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Preface

The Annual Energy Outlook 2000 (AEO2000) pre-
sents midterm forecasts of energy supply, demand,
and prices through 2020 prepared by the Energy
Information Administration (EIA). The projections
are based on results from EIA’s National Energy

Modeling System (NEMS).

The report begins with an “Overview” summarizing
the AEO2000 reference case. The next section,
“Legislation and Regulations,” describes the
assumptions made with regard to laws that affect
energy markets and discusses evolving legislative
and regulatory issues. “Issues in Focus” discusses
current energy issues—appliance standards, gaso-
line and diesel fuel standards, natural gas industry
expansion, competitive electricity pricing, renewable
portfolio standards, and carbon emissions. It is
followed by the analysis of energy market trends.

The analysis in AEO2000 focuses primarily on a ref-
erence case and four other cases that assume higher
and lower economic growth and higher and lower
world o1l prices than in the reference case. Forecast
tables for these cases are provided in Appendixes A
through C. Appendixes D and E present a summary
of the reference case forecasts in units of oil equiva-
lence and household energy expenditures. Other
cases explore the impacts of varying key assump-
tions in NEMS—generally, technology penetration.
The major results are shown in Appendix F. Appen-
dix G briefly describes NEMS and the AEO2000

assumptions, with a summary table of the cases.
Appendix H provides tables of energy and metric
conversion factors. AEO2000, the detailed assump-
tions, and supplementary tables will be available
on the EIA web site at www.eia.doe.gov/oiaf/aeo/
index.html.

The AEO2000 projections are based on Federal,
State, and local laws and regulations in effect on
July 1, 1999. Pending legislation and sections of
existing legislation for which funds have not been
appropriated are not reflected in the forecasts.
Historical data used for the AEO2000 projections
were the most current available as of July 31, 1999,
when most 1998 data but only partial 1999 data were
available. Historical data are presented in this
report for comparative purposes; documents refer-
enced in the source notes should be consulted for offi-
cial values. The AEO2000 projections for 1999 and
2000 incorporate the short-term projections from
EIA’s September 1999 Short-Term Energy Outlook.

The AEO2000 projections are used by Federal, State,
and local governments, trade associations, and other
planners and decisionmakers in the public and pri-
vate sectors. They are published in accordance with
Section 205c of the Department of Energy Organiza-
tion Act of 1977 (Public Law 95 91), which requires
the Administrator of EIA to prepare an annual
report that contains trends and projections of energy
consumption and supply.

The projections in AEO2000 are not statements of
what will happen but of what might happen, given
the assumptions and methodologies used. The
projections are business-as-usual trend forecasts,
given known technology, technological and demo-
graphic trends, and current laws and regulations.
Thus, they provide a policy-neutral reference case
that can be used to analyze policy initiatives. EIA
does not propose, advocate, or speculate on future
legislative and regulatory changes. All laws are
assumed to remain as currently enacted; however,
the impacts of emerging regulatory changes, when
defined, are reflected.

Because energy markets are complex, models are
simplified representations of energy production
and consumption, regulations, and producer and
consumer behavior. Projections are highly de-
pendent on the data, methodologies, model struc-
tures, and assumptions used in their development.

Behavioral characteristics are indicative of real-
world tendencies rather than representations of
specific outcomes.

Energy market projections are subject to much
uncertainty. Many of the events that shape energy
markets are random and cannot be anticipated,
including severe weather, political disruptions,
strikes, and technological breakthroughs. In addi-
tion, future developments in technologies, demo-
graphics, and resources cannot be foreseen with
any degree of certainty. Many key uncertainties in
the AEOZ2000 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, analytical processes in the examination of pol-
icy initiatives.
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Overview

Key Issues

Important energy issues addressed in the Annual
Energy Outlook 2000 (AEO2000) include, among
others, the ongoing restructuring of U.S. electricity
markets, near-term prospects for world oil markets,
and the impacts of energy use on carbon emissions.

AEO2000 reflects the restructuring of U.S. electric-
ity markets and the shift to increased competition by
assuming changes in the financial structure of the
industry. Ongoing efficiency and operating improve-
ments are also assumed to continue. The projections
assume a transition to full competitive pricing in
States with specific deregulation plans—California,
New York, New England, the Mid-Atlantic States,
Illinois, Texas, Michigan, Ohio, Arizona, and New
Mexico. Other States are assumed to continue
cost-of-service electricity pricing. The provisions of
the California legislation regarding stranded cost
recovery and price caps are included. In other
regions, stranded cost recovery is assumed to be
phased out by 2008.

A national renewable portfolio standard has been
proposed in the Comprehensive Electricity Competi-
tion Act, but it has not been enacted and is not
included in the projections. State standards are
included as enacted. Although AEO99 included new
proposed standards for control of nitrogen oxide
(NO,) by electricity generators, those standards
have been challenged in court, are currently sus-
pended, and are not included in AEO2000.

World oil prices fell sharply throughout most of 1997
and 1998, in part because of the economic recession
in East Asia. Recently, economic recovery in that
region and actions by the Organization of Petroleum
Exporting Countries (OPEC) to restrain oil produc-
tion have resulted in higher world oil prices, which
are included in the oil market analysis and world oil
price projections in AEO2000.

Although growth in carbon emissions in 1998 was
slower than in previous years, emissions are pro-
jected to remain at levels similar to those projected
in AEO99, as the demand for energy continues to
grow.

Prices

Average world crude oil prices in AEO2000 increase
from about $12.10 a barrel (all prices in 1998 dollars)
to $22.04 a barrel in 2020 (Figure 1), nearly $1 a

barrel lower than the price of $22.99 projected in
AEQ0O99. Price projections over the next several years
are much higher than in AEO99, by about $7 a barrel
in 2000. Higher near-term prices are projected as a
result of the economic recovery in East Asia, which
has occurred at a more rapid pace than projected in
AE099, and the March 1999 agreement by OPEC
and four non-OPEC countries to cut oil production,
which appears to be holding.

Lower world oil price projections for 2020 result from
three factors. First, higher near-term prices stimu-
late drilling activity and increase production poten-
tial. Second, lower long-term economic growth is
projected for the Pacific Rim. Finally, it appears
likely that non-OPEC oil production will be higher
than previously projected due to technology improve-
ments, particularly for offshore production.

Worldwide demand for oil is expected to increase
from 75.0 million barrels per day in 1998 to 112.4
million barrels per day in 2020, slightly lower than
the AEO99 projection of 114.7 million barrels per
day. The potential for production increases in both
OPEC and non-OPEC nations leads to relatively low
growth of prices through 2020, although the demand
for oil grows rapidly. OPEC oil production is
expected to reach 55.5 million barrels per day in
2020, nearly double the 31.7 million barrels per day
in 1998, assuming sufficient capital to expand pro-
duction capacity. It is assumed that the United
Nations resolution limiting Iraqi oil exports will
remain in place until 2002. Once sanctions are lifted,
Iraqi oil production is expected to reach 4.0 million
barrels per day within 2 years and about 6.0 million
barrels per day within a decade. Outside the Persian
Gulf, production is expected to grow in the offshore
regions of Nigeria and Algeria and in Venezuela.

Figure 1. Fuel price projections, 1998-2020:
AEOY99 and AEO2000 compared (1998 dollars)

8- )
AE099 & AEO02000 -
20-
AEO02000 e

4- AEO099
10-

2- Average electricity 5- Crude oil

p (cents per kilowatthour) (dollars per barrel)

1998 2010 2020 1998 2010 2020

3- AE02000 25-

5. AE099 20~ _AE099

15" AR02000

i 10
Coal minemouth
(dollars per short ton)

0
1998 2010 2020 1998 2010 2020

Natural gas wellhead
(dollars per thousand cubic feet)

2 Energy Information Administration / Annual Energy Outlook 2000



Overview

Non-OPEC oil production is expected to increase
from 44.3 million barrels per day in 1998 to 56.6
million barrels per day in 2020—1 million barrels
per day higher than in AEO99. Production from the
Caspian Basin is expected to reach 6 million barrels
per day, resulting in a near doubling of production in
the former Soviet Union by 2020, with continuing
expansion of production from the North Sea and the
offshore regions of West Africa. Both Brazil and
Colombia are expected to produce 1 million barrels
per day early in the next decade, and production in
Mexico and Canada is also likely to increase.

The average U.S. wellhead price of natural gas
is projected to increase from $1.96 per thousand
cubic feet in 1998 to $2.81 per thousand cubic feet in
2020, at an average rate of 1.7 percent a year.
Improvements in exploration and production tech-
nologies for natural gas moderate additional price
increases. In 2020, the price is $0.10 per thousand
cubic feet higher than projected in AE0O99, even with
slightly lower demand, because low prices tend to
dampen reserve additions in the near term. Average
delivered prices increase by 0.4 percent a year from
1998 to 2020. Although average transmission and
distribution margins are about $0.10 per thousand
cubic feet higher than in AEO99, the projected
margins in the residential and commercial sectors
are higher by about $0.30 to $0.50 because of an
increase in projected capital costs and fewer cost
reductions from efficiency improvements than previ-
ously assumed.

In AEO2000, the average minemouth price of coal in
the United States is projected to decline from $17.51
a ton in 1998 to $12.54 a ton in 2020. The price
declines through 2020 due to increasing productivity
in the industry, a shift to lower cost western produc-
tion, and competitive pressures on labor costs.
Compared with AE099, coal production is lower
later in the projection period, and higher productiv-
ity, particularly in the Powder River Basin, is
assumed. As a result, the average coal price is lower
than the $12.89 a ton projected in AEO99 for 2020.

Average electricity prices decline from 6.7 cents per
kilowatthour in 1998 to 5.8 cents per kilowatthour in
2020, an average annual decline of 0.6 percent.
Because competitive markets are assumed in more
regions of the country than in AEO99, average prices
are lower in AEO2000 in the earlier years of the pro-
jections. In 2020, the price is slightly higher than the
5.7 cents per kilowatthour projected in AEO99

because of the assumed higher cost of capital and a
slower decline in the capital costs of natural gas gen-
eration in the later years. The restructuring of the
electricity industry contributes to declining prices
through lower operating and maintenance costs,
lower administrative costs, and other cost reduc-
tions. Federal Energy Regulatory Commission
actions on open access and other changes for com-
petitive markets enacted by some State public utility
commissions are included in the projections, as noted
above. Because other State actions that have yet to
be formulated are not included, the projections do
not represent a fully restructured electricity market.
Legislative actions related to the electricity industry
are discussed on page 11, and competitive electricity
markets are discussed on page 20.

Consumption

Total energy consumption is projected to increase
from 94.9 to 120.9 quadrillion British thermal units
(Btu) between 1998 and 2020, an average annual
increase of 1.1 percent. Consumption in 2020 is
1 quadrillion Btu higher than projected in AEO99,
primarily as a result of higher energy consumption
for electricity generation and transportation.

Energy consumption in the residential and commer-
cial sectors is projected to increase at average rates
of 0.9 and 0.8 percent a year, respectively, led by
growth in electricity use for a variety of equipment—
telecommunications, computers, office equipment,
and other appliances. In 2020, delivered residential
energy demand is 12.8 quadrillion Btu, 0.3 quadril-
lion Btu lower than in AEO99, primarily because of a
lower estimate for wood use in the Energy Informa-
tion Administration’s (EIA’s) Residential Energy
Consumption Survey 1997. Total demand is slightly
higher, however, because more fuel is used to gener-
ate the electricity consumed in the sector. Higher
projected energy intensity is offset by lower growth
in the number of households. In the commercial sec-
tor, slightly lower energy intensity, particularly for
lighting, leads to a slightly lower projection for deliv-
ered energy demand at 9.2 quadrillion Btu in 2020,
0.2 quadrillion Btu lower than in AEO99. As in the
residential sector, primary energy demand in 2020 is
slightly higher due to electricity losses.

Total demand in the industrial sector increases at an
average rate of 0.9 percent a year, to 42.2 quadrillion
Btu in 2020. Delivered energy demand is about 0.5
quadrillion Btu lower in 2020 than was projected in
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AE099 because of lower growth of coal use in indus-
trial boilers and more recent data that indicate lower
industrial consumption of natural gas.

Transportation energy use grows at an average
annual rate of 1.7 percent, to 37.5 quadrillion Btu in
2020, 0.7 quadrillion Btu higher than in AEO99.
More travel is projected for light-duty vehicles, as
recent data indicate that older drivers are driving
more than previously assumed, slightly offset by
lower assumed growth in driving by women.
Compared with AEO99, lower gasoline prices and
higher income reduce the expected average new car
efficiency in 2020 from 32.1 to 31.6 miles per gallon.

AEO02000, like earlier AEOs, incorporates efficiency
standards for new energy-using equipment in build-
ings and for motors, mandated through 1994 by the
National Appliance Energy Conservation Act of 1987
and the Energy Policy Act of 1992. Several alterna-
tive cases examine the impacts of technology
advances on the projections by assuming more and
less rapid improvement of energy-efficient technolo-
gies in the end-use sectors relative to that projected
in the reference case. Alternative efficiency stand-
ards are also analyzed for the buildings sectors.

Natural gas consumption increases in the forecast by
an average of 1.8 percent a year (Figure 2). Increases
are expected in all sectors, but the most rapid growth
is for electricity generation, where natural gas use
(excluding cogenerators) rises from 3.7 to 9.3 trillion
cubic feet between 1998 and 2020. Total gas con-
sumption in 2020 is lower than in AEO99 by 0.8
trillion cubic feet, due to slightly lower projections
for the commercial and industrial sectors.

Total coal consumption increases from 1,043 to
1,279 million tons a year between 1998 and 2020, an

Figure 2. Energy consumption by fuel, 1970-2020
(quadrillion Btu)
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average annual increase of 0.9 percent, similar to the
rate projected in AE0O99. About 90 percent of the coal
is used for electricity generation. Coal remains the
primary fuel for generation, although its share of
generation declines between 1998 and 2020.

Petroleum demand is projected to grow at an average
rate of 1.3 percent a year through 2020, led by con-
tinued growth for transportation, which uses about
70 percent of the total. Increases in travel more than
offset efficiency gains, and economic growth boosts
petroleum use for freight and shipping through
2020. Total demand is higher than in AEO99, pri-
marily due to higher light-duty vehicle travel.

Renewable fuel consumption, including ethanol used
for gasoline blending, increases at an average rate of
0.8 percent a year through 2020. About 60 percent of
renewables are used for electricity generation and
the rest for dispersed heating and cooling, industrial
uses, and fuel blending. Renewable fuel use is 0.2
quadrillion Btu lower in 2020 than projected in
AEQ099, with slightly lower renewable electricity
generation and residential wood demand.

Electricity consumption overall is projected to grow
by 1.4 percent a year through 2020. Efficiency gains
in the use of electricity partially offset the growth of
new electricity-using equipment. Electricity demand
is the same as in AE0OY99, with slightly lower com-
mercial and transportation demand but higher
industrial demand. Energy consumption for electric-
ity generation is higher than in AEO99 due to slower
penetration of more efficient technologies, fewer
retirements of nuclear and coal-fired power plants,
and more generation from natural gas turbines.

Energy Intensity

Energy intensity, measured as energy use per dollar
of gross domestic product (GDP), has declined since
1970, particularly when energy prices have in-
creased rapidly (Figure 3). Between 1970 and 1986,
energy intensity declined at an average rate of 2.2
percent a year as the economy shifted to less
energy-intensive industries and more efficient tech-
nologies. With smaller price increases and the
growth of more energy-intensive industries, inten-
sity declines moderated to an average of 1.0 percent
a year between 1986 and 1998. Through 2020,
energy intensity is projected to improve at an aver-
age rate of 1.1 percent a year as efficiency gains and
structural shifts in the economy offset growth in
demand for energy services.
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Figure 3. Energy use per capita and per dollar of
gross domestic product, 1970-2020 (index, 1970 = 1)
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Energy use per person generally declined from 1970
through the mid-1980s, increasing when energy
prices declined. Per capita energy use is expected to
stabilize, as efficiency gains offset higher demand for
energy services.

Electricity Generation

Nuclear electricity generation declines over the pro-
jection period (Figure 4) but is higher in 2020 than
was projected in AEO99, due to fewer plant
retirements. Of the 97 gigawatts of nuclear capacity
available in 1998, 40 gigawatts are projected to be
retired by 2020, and no new plants are constructed.
Nuclear plant retirements are based on analysis of
their operating costs and the costs of life extension,
compared with the costs of new generating capacity.
Retirements are lower than in AEO99 due to higher
capital costs for fossil fuel replacement capacity,
resulting in higher nuclear capacity and generation.

Generation from both natural gas and coal is pro-
jected to increase through 2020 to meet growing
demand for electricity and offset the decline in

Figure 4. Electricity generation by fuel, 1970-2020
(billion kilowatthours)
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nuclear power; however, the share of coal generation
declines through 2020 because assumptions about
electricity industry restructuring, such as higher
cost of capital and shorter financial life of plants,
favor the less capital-intensive and more efficient
natural gas generation technologies. Compared with
AEQ099, coal generation is the same in 2020, and gas
generation is lower because capital costs are pro-
jected to decline more slowly in the later years. The
natural gas generation share increases from 14 per-
cent to 31 percent between 1998 and 2020, a lower
share than the 33 percent projected for 2020 in
AE099.

