalls were also determined.

MA The RPS has a 4-percent renewable sales total by 2009 with an optional 1-percent annual increase thereafter (not reflected in
AEO2008). The State also imposes penalty payments for compliance shortfalls.

MN Senate Bill 4 created a 30-percent renewable requirement by 2020 for Xcel, the State’s largest supplier, and a 25-percent requirement
by 2025 for others. Also specified was the creation of a State cap-and-trade program that will assist the program’s implementation.

MT House Bill 681 expanded the RPS prouvisions to all suppliers. Initially the law covered only public utilities. A 15-percent share of
sales must be renewable by 2015. The State operates an REC market.

NV Established in 1997 and revised in 2005, the State’s escalating target reaches 20 percent by 2015. Up to one-quarter may be met
through efficiency measures. There is also a minimum requirement and bonus requirements for solar resources.

NH House Bill 873 legislated that 23.8 percent of sales must be renewable by 2025. 16.3 percent of total sales must be from renewable
facilities that have begun operation after 2006. Compliance penalties vary by generation type.

NJ In 2006, the RPS was revised to increase renewable energy targets. The current level for renewable generation is 22.5 percent of sales
by 2021, with interim targets. There are different requirements for different technologies, including a 2-percent solar mandate.

NM Senate Bill 418 directs investor-owned utilities to have 20 percent of their sales renewable by 2020. The renewable portfolio must
consist of diversified technologies, and wind and solar each must account for 20 percent of the target. There is a separate 10-percent
standard by 2020 for cooperatives.

NY The Public Service Commission issued RPS rules in 2005 that call for renewable sales of 24 percent by 2013, from current levels of
19 percent.

NC Senate Bill 3 created an RPS of 12.5 percent by 2021 for investor-owned utilities. There is also a 10-percent requirement by 2018 for
cooperative and municipal suppliers. Through 2018, one-quarter of the target may be met through efficiency standards; that
proportion increases to 40 percent in later years.

OR In June 2007, Senate Bill 838 required renewable targets of 25 percent by 2025 for large utilities and 5 to 10 percent by 2025 for
smaller utilities. Any source of renewable electricity on line after 1995 is considered eligible. Compliance penalty caps have not been
determined.

PA The Alternative Energy Portfolio Standard has an 18-percent requirement by 2020. At least 8 percent of the sales must be renewables,
but there is also a provision that allows for certain coal resources to receive credits.

RI The program requires 16 percent of total sales to be renewable by 2020. The interim program targets escalate more rapidly in later
years. If the target is not met, a generator must make an alternative compliance payment.

TX Senate Bill 20 strengthened the State’s RPS to mandate 5,880 megawatts of renewable capacity by 2015. There is also a target of 500
megawatts of renewable capacity other than wind.

WA Voters approved Initiative 937, which specifies that 15 percent of sales from the State’s largest generators must come from renewable
sources by 2020. There is an administrative penalty of 5 cents per kilowatthour for noncompliance. Any facility on line after 1999 is
eligible.

WI In March 2006, Senate Bill 459 increased the RPS law to 10 percent of renewable sales by 2015. Requirements vary by supplier, and

out-of-State generation is eligible.
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RPS [35]. The law covers 84 percent of Washington’s
sales, affects the State’s 17 largest suppliers, and
specifies that 15 percent of their electricity load must
be generated from renewable energy by 2020. Eligible
generation includes any renewable facility that comes
on line after 1999. The 17 suppliers also must identity
feasible areas of conservation and publish implemen-
tation plans to achieve demand reductions. Failure to
comply with the RPS or the conservation measures
will result in a penalty to the generator of 5 cents per
kilowatthour of generation.

Five States significantly changed their existing RPS
requirements:

Delaware. The State enacted Senate Bill (S.B.) 19 in
July 2007, increasing the required RPS from 10 per-
cent to 20 percent of electricity by 2019 [36]. It also
created a solar photovoltaic (PV) provision under
which 2 percent of electricity must originate from so-
lar PV by 2019. Both the solar target and the renew-
able target consist of escalating interim milestones.
The existing schedule of alternative compliance pay-
ments (ACPs) is not affected [37], but the bill does
provide for separate solar ACPs with a minimum
value of $250 per megawatthour—much higher than
the standard ACPs. In-State solar PV generation re-
ceives triple credits toward meeting the RPS.

Colorado. House Bill 1281 strengthened the RPS
that was approved by voters in 2004 by increasing
the amount of renewable energy required in 2015
from 10 percent to 15 percent of sales [38]. It also
added the requirement that 20 percent of total elec-
tricity sales by investor-owned utilities must come
from renewable energy by 2020. Investor-owned utili-
ties also are required to generate 2 percent of their
sales with solar energy technologies. House Bill 1281
created a less stringent standard for electric coopera-
tives and municipal utilities, requiring that only 10
percent of sales be from qualifying sources by 2020.
It also establishes that generation within Colorado
receives 125 percent of the value that out-of-State
energy would earn.

Connecticut. The State revised its RPS requirement
in June of 2007 as part of Public Act 07-242 [39]. The
revisions extended the RPS to 2020, with a 27-percent
requirement in that year. Most of the standard is to
be met through renewable technologies using wind,
solar, sustainable biomass, and wave energy. Genera-
tion from surrounding States is eligible. There are
separate rules requiring CHP systems and efficiency

enhancements (4 percent). Three percent of the total
may be met from waste-to-heat facilities and conven-
tional biomass. Suppliers that do not comply face a
penalty of 5.5 cents that will be used to fund renew-
able development.

Illinois. In August 2007, the State’s voluntary re-
newable goal was replaced by a mandatory RPS [40].
Suppliers with more than 100,000 customers are
required to provide 25 percent of their electricity
from qualifying facilities by 2025, with several
interim requirements. Three-quarters of the facilities
must be wind powered. Until 2011, lower cost in-
State resources must be used unless they are proven
exhausted, in which case out-of-State generation
would qualify. After 2011, no preference is given to
Illinois resources over others in the region. The
costs associated with the mandates are capped and
reviewable.

Minnesota. Minnesota’s new RPS regulations be-
came effective in February 2007. They created two
standards, one for Xcel Energy and another for other
suppliers [41]. Previously, Minnesota had a voluntary
standard. The Xcel milestones are the most signifi-
cant, with 30 percent of all power required to come
from renewable energy by 2020. Approximately 83
percent of the power from renewables must come
from wind turbines. Other suppliers, including mu-
nicipal utilities, have until 2025 to meet a smaller goal
of 25 percent. The State Public Utilities Commission
is still constructing an REC trading system, and the
role that interstate or interregional credits will play is
still unknown.

State Regulations on Airborne Emissions:
Update Through 2007

Implementation of the Clean Air Interstate
Rule

States are moving forward with implementation
plans for the Clean Air Interstate Rule (CAIR) [42].
The program, promulgated by the EPA in March
2005, is a cap-and-trade system designed to reduce
emissions of SO, and NO,. States originally had until
March 2007 to submit implementation plans, but the
deadline has been extended by another year. CAIR
covers 28 eastern States and the District of Columbia.
States have the option to participate in the cap-and-
trade plan or devise their own plans, which can be
more stringent than the Federal requirements. To
date, no State has indicated an intent to form NO,
and SOy programs with emissions limits stricter than
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those in CAIR, and it is expected that all States will
participate in the EPA-administered cap-and-trade
program. CAIR remains on schedule for implementa-
tion, and AEO2008 includes CAIR by assuming that
all required States will meet only the Federal require-
ment and will trade credits.

A similar program, the Clean Air Mercury Rule
(CAMR), was promulgated by the EPA in March 2005
to reduce emissions of mercury [43]. On February 8,
2008, the U.S. Court of Appeals found CAMR to be
unlawful and voided it, ruling that the EPA had not
proved mercury to be a pollutant eligible for regula-
tion under a less stringent portion of the Clean Air
Act. Because the court’s ruling came too late for EIA
to remove the CAMR provisions from its analysis,
AEO02008 includes consideration of CAMR. Regard-
less of CAMR, however, some States have imple-
mented plans calling for mandatory 90-percent cuts
in mercury emissions from all plants of a certain size.
More stringent modeling of mercury emissions limits
in some regions may be necessary when State actions
have been finalized.

State Greenhouse Gas Initiatives

RGAGI. Since the end of 2006, three additional States
have joined the Regional Greenhouse Gas Initiative
(RGGI) [44]. Currently, RGGI includes 10 members:
Connecticut, Delaware, Maine, Massachusetts, New
Hampshire, New Jersey, New York, Rhode Island,
Vermont, and Maryland.

Although AE0O2008 does not include RGGI, given
the current uncertainty about the program’s struc-
ture and allowance trading, several States are now
moving forward with their draft implementation
plans. Massachusetts, Maine, and New York have
released public drafts for comment. Each of those
plans closely follows the model rules published in
August 2006, requiring that 100 percent of the allow-
ances be auctioned. It is thought that all RGGI States
are likely to follow the same precedent, with a limited
number of giveaway credits. RGGI formally begins in
January 2009. Some States will have to enact legisla-
tion to make the program legally binding, whereas
others have State agencies that already have such
authority and do not need to pass new laws. As of late
2007, Vermont was the only RGGI State that had
enacted a new law.

WCI. In February 2007, the governors of Arizona,
California, New Mexico, Oregon, and Washington
established the Western Climate Initiative (WCI).

Utah and the Canadian provinces of British Columbia
and Manitoba have since joined as full partners. Six
additional U.S. States and several Canadian prov-
inces participate as observers. The eight full partners
have agreed to the goal of decreasing emissions to 15
percent below 2005 levels by 2020, but little else
about the program has been decided. Although the
WCI is leaning heavily toward a cap-and-trade sys-
tem, the specifics of covered emissions, State allow-
ance allocations and trading, emissions accounting,
and offsets—among other items—still are being nego-
tiated. AEO2008 does not include the WCI, because it
remains to be seen how the program will function and
what the penalties for noncompliance will be.

WCI has a task force that will assemble a program
model rule by August 2008. Some WCI partner States
already have GHG laws or goals, while others, such as
Utah, do not. The agreement does not override the
binding GHG laws in California, Oregon, and Wash-
ington, but it does require WCI partners to join the
Climate Registry, which is a collaboration of 39 U.S.
States, Canadian provinces, and Mexican states seek-
ing uniform GHG accounting and reporting.

California. California’s S.B. 1368 [45] makes it
illegal to enter into new long-term contracts to serve
the State’s electricity demand with power plants that
produce GHG emissions in excess of 1,100 pounds per
megawatthour of electricity generated—effectively
prohibiting the construction of new coal-fired facili-
ties without carbon sequestration, even if they are lo-
cated in a neighboring State. AEO2008 includes the
impact of S.B. 1368 through limits on coal-fired elec-
tricity generation serving California.

California’s Assembly Bill (A.B.) 1493, which would
establish GHG emissions standards for LDVs, is not
considered in the AEO2008 reference case. A.B. 1493
was signed into law in July 2002, and regulations
were released by the California Air Resources Board
in August 2004 and approved by California’s Office
of Administrative Law in September 2005 [46]. The
emission standards would be applied to light-
duty noncommercial passenger vehicles manufac-
tured for model year 2009 and beyond [47]. The
standards, specified in terms of COq-equivalent emis-
sions, would apply to vehicles in two size classes:
passenger cars and light-duty trucks with a loaded
vehicle weight rating of 3,750 pounds or less;
and light-duty trucks with a loaded vehicle weight
rating greater than 3,750 pounds and a gross
vehicle weight rating less than 8,500 pounds. The
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COgy-equivalent emissions standard for light trucks
would include noncommercial passenger trucks be-
tween 8,500 pounds and 10,000 pounds. The regula-
tions were to become effective in January 2006 and
set near-term emission standards that were to be
phased in between 2009 and 2012. The mid-term
emission standards were to be phased in between
2013 and 2016. After 2016, the emissions standards
would be left unchanged.

Before California can implement the GHG emission
standards for vehicles established in A.B. 1493, it
must receive a waiver from the U.S. EPA. The EPA,
however, has denied California a waiver to regulate
GHG emissions from mobile source under the Clean
Air Act. Expressing concern about the establishment
of regional emissions standards for new motor vehi-
cles, the EPA reasoned that the effects of climate
change in California did not support the need for a re-
gional standard.

In October 2003, California, 11 other States, 3 cities,
and several environmental groups filed a petition in
the U.S. Court of Appeals, arguing that the EPA
should regulate GHG emissions from vehicles. In July
2005, a three-judge panel ruled 2 to 1 in the EPA’s fa-
vor, stating that the agency was not required to regu-
late GHGs under the Clean Air Act. The decision was
overturned in April 2007 by the U.S. Supreme Court,
which ruled that the EPA has authority under Sec-
tion 202 of the Clean Air Act to regulate GHG emis-
sions from automobiles. Nonetheless, on December
19, 2007, the EPA again denied California’s request
for a waiver [48]. On January 2, 2008, California and
15 other States sued the EPA, challenging its decision
to deny the wavier [49].

AEO0O2008 also does not include consideration of
California A.B. 32, which mandates a 25-percent
reduction in California’s GHG emissions by 2020. Im-
plementing regulations have not been drafted and are
not due to be finalized until January 2012.

Washington and Oregon. Washington and Oregon
have joined California in the enactment of State GHG
legislation. In May 2007, Washington’s Governor
Christine Gregoire signed S.B. 6001 [50], which man-
dates cuts in emissions and performance standards
for power plants. The legislation targets reductions
to 1990 emissions levels in the State by 2020,

to 25 percent below the 1990 levels by 2035, and to 50
percent below the 1990 levels by 2050. Washington
has not yet mandated the program specifics, such
as the type of system that will be used to meet the
targets. Additional action from the governor, the util-
ities, and the State’s transportation commission will
be required.

Washington State has also adopted the same stan-
dards included in California S.B. 1368. Oregon, which
has CO, regulations for natural-gas-fired plants but
not for other fossil-fuel-based power systems, passed
its GHG reduction law in August 2007. The law has
the same 2020 reduction goal as Washington’s and
also requires that emissions growth be capped by
2010. It establishes the Oregon Global Warming
Commission, a body will have 25 members with vari-
ous backgrounds who will serve as an advisory board
to State and local governments. Like Washington and
California, Oregon has not determined the specific
procedures to be followed in implementing the re-
quired emissions reductions.

Other States. Many other States have goals and
other provisions for GHG reductions and accounting
of emissions from stationary sources. In May 2007,
Montana’s Governor Brian Schweitzer signed House
Bill 25 [51], which requires any new coal-fired gener-
ating facility to sequester at least 50 percent of the
CO, it emits. Florida’s Governor Charlie Crist signed
three executive orders [52] over the summer concern-
ing his State’s emissions of heat-trapping gases, in-
cluding an overall State goal to bring emissions to 80
percent below 1990 levels by 2050. An Energy and Cli-
mate Change Action Plan will be developed to deter-
mine how the State of Florida can reach those
reduction goals.

ICAP. Ten U.S. States, all of which are participants
in either RGGI or WCI, have entered the Interna-
tional Carbon Action Partnership (ICAP). ICAP,
created in October 2007, seeks collaboration among
carbon trading programs. Members include nine
European Union countries, the European Commis-
sion, Norway, and New Zealand. Several other
U.S. States have non-binding goals, carbon registry
requirements, or energy plans that include recom-
mendations to limit CO, emissions from stationary
sources, including those described above.
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Introduction

Each year, this section of the AEO provides in-depth
discussions on topics of special interest that may
affect annual projections, including significant
changes in assumptions and recent developments in
technologies for energy production, supply, and
consumption. In view of recent increases in construc-
tion costs, including the costs of constructing power
plants, refineries, and other energy-related facilities,
this year’s topics include a discussion of cost trends
and the implications for energy markets. Other issues
discussed this year include the implications of
increased reliance on natural gas in the electricity
generation sector, warming weather trends and their
effects on energy demand, LNG imports, and world
oil prices and production trends.

The topics explored in this section represent current,
emerging issues in energy markets; but many of the
topics discussed in AEOs published in recent years
are relevant today. Table 5 provides a list of titles
from the 2005, 2006, and 2007 AEOs that are likely
to be of interest to today’s readers. They can be found
on EIA’s web site at www.eia.doe.gov/oiaf/aeo/other
analysis/aeo_analyses. html.

Impacts of Uncertainty in
Energy Project Costs

From the late 1970s through 2002, steel, cement, and
concrete prices followed a general downward trend.
Since then, however, iron and steel prices have
increased by 8 percent in 2003, 10 percent in 2004,
and 31 percent in 2005. Although iron and steel prices
declined in 2006, early data for 2007 show another
increase. Cement and concrete prices, as well as the

composite cost index for all construction commodi-
ties, have shown similar trends but with smaller
increases in 2004 and 2005 (Figure 9).

Recent increases in the costs of basic commodities
and increases in capital costs for energy equipment
and facilities could have significant effects on future
energy supplies and consumption. Higher capital
costs could change both the competition among fuels
and technologies and the marginal costs of new
energy supplies. In the electric power sector, for
example, capital costs are generally lower for generat-
ing plants that use fossil fuels than for plants that use
nuclear or renewable fuels. If capital costs increased
on a proportional basis for plants of all types, then
capital-intensive nuclear and renewable power plants
would become even less competitive with fossil-fired
plants when new capacity is planned. In addition,
over the long term, higher capital costs would lead to

Figure 9. Changes in construction commodity costs,
1973-2007 (constant dollar index, 1973=100;
1981=100 for cement costs)
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Table 5. Key analyses from “Issues in Focus” in recent AEOs

AEO02007

AE02006

AE02005

Impacts of Rising Construction and
Equipment Costs on Energy Industries

Energy Demand: Limits on the Response
to Higher Energy Prices in the End-Use
Sectors

Miscellaneous Electricity Services
in the Buildings Sector

Industrial Sector Energy Demand:
Revisions for Non-Energy-Intensive
Manufacturing

Vehicles

Impacts of Increased Access to Oil and
Natural Gas Resources in the Lower 48
Federal Outer Continental Shelf

Alaska Natural Gas Pipeline Developments

Coal Transportation Issues

Economic Effects of High Oil Prices

Changing Trends in the Refining Industry

Energy Technologies on the Horizon

Advanced Technologies for Light-Duty

Nonconventional Liquid Fuels

Changing Trends in the Bulk Chemicals
and Pulp and Paper Industries

Fuel Economy of the Light-Duty Vehicle
Fleet

Production Tax Credit for Renewable

Electricity Generation

Distributed Generation in Buildings

Restricted Natural Gas Supply Case

Mercury Emissions Control Technologies
U.S. Greenhouse Gas Intensity and the

Global Climate Change Initiative
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higher energy prices, which in turn could slow the
growth of energy consumption.

The AEO2008 version of NEMS includes updated
assumptions about the costs of new power plants, the
costs of drilling and pipeline construction in the oil
and natural gas industry, refinery costs, and capital
costs in the LNG supply chain. In the reference case,
energy project costs are assumed to level off over
the long term. To examine the effects of different
assumptions about future costs, high and low energy
project cost cases were developed, assuming higher
and lower costs than in the reference case.

Power Plant Construction

In the electric power industry, cost estimates for indi-
vidual construction projects to be completed over the
next decade have increased by 50 percent or more in
recent years [53]. Increased costs have been reported
for power plants of all types, including coal, nuclear,
natural gas, and wind. The Handy-Whitman index for
electric utility construction (which is used as a proxy
for all electric power industry projects) provides an
average cost index for six regions in the United
States, starting from 1973. A simple average of the
regions is used in Figure 10 to show the national
trend for power plant construction relative to the cost
index for construction materials. The two indexes
diverge in the early 2000s, when power plant con-
struction costs began to show a flat to slightly increas-
ing trend, while general construction costs continued
to decline. With the sharpest increases in electric util-
ity construction costs occurring over the past 3 years,
the electric utility construction cost index for 2007 is
17 percent higher than its low point in 2000.

Figure 10. Changes in construction commodity costs
and electric utility construction costs, 1973-2007
(constant dollar index, 1973=100)
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Oil and Natural Gas Industry

Exploration and Production

According to the American Petroleum Institute’s
Joint Association Survey of Drilling Costs (JAS), the
average real cost of drilling an onshore well almost
doubled in 2004 and increased by another 10 percent
in 2005. The increases are attributable in part to the
increased drilling activity brought on by higher prices
for crude oil and natural gas; however, there is a great
deal of uncertainty as to whether the recent escala-
tion in drilling costs represents a fundamental shift in
the drilling services industry or is a temporary aber-
ration that will be corrected in the near term.

Natural Gas Pipelines

Historical trends in pipeline construction costs are
more difficult to identify, because the cost data are
not readily available; however, average real capital
costs for lower 48 pipeline construction appear to
have increased by some 70 percent over the past
3 years. Anecdotal evidence suggests that new esti-
mates for the cost of constructing an Alaska pipeline
are 50 percent higher than the estimates published in
May 2002, and estimates for a Mackenzie Delta pipe-
line also are higher than the preliminary estimates
from 2003.

LNG Facilities

Construction cost estimates for new natural gas
liquefaction facilities scheduled to come on line
between 2008 and 2011 increased by 50 percent in
2006 relative to those reported a year earlier for the
same period. Some of the increase may be due to
strong growth in demand for LNG liquefaction capac-
ity. This cost pressure will not persist as markets
adjust and additional projects are announced and
completed; however, a portion of the increase is due to
increased material costs, shortage of experienced
workers, and construction bottlenecks that are likely
to persist or take longer to resolve. The costs for
regasification facilities and receiving terminals have
also increased sharply—by more than 50 percent—
over the past few years. Based on contracts signed be-
tween 2000 and 2006, LNG shipping costs have also
risen by more than 7 percent over the past few years.

Petroleum Refineries and Ethanol Plants

The Nelson-Farrar refinery construction cost index-
es, which track overall costs for refinery construction,
show a 30-percent increase from 2003 to 2005 in real
dollar terms. Similarly, the Chemical Engineering
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Plant Cost Index (CEPCI) shows a significant in-
crease in ethanol plant construction costs over recent
years. Because there has not been a significant in-
crease in U.S. refining construction activity over the
past few years, cost increases in the petroleum refin-
ing sector largely reflect higher prices for the various
commodities used in the refining industry (steel,
nickel, cobalt, etc.) rather than significant increases
in demand for refinery services and equipment.

Case Descriptions
Reference Case

The AEO2008 reference case includes updated infor-
mation on the current costs of construction and
investment in the energy industry, based on recent
data and estimates that show higher costs than were
assumed for AEO2007. In most of the AEO2008 cases,
the higher cost levels are assumed to continue
throughout the projections. For the electric power
sector, initial costs for all technologies are 15 percent
higher than those in AEO2007 and continue to be
higher throughout the projection, although overnight
costs fall over time as a result of technology learning.

For the oil and natural gas industry, regional drilling
costs are calculated annually from econometrically
derived equations, which are based on historical data
from the American Petroleum Institute’s JAS, and
estimates of the number of wells being drilled and the
average depth of each well. The cost increases seen
after 2003 are represented by an explicit multiplier
that captures the combined impacts of various cost
factors other than drilling activity and well depth. In
the reference case, the cost escalation factor is applied
and held constant over the projection, but its effect is
partially offset by an annual technology improvement
factor that reflects learning and increased efficiency.

Pipeline construction costs are based on average con-
struction cost data filed between 1992 and 2008, and
they are assumed to remain constant through 2030.
The reference case also assumes that the recent,
higher estimates for an Alaska pipeline and a pipeline
from the Mackenzie Delta remain constant through
2030.

Construction costs for new natural gas liquefaction
facilities were increased by 50 percent in AEO2008 to
match the 2006 cost estimate for facilities scheduled
for completion between 2008 and 2011. The construc-
tion costs are assumed to remain constant at that
level through 2015, then decline to only 15 percent

above their pre-2006 levels in 2018 as the market
adjusts, after which the costs are assumed to remain
constant at the 2018 level through 2030. LNG ship-
ping costs and construction costs for regasification
facilities are assumed to be 15 percent and 7 percent
higher, respectively, than their 2006 level throughout
the AEO2008 projection.

Construction costs for refineries and for ethanol pro-
duction plants are assumed to remain constant at
2006 levels through 2030, based on the Nelson-Farr
index and CEPCI, respectively.

High Energy Project Cost Case

The high energy project cost case assumes that the
cost of construction will continue to rise. For electric-
ity generation plants, the base capital cost for all tech-
nologies rises at a rate of 2.5 percent per year—
similar to the average increase over the past 3 years—
through 2030, offset in part by learning effects.

For the oil and natural gas industry, the escalation
factor for drilling costs is assumed to increase to twice
its original value by 2010 and remain constant there-
after. It is offset in part by an annual technology im-
provement factor. Pipeline construction costs are
assumed to start at the reference case level but grow
to about 25 percent above the reference case level in
2030.

LNG liquefaction costs match the reference case in-
crease through 2008 and add an additional 20 percent
thereafter. Construction costs for LNG regasification
facilities are 15 percent above the reference case level
in 2008 and then held constant through 2030. LNG
shipping costs are increased to 7 percent above the
reference case level in 2008 and then held constant
through 2030.

For the refining sector, construction costs are in-
creased above the reference case level by a factor
equal to the percentage difference between the
2004 and 2006 Nelson-Farrar index values and
held constant. Construction costs for corn and cellu-
losic ethanol plants are treated similarly, using the
CEPCI.

Low Energy Project Cost Case

The low energy project cost case generally assumes
that the cost of construction will decline to the levels
of 5 to 10 years ago. For the electricity sector, the
15-percent capital cost escalation factor included in
the reference case is phased out over 10 years, so that
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overnight construction costs for all generating tech-
nologies are 15 percent lower than those in the refer-
ence case by 2017.

For the oil and natural gas industry, the drilling cost
escalation factor applied in the reference case is
phased out by 2010. Pipeline construction costs start
at the reference case level but decline gradually to
about 25 percent below the reference case level in
2030. For LNG liquefaction facilities, construction
costs are reduced gradually from those in the refer-
ence case, returning to 2006 levels by 2015 and
remaining constant thereafter. Similarly, construc-
tion costs for LNG regasification facilities and costs
for LNG shipping costs decline gradually from refer-
ence case levels, return to 2006 levels by 2018, and
remain constant thereafter. Refinery construction
costs are assumed to return to 2004 levels by 2008 and
then remain constant through 2030.

Results

Electricity: Capacity Additions and
Generation

The projected mix of generating capacity types added
in the electric power sector from 2006 to 2030 does
not vary significantly among the reference, high
energy project cost, and low energy project cost cases,
because increases or decreases in construction costs
have similar impacts on new builds for all technology
types on a percentage basis. For example, coal-fired
technologies provide about 40 percent of all new
capacity additions in each of the three cases. More
capital-intensive technologies, including nuclear
and renewables, are affected somewhat more, how-
ever, than those with lower capital costs, including
natural-gas- and coal-fired plants.

In the high energy project cost case, coal-fired capac-
ity additions are reduced by 13 gigawatts from the ref-
erence case level, but with higher costs leading to
higher electricity prices and lower demand, less new
generating capacity is needed overall. As a result, the
coal share of new builds remains almost the same as
in the reference case. The technology most affected is
nuclear power: no new nuclear capacity is built before
2030 in the high energy project cost case (Figure 11).
Renewable capacity additions are 17 percent lower
than in the reference case, but total generation from
renewable plants is about the same in order to meet
the requirements of State and regional RPS pro-
grams. The increase in renewable generation comes
primarily from biomass co-firing at existing coal
plants.

Because they are the least expensive to build, natural
gas capacity additions increase in the high energy
project cost case relative to the reference case, meet-
ing 43 percent of new capacity needs. As a result, nat-
ural-gas-fired generation in 2030 is 22 percent higher
than in the reference case. Average electricity prices
in 2030 are 9 percent higher in the high energy pro-
ject cost case than in the reference case.

In the low energy project cost case, more capacity of
all types except natural gas is added over the projec-
tion period. The largest increase is in nuclear capacity
additions, which are 10 gigawatts higher than in
the reference case. Because capital costs make up a
smaller share of total costs for natural-gas-fired ca-
pacity additions than for other technologies, they are
slightly less economical in the low energy project cost
case and about 3 gigawatts lower than in the refer-
ence case. The fuel shares of total generation in 2030
are similar in the low energy project cost case and the
reference case, with a small decrease in the natural
gas share (to 13 percent, compared with 14 percent in
the reference case). The nuclear share of total genera-
tion increases from 18 percent in the reference case to
19 percent in the low energy project cost case. Elec-
tricity prices in 2030 are 4 percent lower in the low
energy project cost case than in the reference case.

Natural Gas: Supply, Consumption,
and Prices

Natural gas supply volumes are determined primarily
by consumption levels, particularly for electric power
generation. Capital costs play a role in determining
the relative shares of total supply derived from con-
ventional, unconventional, LNG imports, and other
supply categories.

Figure 11. Additions to U.S. electricity generation
capacity by fuel in three cases, 2006-2030
(gigawatts)
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Total domestic natural gas production in 2030 differs
by 1.6 trillion cubic feet between the low and high
energy project cost cases (Figure 12). Lower 48
onshore production differs by 1.1 trillion cubic feet
between the two cases, with conventional and un-
conventional production accounting for 0.6 and 0.5
trillion cubic feet of the total difference. Production
from Alaska and offshore production differ by 0.4
and 0.2 trillion cubic feet, respectively, between the
low and high energy project cost cases.

In 2030, total net natural gas imports are 3.1 trillion
cubic feet in the high energy project cost case and
3.4 trillion cubic feet in the low energy project cost
case. LNG imports account for more than 80 percent
of total net natural gas imports in all the cases, and
the capital costs for LNG facilities are by far the larg-
est component of LNG supply costs. Net LNG imports
are 2.5 trillion cubic feet in 2030 in the high energy
project cost case, compared with 2.8 trillion cubic feet
in the low energy project cost case.

The picture for net pipeline imports of natural gas
from Canada and Mexico is more complex. In the

Figure 12. U.S. natural gas supply by source
in three cases, 2030 (trillion cubic feet)
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Figure 13. U.S. natural gas consumption by sector
in three cases, 2030 (trillion cubic feet)
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reference case, because recent cost estimates indicate
that a Mackenzie Delta pipeline would not be econom-
ical to build [564], net pipeline imports total only 0.3
trillion cubic feet in 2030. In the low energy project
cost case, a Mackenzie pipeline would begin operation
in 2014, providing about 420 billion cubic feet per
year through 2030; as a result, net pipeline imports to
the United States total 0.5 trillion cubic feet in 2030.
In the high energy project cost case, with higher U.S.
prices for natural gas inducing more production and
exports from Canada, net U.S. pipeline imports total
0.6 trillion cubic feet in 2030.

Differences in total natural gas consumption in the
energy project cost cases are determined primarily by
the different amounts used for electricity generation.
Because coal, nuclear, and renewables are more com-
petitive with natural gas in the low energy project
cost case and capture a larger share of new capacity
additions, natural gas consumption in the electric
power sector in 2030 is 0.4 trillion cubic feet lower
than the reference case projection of 5.0 trillion cubic
feet (Figure 13).

As a result of the lower level of natural gas use for
electricity generation in the low energy project cost
case, total domestic natural gas consumption and
prices in 2030 are lower than in the reference case:
consumption by 0.3 trillion cubic feet (from 22.7 tril-
lion cubic feet in the reference case) and wellhead gas
prices by $0.33 (2006 dollars) per thousand cubic feet
(from $6.63 in the reference case) (Figure 14).

In the high energy project cost case, new natural-gas-
fired electricity generation capacity is considerably
less expensive than competing technologies, and the
natural gas share of capacity additions increases,
resulting in higher total consumption and prices for

Figure 14. U.S. natural gas prices in three cases,
2000-2030 (2006 dollars per thousand cubic feet)
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natural gas than in the reference case. The increase in
consumption for electricity generation leads to higher
total domestic consumption (by 1.1 trillion cubic feet)
and higher price levels (by $0.49 per thousand cubic
feet) for natural gas than in the reference case.
Because of the higher prices, natural gas consump-
tion in the residential, commercial, and industrial
sectors in 2030 is lower than projected in the refer-
ence case.

Petroleum Liquids Supply

A large part of the domestic oil resource base has been
produced, and new oil reservoir discoveries are ex-
pected to be smaller, more remote (offshore deep-
water, for example), and more costly to exploit. With a
few exceptions—namely, deepwater Gulf of Mexico
and offshore Alaska—the remaining domestic petro-
leum basins have been significantly depleted. Conse-
quently, EOR using miscible CO, is the primary
extraction technique expected to keep onshore oil
production at a relatively high level through 2030.
The assumptions in the low and high energy project
cost cases were applied only to the domestic resource.
Depletion of domestic oil resources constrains the
high and low energy project cost assumptions from
having a significant impact on domestic oil produc-
tion. The low and high energy project cost cases would
show larger impacts if the assumptions were applied
to world liquid supplies.

A slow, continuous decline in oil production is pro-
jected for the onshore United States, even with the
relatively high oil prices [565]. Future domestic on-
shore oil production is dominated by large oil fields
that were discovered decades ago, and EOR only
extends their productive life. For example, although
the Prudhoe Bay Field started production in 1976, the
largest share of Alaska’s oil production still comes
from Prudhoe Bay. Although large oil fields on
Alaska’s North Slope came into production more
recently [56], the long-term trend is for Alaska’s
oil production to decline as the Prudhoe Bay Field
declines. The AEO2008 reference case and low and
high energy project cost cases include constant or
declining U.S. oil production, as smaller and smaller
new fields come into production while the larger
existing fields continue to be depleted [57].

In the low energy project cost case, total domestic oil
production in 2030 is 18,000 barrels per day higher
than projected in the reference case. In the high
energy project cost case, higher drilling costs reduce
both the rates of return on oil production and the cash

flow of oil producers, and as a result total domestic
production in 2030 is about 300,000 barrels per day
lower than in the reference case.

Because EOR is highly capital-intensive, most of the
variation in domestic oil production across the three
cases reflects differences in EOR production. In the
reference case, COy EOR production in 2030 totals
1.31 million barrels per day, as compared with 1.33
million barrels per day in the low energy project cost
case and 980,000 barrels per day in the high energy
project cost case.

For deepwater production in the Gulf of Mexico, the
reference case projects an increase from about
970,000 barrels per day in 2006 to 2.0 million barrels
per day from 2013 through 2019, followed by a decline
to 1.6 million barrels per day in 2030. The projections
in the low energy project cost case are nearly the
same, because the constraints on deepwater develop-
ment are not prices and costs but long development
lead times and limited infrastructure. In the high
energy project cost case, the capital intensity of deep-
water development constrains oil production in the
Gulf in the earlier years, with a peak production level
of 1.9 million barrels per day from 2013 through 2019.
As oil prices increase later in the projection period,
however, small deepwater fields that were uneconom-
ical in earlier years begin to be developed. In 2030,
deepwater production in the Gulf is about 30,000
barrels per day higher in the high energy project cost
case than projected in the reference case [58].

Both CTL and BTL production are also capital-
intensive and vary significantly on a percentage basis
across the three cases. Combined production from
CTL and BTL facilities is about 620,000 barrels per
day in 2030 in the low energy project cost case, com-
pared with 510,000 barrels per day in the high energy
project cost case.

The only other petroleum supply category signifi-
cantly affected in the energy project cost cases is
natural gas liquids (NGL). In the high energy project
cost case, which projects considerably more natural
gas production than the low case, NGL production is
also higher, at 1.6 million barrels per day, compared
with 1.5 million barrels per day in the low case. As
a result, the difference in combined CTL and BTL
production between two cases is almost completely
offset by the difference in NGL production.

Crude oil prices are not projected to vary significantly
across the three cases. The reference case projects a
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price of $70.45 per barrel for low-sulfur light crude oil
in 2030 (2006 dollars), compared with $70.33 per bar-
rel in the low energy project cost case and $70.65 per
barrel in the high energy project cost case. Accord-
ingly, total domestic consumption of petroleum lig-
uids does not vary by much, at 22.7 million barrels per
day in the high energy project cost case and 22.8 mil-
lion barrels per day in the low energy project cost
case. Imports of crude oil and liquid fuels make up the
difference between the projections for liquids produc-
tion and consumption in each case, varying from 55.5
percent of total U.S. supply in 2030 in the high energy
project cost case to 54.0 percent in the low energy pro-
ject cost case. As noted above, the impacts would be
more significant if the assumptions in the low and
high energy project cost cases were applied to global
markets.