Renewable technologies penetrate slowly in the
projections, because fossil fuel prices continue to be
moderate. Also, electricity restructuring tends to
favor the less capital-intensive natural gas technolo-
gies over coal and baseload renewables. Total renew-
able generation, including cogenerators, increases
by 0.5 percent a year and is about 8 percent lower
than in AEO99, primarily due to lower hydropower
and biomass generation, offset in part by higher gen-
eration from wind and municipal solid waste. Hydro-
power 1s lower as a result of lower capacity factors
and reduced capacity, and biomass generation is
reduced because of its higher fuel costs. Hydropower
declines through 2020 as regulatory actions limit
capacity at existing sites and no large new sites are
available for development. State renewable portfolio
standards, where enacted, contribute to the growth
of renewable generation.

Production and Imports

U.S. crude oil production declines at an average rate
of 0.8 percent a year between 1998 and 2020 to a pro-
jected level of 5.3 million barrels per day. Advances
in oil exploration and production technologies are
insufficient to offset declining resources. Compared
with AEO99, production is 0.3 million barrels a day
higher in 2020, even though prices are slightly lower.
A reevaluation of offshore resources contributes to
rising oil production later in the projection period as
oil prices increase. Increases in the production of
natural gas plant liquids partially offset the decline
in crude oil production through 2020 (Figure 5).

Falling production and rising demand increase
petroleum imports through 2020 (Figure 6). The
share of petroleum consumption met by net imports
rises from 52 percent in 1998 (measured in barrels
per day) to 64 percent in 2020. In 2020, the share is
slightly lower than the 65-percent share in AEO99,
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Figure 5. Energy production by fuel, 1970-2020
(quadrillion Btu)
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Figure 6. Net energy imports by fuel, 1970-2020
(quadrillion Btu)

40 - History Projections
Petroleum

30 -

20 -

10 -

— Natural gas
0 — puy Coal
-10
1970 1980 1990 2000 2010 2020

although it is as much as 3 percentage points higher
in 2005 as a result of lower domestic production.

In AEO2000, natural gas production is projected to
increase from 18.9 trillion cubic feet in 1998 to 26.4
trillion cubic feet in 2020—an average rate of 1.5
percent a year—to meet growing demand for natural
gas. Net imports of natural gas, primarily from
Canada, also increase from 3.1 to 5.1 trillion cubic
feet between 1998 and 2020. Pipeline capacity from
Canada and capacity utilization rates increase to
satisfy demand growth. Net imports of liquefied nat-
ural gas also increase, to 0.3 trillion cubic feet in
2020. Natural gas production is projected to be 1 tril-
lion cubic feet lower in 2020 than projected in
AE099, due to lower demand and slightly higher
imports.

Coal production increases from 1,128 million tons in
1998 to 1,316 million tons in 2020, an average of 0.7
percent a year, to meet rising domestic demand. In
2020, export demand is lower than in AEO99 by 35
million tons. European imports are lower for envi-
ronmental reasons, and exports from Australia are

higher. As a result, U.S. coal production in 2020 is 42
million tons lower than projected in AEO99.

Renewable energy production grows from 6.7 to 8.0
quadrillion Btu between 1998 and 2020, with growth
in electricity generation from geothermal and wind
energy, biomass, and municipal solid waste genera-
tion, more use of biomass in the industrial sector,
and more ethanol use. Slightly lower renewable gen-
eration, mostly hydropower, and lower residential
wood demand reduce renewable energy production
slightly from AE0Q99, although the AEO2000 projec-
tions add commercial wood consumption based on
EIA’s State Energy Data Report 1996.

Carbon Emissions

Carbon emissions from energy use are projected to
increase by an average of 1.3 percent a year through
2020, from 1,485 million metric tons in 1998 to 1,787
million metric tons in 2010 and 1,979 million in 2020
(Figure 7). Emissions in 2020 are higher by only 4
million metric tons than in AEO99. Although energy
demand is higher in 2020 because of higher projected
economic growth, travel, and fuel consumption for
electricity generation, higher nuclear generation
and more rapid efficiency improvements moderate
the growth in emissions.

The Climate Change Action Plan (CCAP) was devel-
oped to stabilize greenhouse gas emissions in 2000 at
1990 levels. In 1990, energy-related carbon emis-
sions were 1,345 million metric tons. AEO2000
includes the impacts of CCAP provisions, including
Climate Challenge and Climate Wise, which foster
voluntary reductions in emissions by electric utili-
ties and industry, but no new carbon reduction poli-
cies are incorporated. Carbon emissions and the
Kyoto Protocol are discussed on pages 37 and 40.

Figure 7. U.S. carbon emissions by sector and fuel,

1990-2020 (million metric tons)
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Table 1. Summary of results for five cases

2020
Low High Low High
Economic | Economic | World Oil | World Oil
Sensitivity Factors 1997 1998 | Reference | Growth Growth Price Price
Primary Production (quadrillion Btu)
Petroleum . ....... ... ... .. ... . 16.23 1573 14.49 14.14 15.44 13.18 16.12
Natural Gas. .. ..., 1943 1940 27.13 25.70 27.98 26.97 27.26
Coal. ..o 23.28 23.89 27.36 26.14 29.62 26.90 27.43
NuclearPower . ......... ... ... .. ....... 6.71 7.19 4.56 4.56 4.70 4.51 4.63
Renewable Energy .. ........ ... ... ... 7.00 6.67 7.98 7.77 8.40 7.90 8.06
Other. ... ... ... 0.66 0.57 0.66 0.66 0.68 0.59 0.73
Total Primary Production. .. ............ 73.30 73.46 82.18 78.98 86.82 80.06 84.23
Net Imports (quadrillion Btu)
Petroleum (including SPR) ... ............. 19.65 20.95 34.15 30.30 37.36 38.35 30.87
Natural Gas. . ......... ..., 2.90 3.20 5.25 4.59 5.62 5.15 5.18
Coal/Other (- indicates export) . ............ -1.66 -1.46 -0.50 -0.55 -0.38 -0.50 -0.49
Total Netlmports . .................... 20.89 22.69 38.91 34.35 42.60 43.00 35.56
Discrepancy ................. ... ... -0.22 1.27 0.14 0.04 0.06 0.26 -0.09
Consumption (quadrillion Btu)
Petroleum Products .. ................... 36.43  37.21 49.05 44.99 53.27 51.73 47.71
NaturalGas. . ........ ... .. .. 22.60 21.99 32.38 30.28 33.61 32.11 32.44
Coal. ..o 21.34 21.50 26.60 25.32 28.98 26.15 26.68
NuclearPower ............. ... .. ....... 6.71 7.19 4.56 4.56 4.70 4.51 4.63
Renewable Energy .. .................... 7.00 6.67 7.99 7.78 8.42 7.92 8.08
Other. ... ... ... . . 0.33 0.32 0.36 0.34 0.38 0.37 0.34
Total Consumption.................... 94.41 94.88 120.95 113.28 129.36 122.79 119.88
Prices (1998 dollars)
World Qil Price
(dollars perbarrel). . ..................... 18.71 12.10 22.04 20.99 23.11 14.90 28.04
Domestic Natural Gas at Wellhead
(dollars per thousand cubic feet). . .......... 2.39 1.96 2.81 2.40 3.27 2.68 2.87
Domestic Coal at Minemouth
(dollars per shortton) . ................... 18.32 17.51 12.54 12.40 12.58 12.38 12.53
Average Electricity Price
(cents per kilowatthour). .. ................ 6.9 6.7 5.8 5.5 6.1 5.8 5.9
Economic Indicators
Real Gross Domestic Product
(billion 1992 dollars) . .. ................. 7,270 7,552 12,179 10,870 13,413 12,205 12,151
(annual change, 1998-2020). . ............ — — 2.2% 1.7% 2.6% 2.2% 2.2%
GDP Implicit Price Deflator
(index, 1992=1.00) . .. ........ ... .. 1.12 1.13 1.86 2.1 1.63 1.86 1.86
(annual change, 1998-2020). . ............ — — 2.3% 2.9% 1.7% 2.3% 2.3%
Real Disposable Personal Income
(billion 1992 dollars) . .. ................. 5,183 5,348 9,008 8,281 9,679 9,037 8,974
(annual change, 1998-2020). . ............ — — 2.4% 2.0% 2.7% 2.4% 2.4%
Index of Manufacturing Gross Output
(index, 1987=1.00) . .. ........ ... ...... 1.365 1.411 2.160 1.972 2.483 2.166 2.158
(annual change, 1998-2020). . ............ — — 2.0% 1.5% 2.6% 2.0% 2.0%
Energy Intensity
(thousand Btu per 1992 dollar of GDP) . . . . .. 1299 1257 9.94 10.43 9.65 10.07 9.87
(annual change, 1998-2020) . ............. — — -1.1% -0.8% -1.2% -1.0% -1.1%
Carbon Emissions
(million metrictons) .. ................... 1,479 1,485 1,979 1,851 2,126 2,019 1,956
(annual change, 1998-2020) .. ............ — — 1.3% 1.0% 1.6% 1.4% 1.3%

Notes: Specific assumptions underlying the alternative cases are defined in the Economic Activity and International Oil Markets sections
beginning on page 48. Quantities are derived from historical volumes and assumed thermal conversion factors. Other production includes liquid
hydrogen, methanol, supplemental natural gas, and some inputs to refineries. Net imports of petroleum include crude oil, petroleum products,
unfinished oils, alcohols, ethers, and blending components. Other net imports include coal coke and electricity. Some refinery inputs appear as
petroleum product consumption. Other consumption includes net electricity imports, liquid hydrogen, and methanol.

Sources: Tables A1, A19, A20, B1, B19, B20, C1, C19, and C20.

Energy Information Administration / Annual Energy Outlook 2000 7



Legislation and
Regulations



Legislation and Regulations

Introduction

Because analyses by the Energy Information Admin-
istration (EIA) are required to be policy-neutral, the
projections in this Annual Energy Outlook 2000
(AEO2000) are based on Federal, State, and local
laws and regulations in effect on July 1, 1999. The
potential impacts of pending or proposed legislation,
regulations, and standards and sections of existing
legislation for which funds have not been appropri-
ated are not reflected in the projections.

Federal legislation incorporated in the projections
includes the Omnibus Budget Reconciliation Act of
1993, which adds 4.3 cents per gallon to the Federal
tax on highway fuels [I]; the National Appliance
Energy Conservation Act of 1987; the Clean Air Act
Amendments of 1990 (CAAA90); the Energy Policy
Act of 1992 (EPACT); the Outer Continental Shelf
Deep Water Royalty Relief Act of 1995; the Tax
Payer Relief Act of 1997; and the Federal Highway
Bill of 1998, which includes an extension of the
ethanol tax credit. AEO2000 assumes the continua-
tion of the ethanol tax credit through 2020.

AEO2000 also assumes that State taxes on gasoline,
diesel, jet fuel, M85, and E85 will increase with infla-
tion and that Federal taxes on those fuels will con-
tinue at 1998 levels in nominal terms. Although the
above tax and tax credit provisions include “sunset”
clauses that limit their duration, they have been
extended historically, and AEO2000 assumes their
continuation throughout the forecast.

AEO02000 also incorporates regulatory actions of the
Federal Energy Regulatory Commission (FERC),
including Orders 888 and 889, which provide open
access to interstate transmission lines in electricity
markets, and other FERC actions to foster more
efficient natural gas markets. State plans for the
restructuring of the electricity industry and State
renewable portfolio standards are incorporated as
enacted. As of July 1, 1999, 24 States had passed
legislation or promulgated regulations to restructure
their electricity markets. (See “Issues in Focus,”
pages 18 and 20, for discussions of renewable port-
folio standards and competitive electricity prices.)

CAAA90 requires a phased reduction in vehicle
emissions of regulated pollutants, to be met primar-
ily through the use of reformulated gasoline. In addi-
tion, under CAAA90, there is a phased reduction in
annual emissions of sulfur dioxide by electricity

generators, which in general are capped at 8.95
million tons a year in 2010 and thereafter, although
“banking” of allowances from earlier years is permit-
ted. CAAA9O also calls for the U.S. Environmental
Protection Agency (EPA) to issue standards for the
reduction of nitrogen oxide (NOy) emissions, but
those standards have not been finalized and are not
included in the forecast. Their status is discussed
later in this section. The impacts of CAAA90 on elec-
tricity generators are discussed in “Market Trends”
(see page 91).

The provisions of EPACT focus primarily on reduc-
ing energy demand. They require minimum building
efficiency standards for Federal buildings and other
new buildings that receive federally backed mort-
gages. Efficiency standards for electric motors,
lights, and other equipment are required, and Fed-
eral, State, and utility vehicle fleets are required to
phase in vehicles that do not rely on petroleum prod-
ucts. The projections include only those equipment
standards for which final actions have been taken
and which specify efficiency levels, including the
refrigerator standard that goes into effect in July
2001. A discussion of the status of efficiency stand-
ards is included in “Issues in Focus” (see page 34).

Climate Change Action Plan

The AEOZ2000 reference case projections include
analysis of provisions of the Climate Change Action
Plan (CCAP)—44 actions developed by the Clinton
Administration in 1993 to achieve the stabilization
of greenhouse gas emissions (carbon dioxide, meth-
ane, nitrous oxide, and others) in the United States
at 1990 levels by 2000. CCAP was formulated as a
result of the Framework Convention on Climate
Change, which was adopted at the United Nations
on May 9, 1992, and opened for signature at Rio de
Janeiro on June 4. As part of the Framework
Convention, the economically developed signatories,
including the United States, agreed to take volun-
tary actions to reduce emissions to 1990 levels.

Energy combustion is the primary source of
anthropogenic (human-caused) carbon emissions.
AEO2000 estimates of emissions from fuel combus-
tion do not include emissions from activities other
than fuel combustion, such as landfills and agricul-
ture, nor do they take into account sinks that absorb
carbon, such as forests. Of the 44 CCAP actions, 13
are not related either to energy combustion or to car-
bon dioxide and, consequently, are not incorporated
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in the analysis. The projections do not include any
other carbon mitigation actions that may be enacted
as a result of the Kyoto Protocol, agreed to on
December 11, 1997 (see “Issues in Focus,” page 37,
for further discussion of carbon emissions and the
Protocol).

Climate Wise and Climate Challenge are two pro-
grams cosponsored by EPA and the U.S. Department
of Energy (DOE) to foster voluntary reductions in
emissions on the part of industry and electricity
generators, as reported in the EIA publication
Voluntary Reporting of Greenhouse Gases 1997 [2].
The AEO2000 reference case includes analysis of the
impacts of both programs (see Appendix G).

Energy From Biomass Encouraged

In August 1999, President Clinton issued an Execu-
tive Order aimed at stimulating the use of bio-
mass—including trees, crops, and agricultural
waste—as a source of energy and other “biobased
products” [3]. Biomass can be used not only to gener-
ate electricity and to fuel automobiles but also to
produce an array of pharmaceuticals and other
materials, including plastics, inks, and dyes. The
Executive Order is designed to speed up technical
advances and adoption of both bioenergy and
biobased products. It is aimed at increasing the use
of biofuels to offset fossil fuel consumption, which
would reduce both reliance on foreign oil and carbon
emissions in the United States. Increased use of
biofuels, such as ethanol, would also expand markets
for farm and forest waste products. Pursuant to the
order, an interagency council has been established to
foster research and development for bioenergy and
biobased products.

Comprehensive Electricity Competition
Act

On April 15, 1999, the Administration submitted its
proposed Comprehensive Electricity Competition
Act (CECA) to Congress. CECA is designed to facili-
tate the development of competitive generation mar-
kets throughout the United States. Its provisions are
aimed at empowering and encouraging States to
establish competitive markets for electricity genera-
tion, encouraging continued investments in energy
efficiency and renewable generating resources,
and ensuring that all consumers benefit from
competition in the electricity generation sector. Bills
have been submitted in both the House (H.R. 1828,

Mr. Bliley, May 17, 1999) and the Senate (S. 1047,
Mr. Murkowski, May 13, 1999) and referred to the
appropriate committees. Because CECA has not
been enacted, its provisions are not incorporated in
the AEO2000 reference case; however, the renew-
able portfolio standard of CECA—independent of the
other CECA provisions—is analyzed in a sensitivity
case (see “Issues in Focus,” page 18).

CECA sets January 1, 2003, as the date when all
consumers will have the ability to choose their elec-
tricity suppliers; however, a State can opt out of
competition if it finds—through public proceed-
ings—that consumers would be better off without a
move to competition. To encourage States to choose
competition, they are given the authority to impose
reciprocity requirements on companies that are not
within their jurisdictions. In other words, if a State
chooses to open its markets to competition, it can
prevent out-of-State companies from competing
unless their home markets are also open to competi-
tion. The opt-out provision was included to allay
concerns that companies operating in States with
regulated markets might be able to sell power at
below-market rates in neighboring States with
competitive markets.

CECA includes provisions to clarify State and
Federal authority over transmission services, and it
would give States clear authority to establish retail
electricity competition. There has been concern that
the Federal Power Act is not clear about the author-
ity of the FERC with respect to its formation of
regional transmission groups or its imposition of fees
to recover stranded costs. To prevent litigation on
these issues, CECA would give the FERC authority
to approve interstate transmission compacts, to
impose charges to recover retail stranded costs if
they are not collectible through other means, and to
require the establishment of regional independent
system operators. It also contains a provision clarify-
ing that the Federal Power Act does not prohibit
States from ordering retail competition or from
collecting fees, such as those that may be needed to
recover stranded costs, on retail electricity sales
within the State.

CECA also contains provisions that would continue
investments in energy efficiency and renewable gen-
erating sources in competitive electricity markets. It
would create a Federal public benefits fund of
approximately $3 billion a year that would be used to
support low-income customers, implement energy
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conservation and efficiency programs, provide
consumer information, and support emerging gener-
ating technologies. To facilitate the development of
combined heat and power facilities, an 8-percent
investment tax credit would be provided for
combined heat and power facilities.

Renewable generating technologies would be sup-
ported through the creation of a Federal renewable
portfolio standard (RPS). The RPS would require
that, by 2010, 7.5 percent of total retail electricity
sales be generated at facilities using nonhydro-
electric renewable energy sources. Operators of qual-
ifying renewable facilities would receive a credit for
each kilowatthour of electricity they generate. The
credits could be held for use by the plant operator or
sold to others who need them to meet the 7.5-percent
required renewable share.

The renewable credit system is intended to operate
like the sulfur dioxide allowance trading system
created in CAAA90. It should allow developers to
build new renewable facilities where they are most
economical, while selling credits wherever they are
needed. Small renewable facilities (less than 20 kilo-
watts) located at customer sites would be supported
through the establishment of net metering service,
which would allow them to compete against the full
retail price of electricity rather than the much lower
wholesale price they would be offered if they sought
to sell power to a local utility. Once these new pro-
grams for energy efficiency and renewable technolo-
gies are in place, the current requirement in Section
210 of the Public Utility Regulatory Policies Act of
1978 (PURPA), that utilities purchase power from
qualifying small power and renewable facilities,
would be removed under the proposed legislation.

CECA also would repeal the Public Utility Holding
Company Act of 1935 (PUHCA), originally put in
place to protect consumers from market abuses by
large power companies that operated in many States
with no single regulatory body overseeing their oper-
ations. To ensure that the formation of larger compa-
nies does not harm consumers, CECA would give the
FERC responsibility to address the impacts of corpo-
rate mergers and acquisitions. Through amend-
ments to the Federal Power Act, the FERC would
have authority to “examine the books, accounts,
memoranda, and other records of any company in a
holding company system, or any affiliate thereof.”
It would also be responsible for reviewing mergers
or consolidations among electric utility holding

companies and generation-only companies. If
needed, the FERC could require changes, such as
forcing independent system operation or divestiture
of generation assets, to remedy potential market
power problems.

Taken together, these and other provisions of CECA
would standardize restructured electricity markets
throughout the Nation. The amendments to the Fed-
eral Power Act clarifying State and Federal author-
ity and responsibilities are intended to reduce the
possibility that deregulation efforts will be repeat-
edly challenged in court. In addition, investments in
energy efficiency and renewable energy technologies
would clearly be stimulated by CECA, compared
with a situation without such incentives. At this
time, however, it is impossible to tell which provi-
sions of CECA will be included in any legislation
passed by Congress.

New Environmental Regulations on Hold

The Annual Energy Outlook 1999 (AE0O99) incorpo-
rated the Ozone Transport Rule issued by the EPA
under the auspices of the Clean Air Act. The rule,
also referred to as the “NOy State Implementation
Plan Call” (NOy SIP Call), set NO4 emission caps for
the summer season (May through September) in 22
Eastern and Midwestern States and the District of
Columbia. The States were required to meet their
assigned emission caps starting in 2003. The EPA
was working to develop a regional cap and a program
to ensure that the required emission reductions
would be achieved at the lowest possible cost.

Two court decisions in 1999 have effectively put the
SIP Call on hold. In one ruling, the U.S. Court of
Appeals in the District of Columbia (D.C. Circuit)
remanded the new national ambient air quality
standard for ground-level ozone. Because NOy emis-
sions are a precursor to the formation of ground-level
ozone, the new standards provided some of the tech-
nical support for the SIP Call. In a subsequent deci-
sion, the D.C. Circuit granted a motion to stay the
requirement that States file their new implementa-
tion plans to comply with the SIP Call by September
1999.

In May 1999 the EPA announced plans to go forward
with a revised SIP Call based on the national ambi-
ent air quality standards that are currently in place
(based on Section 126 of the Clean Air Act). Under
this plan, only 12 States and the District of Columbia
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would be issued summer season NO, emission caps.
In June 1999, however, the EPA announced an
interim stay of the rules through November 30, 1999;
and to date, the caps for the 12 States and the
District of Columbia have not been finalized. Negoti-
ations are ongoing among the States, EPA, and other
interested parties, but no resolution is expected
before December 1999. As a result, the NO, SIP Call
is not included in AEO2000.

Tier 2 Vehicle Emissions and Gasoline
Sulfur Standards

The CAAA90 set “Tier 1”7 exhaust emission stand-
ards for carbon monoxide (CO), hydrocarbons, NOy,
and particulate matter (PM) for light-duty vehicles
and trucks beginning with model year 1994.
CAAA90 also required the EPA to study further
“Tier 2” emission standards that would take effect in
model year 2004. The EPA provided a Tier 2 study to
Congress in July 1998. The study concluded that
tighter vehicle standards are needed to achieve
attainment of National Ambient Air Quality Stand-
ards (NAAQS) for ozone and PM between 2007 and
2010. In May 1999, the EPA published a Notice of
Proposed Rulemaking (NPRM) on “Tier 2” Emission
Standards for Vehicles and Gasoline Sulfur Stand-
ards for Refineries [4]. The NPRM includes stand-
ards that would significantly reduce the sulfur
content of gasoline throughout the United States to
ensure the effectiveness of emission control technolo-
gies that will be needed to meet the Tier 2 emissions
targets. Recently, however, a U.S. Circuit Court
ruling determined that the EPA was not authorized
to set new standards without indicating their
benefits.

The proposed standards would require manufactur-
ers to begin producing vehicles in 2004 that are 77
percent cleaner than those being sold today. The
standards would also be extended to light-duty
trucks, minivans, and sport utility vehicles (SUVs),
which currently produce 3 to 5 times more pollution
than do cars. According to the NPRM, the proposed
Tier 2 regulations would require light-duty vehicles
(below 6,000 pounds) to meet a sales-weighted aver-
age of 0.07 grams of NOy emissions per mile and
approximately 0.01 to 0.02 grams of PM per mile by
2004 [5]. The previous Tier 1 emissions standards
were set at 0.6 grams per mile for NOy and 0.1 grams
per mile for particulates [6]. The EPA has estimated
that the costs of the Tier 2 standards to consumers

would range from $100 per car to $200 per light
truck [7].

In 1999, the National Research Council (NRC)
released its fifth annual review of the Partnership
for a New Generation of Vehicles (PNGV) [8]. In its
review, the NRC commented, “. . . the most difficult
technical challenge facing the CIDI (compression
ignition direct injection-diesel) engine program will
be meeting the standards for NOy and particulate
emissions. In addition, meeting an even more strin-
gent research objective (0.01 grams/mile) for particu-
late matter instead of the 0.04 grams/mile PNGV
target would require additional technological break-
throughs.” The NRC noted that the Tier 2 regula-
tions may affect the commercial viability of many
advanced vehicles. Meeting the Tier 2 proposed
standards may: require trading off emissions levels
for fuel economy by redesigning engines; add signifi-
cant cost to a technology as a result of the require-
ment for exhaust catalyst systems and their
potential lack of effectiveness; stifle development of
diesel technologies as a result of the potential health
effects of particulates; and result in new specifica-
tions for diesel fuel or development of advanced
low-emission fuels.

Because automotive emissions and fuel sulfur are
linked, the NPRM also includes tighter standards on
the sulfur content of gasoline. Sulfur reduces the
effectiveness of the catalyst used in the emission
control systems of advanced technology vehicles,
increasing their emissions of hydrocarbons, CO, and
NOy. As a result, gasoline with significantly reduced
sulfur levels will be required for the control systems
to work properly and meet the new Tier 2 standards.

The NPRM sets the average annual sulfur content of
gasoline at 30 parts per million (ppm), compared
with the current standard of 1,000 ppm. The pro-
posed standard is equivalent to the current standard
for gasoline in California and is about one-tenth of
the national average sulfur content. Because the
standards will require refiners to invest in sulfur-
removing processes, small refiners would be given
an additional 4 years to comply. The rulemaking
has not yet been finalized, however, and the Tier 2
standards and low-sulfur gasoline requirement are
not included in the AEO2000 reference case. The
proposed changes in gasoline sulfur have been
included in an alternative case, which is discussed in
the “Issues in Focus” section of this report (see
page 30).
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Diesel Fuel Quality Standards

In May 1999 the EPA published an Advanced Notice
of Proposed Rulemaking on Diesel Fuel Quality [9],
along with the closely linked Tier 2 NPRM. The
proposed Tier 2 emissions standards apply to all
vehicles, regardless of what type of fuel is used. The
EPA is looking at requiring improvements in the
quality of diesel fuel that would enable diesel engine
technologies to meet the new Tier 2 standards for
NOy and PM emissions, because some of the technol-
ogies under development seem to be very sensitive to
sulfur.

The current standard for all on-highway diesel
allows a maximum of 500 ppm. Although the
Advanced NPRM does not specify a sulfur level,
engine manufacturers have indicated that new tech-
nologies will require sulfur to be reduced to 30 ppm
or lower. The new standards will initially apply to
diesel used for light-duty vehicles (a small part of the
market) but may be extended to heavy-duty use at a
later time. The AEO2000 reference case does not
include the proposed change to the standard for
sulfur in diesel fuel, which is only in the early stages
of the rulemaking process.

California Ban of Methyl Tertiary Butyl
Ether (MTBE)

In March 1999, California Governor Gray Davis
issued an Executive Order announcing a ban on the
use of MTBE in gasoline by the end of 2002. MTBE is
blended with gasoline to raise its oxygen content
(reducing emissions of carbon monoxide and air
toxics) and enhance its octane rating. The use of
MTBE climbed in the 1990s, when it was used to
meet oxygen requirements for cleaner burning refor-
mulated and oxygenated gasoline. Although these
fuel programs have been hailed as a success in
improving air quality, concerns have arisen about
their impact on water quality. The California ban is
aimed at protecting water resources from MTBE,
which even at small concentrations results in an
unpleasant taste and odor. Leaking underground
pipes and storage tanks have resulted in the contam-
ination of 56 drinking water sites in California [10)]
and between 5 and 10 percent of the water supplies
in areas of the United States required to use refor-
mulated or oxygenated gasoline [11].

California is governed by its own set of gasoline qual-
ity standards, but areas that do not meet Federal

ozone standards—including Los Angeles, San Diego,
and Sacramento—are bound by the 2 percent oxygen
(by weight) Federal requirement. The California
Energy Commission has requested that the EPA
waive the oxygen requirement, claiming that an
alternative gasoline formulation that does not
include oxygen can give similar emissions reduc-
tions. The Commission is concerned about maintain-
ing the oxygen requirement without MTBE, fearing
that reliance on ethanol as a replacement for MTBE
will lead to declining air quality and higher gasoline
prices. To date, the EPA has not granted an oxygen
waiver for California but is working with the State to
resolve the issue. There have been several proposals
by California Senators Barbara Boxer and Dianne
Feinstein and Representative Brian Bilbray to waive
the oxygen requirement in California.

AEO2000 reflects the California ban on MTBE but,
in keeping with the assumption of current laws only,
assumes that the existing oxygen requirement will
stay in place. In the absence of an oxygen waiver,
gasoline used in Los Angeles, San Diego, and
Sacramento—which account for about two-thirds of
the State’s gasoline consumption—would require
another oxygenate to replace MTBE. Ethanol is
expected to be the predominant oxygenate used to
replace MTBE. A study done for the California
Energy Commission estimated additional ethanol
requirements of about 75,000 barrels per day in the
absence of an oxygen waiver [12]. In 1998, ethanol
used for gasoline blending totaled 91,000 barrels per
day nationally [I13], and total production capacity
was about 112,000 barrels per day [14]. Most of the
additional ethanol will be drawn from the Midwest,
where it 1s currently being used for octane blending.
Some growth in ethanol production is also expected
in California. The study put the cost of the MTBE
ban without an oxygen waiver at between 6 and
7 cents per gallon of gasoline initially, declining to
about 2 cents per gallon after about 6 years [15].

Concerns about MTBE in drinking water have
spread beyond California and evolved into a national
debate. The State of Maine, which had voluntarily
joined the Federal reformulated gasoline (RFG) pro-
gram, opted out in 1999 because of water quality con-
cerns. Although the deadline for opting out of the
RFG program has passed, the New Hampshire legis-
lature recently passed a bill instructing the State to
pursue an opt-out waiver from the EPA [16]. The
Texas legislature proposed a gasoline formulation to
be used in the eastern part of the State that would
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provide reduced emissions without requiring oxy-
genates [17].

In addition to State-level actions, there have been
numerous legislative proposals in the U.S. Congress
related to the MTBE issue. In July, a panel of experts
convened by the EPA to study the issue recom-
mended that the use of MTBE in gasoline be signifi-
cantly reduced and that Congress pass legislation to
remove the oxygen requirement in RFG. The panel’s
recommendations are not binding, however, and
there is still considerable uncertainty about how the
issue will play out. The “Issues in Focus” section of
AEO2000 includes further discuss of proposed
MTBE legislation and explores the market effects of
MTBE reduction (see page 32).

Executive Order 13123: Greening the
Government Through Efficient Energy
Management

On June 3, 1999, the President signed an Executive
Order to promote improvement in the way the
Federal Government manages its energy use. The
goals stated in Executive Order 13123 [18] call for all
Federal agencies to reduce energy consumption per
square foot in their facilities (except for industrial
and laboratory facilities) by 30 percent by 2005 and
35 percent by 2010 relative to 1985 levels, through
the use of life-cycle cost-effective measures. The goal
for Federal industrial and laboratory facilities is to
reduce energy consumption per square foot, unit of
production, or other applicable measure by 20 per-
cent by 2005 and 25 percent by 2010 relative to 1990
levels. Each Federal agency also is given a goal to
reduce greenhouse gas emissions attributed to
facility energy use by 30 percent by 2010 relative to
1990 levels. Federal agencies are directed to reduce
petroleum use within their facilities, reduce water
consumption and associated energy use, strive to
expand the use of renewable energy, and strive to
reduce total energy use and associated greenhouse
gas and other airborne emissions, measured at the
source.

In order to meet the stated goals, life-cycle cost
analysis is to be used for purchases of new equip-
ment, the design of new buildings, and plans for
energy and water efficiency projects. When the
analysis determines them to be cost-effective, sev-
eral strategies are to be used, including maximum
use of Energy Star and other energy-efficient prod-
ucts, alternative financing (such as Energy Savings

Performance contracts), sustainable building design,
and renewable energy technologies. Federal agen-
cies are to prepare annual reports to the President
describing their progress toward meeting the goals of
the order. The reports will be used to develop energy
scorecards evaluating each agency’s progress, which
will be submitted to the President.

Executive Order 13123 supersedes and builds on a
previous order mandating Federal agencies to
reduce energy use by 30 percent by 2005 relative to
1985 levels. A number of tools are in place to assist
agencies as a result of the earlier order and the
National Energy Conservation Policy Act, as
amended by the Energy Policy Act of 1992.
Additional principles, standards, and guidance are
currently being developed to assist agencies in all
aspects of compliance with the new order.

The order calls for 2,000 solar energy systems to be
installed at Federal facilities by the end of 2000 and
20,000 by 2010 in support of the Administration’s
Million Solar Roofs initiative. Toward that goal, in
June 1999 DOE awarded more than $1.5 million for
projects that will install 109 renewable energy sys-
tems at Federal facilities. An estimate of the current
and planned installations of grid-connected solar
photovoltaic energy systems at Federal facilities is
included in AEO2000, resulting in cumulative
energy savings that reach 8 trillion British thermal
units (Btu) by 2020 [19]. In addition, Federal imple-
mentation of the strategies outlined in Executive
Order 13123, such as adoption of Energy Star and
other energy-efficient products and sustainable
building design, were considered in developing
projections of commercial sector energy use for
AEO02000. Federal improvements in energy manage-
ment as a result of Executive Order 13123 are pro-
jected to save 108 trillion Btu in commercial sector
energy use and reduce carbon emissions attributable
to the commercial sector by 1.8 million metric tons
cumulatively over the forecast.

Low-Emission Vehicle Program

The Low-Emission Vehicle Program (LEVP) was
originally passed into legislation in 1990 in the State
of California. It began as the implementation of a
voluntary opt-in pilot program under the purview of
CAAA90, which included a provision that other
States could opt in to the California program and

achieve lower emissions levels than required by
CAAA90. Both New York and Massachusetts chose
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to opt in to the LEVP, implementing the same man-
dates as California.