Limited Electricity Generation Supply
and Limited Natural Gas Supply Cases

Development of U.S. energy resources and the per-
mitting and construction of large energy facilities
have become increasingly difficult over the past 20
years, and they could become even more difficult in
the future. Growing public concern about global
warming and CO, emissions also casts doubt on
future consumption of fossil fuels—particularly coal,
which releases the largest amount of CO, per unit of
energy produced. Even without regulations to limit
greenhouse gas emissions in the United States, the
investment community may already be limiting the
future use of some energy options. In addition, there
is considerable uncertainty about the future avail-
ability of, and access to, both domestic and foreign
natural gas resources.

To examine the effects of uncertainty about future
supplies of electricity and natural gas, three alterna-
tive cases were developed for AEO2008. The limited
electricity generation supply case assumes that
higher construction and operating costs together with
other factors, such as lack of public acceptance, will
limit the use of energy sources other than natural gas
for power generation—including coal without CCS
technology, nuclear power, and renewable fuels. The
limited natural gas supply case assumes that no
Arctic natural gas pipeline will be in operation
before 2030, the availability of LNG to U.S. regasifi-
cation terminals will be limited, the U.S. oil and
natural gas resource base will be less than in the ref-
erence case, access to the resource base will be more
limited than assumed in the reference case, and that

improvements in oil and natural gas exploration
and development technologies will be slower than in
the reference case. Finally, a combined limited case
includes all the assumptions from the first two cases.

Assumptions
Limited Electricity Generation Supply Case

In the AEO2008 reference case, based on existing
laws and regulations, the use of natural gas for elec-
tricity generation continues to increase in the near
term, then declines as generators increasingly turn to
coal, renewables, and new nuclear power capacity in
the longer term. New coal-fired capacity without CCS
could be limited, however, by policy changes aimed at
limiting CO, emissions. Several States already are
beginning to implement emission reduction pro-
grams, and the U.S. Congress is discussing potential
Federal programs. In California and Washington
State, recent legislation has set emission standards
for electric power plants that would preclude new
coal-fired plants without CCS from providing power
to those States (see “Legislation and Regulations”).
There are also several proposals at the Federal level
that would impose caps on CO, emissions. The
limited electricity generation supply case, in addition
to assuming that new coal-fired power plants without
CCS cannot be built, also assumes that construction
costs for new plants with CCS will be 25 percent
higher than in the reference case.

Currently, new nuclear capacity is being proposed
in response to incentives provided in EPACT2005,
rising fossil fuel prices, and concerns about CO, emis-
sions; however, there continue to be concerns about
nuclear waste disposal, public acceptance, and the
ability to build new plants on time and within budget.
It is likely that some new nuclear plants will be built,
given current interest levels and financial incentives,
but if early builds encounter delays in construction or
licensing or significant cost overruns (as occurred
with the first generation of nuclear plants), the long-
term potential for nuclear electricity in the United
States could be reduced.

The limited electricity generation supply case
assumes the same amount of new nuclear capacity
as in the reference case by 2030; however, in cir-
cumstances where the reference case assumes that
current capacity factors, averaging over 90 percent
nationally, will be maintained throughout each
plant’s 60-year lifetime, the limited electricity gener-
ation supply case assumes that the national average
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capacity factor for nuclear power plants will fall to 70
percent in 2030. To date, no nuclear power plant has
operated for 40 years, and industry experience in
maintaining older nuclear plants is limited. Thus, it is
possible that replacement of major components on
older plants could cause significant outages, or that
gradual breakdowns could lead to lower capacity
factors.

Adding large amounts of economical renewable
capacity may also face challenges. The reference
case projects a large increase in renewable capacity
(mostly wind and biomass), mainly to meet the
requirements of State RPS programs. There is also
some public resistance to the siting of new wind
and biomass plants, however, and their costs may
increase after the “best” sites have been used. The
limited electricity generation supply case assumes the
same amounts of new wind and biomass capacity as in
the reference case, but the availability of new biomass
energy crops is delayed until 2020, compared with
2010 in the reference case. Biomass gasification tech-
nology is a new, unproven design that could run into
delays and cost overruns, and in addition it could take
many years to develop the infrastructure to grow,
cultivate, harvest, and transport new energy crops.
The costs for all other new renewable capacity
(geothermal, landfill gas, solar thermal, and solar
PV) are assumed to be 25 percent higher than in the
reference case. Again, these technologies are new,
and there is considerable uncertainty about initial
cost estimates.

Limited Natural Gas Supply Case

The limited natural gas supply case represents an
environment in which numerous natural gas supply
options are unavailable, less available, or more costly
to develop than in the reference case.

Among the most significant uncertainties for future
natural gas supply are the development of natural gas
pipelines in the Arctic region of North America, the
future availability of LNG imports, the size of the
domestic natural gas resource base, and the rate
of technological improvement in the industry.
Currently, two large natural gas pipelines are under
consideration for development in the Arctic region:
a Mackenzie Delta pipeline in Canada and an Alaska
pipeline [59], both of which are large, expensive con-
struction projects. It is expected that 6 years will be
required to permit, license, design, construct, and
open the Mackenzie pipeline and 9 years will be

required to do the same for the Alaska pipeline.
A number of factors could delay completion of the
projects beyond 2030, however, including: higher-
than-expected construction costs that would make
the pipelines unprofitable throughout the projection
period; higher-than-expected State and Provincial
taxes and royalties on natural gas production; envi-
ronmental concerns requiring expensive remedia-
tion; delays in regulatory approval and permitting;
and difficulties in addressing the concerns of native
peoples whose lands are crossed by the pipelines.
Accordingly, the limited natural gas supply case
assumes that neither pipeline will be opened before
2030.

The future availability of LNG imports depends
critically on the development of new LNG supply
sources throughout the world, which in turn will
require the construction of large, expensive liquefac-
tion facilities and LNG tankers. Typically their
financing is supported by multi-decade contract
commitments from large natural gas consumers, such
as natural gas and electric utilities; however, those
large consumers face considerable uncertainty of
their own, including whether new nuclear generating
capacity will reduce long-term requirements for
natural gas supply, whether alternative supplies will
be available from other sources at lower prices,
and whether suitable pricing mechanisms will be
available to ensure that LNG suppliers earn a reason-
able rate of return while the consumers pay prices
that are reasonable in comparison with the prices of
other sources of natural gas supply.

It is possible that potential LNG suppliers could face
considerable difficulty in obtaining customer commit-
ments sufficient to support the financing required for
development of LNG supplies that are able to satisfy
world demand for natural gas. Further, if LNG
supplies are scarce relative to world demand, over-
seas natural gas prices could exceed U.S. domestic
prices, drawing LNG supplies away from the U.S.
market. Alternatively, new sources of LNG supply
could be fully committed to overseas customers under
long-term contracts, making spot purchases of LNG
either unavailable or prohibitively expensive.

Availability of supplies could also be limited by poli-
cies adopted by the countries that produce LNG. For
example, LNG producers could operate in concert to
limit LNG supplies in order to increase prices or to
make more natural gas available to their own con-
sumers. They might also adopt production taxes,
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excise taxes, and tariffs that would make LNG eco-
nomically unattractive in the United States.

The LNG assumptions used in the limited natural gas
supply case are identical to those used in the low LNG
case (discussed later in “Issues in Focus”), with U.S.
gross imports of LNG held constant at 1.0 trillion
cubic feet per year from 2009 through 2030 [60]. The
LNG restrictions apply to the United States only;
LNG imports to Canada and Mexico remain sensitive
to prices, and new LNG import capacity is assumed
to be constructed in those countries according to pre-
determined price triggers.

The actual size of the domestic oil and natural gas
resource base is another source of uncertainty.
The USGS and Minerals Management Service
(MMS) calculate the U.S. undiscovered oil and
natural gas resource base on a probabilistic basis,
reporting a mean estimate, a 95-percent probability
estimate, and a 5-percent probability estimate of
technically recoverable oil and natural gas resources
in each major U.S. petroleum basin. As an example,
for the U.S. lower 48 onshore basins, the USGS mean
probability estimate of undiscovered natural gas
resources is 483 trillion cubic feet, the 95-percent
probability estimate is 291 trillion cubic feet, and the
5-percent probability estimate is 735 trillion cubic
feet [61], illustrating the wide range of uncertainty
with regard to the size of the U.S. oil and natural gas
resource base.

The AEO2008 reference case assumes that the tech-
nically recoverable U.S. oil and natural gas resource
base is equal to the USGS and MMS mean estimates.
Given the uncertainty inherent in those estimates,
however, the actual resource base could be consider-
ably smaller. Further, the ability to develop the
resource base could be limited by other factors, in-
cluding the possibility that future laws and regula-
tions could place more Federal and State land off
limits to oil and natural gas production. The limited
natural gas supply case assumes that the U.S.
unproven oil and natural gas resource base and
Canada’s undiscovered natural gas resource base are
15 percent smaller than the estimates used in the
reference case.

Another factor that could reduce available natural
gas supplies is a slowdown in the rate of technological
progress. Technological progress generally reduces
the cost of finding, developing, and producing natural
gas resources. In addition to their direct impacts on

costs, technology improvements can increase finding
and success rates, which have an impact on the aver-
age costs of production. A slower rate of progress re-
sults in higher capital and operating costs for oil and
natural gas exploration and development than would
otherwise be the case. The limited natural gas supply
case assumes a technological progress rate that is
one-half the rate in the reference case.

Results
Electricity Generation

In 2006, coal-fired power plants supplied 49 percent
of U.S. electricity generation. In the AEO2008 refer-
ence case, coal’s market share is maintained through
2020 and grows to 54 percent in 2030, primarily as a
result of projected increases in natural gas prices. In
the limited electricity generation supply case, natural
gas supplies are unchanged from those in the refer-
ence case, while generation from other fuels is con-
strained. As a result, the coal share of total generation
drops to 42 percent in 2030, and the natural gas share
increases from 20 percent in 2006 to 27 percent in
2030, as compared with 14 percent in 2030 in the
reference case (Figure 15). By assumption, nuclear,
wind, and biomass remain at or below reference case
levels from 2006 through 2030, while generation from
other renewables and from oil increases slightly.
Although delivered natural gas prices to the electric
power sector in 2030 are 16 percent higher in the
limited electricity generation supply case than in the
reference case because of higher demand, the price
increase is not enough to shift generation from
natural gas to the competing technologies.

In the limited natural gas supply case, no constraints
are assumed for any electricity generation technology
relative to the reference case, but natural gas supplies

Figure 15. Electricity generation by fuel in four
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are limited. As a result, in 2030, delivered natural gas
prices to the electric power sector are 39 percent
higher than in the reference case, and natural-gas-
fired generation is 42 percent less than in the
reference case. With no technology restrictions,
natural gas is displaced by increases in the use of
coal, nuclear, and some renewables (geothermal,
biomass, and wind) for electricity generation.

In the combined limited case, all the fuel choices for
electricity generation are more expensive than in the
reference case. Natural-gas-fired generation in 2030
is higher than in the reference case, but with higher
natural gas prices (84 percent higher than those in
the reference case) the difference is smaller than in
the limited electricity generation supply case. Coal-
fired plants with CCS are built, increasing the
demand for coal, and investment in new renewable
technologies increases, including geothermal and
offshore wind. Oil-fired generation also increases
substantially, because it is less expensive to use
distillate than natural gas even in some newer
combined-cycle plants. Total electricity generation
is 6 percent lower in the combined limited case than
in the reference case, as higher costs for fuel and for
plant construction result in higher prices and lower
demand for electricity.

The technology mix for new capacity additions differs
dramatically among the three limited cases (Figure
16). In the limited electricity generation supply case,
the only new coal-fired builds are those currently
under construction, and almost all the additional
coal-fired plants projected to be built in the reference
case are replaced by new natural-gas-fired capacity
(an additional 60 gigawatts). Nuclear generating
capacity is the same as in the reference case, and
renewable capacity additions are 8 gigawatts higher.

Figure 16. New generating capacity additions
in four cases, 2006-2030 (gigawatts)
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In the limited natural gas supply case, higher natural
gas prices reduce natural-gas-fired capacity addi-
tions, while additions of coal-fired, renewable, and
nuclear capacity increase relative to the reference
case. Because more older generating units are retired
in the limited natural gas supply case (primarily,
those using natural gas) more new capacity is added
than in the reference case.

In the combined limited case, 17 gigawatts of new
coal-fired capacity with CCS is built. Natural-gas-
fired capacity also increases relative to the reference
case, but by a smaller amount than is projected in the
limited electricity generation supply case. More new
capacity using renewable technologies that are not
constrained by assumption, including geothermal,
landfill gas, and offshore wind, is built in the com-
bined case than in the reference case, even though
their construction costs are assumed to be higher
than in the reference case.

Natural Gas Consumption

Natural gas consumption for electric power genera-
tion in 2030 varies widely across the cases, from
43 percent below the reference case level in the
limited natural gas supply case to 78 percent above
the reference case level in the limited electricity
generation supply case (Figure 17). The largest differ-
ence from the reference case is in the limited elec-
tricity generation supply case, because constraints on
competing fuels, such as the CCS requirement for
new coal-fired plants, make natural gas the fuel of
choice for new capacity.

In the limited electricity generation supply case, nat-
ural gas consumption for electricity generation is 3.9
trillion cubic feet above the reference case level in
2030, while total U.S. natural gas consumption in

Figure 17. Natural gas consumption by sector
in four cases, 2030 (trillion cubic feet)
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2030 is only 3.6 trillion cubic feet higher than in the
reference case. Higher natural gas prices in the
limited electricity generation supply case reduce
residential, commercial, and industrial natural gas
consumption in 2030 by a total of 0.4 trillion cubic
feet from the reference case projection.

In the limited natural gas supply case, where only
natural gas supply is constrained, higher natural gas
prices cause natural gas to lose market share in all the
end-use consumption sectors. In 2030, total natural
gas consumption is 3.8 trillion cubic feet less in the
limited natural gas supply case than in the reference
case. In the electric power sector, which is particu-
larly fuel flexible and price sensitive, natural gas
consumption in 2030 is 2.2 trillion feet lower than in
the reference case.

In the combined limited case, total natural gas con-
sumption in 2030 is 3 percent lower than projected in
the reference case, although natural gas use for elec-
tricity generation is 21 percent (1.1 trillion cubic feet)
higher than in the reference case. In comparison,
natural gas consumption in the electric power sector
in 2030 is 3.9 trillion cubic feet higher in the limited
electricity generation supply case and 2.2 trillion
cubic feet lower in the limited natural gas supply case
than in the reference case. The constraints on other
sources of electricity generation in the limited elec-
tricity generation supply case thus have a much more
pronounced effect on natural gas consumption in the
electric power sector than do the natural gas supply
constraints in the limited natural gas supply case.

In all three cases, higher natural gas prices reduce
natural gas consumption in the residential, commer-
cial, and industrial sectors relative to the reference
case. In the combined limited case, natural gas con-
sumption in the end-use sectors in 2030 is 14 percent
lower than in the reference case. In the short term
there is little potential in those sectors for fuel switch-
ing, which generally occurs only over the long term
as older equipment is retired. In the residential and
commercial sectors, most of the reduction in natural
gas consumption in the three cases results from
conservation and more efficient appliances. In the
industrial sector, where there is some fuel-switching
capability, part of the decrease is attributable to fuel
substitution. In addition, although not quantified
here, higher prices could drive some industrial users
to either shut down operations or move them outside
the United States to locations where fuel and other
operating costs are lower.

In the end-use sectors, the largest reduction in natu-
ral gas consumption occurs in the combined limited
case, because the highest natural gas prices are also
projected in the combined case. In 2030, natural gas
consumption is 19 percent lower in the industrial
sector, 8 percent lower in the residential sector, and
10 percent lower in the commercial sector than pro-
jected in the reference case.

Natural Gas Supply

As consumption patterns shift across the cases, the
mix of natural gas supply sources changes consider-
ably (Figure 18). These changes are dictated largely
by the natural gas supply conditions assumed in the
limited natural gas supply case and in the combined
limited case, which assumes that no Alaska natural
gas pipeline is built and that gross LNG imports do
not increase after 2009. Consequently, in these two
cases, lower 48 sources provide most of the incremen-
tal natural gas supply.

In the limited electricity generation supply case, all
natural gas sources contribute to incremental supply
in 2030. The largest increase is 1.1 trillion cubic feet
from unconventional natural gas production, which
consists of tight gas, shale gas, and coalbed methane.
Unconventional natural gas makes up the bulk of the
undiscovered resource base and shows significant
growth in the reference case projections. Conven-
tional natural gas production (onshore and offshore)
in 2030 is 0.6 trillion cubic feet above the reference
case level. Alaskan production and LNG imports,
which are not constrained in this case, both respond
to higher prices, increasing by 0.4 and 1.0 trillion
cubic feet, respectively. Offshore production is slight-
ly higher, by 0.2 trillion cubic feet, and pipeline im-
ports are higher by 0.4 trillion cubic feet.

Figure 18. Natural gas supply by source
in four cases, 2006 and 2030 (trillion cubic feet)
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In the limited natural gas supply case, where total
natural gas consumption in 2030 is 3.8 trillion cubic
feet less than in the reference case, the lack of an
Alaska pipeline and the constraint on U.S. LNG
imports account for 2.9 trillion cubic feet of the
reduction in natural gas supply. Unconventional
natural gas production is also reduced by 1.8 trillion
cubic feet, whereas domestic production from other
sources, particularly onshore conventional resources,
is increased by 0.4 trillion cubic feet and pipeline
imports are increased by 0.6 trillion cubic feet.

The decrease in unconventional natural gas produc-
tion in the limited natural gas supply case relative to
the reference case is a direct result of the changes
in supply assumptions. Because the undiscovered
unconventional resource base is considerably larger
than the conventional resource base, the assumption
of a 15-percent smaller resource base has the greatest
volumetric impact on unconventional natural gas
resources. Technology advances already have made
most conventional supplies economically recoverable,
and thus a reduced rate of technological progress has
a larger impact on the cost of developing unconven-
tional and offshore resources. Deepwater offshore
resources are further constrained by infrastructure
limitations and long lead times for the construction
of new production platforms and pipelines. Thus,
conventional production increases, unconventional
production decreases, and there is only a small
increase in offshore production in the limited natural
gas supply case relative to the reference case.

Although the natural gas technology and resource
assumptions in the limited natural gas supply case
apply to Canada as well as to the United States, LNG
imports into Canada and Mexico are not constrained
[62] and are responsive to higher prices. As a result,
both countries are projected to increase their LNG
imports and make more natural gas available to the
U.S. market by pipeline.

In the combined limited case, net natural gas pipeline
imports in 2030 are almost 6 times the reference case
level. Although U.S. pipeline imports of natural gas
might be expected to increase in the limited electricity
generation supply case, the assumed opening of an
Alaska natural gas pipeline reduces Canadian exports
to the United States.

Before 2025, the largest source of incremental U.S.
natural gas supply in the combined limited case is
conventional lower 48 natural gas production. In
2030, however, higher natural gas prices cause net

pipeline imports to become the largest source of incre-
mental supply. Net pipeline imports in 2030 are 1.6
trillion cubic feet higher and account for slightly more
than one-half of the total increase in natural gas
supply in the combined limited case relative to the
reference case. LNG imports into Canada and Baja
California, Mexico, are 1.1 trillion cubic feet higher in
the combined limited case than in the reference case
in 2030, accounting for more than 50 percent of the
increase in net pipeline imports. Other domestic pro-
duction accounts for the remainder of the difference
in incremental supply between the two cases in
2030, with onshore conventional production 1.3 tril-
lion cubic feet higher and offshore production 0.2 tril-
lion cubic feet higher in the combined limited case
than in the reference case. The increases in domestic
conventional natural gas production and pipeline im-
ports offset declines in unconventional production
and Alaska production. They also offset a decline in
LNG imports that are eliminated from the combined
limited case by assumption but are available in the
reference case.

Natural Gas Prices

In each of the three limited cases, natural gas prices
are higher than projected in the reference case
(Figure 19). The assumptions for the limited natural
gas supply case have a more significant impact on
price than those for the limited electricity generation
supply case, with natural gas wellhead prices 45
percent and 14 percent higher in 2030 than in the
reference case, respectively. The largest difference
from the reference case is in the combined limited
case, with prices 89 percent higher than in the refer-
ence case in 2030. End-use prices for natural gas
increase in response to the higher wellhead prices and

Figure 19. Lower 48 wellhead natural gas prices
in four cases, 1995-2030 (2006 dollars
per thousand cubic feet)
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moderate consumption, while price increases both
result from and contribute to changes in the mix of
supply sources.

The reason for the large price variations across the
cases is the need to turn to more expensive sources of
supply to satisfy the demand for natural gas as con-
sumption increases and available sources of supply
diminish. With the exception of Alaska and uncon-
ventional natural gas, the domestic conventional
natural gas resource base is largely depleted, and only
limited production increases are possible in response
to consumption increases. Most of the large conven-
tional fields have already been discovered, leaving
only the smaller and deeper fields that are more costly
to develop.

In the limited electricity generation supply case,
which assumes the same resource base and rate of
technological progress as in the reference -case,
unconventional natural gas production increases in
response to higher prices. The assumptions for the
limited natural gas supply case limit technological
progress and reduce the size of the resource base,
causing a much greater price increase than in the
limited electricity generation supply case. Increased
demand for natural gas in the limited electricity gen-
eration supply case raises the natural gas wellhead
price in 2030 to $7.57 per thousand cubic feet,
compared with $6.63 per thousand cubic feet in the
reference case. In the limited natural gas supply case,
the wellhead price in 2030 is $9.61 per thousand cubic
feet, and in the combined limited case it is $12.55 per
thousand cubic feet.

Electricity Prices

In the AEOZ2008 reference case, real electricity prices
are projected to remain relatively flat, with the 2030
price slightly below the current price. In the three
limited cases, all with higher natural gas prices,
electricity prices in 2030 are 4 percent to 36 percent
higher than 2006 prices (Figure 20). Electricity prices
in 2030 in the limited electricity generation supply
case are higher than those in the limited natural gas
supply case, even though natural gas prices are lower,
because there are more options to change the genera-
tion mix in the limited natural gas supply case. In the
limited electricity generation supply case, with capac-
ity additions largely restricted to natural gas technol-
ogies, electricity prices are more sensitive to changes
in natural gas prices and are 13 percent higher in
2030 than projected in the reference case. In compari-
son, electricity prices in 2030 in the limited natural

gas supply case are 5 percent higher than in the refer-
ence case. In the combined limited case, electricity
prices in 2030 are 37 percent higher than in the refer-
ence case.

Trends in Heating and Cooling
Degree-Days: Implications for Energy
Demand

Weather-related energy use, in the form of heating,
cooling, and ventilation, accounted for more than
40 percent of all delivered energy use in residential
and commercial buildings in 2006. Given the rela-
tively large amount of energy affected by ambient
temperature in the buildings sector, EIA has re-
evaluated what it considers “normal” weather for
purposes of projecting future energy use for heating,
cooling, and ventilation. In AEO2008, estimates of
“normal” heating and cooling degree-days are based
on the population-weighted average for the 10-year
period from 1997 through 2006.

In previous AEOs, EIA used the National Oceanic
and Atmospheric Administration (NOAA) 30-year
average for heating and cooling degree-days as a
benchmark for normal weather. Over the past several
years, however, many energy analysts have ques-
tioned the use of the 30-year average, given the recent
trend toward warmer weather relative to the 30-year
average. Figure 21 shows percentage differences from
the 30-year average in heating and cooling degree-
days for the past 15 years. Over the 15-year period,
only two winters have been colder, and all but three
summers have been warmer, than the 30-year aver-
age; and on average, the winters have been 4 percent
warmer and the summers 5 percent warmer than the
30-year average. Five of the 15 summers were more
than 10 percent warmer than the 30-year average,
whereas only 2 of the 15 winters were 10 percent

Figure 20. U.S. average electricity prices in four
cases, 1995-2030 (2006 cents per kilowatthour)
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warmer than the average, indicating a larger change
for summer than for winter weather over the past 15
years. This suggests that the 30-year average is
heavily weighted by years before 1993 and is less
representative of heating and cooling degree-days in
more recent years.

The recent changes in average heating and cooling
degree-days have not only affected the accuracy of
AEO projections for heating and cooling demand.
Underestimating summer demand for cooling—par-
ticularly, peak demand—can undermine the plans
made by electricity producers for wholesale power
purchases and capacity additions. Overestimating
winter demand for heating can affect plans for
natural gas storage and supply. Consequently, many
energy analysts have suggested that shorter time
periods provide a more appropriate basis for project-
ing “normal” weather. For example, Cambridge
Energy Research Associates, Inc., now uses a 15-year
period (1991-2005) to estimate normal weather in its
projections for heating and cooling degree-days [63],
and NOAA, responding to customer feedback, has
undertaken a process to revise its traditional 30-year
average by creating “optimal climate normals” that
will be more representative of current weather trends
[64]. EIA decided to use the 10-year average to pro-
vide a better match with recent trends in heating
and cooling degree-days.

Heating and Cooling Degree-Days in AEO2008

All the AEO2008 projections use the 1997-2006 aver-
age as a proxy for normal weather from 2009 through
2030. The 10-year average is based on heating and
cooling degree-day data by State, provided by NOAA,
and State population weights provided by the U.S.
Census Bureau. The State population projections
allow for dynamic estimates of heating and cooling

Figure 21. Annual heating and cooling degree-days,
1993-2007 (percent difference from 30-year average)
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degree-days at the Census Division level. Where State
populations are expected to shift within and across
Census Divisions, the projections for average heating
and cooling degree-days at the national level can vary
from year to year.

Figure 22 shows differences in heating and cooling
degree-days in the AEO2008 projection for 2010-2030
from the 1971-2000 30-year average published by
NOAA. (It should be noted that the projection is not
based on any assumption about global warming.
Rather, expected U.S. population shifts cause the
numbers of average heating and cooling degree-days
to change over the projection period.) In 2010, the
number of U.S. cooling degree-days in the AEO2008
reference case is about 10 percent greater than the
NOAA 30-year average with fixed population weights,
and the number of heating degree-days is 8 percent
less [65]. Accordingly, electricity providers are pro-
jected to see more peak summer demand, and direct
fuel use for heating in buildings is projected to decline
through 2030 as a result of State population shifts, all
else being equal.

Impacts on the AEO2008 Projections

Fuel Use in Buildings and for
Electricity Generation

Because space heating accounts for more direct
energy use in buildings than does cooling, use of the
10-year averages for heating and cooling degree-days
results in a 2.4-percent net decrease (about 0.6
quadrillion Btu) in buildings sector energy consump-
tion in 2030, as compared with the same projection
based on 30-year average heating and cooling
degree-days (Figure 23). For electricity providers,
on the other hand, the increase in electricity use for

Figure 22. Heating and cooling degree-days
in the AEO2008 reference case, 2010-2030
(percent difference from 1971-2000 average)
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cooling is more than the decrease in electricity use for
heating, and the result is a 0.7-percent net increase
(about 0.4 quadrillion Btu) in fuel use for electricity
generation. The effect on total net energy consump-
tion in the reference case is small, amounting to a
0.4-percent decrease (about 0.4 quadrillion Btu) in
2030. As a result, expenditures for energy purchases
in residential and commercial buildings are 0.4 per-
cent lower in 2030 ($1.8 billion in 2006 dollars), and
total CO, emissions in 2030 are reduced by 0.1 per-
cent (10 million metric tons).

Electricity Prices

As expected, the additional summer demand for cool-
ing that results from using the 10-year average for
cooling degree-days shifts more electricity demand
into the summer peak period (Figure 24). In 2030,
demand in the summer peak period increases by 4.4
percent, whereas winter demand is reduced by 0.8
percent. The increase in summer peak demand
leads to higher real electricity prices, with average
increases of 2.3 percent for residential customers and
0.3 percent for commercial customers.

Liquefied Natural Gas: Global Challenges

U.S. imports of LNG in 2007 were more than triple
the 2000 total, and they are expected to grow in the
long term as North America’s conventional natural
gas production declines. With U.S. dependence on
LNG imports increasing, competitive forces in the
international markets for natural gas in general
and LNG in particular will play a larger role in
shaping the U.S. market for LNG. Key factors cur-
rently shaping the future of the global LNG market
include the evolution of project economics, worldwide

Figure 23. Impacts of change from 30-year to
10-year average for heating and cooling degree-days
on energy use for heating and cooling in buildings
by fuel type, 2030 (quadrillion Btu)
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demand for natural gas, government policies that af-
fect the development and use of natural resources in
countries with LNG facilities, and changes in sea-
sonal patterns of LNG trade.

Changing Project Economics

From the mid-1990s through 2002, a major factor
underlying the growth of global LNG markets was
declining costs throughout the LNG supply chain.
Since 2003, however, costs have escalated, especially
in the area of liquefaction. The result has been a delay
in commitments to the construction of new liquefac-
tion capacity, which in turn creates uncertainty about
the future availability of LNG supplies.

The cost of liquefaction capacity can vary widely,
depending on location, quality of natural gas supplies,
and plant design (including whether the planned
capacity is an expansion of an existing plant or a new
greenfield plant). In general, however, the available
data indicate that construction costs for new liquefac-
tion capacity have more than tripled since the early
2000s [66]. Some of the reasons for the increase are
higher raw material costs for commodities such as
nickel and steel, a shortage of experienced workers
and contractors, full construction order books, and
longer delivery times for key pieces of equipment.
Although economies of scale can reduce unit costs,
those reductions have not been sufficient to offset
increases in other costs.

For regasification facilities and receiving terminals,
the available data suggest that the construction costs
for new projects have increased by more than 50 per-
cent over the past 5 years [67]. In addition, construc-
tion costs for LNG tankers have increased by 40 to
50 percent since 2003 [68], primarily because of rising

Figure 24. Impacts of change from 30-year to
10-year average for heating and cooling degree-days
on peak seasonal electricity demand load, 2030
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costs for materials and equipment. Wood Mackenzie
reports that ship prices remain on “an upward trend
driven by a surge in new orders of large tankers, bulk
carriers, and containerships, which compete with
LNG carriers for berth space” [69].

Worldwide Demand for Natural Gas

Contributing to the uncertainty about LNG supply
availability is a worldwide increase in natural gas
consumption and its effect on prices. In EIA’s Inter-
national Energy Outlook 2007, annual worldwide
natural gas consumption in 2030 varies by 35 trillion
cubic feet between the high and low macroeconomic
growth cases, or around plus or minus 11 percent
when compared with the reference case [70].

For some countries, such as Japan and South Korea,
relatively slow growth is expected for natural gas
consumption, but because they are almost entirely
dependent on LNG imports to meet natural gas
demand, any increase is likely to affect LNG markets.
For India and China, on the other hand, natural
gas consumption has increased much more rapidly.
Both countries have been actively searching for new
domestic natural gas resources, and both have been
pursuing pipeline projects that could bring more
imported supplies to domestic consumers. China has
been negotiating with Russia to obtain supplies, India
has been negotiating with Iran, and both countries
have been competing for pipeline supplies from
Central Asia and Myanmar. The success or failure of
domestic natural gas exploration efforts in India and
China and the possible construction of new pipelines
is likely to affect their demand for LNG imports and,
ultimately, how much LNG will be available to the
United States.

Currently, the Organization for Economic Coopera-
tion and Development (OECD) countries account
for the majority of LNG imports. In 2006, 12 OECD
countries [71] were net importers of LNG, and they
accounted for just over 90 percent of all LNG imports.
Five non-OECD countries [72] accounted for the
remaining 10 percent. Among the world’s net export-
ers of LNG, however, 11 of 12 were non-OECD coun-
tries [73], and Australia was the only OECD country
with net LNG exports in 2006. At the same time,
natural gas consumption has been increasing at a
faster rate in the non-OECD countries than in the
OECD countries as a whole.

Resource Development Policies

In addition to the uncertainty associated with natural
gas demand growth and project costs, many countries

that are net LNG exporters have government policies
or agreements that promote domestic natural gas
consumption. Any expansion (or rollback) of such pol-
icies could affect their future domestic consumption
of natural gas and the supplies available for export.

Indonesia, Egypt, and Australia have or are consider-
ing domestic natural gas supply requirements for
projects under development. Indonesia’s 2001 Oil
and Gas Law imposes a 25-percent domestic market
obligation on new contracts for natural gas produc-
tion sharing, although implementation of the law is
still uncertain [74]. In 2005, Egypt reduced the por-
tion of natural gas reserves available for export from
one-third to one-quarter.

Unlike Egypt and Indonesia, Australia does not have
any national regulations that require natural gas re-
sources to be reserved for domestic markets; how-
ever, the Western Australia state government has
negotiated an agreement with Northwest Shelf LNG
developers to reserve 4.7 trillion cubic feet of North-
west shelf natural gas for the domestic market and,
more recently, has negotiated a similar agreement
with Gorgon LNG developers to set aside 15 percent
of reserves for the domestic market. The Western
Australia government has also been considering
domestic reservation requirements for all future
natural gas projects that would liquefy production for
export [75]. Such a requirement could discourage
development of marginal export projects, leaving
some resources undeveloped.

Domestic reservation requirements promote natural
gas consumption by keeping domestic natural gas
prices low. In addition, many countries that are net
LNG exporters foster domestic consumption further
by directly regulating domestic natural gas prices and
keeping them below LNG net-back equivalent prices.
Both China and India, two of the world’s newest LNG
importers, also regulate the prices that electricity
generators pay for natural gas. Without below-
market prices, generators probably would be unable
to use natural gas to generate power profitably for
sale to domestic electricity markets, where prices
also are regulated.

Seasonal Usage Patterns

The natural gas market in North America, where
indigenous production meets much of the demand for
natural gas, is a large, liquid market with ample
storage capacity. Thus, even during periods of rela-
tively low demand, it can still absorb imports. There
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is, however, a seasonal element specific to the U.S.
market (Figure 25). More LNG is imported by the
United States during the summer months, for
reasons related as much to conditions in other LNG-
importing countries as to conditions in the United
States. The conditions that make North America an
attractive year-round market are not likely to change,
but changing conditions in the rest of the world could
reduce the availability of summer LNG imports to the
United States.

The natural gas market in OECD Europe is com-
parable with the North American market in size—
about 71 percent as large in 2005. Whereas North
America relies almost entirely on storage with-
drawals to meet incremental winter demand, OECD
Europe employs a variety of sources, with indigenous
production, natural gas imports, and storage with-
drawals all rising in the winter months to meet
increased demand (Figure 26).

The United Kingdom, Belgium, and the Netherlands
currently have active market-based systems for
natural gas. In addition, European Union regulators
are trying to introduce regulatory reform into addi-
tional markets and bring more liquidity into conti-
nental European markets. Although OECD Europe
also has less storage capacity than North America,
even when the relative size of annual demand in the
two markets is taken into account, it has many geo-
logic structures that could be suitable for seasonal
natural gas storage. By 2015, OECD Europe could
add almost 1 trillion cubic feet of additional working
natural gas capacity in seasonal storage facilities [76].

The seasonal LNG supplies available to the North
American market could also be affected if new import-
ers of LNG develop in the southern hemisphere,

Figure 25. U.S. imports of liquefied natural gas,
2001-2007 (billion cubic feet per day,

3-month average)
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where peak demand for heating occurs during
the northern hemisphere’s summer. Argentina be-
came the first South American country to import
LNG, offloading its first partial cargo in May 2008.
Argentina and its neighbors are anticipating a short-
age of natural gas this winter (June-August), and
Argentina is planning to import LNG on special
ships with onboard regasification capability while
the construction of onshore regasification terminals
is being discussed.

Brazil and Chile also will soon become LNG import-
ers. Brazil has two floating regasification and storage
units on order, the first of which could begin opera-
tion on the country’s northeast coast during 2008.
Chile has at least one regasification terminal in
the advanced planning stage, and others are under
consideration. The terminal planned for Quinteros,
Chile, is expected to enter service in the second quar-
ter of 2009 with a capacity of 2.5 million tons of LNG
(116 billion cubic feet of natural gas) per year and a
contract with BG Group for supply of 1.7 million tons
(79 billion cubic feet) per year [77].