The LEVP was an emissions-based policy, setting
sales mandates for three categories of low-emission
vehicles according to their relative emissions of air
pollutants: low-emission vehicles (LEVs), ultra-low-
emission vehicles (ULEVs), and zero-emission
vehicles (ZEVs). The only vehicles certified as ZEVs
by the California Air Resources Board (CARB) were
dedicated electric vehicles [20].

The LEVP was originally scheduled to begin in 1998,
with a requirement that 2 percent of the State’s
vehicle sales be ZEVs, increasing to 5 percent in 2001
and 10 percent in 2003. In California, however, the
beginning of mandated ZEV sales was rolled back to
2003, because 1t was determined that ZEVs would
not be commercially available in sufficient numbers
or at sufficiently competitive cost to allow the targets
to be met. In Massachusetts and New York, after
several years of litigation, the Federal courts over-
turned the original LEVP mandates in favor of the
same deferred schedule adopted by California.

On November 5, 1998, the CARB amended the origi-
nal LEVP to include ZEV credits for advanced tech-
nology vehicles. According to the CARB, qualifying
advanced technology vehicles must be capable of
achieving “extremely low levels of emissions on the
order of the power plant emissions that occur from
charging battery-powered electric vehicles, and
some that demonstrate other ZEV-like characteris-
tics such as inherent durability and partial
zero-emission range” [21]. There are three compo-
nents in calculating the ZEV credit, which vary by
vehicle technology: (1) a baseline ZEV allowance, (2)
a zero-emission vehicle-miles traveled (VMT) allow-
ance, and (3) a low fuel-cycle emission allowance.
Using advanced technology vehicles in place of ZEVs
in order to comply with the LEVP mandates requires
assessment of each vehicle characteristic relative to
the three criteria.

The baseline ZEV allowance potentially can provide
up to 0.2 credit if the advanced technology vehicle
meets the following standards: (1) super-ultra-low-
emission vehicle (SULEV) standards, which approxi-
mate the emissions from power plants associated
with recharging electric vehicles; (2) on-board diag-
nostics (OBD) requirements for indicators on the
dashboard that light up when vehicles are out of
emissions compliance levels; (3) a 150,000-mile

warranty on emission control equipment; and (4)
evaporative emissions requirements in California,
which prevent emissions during refueling.

The second criterion, the zero-emission VMT allow-
ance, will allow a maximum 0.6 credit if the vehicle is
capable of some all-electric operation (to a range of at
least 20 miles) that is fueled by off-vehicle sources
(i.e., no on-board fuel reformers), or if the vehicle has
ZEV-like equipment on board, such as regenerative
braking, advanced batteries, or an advanced electric
drive train. An emission allowance was also made for
vehicle fuels with low fuel-cycle emissions used in
advanced technology vehicles. A maximum of 0.2
credit is provided for vehicles that use fuels which
emit no more than 0.01 gram of nonmethane organic
gases per mile, based on the grams per gallon and
the fuel efficiency of the vehicle.

Overall, large-volume manufacturers can apply ZEV
credits up to a maximum of 60 percent of the original
10-percent ZEV mandate. (The original ZEV man-
date required that 100 percent of the 10 percent of all
light-duty vehicle sales must be ZEVs—defined only
as dedicated electric vehicles—beginning with the
2003 model year.) The remaining 40 percent of the
mandated ZEV sales still must be electric vehicles or
variants of fuel cell vehicles that have extremely low
emissions, such as hydrogen fuel cell vehicles.

Loan Guarantee Program for Qualified
Oil and Gas Companies

On August 17, 1999, a bill providing emergency
authority to offer loan guarantees to qualified oil and
gas companies (H.R. 1664) was signed into law (Pub-
lic Law No. 106-51). Section 201, the Emergency Oil
and Gas Guaranteed Loan Program Act, provides a
total of $500 million in loan guarantees to qualified
oil and gas companies and a maximum of $10 million
to any single oil and gas company. In order to qualify,
a company must (1) be an independent oil and gas
company, or a small business as defined under
Section 3 of the Small Business Act (or a company
based in Alaska) that is an oilfield service company;
and (2) have experienced layoffs, production losses,
or financial losses since January 1, 1997. All loans
guaranteed under Section 201 must be repaid by
December 31, 2010. Although the Act will help small
producers that have been experiencing financial
difficulties, it is not expected to have a major impact
on the overall oil and natural gas supply picture.
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Electricity:
Renewable Portfolio Standards

In an increasingly competitive U.S. electricity mar-
ket, regulators and legislators at both the State and
Federal levels are looking for ways to stimulate the
development of generating capacity that uses renew-
able energy sources. One approach that has received
considerable attention is the imposition of a renew-
able portfolio standard (RPS), which would promote
the use of renewables by establishing a minimum
annual share of electricity generation (or sales) that
must come from specified types of renewable facili-
ties. Owners or operators of qualifying renewable
facilities would receive credits for each kilowatthour
they generated, and the credits could be used in the
current year, held for future use (banked) or sold to
others to ensure that their mix of power (portfolio)
contained a specified share of renewable generation.

The main differences among the various RPS propos-
als are the required renewable share, the timing of
the program, the definition of qualifying facilities,
and whether or not there is a limit (cap) on the allow-
able price for renewable credits. For example, the
Administration’s proposed Comprehensive Electric-
ity Competition Act (CECA), submitted to Congress
on April 15, 1999, includes a Federal RPS that would
apply to all U.S. electricity suppliers. The key provi-
sions of the CECA RPS are:

* The required renewable share of electricity sales
would be set at 2.4 percent [22] for the years
2000 to 2004, increase to 7.5 percent by 2010, and
then remain at 7.5 percent through 2015, after
which it would expire (sunset).

* Qualifying renewables would include geo-
thermal, biomass (including biomass used in
coal-fired plants), solar thermal, solar photo-
voltaic, wind, and the portion of municipal solid
waste (MSW) that consists of biomass products
[23].

* The price for renewable credits would be capped
at 1.5 cents per kilowatthour. If the market price
for the credits rose above the cap, electricity
retailers would be able to purchase credits from
the U.S. Department of Energy (DOE) at the
1.5-cent price (with the resulting revenues depos-
ited in a Public Benefits Fund). In that event, the
qualifying renewable share actually achieved
would fall below the required 7.5-percent share.

Other provisions of the CECA RPS include double
credit for qualifying renewable generation on Indian
lands or generation anywhere from biomass
resources coming from Indian lands. In addition,
qualifying renewable facilities taking advantage of
other renewable incentive provisions of CECA could
not receive credits under the RPS program.

To examine the potential impacts of the proposed
RPS in CECA—independent of its other provi-
sions—three sensitivity cases were prepared, ana-
lyzing the key features of the RPS:

* The RPS with cap and sunset case incorporates
both the price cap for renewable generation cred-
its (1.5 cents per kilowatthour) and the sunset
provision (expiration after 2015).

* The RPS with cap, no sunset case includes the
price cap but not the sunset provision, continuing
the RPS throughout the projection period to
2020.

* The RPS no cap, no sunset case does not include
either the price cap (the price of credits is allowed
to rise to its full market value) or the sunset
provision.

None of the sensitivity cases includes the Indian
lands provisions of CECA. At this time, information
on the quantity and quality of renewable resources
available on Indian lands is insufficient for model
analysis. A comparison of maps of available wind
and biomass resources and maps of Indian lands
shows some overlap, but more information would be
needed for an assessment of the potential impact of
the CECA provisions.

The RPS requirement does stimulate additional
renewable generation and capacity in each of the
three cases; however, the analysis suggests that the
price cap and sunset provisions could prevent the
7.5-percent target share from being achieved. The
combined effect of the 1.5-cent credit cap and the
2015 sunset is to reduce the average economic value
of the proposed RPS credit. Under the proposal,
receipt of the few early years’ incentive—at a maxi-
mum of 1.5 cents per kilowatthour and only through
2015—would need to compensate for the higher costs
of renewable energy facilities over their full produc-
tive life. In effect, then, the average additional cost of
producing electricity from a renewable energy facil-
ity would have to be well below 1.5 cents per
kilowatthour if significant additional amounts of
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new renewable capacity were to be built as a result of
the CECA RPS.

In the AEO2000 reference case, with no RPS, 6.6
gigawatts of new qualifying renewable generating
capacity are installed by 2010, and an additional 3.6
gigawatts are added between 2010 and 2020. In
total, qualifying renewables provide approximately
3.0 percent of U.S. electricity sales in both 2010 and
2020 in the reference case. In the RPS with cap and
sunset case, generation from qualifying renewables
reaches 3.9 percent of electricity sales in 2010, then
declines to 3.4 percent in 2020. In 2010, just under 50
percent of the required RPS share is met through
purchases of credits from the Federal Government.

Nearly 82 percent of the 36-billion-kilowatthour dif-
ference in qualifying renewable generation between
the reference case and the RPS with cap and sunset
case in 2010 comes from increased use of biomass for
co-firing in existing coal plants (Figure 8), and only
800 megawatts of additional qualifying renewable
capacity is added in this RPS case.

Removing the 2015 sunset provision encourages
additional increases in renewable generation and
capacity, especially in the later years of the projec-
tions. The qualifying renewable share in 2010 is 3.9
percent in the RPS with cap, no sunset case—the
same as in the RPS case with cap and sunset—but it
increases to 4.2 percent in 2020. In the first case, the
incentive to use biomass in coal plants disappears
when the RPS expires; but without the sunset provi-
sion, continued co-firing of biomass in coal plants
along with higher geothermal generation increases
the qualifying renewable share to 4.2 percent.

Figure 8. Renewable electricity generation in four
cases, 2010 (billion kilowatthours)
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In the RPS no cap, no sunset case a large amount of
qualifying renewable capacity is added to meet the
7.5-percent CECA RPS target. Relative to the refer-
ence case, more than 30 gigawatts of additional wind
capacity, 9 gigawatts of additional biomass capacity,
and more than 5 gigawatts of additional geothermal
capacity are added by 2020 (Figure 9). Total U.S.
wind capacity reaches nearly 36 gigawatts in 2020 in
the third RPS case, approximately 18 times the
amount that existed in 1998. Even in this case, how-
ever, solar technologies remain too costly for addi-
tional penetration into central station generation
markets. Similarly, no additional MSW generating
plants are projected, because of their high capital
costs and environmental concerns. It is possible,
however, that output from existing MSW-powered
facilities could increase somewhat in response to the
RPS credit price incentive.

The impact on electricity prices is relatively small in
each of the three RPS cases (Figure 10). Although
new renewable facilities are more expensive to build
and operate than new gas-fired facilities, the RPS
credit system would spread the incremental costs of
new renewable facilities across all electricity sales.
The largest change in electricity prices is projected
for the RPS no cap, no sunset case in 2010, at 3.2 per-
cent above reference case prices. Even in this case,
however, electricity prices in 2020 are only 1.4 per-
cent above the reference case prices. The changes in
electricity prices do change the Nation’s total annual
electricity bill. In 2010, the projected increase in
total expenditures for electricity purchases relative
to the reference case projection ranges from $500
million in the RPS with cap and sunset case to $5.8
billion in the RPS no cap, no sunset case (in 1998

Figure 9. Renewable electricity generation in four
cases, 2020 (billion kilowatthours)
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Figure 10. Difference from reference case electricity
prices in three cases, 2010 and 2020 (percent)
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dollars). In 2020 the differences range from $200
million to $2.1 billion.

As with electricity prices, the three RPS cases have
relatively small impacts on U.S. carbon emissions
(Figure 11). In the RPS with cap and sunset case,
carbon emissions are estimated to be 19 million met-
ric tons below the reference case level in 2010 and 1
million metric tons below the reference case level in
2020. The reduction 1s smaller in 2020, because the
RPS expires in 2015. In the second RPS case (with
the credit price cap but no sunset), carbon emissions
are expected to be 13 million metric tons (0.6 per-
cent) below the reference level in 2020. The impact is
largest when both the price cap and sunset provi-
sions are removed, because renewable generation is
much higher. In this case, carbon emissions are 34
million metric tons (1.9 percent) and 32 million met-
ric tons (1.6 percent) below reference case levels in
2010 and 2020, respectively.

Figure 11. Carbon emissions reductions in three
cases, 2010 and 2020 (million metric tons)
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The key result of this analysis is that, except in the
RPS case with no price cap and no sunset provision,
the share of electricity sales generated from
qualifying renewables is likely to fall short of the
7.5-percent CECA target. In the first RPS case, the
amount of generation from qualifying renewables
increases by only a small amount above the reference
case level. The economic value of the limited (capped
at 1.5 cents per kilowatthour), temporary (through
2015) renewable energy credit is not large enough to
overcome the cost advantage of fossil fuel technolo-
gies, especially new natural-gas-fired turbine and
combined-cycle plants. The costs of new renewable
plants are expected to continue to decline, but the
cost and performance of fossil technologies also are
projected to improve. As a result, the combination of
the 1.5-cent renewable credit price cap and the need
to recover any above-market costs of new qualifying
renewable plants before the RPS expires in 2015
appears likely to limit the impact of the proposed
CECA RPS on the development of new renewable
electricity generating capacity.

Although it is not included in this analysis, if the 1.5
cent per kilowatthour production tax credit for gen-
eration from new wind and biomass facilities, which
expired in June 1999, were extended, the amount of
qualifying renewable generation stimulated by the
RPS would be larger than projected in the RPS with
cap and sunset case. Efforts to extend the credit
through 2004 have been proposed, but they have not
been approved. If the tax incentive were extended
through 2020, the projected generation from wind
units in 2010 would be 32 percent higher than pro-
jected in the RPS with cap and sunset case. In 2020,
generation from biomass would be 10 percent higher,
and generation from wind would be 46 percent
higher. Continuation of the incentive would encour-
age the development of an estimated 1.41 gigawatts
of additional biomass capacity and 1.81 gigawatts of
additional wind capacity relative to the RPS with cap
and sunset case, and carbon emissions in 2020 would
be 2 million metric tons lower.

Electricity: Competitive Pricing

As States restructure their electricity markets,
increasing numbers of consumers have the opportu-
nity to choose their electricity suppliers. While this
by itself represents a significant market adjustment,
there may be an even more profound change in
the way electricity is priced. In the past, electricity
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prices have had three components: generation,
transmission, and distribution. The following analy-
sis assumes that the generation component will
be unbundled from transmission and distribution
services, which will continue to be regulated.

Until recently, electricity prices in the United States
were regulated on the basis of the average cost of
producing and delivering electricity to consumers
(cost of service). State regulators determined the
average “embedded cost” of electricity generation by
adding all costs—including fuel, recovery of invest-
ment costs, operations and maintenance costs, and a
regulated profit—and dividing by the number of
kilowatthours sold. Since about 1995, however, there
has been a gradual movement by individual States
toward competition in electricity generation ser-
vices. Under competition, prices for generation are
expected to approach the marginal, rather than the
average, cost of production.

The movement to prices based on marginal costs has
several implications. First, electricity prices are
likely to vary from hour to hour as consumer demand
changes. In most of the country, consumer demand
for electricity during a typical summer day is lowest
in the early morning hours, when people are asleep
and businesses are closed. Through the day, demand
rises as temperatures rise and homes and businesses
use more air conditioning. As a result, in the early
morning hours, only generators with the lowest oper-
ating costs are running. Over the course of the day,
more expensive generators are brought into service.
Because the costs of generating power are based on
the last unit brought on line during any given time
period (the “marginal unit”), market prices typically
rise as demand increases. In a truly competitive
market, demand and supply are kept in balance dur-
ing periods of extremely high demand through an
increase in the price corresponding to the cost of elec-
tricity supplied by the marginal generating unit.

This analysis discusses the impacts of a movement to
electricity prices based on marginal costs and their
sensitivity to demand variations and the operating
costs of the marginal generator. Because the mar-
ginal generator typically consumes natural gas,
three sensitivity cases are discussed: low gas price,
mid gas price, and high gas price. The cases incorpo-
rate the common assumption of competitive electric-
ity prices but differ in the assumed wellhead price of
natural gas. In each of the three cases it is assumed
that competition will be phased in over a 10-year

period, reflecting the transition to a competitive
market and recovery of stranded costs. Full competi-
tion, with generation prices based entirely on mar-
ginal costs, is assumed to begin in 2008.

Initially, at the national level, marginal operating
costs would be lower than average embedded costs
(Figure 12). Because some plants have costs, includ-
ing recovery of construction costs, that make them
uneconomical in today’s market for power, competi-
tive electricity prices (based purely on marginal
operating costs) fall below the average-cost-based
(regulated) prices until near the end of the projection
period. The gap is fairly narrow, because it is
assumed that the transition to competitive prices
based on marginal costs will occur slowly over a
10-year period, and that improvements in operating
costs that have already occurred in recent years will
continue with or without a movement to full retail
competition. It is unclear whether full retail competi-
tion will spur additional improvements beyond those
that are already occurring. After 2015, rising gas
prices cause marginal prices to slightly exceed aver-
age-cost-based prices. If retail competition leads to
additional operating cost improvements, marginal
costs might remain below average costs after 2015.

The difference between the two price lines in Figure
12 represents a rough measure of stranded costs. In
a few regions of the country, where average costs
already are extremely low, stranded costs may be
negligible or actually negative. In most regions, mar-
ginal-cost-based prices in 2010 are expected to be up
to 16 percent lower than average-cost-based prices.
Only in the Northwest, where average-cost-based
prices are very low as a result of the large share of
low-cost hydroelectricity, would marginal-cost-based

Figure 12. Marginal- and average-cost-based prices
for electricity in the competitive pricing case with
reference gas prices, 1998-2020 (1998 cents per
kilowatthour)
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prices be higher, by about 10 percent. It is also
possible that, in a competitive pricing environment,
some costs could rise—such as the costs of sales,
marketing, and system operations. The recovery of
such costs in competitive prices might reduce the
amount of stranded costs. Over time, the difference
between costs and prices narrows, as stranded costs
are recovered or written off.

Over the course of a year, competitive prices vary
with demand. In the fall and spring, when consumer
needs for electricity are relatively low, prices are also
low. Conversely, in the summer, or when a large
number of plants are out of service, prices rise as the
most expensive generators—normally idle—are
brought on line to meet demand. In the sample
region and season shown in Figure 13, the genera-
tion component of competitive prices in 2020 ranges
from a high of 17 cents per kilowatthour to a low of
just over 2 cents per kilowatthour in the mid gas
price case. Because the periods of high prices are
expected to be limited to only a few hours during the
season, they have a relatively small impact on the
average annual price.

In all the marginal cost cases, it is assumed that
consumers will see and respond to the effect of
time-of-use prices. This response has the effect of
reducing the total capacity needed over the course of
the projection in comparison with the reference case,
primarily through a reduction in the need for com-
bustion turbines used to meet peaking loads.

Figure 14 shows the technology type of the marginal
unit for the years 2000, 2010, and 2020 by region in
the mid price case. In most regions, the marginal
generating unit throughout most of the year uses

Figure 13. Generation price by hour for a sample
region and season (1998 mills per kilowatthour)
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natural gas. As a result, natural gas prices will have
a far greater effect on electricity prices under mar-
ginal cost pricing than under average cost pricing.

The high and low gas price cases—which incorporate
alternative assumptions about improvements in nat-
ural gas recovery and distribution technology, lead-
ing to different gas price paths—are used here for
illustrative purposes, to demonstrate how competi-
tive electricity prices might respond. As in the mid
price case, it is assumed in the low and high price
cases that competition will be phased in over a
10-year period, with full competition and prices
based entirely on marginal costs by 2008. The mid
price case assumes moderate improvement in natu-
ral gas availability, the low gas price case assumes
rapid improvement, and the high gas case assumes
little improvement.

Table 2 shows projected wellhead natural gas prices
in the three cases. Higher or lower gas prices affect
both the average embedded cost and the marginal
cost of electricity generation; however, the effects
differ in magnitude (Figure 15 and Tables 3 and 4).
With 20 percent lower gas prices in 2020 in the low
price case, average-cost-based prices are only 3
percent lower than in the mid price case, but
marginal-cost-based prices are 8 percent lower.
Similarly, with 32 percent higher gas prices in 2020
in the high price case, average-cost-based prices are

Figure 14. Projected percentage of time marginal
electricity prices are set by different capacity types,
2000, 2010, and 2020 (percent of total year)
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Table 2. Natural gas wellhead prices in three cases,
2000-2020 (1998 dollars per thousand cubic feet)

2000 2010 2015 2020

Low gas price 2.16 2.34 2.24 2.26
Mid gas price 217 2.59 2.70 2.82
High gas price 2.17 2.88 3.20 3.71

(See note for Table 2 on page 107)
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Figure 15. Marginal- and average-cost-based prices
for electricity in three competitive pricing cases,
1998-2020 (1998 cents per kilowatthour)
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Table 3. Regulated (average-cost-based) electricity
prices in three cases, 2000-2020 (1998 cents per

kilowatthour)
2000 2010 2015 2020

Low gas price 6.7 6.3 5.9 5.7
Mid gas price 6.7 6.4 6.0 5.9
High gas price 6.7 6.4 6.2 6.1

Table 4. Competitive (marginal-cost-based)
electricity prices in three cases, 2000-2020
(1998 cents per kilowatthour)

2000 2010 2015 2020

Low gas price 6.5 5.7 5.7 5.5
Mid gas price 6.5 5.9 6.1 6.0
High gas price 6.5 6.1 6.4 6.8

3 percent higher than in the mid price case, but mar-
ginal-cost-based prices are 13 percent higher. In the
high gas price case, marginal-cost-based prices actu-
ally exceed average-cost-based prices by 11 percent
in 2020. The difference is explained by the fact that
prices based on marginal costs are much more sensi-
tive to changes in the operating cost of the marginal
unit than are prices based on average costs.

Natural Gas: Industry Expansion
Pipeline Capacity

Considerable expansion of the interstate pipelines
that transport natural gas will be needed between
now and 2020 to satisfy the demand for natural gas
that is projected in the AEO2000 reference case.
Although the overall increase in pipeline capacity
would be significant, the industry demonstrated the
ability to handle expansions of the same order of
magnitude in the early 1990s. The increase in
demand for natural gas in the reference case would
require pipeline capacity increases of approximately
2 percent a year from 1999 through 2001 for capacity

crossing the 12 regions represented in the projec-
tions. By comparison, from 1991 through 1993,
capacity grew by an average of more than 4 percent a
year (Figure 16). The total increase from 1991
through 1993 was 3.2 trillion cubic feet, compared
with the 2.7 trillion cubic feet of new capacity needed
from 1999 through 2001.

Much of the expansion expected through 2001 is
already underway, and several major projects are
likely to be completed in 1999 or 2000. The current
projects are providing access to new sources of both
supply and demand, as well as increasing capacity
along transportation corridors where utilization is
high during peak periods and bottlenecks either are
already occurring or could occur in the near future.

After 2001, the projected annual growth of pipeline
capacity slows to less than 1 percent a year. One rea-
son is that most of the projected increase in demand
for natural gas is for electricity generation, much of
which can be met by increasing and levelizing the
load on existing capacity without additional expan-
sion of the pipeline infrastructure (Figure 17). Thus,
although actual capacity expansion slows after 2001,
flows on the interstate pipeline system increase
significantly (Figure 18). Total interregional gas flow
across the 12 domestic regions and Canada is
projected to grow from 25.7 trillion cubic feet a year
in 2001 to 35.2 trillion in 2020, an increase of 36.8
percent, compared with a capacity increase of 14.5
percent.

In 1998, 18.7 percent of total U.S. natural gas con-
sumption was for space heating in the residential
and commercial sectors, and 17.2 percent was for
electricity generation. As a result, both demand
and pipeline capacity utilization peaked during the

Figure 16. Additions of interregional natural gas
pipeline capacity, 1991-2020 (billion cubic feet)
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Figure 17. Total natural gas use and use for
electricity generation by month in the Mid-Atlantic
Census division, 1998-2020 (quadrillion Btu)
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winter heating season, whereas significant amounts
of capacity were idle during the summer months. In
the AEO2000 forecast, more than half the total pro-
jected increase in natural gas consumption is for
electricity generation. In 2020, gas use for space
heating makes up only 16.2 percent of the total and
use for electricity generation grows to 29.4 percent,
significantly

increasing the utilization rate of existing capacity
during the summer. Some new capacity will be
needed to provide service to residential, commercial,
and industrial users (as well as to new gas-fired gen-
erating plants in areas not currently or adequately
served), but much of the increased load will be
handled by excess space on pipelines during tradi-
tionally off-peak periods.

One of the forces behind capacity expansion has
been, and will continue to be, the desire to provide
access to new and expanding production areas. Sig-
nificant increases in annual production are projected
for the Rocky Mountain and Gulf Coast onshore pro-
duction regions between 1998 and 2020—2.31 and
1.71 trillion cubic feet, respectively (Figure 19). For
the Rocky Mountain region, an area that has long
experienced bottlenecks in pipeline capacity that
have prevented full use of its production capacity,
the additional production represents a 79.7-percent
increase from 1998 levels.

Several pipeline projects recently completed will
provide producers in the Rocky Mountain region
with new access to customers in the Midwest. KN

Figure 18. Natural gas pipeline flows between Census divisions, 1990-2020 (trillion cubic feet)
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Figure 19. Natural gas production in three regions,
1990-2020 (trillion cubic feet)
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Interstate’s new Pony Express project and the Trail-
blazer system expansion provide access from the
Wyoming and Montana production regions, and the
Transwestern Pipeline and El Paso Natural Gas
expansions have increased the capacity to move
supplies out of New Mexico’s San Juan Basin. Along
with increases in capacity, significant increases in
flows from the region to markets on the east and
west coasts are expected between 1998 and 2020.

Canada is another rapidly expanding source of natu-
ral gas supply for U.S. consumers. The greatest
increase in pipeline capacity from 1990 to the pres-
ent has been a near doubling of import capacity
between western Canada and the United States. As
aresult, markets in the United States have been able
to tap into western Canadian supplies, mainly from
Alberta and British Columbia. The most significant
recent pipeline project is the Northern Border expan-
sion through Montana into the Midwest. In addition,
several major projects are expected to be completed
within the next few years. The Alliance pipeline sys-
tem, scheduled to be completed in 2000, will move
supplies from western Canada to markets in the
Midwest and Mid-Atlantic regions, and the
Maritime & Northeast system, also scheduled for
completion in 2000, will transport Sable Island
supplies to markets in New England. Additional
expansions have been proposed, including the NOVA
system expansion that would link with the
TRANSCANADA expansion to move additional
supplies to U.S. markets.

The expansion of gas pipeline capacity between the
United States and Canada is projected to continue
throughout the forecast period at an average rate
close to 1.8 percent a year. As production in western

Canada continues to increase, gas flows into the
West North Central region are expected to increase
by 47.2 percent and flows into the Pacific region
by 24.3 percent between 1998 and 2020. Eastern
Canada will become a new source of U.S. supply as
resources from Sable Island off the eastern coast
of Nova Scotia are developed. Imports into New
England, largely from Sable Island, are expected to
reach 448 billion cubic feet a year by 2020.

The third area of expanding production is the Gulf
Coast offshore region. There has been considerable
pipeline expansion in the area, but much of it is for
gathering systems and short-haul pipelines to move
supplies onshore, rather than major interstate pipe-
line expansions. Expansion out of the East South
Central and West South Central regions was strong
from 1990 through 1998 but has slowed recently
along with a slowdown in production. Offshore Gulf
Coast production continues to grow steadily in the
projections, picking up after 2001 as a result of fur-
ther deepwater exploration and development.

Between 1998 and 2001, the reference case shows lit-
tle expansion of interstate pipeline capacity from the
Gulf Coast region. Increases are expected between
2001 and 2020, as Gulf Coast producers expand pro-
duction and seek access to eastern markets.
Although potential shortages of skilled manpower
and offshore drilling rigs lend some uncertainty to
the prospect for increased offshore production in the
short term, investments continue to be made in
exploration and production, and it is anticipated that
the rising levels of both demand and prices for natu-
ral gas throughout the forecast will provide the nec-
essary economic incentives.

Also important as a motivation for pipeline capacity
expansion are shifting and growing demand areas
(Figure 20). New England saw the strongest percent-
age increase in demand (75.7 percent) from 1990 to
1998, and continued increases are projected through
2020, at an average of 2.4 percent a year. In the
absence of the pipeline infrastructure to bring gas
into the area, oil long dominated New England mar-
kets. In 1998, New England was the only region in
which oil use was higher than natural gas use in the
residential sector. With natural gas infrastructure
expansion in the 1990s, however, the picture is now
changing.

Capacity entering New England increased by more
than 50 percent from 1990 through 1998, facilitating
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Figure 20. Natural gas consumption by Census division, 1990-2020 (trillion cubic feet)
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strong growth in overall natural gas consumption.
Still, New England lags behind the rest of the Nation
in natural gas use and thus presents an opportunity
for the natural gas industry. More natural gas use in
all sectors 1s projected, and gas-fired electricity gen-
eration 1is expected to grow more than fivefold.
Increases in pipeline capacity to serve the area, espe-
cially to provide access to Canadian supplies, are
expected to continue, nearly doubling current gas
flows into New England by 2020.

The largest absolute increases in capacity between
1998 and 2020 are expected for the corridors serving
the West North Central, South Atlantic, and Pacific
regions, where demand for natural gas is projected to
grow by 1.5, 2.4, and 2.3 percent a year, respectively,
between 1998 and 2020. In the South Atlantic
region, rapid population growth is expected to
increase the demand for natural gas in all sectors,
and especially for electricity generation. Gas-fired
electricity generation is projected to more than
double in the South Atlantic region between 1998
and 2020. Gulf Coast supplies destined for the
Northeast will also flow through the South Atlantic,
increasing even more the need for added capacity.
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Similarly, Canadian and Mountain Region supplies
will flow through the West North Central Region
en route to the Northeast.

Although the growth in demand for natural gas has
slowed in the Pacific region in recent years, partly as
a result of increases in hydroelectric generation, it
has recently begun to accelerate. Consistent growth
is projected for the Pacific region in the reference
case through 2020. Two proposed projects, Questar’s
Four Corners project and the Kern River expansion,
would move an estimated 430 million cubic feet per
day into California.

All this expansion requires considerable investment.
In 1997 and 1998, it is estimated that more than
$2 billion was invested in pipeline expansion. The
projected costs for new capacity on completed and
proposed natural gas pipeline projects from 1996
through 2000 average 15 cents per cubic foot per
day for projects consisting predominantly of com-
pression, 26 cents for pipeline system expansions of
250 miles and over, and 94 cents for new projects
250 miles and over.
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Although all are not likely to be built, more than 100
pipeline projects have already been proposed for
1998 through 2001. For the 70 projects for which pre-
liminary estimates are available, the estimated costs
total more than $12.3 billion. The largest is the Alli-
ance project, which has been estimated to cost as
much as $1.81 per added cubic foot per day of capac-
ity, for a total project cost of more than $2.9 billion
[24]. Because the costs of expansion vary widely
depending on many factors, including the type of
expansion (compression, looping, or new pipe), the
size of the expansion, and the area of the country,
averages based on recent project costs are used in
estimating the costs associated with projected
expansions.

The pipeline capacity expansion currently underway
and proposed reflects the industry’s anticipation of
an expanding market. The rising levels of consump-
tion and prices for natural gas projected in AEO2000
will provide the economic incentives for the infra-
structure expansion and the investment that will be
required to support the projected increases in natu-
ral gas production and demand. As a result, it is
expected that the natural gas industry will be in a
position to meet the challenge of providing the pro-
duction and infrastructure expansion anticipated in
the AEO2000 projections.

Supply Availability

In the AEO2000 reference case forecast, natural gas
consumption increases by 1.8 percent a year between
1998 and 2020, and the projected demand in 2020, at
31.5 trillion cubic feet, exceeds the 1998 level by
almost 50 percent. The challenge for the natural gas
supply industry is whether adequate supplies will be
available at the projected prices to meet the expected
demand, which exceeds 30 trillion cubic feet by 2016.
The historical record and current conditions suggest
that the challenge can be met.

Uncertainty with regard to estimates of the Nation’s
natural gas resources has always been an issue in
projecting production, and it is widely acknowledged
that assessing actual resource levels is a difficult
task. The AEO2000 resource estimates (Figure 21)
are based on assessments by the U.S. Geological
Survey (USGS), Minerals Management Service
(MMS), and National Petroleum Council (NPC).
Some uncertainty is associated with each of the esti-
mates. Because historical data are more limited for
offshore fields, the uncertainty is higher for offshore
than for onshore resources.

Figure 21. Technically recoverable U.S. natural gas
resources as of January 1, 1998 (trillion cubic feet)
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The wuncertainty surrounding recoverable gas
resource estimates is reflected in the differing views
on the subject. For example, an April 1998 study by
the Gas Research Institute (GRI), contending that
the industry has “significantly underestimated” the
growth potential of existing fields in the Mid-
continent, onshore Gulf Coast, East Texas, and San
Juan Basin areas, proposes higher reserve estimates
for those areas. The USGS, MMS, and NPC esti-
mates, however, are based on well documented and
extensively reviewed methodologies and fall within
the range of current expert opinion.

A key factor in making newer sources of production
economical is the rate at which technology improve-
ments will allow production from previously mar-
ginal sources without much higher prices. A few
examples of significant technological advances in
recent history include: (1) polycrystalline-diamond-
compact drill bits, which are durable and versatile
and are credited with significantly reducing the time
required to drill a well; (2) measurement while drill-
ing technology, which permits drilling and geologic
information to be sent to the surface in real time; and
(3) horizontal drilling, which exposes more reservoir
rock to the wellbore.