Implications of Uncertainty in LNG Markets

Changing expectations about global LNG demand,
supply, and prices are reflected in the AEO2008 refer-
ence case. Demand for natural gas overall is lower in
AEO02008 than in AEO2007 as a result of expecta-
tions for slower economic growth and higher energy
prices, including natural gas prices. With the addi-
tional assumptions of higher LNG costs, stronger
competition for global LNG supplies, and growing
constraints on LNG production, U.S. LNG imports in
2030 are 1.7 trillion cubic feet lower in AEO2008 than
the AEO2007 projection for LNG imports in 2030.
There remains, however, considerable uncertainty

Figure 26. OECD Europe natural gas supply
by source, 2000-2007 (billion cubic feet per day)
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about the future of the global LNG market, which
could lead to higher or lower LNG imports. To quan-
tify the possible effects of that uncertainty, AEO2008
includes high and low LNG supply cases in which U.S.
imports of LNG are assumed to be higher and lower,
respectively, than in the reference case.

The high and low LNG supply cases are not based on
explicit assumptions about the causes of increased or
decreased availability of LNG imports but only exam-
ine their potential impacts on natural gas supply,
demand, and prices in the United States. Gross U.S.
LNG import levels were specified for the high LNG
supply case by increasing LNG imports by 10 percent
in 2011 relative to the reference case level, followed
by a gradual increase to three times the reference case
level in 2030. For the low LNG supply case, U.S. LNG
imports are held constant at the reference case level
in 2009 through the end of the projection. All other
assumptions in the LNG supply cases, such as oil

Figure 27. Gross U.S. imports of liquefied natural
gas in three cases, 1990-2030 (trillion cubic feet)
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Figure 28. U.S. natural gas supply in three cases,
2006-2030 (trillion cubic feet)
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prices and domestic resource levels, are the same as
in the reference case. In 2030, LNG imports are
specified to be 8.5 trillion cubic feet in the high LNG
supply case and 1.0 trillion cubic feet in the low LNG
supply case (Figure 27).

Varying the amount of LNG imports affects domestic
production, consumption, and price levels for natural
gas. In general, lower LNG imports result in the use
of higher priced domestic production, leading to
higher prices and, subsequently, reduced consump-
tion and total supply requirements. In the low LNG
supply case, 23 percent of the reduction in LNG
imports is made up by a decline in natural gas con-
sumption (primarily in the electricity generation sec-
tor, where more than 90 percent of the reduction
occurs). The other 77 percent is made up by an in-
crease in supplies from other sources, primarily
domestic unconventional natural gas production (26
percent) but also other domestic lower 48 production
(20 percent), Alaska production (20 percent), and
pipeline imports (11 percent) (Figure 28). The lower
supply requirement helps moderate the price increase
relative to the reference case (Figure 29). Wellhead
natural gas prices in 2030 are 4.4 percent higher in
the low LNG supply case than in the reference case.

In the high LNG supply case, the impact on consump-
tion is larger. An increase in natural gas consumption
amounts to about 45 percent of the increment in
LNG imports relative to the reference case, and the
remaining 55 percent offsets declines in domestic
natural gas production and pipeline imports. Well-
head prices in 2030 are nearly 17 percent lower in the
high LNG supply case than in the reference case.

Figure 29. Lower 48 wellhead natural gas prices
in three cases, 1990-2030 (2006 dollars per thousand
cubic feet)
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World Oil Prices and Production Trends
in AEO2008

AEQO2008 defines the world oil price as the price
of light, low-sulfur crude oil delivered in Cushing,
Oklahoma. Since 2003, both “above ground” and
“below ground” factors have contributed to a sus-
tained rise in nominal world oil prices, from $31 per
barrel in 2003 to $69 per barrel in 2007. The
AEO02008 reference case outlook for world oil prices is
higher than in the AEO2007 reference case. The main
reasons for the adoption of a higher reference case
price outlook include continued significant expansion
of world demand for liquids, particularly in non-
OECD countries, which include China and India; the
rising costs of conventional non-OPEC supply and
unconventional liquids production; limited growth in
non-OPEC supplies despite higher oil prices; and the
inability or unwillingness of OPEC member countries
to increase conventional crude oil production to levels
that would be required for maintaining price stabil-
ity. EIA will continue to monitor world oil price
trends and may need to make further adjustments in
future AEOs.

In the AEO2008 reference case, the world oil price
in 2030 is approximately 18 percent higher than
the AEO2007 reference case projection. In inflation-
adjusted terms (2006 dollars) the world crude oil price
reaches $70 per barrel in 2030 in the AEO2008 refer-
ence case, as compared with $61 per barrel in the
AEO02007 reference case (Figure 30).

In AEO2008, for both production and consumption,
“liquid fuels” include conventional and unconven-
tional liquids. Unconventional liquids include oil
sands, biofuels, extra-heavy oils, gas-to-liquids
(GTL), and CTL. World consumption of liquid fuels

Figure 30. World oil price in six cases, 2000-2030
(2006 dollars per barrel)
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increases from 85 million barrels per day in 2006 to
113 million barrels per day in 2030 in the AEO2008
reference case. The non-OECD countries, which ac-
counted for 42 percent of world liquids consumption
in 2006, are expected to reach 50 percent of the world
total in 2022 and 53 percent in 2030, as non-OECD
demand for liquid fuels increases from 36 million
barrels per day in 2006 to 60 million barrels per day in
2030. Over the same period, OECD consumption in-
creases from 49 million barrels per day to 53 million
barrels per day in the reference case (Figure 31).

The OPEC share of world liquids production remains
at about 41 percent through 2030, while non-OPEC
conventional liquids production increases from 48
million barrels per day in 2006 to 56 million barrels
per day in 2030. Unconventional liquids production in
both OPEC and non-OPEC countries grows rapidly,
but with more substantial increases in the non-OPEC
countries (to 11 million barrels per day in 2030, com-
pared with 3 million barrels per day for the OPEC
countries in 2030).

Any long-term projection of world oil prices is highly
uncertain. Above-ground factors that contribute to
price uncertainty include access to oil resources, in-
vestment constraints, economic and other objectives
of countries where the major reserves and resources
are located, cost and availability of substitutes, and
economic and policy developments that affect the
demand for oil. Below-ground factors include the vol-
umes initially in place in major petroleum basins
around the world (including discovered and undiscov-
ered fields) and the fluid and rock characteristics of
undiscovered fields. AEO2008 includes high and low
price cases to illustrate the potential impacts of the
uncertainties.

Figure 31. World liquids consumption in the
AEQO2008 reference case, 2006-2030
(million barrels per day)
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The high price case assumes that non-OPEC conven-
tional oil resources are less plentiful, and the overall
costs of extraction are higher, than assumed in the
reference case. The high price case also assumes that
OPEC will choose to allow a decline in its market
share to 38 percent of total world liquids production.
As aresult, the oil price increases steadily to approxi-
mately $112 per barrel in 2016 ($93 per barrel in 2006
dollars) and $186 per barrel in 2030 ($119 per barrel
in 2006 dollars). World liquids consumption rises
from 85 million barrels per day in 2006 to 98 million
barrels per day in 2030 in the high price case.

The low price case assumes that non-OPEC conven-
tional oil resources are more plentiful, and the overall
costs of extraction are lower, than in the reference
case, and that OPEC will choose to increase its
market share to 45 percent. In the low price case, the
world oil price falls steadily, to approximately $47 per
barrel in 2017 ($39 per barrel in 2006 dollars), and
then rises gradually to $69 per barrel in 2030 ($42 per
barrel in 2006 dollars). World liquids consumption
rises to 132 million barrels per day in 2030 in the low
price case.
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Market Trends

The projections in AEO2008 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 esti-
mates, given known technology and technological
and demographic trends. AEO2008 assumes that
current laws and regulations are maintained
throughout the projections. Thus, the projections
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. Unless otherwise noted,
laws and regulations are assumed to remain as
currently enacted. Further, future laws and regula-
tory actions are not anticipated.

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 ten-
dencies rather than representations of specific
outcomes.

Energy market projections are subject to much un-
certainty. 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 AEO2008
projections are addressed through alternative cases.

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

The AEO production process was somewhat differ-
ent this year. After EIA published an early-release
version of the AEO2008 reference case in December
2007, EISA2007 was enacted later that month. EIA
decided to update the reference case to reflect the
provisions of EISA2007. The AEO2008 reference
case, released in March 2008, also includes addi-
tional revisions that reflect historical data issued
after the AEO2008 early-release reference case was
completed, as well as new data from EIA’s January
2008 Short-Term Energy Outlook (STEQ), a more
current economic outlook, and technical updates to
the version of NEMS used to produce the early
release.




Trends in Economic Activity

AEO2008 Presents Three Views
of Economic Growth

Figure 32. Average annual growth rates of real
GDP, labor force, and productivity, 2006-2030
(percent per year)
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AEO02008 presents three views of economic growth
for the 2006-2030 projection period. Economic growth
depends mainly on growth in the labor force and pro-
ductivity. In the reference case, the labor force grows
by an average of 0.7 percent per year; labor productiv-
ity in the nonfarm business sector grows by 1.9 per-
cent per year; and growth in real GDP averages 2.4
percent per year (Figure 32). In line with the labor
and output trends, nonfarm employment grows by 0.9
percent per year, while employment in manufactur-
ing shrinks by 1 percent per year. Investment growth
averages 2.8 percent per year in the reference case;
disposable income available to households grows by
2.8 percent per year; and disposable income per capita
increases by 1.9 percent per year.

The high and low economic growth cases show the
effects of alternative economic growth assumptions
on the energy market projections (see Appendix E for
descriptions of all the alternative cases). In the high
growth case, real GDP growth averages 3.0 percent
per year, as a result of higher assumed growth rates
for the labor force (0.9 percent per year), nonfarm
employment (1.2 percent), and nonfarm labor produc-
tivity (2.4 percent). With higher productivity gains
and employment growth, inflation and interest rates
are lower than in the reference case. In the low
growth case, growth in real GDP is 1.8 percent per
year, as a result of lower assumed growth rates for the
labor force (0.4 percent per year), nonfarm employ-
ment (0.5 percent per year), and labor productivity
(1.5 percent per year). Consequently, the low growth
case shows higher inflation and interest rates and
slower growth in industrial output and employment
than are projected in the reference case.

Projected Gains in Labor Productivity
Are Higher Than Historical Averages

Figure 33. Average annual inflation, interest, and
unemployment rates, 2006-2030 (percent per year)
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Common indicators for inflation, interest rates and
employment are, respectively, the all-urban consum-
er price index, the interest rate (yield) on 10-year U.S.
Treasury notes, and the nonfarm unemployment
rate, which are widely viewed as barometers of
conditions in the markets for goods and services,
credit, and labor, respectively. Historically, from
1982 to 2006, inflation has averaged 3.1 percent
per year, the average yield on 10-year Treasury notes
has been 7.2 percent per year, and the unemployment
rate has averaged 6.1 percent. In the AEO2008 refer-
ence case, as well as in the high and low economic
growth cases, projected gains in nonfarm labor pro-
ductivity—although lower than those seen during the
1990s—are generally higher than the historical aver-
ages of the 1980s, leading to more optimistic projec-
tions for inflation, interest, and unemployment rates.

In AEO2008, the projected average annual inflation
rate over the 2006-2030 period is 2.1 percent in the
reference case, 1.5 percent in the high economic
growth case, and 2.6 percent in the low growth case
(Figure 33). Annual yields on the 10-year Treasury
note are projected to average 5.2 percent in the refer-
ence case, 4.8 percent in the high growth case, and 5.7
percent in the low growth case. The projections for av-
erage unemployment rates are 4.7 percent in the ref-
erence case, 4.6 percent in the high growth case, and
4.9 percent in the low growth case. Relative to the ref-
erence case, the higher inflation, interest, and unem-
ployment rates in the low growth case and the lower
rates in the high growth case depend on different as-
sumptions about labor productivity and population
growth rates.
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Trends in Economic Activity

Output Growth for Energy-Intensive
Industries Is Expected To Slow

Figure 34. Sectoral composition of industrial
output growth rates, 2006-2030 (percent per year)
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With imports meeting a growing share of demand for
industrial goods, the industrial sector has shown
slower output growth than the economy as a whole in
recent decades. That trend is expected to continue in
the AEO2008 projections. The average annual growth
rate for real GDP from 2006 to 2030 is 2.4 percent
in the reference case, whereas the industrial sector
averages 1.3 percent. With higher energy prices and
greater foreign competition, the energy-intensive
manufacturing sectors [78] grow by only 0.7 percent
per year from 2006 through 2030, compared with
a 1.9-percent average annual rate of growth for the
remaining industrial sectors (Figure 34).

AEQO2008 projects relatively slow growth in construc-
tion, chemicals, and transportation equipment. High
interest rates affect the construction and transporta-
tion equipment sectors. Increased foreign competi-
tion, slow expansion of domestic production, and
higher energy prices exert competitive pressure on
the chemicals industry, with growth slowing sub-
stantially after 2020.

In the high economic growth case, output from the
industrial sector grows by an annual average of
2.0 percent, still below the annual growth of real
GDP (3.0 percent). In the low economic growth case,
real GDP and industrial output grow by 1.8 and
0.5 percent per year, respectively. In both cases, the
non-energy-intensive manufacturing industries show
higher growth than the rest of the industrial sector.

Energy Expenditures Relative to GDP
Are Projected To Decline

Figure 35. Energy expenditures in the U.S. economy,
1990-2030 (billion 2006 dollars)
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Total U.S. energy expenditures were $1.1 trillion in
2006. Energy expenditures rise to $1.3 trillion (2006
dollars) in 2030 in the AEO2008 reference case and to
$1.5 trillion in the high economic growth case (Figure
35). For the economy as a whole, ratios of energy
expenditures to GDP in 2006 were 8.6 percent for all
energy, 5.1 percent for petroleum, and 1.4 percent for
natural gas. Recent developments in the world oil
market have pushed the energy expenditure shares
upward, and in the reference case they are expected to
increase from current levels until 2010. After 2010
expenditures fall, as the energy intensity of the U.S.
economy—measured in terms of energy consumption
(thousand Btu) per dollar of real GDP—continues to
decline and world oil prices stabilize. Total energy
expenditures are projected to equal 5.6 percent of
GDP in 2030, petroleum expenditures 3.1 percent,
and natural gas expenditures less than 1 percent
(Figure 36).

Figure 36. Energy expenditures as a share of gross
domestic product, 1970-2030 (nominal expenditures
as percent of nominal GDP)
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International Oil Markets

Oil Price Cases Show Uncertainty
in Prospects for World Oil Markets

Figure 37. World oil prices, 1980-2030
(2006 dollars per barrel)
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World oil price projections in AEO2008, in terms of
the average price of imported low-sulfur, light crude
oil to U.S. refiners, are higher for 2006-2030 than
those presented in AEO2007. The higher price path
reflects lower estimates of oil consumers’ sensitivity
to higher prices, an anticipation of lower additions to
production capacity in key non-OPEC regions, and a
reassessment of OPEC producers’ willingness and
ability to expand production and production capacity
aggressively.

The historical record shows substantial variation in
world oil prices, and there is arguably even more
uncertainty about future prices when longer time
periods are examined. As in previous outlooks,
AEQO2008 considers three price cases to illustrate
the uncertainty of prospects for future world oil
resources. In the reference case, world oil prices
moderate from current levels to about $57 per barrel
in 2016, start rising again as production in non-OPEC
regions peaks, and continue rising to $70 per barrel in
2030 (all prices in 2006 dollars). The low and high
price cases reflect a wide band of potential world oil
price paths, ranging from $42 to $119 per barrel in
2030 (Figure 37), but they do not bound the set of all
possible future outcomes. The high and low oil price
cases are predicated on assumptions about access to
and costs of non-OPEC oil, OPEC supply decisions,
and the supply potential of unconventional liquids.
Combining those assumptions with different assump-
tions about the demand for oil would produce a wider
range of oil price paths.

Unconventional Resources
Gain Market Share as Prices Rise

Figure 38. Unconventional resources as a share of
the world liquids market, 1990-2030 (percent)
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The world’s total production of liquid fuels from
unconventional resources in 2006 was 2.8 million
barrels per day, equal to about 3 percent of total
liquids production. Production from unconventional
sources included 1.2 million barrels per day from oil
sands in Canada, 600,000 barrels per day from very
heavy oils in Venezuela, and 320,000 barrels of
ethanol per day in the United States. In the AEO2008
reference case, unconventional production makes up
12 percent (14 million barrels per day) of total liquids
production in 2030 (Figure 38).

Depending on price assumptions, world unconven-
tional production is projected to be 5.4 to 18.9 million
barrels per day higher in 2030 than it was in 2006,
accounting for between 6 and 22 percent of the
world’s total production of liquids. Production of
unconventional liquids depends heavily on prices,
being more competitive with conventional sources
when market prices are high. Not all unconventional
liquids respond to price changes in the same manner,
however, because the sources of unconventional
liquids differ with regard to resource constraints,
political backing, available technologies, and other
characteristics.

The composition of world unconventional liquids pro-
duction does not vary significantly between the refer-
ence and low price cases, with biofuels and oil sands
combined accounting for about 60 percent of uncon-
ventional supply. In the high price case, the economic
viability of and need for unconventional liquids sup-
ply increase, and 34 percent of total projected uncon-
ventional liquids production in 2030 is accounted for
by CTL, one-half of which will be produced by China.
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Energy Demand

World Liquids Supply Is Projected
To Remain Diversified in All Cases

Figure 39. World liquids production shares
by region, 2006 and 2030 (percent)
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In 2006, OPEC producers in the Persian Gulf ac-
counted for 28 percent of the world’s conventional
liquids supply, and other OPEC producers accounted
for 14 percent. Europe and Eurasia produced 22
percent of conventional supply, North America 17
percent, and the rest of the world 19 percent (Figure
39).

In the reference case, OPEC conventional production
maintains approximately a 40-percent share of world
total liquids supply through 2030, which is consistent
with recent historical trends and reflects an expecta-
tion that OPEC suppliers will vary their production
levels to influence world oil prices. In all the
AEQ02008 cases, OECD liquids production is between
23 and 24 million barrels per day in 2030, constrained
by resource availability rather than price or political
concerns.

In the high price case, several resource-rich countries,
including Saudi Arabia, Mexico, and Russia, limit
production, lowering both total world liquids supply
and their own shares of the supply. In the high price
case, the largest increases in liquids production occur
in the United States, China, Canada, Brazil, and
India, where substantial increases in unconventional
production are expected, underscoring the rising
importance of unconventional fuels to the world’s
supply of liquids. In the low price case, resource-rich
countries either maintain current production behav-
ior or increase their openness to foreign capital in-
vestment. As a result, the largest increases in world
liquids supply shares in the low price case occur in
Iraq and the Caspian Sea Basin.

Average Energy Use per Person
Levels Off Through 2030

Figure 40. Energy use per capita and per dollar of
gross domestic product, 1980-2030 (index, 1980 = 1)
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Because energy use for housing, services, and travel
in the United States is closely linked to population
levels, energy use per capita is relatively stable
(Figure 40). In addition, the economy is becoming
less dependent on energy in general.

Energy intensity (energy use per 2000 dollar of GDP)
declines by an average of 1.4 percent per year in the
low growth case, 1.7 percent in the reference case, and
1.9 percent in the high growth case. Efficiency gains
and faster growth in less energy-intensive industries
account for most of the projected decline, more than
offsetting growth in demand for energy services in
buildings, transportation, and electricity generation.
The decline is more rapid in the high economic
growth case, because with higher economic growth
the number of new, more efficient systems grows
faster, and the additional growth is concentrated in
less energy-intensive industries. As energy prices
moderate over the longer term, energy intensity de-
clines at a slower rate in the reference, high growth,
and low growth cases.

The AEO2008 cases developed to illustrate the uncer-
tainties associated with those factors include low and
high growth cases, low and high price cases, and alter-
native technology cases (see Appendixes B, C, D, and
E).
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Energy Demand

Coal and Liquid Fuels Lead Increases
in Primary Energy Use

Figure 41. Primary energy use by fuel, 2006-2030
(quadrillion Btu)
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Total primary energy consumption, including energy
for electricity generation, grows by 0.7 percent per
year from 2006 to 2030 in the reference case (Figure
41). Fossil fuels account for 55 percent of the increase.
Coal use increases in the electric power sector, where
electricity demand growth and current environmen-
tal policies favor coal-fired capacity additions. About
54 percent of the projected increase in coal consump-
tion occurs after 2020, when higher natural gas prices
make coal the fuel of choice for most new power
plants under current laws and regulations, which do
not limit greenhouse gas emissions. Increasing de-
mand for natural gas in the buildings and industrial
sectors offsets the decline in natural gas use in the
electricity sector after 2016, resulting in a net in-
crease of 5 percent from 2006 to 2030.

The transportation sector accounted for more than
two-thirds of all liquid fuel consumption in 2006, and
60 percent of that share went to LDVs. Demand for
liquid transportation fuels increases by 17 percent
from 2006 to 2030, dominated by growing fuel use for
LDVs, trucking, and air travel. The industrial sector
accounted for 25 percent of total liquid fuel use in
2006, but its share declines to 21 percent in 2030.

AEQO2008 also projects rapid percentage growth in
renewable energy production, as a result of the
EISA2007 RFS and the various State mandates for
renewable electricity generation. Additions of new
nuclear power plants are also projected, spurred by
improving economics relative to plants fired with
fossil fuels and by the EPACT2005 PTCs.

Electricity and Liquid Fuels Lead Rise
in Delivered Energy Consumption

Figure 42. Delivered energy use by fuel, 1980-2030
(quadrillion Btu)
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Delivered energy use (excluding losses in electricity
generation) grows by 0.7 percent per year from 2006
to 2030 in the reference case. The growth in electric-
ity use is driven by growing demand in the residential
and commercial sectors. With the growing market
penetration of electric appliances, residential electric-
ity use increases slightly faster than the total number
of households, and commercial electricity use out-
paces the growth in commercial floorspace. With dif-
ferent assumptions about population and economic
growth, average annual growth in delivered energy
use from 2006 to 2030 ranges from 0.3 percent in the
low growth case to 1.0 percent in the high growth
case.

Growth in demand for liquid fuels is led by the trans-
portation sector, as rising population, incomes, and
economic output boost demand for travel, partially
offsetting improvements in vehicle efficiency (Figure
42). Natural gas use grows more slowly than overall
delivered energy demand, reflecting its relatively
higher cost, particularly in the industrial sector.

Industrial biomass accounts for the largest share of
end-use consumption of renewable energy. Currently
it is used mostly as a byproduct fuel in the pulp and
paper industry, but that use will be surpassed by
consumption of biomass heat and co-products from
ethanol manufacture when the biofuel mandate
under EISA2007 reaches 36 billion gallons in 2022.
Consumption of nonmarketed solar, geothermal, and
wind energy also increases dramatically in the projec-
tions; however, it continues to account for less than
1 percent of all delivered energy use in the residential
and commercial sectors.
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Residential Sector Energy Demand

U.S. Primary Energy Use Climbs
to 118 Quadrillion Btu in 2030

Figure 43. Primary energy consumption by sector,
1980-2030 (quadrillion Btu)
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The most significant impact of EISA2007 is in the
transportation sector, where the CAFE standard for
LDVs is raised to 35 mpg in 2020. Still, from 2006
to 2030 the transportation sector sees the second-
largest increase in energy consumption, at 5 quadril-
lion Btu (Figure 43), as a result of increases in vehicle
miles traveled, jet fuel consumption, and demand for
fuels such as E10, E85, and diesel to displace motor
gasoline.

EISA2007 has little effect on the commercial sector,
where energy demand continues to expand more
rapidly than the economy as a whole. Dependence on
natural gas and electricity, already heavy in the resi-
dential and commercial sectors, increases over time.
Demand for electricity grows faster than demand for
natural gas in both sectors, however, because electric-
ity is used for a wider diversity of applications (includ-
ing the fastest growing end uses, office equipment,
personal computers, and televisions), whereas natu-
ral gas is used mainly for space heating, cooking, and
water heating, which grow more slowly than house-
holds and floorspace.

The variation in residential and commercial energy
demand between the high and low price cases is rela-
tively small, and natural gas consumption accounts
for most of the difference. In the industrial sector,
fuel use in 2030 is higher in the high price case than in
the reference case, reflecting differences in CTL,
ethanol, and biodiesel production. Different growth
rates for manufacturing output in the low and high
macroeconomic growth cases account for most of the
difference in industrial energy consumption between
the two cases.

Residential Energy Use per Capita
Varies With Technology Assumptions

Figure 44. Residential delivered energy
consumption per capita, 1990-2030
(index, 1990 = 1)
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Residential energy use per person has remained fairly
constant since 1990 (taking into account year-to-year
fluctuations in weather), with increases in energy
efficiency offset by consumer preference for larger
homes and by new residential uses for energy. Over
the past 10 years, the weather has generally been
warmer than the 30-year average, causing energy use
per person to remain mostly below its 1990 level.
Given the preponderance of warmer winters and
summers, the AEO2008 projections define normal
weather as the average of the most recent 10 years of
historical data, which decreases the need for heating
fuels, such as natural gas and fuel oil, and increases
the need for electricity used for air conditioning, all
else being equal [79].

In the AEO2008 projections, residential energy use
per capita changes with assumptions about the rate at
which more efficient technologies are adopted. The
2008 technology case assumes no increase in the effi-
ciency of equipment or building shells beyond those
available in 2008. The high technology case assumes
lower costs, higher efficiencies, and earlier availabil-
ity of some advanced equipment. In the reference
case, residential energy use per capita is projected to
fall below the 2006 level after 2024. The 2008 technol-
ogy case approximates an upper bound on residential
energy use per capita in the future: delivered energy
use per capita in the residential sector remains above
the 2006 level through 2030, when it is 7 percent
higher than projected in the reference case (Figure
44). The high technology case provides a lower bound,
falling below the 2006 level after 2016 and reaching a
2030 level that is 5 percent below the reference case
projection.
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Residential Sector Energy Demand

Household Uses for Electricity
Continue To Expand

Figure 45. Residential delivered energy
consumption by fuel, 2006, 2015, and 2030
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In 2006, households consumed more electricity than
natural gas for the first time, as warmer winter tem-
peratures reduced the need for natural gas heating.
Over the past decade, residential electricity use has
grown steadily, as a result of the increase in air condi-
tioning use and the introduction of new applications.
That trend is expected to continue in AEO2008
(Figure 45). In 2030, electricity use for home cooling
is 38 percent higher than the 2006 level in the refer-
ence case, as the U.S. population continues to migrate
to the South and West, and older homes convert from
room air conditioning to central air conditioning. A
projected 25-percent increase in the number of house-
holds also increases the demand for appliances, and
total electricity use in the residential sector increases
by 27 percent from 2006 to 2030 in the reference case.

Natural gas and liquid fuels are used in the residen-
tial sector primarily for space and water heating. Few
new uses have emerged over the past decade, and few
are expected in the future. Thus, natural gas and
liquids consumption per household decreases as the
energy efficiency of furnaces and building compo-
nents continues to improve.

The 2008 technology and high technology cases pro-
vide high and low ranges for the projections. In the
high technology case, for example, high-efficiency air
conditioners and condensing gas furnaces become
more prevalent. Recent developments in solid-state
lighting technologies, such as light-emitting diodes
(LEDs), are reflected in the reference case as a reduc-
tion of up to 85 percent in the amount of electricity
needed to provide a given amount of useful light.

Increases in Energy Efficiency
Are Projected To Continue

Figure 46. Efficiency gains for selected residential
appliances, 2030 (percent change from
2006 installed stock efficiency)
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The energy efficiency of new household appliances
plays a key role in determining the types and amounts
of energy used in residential buildings. As a result of
stock turnover and purchases of more efficient equip-
ment, energy use by residential consumers, both per
household and per capita, has fallen over time. In the
2008 technology case, which assumes no efficiency
improvement of available appliances beyond 2008 lev-
els, normal stock turnover results in higher average
energy efficiency for most end uses in 2030, as older
appliances are replaced with more efficient models
from the existing stock of appliances (Figure 46).

The largest gains in residential energy efficiency are
projected in the best available technology case, which
assumes that consumers purchase the most efficient
products available at normal replacement intervals
regardless of cost, and that new buildings are built to
the most energy-efficient specifications available,
starting in 2009. In this case, residential delivered
energy consumption in 2030 is 27 percent less than in
the 2008 technology case and 22 percent less than in
the reference case. Purchases of new energy-efficient
products, especially compact fluorescent and solid-
state lighting and condensing gas furnaces, reduce
energy use without lowering service levels.

Several current Federal programs, including Zero
Energy Homes and ENERGY STAR Homes, promote
the use of efficient appliances and building envelope
components, such as windows and insulation. In
the best available technology case, use of the most
efficient building envelope components available can
reduce heating requirements in an average new home
by more than 60 percent.
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Commercial Sector Energy Demand

Residential Electricity Use for
Lighting Is Expected To Decline

Figure 47. Electricity consumption for residential
lighting, 2006-2030 (billion kilowatthours per year)
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Residential electricity use for lighting accounted for
about 16 percent of the sector’s total electricity con-
sumption in 2006, making it the second largest use for
electricity in households. In the AEO2008 reference
case, electricity use for lighting declines as a result of
the lighting efficiency standards in EISA2007, which
require general-service incandescent light bulbs to
reduce wattage by about 28 percent by 2014, increas-
ing to 65 percent in 2020. DOE is required to examine
the potential for tighter standards after 2020, but the
details are uncertain and are not included in the
AEO02008 reference case.

Figure 47 summarizes residential lighting use in the
AEO02008 reference case and a case without EISA-
2007. Given the relatively rapid turnover in incandes-
cent lighting, EISA2007 achieves electricity savings
immediately, reducing lighting demand by 27 percent
(59 billion kilowatthours) in 2015. With continued
tightening of the standard through 2020, demand
for lighting is reduced by 85 billion kilowatthours
in 2030, as efficient lighting options, mainly LEDs,
gain market share.

In 2007, roughly 200 million compact fluorescent
light (CFL) bulbs were sold in the United States,
accounting for about 10 percent of total sales. Even
without the new standards, CFL sales in the residen-
tial market were expected to continue growing in the
coming years. LED lamps, which are just now being
introduced in the general-service residential lighting
market, reach nearly 20 percent of sales in 2020 with-
out the EISA2007 standards. With the EISA2007
standards, the market share for LED bulbs in 2020
doubles.

Rise in Commercial Energy Use
per Capita Is Projected To Continue

Figure 48. Commercial delivered energy
consumption per capita, 1980-2030 (index, 1980 = 1)
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Assumptions about the availability and adoption of
energy-efficient technologies define the range for
delivered commercial energy use per person in the
AEO02008 projections. Commercial energy consump-
tion per capita increases by a total of 12 percent from
2006 to 2030 in the reference case, primarily as a
result of rising electricity use as the Nation continues
to move to a service economy. The size of the pro-
jected increase varies from a low of 7 percent in the
high technology case to a high of 17 percent in the
2008 technology case (Figure 48).

In terms of floorspace, growth in the commercial sec-
tor averages 1.2 percent per year from 2006 to 2030,
driven by trends in economic and population growth.
The reference case assumes future improvements in
efficiency for commercial equipment and building
shells, as well as increased demand for services. Con-
sequently, commercial energy use increases at about
the same rate as floorspace in the reference case, and
commercial energy intensity (delivered energy con-
sumption per square foot of floorspace) shows little
change, increasing by less than 2 percent. The 2008
technology case assumes no increase in the energy
efficiency of commercial equipment and building
shells beyond those available in 2008. The result is a
4-percent increase in commercial delivered energy
use in 2030 relative to the reference case. In the high
technology case, assuming earlier availability, lower
costs, and higher efficiencies for more advanced
equipment and building shells, delivered energy con-
sumption in 2030 is 4 percent below the reference
case projection.
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Commercial Sector Energy Demand

Electricity Leads Expected Growth
in Commercial Energy Use

Figure 49. Commercial delivered energy
consumption by fuel, 2006, 2015, and 2030
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In the AEO2008 projections, growth in disposable
income leads to increased demand for services from
hotels, restaurants, stores, theaters, galleries, arenas,
and other commercial establishments, which in turn
are increasingly dependent on computers and other
electronic office equipment both for basic services and
for business services and customer transactions. In
addition, the growing share of the population over age
65 increases demand for health care and assisted-
living facilities and for electricity to power medical
and monitoring equipment at those facilities. The ref-
erence case projects increases in commercial electric-
ity use averaging 1.7 percent per year from 2006 to
2030 (Figure 49). The high technology and 2008 tech-
nology cases provide low and high ranges for the
average annual growth rate of commercial electricity
consumption from 2006 to 2030, at 1.4 percent and
2.0 percent, respectively.

Use of natural gas and liquids for heating shows
limited growth, as commercial activity reflects the
U.S. population shift to the South and West and the
efficiency of building and equipment stocks improves.
Commercial natural gas use grows by 1.1 percent per
year on average from 2006 to 2030 in the reference
case, including more use of CHP in the later years.
While there is little change in liquid fuel consump-
tion, the projections for natural gas use in 2030 range
from 3.8 quadrillion Btu in the reference case to 4.0
quadrillion Btu in the high growth case and 3.5 in the
low growth case. The high and low oil price cases
show the widest range for liquid fuels use, varying
from 7 percent below to 12 percent above the refer-
ence case projection of 0.7 quadrillion Btu in 2030.

Technology Provides Potential Energy
Savings in the Commercial Sector

Figure 50. Efficiency gains for selected commercial
equipment, 2030 (percent change from
2006 installed stock efficiency)
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The stock efficiency of energy-using equipment in the
commercial sector increases in the AEO2008 refer-
ence case. Adoption of more energy-efficient equip-
ment moderates the growth in demand, in part
because of existing building codes for new construc-
tion and minimum efficiency standards, including
those in EPACT2005 and EISA2007; however, the
long service lives of many kinds of energy-using
equipment limit the pace of efficiency improvements.

The most rapid increase in overall energy efficiency
for the commercial sector occurs in the best available
technology case, which assumes that only the most
efficient technologies are chosen, regardless of cost,
and that new building shells in 2030 are 19 percent
more efficient than the commercial buildings stock in
2006. With the adoption of improved heat exchangers
for space heating and cooling equipment, solid-state
lighting, and more efficient compressors for commer-
cial refrigeration, commercial delivered energy con-
sumption in 2030 in the best technology case is 12
percent less than in the reference case and 16 percent
less than in the 2008 technology case.

In the 2008 technology case, which assumes equip-
ment and building shell efficiencies limited to those
available in 2008, energy efficiency in the commercial
sector still improves from 2006 to 2030 (Figure 50),
because the technologies available in 2008 can pro-
vide savings relative to equipment currently in place.
When businesses consider equipment purchases,
however, the additional capital investment needed to
buy the most efficient technologies often carries more
weight than do future energy savings.
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Industrial Sector Energy Demand

Economic Growth Cases Show Range
for Projected Industrial Energy Use

Figure 51. Industrial delivered energy consumption,
1980-2030 (quadrillion Btu)
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In the AEO2008 reference case, industrial value of
shipments grows at an annual rate of 1.3 percent
from 2006 to 2030. Industrial delivered energy con-
sumption increases by just 0.4 percent per year, from
25.1 quadrillion Btu in 2006 to 27.7 quadrillion Btu in
2030, as increased efficiency and changes in the com-
position of output partially offset growth. In the low
economic growth case, industrial value of shipments
grows by 0.5 percent per year, and delivered energy
consumption falls to 24.2 quadrillion Btu in 2030. In
the high growth case, industrial value of shipments
grows by 2.0 percent per year, and energy consump-
tion rises to 31.7 quadrillion Btu in 2030, 14 percent
higher than in the reference case (Figure 51). The
variation in industrial output growth among the
three cases is well within the typical range over the
past 16 years, when output grew by 1.7 percent per
year on average from 1990 to 2007, and annual
growth rates ranged from 5.7 percent to a decline of
4.7 percent.

The construction and chemical industries were par-
ticularly affected by the recent economic slowdown,
and their future growth is expected to be modest
(averaging 0.5 percent per year for the construction
industry from 2006 to 2030 in the reference case). As
a result, energy consumption in the construction
sector declines from 2.4 quadrillion Btu in 2006 to 2.2
quadrillion Btu in 2030, with about 70 percent of the
decrease attributed to reduced use of asphalt. The
bulk chemical industry shows little growth from 2006
to 2030, and its fuel consumption for energy and feed-
stock totals only 5.6 quadrillion Btu in 2030, as com-
pared with an estimated 6.8 quadrillion Btu in 2006.