The AEO2000 reference case assumes that improve-
ments in technology will continue at historical rates
[25]. To assess the potential effects of faster and
slower rates of improvement, rapid and slow technol-
ogy cases are also examined (see “Market Trends,”
pages 78 and 79). Whereas the reference case pro-
jects total U.S. natural gas production in 2020 at
26.4 trillion cubic feet, the rapid technology case pro-
jects 28.1 trillion cubic feet of production in 2020,
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with the increase coming primarily from offshore
and unconventional sources.

The offshore is an area that the industry hopes will
provide considerable supplies in the future. Offshore
gas production has increased somewhat in recent
years, and larger increases are expected. Recent
technological advances have made recovery from
wells in progressively deeper waters possible (the
record water depth has increased from 1,760 feet in
1989 for the Jolliet platform to 5,376 feet for the
Mensa project, which began production in July
1997).

Offshore gas production in the Gulf of Mexico is
expected to grow from 5.5 trillion cubic feet in 1998
to a peak of 6.7 trillion cubic feet in 2015 in the refer-
ence case. In the rapid technology case, however, off-
shore Gulf of Mexico production peaks at 7.7 trillion
cubic feet in 2017, and cumulative offshore produc-
tion between 1998 and 2020 is 148.3 trillion cubic
feet, compared with 137.1 trillion cubic feet in the
reference case. The rapid technology assumption has
a similar but less dramatic, effect on unconventional
gas recovery (UGR). Cumulative UGR production
between 1998 and 2020 is 132.9 trillion cubic feet
in the rapid technology case, compared with 129.5
trillion cubic feet in the reference case.

Technological progress makes it possible to produce
more gas at lower cost from all sources. The projec-
tions of total annual production in 2010, 2015, and
2020 are lower in the slow technology case and
higher in the rapid technology case than in the refer-
ence case. However, the effects of rapid technology
improvement—lower costs and higher productiv-
ity—are greater for offshore and UGR production
than for onshore conventional production, especially
in the early part of the forecast (Figure 22). The
reverse is true in the slow technology case.

The development of needed infrastructure in strate-
gic areas 1s positioning the industry well to exploit
its best opportunities for expanded production.
Numerous pipeline expansion projects have recently
been completed that greatly improve access to areas
of growing production, such as the Midcontinent and
the offshore, including seven projects completed in
1997 and 1998 that move offshore production to
onshore Louisiana. They include the Destin Pipeline
(1 billion cubic feet per day) and the Nautilus and
Discovery projects (600 million cubic feet per day
each). Also in 1997 and 1998, five gathering systems

Figure 22. Change from reference case projections
of cumulative U.S. natural gas production

in two alternative cases (trillion cubic feet)
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were completed, linking offshore production plat-
forms in the Gulf to the onshore.

The resource estimates used for AEO2000 do not
include areas in which drilling is restricted. Drilling
moratoria have placed offshore areas in the eastern
Gulf of Mexico, North Carolina, and California off
limits, and drilling is limited in some areas of the
West because of concern about emissions. There are
also substantial resources in the Arctic National
Wildlife Refuge (ANWR), where exploratory drilling
1s prohibited; however, the current inability to mar-
ket natural gas from northern Alaska has rendered
the ANWR accessibility issue moot.

Should it become economical to tap Alaskan gas
resources, there is significant supply available out-
side the ANWR. Alaska’s North Slope contains some
38 trillion cubic feet of technically recoverable natu-
ral gas in developed and known fields, and the 1995
USGS mean estimate for undiscovered Alaskan
North Slope fields is 64 trillion cubic feet. Currently
most of the North Slope gas production is being
reinjected to enhance oil production. Of the 3.2 tril-
lion cubic feet produced in 1998, 92 percent was
reinjected. This resource is not being marketed at
present, because the economics have not been favor-
able for the development of an infrastructure to
transport the gas to market. Options for North Slope
gas that are being considered include conversion to
liquefied natural gas (LNG), the use of gas-to-liquids
technology, and the development of pipelines to the
lower 48 States.

Other areas of uncertainty include the availability of
offshore rigs and skilled personnel. Employment in
the oil and gas industries has fallen in recent years,
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as oil production has declined and productivity has
increased. According to the Bureau of Labor Statis-
tics, employment in the oil and gas extraction indus-
tries declined from an average of 400,000 employees
in 1988 to an average of 340,000 in 1998, a reduction
of 15 percent. Over the same period, total oil and gas
production (excluding natural gas liquids) dropped
by just 7 percent, from 34.9 quadrillion Btu to 32.6
quadrillion Btu, as rising productivity accelerated
the decline in employment relative to the decline in
production.

Although falling prices in 1998 led to layoffs in the
extraction industry, preliminary Bureau of Labor
Statistics estimates for September 1999 indicate
that employment is now beginning to rise. Some
potential employees may be reluctant to enter the
workforce because of its cyclical history and the
potential for future layoffs. Higher wages should pro-
vide sufficient incentive to attract workers, however,
and there 1s ample time to develop a skilled
workforce before the market reaches the projected
demand level of 30 trillion cubic feet in 2015, given
the economic incentives provided by rising prices.

Rig utilization was extremely high in 1997, averag-
ing 86.9 percent overall. Offshore, virtually every
available rig remained in use throughout the year.
With declining prices in 1998, overall rig utilization
dropped to 76.5 percent [26], alleviating the problem
of rig availability, but the lower prices also slowed
investment in the construction of new rigs. High
capital requirements, as well as uncertainty about
the actual demand for new rigs, currently are limit-
ing investment in rig construction. Estimates of
more than $100 million to upgrade an existing rig
[27] and more than $300 million to construct a new
deepwater semisubmersible rig [28] have been
reported.

Price increases are a powerful incentive, however,
for increased drilling and purchases of new equip-
ment. Because the construction lead time for rigs is
only 2 to 3 years, rig availability is unlikely to be a
long-term issue between now and 2020, given the
historical response to rising prices. The number of
available drilling rigs increased by almost 16 percent
annually between 1974 and 1982—from 1,767 to
5,644—as natural gas prices more than quadrupled
in real terms. The rigs needed over the forecast
period are assumed to be constructed, with the total
rig count projected to increase from 1,705 in 1998 to
1,994 by 2020 [29].

A final key element in the supply outlook is the avail-
ability of imports, both pipeline imports from
Canada and Mexico and LNG imports from foreign
suppliers, such as Algeria, Australia, Trinidad and
Tobago, and Qatar. The majority of the growth in
imports in the AEO2000 forecast comes from
Canada, which has a resource base sufficient to
increase both domestic consumption and exports
significantly. The Canadian Gas Potential Commit-
tee estimated in 1997 that remaining discovered
and undiscovered plays in the Western Canada Sedi-
mentary Basin contained 184 trillion cubic feet of
marketable gas.

Pipeline capacity has limited imports from Canada
in the past, but new capacity has been and will con-
tinue to be built, as described above, making
increased imports a likely contributor to increased
supplies. In addition, drilling in new areas has the
potential to increase Canada’s exports still further.
By the end of 1999, natural gas is expected to start
flowing into the United States from the eastern
Canadian Scotian Shelf, an area that has only begun
to be tapped. In addition, interest in developing the
MacKenzie Delta/Beaufort Sea region of the North-
west Territories has recently begun to increase. The
Canadian National Energy Board estimates the
undiscovered marketable potential for natural gas in
the region at 55 trillion cubic feet. With most
Canadian oil- and gas-producing regions less mature
than those in the United States, the potential for
additional low-cost production is strong, and imports
from Canada remain competitive with U.S. domestic
supplies in the forecast.

Mexico also has considerable natural gas resources
that could be developed, and there is unused pipeline
capacity from Mexico into the United States,
although Mexico is expected to remain a net
importer of U.S. natural gas. LNG imports, which
have been constrained by their costs in the past, are
becoming more economical and are projected to
increase from 0.1 trillion cubic feet to 0.4 trillion
cubic feet a year between 1998 and 2020. LNG
offloading capacity has been expanded at the port
facility in Everett, Massachusetts [30], and South-
ern LNG has applied to the Federal Energy Regula-
tory Commission to reactivate its mothballed facility
on Elba Island, Georgia, to provide open-access ser-
vice [31]. Thus, increased imports of LNG and natu-
ral gas imports from both Canada and Mexico could
contribute to needed supply, over and above suffi-
cient domestic production.

Energy Information Administration / Annual Energy Outlook 2000 29



Issues in Focus

Overall, the natural gas industry is thought to be in
a position to meet the supply requirements for a mar-
ket of 30 trillion cubic feet, with adequate supplies
available from numerous sources at the prices pro-
jected in the AEO2000 reference case. As long as the
industry remains confident that the demand will be
there, the economic incentive of higher prices will
assure that the necessary investments in infrastruc-
ture, rigs, drilling, and manpower will be made.

Petroleum: Gasoline and Diesel Fuel

Fuel Quality Changes

During the 1990s gasoline and diesel fuel were
“reformulated” many times to meet requirements
included in the Clean Air Act Amendments of 1990
(CAAA90) and other, State-initiated requirements
(Table 5). Although the changes went unnoticed by
most motorists, they required many adjustments at
refineries and in fuel distribution systems. Refin-
eries changed existing processes and invested in new
ones, and storage and distribution systems were
modified to handle additional products.

Table 5. Major fuel quality changes,
past and future

Current

1975 Gasoline lead phaseout begins
1989-1990 Phase I summer gasoline volatility
1992 Oxygenated gasoline, wintertime

Phase II summer gasoline volatility
California gasoline Phase I

1993 Diesel sulfur reduction (500 ppm sulfur)
California diesel (500 ppm sulfur)

1995 Phase I reformulated gasoline: simple model
1996 California cleaner gasoline Phase II
1998 Phase I reformulated gasoline: complex model
2000 Phase II reformulated gasoline
2002 California ban on MTBE
Proposed
2000-2003 Removal of oxygen requirement on reformulated
gasoline
Reduction of MTBE blended in gasoline
2002 California cleaner gasoline Phase 111, proposed
2004-2007 Reduced-sulfur gasoline, proposed 30 ppm
Post-2007 Ultra-low-sulfur diesel

Note: Proposed regulations are not reflected in the AEO2000 refer-
ence case.

“Phase II” reformulated gasoline, which will be
required in 2000, is the last fuel quality change spec-
ified by the CAAA90, but further changes are on the

horizon. Two widely publicized fuel quality issues—
sulfur removal and the reduction of the widely used
gasoline additive methyl tertiary butyl ether
(MTBE)—point to new challenges for the refining
industry. The U.S. Environmental Protection
Agency (EPA) is in the process of finalizing regula-
tions that would severely restrict the sulfur content
of gasoline and is proposing similar restrictions for
diesel fuel. The State of California is already phasing
MTBE out of gasoline, and there have been numer-
ous proposals to restrict its use at the national level.
Because it is current law, the California ban on
MTBE is reflected in AEO2000. The proposed
national MTBE and sulfur restrictions are not. To
examine the potential impacts of the latter changes,
two alternative cases, reflecting restrictions on fuel
sulfur content and on MTBE blending, were pre-
pared for this analysis.

Gasoline and Diesel Fuel Sulfur Reduction

In late 1999, the EPA is expected to finalize a
rulemaking that would tighten restrictions on the
amount of sulfur allowed in gasoline. Because gaso-
line sulfur and automotive emissions are linked, the
rule will be issued in conjunction with the new “Tier
2” vehicle exhaust emissions standards that would
take effect between model years 2004 and 2007 (see
“Legislation and Regulations,” page 13). Sulfur
reduces the effectiveness of the catalyst used in the
emissions control systems of advanced technology
engines, increasing their emissions of hydrocarbons,
carbon monoxide, and nitrogen oxides (NO,). As a
result, gasoline with significantly reduced sulfur
levels will be required for the control systems to work
properly and meet the new Tier 2 standards. In a
Notice of Proposed Rulemaking (NPRM) published
in May 1999, the EPA proposed lowering the average
annual sulfur content of gasoline to 30 parts per
million (ppm), which is about one-tenth the current
national average.

Because the proposed Tier 2 emissions standards
will apply to all vehicles, regardless of what type of
fuel is used, the EPA is also planning to reduce the
sulfur content of diesel fuel. Reduced-sulfur diesel
fuel would enable diesel engine technologies, which
are very sensitive to sulfur, to meet the new Tier 2
standards for NO, and particulate matter (PM)
emissions. Sulfur in all on-road diesel is currently
restricted to 500 ppm, but engine manufacturers
have indicated that new technologies will require
sulfur contents of no more than 30 ppm [32]. The new
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standards may apply initially to diesel used for
light-duty vehicles, which is only a small part of the
market, and be extended to heavy-duty vehicle fuels
at a later time.

Refinery Issues. Gasoline desulfurization is most
often done in conjunction with a fluid catalytic crack-
ing (FCC) unit that breaks down heavier crude oil
components, which are often high in sulfur, into
lighter gasoline streams. Sulfur reduction can be
accomplished either by “hydrotreating” the feed
going into the FCC unit or by desulfurizing the gaso-
line produced from the unit. Hydrotreating is a pro-
cess that removes objectionable elements from the
products or feedstocks by reacting them with hydro-
gen. Hydrotreating the inputs to the FCC unit
improves the quality of the gasoline produced and
reduces SO, emissions from the FCC unit. It also
improves the refineries’ material balance and pro-
duces environmentally better diesel fuel [33]. How-
ever, this type of desulfurization is very capital
intensive and requires treatment of a larger volume
of feedstock and additional hydrogen-making capac-
ity. Desulfurizing the gasoline output from the FCC
unit is less capital intensive, allows smaller volumes
to be treated, and consumes less hydrogen.

Recently developed technologies, such as CDTECH’s
CD HYDRO/HDS and Mobil’s OCTGAIN processes,
are variations on conventional hydrotreating applied
to FCC gasoline that require less hydrogen. These
technologies are not commercially proven, but they
are expected to result in lower desulfurization costs
than conventional hydrotreaters because they have
lower operating and capital costs and produce gaso-
line with a higher octane than conventional
hydrotreating. EPA originally pegged the cost of
meeting a 40-ppm sulfur limit at 5.4 cents a gallon
but now estimates that desulfurizing with newer
technologies will cost only about 1.7 cents a gallon
[84]. The American Petroleum Institute (API) has
also cut its desulfurization cost estimate in half,
from 5 cents a gallon to 2.5 cents a gallon, in view of
the new technologies.

Because the new desulfurization technologies are
not commercially proven, there is some concern that
estimates of their operating costs and octane losses
might be overly optimistic. Using less optimistic
operating cost estimates for the new technologies,
the API estimated that desulfurization costs could be
as high as 3.3 cents a gallon [35]. A study done for
DOE estimated the cost of the new technologies at an

average of 2.9 cents a gallon [36]. The above cost esti-
mates are single-year estimates in 1998 dollars and
reflect full implementation of the sulfur regulations
in 2004. The gasoline sulfur reduction sensitivity
case provides cost estimates for years leading up to
and after the change in regulations, with full imple-
mentation in 2007.

Regardless of the technology used, achieving the
30-ppm sulfur limit will be more difficult if recent
proposals to waive the Federal oxygen requirement
for reformulated gasoline are enacted (see discussion
of MTBE below). Sulfur-free additives, such as
MTBE, used to boost the oxygen content of reformu-
lated gasoline, serve to dilute the sulfur content of
the other gasoline components.

Gasoline Sulfur Reduction Sensitivity Case. The reg-
ulation for Tier 2 emissions standards and related
sulfur reductions for gasoline has not been finalized
and is therefore not included in the AEO2000 refer-
ence case. The gasoline sulfur reduction case
assumes a gasoline sulfur limit of 30 ppm, which is
fully implemented by 2007. Reformulated gasoline is
assumed to meet the 30-ppm limit by 2004. Conven-
tional gasoline is initially allowed to meet a less
stringent specification of 80 ppm but meets the
30-ppm limit by 2007. The more gradual sulfur
reduction for conventional gasoline reflects a time
extension for small and challenged refiners that is
expected to be included in the final rule.

In order to reduce gasoline sulfur to the 30-ppm
level, refiners will need to invest in conventional
hydrotreating processes or in newly developed
desulfurization processes that are potentially less
costly but commercially unproven. Last year, the
Annual Energy Outlook 1999 (AE099), included a
national low-sulfur gasoline scenario that did not
include new desulfurization technologies. In the
AEO99 automakers’ national low-sulfur gasoline
case, the cost of desulfurization using conventional
processes was 1nitially set at 8.3 cents a gallon in
2004, falling to 6.8 cents a gallon in 2010. Unlike the
low-sulfur case in AEO99, this year’s gasoline sulfur
reduction case incorporates new desulfurization
technologies.

The AEO2000 sulfur reduction sensitivity case
results in a national average gasoline price that is
2.3 cents a gallon higher that the reference case price
in 2004, increasing to 3.9 cents a gallon higher when
all gasoline is in compliance. The difference declines
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slightly, to 3.5 cents a gallon, by 2010. The alterna-
tive case results in additional capacity using
hydroprocessing and new desulfurization technolo-
gies. Unlike cost estimates by EPA, API, and DOE
mentioned above, which estimate the average cost of
desulfurization, these estimates represent the
desulfurization cost of the marginal barrel. In 2007,
when all gasoline is assumed to meet the 30-ppm
sulfur limit, cumulative refinery investment is $5.65
billion higher than in the reference case. Refineries
invest even after 2007, in order to meet the sulfur
limit in a growing gasoline market. By 2010 cumula-
tive investment is $7.74 billion higher than in the
reference case.

Restricted Use of the Gasoline Additive MTBE

MTBE became a widely used gasoline additive in the
1990s as a result of CAAA90 requirements to provide
cleaner burning gasoline in some areas of the coun-
try. The use of MTBE to meet a requirement for 2.0
percent oxygen (by weight) in cleaner burning refor-
mulated gasoline (RFG) has recently been called into
question, because traces of MTBE have been found
in 5 to 10 percent of the drinking water supplies in
areas using RFG [37].

MTBE moves more quickly into water than do other
gasoline components and has made its way from
leaking pipes and underground storage tanks to
water sources. MTBE has not been classified as a
carcinogen, but it has been shown to cause cancer in
animals. For the most part, MTBE found in water
supplies has been well below levels of health con-
cern, but it has become a big water quality issue
because only trace amounts cause water to smell and
taste bad. In 1999, water quality concerns resulted
in the announcement by the Governor of California
of a State-wide phaseout of MTBE, as well as numer-
ous legislative proposals at both the State and Fed-
eral levels aimed at reducing or eliminating the use
of MTBE in gasoline.

In response to rising concerns about the detection of
MTBE in water supplies, the EPA convened a “Blue
Ribbon Panel” (BRP) of experts early in 1999 to
assess the extent of the problem and make recom-
mendations. In a report submitted to the EPA in July
[38], the BRP recommended a four-part plan that
would protect water quality while maintaining the
air quality benefits of RFG:

* A set of actions should be implemented to protect
water supplies by enhancing programs for

underground storage tanks, safe drinking water,
and private well protection.

* The use of MTBE should be “substantially”
reduced, and Congress should clarify the Federal
and State authority to regulate the use of MTBE
and other gasoline additives.

* To assure a cost-effective phasedown of MTBE,
Congress should remove the current CAAA90
requirement that RFG contain 2 percent oxygen
by weight.

* The EPA should identify a mechanism to ensure
that current air quality benefits from RFG are
not reduced.

The recommendations of the BRP are not binding,
and it is unclear whether they will be implemented
by Congress.

The AEO2000 reference case reflects the California
ban on MTBE but does not assume any changes in
Federal legislation. The possible implications of a
national reduction in MTBE blending were exam-

ined in a sensitivity case that reflects the recommen-
dations of the BRP.

Refinery Issues. MTBE is an important blending
component for RFG, used primarily as an oxygenate,
a volume extender, and an octane enhancer. The
EPA mandates a minimum oxygen content of 2.0
percent (by weight) in Federal RFG, primarily to
reduce toxic exhaust emissions. To meet this
requirement, MTBE is blended into RFG at approxi-
mately 11 percent by volume, with the added benefit
of some important dilution effects. When MTBE is
added to a gasoline blendstock, it replaces undesir-
able compounds such as benzene, aromatics, and
sulfur. MTBE is also an effective octane enhancer.
Its high octane helps offset the octane losses result-
ing from Federal restrictions on aromatics, benzene,
and other gasoline components. If the use of MTBE
in gasoline is reduced or banned, refiners will have to
find other measures to maintain the octane level of
gasoline while meeting the requirements for RFG. If
the oxygen requirement is waived as suggested by
the BRP, replacement of oxygen will not be a con-
cern, but refiners will still need to make up for the
MTBE volume and octane loss.

Legislation that would ban MTBE at either the
national or State level without waiving the CAAA90
requirement for oxygen in RFG [39] would force the
refining industry to find an alternative source of
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oxygen. Other EPA-approved oxygenates, including
ethyl tertiary butyl ether (ETBE) and tertiary amyl
methyl ether (TAME), would be suitable replace-
ments; however, those ethers are similar to MTBE in
some respects and could raise some of the same
groundwater contamination concerns. KEthanol,
which is currently used chiefly as an octane
enhancer and volume extender in traditional gaso-
line, would be the leading candidate to replace
MTBE. Ethanol is thought to be less toxic than
ethers, has a high octane value, and enjoys a fair
amount of political support at both the State and
Federal levels.

The use of ethanol has some drawbacks, however,
which must be considered. Compared with MTBE,
ethanol contains more oxygen and is more volatile,
resulting in higher emissions of smog-forming vola-
tile organic compounds (VOCs). Because ethanol has
a higher oxygen content than MTBE, only about half
the volume is required to produce the same gasoline
oxygen level. A gasoline volume loss results, because
the other half of the displaced MTBE volume must
come from other petroleum-based gasoline compo-
nents. In addition, the relatively high volatility of
ethanol limits its use in gasoline, because gasoline
volatility, as measured by Reid vapor pressure (Rvp),
1s restricted depending on season and location. Etha-
nol’s volatility also limits the use of other gasoline
components, such as pentane, which are highly vola-
tile and must be removed from gasoline to counter-
balance the addition of ethanol. Finally, the “dilution
effect” of ethanol is not as significant as that of
MTBE, because the use of smaller volumes of etha-
nol is not as effective in diluting the undesirable
qualities of the crude-base blending components
[40].

The use of ethanol as a replacement for MTBE also
poses some logistical problems. Gasoline blended
with ethanol, unlike MTBE and other ethers, cannot
be shipped in multi-fuel pipelines, because the mois-
ture that is always present in pipelines and storage
tanks causes the ethanol to separate from the
gasoline. The petroleum-based gasoline components
would have to be shipped separately and then
blended with ethanol at a terminal as the product
is loaded into trucks. Changes in the current infra-
structure would have to be made to accommodate
this type of terminal blending.

Ethanol supply is another issue, as current ethanol
production capacity is not adequate to replace MTBE

nationwide. The increase in demand should, how-
ever, cause ethanol prices to rise enough to make
new ethanol facilities economically viable. Sufficient
capacity could be in place depending on the timing of
the MTBE ban. At present, ethanol supplies come
primarily from the Midwest, where most of it is pro-
duced from corn feedstocks. Shipments to the West
Coast and elsewhere via rail have been estimated to
cost an additional 14.6 to 18.7 cents a gallon for
transportation [41]. Ethanol use in the RFG program
would displace its current usage in the Midwest as
an extender and octane enhancer for traditional
gasoline.

The BRP recommended that Congress eliminate the
minimum oxygen requirement for RFG in order to
dampen the effect of restrictions on MTBE use. If the
oxygen requirement were removed, refiners would
not have to replace the oxygen content provided by
the MTBE. In addition, refiners would have more
flexibility to meet RFG emissions reductions by
blending alternatives such as alkylates, depending
on an individual refinery’s configuration and market
conditions. The BRP suggested that the toxic stand-
ard on RFG be effectively tightened to maintain the
current emissions level without an oxygenate
requirement.

Producing RFG without ethanol or MTBE would
require additional petroleum-based gasoline to make
up for lost volume. In 1998, about 245,000 barrels of
MTBE a day was blended into gasoline at U.S. refin-
eries. If MTBE use were reduced from the current
level of about 9 percent of RFG and oxygenated gaso-
line to 3 percent, about 165,000 barrels a day of rela-
tively clean high-octane material might have to be
replaced. The additional volumes are likely to consist
of a combination of domestic production and imports.

The additional petroleum-based volumes would have
to have more stringent specifications because of the
loss of the dilution effect of oxygenates. As a result,
alkylate would likely become a key blending compo-
nent. Alkylate is an ideal blending component for
RFG because it lacks benzene, other aromatics,
olefins, and sulfur and has good octane and Rvp
characteristics. The availability of large volumes of
alkylate would require adjustments to refinery oper-
ations and capital expenditures to expand alkylation
capacity. Petrochemical plants that are currently
producing MTBE for sale to refineries could also con-
vert their plants to produce alkylate.
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Sulfur removal is another likely response to MTBE
reduction, because the MTBE (and ethanol to a
lesser extent) serve to dilute the sulfur content of the
other gasoline components. Without MTBE the gaso-
line pool would have a higher sulfur content and
might not meet NO, emissions targets. Methods for
desulfurizing gasoline are discussed above. If the
currently proposed Tier 2 gasoline sulfur regulations
are finalized, refiners will be forced to invest in
sulfur removal to meet those standards.

BRP/MTBE Reduction Sensitivity Case. Based on
the BRP recommendations, an alternative case was
developed in which the oxygen requirement in gaso-
line was dropped and a cap was placed on the
amount of MTBE in gasoline. In addition, the use of
all ethers in gasoline was limited in the sensitivity
case. The BRP noted that other ethers, such as
ETBE and TAME, have similar but not identical
characteristics and recommended “accelerated study
of the health effects and groundwater characteristics
of these compounds before they are allowed to be
placed in widespread use.” Because of such scrutiny,
refiners and blenders are unlikely to increase the use
of other ethers significantly.

Although the BRP did not specify a target level of
MTBE, but only stated that its use should be reduced
substantially, the level of MTBE and other ethers in
gasoline was assumed in the sensitivity case to be
limited to 3 percent by volume, which is consistent
with MTBE in gasoline before the start of the RFG
program. The elimination of the oxygen specification
in RFG requires that other specifications be adjusted
to maintain air quality. In order to maintain current
air toxics emissions levels, as recommended by the
BRP, the MTBE reduction case assumed tighter
limits on benzene and sulfur in RFG than the
reference case.

The projections for gasoline consumption and crude
oil prices in the MTBE reduction sensitivity case are
the same as in the reference case. The only changes
relative to the reference case are gasoline specifica-
tions and the cap on ether use. The alternative case
results in projected average gasoline prices that are
between 1.3 and 1.4 cents a gallon higher than in the
reference case between 2003 and 2005. RFG prices
increase slightly more, starting at 2.8 cents a gallon
in 2003 and dropping to 1.8 cents a gallon by 2005.
The alternative case results in an additional 20,000
to 27,000 barrels a day of ethanol blending between

2003 and 2005 to offset some of the lost volume and
octane associated with MTBE reduction. The alter-
native case also results in additional imports of gaso-
line and blending components, varying from 123,000
to 141,000 barrels a day between 2003 and 2005.

The pattern of refinery investment is different in the
alternative case, with greater investment before
2003 and less thereafter. In 2003, cumulative invest-
ment is $2.43 billion more than in the reference case.
The difference in cumulative investment narrows to
$1.71 billion by 2005.

Energy Use:
Appliance Efficiency Standards

Current Status

Since 1988, DOE has promulgated numerous effi-
ciency standards requiring the manufacture of appli-
ances that meet or exceed minimum levels of
efficiency as set forth by DOE test procedures. In
1987, Congress passed the National Appliance
Energy Conservation Act (NAECA), which permit-
ted DOE to establish test procedures and efficiency
standards for 13 consumer products. Under the aus-
pices of NAECA, DOE is responsible for revising the
test procedures and efficiency levels as technology
and economic conditions evolve over time.

From 1988 to 1995, DOE established and revised
efficiency standards almost on an annual basis, as
shown in Table 6. In 1995, however, Congress issued
a standards moratorium for fiscal year 1996, which
prohibited DOE from establishing any new stand-
ards. The moratorium caused a delay of several
years, with no standards becoming effective from
1996 through July 2000. After a reevaluation of the
standards program, DOE established a new process
that allows for greater input from stakeholders by
creating the Advisory Committee on Appliance
Energy Efficiency Standards, which comprises tech-
nical experts representing the concerns of industry,
environmentalists, and the general public.

With input from stakeholders early in the promulga-
tion process, it was believed that the rulemaking
process would become more predictable, more time-
ly, and less controversial. The refrigerator standard
issued for July 2001, for example, was promulgated
through a series of compromises in December 1996,
allowing a later enforcement date but at a higher
efficiency level. Achieving similar consensus among
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Table 6. Effective dates of appliance efficiency standards, 1988-2001

Product 1988

1990

1992 1993 1994 1995 2000 2001

Clothes dryers X
Clothes washers X
Dishwashers X
Refrigerators and freezers

Kitchen ranges and ovens

Room air conditioners

Direct heating equipment

Fluorescent lamp ballasts

Water heaters

Pool heaters

Central air conditioners and heat pumps
Furnaces

Central (>45,000 Btu per hour)
Small (<45,000 Btu per hour)
Mobile home

Boilers

Fluorescent lamps, 8 foot

Fluorescent lamps, 2 and 4 foot (U tube)

disparate concerns such as the gas and electric
industries and environmentalists may prove diffi-
cult, however, when multi-fuel products, such as
water heaters, are considered for review. The debate
over end-use efficiency versus total system efficiency
1s a lively one, with electric and gas concerns gener-
ally disagreeing as to how efficiency and environ-
mental benefits should be measured. In fact, the
inability to create a single national home energy
rating system (HERS) has shown that achieving con-
sensus among these groups is difficult, signaling a
continued debate as to how efficiency should be eval-
uated across fuel types.

Currently, DOE is in the process of evaluating new
efficiency standards for several products. The sched-
ule calls for final rules to be established for water
heaters in June 2000, clothes washers in December
2000, and central air conditioners and heat pumps in
April 2001. After the final rules are published in the
Federal Register, a lead time of 3 to 5 years is
required for the standards to take effect. Because the
AEO2000 reference case includes only standards
that have been finalized, with the effective dates and
efficiency levels specified in the Federal Register,
no new efficiency standards are included in the
projections.
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An agreement between manufacturers and energy
efficiency advocates was reached in October 1999 on
fluorescent lighting standards for commercial and
industrial applications. Still subject to a final
rulemaking by DOE, the new efficiency standards
for electronic ballasts are not included in the refer-
ence case. Less efficient magnetic ballasts are pro-
jected to make up 6 percent of new and replacement
fluorescent lighting sales in the commercial sector in
the reference case at the time the standards are
expected to go into effect on April 1, 2005. The next
products DOE intends to evaluate for standards
include distribution transformers, commercial fur-
naces and boilers, commercial heat pumps and air
conditioners, and commercial water heaters.

Appliance Standards Sensitivity Cases

To examine the potential impacts of future appliance
efficiency standards on energy consumption in the
residential and commercial sectors, two cases were
analyzed in which it was assumed that DOE would
effectively promulgate standards for most appli-
ances on a regular basis. For these cases, near-term
efficiency levels and effective dates were based on a
report by the American Council for an Energy-
Efficient Economy (ACEEE), Approaching the Kyoto
Targets: Five Key Strategies for the United States
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[42]. Because the schedule for implementation of
some of the standards in the near term has changed
since the ACEEE report was published, the effective
dates assumed for some products differ from those in
the report. In addition, it was assumed that DOE
would revise the standards every 8 years, increasing
the efficiency level by 10 percent and 20 percent in
the two cases, if technologically feasible. It was fur-
ther assumed that major shifts in technology—
including heat-pump water heaters and horizontal-
axis washing machines—would not be subject to the
standards. Table 7 shows the products and dates for
the standards assumed in the two sensitivity cases.

Figure 23 shows the cumulative primary energy
saved from the standards listed in Table 7 through
2020, the end of the forecast horizon. Because the
sensitivity cases do not include changes in the fuel
mix for electricity generation, the conversion from
delivered electricity to primary energy is the same as
that in the reference case. Overall, more than 11
quadrillion Btu of energy is saved cumulatively
through 2020 in the 10-percent standards case,
nearly one-half of the projected energy consumption
in the residential sector in 2020. In the 20-percent
standards case, more than 12 quadrillion Btu of
energy is saved cumulatively through 2020. How-
ever, because the near-term standards account for
the majority of the savings and many technologies
reach their technological limits before achieving the
20-percent efficiency increase, the incremental sav-
ings seen when the 20-percent standards case is
compared with the 10-percent case are less than

those seen when the 10-percent case is compared
with the reference case.

Electricity-related energy savings, including reduc-
tions in conversion losses, account for nearly 78 per-
cent of the cumulative savings by 2020 in the
20-percent standards case. The decrease in the
amount of electricity generated throughout the fore-
cast reduces carbon emissions by more than 17 mil-
lion metric tons in 2020 (3.5 percent) and by nearly
163 million metric tons cumulatively through 2020.
The residential sector accounts for 60 percent of the
cumulative energy savings, with the majority of the
savings attributable to the standards for water heat-
ers and air conditioners. For the commercial sector,
fluorescent lighting standards contribute the most to
the reduction in energy use in both cases.

Figure 23. Cumulative energy savings from
appliance standards by fuel in two cases, 2003-2020

(quadrillion Btu)
8- 10-percent standards case
— 20-percent standards case
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Commercial
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8= Residential
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Table 7. Projected effective dates of appliance efficiency standards, 2003-2020

Product 2003 2005

2006 2008 2009 2011 2013 2016 2017 2019

Clothes dryers

Clothes washers
Dishwashers
Refrigerators and freezers
Kitchen ranges and ovens

Room air conditioners

Fluorescent lamp ballasts X
Water heaters X
Central air conditioners and heat pumps X

Fluorescent lamps
Commercial furnaces and boilers
Commercial air conditioners and heat pumps

Commercial water heaters

X
X X
X
X
X X
X X
X
X
X X
X X
X X
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Carbon Emissions in AEO2000

Reference Case

In the AEO2000 reference case, carbon emissions
from energy consumption are expected to reach
1,552 million metric tons in 2000, 15 percent above
the 1990 level of 1,345 million metric tons. The pro-
jected emissions continue to rise to 1,787 million
metric tons in 2010 and 1,979 million metric tons in
2020, 33 percent and 47 percent above the 1990 lev-
els, respectively (Figure 24). Total emissions
increase at an average annual rate of 1.3 percent
between 1998 and 2020, and per capita emissions
also increase at an average rate of 0.5 percent a year.