Industrial Fuel Choices Vary
Over Time

Figure 52. Industrial energy consumption by fuel,
2000, 2006, and 2030 (quadrillion Btu)
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Industries adjust their fuel and product mixes over
time to respond to changing markets, as indicated by
the falling share of industrial coal use for process
steam and the rapid increase in coal use for produc-
tion of liquid fuels in the AEO2008 reference case
(Figure 52). Traditional coal use falls slightly as the
use of metallurgical coal in steelmaking declines,
reflecting the difficulty of building additional coke
ovens in the United States. Industrial demand for
steam coal as a boiler fuel also declines, as industrial
processes become more efficient and use less steam,
and as the growth of energy- and steam-intensive
industries slows. As a result, consumption of steam
coal in the industrial sector declines by 0.3 percent
per year in the reference case projection.

Natural gas consumption, excluding lease and plant
use, increases from 6.7 quadrillion Btu in 2006 to 7.1
quadrillion Btu in 2030—only slightly less than in
1990 (7.2 quadrillion Btu). Consumption of liquid
fuels falls slightly, from 9.9 quadrillion Btu in 2006 to
9.3 quadrillion Btu in 2030, but remains the largest
category of industrial energy consumption. About
three-quarters of industrial liquids consumption is
for nonfuel uses or as a byproduct in the refining
industry. Industrial consumption of purchased elec-
tricity grows by just 0.1 percent per year. The only
industrial fuels for which significant increases are
projected are coal used in CTL plants and biofuel for
ethanol production. From no commercial production
in 2006, coal use for CTL grows to 0.6 quadrillion Btu
in 2030 in the reference case, and biofuel use for
ethanol production increases eightfold, to 2.3 quadril-
lion Btu in 2030.
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Energy-Intensive Industries Grow
Less Rapidly Than Industrial Average

Figure 53. Average growth in value of shipments
for the manufacturing subsectors, 2006-2030
(percent per year)
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In the AEO2008 reference case, average annual
growth in value of shipments for the manufacturing
sectors ranges from a decline of 0.1 percent per year
(bulk chemicals) to an increase of 4.3 percent per year
(computers). The pattern is similar in the economic
growth cases (Figure 53).

For the bulk chemical industry, value of shipments
grows slowly for several years and then falls slightly
over the last decade of the projection, as export de-
mand falls and other countries increase production.
The annual rate of growth in the energy-intensive
manufacturing group (0.7 percent) is lower than in
the non-energy-intensive group (1.9 percent). Glass is
the only energy-intensive subsector with a growth
rate above 2 percent per year in the reference case.
The growth rate for the industrial sector as a whole in
the final 10 years of the projection is slightly lower
than in the earlier years (1.2 percent compared with
1.4 percent). Growth rates for the individual
subsectors vary considerably, with about one-quarter
of them growing more rapidly in the final decade.

The projected growth rates for value of shipments
in the industrial subsectors in the high and low
economic growth cases generally are symmetrical
around the reference case. Industries with the most
rapid projected growth in the reference case also have
relatively more rapid growth in the high and low
economic growth cases. The range across economic
growth cases and subsectors is substantial, from a
decline of 1.1 percent per year for bulk chemicals in
the low economic growth case to an increase of 5.3
percent per year for computer manufacturing in the
high economic growth case.

Energy Consumption Growth Varies
Widely Across Industry Sectors

Figure 54. Average growth of delivered energy
consumption in the manufacturing subsectors,
2006-2030 (percent per year)
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The range of projections for industrial energy con-
sumption in AEO2008 largely reflects uncertainty
about the rate of economic growth. Average annual
growth in total delivered energy consumption in the
industrial sector from 2006 to 2030 ranges from a
decline of 0.1 percent in the low economic growth case
to an increase of 1.0 percent in the high economic
growth case. In 2030, consumption is 3.5 quadrillion
Btu lower in the low economic growth case and 4.0
quadrillion Btu higher in the high economic growth
case when compared with the reference case. Thus,
across the cases, the range for industrial energy
consumption in 2030 is 7.5 quadrillion Btu.

In the reference case, energy consumption growth
varies substantially among industry subsectors
(Figure 54). Delivered energy consumption falls over
the projection period for one-half of the energy-
intensive industries (bulk chemicals, cement, iron
and steel, and aluminum) as a result of relatively slow
output growth rates, combined with expected
changes in production technology over the projection
period. The declines are reinforced by modest in-
creases in energy prices after 2020. In general, the
subsectors with the highest growth rates in energy
consumption are those with the highest growth rates
in value of shipments (computers and glass). The pe-
troleum refining sector is an exception. As refineries
shift to alternative feedstocks for liquids production
(biofuels, coal, heavier crude oil), more energy is re-
quired per unit of output than is used for traditional
petroleum-based refining. Energy consumption at
refineries increases from 3.9 quadrillion Btu in 2006
to 7.3 quadrillion Btu in 2030—more than the total
growth in industrial sector energy consumption.
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Transportation Sector Energy Demand

Energy Intensity in the Industrial
Sector Continues To Decline

Figure 55. Industrial delivered energy intensity,
1990-2030 (thousand Btu per 2000 dollar
value of shipments)
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From 1990 to 2006, energy consumption in the indus-
trial sector increased by only 0.5 quadrillion Btu
(3 percent), while the value of shipments increased
by 33 percent. Thus, industrial delivered energy use
per dollar of industrial value of shipments declined
by an average of 1.6 percent per year from 1990 to
2006 (Figure 55). Factors contributing to the drop in
energy intensity include continued restructuring
that reduced the industrial sector share of the most
energy-intensive industries; higher petroleum and
natural gas prices since 1998, which stimulated
greater improvements in energy efficiency; and hurri-
cane-related shutdowns in 2005.

The energy-intensive industries’ share of industrial
output fell from 23 percent in 1990 to 21 percent in
2006; and in 2030 their share is projected to be 18
percent. Consequently, even if no specific industry
showed a reduction in energy intensity, the aggregate
energy intensity of the industrial sector would
decline. The shift in output share to less energy-
intensive industries accounts for 84 percent of the
projected change in industrial energy intensity in the
reference case [80].

The technology cases represent alternative views of
the evolution and adoption of energy-saving technolo-
gies in the industrial sector. In the high technology
case, industrial energy intensity falls by 1.1 percent
per year, compared with 0.9 percent per year in the
reference case. In the 2008 technology case, energy
intensity improves by only 0.5 percent per year.
Across the technology cases, industrial energy con-
sumption in 2030 varies over a range from 26.5 to
30.3 quadrillion Btu.

Growth in Transportation Energy Use
Is Expected To Slow

Figure 56. Delivered energy consumption for
transportation, 1980-2030 (quadrillion Btu)
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Delivered energy consumption in the transportation
sector grows at an average annual rate of 0.7 percent
in the AEO2008 reference case, from 28.2 quadrillion
Btu in 2006 to 33.0 quadrillion Btu in 2030 (Figure
56). That rate is less than the historical rate of 1.4
percent per year from 1980 to 2006, because the new
EISA2007 fuel economy standards, slower economic
growth, and higher fuel prices lead to efficiency im-
provements and slower growth in travel demand.

Transportation energy consumption is influenced by
avariety of factors, including economic growth, popu-
lation growth, fuel prices, and vehicle fuel efficiency.
AEQ02008 includes cases that examine the impacts of
those factors on delivered energy consumption. In
2030, transportation sector energy consumption is
about 8 percent higher in the high economic growth
case and 8 percent lower in the low economic growth
case than in the reference case, and it is about 5 per-
cent lower in the high price case and 5 percent higher
in the low price case than in the reference case.

By mode, the largest share of total transportation
energy consumption is for travel by LDVs (cars,
pickup trucks, sport utility vehicles, and vans). The
modes with the largest increases in energy demand
are heavy trucks (medium and large—classes 3
through 8—freight trucks and buses) and aircraft.
Heavy vehicles, which accounted for 18 percent of the
sector’s total energy use in 2006, account for 20 per-
cent in 2030 in the reference case. With expected
strong growth in demand for air travel and more
investment in infrastructure, air travel also accounts
for a growing portion of total energy consumption (13
percent in 2030, up from 9 percent in 2006).
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Transportation Sector Energy Demand

EISA2007 Improves Fuel Economy
of Light-Duty Vehicles

Figure 57. Average fuel economy of new light-duty
vehicles, 1980-2030 (miles per gallon)
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Light trucks have made up a steadily growing share of
U.S. LDV sales in recent years, accounting for more
than 50 percent of all new LDVs in 2006, compared
with 21 percent in 1980 [81]. Consequently, despite
fuel economy improvements, the average fuel econ-
omy of new LDVs declined from a 1987 peak of 26.2
mpg to a low of 25.4 mpg in 2005 and remained at
roughly that level in 2006 (Figure 57).

EISA2007, enacted in December 2007, sets a new
CAFE standard of 35 mpg for LDVs in 2020. Without
EISA2007 (in the early release case), some advanced
vehicle technologies are adopted, and the average fuel
economy for new LDVs increases to 30.0 mpg in 2030.
In the AEO2008 reference case, with the EISA2007
provisions included, the fuel economy of new LDVs
increases to 36.6 mpg in 2030.

The economics of fuel-saving technologies improve
further in the high technology and high price cases,
and consumers buy more fuel-efficient cars and
trucks. In both cases, however, average fuel economy
improves only modestly from the reference case level,
because meeting the CAFE standards in EISA2007
already requires significant penetration of advanced
technologies, pushing fuel economy improvements to
the limit of current economic feasibility. In the low
price case there is little or no economic incentive for
consumers to purchase more fuel-efficient vehicles,
and LDV fuel economy in 2030 is slightly lower than
in the reference case.

Unconventional Vehicle Technologies
Exceed 25 Percent of Sales in 2030

Figure 58. Sales of unconventional light-duty
vehicles by fuel type, 2006 and 2030
(thousand vehicles sold)
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Concerns about oil supply, fuel prices, and emissions
have driven the development and market penetration
of unconventional vehicles (which can use alternative
fuels, electric motors and advanced electricity stor-
age, advanced engine controls, or other new technolo-
gies). Unconventional technologies are expected to
play an even greater role in meeting the LDV CAFE
standards in EISA2007. In the reference case (with
EISA2007), unconventional vehicle sales total 7.7
million units (42 percent of new LDV sales) in 2030.
Without EISA2007, only 4.7 million units are sold in
2030, making up 25 percent of total new LDV sales
(Figure 58).

Sales of hybrid vehicles grow to 2.7 million units in
2030 in the reference case, compared with 1.6 million
units without EISA2007. Light-duty diesel engines
with advanced direct injection, which can signifi-
cantly reduce exhaust emissions and improve effi-
ciency, capture 13 percent of the market for new
LDVs in 2030. The availability of ultra-low-sulfur
diesel (ULSD) and biodiesel fuels, along with ad-
vances in emission control technologies that reduce
criteria pollutants, increase the sales of unconven-
tional diesel vehicles.

Currently, manufacturers have an incentive to sell
flex-fuel vehicles (FFVs), because they receive fuel
economy credits that count toward CAFE compliance.
Although the credits are phased out by 2020 under
EISA2007, FFV sales increase from 454,600 units in
2006 to 2.7 million units in 2030 in the reference case
as a result of the growing use of E85 that is needed to
satisfy the EISA2007 RFS.
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Electricity Demand

EISA2007 Reduces Light-Duty Vehicle
Fuel Use by 3 Quadrillion Btu in 2030

Figure 59. Energy use for light-duty vehicles by fuel
type, 2006 and 2030 (quadrillion Btu)
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In the reference case, EISA2007 reduces energy con-
sumption for LDVs by more than 3 quadrillion Btu
in 2030, from 20.6 quadrillion Btu without EISA2007
to 17.5 quadrillion Btu with the bill (Figure 59).
Although total vehicle sales are approximately the
same in 2030 with and without EISA2007, higher
CAFE standards lead to the savings in energy
consumption.

With EISA2007, LDV motor gasoline consumption
drops by 4.9 quadrillion Btu in 2030, from 19.7
quadrillion Btu to 14.8 quadrillion Btu. Much of the
decline results from switching to unconventional
technologies. Diesel fuel consumption in 2030, includ-
ing biodiesel and BTL diesel, is 1.3 quadrillion Btu,
0.4 quadrillion Btu higher than without EISA2007;
and E85 consumption is 1.3 quadrillion Btu in 2030,
up from almost zero without EISA2007. The amount
of ethanol used in blending is about the same in both
cases because of EPA restrictions on ethanol fuel
blending.

As a result of EISA2007, the motor gasoline share of
fuel use for new LDVs in 2030 declines, and the
shares of diesel and ethanol increase. In the reference
case, motor gasoline accounts for 84.7 percent of the
total, down from 95.4 percent without EISA2007.
The diesel fuel share increases to 7.5 percent of total
consumption, and the ethanol share increases to 7.7
percent [82].

Residential and Commercial Sectors
Dominate Electricity Demand Growth

Figure 60. Annual electricity sales by sector,
1980-2030 (billion kilowatthours)
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Total electricity sales increase by 29 percent in the
AEO2008 reference case, from 3,659 billion kilowatt-
hours in 2006 to 4,705 billion in 2030, at an average
rate of 1.1 percent per year. The relatively slow
growth follows the historical trend, with the growth
rate slowing in each succeeding decade. Electricity
sales, which are strongly affected by economic
growth, increase by 39 percent in the high growth
case, to 5,089 billion kilowatthours in 2030, but
by only 18 percent in the low growth case, to 4,319
billion kilowatthours in 2030. In the reference case,
the largest increase is in the commercial sector,
at 49 percent from 2006 to 2030 (Figure 60), as
service industries continue to drive growth. Electric-
ity demand grows by 27 percent in the residential
sector and by only 3 percent in the industrial sector.
Growth in population and disposable income leads to
increased demand for products, services, and floor-
space. Population shifts to warmer regions also
increase the need for cooling.

Efficiency gains offset growth in electricity demand,
as higher energy prices encourage investment in
energy-efficient equipment. In both the residential
and commercial sectors, continuing efficiency gains
in electric heat pumps, air conditioners, refrigerators,
lighting (notably LED lighting), cooking appliances,
and computer screens slow the growth of electricity
demand. The new standards set in EISA2007 for
lighting and other appliances (such as boilers,
dehumidifiers, dishwashers, and clothes washers)
further dampen electricity demand throughout the
projection. Slow growth in industrial production, par-
ticularly in the energy-intensive industries, limits
electricity demand growth in the industrial sector.
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Coal-Fired Power Plants Provide
Largest Share of Electricity Supply

Figure 61. Electricity generation by fuel,
2006 and 2030 (billion kilowatthours)
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Coal-fired power plants (including utilities, independ-
ent power producers, and end-use CHP) continue to
be the dominant source of electricity generation
through 2030 (Figure 61). Although natural-gas-fired
plants with lower capital costs make up most of the
capacity additions over the next 10 years, more
coal-fired plants are built in the later years as natural
gas fuel costs increase. The natural gas share of
generation falls from 20 percent in 2006 to 14 percent
in 2030, while the coal share increases from 49 per-
cent to 54 percent.

Federal tax incentives, State renewable energy pro-
grams, and rising fossil fuel prices lead to increases in
renewable and nuclear capacity and generation, as
new plants are built. The generation share from
renewable capacity increases by 32 percent from 2006
to 2030 and represents 13 percent of total electricity
supply in 2030. With capacity additions and improve-
ments in performance at existing nuclear facilities,
nuclear generation also increases; however, the
nuclear share of total generation falls slightly, from
19 percent in 2006 to 18 percent in 2030.

Technology choices for new plants and utilization of
existing capacity are affected by relative fuel costs
and changes in environmental policies. For example,
natural-gas-fired plants are projected to supply 21
percent of total electricity supply in 2030 in the low
price case but only 10 percent in the high price case,
but coal-fired plants supply 49 percent of the total in
the low price case and 57 percent in the high price
case. Changes in environmental policies could also
have a significant effect on the fuel shares of total
generation.

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

Figure 62. Electricity generation capacity additions
by fuel type, including combined heat and power,
2007-2030 (gigawatts)
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Decisions to add capacity and the choice of fuel type
depend on electricity demand growth, the need to
replace inefficient plants, the costs and operating
efficiencies of different options, fuel prices, and the
availability of Federal tax credits for some technolo-
gies. With growing electricity demand and the retire-
ment of 45 gigawatts of capacity, 263 gigawatts of new
generating capacity (including end-use CHP) will be
needed by 2030.

Natural-gas-fired plants generally have lower capac-
ity costs but higher fuel costs than coal-fired plants.
As a result, coal-fired plants typically are more
economical, and they account for 40 percent of total
capacity additions from 2006 to 2030, compared with
a 36-percent share for natural gas (Figure 62).
Renewable and nuclear plants tend to have high
investment costs and relatively low operating costs.
EPACT2005 and State RPS programs are expected to
stimulate generation from renewable and nuclear
plants, which represent 18 percent and 6 percent of
total additions, respectively.

The quantity and mix of capacity additions can also be
affected by different fuel price paths or growth rates
for electricity demand. Because fuel costs are a larger
share of total expenditures for new natural-gas-fired
capacity, the higher fuel costs in the high price case
lead to more coal-fired additions. In the economic
growth cases, capacity additions range from 182 giga-
watts in the low growth case to 349 gigawatts in the
high growth case, although the generation shares for
different technologies are similar in the two cases.
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Least Expensive Technology Options
Are Likely Choices for New Capacity

Figure 63. Levelized electricity costs for new plants,
2015 and 2030 (2006 mills per kilowatthour)
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Technology choices for new generating capacity
are made to minimize cost while meeting local and
Federal emissions constraints. The choice of tech-
nology for capacity additions is based on the
least expensive option available (Figure 63) [83].
The AEO2008 reference case assumes a capital recov-
ery period of 20 years, with the cost of capital based
on competitive market rates.

Real capital costs decline over time (Table 6) 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 2025, with heat rates for advanced combined
cycle and coal gasification units declining from 6,752
and 8,765 Btu per kilowatthour in 2006 to 6,333 and
7,450 Btu per kilowatthour, respectively, in 2025.

Table 6. Costs of producing electricity
from new plants, 2015 and 2030

2015 2030
Advanced Advanced
Advanced combined Advanced combined
Costs coal cycle coal cycle

2006 mills per kilowatthour

Capital 35.83 13.44 32.91 12.50

Fixed 5.05 1.49 5.05 1.49

Variable 17.93 43.87 17.94 4741

Incremental

transmission 3.50 3.62 3.54 3.54
Total 62.31 62.42 59.44 64.94

Largest Capacity Additions Expected
in the Southeast and the West

Figure 64. Electricity generation capacity
additions, including combined heat and power,
by region and fuel, 2007-2030 (gigawatts)
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Most areas of the United States currently have excess
generation capacity, but all electricity demand re-
gions (see Appendix F for definitions) are expected to
need additional, currently unplanned, capacity by
2030. The largest amount of new capacity is expected
in the Southeast (FL and SERC), which represents a
relatively large and growing share of total U.S.
electricity sales and thus requires more capacity than
other regions (Figure 64). The growth in demand for
electricity in the Southeast is well above the national
average.

With natural gas prices rising in the reference case,
coal-fired plants account for the largest share of
capacity additions through 2030, given the assump-
tion that current environmental policies are main-
tained indefinitely. The largest concentration of new
coal-fired capacity is in the Southeast, where new
coal-fired plants are built to accommodate growth in
the electricity market and the corresponding need for
additional capacity.

Natural gas, renewable, and nuclear plants represent
the remaining capacity additions. Natural-gas-fired
plants are built to maintain a diverse capacity mix, to
serve as reserve capacity, or to meet environmental
regulations. About three-fourths of the additions are
located in the Southeast, the West (NWP, RA, and
CA), and the Midwest (ECAR, MAIN, and MAPP).
Renewable capacity is also needed because of State
and Federal renewable energy policies, and the Mid-
west accounts for the largest share of renewable
capacity additions. Most nuclear additions are
expected in the Southeast, where suppliers have
expressed interest in building new nuclear plants.
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EPACT2005 Tax Credits Are Expected
To Stimulate New Nuclear Builds

Figure 65. Electricity generation from nuclear
power, 1990-2030 (billion kilowatthours)
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In the AEO2008 reference case, nuclear capacity
grows from 100.2 gigawatts in 2006 to 114.9 giga-
watts in 2030, including 2.7 gigawatts of expansion at
existing plants, 16.6 gigawatts of new capacity, and
4.5 gigawatts of retirements. EPACT2005 provides
an 8-year PTC of 1.8 cents per kilowatthour for up to
6 gigawatts of new nuclear capacity built before 2021.
The credit also can be shared for additional capacity
but at a lower credit value. The reference case pro-
jects 8.0 gigawatts of new nuclear capacity (which will
receive the tax credits) by 2020. Early builds are
expected to bring down the cost of nuclear capacity
and, when combined with rising fossil fuel costs, to
result in additional nuclear builds after 2020. All
uprates approved, pending, or expected by the NRC at
existing units are assumed to be carried out. Most
existing nuclear units are expected to continue oper-
ating through 2030, based on the assumption that
they will apply for and receive license renewals. Seven
units, totaling 4.5 gigawatts, are projected to be
retired after 2028, when the end date of their original
licenses plus a 20-year renewal is reached.

Projected nuclear capacity additions vary, depending
on overall demand for electricity and the prices of
other fuels. In the five main AEO2008 cases, nuclear
generation grows from 787 billion kilowatthours in
2006 to between 837 and 1,047 billion kilowatthours
in 2030 (Figure 65). In the low price case, the deliv-
ered price of natural gas in 2030 is 15 percent lower
than in the reference case, and new nuclear plants
become less economical. In the high price and high
growth cases, respectively, 30 and 33 gigawatts of
new nuclear capacity are projected, because more ca-
pacity is needed and the cost of alternatives is higher.

Biomass and Wind Lead Projected
Growth in Renewable Generation

Figure 66. Nonhydroelectric renewable electricity
generation by energy source, 2006-2030
(billion kilowatthours)
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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 improvements, access
to transmission grids, public concerns about environ-
mental and other impacts, and the future of the
Federal PTC, which is expected to expire at the end of
2008. In the AEO2008 reference case, generation
from wind power increases from 0.6 percent of total
generation in 2006 to 2.4 percent in 2030 (Figure 66).
Biomass, both dedicated and co-firing, grows from 39
billion kilowatthours in 2006 (1.0 percent of the total)
to 170 billion kilowatthours (3.2 percent). Generation
from geothermal facilities also grows, but at a slower
rate, increasing from 0.4 percent of total generation
in 2006 to 0.6 percent in 2030. Current assessments
show limited potential for expansion at conventional
geothermal sites.

For consistency in reporting, nonbiogenic municipal
solid waste (MSW) is separated from renewable gen-
eration. Nonrenewable materials, such as plastics,
have made up an increasing proportion of MSW, and
44 percent of the energy value of MSW in 2005 was
from nonbiogenic sources; in the AEO2008 reference
case, that share is held constant over the projection
period. (All growth in generation from MSW and
landfill gas facilities is attributed to landfill gas
only.) 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 [84].
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Technology Advances, Tax Provisions
Increase Renewable Generation

Figure 67. Grid-connected electricity generation
from renewable energy sources, 1990-2030
(billion kilowatthours)
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With State RPS programs included in the reference
case, renewable electricity generation grows by more
than 270 billion kilowatthours. In 2030, total renew-
able generation is 656 billion kilowatthours or 12.5
percent of total domestic power production. Although
conventional hydropower remains the largest source
of renewable generation through 2030 (Figure 67),
environmental concerns and the scarcity of untapped
large-scale sites limit its growth, and its share of total
generation falls from 7.1 percent in 2006 to 5.8 per-
cent in 2030. Electricity generation from nonhydro-
electric alternative fuels increases, bolstered by
legislatively mandated State RPS programs, technol-
ogy advances and State and Federal supports, al-
though the Federal PTC is assumed to expire at the
end of 2008 per existing law. The share of nonhydro-
power renewable generation increases from 2.4 per-
cent of total generation in 2006 to 6.8 percent in 2030.

Wind is the largest source of renewable generation
among the nonhydropower renewable fuels, with 124
billion kilowatthours of generation in 2030, up from
26 billion kilowatthours in 2006. Initially helped by
the Federal PTC, its growth continues as States
meet their RPS requirements. Biomass also grows
strongly, as generation from both dedicated facilities
and co-firing applications increases to 83 billion
kilowatthours in 2030, with an additional 87 billion
kilowatthours generated in end-use systems. In the
near term, market penetration by the unproven bio-
mass gasification technology is slow, while co-firing
expands more rapidly. The strong growth in end-use
generation is led by the renewable fuels mandate.
Facilities producing BTL fuels also use the feedstocks
for electricity production.

Renewables Are Expected To Become
More Competitive Over Time

Figure 68. Levelized and avoided costs for new
renewable plants in the Northwest, 2030
(2006 mills per kilowatthour)
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The projected cost of renewable generation in
AEQO2008 is significantly higher than projected in
previous AEOs, primarily as a result of increases in
the installation cost of new generating capacity
observed throughout the electric power industry.
Broad indexes of utility construction costs suggest
increases of approximately 15 percent over previous
EIA estimates. Available data for specific renewable
capacity markets, such as wind power, confirm both
the direction and general magnitude of the cost in-
creases when applied more narrowly to renewable
generation. For AEO2008, the cost increases are
applied to all power-sector installations, and they are
expected to be persistent rather than short-term cost
spikes. In general, renewable generation is expected
to remain more expensive than the generation it
would displace, that is, its avoided cost (Figure 68).

In addition to the increase in capital costs, EIA reas-
sessed the cost and performance of dedicated biomass
generation technology. According to an independent
expert review, previous EIA estimates for biomass
gasification technology understated its cost even
before the industry-wide increase in capital costs.
Although higher installation costs make biomass
more expensive, significant growth in dedicated bio-
mass capacity is expected in regions with stringent
RPS requirements and limited supplies of lower cost
resources, such as wind. In the near term, growth in
renewable generation in those regions is met largely
by biomass co-firing in existing coal plants—an
option with relatively low capital costs. The higher
efficiency of dedicated plants makes them increas-
ingly attractive, however, as biomass fuels with high-
er energy value are used to meet RPS mandates.
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State Portfolio Standards Increase
Generation from Renewable Fuels

Figure 69. Regional growth in nonhydroelectric
renewable electricity generation, 2006-2030
(billion kilowatthours)
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In October 2007, 25 States and the District of Colum-
bia had legislatively mandated RPS programs. The
mandatory programs were modeled in the AEO2008
reference case [85], but States with voluntary goals
were assumed not to have any impact on the national
energy mix. Because NEMS does not provide projec-
tions at the State level, the reference case assumes
that all States will reach their goals within each pro-
gram’s legislative framework, and the results are
aggregated at the regional level. In some States,
however, compliance could be limited by authorized
funding levels for the programs. For example, Califor-
nia is not expected to meet its renewable energy
targets because of limits to authorized funding for its
RPS program.

In the reference case, wind capacity grows much
more rapidly than projected in previous AEOs, to
40 gigawatts in 2030 [86]. Much of the qualifying
capacity in the Midwest, Northeast, Southwest, and
Pacific Northwest is expected to consist of wind
farms. In one midwestern region (MAIN), 11 giga-
watts of wind turbine capacity is projected to be on
line in 2030, as compared with 220 megawatts in
2006. In the Mid-Atlantic region, State RPS programs
are the driving force behind additional dedicated bio-
mass gasification plants. Approximately 3 gigawatts
of new capacity, along with co-firing, provides 37 bil-
lion kilowatthours of generation annually. Most of
the new biomass capacity is projected to come on line
in the Mid-Atlantic region from 2006 to 2030 (Figure
69). While the growth in wind capacity is the most
dramatic, biomass co-firing and geothermal power
plants also contribute to the baseload generation
needed to satisfy State RPS requirements.

Fuel Costs Drop from Recent Highs,
Then Increase Gradually

Figure 70. Fuel prices to electricity generators,
1995-2030 (2006 dollars per million Btu)
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Fuel costs account for about two-thirds of the gener-
ating costs of new natural-gas-fired plants, less than
one-third for new coal-fired plants, and less than
one-tenth for new nuclear power plants in 2030.
For many renewable fuels, such as wind and solar,
fuel is free. Capital and operations and maintenance
expenses make up the balance of the costs. As a result,
natural-gas-fired generation tends to be the most
sensitive—and wind and solar the least sensitive—to
changes in fuel costs.

In the reference case, prices for fossil fuels delivered
to electricity generators peak between 2005 and 2010,
as the result of a boom in U.S. and foreign demand,
combined with constraints on supply growth and
political instability in oil- and gas-producing nations.
Fossil fuel prices fall in the middle years of the projec-
tion, however, as new supplies come on line to meet
growing demand. Prices then increase steadily as
demand once again starts to outpace supply (Figure
70). Nuclear and biomass fuel prices rise gradually
throughout the projection, as a result of worldwide
growth in the demand for nuclear fuel and depletion
of local biomass stocks.

Electricity generation from relatively low-cost, low-
polluting, natural-gas-fired plants increased signifi-
cantly in the early years of this decade. More recently,
higher costs and increasing volatility of supply and
prices have characterized natural gas markets.
Consequently, in the reference case, the natural
gas share of total electricity generation drops after
2016, and both coal-fired and renewable generation
increase.
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Electricity Prices Moderate in the
Near Term, Then Rise Gradually

Figure 71. Average U.S. retail electricity prices,
1970-2030 (2006 cents per kilowatthour)
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In the AEO2008 reference case, continuing high fuel
prices and escalating capital costs for new generating
capacity lead to a jump in real electricity prices, peak-
ing in 2009 at an annual average of 9.3 cents per kilo-
watthour (2006 dollars). Electricity prices fall to 8.5
cents per kilowatthour in 2015, as new sources of nat-
ural gas and coal are brought on line. From 2016 on,
generally rising prices for natural gas and petroleum
(in addition to the impact of State renewable fuel
mandates) encourage power producers to increase
their use of less expensive coal and renewable fuels.
Retail electricity prices rise gradually after 2016, to
8.8 cents per kilowatthour in 2030 (Figure 71).

Customers in States with competitive retail markets
for electricity experience the effects of changes in
natural gas prices more rapidly than customers in
States with regulated markets, because competitive
prices are determined by the marginal cost of energy,
and natural-gas-fired plants, with their higher oper-
ating costs, often set hourly marginal prices. After
2016, as other plant types set hourly prices more
often, the price of natural gas has less influence on
competitive retail markets. In the low and high oil
and natural gas price cases, electricity prices range
from 8.5 to 9.1 cents per kilowatthour in 2030.

Electricity distribution costs decline by 5 percent
from 2006 to 2030, as technology improvements and a
growing customer base lower the cost of the distribu-
tion infrastructure. Transmission costs increase by
30 percent, as additional investments are made in
the grid to alleviate current constraints, facilitate
competitive markets, and meet growing consumer
demand for electricity.

Fastest Increase in Natural Gas Use
Is Expected for the Buildings Sectors

Figure 72. Natural gas consumption by sector,
1990-2030 (trillion cubic feet)
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In the reference case, total natural gas consumption
increases from 21.7 trillion cubic feet in 2006 to a
peak value of 23.8 trillion cubic feet in 2016, followed
by a decline to 22.7 trillion cubic feet in 2030. The
natural gas share of total energy consumption drops
from 22 percent in 2006 to 20 percent in 2030.

The projected path of total natural gas consumption
depends almost entirely on the amount consumed in
the electric power sector. Natural gas consumption
for electricity generation in the power sector declines
from current levels to 5.0 trillion cubic feet in 2030 in
the reference case (Figure 72), as a result of a pro-
jected increase in natural gas prices that begins after
2016.

Natural gas consumption in the electric power sector
is highly responsive to price changes, because elec-
tricity producers can choose among different fuels on
an ongoing basis. In contrast, consumption of natural
gas in the residential, commercial, and industrial sec-
tors is influenced not only by fuel prices but also
by economic trends. In those sectors, natural gas
consumption increases steadily from 2006 through
2030.

In the industrial sector, natural gas consumption is
projected to grow from 7.6 trillion cubic feet in 2006
to 8.1 trillion cubic feet in 2030. In the residential
and commercial sectors (the buildings sectors), con-
sumption increases from a combined total of 7.2
trillion cubic feet in 2006 to 8.8 trillion cubic feet in
2030. As a result, the buildings sectors show the
greatest overall increase in natural gas consumption,
in both percentage and absolute terms.
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Natural Gas Consumption Varies With
Fuel Prices and Economic Growth

Figure 73. Total natural gas consumption,
1990-2030 (trillion cubic feet)
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In the AEO2008 projections, natural gas consump-
tion varies with natural gas prices and economic
growth rates. Higher natural gas prices reduce de-
mand, and higher economic growth rates increase
demand.

In the high and low price cases, natural gas con-
sumption in 2030 ranges from 24.8 trillion cubic feet
in the low case to 21.9 trillion cubic feet in the
high case (Figure 73). High natural gas prices provide
direct economic incentives for reducing natural gas
consumption, whereas low prices encourage more
consumption; however, the strength of the relation-
ship depends on short- and long-term fuel substitu-
tion capabilities and equipment options within each
consumption sector.

In the economic growth cases, consumption in 2030
varies from 24.0 trillion cubic feet in the high growth
case to 21.3 trillion cubic feet in the low growth case.
With faster economic growth, disposable income
increases more rapidly, and consumers increase
their energy purchases either by buying products that
consume additional energy (such as larger homes),
being less energy-efficient in using products they
already own (for example, by setting thermostats
higher in the winter and lower in the summer), or
both.

Natural Gas Use in the Electric Power
Sector Is Sensitive to Prices

Figure 74. Natural gas consumption in the electric
power and non-electric power sectors in alternative
price cases, 1990-2030 (trillion cubic feet)
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In the AEO2008 projections, the largest variation in
sectoral demand for natural gas in response to high
and low price assumptions occurs in the electric
power sector (Figure 74). Natural gas consumption
by electricity producers in 2030, projected at 5.0
trillion cubic feet in the reference case, increases to
7.1 trillion cubic feet in the low price case but falls to
3.7 trillion cubic feet in the high price case.

Much of the variation in projected natural gas
demand in the electric power sector between the
low and high price cases is the result of different
projections for the amount of natural-gas-fired gen-
erating capacity built—and consequently the amount
of electricity generated from natural gas—from 2007
to 2030. In the high price case, a cumulative 65.4 giga-
watts of new natural-gas-fired generating capacity is
added in the electric power sector between 2007 and
2030. In the low price case, cumulative natural-gas-
fired capacity additions in the electric power sector
total 131.1 gigawatts over the same period.

When natural gas prices are high, electric power pro-
ducers can quickly substitute generation from coal
and other fuels for power generated from natural gas.
In contrast, in the residential, commercial, industrial,
and transportation sectors, fuel price assumptions
have a considerably smaller effect on natural gas
consumption, because fuel substitution options are
limited and the stocks of equipment that use natural
gas have relatively slow turnover rates. In 2030, total
natural gas consumption in those sectors ranges
from 18.1 trillion cubic feet in the high price case to
17.6 trillion cubic feet in the low price case.
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Natural Gas Use in Other Sectors
Is More Sensitive to Economic Growth

Figure 75. Natural gas consumption in the electric
power and non-electric power sectors in alternative
growth cases, 1990-2030 (trillion cubic feet)
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The largest variation in natural gas consumption in
the residential, commercial, industrial, and transpor-
tation end-use sectors results from different assump-
tions about economic growth rates. In the high
economic growth case, natural gas consumption in
those end-use sectors is projected to total 19.2 trillion
cubic feet in 2030. In the low growth case, the
projected total in 2030 is 16.2 trillion cubic feet
(Figure 75). Most of the difference between the pro-
jections in the two cases is attributable to the indus-
trial sector, where growth in economic output has
a greater impact on natural gas consumption than
it does in the residential, commercial, and trans-
portation sectors. In the industrial sector, projected
natural gas consumption in 2030 varies from 7.2
trillion cubic feet in the low growth case to 9.0 trillion
cubic feet in the high growth case.

Natural gas consumption in the electric power sector
is sensitive to natural gas prices because other fuels,
such as coal, can be substituted directly for natural
gas in generating electricity. In the high and low eco-
nomic growth cases, however, natural gas consump-
tion in the electric power sector shows little variation
from the reference case projection. Natural gas use
for electricity generation in 2030 varies from 5.0
trillion cubic feet in the low growth case to 4.9 trillion
cubic feet in the high growth case. In the high
economic growth case, when natural gas consumption
in the electric power sector begins to rise, natural gas
prices increase significantly, and in response coal and
nuclear power are substituted for natural gas.

Projected Natural Gas Prices Fall
from Current Levels Before Rising

Figure 76. Lower 48 wellhead and Henry Hub
spot market prices for natural gas, 1990-2030
(2006 dollars per thousand cubic feet)
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In the AEO2008 reference case, lower 48 wellhead
prices for natural gas are projected to decline from
current levels to an average of $5.32 per thousand
cubic feet (2006 dollars) in 2016, then rise to $6.63 per
thousand cubic feet in 2030. Henry Hub spot market
prices are projected to decline to $5.82 per million Btu
($5.99 per thousand cubic feet) in 2016 and then rise
to $7.22 per million Btu ($7.43 per thousand cubic
feet) in 2030 (Figure 76).

Current high natural gas prices are expected to stim-
ulate the development of new gas supplies and con-
strain growth in natural gas consumption. Greater
availability of natural gas supplies leads to a decline
in prices through 2016. After 2016, wellhead natural
gas prices increase largely as a result of the increased
cost of developing the remaining U.S. natural gas
resource base.

Natural gas prices in the reference case are deter-
mined largely by the cost of supplying natural gas
from the remaining U.S. and Canadian resource base.
In the future, however, the U.S. natural gas market is
expected to become more integrated with natural gas
markets worldwide, as a result of increased U.S.
access to, and reliance on, LNG supplies from foreign
sources. As a consequence, international market
conditions will have a stronger influence on domestic
natural gas prices in the United States, causing
even greater uncertainty in future U.S. natural gas
prices than would be the case if the United States
relied exclusively on natural gas supplies from North
America.

Energy Information Administration / Annual Energy Outlook 2008 75



Natural Gas Prices

Prices Vary With Resource Size and
Technology Progress Assumptions

Figure 77. Lower 48 wellhead natural gas prices,
1990-2030 (2006 dollars per thousand cubic feet)
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In the high price case, oil prices are assumed to be
higher and the unproven natural gas resource base is
assumed to be 15 percent smaller than the estimates
used in the reference case. The low price case assumes
lower oil prices and a 15-percent larger unproven
resource base than in the reference case. A smaller
domestic natural gas resource base increases explora-
tion and production (E&P) costs, leading to higher
natural gas prices. As a result, U.S. wellhead prices
(and the price of LNG worldwide) are higher in the
high price case and lower in the low price case than in
the reference case (Figure 77). In 2030, domestic well-
head natural gas prices are projected to average $7.77
(2006 dollars) per thousand cubic feet in the high
price case, compared with $5.49 per thousand cubic
feet in the low price case.

Technological progress affects the future production
of natural gas by reducing production costs and
expanding the economically recoverable resource
base. In the AEO2008 reference case, the rate of
improvement in natural gas production technology is
based on the historical rate. The slow oil and natural
gas technology case assumes an improvement rate 50
percent lower than in the reference case. As a result,
future capital and operating costs are higher, causing
the projected average wellhead price of natural gas to
increase to $7.10 per thousand cubic feet in 2030. The
rapid technology case assumes a rate of technology
improvement 50 percent higher than in the reference
case, reducing natural gas development and produc-
tion costs. In the rapid technology case, wellhead
natural gas prices are projected to average $6.11 per
thousand cubic feet in 2030.

Delivered Natural Gas Prices Follow
Trends in Wellhead Prices

Figure 78. Natural gas prices by end-use sector,
1990-2030 (2006 dollars per thousand cubic feet)
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Trends in delivered natural gas prices largely reflect
changes in projected wellhead prices. In the AEO2008
reference case, prices for natural gas delivered to the
end-use sectors decline through 2016 as wellhead
natural gas prices decline, then increase along with
wellhead prices over the rest of the projection period
(Figure 78).

Natural gas transmission and distribution margins in
the industrial and electric power sectors fall over
time, because production facilities in those sectors
typically are connected directly to transmission pipe-
lines, and pipeline rates are projected to fall as their
depreciation expenses decline more rapidly than their
costs increase. In the residential and commercial sec-
tors, in contrast, transmission and distribution rates
for natural gas rise over time, because increases in
building efficiency reduce natural gas consumption at
each building site, and distribution expenses thus are
spread over a lower total volume of system through-
put. As a result, average U.S. transmission and distri-
bution margins increase slowly from 2006 to 2030 in
the reference case.

All the AEO2008 cases assume that sufficient trans-
mission and distribution capacity will be built to
accommodate the projected growth in natural gas
consumption. If public opposition were to prevent
infrastructure expansion, however, delivered prices
could be higher than projected.
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Transmission and Distribution
Margins Vary Inversely With Volumes

Figure 79. Average natural gas transmission and
distribution margins, 1990-2030 (2006 dollars
per thousand cubic feet)
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The transmission and distribution margin for natural
gas delivered to end users is the difference between
the average delivered price and the average source
price, which is the quantity-weighted average of the
lower 48 wellhead price and the average import price.
It reflects both the capital and operating costs for
pipelines and the volume of natural gas transported.
Although operating costs vary with the level of pipe-
line utilization, capital costs are fixed for the most
part. Variations in pipeline throughput result in
higher or lower transmission and distribution costs
per thousand cubic feet of natural gas transported.
Thus, because the high and low price case projections
show the greatest variation in total natural gas con-
sumption, the greatest variation in transmission and
distribution margins is also seen in those cases.

In the high price case, total natural gas consumption
in 2030 is projected to be only 21.9 trillion cubic feet.
As aresult, the average transmission and distribution
margin for delivered natural gas is projected to
increase from $2.98 per thousand cubic feet in 2006 to
$3.12 per thousand cubic feet in 2030 (2006 dollars).
In the low price case, total natural gas consumption in
2030 grows to 24.8 trillion cubic feet, and the average
transmission and distribution margin in 2030 drops
to $2.74 per thousand cubic feet as the existing
pipeline system is used at a higher capacity factor.
In the reference case, with projected natural gas
consumption of 22.7 trillion cubic feet in 2030,
the projected average transmission and distribution
margin in 2030 is $2.93 per thousand cubic feet
(Figure 79).

Unconventional Production Is a
Growing Source of U.S. Gas Supply

Figure 80. Natural gas production by source,
1990-2030 (trillion cubic feet)
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Total U.S. natural gas production grows modestly
in the reference case, from 18.5 trillion cubic feet in
2006 to 19.4 trillion cubic feet in 2030, as depletion of
the onshore lower 48 conventional resource base is
offset by increased production from unconventional
sources and from Alaska. Offshore production
increases from 3.0 trillion cubic feet in 2006 to
4.5 trillion cubic feet in 2017, then declines to 3.5
trillion cubic feet in 2030. Production in shallow
waters declines slowly through 2030. Production in
deeper waters rises to 3.0 trillion cubic feet in 2019
and then declines through 2030.

A large proportion of the onshore lower 48 conven-
tional natural gas resource base has been discovered.
Discoveries of new conventional natural gas reser-
voirs are expected to be smaller and deeper, and thus
more expensive and riskier to develop and produce.
Accordingly, total lower 48 onshore conventional
natural gas production declines in the AEO2008 ref-
erence case from 6.6 trillion cubic feet in 2006 to 4.4
trillion cubic feet in 2030 (Figure 80). Incremental
production of lower 48 onshore natural gas comes
primarily from unconventional resources, including
coalbed methane, tight sandstones, and gas shales.
Lower 48 unconventional production increases in the
reference case from 8.5 trillion cubic feet in 2006 to
9.5 trillion cubic feet in 2030.

The Alaska natural gas pipeline is expected to begin
transporting natural gas to the lower 48 States in
2020. As a result, Alaska’s natural gas production
increases from 0.4 trillion cubic feet in 2006 to 2.0
trillion cubic feet in 2030 in the reference case.
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Natural Gas Supply Projections
Reflect Rates of Technology Progress

Figure 81. Total U.S. natural gas production,
1990-2030 (trillion cubic feet)
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Exploration for and production of natural gas be-
comes more profitable when prices increase and when
exploration and development costs decline. The rapid
and slow technology cases show the effects of differ-
ent assumed rates of technology improvement in the
oil and natural gas industries, which directly affect
exploration and development costs. The high and low
price cases show the effects of different assumptions
about oil price levels and the availability of unproved
oil and natural gas resources.

Technological progress generally reduces the cost of
natural gas production, leading to lower wellhead
prices, more end-use consumption, and more produc-
tion. More rapid progress works to increase domestic
natural gas production and slower progress works
to reduce production in the technology cases. U.S.
natural gas production in 2030 is 6.4 percent higher
in the rapid technology case and 4.8 percent lower in
the slow technology case than in the reference case
(Figure 81).

The high and low price cases show smaller effects on
total production than do the technology cases. The
high and low price cases include higher and lower oil
prices and assume an unproven natural gas resource
base that is 15 percent smaller (in the high price case)
or 15 percent larger (in the low price case) than
assumed in the reference case. In the high price case,
the stimulative effect that higher natural gas prices
normally would have on natural gas production is
offset by an increase in E&P costs as a result of the
smaller resource base.

Net Imports of Liquefied Natural Gas
Grow in the Projection

Figure 82. Net U.S. imports of natural gas
by source, 1990-2030 (trillion cubic feet)
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Net U.S. imports of natural gas from Canada are
projected to decline, and net imports of LNG are
projected to grow, from 2006 through 2030. Most of
the expected growth in U.S. natural gas imports is in
the form of LNG. The total capacity of U.S. LNG
receiving terminals increases from 1.5 trillion cubic
feet in 2006 to 5.2 trillion cubic feet in 2009 in the
reference case (with no further increase through
2030), and net LNG imports grow from 0.5 trillion
cubic feet in 2006 to 2.8 trillion cubic feet in 2030
(Figure 82). The U.S. market is expected to be tight
throughout the projection because of competition for
LNG supplies across the world. Although U.S. im-
ports rise over time, they are expected to vary signifi-
cantly from year to year, depending on domestic and
worldwide natural gas prices. When international
natural gas prices are higher than U.S. prices, LNG
imports are expected to be lower, and vice versa.
Thus, LNG imports in the AEO2008 cases reflect the
expected long-term trend rather than actual import
levels in any particular year.

Over the past year, reported costs for development of
the Mackenzie Delta natural gas pipeline, including
development costs for the three anchor natural gas
fields, have increased substantially [87]. Therefore,
the pipeline is not expected to be built with natural
gas prices at the levels projected in the AEO2008 ref-
erence case. Canada still is expected to export natural
gas to the United States in the reference case, how-
ever, with U.S. net imports from Canada declining
from 3.2 trillion cubic feet in 2006 to 0.9 trillion cubic
feet in 2030. Natural gas prices in the reference case
are adequate to support that level of imports despite
the absence of the Mackenzie Delta pipeline.
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LNG Imports Are the Source of Supply
Most Affected in the Price Cases

Figure 83. Net U.S. imports of liquefied natural gas,
1990-2030 (trillion cubic feet)

5 History Projections .
Low price

4 -

&1 = High growth
Re?erence
Low growth

2 -
High price

1 -

-

-1

1990 2000 2006 2020 2030

Net U.S. imports of LNG are expected to vary consid-
erably from year to year, depending on both the level
of U.S. natural gas prices and whether those prices
are higher or lower than prices elsewhere in the
world. Higher prices overseas are expected to reduce
U.S. LNG imports, and lower prices overseas are
expected to increase U.S. imports. U.S. LNG imports
are much less sensitive to economic growth rates,
which determine the level of domestic natural gas
consumption. Given the uncertainty in future domes-
tic and overseas natural gas prices, the level of future
U.S. LNG imports is highly uncertain.

In the high price case, the higher world crude oil price
is expected to result in increased natural gas con-
sumption in overseas energy markets, exerting up-
ward pressure on LNG prices. In addition, some LNG
contract prices are tied directly to crude oil prices.
Higher crude oil prices will also spur greater GTL
production, placing additional pressure on world
natural gas supplies. Collectively, these activities are
expected to increase overseas wellhead natural gas
prices and worldwide LNG prices, reducing both
domestic natural gas consumption and LNG imports
in the United States.

Net U.S. imports of LNG in 2030 are projected to total
2.8 trillion cubic feet in the reference case, 4.5 trillion
cubic feet in the low price case, 1.7 trillion cubic feet
in the high price case, 2.9 trillion cubic feet in the high
economic growth case, and 2.5 trillion cubic feet in
the low economic growth case (Figure 83).

U.S. Crude 0Oil Production Increases
Slightly Through 2030

Figure 84. Domestic crude oil production by source,
1990-2030 (million barrels per day)
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In the reference case, U.S. conventional oil produc-
tion grows from 5.1 million barrels per day in 2006 to
a peak of 6.3 million barrels per day in 2018, then
declines to 5.6 million barrels per day in 2030 (Figure
84). The shape of the U.S. production profile is deter-
mined largely by lower 48 offshore oil production,
which rises from 1.4 million barrels per day in 2006 to
2.4 million barrels per day in 2015 and then falls to
1.9 million barrels per day in 2030. Deepwater oil pro-
duction in the Gulf of Mexico increases from 970,000
barrels per day in 2006 to a peak of 2.0 million barrels
per day between 2013 through 2019, which is followed
by a decline to 1.6 million barrels per day in 2030.
Production in the shallower Gulf waters (at depths
less than 1,000 feet) declines from 350,000 barrels per
day in 2006 to 230,000 barrels per day in 2030. The
decline in total offshore oil production during the
later years of the reference case reflects depletion of
the largest offshore oil fields and the fact that the
remaining offshore oil resource base is composed of
smaller and smaller fields.

Because a large portion of the U.S. onshore conven-
tional oil resource base already has been produced,
newly discovered oil reservoirs are expected to be
smaller, more remote (e.g., Alaska), and more costly
to exploit. Onshore oil production in the lower 48
States increases slightly, however, as higher crude oil
prices stimulate production by EOR techniques using
CO, injection, which increases from 350,000 barrels
per day in 2006 to 1.3 million barrels per day in 2030.
Excluding the increase in EOR production, lower 48
onshore oil production declines slowly, from 2.6 mil-
lion barrels per day in 2006 to 2.1 million barrels per
day in 2030.
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More Rapid Technology Advances
Could Raise U.S. Oil Production

Figure 85. Total U.S. crude oil production,
1990-2030 (million barrels per day)
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The rapid and slow oil and gas technology cases
assume rates of technological progress in the
petroleum industry that are 50 percent higher and
50 percent lower than in the reference case. 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. In 2030, domestic crude oil pro-
duction is 5.6 million barrels per day in the reference
case, 5.9 million barrels per day in the rapid technol-
ogy case, and 5.0 million barrels per day in the slow
technology case (Figure 85).

Domestic oil consumption, which is determined large-
ly by oil prices and economic growth rates, does not
vary significantly across the technology cases; how-
ever, imports of crude oil and petroleum products do
vary, depending on domestic oil production levels. In
2030, net imports of crude oil and liquid fuels total
12.4 million barrels per day in the reference case, as
compared with 12.0 million barrels per day in the
rapid technology case and 13.0 million barrels per day
in the slow technology case.

Higher rates of technological progress result in
higher oil production rates and more rapid depletion
of the domestic resource base. Cumulative U.S. crude
oil production from 2006 through 2030 is 2.0 billion
barrels (3.9 percent) higher in the rapid technology
case and 2.6 billion barrels (4.9 percent) lower in the
slow technology case than in the reference case.

Unconventional Liquids Production
Increases With Higher Oil Prices

Figure 86. Total U.S. unconventional crude oil
production, 2006-2030 (thousand barrels per day)
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Crude oil prices are the primary determining factor
for future levels of domestic unconventional oil pro-
duction (such as oil shale, CTL, and GTL). In the
AEO02008 low price case, CTL production begins in
2011, using only U.S. facilities now under construc-
tion, and remains at 40,000 barrels per day through
2030. With the higher oil price in the reference case,
CTL production starts in 2011 at about 50,000 barrels
per day and increases to about 240,000 barrels per
day in 2030 (Figure 86). In the high price case, both
GTL and oil shale production become economical,
and total domestic unconventional oil production
increases to 1.5 million barrels per day in 2030—1.2
million barrels per day from CTL, 130,000 barrels per
day from GTL, and 140,000 barrels per day from oil
shale. In the high price case, both oil and natural gas
prices are sufficiently high to encourage both the con-
struction of an Alaska natural gas pipeline and GTL
production on Alaska’s North Slope.

There is considerable uncertainty surrounding the
future of unconventional crude oil production in
the United States. Environmental regulations could
either preclude unconventional production or raise
its cost significantly. If future U.S. laws limited
and/or taxed greenhouse gas emissions, they could
lead to substantial increases in the costs of unconven-
tional production, which emits significant volumes
of COg. Restrictions on access to water also could
prove costly, especially in the arid West. In addition,
environmental restrictions on land use could pre-
clude unconventional oil production in some areas of
the United States.
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Transportation Uses Lead Growth
in Liquid Fuels Consumption
Figure 87. Liquid fuels consumption by sector,
1990-2030 (million barrels per day)
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U.S. consumption of liquid fuels—including fuels
from petroleum-based sources and, increasingly,
those derived from nonpetroleum primary fuels such
as coal, biomass, and natural gas—totals 22.8 million
barrels per day in 2030 in the reference case, an
increase of 2.1 million barrels per day over the 2006
total (Figure 87). All of the increase is in the transpor-
tation sector, which accounts for 73 percent of total
liquid fuels consumption in 2030, up from 68 percent
in 2006.

Gasoline, ULSD, and jet fuel are the main transporta-
tion fuels. The reference case includes the effects
of technology improvements that are expected to
increase the efficiency of motor vehicles and air-
craft, but the projected growth in demand for each
mode outpaces those improvements as the demand
for transportation services grows in proportion to
increases in population and GDP. With the new
CAFE standards in EISA2007, transportation use of
liquid fuels increases by 2.6 million barrels per day in
the reference case, 3.9 million barrels per day in the
high economic growth case, and 1.8 million barrels
per day in the high price case from 2006 to 2030.

Consumption of liquid fuels from nonpetroleum
sources increases substantially over the projection
period. Ethanol, which made up 4 percent of the
motor gasoline pool in 2006, increases to 15.8 percent
of the total motor gasoline pool in 2030. Total pro-
duction of liquid fuels from CTL and BTL plants,
which are expected to commence operation in 2011,
increases in the reference case to 540,000 barrels per
day in 2030, equivalent to 9.7 percent of the total pool
of distillate fuel.

RFS Is Defined by Multiple Biofuel
Categories in EISA2007

Figure 88. EISA2007 RFS credits earned in selected
years, 2006-2030 (billion credits)
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EISA2007 mandates a total RFS credit requirement
of 36 billion gallons in 2022. Credits are equal to
gallons produced, except for fatty acid methyl ester
biodiesel and BTL diesel, which receive a 1.5-gallon
credit for each gallon produced. The renewable fuels
can be grouped into two categories: conventional
biofuels (ethanol produced from corn starch) and
advanced biofuels (including cellulosic ethanol, bio-
diesel, and BTL diesel). In total, 15 billion gallons of
credits from conventional biofuels and 21 billion gal-
lons from advanced biofuels are required in 2022.

In the AEO2008 reference case, however, only 32.5
billion gallons of RFS credits are generated in 2022,
because cellulosic biofuel production is not expected
to increase rapidly enough to provide the credits that
would be needed to meet the advanced biofuels
requirement. If the available quantities of biofuels
are inadequate to meet the initial targets, EISA2007
provides for both the application of waivers and modi-
fication of applicable credit volumes (Figure 88).

Corn ethanol is projected to make the largest con-
tribution toward the RFS mandate, providing up
to 15 billion credits. Cellulosic ethanol contributes 7.2
billion credits to the advanced and cellulosic biofuel
requirement in 2022, and BTL diesel contributes
4.3 billion credits. BTL production continues to
increase in the later years of the projection, to 6.8
billion gallons in 2030. The remainder of the credits
for advanced biofuels in 2022 include credits for
approximately 3 billion gallons of ethanol imports,
2 billion gallons of biodiesel, and 0.5 billion gallons
of ethanol from wheat and other feedstocks.
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EISA2007 Increases U.S. Supply
of Renewable Transportation Fuels

Figure 89. Fossil fuel and biofuel content of
U.S. motor fuel supply, 2006, 2015, and 2030
(billion gallons)
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As a result of the EISA2007 RF'S, the biofuel compo-
nent of motor fuels in the transportation sector is
projected to grow substantially, as the fossil fuel
content of gasoline and diesel declines from 136
billion gallons (96 percent) in 2006 to 125 billion
gallons (83 percent) in 2030 (Figure 89). The biofuel
content of all gasoline and E85 consumed in the
United States, which totaled about 5.6 billion gallons
in 2006, increases to 25.8 billion gallons in 2030.
In addition, a smaller increase in biofuel content is
projected for diesel fuel, from 0.3 billion gallons in
2006 to 3.8 billion gallons in 2030.

Adding to the decline in U.S. consumption of fossil-
fuel-based gasoline is a projected increase in diesel
fuel use for passenger vehicles—a shift that is likely
to require significant adjustments in the refining
industry. Crude oil processing typically yields a
sizable portion of product in the naphtha range,
which frequently is used in motor gasoline. His-
torically, there has been a mutually beneficial rela-
tionship between U.S. and European refiners, with
surplus diesel being shipped from the United States
to Europe and surplus gasoline shipped from Europe
to the United States. A significant increase in U.S.
demand for diesel while the demand for gasoline is
falling is likely to require significant investment by
refiners in both the United States and Europe in
order to maximize diesel yields.

Imports of Liquid Fuels Are Expected
To Decline

Figure 90. Net import share of U.S. liquid fuels
consumption, 1990-2030 (percent)
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In 2006, net imports of liquid fuels, primarily petro-
leum, accounted for 60 percent of domestic consump-
tion. In the reference case, U.S. dependence on liquid
fuel imports declines to 51 percent in 2022, before
climbing to 54 percent in 2030 (Figure 90). In the high
price case, net imports as a share of domestic con-
sumption of liquid fuels fall to 45 percent in 2030. In
the low price case, dependence on petroleum imports
remains roughly constant, with an import share of 59
percent in 2030.

In the reference case, demand for refined products
continues to increase more rapidly than refining
capacity. 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 liquids products. One example is provided by the
U.S. ban on use of methyl tertiary butyl ether as
an oxygenate in RFG. Since the ban took effect in
January 2007, U.S. refiners have switched to using
ethanol as the oxygenate in RFG, and the New York
Mercantile Exchange (NYMEX) market has stopped
offering imports of RFG and switched to imports of
reformulated blendstock for oxygenate blending.

In recent years, however, liquids demand has grown
rapidly in some countries of Eastern Europe and Asia,
and those nations are moving to adopt the same fuel
quality standards as the developed world. As a result,
refineries throughout the world are becoming more
sophisticated, and in the future more of them will be
able to provide products suitable for the U.S. market,
which they may do if it is profitable.
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Ethanol Prices Compete on a Btu
Basis To Meet the EISA2007 RFS

Figure 91. Motor gasoline, diesel fuel, and E85
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In the AEO2008 reference case, with the EISA2007
renewable fuels mandate in effect, the U.S. market
for E10 is saturated by 2014, after which the ethanol
requirement is met by increased consumption of E85.
To encourage the use of E85, its price is discounted
to make it competitive with motor gasoline on an
energy-equivalent basis. The E85 price discounts are
funded by premiums placed on the petroleum content
of other motor fuels. As E85 consumption increases,
the price drops from $2.35 per gallon in 2006 to a low
of $1.57 (2006 dollars) in 2017 before rising to $1.86
in 2030. In comparison, the price of motor gasoline is
$2.63 per gallon in 2006 and $2.45 in 2030 (Figure
91).

In the low price case, E85 follows the same general
price path, falling to $1.44 per gallon in 2030. In con-
trast, in the high price case, the price of E85 rises to
$2.73 per gallon in 2030, although it is still discounted
relative to motor gasoline, which increases to $3.52
per gallon in 2030. In the AEO2008 early release,
which excluded the impact of EISA2007, the price of
E85 remained closer to the price of motor gasoline
throughout the projection period, increasing to $2.29
per gallon in 2030, while the price of gasoline in-
creased to $2.49 in 2030.

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

Figure 92. Average U.S. delivered prices
for motor gasoline, 1990-2030
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Retail prices for petroleum products largely follow
changes in crude oil prices. In the AEO2008 reference
case, the world oil price path reaches a low of $57 per
barrel in 2016 and then increases to about $70 in 2030
(2006 dollars). The U.S. average motor gasoline price
follows the same trend, falling to $2.19 per gallon in
2016 before rising to $2.45 in 2030.

In the high price case, with the price of imported
crude oil rising to $119 per barrel (2006 dollars)
in 2030, the average price of U.S. motor gasoline
increases rapidly, to $3.06 per gallon in 2016 and
$3.52 per gallon in 2030. In the low price case, gaso-
line prices decline to a low of $1.74 per gallon in 2016,
increase slowly through the early 2020s, and level off
at about $1.84 per gallon through 2030 (Figure 92).

Because changes from the reference case assumptions
for economic growth rates have less pronounced
effects on motor gasoline prices than do changes in oil
price assumptions, the average prices for U.S. motor
gasoline in the high and low economic growth cases
are close to those in the reference case. In the high
growth case, the average gasoline price falls to a low
of $2.24 per gallon in 2016 and then rises to $2.59 per
gallon in 2030. In the low growth case, the average
price reaches a low of $2.16 per gallon in 2017,
followed by an increase to $2.32 per gallon in 2030.

In all the AEO2008 cases, increases in motor gasoline
prices as a result of the EISA2007 biofuel mandates
are more than offset by erosion of the real dollar value
of the Federal excise taxes. By assumption, the
Federal gasoline tax is fixed at its 2007 nominal level
of 18.4 cents per gallon.
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Western Coal Production Continues
To Increase Through 2030

Figure 93. Coal production by region, 1970-2030
(quadrillion Btu)
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In the AEO2008 reference case, increasing coal use
for electricity generation at existing plants and con-
struction of a few new coal-fired plants lead to annual
production increases that average 0.3 percent per
year from 2006 to 2015, when total production is 24.5
quadrillion Btu. In the absence of restrictions on CO,
emissions, the growth in coal production is even
stronger from 2015 to 2030, averaging 1.0 percent per
year, as a substantial number of new coal-fired power
plants and several CTL plants are brought on line.

Western coal production, which has grown steadily
since 1970, continues to increase through 2030
(Figure 93). Much of the projected growth is in output
from the Powder River Basin, where producers are
well positioned to increase production from the vast
remaining surface-minable reserves.

Appalachian coal production declines slightly in the
reference case. Although producers in Central Appa-
lachia are well situated to supply coal to new generat-
ing capacity in the Southeast, that portion of the
Appalachian basin has been mined extensively, and
production costs have been increasing more rapidly
than in other regions. The eastern portion of the
Interior coal basin (Illinois, Indiana, and western
Kentucky), with extensive reserves of mid- and high-
sulfur bituminous coals, benefits from the new coal-
fired generating capacity in the Southeast.

Production of low-Btu lignite in the Interior and
Western supply regions also increases substantially,
primarily to meet the energy and feedstock require-
ments of new coal-fired power plants and CTL plants
in Texas, Montana, and North Dakota.

Long-Term Production Outlook
Varies Considerably Across Cases

Figure 94. U.S. coal production, 2006, 2015,
and 2030 (quadrillion Btu)
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In most of the AEO2008 cases, U.S. coal production is
projected to increase from 2006 to 2030; however,
different assumptions about economic growth (which
mainly affect overall electricity demand) and about
the costs of producing fossil fuels (which primarily
determine the mix of supply sources for generation
and petroleum products) lead to different results. The
reference case projects a 20-percent increase from
2006 to 2030, whereas the alternative cases show
changes that range from a decrease of 5 percent to an
increase of 36 percent (Figure 94). Because the level
of uncertainty is lower in the near term, the projected
changes in coal production from 2006 to 2015 show
significantly less variation, ranging from virtually no
change to an increase of 5 percent.

Across the cases, regional coal production trends
generally follow the national trend. As a result, the
projected regional shares of total coal production in
2030 (from the Appalachian, Interior, and Western
supply regions) do not vary by much among the refer-
ence, high and low price, and high and low economic
growth cases. In the high coal cost case, however, the
combination of higher mining and transportation
costs and slow growth in total U.S. coal demand leads
to a sizable drop in projected output from Wyoming’s
Powder River Basin, which is by far the most impor-
tant coal-producing area in the West. As a result, the
Western share of total U.S. coal production declines
slightly in the high coal cost case, from 46 percent in
2006 to 45 percent in 2030. In the other cases, the
West’s share of total coal production in 2030 ranges
from a low of 54 percent to a high of 60 percent.
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Coal Prices

Minemouth Coal Prices in the Western
and Interior Regions Rise Steadily

Figure 95. Average minemouth price of coal
by region, 1990-2030 (2006 dollars per million Btu)
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Strong growth in production in the Interior and West-
ern supply regions, combined with limited improve-
ment in coal mining productivity, results in mine-
mouth price increases of 0.7 and 0.9 percent per year,
respectively, for the two regions from 2006 through
2030. Average minemouth prices in Appalachia de-
cline by 0.4 percent per year over the same period, as
a result of falling output levels and a shift to lower
cost production in the northern part of the basin.

The U.S. average minemouth price for coal drops
slightly between 2006 and 2020, from $1.21 to $1.14
per million Btu (2006 dollars), as mine capacity utili-
zation declines and production shifts away from the
higher cost mines of Central Appalachia. After 2020,
rising natural gas prices and requirements for addi-
tional generating capacity result in the construction
of 65 gigawatts of new coal-fired generating capacity.
The combination of new investment in mining capac-
ity to meet the demand growth, a continued low rate
of productivity improvement, and rising utilization of
mining capacity leads to an increase in the average
minemouth price, to $1.19 per million Btu in 2030.

From 1990 to 1999, the average minemouth price of
coal declined by 4.5 percent per year (Figure 95). In-
creases in U.S. coal mining productivity of 6.3 percent
per year helped to reduce mining costs and contrib-
uted to the price decline. Since 1999, U.S. coal mining
productivity has declined by 0.8 percent per year, and
the average minemouth coal price has increased by
3.7 percent per year. In the AEO2008 reference case,
coal mining productivity rises at an average rate of
0.6 percent per year from 2006 to 2030, more closely
reflecting the trend of the past several years.

Higher Mining and Transportation
Costs Raise Delivered Coal Prices

Figure 96. Average delivered coal prices, 1990-2030
(2006 dollars per million Btu)
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Alternative assumptions for coal mining and trans-
portation costs affect delivered coal prices and de-
mand. Two alternative coal cost cases developed for
AEQ02008 examine the impacts on U.S. coal markets
of alternative assumptions about mining productiv-
ity, labor costs, and mine equipment costs on the pro-
duction side, and about railroad productivity and rail
equipment costs on the transportation side.

In the high coal cost case, the average delivered coal
price in 2006 dollars is $2.76 per million Btu in
2030—52 percent higher than in the reference case
(Figure 96). As a result, U.S. coal consumption is 4.8
quadrillion Btu (16 percent) lower than in the refer-
ence case in 2030, reflecting both a switch from coal to
natural gas, nuclear, and renewables in the electricity
sector and reduced CTL production. In the low coal
cost case, the average delivered price in 2030 is $1.29
per million Btu—29 percent lower than in the refer-
ence case—and total coal consumption is 2.1 quadril-
lion Btu (7 percent) higher than in the reference case.

Because the high and low economic growth cases and
the high and low price cases use the reference case
assumptions for coal mining and rail transportation
productivity and equipment costs, they show smaller
variations in average delivered coal prices than do the
two coal cost cases. Different coal price projections in
the high and low economic growth cases (with price
paths very close to the reference case) and high and
low price cases result mainly from higher and lower
projected levels of demand for coal. In the price cases,
higher and lower fuel costs for both coal producers
and railroads contribute to the variations in projected
coal prices.
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Emissions From Energy Use

Rising Energy Consumption
Increases Carbon Dioxide Emissions
Figure 97. Carbon dioxide emissions by sector and
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Without capture and sequestration, COy emissions
from the combustion of fossil fuels are proportional to
the carbon content of the fuel. Coal has the highest
carbon content and natural gas the lowest, with
petroleum in between. In the AEO2008 reference
case, the shares of these fuels change slightly from
2006 to 2030, with more coal and less oil and natural
gas. The combined share of renewable and nuclear
energy grow from 15 percent in 2006 to 20 percent in
2030. As a result, CO, emissions increase by 16 per-
cent over the period, as compared with a 19-percent
increase in total energy use (Figure 97). At the same
time, the economy becomes less carbon intensive:
the percentage increase in CO, emissions is one-fifth
the increase in GDP, and emissions per capita decline
by 5 percent over the 24-year period.

The factors that influence growth in CO, emissions
are the same as those that drive increases in fossil
energy demand. Among the most significant are
population and economic growth; increased penetra-
tion of computers, electronics, appliances, and office
equipment; increases in commercial floorspace;
increases in highway, rail, and air travel, and
continued reliance on coal for electric power genera-
tion. The increases in demand for energy services are
partially offset by efficiency improvements and shifts
toward less energy-intensive industries. New COq
mitigation programs, more rapid improvements in
technology, or more rapid adoption of voluntary CO,
emissions reduction programs could result in lower
CO, emissions levels than projected here.

Emissions Projections Change With
Economic Growth Assumptions

Figure 98. Carbon dioxide emissions, 1990-2030
(million metric tons)
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Higher growth in population, labor force, and produc-
tivity is assumed in the high growth case than in the
reference case, leading to higher industrial output,
higher disposable income, lower inflation, and lower
interest rates. The low growth case assumes the
reverse. In the high and low growth cases, GDP varies
by about 14 percent and population by about 8 per-
cent from the reference case projections for 2030.

Alternative projections for industrial output, com-
mercial floorspace, housing, and transportation in the
population and economic growth cases influence the
demand for energy and result in variations in CO,
emissions (Figure 98). Emissions in 2030 are 9 per-
cent lower in the low growth case and 9 percent
higher in the high growth case than in the reference
case. The strength of the relationship between eco-
nomic growth and emissions varies by end-use sector.
It is strongest for the industrial 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 characteristics have large influences and
vary less across the three cases.

Changes in electricity sales across the cases affect the
amount of new, more efficient generating capacity
required, reducing somewhat the sensitivity of energy
use to GDP. However, the choice of coal for most new
baseload capacity increases CO, intensity in the high
growth case while decreasing it in the low growth
case, offsetting the effects of changes in efficiency
across the cases.
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Clean Air Interstate Rule Reduces
Sulfur Dioxide Emissions

Figure 99. Sulfur dioxide emissions from
electricity generation, 1995-2030
(million short tons)

15 - History Projections
114 112

10 - 9.4

5 —_

0

1995 2000 2006 2010 2015 2020 2025 2030

SO, emissions are expected to fall as CAIR takes
effect [88]. States can achieve mandated emissions
reductions in two ways: by requiring power plants
to participate in the EPA’s national cap and trade
program or by requiring them to meet State-specific
emissions milestones through more stringent mea-
sures chosen by the State.

In the AEO2008 reference case, national SOy emis-
sions from electricity generation fall from 9.4 million
short tons in 2006 to 3.7 million short tons in 2030
(Figure 99). The reduction results from both the use
of lower sulfur coal and the addition of flue gas
desulfurization equipment on 125 gigawatts of exist-
ing capacity. SO, allowance prices rise steadily
throughout the early years of the projection, to more
than $1,000 per ton in 2020. After 2020, allowance
prices slowly decline, settling below $500 in 2030.

SOy emissions are not greatly affected by economic
growth, as shown in the AEO2008 high economic
growth case. Because many new coal-fired power
plants are equipped to remove SO, before beginning
operation, the allowance prices are no higher than in
the reference case. Fuel price assumptions have a
greater effect on SO, allowance prices. With more
CTL plants expected to be constructed in the high
price case, potential emissions from coal combustion
increase; however, CTL plants are expected to have
SO, capture equipment that is more efficient than the
equipment on advanced pulverized coal plants. Thus,
in the later years of the projection, SO, allowance
prices are slightly lower in the high price case than in
the reference case.

Nitrogen Oxide Emissions Also Fall
As CAIR Takes Effect

Figure 100. Nitrogen oxide emissions from
electricity generation, 1995-2030
(million short tons)
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CAIR also mandates NO, emission reductions in
28 States and the District of Columbia [89]. The
required reductions are intended to reduce the
formation of ground-level ozone, for which NO, emis-
sions are a major precursor. As with the CAIR-
mandated SO, reductions, each State can determine
a preferred method for reducing NO, emissions.
AEO2008 assumes that all the States covered by
CAIR will participate in interstate trading of
allowances.

In the AEO2008 reference case, national NO, emis-
sions from the electric power sector fall from 3.4 mil-
lion short tons in 2006 to 2.2 million short tons in
2030 (Figure 100). Because the CAIR caps are inflexi-
ble, different assumptions in the high and low eco-
nomic growth and high and low price cases have little
affect on cumulative NO, emissions. The projections
for cumulative NO, emissions over the projection
period are lowest in the low economic growth case—
0.5 percent lower than in the reference case.

After mandatory compliance begins, NO, allowance
prices range between $2,500 and $3,400 per ton
emitted in the reference case, tending to rise as the
emission caps tighten. In 2030, selective catalytic
reduction equipment is projected to have been added
on an additional 98 gigawatts of coal-fired generating
capacity in the reference case. In the high economic
growth case, NO, allowances are more costly. The
construction of more coal-fired power plants to meet a
higher level of demand for electricity, and the result-
ing need for additional retrofits, pushes allowance
prices to approximately $3,800 in 2025, after which
the price stabilizes.
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Comparison with Other Projections

Only Global Insights, Inc. (GII) produces a compre-
hensive energy projection with a time horizon similar
to that of AEO2008. Other organizations, however,
address one or more aspects of the U.S. energy
market. The most recent projection from GII, as well
as others that concentrate on economic growth, inter-
national oil prices, energy consumption, electricity,
natural gas, petroleum, and coal, are compared here
with the AEO2008 projections.

Economic Growth

Projections of the average annual GDP growth rate
for the United States from 2006 through 2010 range
from 2.4 percent to 2.8 percent (Table 7). GDP grows
at an annual rate of 2.4 percent in the AEO2008 refer-
ence case over the period, significantly lower than the
projections made by the Office of Management and
Budget (OMB), the Congressional Budget Office
(CBO), the Interindustry Forecasting Project at
the University of Maryland (INFORUM), the Social
Security Administration (SSA), and Energy Ventures
Analysis, Inc. (EVA). The AEO2008 projection is
slightly lower than the projections by the Interna-
tional Energy Agency (IEA) and GII. The consensus
Blue Chip projection is for 2.5-percent average annual
growth from 2006 to 2010.

The range of GDP growth rates is wider for the period
from 2010 to 2015, with projections ranging from 2.3
to 2.9 percent per year. The average annual GDP
growth of 2.7 percent in the AEO2008 reference case
from 2010 to 2015 is around the middle of the range.
The Blue Chip consensus projection is 2.9 percent,
CBO projects 2.8 percent, and EVA projects 2.7 per-
cent for the annual rate of GDP growth from 2010 to
2015. The GII, INFORUM, SSA, and IEA projections
all are below the AEO2008 reference case projection.

Table 7. Projections of annual average economic
growth rates, 2006-2030
Average annual percentage
growth rates
2006- 2010- 2015- 2020-

Projection 2010 2015 2020 2030
AEQ02007 (reference case) 2.9 2.8 3.0 2.8
AEQ02008 (reference case) 2.4 2.7 24 24
GII 2.5 2.5 24 24
OMB 2.7 NA NA NA
CBO 2.6 2.8 NA NA
Blue Chip 2a) 2.9 NA NA
INFORUM 2.6 286 2.8 2.8
SSA 2.7 2.3 2.1 2.0
EVA 2.8 2.7 2.4 2.1
IEA 2.6 2.6 2.2 2.2

NA = not available.

There are few public or private projections of GDP
growth rates for the United States that extend to
2030. The AEO2008 reference case reflects a GDP
growth rate after 2015 that is consistent with the
trend in expected labor force and productivity
growth.

World Oil Prices

Comparisons of the AEO2008 cases with other oil
price projections are shown in Table 8. In the
AEQ02008 reference case, world oil prices fall from
current levels through 2016 and then gradually rise
to about $70 in real terms (2006 dollars). Given cur-
rent prices, this pattern of falling and then rising oil
prices is seen in all the long-term projections, with the
exception of GII’s, which consistently declines. The
world oil price measures are, by and large, compara-
ble across projections. EIA reports the price of
imported low-sulfur, light crude oil, approximately
the same as the West Texas Intermediate (WTI)
prices that are widely cited as a proxy for world oil
prices in the trade press. The only series that does
not report projections in WTI terms is IEA’s World
Energy Outlook 2007, where prices are expressed as
the IEA crude oil import price.

Recent volatility in crude oil prices demonstrates the
uncertainty inherent in the projections. GII and
Deutsche Bank AG (DB) define the range of crude oil
price projections for 2030, from a low of about $46 per
barrel (GII) to a high of $80 per barrel (DB). The
AEO02008 reference case projects a world oil price of
about $70 per barrel in 2030.

Total Energy Consumption

The AEQ0O2008 reference case projects growth in
end-use consumption of natural gas and coal, in
contrast to the decline that occurred from 1980 to
2006 (Table 9). Natural gas consumption increases 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

Table 8. Projections of world oil prices, 2010-2030
(2006 dollars per barrel)

Projection 2010 2015 2020 2025 2030

AEO2007 (reference case) 59.21 51.37 53.61 58.07 60.91
AEOZ2008 (reference case) 74.03 59.85 59.70 64.49 70.45

GII 68.25 61.40 54.80 4820 45.70
IEA (reference) 59.03 57.30 58.87 60.43 62.00
DB 56.65 60.00 66.00 72.00 80.00
SEER 69.41 5885 60.83 62.88 65.00
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heating. Coal consumption as a boiler fuel in the com-
mercial and industrial sectors declines 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 becomes competitive at the level of oil
prices in the AEO2008 reference case.

The projected growth in consumption of liquids,
including ethanol blends and biodiesel, from 2006 to
2030 is about one-half the average from 1980 to 2006.
Transportation is the only sector for which liquids
consumption grows significantly, offsetting a moder-
ate decline in the industrial sector. Continued growth
in fuel use for transportation is expected despite high
prices and newly tightened fuel economy standards.
With economic growth, an increasing population, and
rising per capita income, demand for personal and
freight travel increases. Although the average fuel
efficiency of vehicles and airplanes continues to
improve, the changes under currently enacted laws
and regulations are insufficient to offset the projected
increase in transportation demand.

Growth in electricity use continues in the AEO2008
reference case, but the pace slows to one-half the
historical rate. Some rapidly growing applications,
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 AEO2008 reference case includes higher growth
in primary and delivered energy from 2006 to 2030
than is shown in the outlook from GII. GII projects
little growth in end-use natural gas consumption,
whereas the AEO2008 reference case projects contin-
ued growth in the industrial and buildings sectors
(see Table 11). GII’s projected growth rates for liquids
consumption are somewhat higher than those in the
AEO02008 reference case, which includes the impacts
of EISA2007 on vehicle fuel economy (see Table 12).
Differences between the AEO2008 reference case and
the GII projections for end-use coal consumption re-
sult from a projected increase in coal use for CTL in
the AEO2008 reference case (see Table 13).

Electricity

Table 10 provides a summary of the results from
the AEO2008 cases and compares them with other
projections. Electricity sales in 2015 range from a
low of 4,059 billion kilowatthours in the AEO2008

reference case to a high of 4,319 billion kilowatthours
in the EVA projection. EVA shows higher sales in the
commercial and residential sectors and somewhat
less growth in industrial sales than do the AEO2008
reference case and GII. The projections for total elec-
tricity sales in 2030 are about the same (4,705 billion
kilowatthours) in the AEO2008 reference case and
GII, which are the only projections available that
include 2030. The annual rate of demand growth in
both projections is about 1.1 percent per year from
2006 to 2030. In 2030, GII includes lower growth in
the commercial sector and higher growth in the resi-
dential and industrial sectors compared with the
AEO02008 reference case.

The AEO2008 reference case shows a decline in real
electricity prices early in the projection period and
then rising prices at the end of the period because of
increases in the cost of fuels used for generation and
increases in capital expenditures for construction of
new capacity. The higher fossil fuel prices and capital
expenditures in the AEO2008 reference case result in
an increase in the average electricity price, from 8.5
cents per kilowatthour in 2015 to 8.8 cents per
kilowatthour in 2030. GII shows slightly declining
prices over the projection period.

Total generation and imports of electricity in 2015
are similar in the AEO2008 reference case, EVA, and
GII. In contrast, the IEA projection for electricity
generation in its World Energy Outlook 2007 is higher
than the other projections. Generation in the IEA
projection for the United States (which exclude im-
ports of electricity) are higher than in any of the
AEO2008 cases. Consistent with higher total elec-
tricity generation, the IEA projection includes higher

Table 9. Projections of average annual growth rates
for energy consumption, 2006-2030 (percent)

Projections
History

Energy use 1980-2006 AEO0O2008 GII

Delivered energy*
Petroleum liquids** 0.9 0.4 0.6
Natural gas -0.1 0.6 0.3
Coal -1.7 0.6 -0.1
Electricity 22 1.1 1.0
Total 0.7 0.7 0.6
Electricity losses 1.8 0.8 0.4
Primary energy 0.9 0.7 0.6

*Excludes consumption by electricity generators in the electric
power sector; includes consumption for end-use combined heat and
power generation.

**Includes ethanol and biodiesel used as transportation fuels.
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Table 10. Comparison of electricity projections, 2015 and 2030 (billion kilowatthours, except where noted)
AEO02008 Other projections
Projection 2006 reference
case GII EVA IEA
2015
Average end-use price
(2006 cents per kilowatthour) 8.9 8.5 8.8 NA NA
Residential 10.4 10.2 10.2 10.98 NA
Commercial 9.5 8.7 9.3 9.82 NA
Industrial 6.1 5.9 6.0 6.37 NA
Total generation plus imports 4,069 4,496 4,531 4,547 4,959
Coal 1,988 2,182 2,171 2,219 2,662
0il 63 57 64 66 133
Natural gas® 811 909 920 936 858
Nuclear 787 807 827 825 849
Hydroelectriclother® 403 529 533 486 567
Net imports 18 11 17 15 NA
Electricity sales 3,659 4,059 4,116 4,319 NA
Residential 1,351 1,472 1,553 1,625 NA
Commercial/other ¢ 1,306 1,529 1,489 1,683 NA
Industrial 1,002 1,058 1,074 1,011 NA
Capability, including CHP (gigawatts) ¢ 983 1,016 1,019 1,050 NA
Coal 314 329 326 341 NA
Oil and natural gas 444 437 430 482 NA
Nuclear 100 102 104 104 NA
Hydroelectric/other 125 148 160 123 NA
2030
Average end-use price
(2006 cents per Rkilowatthour) 8.9 8.8 8.7 NA NA
Residential 10.4 10.5 10.1 NA NA
Commercial 9.5 8.9 9.2 NA NA
Industrial 6.1 6.0 5.8 NA NA
Total generation plus imports 4,069 5,258 5,180 NA 5,947
Coal 1,988 2,836 2,657 NA 3,148
Oil 63 66 55 NA 102
Natural gas® 811 745 905 NA 896
Nuclear 787 917 888 NA 933
Hydroelectriclother® 403 670 761 NA 869
Net imports 18 23 14 NA NA
Electricity sales 3,659 4,705 4,706 NA NA
Residential 1,351 1,722 1,793 NA NA
Commercial/other ¢ 1,306 1,950 1,724 NA NA
Industrial 1,002 1,033 1,189 NA NA
Capability, including CHP (gigawatts) ¢ 983 1,204 1,086 NA NA
Coal 314 414 378 NA NA
Oil and natural gas 444 504 375 NA NA
Nuclear 100 115 115 NA NA
Hydroelectric/other 125 172 218 NA NA

aIncludes supplemental gaseous fuels. For EVA, represents total oil and natural gas. P“Other” includes conventional hydroelectric,
pumped storage, geothermal, wood, wood waste, municipal waste, other biomass, solar and wind power, batteries, chemicals, hydrogen,
pitch, purchased steam, sulfur, petroleum coke, and miscellaneous technologies. ““Other” includes sales of electricity to government,
railways, and street lighting authorities. EIA capacity is net summer capability, including CHP plants. GII capacity is nameplate,
excluding cogeneration plants.

CHP = combined heat and power. NA = not available.

Sources: 2006 and AEO2008: AEO2008 National Energy Modeling System, run AE0O2008.D030208F. GII: Global Insight, Inc., Global
Petroleum Outlook, Fall 2007 (Lexington, MA, November 2007). EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term Outlook
(August 2007). IEA: International Energy Agency, World Energy Outlook 2007 (Paris, France, November 2007).

92 Energy Information Administration / Annual Energy Outlook 2008



Comparison with Other Projections

levels of generation from fossil and renewable tech-
nologies in 2030 than do the AEO2008 cases. The
requirements for generating capacity are driven by
growth in electricity sales and the need to replace
existing units that are uneconomical or are being
retired for other reasons. Consistent with its projec-
tions of electricity sales, EVA shows higher growth in
fossil-based generating capacity through 2015 com-
pared with the AEO2008 reference case and GII;
however, EVA projects considerably less renewable
capacity in 2015 than do AEO2008 and GII.

Renewable generating capacity in 2030 is higher in
the GII projection than in the AEO2008 reference
case. Nuclear capacity in 2030 is 115 gigawatts in
both AEO2008 and GII, as a result of the incentives
included in EPACT2005. The AEO2008 reference
case includes 2.7 gigawatts of uprates for nuclear
capacity and 4.5 gigawatts of nuclear plant retire-
ments by 2030 as their operating licenses expire.
Environmental regulations are important determi-
nants in the selection of the technologies used for
electricity generation. In addition to existing environ-
mental program requirements for electric utilities,
EVA assumes that new, stricter national emissions
limits will be adopted for emissions of SO, and NO,
by 2015. EVA also includes an escalating penalty on
COg4 emissions, starting at $6 per ton in 2013.

The AEO2008 cases include the impact of the EPA’s
CAIR regulation [90]. Because AEO2008 includes
only current laws and regulations, however, it does
not assume any tax on CO, emissions. Restrictions on
CO, emissions could change the mix of technologies
used to generate electricity.

Natural Gas

In the AEO2008 reference case, total natural gas con-
sumption increases through 2016 and then declines
through 2030 as higher natural gas prices cause
natural gas to lose market share to coal for electricity
generation. With the exception of the Altos and
Strategic Energy and Economic Research, Inc.
(SEER) projections, all the other projections show
total natural gas consumption increasing throughout
the projection period (Table 11). Altos shows a slight
decline in natural gas consumption after 2025, and
SEER shows almost the same level of natural gas
consumption in 2025 and 2030.

The AEO2008 reference case projects the lowest level
of natural gas consumption in 2030, followed by
GII (about 1.0 trillion cubic feet more than in the

AEO2008 reference case). The Altos projection in-
cludes the highest growth rate for natural gas
consumption, reaching 31.4 trillion cubic feet in
2030 (8.7 trillion cubic feet more than in the
AEO02008 reference case). The DB and SEER projec-
tions show natural gas consumption in 2030 exceed-
ing the AEO2008 reference case projection by 1.8 and
2.6 trillion cubic feet, respectively. Although GII
projects lower natural gas consumption in 2030 in the
residential and commercial sectors than is projected
in the AEO2008 reference case, natural gas con-
sumption for electricity generation in the GII projec-
tion is much greater, resulting in higher aggregate
natural gas demand than in the AEO2008 reference
case, highlighting a fundamental difference between
the AEO2008 reference case and GII projections.
This difference can also be seen in a comparison of
the AEO2008 reference case with the Altos and
SEER projections.

Natural gas consumption in the electricity generation
sector grows from 2006 to 2015 in all the projections.
(DB does not include projections by sector.) Growth in
natural gas consumption in the electricity generation
sector is projected to continue through 2025 in the
EVA and Altos projections. The AEO2008 reference
case shows the lowest level of natural gas consump-
tion for electric power in 2025, at 5.3 trillion cubic
feet, followed by GII at 6.9 trillion cubic feet.

All the projections show a decline in natural gas con-
sumption in the electric power sector between 2025
and 2030, with the largest decline in the Altos projec-
tion (0.8 trillion cubic feet). Despite the large decline
in natural gas consumption in the power sector in the
Altos projection, it remains the most optimistic, with
2030 consumption projected to be 13.6 trillion cubic
feet—almost three times higher than that in the
AEO02008 reference case. The SEER and GII projec-
tions for natural gas consumption in the electric
power sector in 2030 are higher than the AEO2008
reference case projection by 2.0 trillion cubic feet and
1.8 trillion cubic feet, respectively.

Each of the projections—with the exception of GII,
which expects a slight decline between 2015 and
2030—shows steady growth in natural gas consump-
tion in the combined residential and commercial
sectors. Altos projects the highest level of natural gas
consumption in the residential and commercial sec-
tors in 2030 (9.3 trillion cubic feet), followed by SEER
(9.0 trillion cubic feet) and the AEO2008 reference
case (8.8 trillion cubic feet). Each of the projections
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shows an increase in natural gas consumption in the
industrial sector between 2006 and 2015. That
growth is projected to continue through 2025 in each
of the projections except for the AEO2008 reference
case. The AEO2008 projection shows a decline in
industrial sector natural gas consumption between
2025 and 2030, whereas the other projections show
increases.

Domestic natural gas production increases through
2015 in each of the projections, with Altos showing

the highest production level in 2015, at 21.9 trillion
cubic feet. The AEO2008 reference case and GII
show domestic natural gas production continuing
to increase through 2025, whereas DB, SEER,
and Altos show production declines over the same
period. For example, DB shows domestic natural gas
production declining by 3.0 trillion cubic feet
from 2015 to 2025. All the projections show a
decline in production from 2025 to 2030, with DB
projecting the lowest level of production in 2030
(3.0 trillion cubic feet lower than in the AEO02008

Table 11. Comparison of natural gas projections, 2015, 2025, and 2030 (trillion cubic feet, except where noted)

AEO02008 Other projections
Projection 2006 reference
case GII EVA DB SEER Altos
2015
Dry gas production ¢ 18.51 19.52 18.66 NA 19.66 20.33 21.90
Net imports 3.46 4.03 4.55 7.81 NA 4.71 6.75
Pipeline 2.94 1.91 1.90 3.05 NA 1.68 2.03
LNG 0.52 2.12 2.65 4.75 3.04 3.03 4.72
Consumption 21.66 23.66 23.36 25.56 23.74 25.79 26.98
Residential 4.37 5.01 4.98 5.06 NA 5.08 5.05
Commercial 2.83 3.20 3.03 3.23 NA 3.12 3.44
Industrial ® 6.49 7.00 6.65 7.09 NA 6.66 7.64 ¢
Electricity generators @ 6.24 6.56 6.97 8.24 NA 9.03 10.95
Other© 1.73 1.88 1.73 1.94 NA 1.89 NA
Lower 48 wellhead price (2006 dollars per thousand cubic feet)
6.42 5.36 6.54 5.49 7.75 6.89 6.07
End-use prices (2006 dollars per thousand cubic feet)
Residential 13.80 11.54 11.98 NA NA 11.45 NA
Commercial 11.85 9.97 10.69 NA NA 9.97 NA
Industrial 8 7.89 6.33 8.38 NA NA 6.97 NA
Electricity generators 7.07 6.10 7.15 NA NA 7.61 NA
2025
Dry gas production ¢ 18.51 19.60 18.73 NA 16.68 19.43 19.60
Net imports 3.46 3.28 4.64 9.49 NA 5.48 13.86
Pipeline 2.94 0.68 1.28 2.44 NA 0.44 2.76
LNG 0.52 2.60 3.36 7.05 8.77 5.04 11.10
Consumption 21.66 22.99 23.52 28.21 24.26 25.27 31.70
Residential 4.37 5.19 4.98 5.09 NA B3 5.15
Commercial 2.83 $53 2.98 S5 NA 3.40 3.87
Industrial ® 6.49 6.96 6.96 7.99 NA 7.08 8.29 ¢
Electricity generators @ 6.24 5.30 6.90 9.45 NA 7.49 14.39
Other® 1.73 2.02 1.71 2.17 NA 2.00 NA
Lower 48 wellhead price (2006 dollars per thousand cubic feet)
6.42 5.86 6.63 5.40 7.75 6.40 7.00
End-use prices (2006 dollars per thousand cubic feet)
Residential 13.80 12.29 11.89 NA NA 11.13 NA
Commercial 11.85 10.78 10.63 NA NA 9.40 NA
Industrial 8 7.89 6.76 8.42 NA NA 6.47 NA
Electricity generators 7.07 6.44 7.20 NA NA 7.03 NA

NA = not available. See notes and sources at end of table.
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reference case). The AEO2008 reference case shows
domestic natural gas production of 19.4 trillion cubic
feet in 2030—the highest of all the projections.

Net imports of natural gas are projected to increase
between 2006 and 2015 in each of the projections.
EVA projects the highest level of net imports at
7.8 trillion cubic feet, followed by Altos at 6.8 trillion
cubic feet. The AEO2008 reference case shows a drop
in net imports between 2015 and 2030. Each of the
other projections shows net imports increasing
steadily from 2006 to 2030 (Altos expects an increase
of 12.1 trillion cubic feet over the period). In addition,
all the projections show the increases in net imports
coming primarily from LNG. Altos projects LNG net
import levels in 2030 that are more than four times
higher than in the AEO2008 reference case, at
12.6 trillion cubic feet. The projections have LNG
imports accounting for between 13 and 40 percent
of consumption in 2030.

Given that the average wellhead price for natural gas
in 2006 was $6.42 per thousand cubic feet, each of the
projections shows a decline in natural gas prices
between 2006 and 2015, except GII, DB, and SEER.
The AEO2008 reference case projects the lowest aver-
age wellhead prices in 2015, at $5.36 per thousand
cubic feet. EVA’s natural gas price projection for 2025
is lower than that in the AEO2008 reference case, by
about $0.46 per thousand cubic feet. DB consistently
projects relatively high average wellhead prices be-
tween 2006 and 2030. Among the other projections,
only GIT and SEER project an average natural gas
wellhead price below that in the AEO2008 reference
case in 2030. In the GII and SEER projections,
natural gas wellhead prices in 2030 are below the
AEO2008 reference case projection by $0.15 and
$0.13 per thousand cubic feet, respectively, and well-
head prices in the DB and Altos projections exceed the
AEO2008 reference case projection by $1.12 and
$0.82 per thousand cubic feet, respectively.

Table 11. Comparison of natural gas projections, 2015, 2025, and 2030 (continued)

(trillion cubic feet, except where noted)

AEO02008 Other projections
Projection 2006 reference
case GII EVA DB SEER Altos
2030
Dry gas production ¢ 18.51 19.43 18.68 NA 16.44 18.63 18.90
Net imports 3.46 3.18 4.86 NA NA 6.33 15.57
Pipeline 2.94 0.33 0.76 NA NA 0.20 2.95
LNG 0.52 2.84 4.10 NA 9.84 6.13 12.62
Consumption 21.66 22.72 23.69 NA 24.53 25.29 31.42
Residential 4.37 5.17 4.94 NA NA 5.44 5.17
Commercial 2.83 3.67 2.97 NA NA 3:57 4.12
Industrial® 6.49 6.87 7.18 NA NA 7.29 8.50¢
Electricity generators @ 6.24 4.99 6.83 NA NA 6.98 13.63
Other* 1.73 2.02 1.76 NA NA 2.01 NA
Lower 48 wellhead price (2006 dollars per thousand cubic feet) "
6.42 6.63 6.48 NA 7.75 6.50 745
End-use prices (2006 dollars per thousand cubic feet)
Residential 13.80 13.30 11.67 NA NA 11.30 NA
Commercial 11.85 11.78 10.42 NA NA 9.44 NA
Industrial 8 7.89 7.50 8.26 NA NA 6.53 NA
Electricity generators 7.07 7.13 7.05 NA NA 6.28 NA

NA = not available.

aDoes not include supplemental fuels. PIncludes consumption for industrial CHP plants, a small number of electricity-only plants, and
GTL plants for heat and power production; excludes consumption by nonutility generators. ‘Includes lease and plant fuel. 9Includes
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. ®Includes lease, plant, and pipeline fuel and fuel
consumed in natural gas vehicles. 2006 wellhead natural gas prices for GII, DB, and SEER are $6.41, $6.42, and $6.24 per thousand cubic
feet, respectively. 8The 2006 industrial natural gas price for GII is $8.89 per thousand cubic feet.

Sources: 2006 and AEO2008: AEO2008 National Energy Modeling System, run AE0O2008.D030208F. GII: Global Insight, Inc., 2007
U.S. Energy Outlook (October 2007). EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term Outlook (August 2007). DB: Deutsche
Bank AG, e-mail from Adam Sieminski on November 18, 2007. SEER: Strategic Energy and Economic Research, Inc., Natural Gas
Scenarios (March 2008). Altos: Altos World Gas Trade (September 2007).
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The price margins for delivered natural gas can vary
significantly from year to year. In 2006, margins in
the residential, commercial, industrial, and transpor-
tation sectors were notably higher than the historical
average, and margins in the electricity generation
sector were somewhat lower than the historical aver-
age. Starting from a level more representative of the
historical average, margins in the electricity genera-
tion and industrial sectors generally decline in the
AEO2008 reference case. In contrast, margins in the
residential and commercial sectors increase, because
the fixed costs are spread over lower per-customer
volumes as consumption is reduced by efficiency
improvements.

End-use prices in the GII and SEER projections imply
declining margins in all sectors, with the exception of
the residential and electricity generation sectors in
the SEER projection, which increase from 2025 to
2030. As a result, the GII and SEER margins in the
residential and commercial sectors are lower than
those in the AEO2008 reference case projection by be-
tween $1.20 and $2.20 per thousand cubic feet in
2030. The industrial margin in the GII projection re-
mains appreciably higher throughout the projection
period, whereas the industrial margin in the SEER
projection is between $0.83 and $0.90 per thousand
cubic feet lower than the margins in the AEO2008
reference case projection from 2015 to 2030. In fact,
the SEER industrial margins appear to be only a few
pennies in all years.

Petroleum

In the DB projection, real crude oil prices increase
from $57 per barrel in 2010 to $80 per barrel in 2030.
In the AEO2008 reference case, real prices decline
from current levels to a low of $57 per barrel in 2016
before recovering to $70 per barrel in 2030 (Table 8).

Despite the higher crude oil prices in 2030, the import
share of product supplied is much higher in the DB
projection than in the AEO2008 reference case (74
percent and 54 percent, respectively). Although this
may seem counterintuitive given the relative price
projections, it makes sense in terms of the projections
for domestic crude oil production. In the DB projec-
tion, U.S. crude oil production declines sharply after
2015, to 4.8 million barrels per day in 2030 (as com-
pared with 7.2 million barrels per day in 2030 in the
AEO2008 reference case) (Table 12). In fact, U.S.
crude oil production is lower in all the other projec-
tions than in the AEO2008 reference case.

It is clear that expectations about U.S. crude oil pro-
duction potential are among the main factors ac-
counting for the differences between the AEO2008
reference case and the other projections. In addition,
unlike the DB analysis, the AEO2008 reference case
incorporates the effects of the new RFS mandate un-
der EISA2007, which was signed into law in Decem-
ber 2007. With the new RFS mandate, biofuel
consumption is projected to increase significantly
through 2022, with more than 23 billion gallons of
ethanol and almost 4 billion gallons of biomass-based
diesel consumed in 2030, which would displace a sig-
nificant amount of fossil fuel use in the transporta-
tion sector and, thereby, further reduce imports.

GII’s long-term projections for the crude oil price in
2025 ($48 per barrel) and 2030 ($46 per barrel) are
much lower than those in the AEO2008 reference
case (see Table 8). The GII projection for import share
of product supplied is therefore higher than the
AEQO2008 reference case projection.

In contrast with crude oil production, projections for
NGL production are similar (remaining relatively
constant) in the EVA, GII, and AEO2008 reference
case projections through 2030. The exception is DB,
which projects a 26-percent decrease in domestic
NGL production from 2015 to 2030.

Based on expectations of continued economic growth,
all the petroleum projections show continued growth
in product demand; however, growth in demand for
individual petroleum products varies considerably. In
particular, motor gasoline demand, which in the DB
projections increases to 11.2 million barrels per day in
2030, is much lower in the GII and AEO2008 refer-
ence case projections. Motor gasoline demand de-
clines over time in the GII and AEO2008 reference
case projections (although it increases slightly from
2025 to 2030 in the AEO2008 reference case). The GII
projection includes a substantial increase in ethanol
use (not shown in the Table 12) stemming from new,
unspecified motor fuel policies, with ethanol making
up more than 30 percent of total U.S. motor gasoline
sales in 2030. A 30-percent share is in excess of even
the new RFS mandate incorporated in AEO2008.

Looking at other petroleum products, the GII projec-
tions for jet fuel and distillate demand are higher
than those in the DB and AEO2008 reference case
projections. The most likely explanation is that, al-
though long-term GDP growth rates are similar in
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Table 12. Comparison of petroleum projections, 2015, 2025, and 2030
(million barrels per day, except where noted)

AE02008 Other projections
Projection 2006 reference
@D GII EVA DB IEA
2015
Crude oil and NGL production 6.84 7.86 6.37 7.40 6.47 6.70
Crude oil 5.10 6.16 4.63 5.60 4.92 NA
Natural gas liquids 1.74 1.70 1.75 1.80 1.55 NA
Total net imports 12.45 11.36 13.79 NA 14.00 NA
Crude oil 10.09 9.89 12.02 NA NA NA
Petroleum products 2.36 1.47 1.77 NA NA NA
Petroleum demand 20.65 21.68 22.36 NA 22.07 22.45
Motor gasoline 9.25 9.73 9.83 NA 9.84 NA
Jet fuel 1.63 1.85 1.92 NA 1.71 NA
Distillate fuel 4.17 4.68 4.79 NA 4.63 NA
Residual fuel 0.69 0.69 0.68 NA 0.71 NA
Other 4.91 4.73 5.14 NA 5.18 NA
Import share of product supplied
(percent) 60 52 62 NA 63 NA
2025
Crude oil and NGL production 6.84 7.65 5.47 5.80 5.28 NA
Crude oil 5.10 6.04 3.71 4.10 4.01 NA
Natural gas liquids 1.74 1.61 1.75 1.70 1.27 NA
Total net imports 12.45 11.38 15.13 NA 17.25 NA
Crude oil 10.09 10.11 13.70 NA NA NA
Petroleum products 2.36 1.27 1.43 NA NA NA
Petroleum demand 20.65 22.25 23.54 NA 24.25 NA
Motor gasoline 9.25 8.84 9.08 NA 10.77 NA
Jet fuel 1.63 2.16 2.36 NA 1.90 NA
Distillate fuel 4.17 5.19 5.98 NA 5.16 NA
Residual fuel 0.69 0.69 0.65 NA 0.75 NA
Other 4.91 G 547 NA 5.67 NA
Import share of product supplied
(percent) 60 51 64 NA 71 NA
2030
Crude oil and NGL production 6.84 7.16 5.05 NA 4.78 6.30
Crude oil 5.10 5.59 3.30 NA 3.63 NA
Natural gas liquids 1.74 1.57 1.75 NA 1.15 NA
Total net imports 12.45 12.29 15.63 NA 18.75 NA
Crude oil 10.09 11.03 14.51 NA NA NA
Petroleum products 2.36 1.26 1.12 NA NA NA
Petroleum demand 20.65 22.80 24.04 NA 25.30 23.87
Motor gasoline 9.25 8.91 8.47 NA 11.20 NA
Jet fuel 1.63 2.31 2.61 NA 2.00 NA
Distillate fuel 4.17 5.53 6.69 NA 5.43 NA
Residual fuel 0.69 0.70 0.63 NA 0.77 NA
Other 4.91 %35} B30 NA 5.90 NA
Import share of product supplied
(percent) 60 54 65 NA 74 NA

NA = Not available.

Sources: 2006 and AEO2008: AEO2008 National Energy Modeling System, run AE0O2008.D030208F. GII: Global Insight, Inc., 2007
U.S. Energy Outlook (October 2007). EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term Outlook (August 2007). DB: Deutsche
Bank AG, e-mail from Adam Sieminski on November 18, 2007. IEA: International Energy Agency, World Energy Outlook 2007 (Paris,
France, November 2007).
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the GII and AEO2008 projections, the long-term cost
of crude oil, as noted above, is much lower in the GII
projection, leading to cheaper refined products and
therefore higher demand. Finally, among the outside
projections, IEA projects the lowest level of U.S. pe-
troleum demand in 2030—probably as a result of
IEA’s assumption of slower U.S. economic growth.
Further, although IEA’s projection for U.S. petro-
leum demand in 2030 (23.9 million barrels per day)
is higher than in the AEO2008 reference case (22.8
million barrels per day), it would in fact be about
1 million barrels per day lower if AEO2008 had not
included the EISA2007 RFS mandate.

Coal

Coal production, trade, and price projections vary
considerably across the three projections shown in
Table 13. The coal projection in the AEO2008 refer-
ence case reflects existing environmental laws that
regulate SOy, NO,, and mercury emissions. The
AEQO2008 reference case projections for coal con-
sumption, production, and imports are generally
higher than the projections from other sources.

All the projections show increases in total coal
consumption over their projection periods. In the
AEO2008 reference case, total coal consumption

Table 13. Comparison of coal projections, 2015, 2025, and 2030 (million short tons, except where noted)

AEO02008 Other projections
Projection 2006 reference
case GIT EVA
2015
Production 1,163 1,215 1,135 1,225
Consumption by sector
Electric power 1,026 1,125 1,055 1,121
Coke plants 23 21 23 23
Coal-to-liquids 0 16 NA NA
Other industrial/buildings 65 64 65 71
Total 1,114 1,225 1,143 1,216
Net coal exports 15.3 3.3 -8.0 13.2
Exports 49.6 45.3 31.8 45.9
Imports 34.3 42.0 39.7 32.7
Minemouth price
(2006 dollars per short ton) 24.63 23.38 19.68 25.14
(2006 dollars per million Btu) 1.21 1.17 0.94 ¢ 1.23
Average delivered price
to electricity generators
(2006 dollars per short ton) 33.85 34.24 31.92 NA
(2006 dollars per million Btu) 1.69 1.74 1.52¢ NA
2025
Production 1,163 1,363 1,140 1,311
Consumption by sector
Electric power 1,026 1,303 1,058 1,224
Coke plants 23 20 22 21
Coal-to-liquids 0 46 NA NA
Other industrial/buildings 65 62 66 67
Total 1,114 1,431 1,146 1,311
Net coal exports 15.3 -57.3 -5.9 -1.9
Exports 49.6 35.5 31.1 43.3
Imports 34.3 92.8 36.9 45.2
Minemouth price
(2006 dollars per short ton) 24.63 22.75 18.75 26.49
(2006 dollars per million Btu) 1.21 1.16 0.89¢ 1.31
Average delivered price
to electricity generators
(2006 dollars per short ton) 33.85 34.03 30.61 NA
(2006 dollars per million Btu) 1.69 1.74 1.46¢ NA

Btu = British thermal unit. NA = Not available. See notes and sources at end of table.

98 Energy Information Administration / Annual Energy Outlook 2008



Comparison with Other Projections

grows by an average of 1.1 percent annually from
2006 to 2015, to 1,225 million tons in 2015. Although
the reference case projection is 82 million tons higher
than the corresponding projection from GII, it is
similar to the EVA projection for total coal consump-
tion in 2015. For 2025, both EVA and GII project
lower levels of total coal consumption than the
AEO02008 reference case (8 percent and 20 percent
lower, respectively). For 2030, GII projects total coal
consumption of 1,175 million tons, 370 million tons
less than in the AEO2008 reference case.

Coal use in the electricity sector accounts for a large
percentage of total coal consumption in all years
across all the projections. Relative to the AEO2008
reference case, both EVA and GII project slower
growth in coal consumption for the electric power
sector over the entire projection period. EVA projects
total coal consumption in the electricity sector of
1,224 million tons in 2025, 79 million tons less than in
the AEO2008 reference case. The GII projection for
coal consumption in the electric power sector is
1,088 million tons in 2030, 313 million tons less
than in the AEO2008 reference case.

The AEO2008 reference case includes the introduc-
tion of CTL production before 2015, with coal use at

CTL plants increasing to 64 million tons (4 percent of
total coal consumption) in 2030. Projections for CTL
production from the other organizations are not
available for comparison [91].

The AEO2008 reference case, GII, and EVA projec-
tions show relatively constant coal consumption lev-
els both at coke plants and in the other industrial/
buildings sector. The EVA projections do not extend
to 2030. GII shows 21 million tons of coal consump-
tion at coke plants and 66 million tons in the other
industrial/buildings sector in 2030, both somewhat
higher than in the AEO2008 reference case (18 and 62
million tons, respectively).

In the AEO2008 reference case, minemouth coal
prices are generally flat over the projection period.
EVA projects an increase to $26.49 in 2025, the
highest among the projections compared, whereas the
AEO02008 reference case projection for 2025 is $22.75
per ton. In GII’s projection, the minemouth coal price
falls to $18.42 per ton in 2030. GII also projects a
decline in delivered coal prices to the electric power
sector through 2030, from $31.92 per ton in 2015 to
$30.42 per ton in 2030—$4.61 per ton less than in the
AEQ0O2008 reference case.

Table 13. Comparison of coal projections, 2015, 2025, and 2030 (continued)

(million short tons, except where noted)

AEO02008 Other projections
Projection 2006 reference
case GIT EVA
2030
Production 1,163 1,455 1,168 NA
Consumption by sector
Electric power 1,026 1,401 1,088 NA
Coke plants 23 18 21 NA
Coal-to-liquids 0 64 NA NA
Other industrial/buildings 65 62 66 NA
Total 1,114 1,545 1,175 NA
Net coal exports 15.3 -77.7 -7.0 NA
Exports 49.6 34.6 30.8 NA
Imports 34.3 112.3 37.8 NA
Minemouth price
(2006 dollars per short ton) 24.63 23.32 18.42 NA
(2006 dollars per million Btu) 1.21 1.19 0.88° NA
Average delivered price
to electricity generators
(2006 dollars per short ton) 33.85 35.03 30.42 NA
(2006 dollars per million Btu) 1.69 1.78 1.45¢ NA

Btu = British thermal unit. NA = Not available.

aImputed using heat conversion factor implied by US steam coal consumption figures for the electricity sector.
Sources: 2006 and AEO2008: AEO2008 National Energy Modeling System, run AE02008.D030208F. GII: Global Insight, Inc., 2007
U.S. Energy Outlook (October 2007). EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term Outlook (August 2007).
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In the AEO2008 and EVA projections, domestic coal
production increases to meet rising demand. Produc-
tion grows most rapidly in the AEO2008 reference
case, averaging 0.9 percent per year from 2006 to
2030. The EVA projection through 2025 closely re-
sembles that in the AEO2008 reference case, and
the GII projection is significantly lower. In the GII
projection, coal production totals 1,168 million tons in
2030, 20 percent less than in the AEO2008 reference
case (1,455 million tons).

U.S. coal exports represent a small percentage of
domestic coal production in all the projections. Coal
exports decline to less than 35 million tons in 2030 in
the AEO2008 reference case and GII projections, and
the United States is represented as a net importer of
coal after 2015 in all the projections. In the EVA pro-
jection, U.S. coal imports increase to 45 million tons
in 2025, and exports are 43 million tons in 2025. In
the AEO2008 reference case, U.S. coal imports in
2015, 2025, and 2030 are higher than in the other
projections.
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List of Acronyms

AB.
ABT
ACP
AEO
AEO02007
AEO02008
AMFA
ANWR
BTL
Btu
CAAA90
CAFE
CAIR
CAMR
CBO
CCS
CEPCI
CEPS
CFL
CHP
CO,
CTL

DB

DOE
E&P
E10

E85

EIA
EISA2007
EOR
EPA

Assembly Bill

Averaging, banking, and trading
Alternative compliance payment
Annual Energy Outlook

Annual Energy Outlook 2007
Annual Energy Outlook 2008
Alternative Motor Fuels Act of 1988
Arctic National Wildlife Refuge
Biomass-to-liquids

British thermal unit

Clean Air Act Amendments of 1990
Corporate Average Fuel Economy
Clean Air Interstate Rule

Clean Air Mercury Rule
Congressional Budget Office
Carbon capture and sequestration
Chemical Engineering Plant Cost Index
Clean energy portfolio standard
Compact fluorescent light bulb
Combined heat and power

Carbon dioxide

Coal-to-liquids

Deutsche Bank AG

U.S. Department of Energy
Exploration and production

Gasoline containing up to 10 percent ethanol
by volume

Fuel containing a blend of 70 to 85 percent ethanol
and 30 to 15 percent gasoline by volume

Energy Information Administration
Energy Independence and Security Act of 2007
Enhanced oil recovery

U.S. Environmental Protection Agency

EPACT1992 Energy Policy Act of 1992
EPACT2005 Energy Policy Act of 2005

EVA
FFV
FY
GDP
GHGs
GII
GTL
GVWR
H.R.
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Energy Ventures Analysis, Inc.
Flex-fuel vehicle

Fiscal year

Gross domestic product
Greenhouse gases

Global Insights, Inc.
Gas-to-liquids

Gross vehicle weight rating

House of Representatives

ICAP

1IEA

IECC
INFORUM

JAS
LDV
LED
LNG
MMS
mpg
MSAT2
MSW
NEMA
NEMS
NGL
NOAA
NO,
NRC
NYMEX
OECD

OMB
OPEC
P.L.
PTC
PV
R&D
REC
RFG
RFS
RGGI
RPS
SEER
S.B.
S0,
SSA
STEO
ULSD
USGS
VEETC
WCI
WTI

International Carbon Action Partnership
International Energy Agency
International Energy Conservation Code

Interindustry Forecasting Project at the
University of Maryland

Joint Association Survey of Drilling Costs
Light-duty vehicle

Light-emitting diode

Liquefied natural gas

Minerals Management Service

Miles per gallon

Mobile Source Air Toxics Rule (February 2007)
Municipal solid waste

National Electrical Manufacturers Association
National Energy Modeling System (EIA)
Natural gas liquids

National Oceanic and Atmospheric Administration
Nitrogen oxides

U.S. Nuclear Regulatory Commission

New York Mercantile Exchange

Organization for Economic Cooperation
and Development

Office of Management and Budget
Organization of the Petroleum Exporting Countries
Public Law

Production tax credit

Solar photovoltaic

Research and development

Renewable energy certificate

Reformulated gasoline

Renewable Fuels Standard

Regional Greenhouse Gas Initiative
Renewable Portfolio Standard

Strategic Energy and Economic Research, Inc.
Senate Bill

Sulfur dioxide

Social Security Administration

Short-Term Energy Outlook (EIA)
Ultra-low-sulfur diesel

U.S. Geological Survey

Volumetric Ethanol Excise Tax Credit
Western Climate Initiative

West Texas Intermediate (crude oil)
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Text Notes

Overview

1.

Some possible policy changes—notably, the adoption
of policies to limit or reduce greenhouse gas emis-
sions—could change the reference case projections sig-
nificantly. EIA has examined many of the proposed
greenhouse gas policies at the request of Congress; the
reports are available on EIA’s web site (see “Responses
to Congressional and Other Requests,” web site www.
eia.doe.gov/oiaf/service_rpts.htm).

. The comparison of production levels was adjusted for

the entry of Angola into OPEC in late 2007.

. See Energy Information Administration, Annual

Energy Outlook 2007, DOE/EIA-0383(2007) (Washing-
ton, DC, February 2007), “Impact of Rising Construc-
tion and Equipment Costs on Energy Industries,” pp.
36-41.

. Vehicles that can use alternative fuels or employ elec-

tric motors and advanced electricity storage, advanced
engine controls, or other new technologies.

. Biodiesel is defined as the monoalkyl esters of fatty

acids derived from plant or animal matter and suitable
for use in a diesel engine.

. BTL is defined as diesel fuel and other liquid hydrocar-

bons produced by a Fischer-Tropsch process using
cellulosic biomass as feedstock.

Legislation and Regulations

7.

10.

11.
12.

13.

14.

15.

U.S. Environmental Protection Agency, 40 CFR Parts
59, 80, 85 and 86 [EPA-HQ-OAR-2005-0036; FRL-
8278-4], RIN 2060-AK70, “Control of Hazardous Air
Pollutants from Mobile Sources; Final Rule,” Federal
Register, Vol. 72, No. 37 (February 26, 2007), web
site  http://edocket.access.gpo.gov/2007/pdf/E7-2667.
pdf. Most of the data cited here were taken from this
source.

. For the complete text of the Energy Independence and

Security Act of 2007, see web site http:/ frwebgate.
acess.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_
public_laws&docid=f:publ140.110.pdf.

. See, for example, web site http://energy.senate.gov/

public/_filessHR6EnergyBillSummary.pdf.

Footprint is the product of track width and wheelbase,
measured in square feet.

Energy Policy Act of 2005, Section 1501.

“DuPont and BP Reveal Biobutanol Test Results”
Ethanol & Biodiesel News (April 23, 2007).

DuPont, “Alternative Fuels and Potential Material
Compatibility Issues,” DuPont Automobile Annual
Fuel Luncheon (April 16, 2008).

Energy Information Administration, Annual Energy
Outlook 2007, DOE-EIA-0383(2007) (Washington,
DC, February 2007), “Legislation and Regulations:
Excise Taxes on Highway Fuels,” p. 25, web site www.
eia.doe.gov/oiaf/archive/aeo07.

U.S. Department of the Treasury, Internal Revenue
Service, Excise Taxes for 2007, Publication 510
(1/2007) (Washington, DC, Revised January 2007),
web site www.irs.gov/publications/p510.
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Defense Energy Support Center, “Compilation of
United States Fuel Taxes, Inspection Fees, and Envi-
ronmental Taxes and Fees” (June 29, 2007).

U.S. Department of Energy, Energy Efficiency and Re-
newable Energy, Alternative Fuels & Advanced Vehi-
cles Data Center, “Volumetric Ethanol Excise Tax
Credit (VEETC),” web site www.eere.energy.gov/afdc/
progs/view_ind_fed.php/afdc/399/0.

E85 is a fuel containing a blend of 70 to 85 percent eth-
anol and 30 to 15 percent gasoline by volume.

VEETC was established by the American Jobs Cre-
ation Act of 2004, Section 301. Before VEETC, gaso-
line blended with 5.7 percent, 7.7 percent, or 10
percent ethanol received an excise tax reduction equiv-
alent to 51 cents per gallon of ethanol; however, the ap-
plicable excise tax reduction for blends with any other
ethanol percentage was equivalent to less than 51
cents per gallon of ethanol. This was an especially seri-
ous impediment to blenders of E85.

VEETC provided biodiesel tax credits for 2005 and
2006. EPACT2005, Section 1344, extended the bio-
diesel tax credits through 2007 and 2008.

The Food, Conservation, and Energy Act of 2008 (Pub-
lic Law 110-234), which was enacted in May 2008, con-
tains several tax provisions related to biofuels. The bill
reduces the ethanol blending tax credit from 51 cents
to 45 cents per gallon once annual ethanol production
or import volumes reach 7.5 billion gallons; extends
the ethanol import tariff through 2010; and estab-
lishes a tax credit for cellulosic biofuels of up to $1.01
per gallon produced. The AEO2008 reference case pro-
jects ethanol production of 8.5 billion gallons in 2008,
which would trigger the blending tax credit reduction
in 2009. AEO2008 does not include consideration of
the Food, Conservation, and Energy Act of 2008, which
was enacted too late for inclusion.

EPACT2005, Section 1347, increased the production
volume for small producers from 30 million to 60 mil-
lion gallons, starting in 2006.

Most of the data cited in this section are taken from
U.S. Environmental Protection Agency, 40 CFR Parts
59, 80, 85, and 86, “Control of Hazardous Air Pollut-
ants From Mobile Sources; Final Rule,” Federal Regis-
ter, Vol. 72, No. 37 (February 26, 2007), pp. 8428-8570,
web  site  http://edocket.access.gpo.gov/2007/pdf/
E7-2667.pdf.

The subsidy cost—essentially the expected cost of the
program, excluding administrative expenditures—
generally equals the amount of the loan multiplied by
the probability of default. The actual computation of
the “subsidy cost” and whether it represents the
true cost of the program are complex issues far
beyond the scope of this section of AEO2008. For more
details on government loan guarantee programs, see
Energy Information Administration, Federal Finan-
cial Interventions and Subsidies in Energy Markets
2007, SR/CNEAF/2008-01 (Washington, DC, April
2008), web site www.eia.doe.gov/oiaf/servicerpt/
subsidy2/index.html.

Energy Information Administration, Annual Energy
Outlook 2007, DOE/EIA-0383(2007) (Washington, DC,
February 2007), “Loan Guarantees and the Economics
of Electricity Generating Technologies,” pp. 48-49,

103



Notes and Sources

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
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web  site  www.eia.doe.gov/oiaf/archive/aeo07/pdf/

issues.pdf.

U.S. House of Representatives, 110th Congress, “En-
ergy and Water Development Appropriations Bill,
2008” (House Report 110-185, June 11, 2007); and
U.S. Senate, 110th Congress, “Energy and Water Ap-
propriations Bill, 2008” (Senate Report 110-127,
July 9, 2007), web site www.access.gpo.gov/congress/
legislation/08appro.html.

See, for example, testimony of Christopher Crane,
Senior Vice President, Exelon Corporation, and Presi-
dent and Chief Nuclear Officer, Exelon Nuclear, before
the Subcommittee on Energy and Air Quality,
Committee on Energy and Commerce, U.S. House of
Representatives (April 24, 2007), web site http://
energycommerce.house.gov/cmte_mtgs/110-eaq-hrg.
042407.Crane-testimony.pdf.

U.S. Department of Energy, Loan Guarantee Pro-
gram, “DOE Releases Information on Loan Guarantee
Pre-Applications” (March 6, 2007), web site www.
Igprogram.energy.gov/press/030607.html.

Energy Information Administration, Annual Energy
Outlook 2005, DOE/EIA-0383(2005) (Washington, DC,
February 2005), “State Renewable Energy Require-
ments and Goals: Status Through 2003,” pp. 20-22,
web site www.eia.doe.gov/oiaf/archive/aeo05/leg_reg.
html.

Energy Information Administration, Annual Energy
Outlook 2006, DOE/EIA-0383(2006) (Washington, DC,
February 2006), “State Renewable Energy Require-
ments and Goals: Update Through 2005,” pp. 24-27,
web site www.eia.doe.gov/oiaf/archive/aeo06/leg_reg.
html.

Energy Information Administration, Annual Energy
Outlook 2007, DOE/EIA-0383(2007) (Washington, DC,
February 2007), “State Renewable Energy Require-
ments and Goals: Update Through 2006,” pp. 28-30,
web site www.eia.doe.gov/oiaf/archive/aeo07/leg_reg.
html.

State of New Hampshire, H.B. 873, web site www.
gencourt.state.nh.us/legislation/2007/HB0873.html.
General Assembly of North Carolina, S.B. 3, web site
www.ncleg.net/Sessions/2007/Bills/Senate/PDF/S3v6.
pdf.

Oregon Legislative Assembly, S.B. 838, signed into law
by Governor Theodore R. Kulongoski on June 6, 2007,
defines a large supplier as any generator that provides
at least 3 percent of the State’s electric load, a me-
dium-sized supplier as one that provides between
1.5 and 3 percent of the State’s load, and a small sup-
plier as one that provides less than 1.5 percent of the
State’s load. See web site www.oregon.gov/ENERGY/
RENEW/docs/sb0838.en.pdf.

Revised Code of Washington, Chapter 19.285, web
site http://apps.leg.wa.gov/RCW/default.aspx?cite=19.
285.

State of Delaware, S.B. 19, web site http://depsc.
delaware.gov/electric/delrps.shtml.

An alternative compliance payment is a payment to
the State for not meeting their renewable energy goal.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

In some instances, there are different compliance pay-
ments (or penalties) for unique generation technolo-
gies.

State of Colorado, H.B. 07-1281, web site www.leg.
state.co.us/clics/clics2007a/csl.nsf/fsbillcont3/C9B0B6
2160D242CA87257251007C4F7A?0pen&file=

1281 _enr.pdf.

State of Connecticut, House Bill 7432, Public Act
07-242, web site www.cga.ct.gov/2007/ACT/PA/
2007PA-00242-RO0OHB-07432-PA.htm.

State of Illinois, Public Act 095-0481, web site www.
ilga.gov/legislation/publicacts/95/PDF/095-0481.pdf.

“Minnesota - Renewable Portfolio Standard,” web site
www.dsireusa.org/library/includes/tabsrch.cfm?state
=MNOtype=RPS&CurrentPageID=7&EE=1&RE
=1.

U.S. Environmental Protection Agency, “Clean Air In-
terstate Rule,” web site www.epa.gov/cair.

U.S. Environmental Protection Agency, “Clean Air
Mercury Rule,” web site www.epa.gov/camr.

AE02007 included a summary of the RGGI provisions
in the original model rule. See Energy Information Ad-
ministration, Annual Energy Outlook 2007, DOE/
EIA-0383(2007) (Washington, DC, February 2007),
“State Regulations on Airborne Emissions: Update
Through 2006,” pp. 30-32, web site www.eia.doe.gov/
oiaf/archive/aeo07/leg_reg.html.

State of California, “Senate Bill 1368,” web site www.
energy.ca.gov/ghgstandards/documents/sb_1368 bill
20060929 chaptered.pdf.

California Environmental Protection Agency, Air Re-
sources Board, “Proposed Regulations to Control
Greenhouse Gas Emissions from Motor Vehicles,”
web site www.arb.ca.gov/regact/grnhsgas/grnhsgas.
htm (September 19, 2005).

State of California, “Assembly Bill No. 1493,” web site
www.calcleancars.org/ab1493.pdf.

U.S. Environmental Protection Agency, “California
Greenhouse-Gas Waiver Request,” web site www.
epa.gov/otag/ca-waiver.htm.

Office of the New York State Attorney General An-
drew M. Cuomo, “Cuomo Leads Coalition of 15 States
Against EPA in Battle for States’ Right To Fight
Global Warming” (January 2, 2008), web site www.
oag.state.ny.us/press/2008/jan/jan02a_08.html.

State of Washington, “Mitigating the impacts of cli-
mate change,” SB 6001 — 2007-08, web site http:/
apps.leg.wa.gov/billinfo/summary.aspx?bill=6001.

State of Montana, House Bill No. 25, web site http://
data.opi.mt.gov/bills/2007/billpdf/HB0025.pdf.

State of Florida, Executive Order 07-126, “Leadership
by Example: Immediate Actions to Reduce Green-
house Gas Emissions from Florida State Govern-
ment”; Executive Order 07-127, “Immediate Actions
to Reduce Greenhouse Gas Emissions within Florida”;
and Executive Order 07-128, “Florida Governor’s Ac-
tion Team on Energy and Climate Change”; web site
www.dep.state.fl.us/climatechange/eo.htm.
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Issues in Focus

53.

54.

55.

56.

57.

58.

59.

60.

61.

M.L. Wald, “Costs Surge for Building Power Plants,”
New York Times (July 10, 2007), web site www.
nytimes.com/2007/07/10/business/worldbusiness/
10energy.html.

Imperial Oil Resources Ventures, Ltd., “Mackenzie
Gas Project: Supplemental Information Project Up-
date,” National Energy Board Submission IPRCC.
PR.07.08 (Calgary, Alberta, Canada, May 2007).

Rising oil prices do not necessarily lead to rising oil
production from existing fields. Reservoir characteris-
tics and the properties of the oil in the reservoirs pri-
marily determine the maximum efficient recovery rate
for a particular oil reservoir. Aggregate incremental
rates of improvement in oil recovery diminish rapidly
as oil prices rise. For example, a recent analysis of
Alaska’s North Slope oil fields indicates that very little
incremental recovery is achievable once oil prices ex-
ceed $60 per barrel. See National Energy Technology
Laboratory, Arctic Energy Office, Alaska North Slope
Oil and Gas: A Promising Future or an Area in De-
cline? Summary Report, DOE/NETL-2007/1280 (Fair-
banks, AK, August 2007), web site www.netl.doe.
gov/technologies/oil-gas/publications/EPreports/ANS
SummaryReportFinal August2007.pdf. Technological
progress is more likely to affect the ultimate oil recov-
ery rate than oil prices or drilling costs.

Production began in 2000 at the Alpine Field, which
has an estimated ultimate recoverable reserve of about
540 million barrels. Source: National Energy Technol-
ogy Laboratory, Alaska North Slope Oil and Gas: A
Promising Future or an Area in Decline? Summary Re-
port, DOE/NETL-2007/1280.

A higher or lower level of future U.S. oil industry activ-
ity primarily affects the rate at which future U.S. oil
production declines. High levels of activity can stabi-
lize oil production for an extended period of time, espe-
cially through the application of EOR techniques, but
eventually the depletion of the resource base causes
production to decline. Lower levels of activity acceler-
ate the rate of decline in future oil production.

Oil production in the shallow waters of the Gulf of
Mexico declines slowly in all the cases.

The reference case assumes that pipelines from Can-
ada and Alaska will be connected to natural gas mar-
kets in the lower 48 States. If no Arctic pipelines were
built, however, there would be no pipeline to move nat-
ural gas from Alaska’s North Slope to southern
Alaska, where it would otherwise be converted to LNG
and shipped to foreign and domestic customers. As an
alternative, natural gas from the North Slope could be
converted to petroleum liquids and transported
through the existing Alyeska oil pipelines (also known
as the TransAlaska Pipeline System).

Net LNG imports are slightly lower than gross LNG
imports before 2011, because LNG exports to Japan
from Alaska are expected to continue through 2011, at
about 65 billion cubic feet per year.

U.S. Geological Survey, “USGS National Assessment
of Oil and Gas Resources Update (December, 2006),”
web site http://certmapper.cr.usgs.gov/data/noga00/
natl/tabular/total.xls. The estimates cited in this
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63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

discussion are rough approximations. The actual prob-
ability spread of the estimates is considerably larger.
If LNG imports into Canada and Mexico were con-
strained to the same degree as assumed for the lower
48 States, natural gas prices would be even higher,
causing both a larger decrease in domestic natural gas
consumption and a larger increase in lower 48 produc-
tion.

CERA Advisory Service, “Monthly Natural Gas Brief-
ing” (April 20, 2007).

NOAA Webcast, “Improving Climate Normals” (Sep-
tember 26, 2007).

A small amount of the difference is due to the use of dy-
namic population weights in AEO2008.

James T. Jensen of Jensen Associates in Weston, MA,
stated in a presentation on “Increasing Global LNG
Investments” to the LNG North America Summit
2007 in Houston, TX, June 20, 2007, that, “At the turn
of the decade, LNG plant construction costs were ap-
proaching $200/ton of capacity but current costs are a
multiple of that level and there have been several
‘problem trains’ that have been quoted at $1,200/ton
and above.”

Zeus Development Corporation of Houston, TX, has
reported that costs for the Gros Cacouna terminal on
the St. Lawrence River have nearly doubled from ini-
tial estimates and that the terminal is being put on
hold while cost-cutting options to reduce costs to un-
der $1 billion are studied. See “Spiraling Costs Impact
Petro-Canada’s LNG Terminal, Delay Decision,” LNG
Express (August 1, 2007), web site www.Ingexpress.
com (subscription site).

According to Keith Bainbridge of London-based LNG
Shipping Solutions, the price of a standard sized ship,
estimated at around $155 million in late 2003, has
risen to between $215 and $230 million in 2007.
Wood Mackenzie Research and Consulting, “Global
LNG Online,” web site www.woodmacresearch.com/
cgi-bin/wmprod/portal/energy/productMicrosite.jsp?
productOID=664070 (available to subscribers only).
Energy Information Administration, International
Energy Outlook 2007, DOE/EIA-0484(2007) (Washing-
ton, DC, May 2007), web site www.eia.doe.gov/oiaf/ ieo.
Japan, South Korea, Spain, United States, France,
Turkey, Belgium, United Kingdom, Italy, Mexico, Por-
tugal, and Greece.

Taiwan, India, China, Puerto Rico, and Dominican Re-
public.

Indonesia, Malaysia, Qatar, Algeria, Trinidad and To-
bago, Nigeria, Oman, Brunei, United Arab Emirates,
Egypt, and Libya.

Embassy of the United States, Jakarta, Indonesia,
Country Commercial Guide — Indonesia Fiscal Year
2003, Chapter 7, “Investment Climate Statement,” p.
61, web site www.usembassyjakarta.org/ccg/ccg.html.
Government of Western Australia, Department of the
Premier and Cabinet, WA Government Policy on Se-
curing Domestic Gas Supplies (October 2006), web site
www.doir.wa.gov.au/documents/DomGas_Policy(1).
pdf.

Gas Infrastructure Europe’s “Storage Investment Da-
tabase” for November 2007 listed new storage projects
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in Europe with a total of 1.47 trillion cubic feet of
working capacity—including 0.96 trillion cubic feet in
OECD countries—that had planned operational dates
before 2016 and were designated as either aquifer or
depleted reservoir types (commonly used for seasonal
storage). The database included projects placed in op-
eration after June 2007, under construction, commit-
ted (evaluated by the company with detailed studies
and possibly undergoing planning and permitting
stages), or planned (at an early evaluation stage). Four
types of capacity were included: aquifer, LNG peak
shaving, reservoir, and salt cavity. See Gas Infrastruc-
ture Europe, “Storage Investment Database,” web site
www.gie.eu.com/maps_data/database.html.

77. BG Group, “BG Group Finalises Agreement To Meet
Natural Gas Demand in Chile,” Press Release (June
4, 2007), web site www.bg-group.com/MediaCentre/
PressArchive/2007/Pages/060407-sx.aspx.

Market Trends

78. The energy-intensive manufacturing sectors include
food, paper, bulk chemicals, petroleum refining, glass,
cement, steel, and aluminum.

79. This change in methodology is discussed in the Issues
In Focus section, pages 44-46.

80. A Divisia index is used for this calculation. A discus-
sion of the index can be found in G. Boyd, J.F. McDon-
ald, M. Ross, and D.A. Hansont, “Separating the
Changing Composition of U.S. Manufacturing Produc-
tion from Energy Efficiency Improvements: A Divisia
Index Approach,” Energy Journal, Vol. 8, No. 2 (1987).

81. S.C. Davis and S.W. Diegel, Transportation Energy
Data Book: Edition 25, ORNL-6974 (Oak Ridge, TN,
May 2006), Chapter 4, “Light Vehicles and Character-
istics,” web site http://cta.ornl.gov/data/chapter4.
shtml.

82. The fuel shares are calculated in terms of energy con-
tent. Because of the differences in energy content per
gallon of gasoline, diesel, and ethanol, the percentage
share would be different on a volumetric basis. For ex-
ample, it takes about 1.3 gallons of E85 to replace the
energy in 1 gallon of gasoline.

83. Unless otherwise noted, the term “capacity” in the dis-
cussion of electricity generation indicates utility,
nonutility, and CHP capacity. Costs reflect the average
of regional costs, except for wind, which uses a repre-
sentative region.

84. Does not include off-grid PV. Based on annual PV ship-
ments from 1989 through 2005, EIA estimates that as
much as 192 megawatts of remote electricity genera-
tion PV applications (i.e., off-grid power systems) were
in service in 2005, plus an additional 481 megawatts in
communications, transportation, and assorted other
non-grid-connected, specialized applications. See
Energy Information Administration, Annual Energy
Review 2006, DOE/EIA-0384(2006) (Washington, DC,
June 2007), Table 10.8 (annual PV shipments, 1989-
2005). 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.

85. Previous AEOs did not consider State RPS require-
ments.

86. Wind capacity is more than double the 2030 level pro-
jected in AEO2007.

87. Imperial Oil Resources Ventures, Ltd., “Mackenzie
Gas Project: Supplemental Information Project Up-
date,” National Energy Board Submission IPRCC.
PR.07.08 (Calgary, Alberta, Canada, May 2007).

88. CAIR mandates SOz emissions caps in 28 eastern and
midwestern States and the District of Columbia. The
first compliance period begins in 2010, and a second,
more stringent cap takes effect in 2015.

89. The first milestone for reducing NOx emissions from
electric power generation becomes effective in 2009. A
lower limit is mandated for 2015.

Comparison with Other Projections

90. AEO2008 also includes the CAMR regulations. On
February 8, 2008, the U.S. Court of Appeals found
CAMR to be unlawful and voided it, ruling that the
EPA had not proved that mercury was a pollutant eli-
gible for regulation under a less stringent portion of
the Clean Air Act; however, EIA did not have time to
revise AEO2008 before publication to remove the im-
pact of CAMR.

91. Although neither EVA nor GII provided projections for
coal consumption at CTL plants, the lack of growth in
coal consumption in non-electricity sectors indicates
that this technology is either not represented explicitly
by the models or, alternatively, that very little CTL ca-
pacity is projected to come on line.

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
AEO2008 and AEO2007 reference cases, 2006-2030:
AE02007: AEO2007 National Energy Modeling System,
run AEO2007.D112106A. AEO2008: AEO2008 National
Energy Modeling System, run AEO2008.D030208F. Notes:
Quantities are derived from historical volumes and as-
sumed thermal conversion factors. Other production in-
cludes liquid hydrogen, methanol, and some inputs to refin-
eries. Net imports of petroleum include crude oil, petroleum
products, unfinished oils, alcohols, ethers, and blending
components. Other net imports include coal coke and elec-
tricity.

Table 2. Representative efficiency standards for
enclosed motors: National Electrical Manufacturers
Association, NEMA Summary and Analysis of Energy Inde-
pendence and Secrurity Act of 2007, Appendix II, Section
313—Electrical Motor Efficiency, web site www.nema.
org/gov/energy/upload/ NEMA-Summary-and-Analysis-of-
the-Energy-Independence-and-Security-Act-of-2007.pdf.

Table 3. Summary of DOE’s August 2006 loan guar-
antee solicitation: U.S. Department of Energy, DOE Re-
leases Information on Loan Guarantee Pre-Applications
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(March 6, 2007), web site www.lgprogram.energy.gov/
press/030607.html.

Table 4. State renewable portfolio standards: Energy
Information Administration, Office of Integrated Analysis
and Forecasting.

Table 5. Key analyses from “Issues in Focus” in re-
cent AEOs: Energy Information Administration, Annual
Energy Outlook 2007, DOE/EIA-0383(2007) (Washington,
DC, February 2007); Energy Information Administration,
Annual Energy Outlook 2006, DOE/EIA-0383(2006) (Wash-
ington, DC, February 2006); Energy Information Adminis-
tration, Annual Energy Outlook 2005, DOE/EIA-0383
(2005) (Washington, DC, February 2005).

Table 6. Costs of producing electricity from new
plants, 2015 and 2030: AEO2008 National Energy
Modeling System, run AEO2008.D030208F.

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 2006,
DOE/EIA-0384(2006) (Washington, DC, June 2007). Pro-
jections: Table Al.

Figure 2. Delivered energy consumption by sector,
1980-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: Table A2.

Figure 3. Energy consumption by fuel, 1980-2030:
History: Energy Information Administration, Annual En-
ergy Review 2006, DOE/EIA-0384(2006) (Washington, DC,
June 2007). Projections: Tables Al and A17.

Figure 4. Energy use per capita and per dollar of
gross domestic product, 1980-2030: History: Energy
Information Administration, Annual Energy Review 2006,
DOE/EIA-0384(2006) (Washington, DC, June 2007). Pro-
jections: Energy use per capita: Calculated from data in
Table A2. Energy use per dollar of GDP: Table A19.

Figure 5. Total energy production and consumption,
1980-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: Table Al.

Figure 6. Energy production by fuel, 1980-2030: His-
tory: Energy Information Administration, Annual Energy
Review 2006, DOE/EIA-0384(2006) (Washington, DC, June
2007). Projections: Tables Al and A17.

Figure 7. Electricity generation by fuel, 1980-2030:
History: Energy Information Administration, Annual En-
ergy Review 2006, DOE/EIA-0384(2006) (Washington, DC,
June 2007). Projections: Table A8.

Figure 8. U.S. carbon dioxide emissions by sector
and fuel, 1990-2030: History: Energy Information Ad-
ministration, Emissions of Greenhouse Gases in the United
States 2006, DOE/EIA-0573(2006) (Washington, DC, No-
vember 2007). Projections: Table A18.

Figure 9. Changes in construction commodity costs,
1973-2007: U.S. Department of Labor, Bureau of Labor
Statistics, Producer Price Index for WPU112 (construc-

tion), WPU101 (iron and steel), WPU133 (concrete), and
WPU1322 (cement).

Figure 10. Changes in construction commodity costs
and electric utility construction costs, 1973-2007:
Handy-Whitman Bulletin, No. 165, “Cost Trends of Electric
Utility Construction”; and U.S. Department of Labor, Bu-
reau of Labor Statistics, Producer Price Index, Series ID
WPU112.

Figure 11. Additions to U.S. electricity generation
capacity by fuel in three cases, 2006-2030: AEO2008
National Energy Modeling System, runs AEO2008.
D030208F, L.C2008.D030308A, and HC2008.D030308A.

Figure 12. U.S. natural gas supply by source in three
cases, 2030: AEO2008 National Energy Modeling System,
runs AEO02008.D030208F, LC2008.D030308A, and
HC2008.D030308A.

Figure 13. U.S. natural gas consumption by sector in
three cases, 2030: AEO2008 National Energy Modeling
System, runs AEO2008.D030208F, LC2008.D030308A, and
HC2008.D030308A.

Figure 14. U.S. natural gas prices in three cases,
2000-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: AEO2008 National
Energy Modeling System, runs AEO02008.D030208F,
LC2008.D030308A, and HC2008.D030308A.

Figure 15. Electricity generation by fuel in four
cases, 2006 and 2030: History: Energy Information Ad-
ministration, Annual Energy Review 2006, DOE/EIA-0384
(2006) (Washington, DC, June 2007). Projections: AEO-
2008 National Energy Modeling System, runs AEO2008.
D030208F, HIGASDEM.D030408A, LOGASSUP.
D030408A, and HDEMLSUP.D030408A.

Figure 16. New generating capacity additions in
four cases, 2006-2030: AEO02008 National Energy
Modeling System, runs AEO2008.D030208F, HIGASDEM.
D030408A, LOGASSUP.D030408A, and HDEMLSUP.
D030408A.

Figure 17. Natural gas consumption by sector in four
cases, 2030: AEO2008 National Energy Modeling System,
runs AE02008.D030208F, HIGASDEM.D030408A,
LOGASSUP.D030408A, and HDEMLSUP.D030408A.

Figure 18. Natural gas supply by source in four
cases, 2006 and 2030: History: Energy Information Ad-
ministration, Annual Energy Review 2006, DOE/EIA-0384
(2006) (Washington, DC, June 2007). Projections: AEO-
2008 National Energy Modeling System, runs AEO2008.
DO030208F, HIGASDEM.D030408A, LOGASSUP.
D030408A, and HDEMLSUP.D030408A.

Figure 19. Lower 48 wellhead natural gas prices in
four cases, 1995-2030: History: Energy Information Ad-
ministration, Annual Energy Review 2006, DOE/EIA-0384
(2006) (Washington, DC, June 2007). Projections: AEO-
2008 National Energy Modeling System, runs AEO2008.
D030208F, HIGASDEM.D030408A, LOGASSUP.
D030408A, and HDEMLSUP.D030408A.

Figure 20. U.S. average electricity prices in four
cases, 1995-2030: History: Energy Information Adminis-
tration, Annual Energy Review 2006, DOE/EIA-0384(2006)
(Washington, DC, June 2007). Projections: AEO2008 Na-
tional Energy Modeling System, runs AEO2008.D030208F,
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HIGASDEM.D030408A,
HDEMLSUP.D030408A.

Figure 21. Annual heating and cooling degree-days,
1993-2007:  Energy Information  Administration,
Short-Term Energy Outlook On-Line Table Browser (Feb-
ruary 26, 2007).

Figure 22. Heating and cooling degree-days in the
AEQ02008 reference case, 2010-2030: National Energy
Modeling System runs AEO02008.D030208F and
WEATHER.D030408A, based on weather data from NOAA
and State population projections from the Census Bureau.

Figure 23. Impacts of change from 30-year to 10-year
average for heating and cooling degree-days on en-
ergy use for heating and cooling in buildings by fuel
type, 2030: AEO2008 National Energy Modeling System,
runs AEO2008.D030208F and WEATHER.D030408A.

Figure 24. Impacts of change from 30-year to 10-year
average for heating and cooling degree-days on peak
seasonal electricity demand load, 2030: AEO2008 Na-
tional Energy Modeling System, runs AEO2008.D030208F
and WEATHER.D030408A.

Figure 25. U.S. imports of liquefied natural gas,
2001-2007: Energy Information Administration, Natural
Gas Monthly, DOE/EIA-0130(2007/04) (Washington, DC,
April 2007).

Figure 26. OECD Europe natural gas supply by
source, 2000-2007: International Energy Agency,
Monthly Gas Data Service.

Figure 27. Gross U.S. imports of liquefied natural
gas in three cases, 1990-2030: History: Energy Infor-
mation Administration, Annual Energy Review 2006,
DOE/EIA-0384(2006) (Washington, DC, June 2007). Pro-
jections: AEO2008 National Energy Modeling System,
runs AEO02008.D030208F, LOLNG08.D030508A, and
HILNGO08.D030508A.

Figure 28. U.S. natural gas supply in three cases,
2006-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: AEO2008 National
Energy Modeling System, runs AE02008.D030208F,
LOLNGO08.D030508A, and HILNG08.D030508A.

Figure 29. Lower 48 wellhead natural gas prices in
three cases, 1990-2030: History: Energy Information
Administration, Annual Energy Review 2006, DOE/EIA-
0384(2006) (Washington, DC, June 2007). Projections:
AEO2008 National Energy Modeling System, runs
AE02008.D030208F, LOLNGO08.D030508A, and
HILNGO08.D030508A.

Figure 30. World oil price in six cases, 2000-2030: His-
tory: Energy Information Administration, Annual Energy
Review 2006, DOE/EIA-0384(2006) (Washington, DC, June
2007). Projections: AEO2008 National Energy Modeling
System, runs AEO02008.D030208F, LP2008.D031608A,
HP2008.D031808A, AE02007.D112106A, LP2007.
D112106A, and HP2008.D112106A.

Figure 31. World liquids consumption in the
AEQ02008 reference case, 2006-2030: Table A20.

Figure 32. Average annual growth rates of real GDP,
labor force, and productivity, 2006-2030: Table B4.

Figure 33. Average annual inflation, interest, and
unemployment rates, 2006-2030: Table B4.

LOGASSUP.D030408A, and

Figure 34. Sectoral composition of industrial output
growth rates, 2006-2030: AEO2008 National Energy
Modeling System, runs AE02008.D030208F, HM2008.
D031608A, and LM2008.D031608A.

Figure 35. Energy expenditures in the U.S. economy,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: AEO2008 National
Energy Modeling System, runs AE02008.D030208F,
HM2008.D031608A, and LM2008.D031608A.

Figure 36. 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 2006,
DOE/EIA-0384(2006) (Washington, DC, June 2007). Pro-
jections: AEO2008 National Energy Modeling System, run
AE02008.D030208F.

Figure 37. World oil prices, 1980-2030: History: En-
ergy Information Administration, Annual Energy Review
2006, DOE/EIA-0384(2006) (Washington, DC, June 2007).
Projections: Table C1.

Figure 38. Unconventional resources as a share of
the world liquids market, 1990-2030: History: Derived
from Energy Information Administration, International
Energy Annual 2005 (June-October 2007), Table G.4, web
site www.eia.doe.gov/iea. Projections: Table A20. Note:
Data from Table G.4 are used as a proxy for historical un-
conventional oil production, because international data are
limited. In addition, estimates of historical production from
Canadian oil sands and Venezuelan ultra-heavy oil were
added to Table G.4. Assumptions about future unconven-
tional oil production are based on current investment re-
ports, published production targets, resource availabilities,
and marketplace competition.

Figure 39. World liquids production shares by re-
gion, 2006 and 2030: AEO2008 National Energy
Modeling System, runs AE02008.D030208F, HP2008.
D031808A, and LP2008.D031608A.

Figure 40. Energy use per capita and per dollar of
gross domestic product, 1980-2030: History: Energy
Information Administration, Annual Energy Review 2006,
DOE/EIA-0384(2006) (Washington, DC, June 2007). Pro-
jections: Energy use per capita: Calculated from data in
Table A2. Energy use per dollar of GDP: Table A19.

Figure 41. Primary energy use by fuel, 2006-2030:
History: Energy Information Administration, Annual En-
ergy Review 2006, DOE/EIA-0384(2006) (Washington, DC,
June 2007). Projections: Tables A1l and A17.

Figure 42. Delivered energy use by fuel, 1980-2030:
History: Energy Information Administration, Annual En-
ergy Review 2006, DOE/EIA-0384(2006) (Washington, DC,
June 2007). Projections: Table A2.

Figure 43. Primary energy consumption by sector,
1980-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: Table A2.

Figure 44. Residential delivered energy consump-
tion per capita, 1990-2030: History: Energy Informa-
tion Administration, “State Energy Consumption, Price,
and Expenditure Estimates (SEDS),” (Washington, DC, Oc-
tober 2007), web site www.eia.doe.gov/emeu/states/_seds.
html, and Annual Energy Review 2006, DOE/EIA-0384
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(2006) (Washington, DC, June 2007). Projections: AEO-
2008 National Energy Modeling System, runs AEO2008.
D030208F, BLDFRZN.D030408A, and BLDHIGH.
DO030408A.

Figure 45. Residential delivered energy consump-
tion by fuel, 2006, 2015, and 2030: AEO2008 National
Energy Modeling System, run AEO2008.D030208F.

Figure 46. Efficiency gains for selected residential
appliances, 2030: Energy Information Administration,
Technology Forecast Updates—Residential and Commer-
cial Building Technologies—Advanced Adoption Case
(Navigant Consulting, Inc., September 2004); and AEO-
2008 National Energy Modeling System, runs AEO2008.
D030208F, BLDFRZN.D030408A, and BLDBEST.
DO030408A.

Figure 47. Electricity consumption for residential
lighting, 2006-2030: Energy Information Administration,
Technology Forecast Updates—Residential and Commer-
cial Building Technologies—Advanced Adoption Case
(Navigant Consulting, Inc., September 2004); and AEO-
2008 National Energy Modeling System, runs AEO2008.
D030208F and AEO2008.D112607A.

Figure 48. Commercial delivered energy consump-
tion per capita, 1980-2030: History: Energy Informa-
tion Administration, “State Energy Consumption, Price,
and Expenditure Estimates (SEDS)” (Washington, DC, Oc-
tober 2007), web site www.eia.doe.gov/emeu/states/_seds.
html, and Annual Energy Review 2006, DOE/EIA-0384
(2006) (Washington, DC, June 2007). Projections: AEO-
2008 National Energy Modeling System, runs AEO2008.
D030208F, BLDFRZN.D030408A, and BLDHIGH.
D030408A.

Figure 49. Commercial delivered energy consump-
tion by fuel, 2006, 2015, and 2030: AEO2008 National
Energy Modeling System, run AEO2008.D030208F.

Figure 50. Efficiency gains for selected commercial
equipment, 2006 and 2030: Energy Information Admin-
istration, Technology Forecast Updates—Residential and
Commercial Building Technologies—Advanced Adoption
Case (Navigant Consulting, Inc., September 2004); and
AEO2008 National Energy Modeling System, runs
AE02008.D030208F, BLDFRZN.D030408A, and
BLDBEST.D030408A.

Figure 51. Industrial delivered energy consumption,
1980-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: AEO2008 National
Energy Modeling System, runs AE02008.D030208F,
HM2008.D031608A, and LM2008.D031608A.

Figure 52. Industrial energy consumption by fuel,
2000, 2006, and 2030: History: Energy Information Ad-
ministration, Annual Energy Review 2006, DOE/EIA-0384
(2006) (Washington, DC, June 2007). Projections: AEO-
2008 National Energy Modeling System, run AEO2008.
DO030208F.

Figure 53. Average growth in value of shipments for
the manufacturing subsectors, 2006-2030: AE0O2008
National Energy Modeling System, runs AEO2008.
D030208F, HM2008.D031608A, and LM2008.D031608A.

Figure 54. Average growth of delivered energy
consumption in the manufacturing subsectors,
2006-2030: AEO2008 National Energy Modeling System,

runs AE02008.D030208F, HM2008.D031608A, and
LM2008.D031608A.

Figure 55. Industrial delivered energy intensity,
1980-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384 (2006) (Wash-
ington, DC, June 2007); and Global Insight, Inc., 2007 U.S.
Energy Outlook (November 2007). Projections: AEO2008
National Energy Modeling System, runs AEO2008.
D030208F, INDFRZN.D030608A, and INDHIGH.
D032208A.

Figure 56. Delivered energy consumption for trans-
portation, 1980-2030: History: Energy Information Ad-
ministration, Annual Energy Review 2006, DOE/EIA-0384
(2006) (Washington, DC, June 2007). Projections: Tables
B2 and C2.

Figure 57. Average fuel economy of new light-duty
vehicles, 1980-2030: History: U.S. Department of Trans-
portation, National Highway Traffic Safety Administra-
tion, Summary of Fuel Economy Performance (Washington,
DC, March 2006), web site www.nhtsa.dot.gov/staticfiles/
DOT/NHTSA/Vehicle%20Safety/Articles/Associated %20
Files/SummaryFuelEconomyPerformance-2006.pdf. Pro-
jections: AEO2008 National Energy Modeling System,
runs AE02008.D030208F, AE02008.D112607A,
TRNHIGH.D031408A, HP2008.D031808A, and LP2008.
D031608A.

Figure 58. Sales of unconventional light-duty vehi-
cles by fuel type, 2006 and 2030: AEO2008 National En-
ergy Modeling System, run AEO2008.D030208F.

Figure 59. Energy use for light-duty vehicles by fuel
type, 2006 and 2030: AEO2008 National Energy Model-
ing System, run AEO2008.D030208F.

Figure 60. Annual electricity sales by sector,
1980-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: Table A8.

Figure 61. Electricity generation by fuel, 2006 and
2030: Table AS8.

Figure 62. Electricity generation capacity additions
by fuel type, including combined heat and power,
2007-2030: Table A9.

Figure 63. Levelized electricity costs for new plants,
2015 and 2030: AEO2008 National Energy Modeling Sys-
tem, run AEO2008.D030208F.

Figure 64. Electricity generation capacity additions,
including combined heat and power, by region and
fuel, 2007-2030: AEO2008 National Energy Modeling Sys-
tem, run AEO2008.D030208F.

Figure 65. Electricity generation from nuclear
power, 1990-2030: History: Energy Information Admin-
istration, Annual Energy Review 2006, DOE/EIA-0384
(2006) (Washington, DC, dJune 2007). Projections:
AEO2008 National Energy Modeling System, runs
AEQ02008.D030208F, @ HM2008.D031608A, LM2008.
D031608A, HP2008.D031808A, and LP2008.D031608A.

Figure 66. Nonhydroelectric renewable electricity
generation by energy source, 2006-2030: Table A16.
Figure 67. Grid-connected electricity generation
from renewable energy sources, 1990-2030: History:
Energy Information Administration, Annual Energy Re-
view 2006, DOE/EIA-0384(2006) (Washington, DC, June
2007). Projections: Table A16.
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Figure 68. Levelized and avoided costs for new re-
newable plants in the Northwest, 2030: AEO2008 Na-
tional Energy Modeling System, runs AEO2008.D030208F,
HIRENCST08.D030408A, and LORENCST08.D030408A.

Figure 69. Regional growth in nonhydroelectic re-
newable electricity generation, 2006-2030: AEO2008
National Energy Modeling System, run AEO2008.
DO030208F.

Figure 70. Fuel prices to electricity generators,
1995-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: AEO2008 National
Energy Modeling System, run AEO2008.D030208F.

Figure 71. Average U.S. retail electricity prices,
1970-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: Table A8.

Figure 72. Natural gas consumption by sector,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384 (2004) (Wash-
ington, DC, June 2007). Projections: Table A13.

Figure 73. Total natural gas consumption,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: AEO2008 National
Energy Modeling System, runs AE02008.D030208F,
HP2008.D031808A, LP2008.D031608A, HM2008.
D031608A, and LM2008.D031608A.

Figure 74. Natural gas consumption in the electric
power and non-electric power sectors in alternative
price cases, 1990-2030: History: Energy Information
Administration, Annual Energy Review 2006, DOE/EIA-
0384(2006) (Washington, DC, June 2007). Projections:
AEO2008 National Energy Modeling System, runs
AEO02008.D030208F, HP2008.D031808A, and LP2008.
DO031608A.

Figure 75. Natural gas consumption in the electric
power and non-electric power sectors in alternative
growth cases, 1990-2030: History: Energy Information
Administration, Annual Energy Review 2006, DOE/EIA-
0384(2006) (Washington, DC, June 2007). Projections:
AEO2008 National Energy Modeling System, runs
AEO02008.D030208F, HM2008.D031608A, and LM2008.
DO031608A.

Figure 76. Lower 48 wellhead and Henry Hub spot
market prices for natural gas, 1990-2030: History:
For lower 48 wellhead prices: Energy Information Adminis-
tration, Annual Energy Review 2006, DOE/EIA-0384(2006)
(Washington, DC, June 2007). For Henry Hub natural gas
prices: Energy Information Administration, Short-Term
Energy Outlook Query System, Monthly Natural Gas Data,
Variable NGHHMCF. Projections: AEO2008 National
Energy Modeling System, run AEO2008.D030208F.

Figure 77. Lower 48 wellhead natural gas prices,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: AEO2008 National
Energy Modeling System, runs AE02008.D030208F,
HP2008.D031808A, LP2008.D031608A, OGHTECO08.
D030508A, and OGLTEC08.D030508A.

Figure 78. Natural gas prices by end-use sector,
1990-2030: History: Energy Information Administration,

Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: Table A13.

Figure 79. Average natural gas transmission and dis-
tribution margins, 1990-2030: History: Calculated as
the difference between natural gas end-use prices and lower
48 wellhead natural gas prices; Energy Information Admin-
istration, Annual Energy Review 2006, DOE/EIA-0384
(2006) (Washington, DC, June 2007). Projections: AEO-
2008 National Energy Modeling System, runs AEO2008.
D030208F, HP2008.D031808A, and LP2008.D031608A.

Figure 80. Natural gas production by source,
1990-2030: History: Energy Information Administration,
Office of Integrated Analysis and Forecasting. Projec-
tions: Table Al4.

Figure 81. Total U.S. natural gas production,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: AEO2008 National
Energy Modeling System, runs AEO02008.D030208F,
HP2008.D031808A, LP2008.D031608A, OGHTECO0S.
D030508A, and OGLTEC08.D030508A.

Figure 82. Net U.S. imports of natural gas by source,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: AEO2008 National
Energy Modeling System, run AEO2008.D030208F.

Figure 83. Net U.S. imports of liquefied natural gas,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: AEO2008 National
Energy Modeling System, runs AEO0O2008.D030208F,
HP2008.D031808A, LP2008.D031608A, HM2008.
D031608A, and LM2008.D031608A.

Figure 84. Domestic crude oil production by source,
1990-2030: History: Energy Information Administration,
Office of Integrated Analysis and Forecasting. Projec-
tions: AEO2008 National Energy Modeling System, run
AEO02008.D030208F.

Figure 85. Total U.S. crude oil production, 1990-
2030: History: Energy Information Administration, An-
nual Energy Review 2006, DOE/EIA-0384(2006) (Washing-
ton, DC, June 2007). Projections: AEO2008 National
Energy Modeling System, runs AE02008.D030208F,
OGHTEC08.D030508A, and OGLTEC08.D030508A.

Figure 86. Total U.S. unconventional crude oil pro-
duction, 2006-2030: AEO2008 National Energy Modeling
System, runs AE02008.D030208F, HP2008.D031808A,
and LP2008.D031608A.

Figure 87. Liquid fuels consumption by sector,
1990-2030: History: Energy Information Administration,
Annual Energy Review 2006, DOE/EIA-0384(2006) (Wash-
ington, DC, June 2007). Projections: Table A11.

Figure 88. EISA2007 RFS credits earned in selected
years, 2006-2030: AEO2008 National Energy Modeling
System, run AEO2008.D030208F.

Figure 89. Fossil fuel and biofuel content of U.S.
motor fuel supply, 2006, 2015, and 2030: AEO2008 Na-
tional Energy Modeling System, run AEO2008.D030208F.

Figure 90. Net import share of U.S. liquid fuels con-
sumption, 1990-2030: History: Energy Information Ad-
ministration, Annual Energy Review 2006, DOE/EIA-0384
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(2006) (Washington, DC, June 2007). Projections: Table
C4.

Figure 91. Motor gasoline, diesel fuel, and E85
prices, 2006-2030: Table A12.

Figure 92. Average U.S. delivered prices for motor
gasoline, 1990-2030: History: Energy Information Ad-
ministration, Annual Energy Review 2006, DOE/EIA-0384
(2006) (Washington, DC, June 2007). Projections: Table
C5.

Figure 93. Coal production by region, 1970-2030: His-
tory (short tons): 1970-1990: Energy Information Admin-
istration (EIA), The U.S. Coal Industry, 1970-1990: Two
Decades of Change, DOE/EIA-0559 (Washington, DC, No-
vember 2002). 1991-2000: EIA, Coal Industry Annual,
DOE/EIA-0584 (various years). 2001-2006: EIA, Annual
Coal Report 2006, DOE/EIA-0584(2006) (Washington, DC,
October 2007), and previous issues. History: Conversion
to quadrillion Btu), 1970-2006: Estimation Procedure:
EIA, Office of Integrated Analysis and Forecasting. Esti-
mates of average heat content by region and year are based
on coal quality data for 2006, collected in various energy
surveys (see sources), and national-level estimates of U.S.
coal production by year in units of quadrillion Btu, pub-
lished in EIA’s Annual Energy Review. Sources: EIA, An-
nual Energy Review 2006, DOE/EIA-0384(2006) (Washing-
ton, DC, June 2007), Table 1.2; Form EIA-3, “Quarterly
Coal Consumption and Quality Report, Manufacturing
Plants”; Form EIA-5, “Quarterly Coal Consumption and
Quality Report, Coke Plants”; Form EIA-6A, “Coal Distri-
bution Report”; Form EIA-7A, “Coal Production Report”;
Form EIA-423, “Monthly Cost and Quality of Fuels for
Electric Plants Report”; Form EIA-906, “Power Plant Re-
port”; Form EIA-920, “Combined Heat and Power Plant
Report”; U.S. Department of Commerce, Bureau of the
Census, “Monthly Report EM 545”; and Federal Energy
Regulatory Commission, Form 423, “Monthly Report of
Cost and Quality of Fuels for Electric Plants.” Projec-
tions: AEO2008 National Energy Modeling System, run
AEQ02008.D030208F. Note: For 1989-2030, coal produc-
tion includes waste coal.

Figure 94. U.S. coal production, 2006, 2015, and 2030:
AEO2008 National Energy Modeling System, runs
AEQ02008.D030208F, LP2008.D031608A, HP2008.
D031808A, LM2008.D031608A, HM2008.D031608A,
LCCST08.D030508A, and HCCST08.D030508A. Note:
Coal production includes waste coal.

Figure 95. Average minemouth price of coal by
region, 1990-2030: History: Dollars per short ton:
1990-2000: Energy Information Administration (EIA),
Coal Industry Annual, DOE/EIA-0584 (various years).
2001-2006: EIA, Annual Coal Report 2006, DOE/EIA-0584
(2006) (Washington, DC, October 2007), and previous is-
sues. Conversion to dollars per million Btu): 1990-
2006: Estimation Procedure: EIA, Office of Integrated
Analysis and Forecasting. Estimates of average heat con-
tent by region and year are based on coal quality data for
20086, collected in various energy surveys (see sources), and
national-level estimates of U.S. coal production by year in
units of quadrillion Btu published in EIA’s Annual Energy
Review. Sources: EIA, Annual Energy Review 2006,

DOE/EIA-0384(2006) (Washington, DC, June 2007), Table
1.2; Form EIA-3, “Quarterly Coal Consumption and Qual-
ity Report, Manufacturing Plants”; Form EIA-5, “Quar-
terly Coal Consumption and Quality Report, Coke Plants”;
Form EIA-6A, “Coal Distribution Report”; Form EIA-7A,
“Coal Production Report”; Form EIA-423, “Monthly Cost
and Quality of Fuels for Electric Plants Report”; Form
EIA-906, “Power Plant Report”; Form EIA-920, “Com-
bined Heat and Power Plant Report”; U.S. Department of
Commerce, Bureau of the Census, “Monthly Report EM
545”; and Federal Energy Regulatory Commission, Form
423, “Monthly Report of Cost and Quality of Fuels for Elec-
tric Plants.” Projections: AEO2008 National Energy
Modeling System, run AE02008.D030208F. Note: In-
cludes reported prices for both open market and captive
mines.

Figure 96. Average delivered coal prices, 1990-2030:
History: Energy Information Administration (EIA), Quar-
terly Coal Report, October-December 2006, DOE/EIA-0121
(2006/4Q) (Washington, DC, March 2007), and previous is-
sues; EIA, Electric Power Monthly, October 2007, DOE/
EIA-0226(2007/10) (Washington, DC, October 2007); and
EIA, Annual Energy Review 2006, DOE/EIA-0384(2006)
(Washington, DC, June 2007). Projections: AEO2008 Na-
tional Energy Modeling System, runs AEO2008.D030208F,
LP2008.D031608A, HP2008.D031808A, LCCSTO8.
D030508A, and HCCST08.D030508A. Note: Historical
prices are weighted by consumption but exclude residen-
tial/commercial prices and export free-alongside-ship
(f.a.s.) prices.

Figure 97. Carbon dioxide emissions by sector and
fuel, 2006 and 2030: 2006: Energy Information Adminis-
tration, Emissions of Greenhouse Gases in the United States
2006, DOE/EIA-0573(2006) (Washington, DC, November
2007). 2030: Table A18.

Figure 98. Carbon dioxide emissions, 1990-2030: His-
tory: Energy Information Administration, Emissions of
Greenhouse Gases in the United States 2006, DOE/EIA-
0573(2006) (Washington, DC, November 2007). Projec-
tions: Table B2.

Figure 99. Sulfur dioxide emissions from electricity
generation, 1995-2030: History: 1995: U.S. Environ-
mental Protection Agency, National Air Pollutant Emis-
stons Trends, 1990-1998, EPA-454/R-00-002 (Washington,
DC, March 2000). 2000: U.S. Environmental Protection
Agency, Acid Rain Program Preliminary Summary Emis-
stons Report, Fourth Quarter 2004, web site www.epa.gov/
airmarkets/emissions/prelimarp/index.html. 2006 and
Projections: AEO2008 National Energy Modeling Sys-
tem, run AEO2008.D030208F.

Figure 100. Nitrogen oxide emissions from electric-
ity generation, 1995-2030: History: 1995: U.S. Environ-
mental Protection Agency, National Air Pollutant Emis-
sions Trends, 1990-1998, EPA-454/R-00-002 (Washington,
DC, March 2000). 2000: U.S. Environmental Protection
Agency, Acid Rain Program Preliminary Summary Emis-
sions Report, Fourth Quarter 2004, web site www.epa.gov/
airmarkets/emissions/prelimarp/index.html. 2006 and
Projections: AEO2008 National Energy Modeling Sys-
tem, run AEO2008.D030208F.
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Appendix A
Reference Case

Table A1. Total Energy Supply and Disposition Summary
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case Annual
Growth
2006-2030
2005 2006 2010 2015 2020 2025 2030 ((percent)

Supply, Disposition, and Prices

Production
Crude Oil and Lease Condensate ............ 10.99 10.80 12.76 13.25 13.40 12.99 12.04 0.5%
Natural Gas Plant Liquids .................. 2.33 2.36 2.27 2.29 2.31 217 2.11 -0.5%
DryNatural Gas . ...........ccoouuiinnannn. 18.60 19.04 19.85 20.08 20.24 20.17 20.00 0.2%
Coal' ... 23.19 23.79 23.97 24.48 25.20 26.85 28.63 0.8%
Nuclear Power . .......... .. ... ... ... 8.16 8.21 8.31 8.41 9.05 9.50 9.57 0.6%
Hydropower ........... ... ... ... 2.70 2.89 2.92 2.99 3.00 3.00 3.00 0.2%
BiOMass? ... ...t 2.79 2.94 4.05 5.12 6.42 8.00 8.12 4.3%
Other Renewable Energy® .................. 0.67 0.88 1.51 1.75 2.00 2.25 2.45 4.4%
Other® ... 0.36 0.50 0.54 0.58 0.58 0.61 0.64 1.1%
Total .....oviiii e 69.80 71.41 76.17 78.96 82.21 85.53 86.56 0.8%
Imports
CrudeOil ... 22.09 22.08 21.14 21.80 21.58 22.38 24.41 0.4%
Liquid Fuels and Other Petroleum® ........... 7.23 7.21 5.61 5.34 5.43 5.28 5.44 -1.2%
NaturalGas ......... ... ... 4.45 4.29 4.80 5.12 4.68 4.63 4.64 0.3%
OtherImports® ........................... 0.85 0.98 0.95 1.04 1.98 2.23 2.74 4.4%
Total .......coiiii e 34.62 34.57 32.49 33.31 33.62 34.52 37.22 0.3%
Exports
Petroleum’ . ...... .. ... ... ... 2.32 2.60 2.82 2.91 2.98 3.17 3.33 1.0%
NaturalGas ............... ..o, 0.74 0.73 0.84 0.97 1.02 1.25 1.36 2.6%
Coal .. 1.27 1.26 1.79 1.14 0.87 0.90 0.88 -1.5%
Total ...ovviiii i e 4.32 4.59 5.45 5.03 4.87 5.32 5.56 0.8%
Discrepancy® ..........viiiiiiirniaaneaann 0.01 1.87 -0.13 -0.01 0.12 0.19 0.21 -
Consumption
Liquid Fuels and Other Petroleum® ........... 40.47 40.06 40.46 41.80 42.24 42.78 43.99 0.4%
NaturalGas ...............cooiiinannn. 22.65 22.30 23.93 24.35 24.01 23.66 23.39 0.2%
Coal™ .. 22.78 22.50 23.03 24.19 25.87 27.75 29.90 1.2%
Nuclear Power . ......... ... ... ... o ... 8.16 8.21 8.31 8.41 9.05 9.50 9.57 0.6%
Hydropower ............... ... ... .oooun. 2.70 2.89 2.92 2.99 3.00 3.00 3.00 0.2%
Biomass™ ... ... 2.45 2.50 3.01 3.60 4.50 5.42 5.51 3.3%
Other Renewable Energy® .................. 0.67 0.88 1.51 1.75 2.00 2.25 2.45 4.4%
Other'™ .. ... . 0.21 0.19 0.18 0.17 0.17 0.18 0.20 0.3%
Total .......coiiii e 100.08 99.52 103.34 107.26 110.85 114.54 118.01 0.7%
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Table A1. Total Energy Supply and Disposition Summary (Continued)

(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case Annual
Growth
2006-2030
2005 2006 2010 2015 2020 2025 2030 |(percent)

Supply, Disposition, and Prices

Prices (2006 dollars per unit)

Petroleum (dollars per barrel)

Imported Low Sulfur Light Crude Oil Price .. .. 58.28 66.02 74.03 59.85 59.70 64.49 70.45 0.3%

Imported Crude Oil Price™ ................ 50.40 59.05 65.18 52.03 51.55 55.68 58.66 -0.0%
Natural Gas (dollars per million Btu)

PriceatHenryHub ...................... 8.93 6.73 6.90 5.87 5.95 6.39 7.22 0.3%

Wellhead Price™ . ....................... 7.62 6.24 6.16 5.21 5.29 5.69 6.45 0.1%
Natural Gas (dollars per thousand cubic feet)

Wellhead Price™ . ....................... 7.85 6.42 6.33 5.36 5.44 5.86 6.63 0.1%
Coal (dollars per ton)

Minemouth Price™ ...................... 24.08 24.63 26.16 23.38 22.51 22.75 23.32 -0.2%
Coal (dollars per million Btu)

Minemouth Price™ ...................... 1.18 1.21 1.28 117 1.14 1.16 1.19 -0.1%

Average Delivered Price™ .. ............... 1.67 1.78 1.93 1.80 1.77 1.78 1.82 0.1%
Average Electricity Price (cents per kilowatthour) 8.4 8.9 9.2 8.5 8.6 8.7 8.8 -0.0%

"Includes waste coal.

2Includes grid-connected electricity from wood and waste; biomass, such as corn, used for liquid fuels production; and non-electric energy demand from wood.
Refer to Table A17 for details.

3Includes grid-connected electricity from landfill gas; biogenic municipal waste; wind; photovoltaic and solar thermal sources; and non-electric energy from
renewable sources, such as active and passive solar systems. Excludes electricity imports using renewable sources and nonmarketed renewable energy. See
Table A17 for selected nonmarketed residential and commercial renewable energy.

“Includes non-biogenic municipal waste, liquid hydrogen, methanol, and some domestic inputs to refineries.

SIncludes imports of finished petroleum products, unfinished oils, alcohols, ethers, blending components, and renewable fuels such as ethanol.

fIncludes coal, coal coke (net), and electricity (net).

’Includes crude oil and petroleum products.

®Balancing item. Includes unaccounted for supply, losses, gains, and net storage withdrawals.

°Includes petroleum-derived fuels and non-petroleum derived fuels, such as ethanol, biodiesel, and coal-based synthetic liquids. Petroleum coke, which is a
solid, is included. Also included are natural gas plant liquids, crude oil consumed as a fuel, and liquid hydrogen. Refer to Table A17 for detailed renewable liquid
fuels consumption.

"®Excludes coal converted to coal-based synthetic liquids.

"Includes grid-connected electricity from wood and wood waste, non-electric energy from wood, and biofuels heat and coproducts used in the production of
liquid fuels, but excludes the energy content of the liquid fuels.

?|ncludes non-biogenic municipal waste and net electricity imports.

Weighted average price delivered to U.S. refiners.

"“Represents lower 48 onshore and offshore supplies.

"SIncludes reported prices for both open market and captive mines.

'®Prices weighted by consumption; weighted average excludes residential and commercial prices, and export free-alongside-ship (f.a.s.) prices.

Btu = British thermal unit.

- - = Not applicable.

Note: Totals may not equal sum of components due to independent rounding. Data for 2005 and 2006 are model results and may differ slightly from official EIA
data reports.

Sources: 2005 natural gas supply values: Energy Information Administration (EIA), Natural Gas Annual 2005, DOE/EIA-0131(2005) (Washington, DC,
November 2006). 2006 natural gas supply values and natural gas wellhead price: EIA, Natural Gas Monthly, DOE/EIA-0130(2007/04) (Washington, DC, April
2007). 2005 natural gas wellhead price: Minerals Management Service and EIA, Natural Gas Annual 2005, DOE/EIA-0131(2005) (Washington, DC, November
2006). 2005 and 2006 coal minemouth and delivered coal prices: EIA, Annual Coal Report 2006, DOE/EIA-0584(2006) (Washington, DC, November 2007). 2006
petroleum supply values and 2005 crude oil and lease condensate production: EIA, Petroleum Supply Annual 2006, DOE/EIA-0340(2006)/1 (Washington, DC,
September 2007). Other 2005 petroleum supply values: EIA, Petroleum Supply Annual 2005, DOE/EIA-0340(2005)/1 (Washington, DC, October 2006). 2005 and
2006 low sulfur light crude oil price: EIA, Form EIA-856, “Monthly Foreign Crude Oil Acquisition Report.” Other 2005 and 2006 coal values: Quarterly Coal Report,
October-December 2006, DOE/EIA-0121(2006/4Q) (Washington, DC, March 2007). Other 2005 and 2006 values: EIA, Annual Energy Review 2006, DOE/EIA-
0384(2006) (Washington, DC, June 2007). Projections: EIA, AEO2008 National Energy Modeling System run AEO2008.D030208F.
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Table A2. Energy Consumption by Sector and Source
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case Annual
Growth
2006-2030
2005 2006 2010 2015 2020 2025 2030 |[(percent)

Sector and Source

Energy Consumption

Residential

Liquefied Petroleum Gases . ............. 0.50 0.47 0.48 0.50 0.52 0.54 0.55 0.7%
Kerosene .......... ..., 0.09 0.07 0.08 0.08 0.08 0.08 0.08 0.5%
Distillate Fuel Oil .. .................... 0.85 0.70 0.75 0.75 0.73 0.69 0.65 -0.3%

Liquid Fuels and Other Petroleum Subtotal . 1.45 1.25 1.31 1.33 1.33 1.31 1.29 0.1%
NaturalGas . ...........covuiininnan.. 4.97 4.50 4.95 5.16 5.30 5.35 5.32 0.7%
Coal .o 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -0.4%
Renewable Energy" .................... 0.45 0.41 0.44 0.42 0.40 0.39 0.38 -0.3%
Electricity . ........ ... .. ... . .. 4.64 4.61 4.95 5.02 5.25 5.53 5.88 1.0%

DeliveredEnergy ...........cccoveuenn 11.52 10.77 11.66 11.95 12.30 12.58 12.88 0.7%
Electricity Related Losses ............... 10.12 10.04 10.59 10.61 11.08 11.57 12.14 0.8%

Total ....cvviiii e 21.64 20.82 22.25 22.56 23.39 24.15 25.01 0.8%

Commercial

Liquefied Petroleum Gases .............. 0.09 0.08 0.09 0.09 0.09 0.09 0.09 0.6%
Motor Gasoline® . ..............couun... 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.4%
Kerosene ......... ... .. ... .. 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.2%
Distillate Fuel Oil ...................... 0.45 0.42 0.38 0.41 0.41 0.42 0.41 -0.0%
Residual Fuel Oil ...................... 0.12 0.11 0.10 0.10 0.10 0.10 0.10 -0.4%

Liquid Fuels and Other Petroleum Subtotal . 0.72 0.68 0.63 0.67 0.68 0.68 0.68 0.0%
NaturalGas ............. .. ..ot 3.09 2.92 3.04 3.29 3.47 3.63 3.78 1.1%
Coal ..o 0.09 0.08 0.08 0.08 0.08 0.08 0.08 -0.1%
Renewable Energy® . ................... 0.13 0.13 0.13 0.13 0.13 0.13 0.13 --
Electricity . ........ ... .. . 4.35 4.43 4.73 5.19 5.67 6.15 6.62 1.7%

DeliveredEnergy ...........ccoveunn 8.38 8.25 8.62 9.37 10.03 10.67 11.30 1.3%
Electricity Related Losses ............... 9.50 9.66 10.12 10.98 11.96 12.87 13.68 1.5%

Total ......ccviiiiiiii i 17.87 17.91 18.74 20.34 21.98 23.54 24.98 1.4%

Industrial*

Liquefied Petroleum Gases . ............. 2.07 2.09 2.12 1.97 1.83 1.74 1.71 -0.8%
Motor Gasoline® . ..........ovviiiin... 0.37 0.38 0.38 0.37 0.37 0.38 0.38 0.1%
Distillate Fuel Oil .. ................. ... 1.26 1.28 1.29 1.25 1.23 1.22 1.23 -0.2%
Residual Fuel Oil .. ................. ... 0.28 0.28 0.28 0.25 0.23 0.23 0.23 -0.9%
Petrochemical Feedstocks .............. 1.41 1.41 1.36 1.45 1.39 1.33 1.29 -0.4%
Other Petroleum® .. .................... 4.39 4.48 4.25 4.30 4.22 4.25 4.41 -0.1%

Liquid Fuels and Other Petroleum Subtotal . 9.79 9.92 9.67 9.60 9.27 9.15 9.25 -0.3%
NaturalGas ............ ... ... 6.79 6.68 7.16 7.21 714 717 7.08 0.2%
Natural-Gas-to-Liquids Heat and Power . . .. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 --
Lease and PlantFuel® .................. 1.14 1.17 1.21 1.22 1.25 1.27 1.27 0.3%

Natural Gas Subtotal .................. 7.93 7.85 8.37 8.43 8.39 8.44 8.35 0.3%
Metallurgical Coal ..................... 0.62 0.60 0.60 0.54 0.54 0.52 0.48 -0.9%
Other Industrial Coal ................... 1.28 1.26 1.31 1.22 1.20 1.19 1.18 -0.3%
Coal-to-Liquids Heat and Power .......... 0.00 0.00 0.00 0.13 0.34 0.39 0.55 --
Net Coal Coke Imports ................. 0.04 0.06 0.03 0.03 0.04 0.04 0.04 -1.8%

CoalSubtotal .. ...................... 1.94 1.92 1.93 1.92 2.1 2.14 2.26 0.7%
Biofuels Heat and Coproducts . ........... 0.24 0.30 0.67 1.00 1.49 2.28 2.31 8.9%
Renewable Energy” .................... 1.64 1.69 1.66 1.75 1.83 1.93 2.02 0.7%
Electricity .. ...... ..o 