Carbon emissions rise throughout the projection
period, because continued economic growth and
moderate increases in energy prices are expected to
lead to increasing energy consumption. The 1.3-
percent growth rate for emissions is faster than for
total energy consumption, which increases at an
average annual rate of 1.1 percent, for two primary
reasons. First, approximately 41 percent of nuclear
generating capacity (which is carbon free) is retired
by 2020, and no new nuclear plants are constructed.
Second, continued moderate prices for both natural
gas and coal lead to slow growth in renewable energy
use.

Figure 24. U.S. carbon emissions by sector and fuel,
1990-2020 (million metric tons)
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In 2020, electricity generation accounts for 38 per-
cent of all carbon emissions, up from 37 percent in
1998. The increasing share of carbon emissions from
generation results, in part, from the 1.4-percent
annual growth rate in electricity consumption. Of
the new capacity required to meet electricity demand
growth and to replace the loss of nuclear capacity,
about 7 percent is fueled with coal and 90 percent
with natural gas.

The growth of energy consumption and carbon emis-
sions in the transportation sector is faster than in
the other end-use sectors because of increased travel
and the slow improvement in fuel efficiency in the
reference case. Between 1998 and 2020, transporta-
tion energy demand and carbon emissions both grow
at an average annual rate of 1.7 percent, and in 2020
the transportation sector accounts for 36 percent of
all carbon emissions. The average efficiency of the
light-duty vehicle fleet—cars, light trucks, vans,
and sport utility vehicles—remains essentially
unchanged between 1998 and 2020. Over the same
period, vehicle-miles traveled by light-duty vehicles
increase by 1.7 percent a year, faster than the
growth rate for the over-age-16 population (0.9 per-
cent a year). Growth in both air and freight travel, at
average rates of 4.0 percent and 1.5 percent a year,
also contributes to the increase in emissions from the
transportation sector.

Emissions from the residential and commercial sec-
tors grow by 1.3 percent and 1.2 percent a year,
respectively, contributing 19 percent and 16 percent
of carbon emissions in 2020 (including emissions
from the generation of electricity used in each sec-
tor). Continued growth in energy service demand,
particularly in electricity-using equipment and
appliances, results in the emissions increases, offset
somewhat by efficiency improvements in both sec-
tors. Industrial sector emissions increase by only 0.9
percent a year through 2020 and account for 30 per-
cent of the emissions in 2020 (including emissions
from electricity generation for the sector). The rela-
tively low growth rate results from efficiency
improvements, small growth in coal use for boiler
fuel, and a shift to less energy-intensive industries.

By fuel, petroleum products are the leading source of
energy-related carbon emissions because of the con-
tinuing growth of the transportation sector, which is
heavily dependent on petroleum. About 42 percent of
all emissions, or 833 million metric tons of the total
of 1,979 million metric tons in 2020, are from petro-
leum products, and about 82 percent of the petro-
leum emissions are from transportation uses.

Coal is the second leading source of carbon emissions
at about 34 percent, or 680 million metric tons, in
2020. Coal has the highest carbon content of all the
fossil fuels and remains the predominant fuel source
for electricity generation. By 2020, the share of coal-
fired generation, excluding cogeneration, declines
slightly from its 1998 level of 55 percent but still
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accounts for 52 percent of all generation. About 90
percent of carbon emissions from coal in 2020 result
from electricity generation.

Natural gas consumption for both electricity genera-
tion and direct end uses grows the fastest of all the
fossil fuels—at a rate of 1.8 percent a year through
2020. Natural gas has a relatively low carbon con-
tent relative to other fossil fuels (only about half that
of coal), and thus carbon emissions from natural gas
use are projected to be just 464 million metric tons in
2020, about 23 percent of the total.

Macroeconomic Growth

The assumed rate of economic growth has a strong
impact on the projection of energy consumption and,
therefore, carbon emissions. In AEO2000, the high
economic growth case includes higher growth in pop-
ulation, the labor force, and labor productivity,
resulting in higher industrial output, lower infla-
tion, and lower interest rates. As a result, GDP
increases at an average rate of 2.6 percent a year
from 1998 to 2020, compared with a growth rate of
2.2 percent a year in the reference case.

With higher macroeconomic growth, energy demand
grows faster, as higher manufacturing output and
higher income increase the demand for energy ser-
vices. Total energy consumption in the high eco-
nomic growth case is 129.4 quadrillion Btu in 2020,
compared with 120.9 quadrillion Btu in the reference
case. As a result of the higher consumption, carbon
emissions are 2,126 million metric tons, or 7 percent,
higher than the reference case level of 1,979 million
metric tons in 2020.

In the low economic growth case, assumptions of
lower growth in population, the labor force, and labor
productivity result in an average annual growth rate
of 1.7 percent through 2020. With lower economic
growth, energy consumption in 2020 is reduced from
120.9 quadrillion Btu to 113.3 quadrillion Btu, and
carbon emissions are 1,851 million metric tons, or 6
percent, lower than in the reference case.

Total energy intensity, measured as primary energy
consumption per dollar of GDP, improves at a faster
rate in the high economic growth case, partially off-
setting the changes in energy consumption caused by
the higher growth assumptions. With more rapid
growth in energy consumption, there is greater
opportunity to turn over and improve the stock of

energy-using technologies, increasing the overall
efficiency of the capital stock. Aggregate energy
intensity in the high economic growth case decreases
at a rate of 1.2 percent a year from 1998 through
2020, compared with 1.1 percent in the reference
case and 0.8 percent in the low economic growth
case.

Technology Improvement

The AEOZ2000 reference case includes continued
improvements in technology for both energy con-
sumption and production: improvements in building
shell efficiencies for both new and existing buildings;
efficiency improvements for new appliances and
transportation vehicles; productivity improvements
for coal production; and improvements in the explo-
ration and development costs, finding rates, and suc-
cess rates for oil and gas production. As a result of
continued improvements in the efficiency of end-use
and electricity generation technologies, total energy
intensity in the reference case declines at an average
annual rate of 1.1 percent between 1998 and 2020.

The projected decline in energy intensity is consider-
ably less than that experienced during the 1970s and
early 1980s, when energy intensity declined, on
average, by 2.2 percent a year. Approximately half of
that decline can be attributed to structural shifts in
the economy—shifts to service industries and other
less energy-intensive industries; however, the rest
resulted from the use of more energy-efficient equip-
ment. During those years there were periods of rapid
escalation in energy prices, encouraging some of the
efficiency improvements. Then, as energy prices
moderated, the improvement in energy intensity
moderated. Between 1986 and 1998, energy inten-
sity declined at an average annual rate of 1.0
percent.

Regulatory programs have contributed to some of the
past improvements in energy efficiency, including
the Corporate Average Fuel Economy standards for
light-duty vehicles and standards for motors and
energy-using equipment in buildings in the Energy
Policy Act of 1992 and the National Appliance
Energy Conservation Act of 1987. In keeping with
the general practice of incorporating only current
policy and regulations, the reference case for
AEO2000 assumes no new efficiency standards.
Only current standards or approved new standards
with specified levels are included.
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Technology improvements in energy-consuming
equipment could reduce energy consumption and
energy-related carbon emissions to levels below
those in the reference case. Conversely, slower
improvements could increase both consumption and
emissions. AEO2000 presents a range of alternative
cases that vary key assumptions about technology
improvement and penetration.

In the end-use demand sectors, experts in technology
engineering were consulted to derive high technol-
ogy assumptions, considering the potential impacts
of increased research and development for more
advanced technologies. The revised assumptions
included earlier years of introduction, lower costs,
higher maximum market potential, and higher effi-
ciencies than in the reference case. It is possible that
further technology improvements could occur if
there were a very aggressive research and develop-
ment effort. For the electricity generation sector, the
cost and efficiencies of advanced fossil-fired and new
renewable generating technologies were assumed to
improve from reference case values [43].

The low technology case assumes that all future
equipment choices are from the equipment and vehi-
cles available in 2000, with new building shell and
industrial plant efficiencies frozen at 2000 levels.
New generating technologies are assumed not to
improve over time. Aggregate efficiencies still
improve over the forecast period as new equipment is
chosen to replace older stock and the capital stock
expands. Also, building shell efficiencies improve
with price increases.

In the high technology case, with the high technology
assumptions for all four end-use demand sectors and
the electricity generation sector combined, aggregate
energy intensity declines at an average of 1.4 percent
a year from 1998 to 2020, compared with 1.1 percent
a year in the reference case (Figure 25). In the 2000
technology case, the average decline is only 0.9 per-
cent a year through 2020. Total energy consumption
increases to 112.6 quadrillion Btu in 2020 in the high
technology case, compared with 120.9 quadrillion
Btu in the reference case (Figure 26), but increases
to 126.3 quadrillion Btu in the 2000 technology case.

The lower energy consumption in the high technol-
ogy case lowers carbon emissions from 1,979 million
metric tons in the reference case in 2020 to 1,820 mil-
lion metric tons (Figure 27). In the 2000 technology
case, emissions increase to 2,080 million metric tons

Figure 25. U.S. energy intensity in three cases,
1998-2020 (thousand Btu per dollar GDP)
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Figure 26. U.S. energy consumption in three cases,
1998-2020 (quadrillion Btu)
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Figure 27. U.S. carbon emissions in three cases,
1998-2020 (million metric tons)
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in 2020. About 38 percent, or 60 million metric tons,
of the reduction in carbon emissions in the high tech-
nology case compared to the reference case results
from lower electricity demand and generation. An
additional 72 million metric tons of the reduction, or
45 percent, results from shifts to more efficient
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or alternative-fuel vehicles in the transportation
sector.

The high technology assumptions themselves do not
guarantee acceptance and penetration in the mar-
ket. Technologies must still be cost-effective as
judged by the consumers, and penetration can be
slowed by the relative turnover of the capital stock.
In order to encourage more rapid penetration of
advanced technologies, to reduce energy consump-
tion or carbon emissions, it is likely that either mar-
ket policies (for example, higher energy prices) or
non-market policies (for example, new standards)
may be required.

The Kyoto Protocol

From December 1 through 11, 1997, representatives
from more than 160 countries met in Kyoto, Japan,
at the third session of the Conference of the Parties
to the 1992 Framework Convention on Climate
Change. Although the Framework Convention called
for the developed countries to undertake actions to
reduce greenhouse gas emissions to 1990 levels by
2000, the goal of the Conference was the negotiation
of binding limits for greenhouse gas emissions for
the developed nations. In the resulting Kyoto Proto-
col to the Framework Convention, targets for green-
house gas emissions were established for the
developed nations—the Annex I countries [44]—rel-
ative to their emissions levels in 1990. The targets
are to be achieved, on average, from 2008 through
2012, the first commitment period in the Protocol.

The overall emissions reduction target for the Annex
I countries is 5.2 percent below 1990 levels. Relative
to 1990, the individual targets range from an
8-percent reduction for the European Union (EU) to
a 10-percent increase for Iceland. Australia and Nor-
way are also allowed increases of 8 percent and 1 per-
cent above 1990 levels, respectively, while New
Zealand, the Russian Federation, and the Ukraine
are held to their 1990 levels. Other Eastern Euro-
pean countries undergoing transition to a market
economy have reduction targets between 5 percent
and 8 percent below 1990 levels. The reduction tar-
get for Canada and Japan is 6 percent and for the
United States 7 percent below 1990 levels.
Non-Annex I countries have no targets under the
Protocol, although the Protocol reaffirms the com-
mitments of the Framework Convention by all par-
ties to formulate and implement climate change
mitigation and adaptation programs.

The Protocol was opened for signature on March 16,
1998, for a 1-year period. It will enter into force 90
days after 55 Parties, including Annex I countries
accounting for at least 55 percent of the 1990 carbon
dioxide emissions from Annex I nations, have depos-
ited their instruments of ratification, acceptance,
approval, or accession. By March 15, 1999, 84 coun-
tries had signed the Protocol, including all but two of
the Annex I countries, Hungary and Iceland. The
Annex I signatories accounted for more than 99 per-
cent of Annex I carbon emissions in 1990, not includ-
ing the emissions from Belarus and Turkey. As of
October 12, 1999, 16 countries had ratified or
acceded to the Protocol—Antigua and Barbuda,
Bahamas, Cyprus, El Salvador, Fiji, Georgia,
Guatemala, Jamaica, the Maldives, Micronesia,
Niue, Panama, Paraguay, Trinidad and Tobago,
Tuvalu, and Uzbekistan.

Although the Protocol does not prescribe specific
steps to be taken, a number of potential actions are
enumerated. They include energy efficiency
improvements, enhancement of carbon-absorbing
sinks, research and development of sequestration
technologies, phasing out of fiscal incentives and
subsidies that may inhibit the goal of emissions
reductions, and reduction of methane emissions in
waste management and in energy production, distri-
bution, and transportation. Sources of emissions
include energy combustion, fugitive emissions from
fuels, industrial processes, solvents, agriculture, and
waste management and disposal.

Energy use is naturally a focus of greenhouse gas
reductions. In 1990, total greenhouse gas emissions
in the United States were 1,641 million metric tons
carbon equivalent, of which carbon emissions from
the combustion of energy comprised 1,345 million
metric tons, or 82 percent. By 1998, total greenhouse
gas emissions had risen to 1,803 million metric tons
carbon equivalent, with 1,485 million metric tons (82
percent) from energy combustion [45]. Because
energy-related carbon emissions constitute such a
large percentage of total greenhouse gas emissions,
any action or policy to reduce emissions will affect
U.S. energy markets.

The Kyoto Protocol includes a number of flexibility
measures for compliance—often referred to as what,
where, and when flexibility. What flexibility refers to
the source of the emissions. Although carbon dioxide
is the major greenhouse gas in terms of the level of
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emissions, the Protocol includes methane, nitrous
oxide, hydrofluorocarbons, perfluorocarbons, and
sulfur hexafluoride [46], in addition to carbon diox-
ide. The aggregate target is established using the
carbon dioxide equivalent of each of the greenhouse
gases, based on the global warming potential of each
gas. Carbon-absorbing sinks—forests, other vegeta-
tion, and soils—are also included in what flexibility.
Net changes in emissions by direct anthropogenic
land-use changes and forestry activities will be used
in meeting the commitment, limited to afforestation,
reforestation, and deforestation since 1990. Specific
guidelines and rules for the accounting of land-use
and forestry activities must be resolved by the Con-
ference of the Parties.

Where flexibility includes a variety of international
activities, which would allow a country to meet its
emissions target by taking action with or within
other countries. Emissions trading among the Annex
I countries is permitted. Groups of Annex I coun-
tries, such as the EU, may also jointly meet the total
commitment of all the member nations either by allo-
cating a share of the total reduction to each member
or by trading emissions rights. Joint implementation
projects are also allowed among the Annex I coun-
tries, allowing a nation to take emissions credits for
projects that reduce emissions or enhance emis-
sions-absorbing sinks in other Annex I countries. It
is specifically indicated in the Protocol that trading
and joint implementation are supplemental to
domestic actions.

The Protocol also establishes a Clean Development
Mechanism (CDM), a program under which Annex I
countries can earn credits for projects that reduce
emissions in non-Annex I countries. Such projects
must lead to measurable, long-term benefits. Reduc-
tions from projects occurring from 2000 up to the
beginning of the first commitment period can be used
to assist in compliance in the commitment period. An
executive board will be established to supervise the
CDM, and an unspecified share of the proceeds from
certified project activities will be used to cover
administrative expenses and to assist developing
country Parties that are particularly vulnerable to
adverse effects of climate change to meet the costs of
adaptation.

Under when flexibility, the targets can be achieved
on average over the first commitment period of 2008
to 2012 rather than in each individual year. Aver-
aging emissions over the 5-year period smooths out

short-term fluctuations that might result from eco-
nomic cycles or weather conditions. No targets are
established for periods after 2012, although the Con-
ference of the Parties will initiate consideration of
future commitments at least 7 years before the end of
the first commitment period. Banking—carrying
over emissions reductions that go beyond the target
from one commitment period to some subsequent
commitment period—is allowed. The Protocol indi-
cates that each Annex I country must have made
demonstrable progress in achieving its commitments
by 2005.

At the fourth session of the Conference of the Parties
in Buenos Aires, in November 1998, a plan of action
was adopted to finalize a number of the implementa-
tion issues at the sixth Conference of the Parties,
which is likely to be held late in 2000 or early in
2001. Also at issue is the possibility of limiting the
amount of credits received through international
actions that may be used to meet a country’s target.

EIA’s Analysis of the Kyoto Protocol

In 1998, at the request of the U.S. House of Repre-
sentatives Committee on Science, EIA analyzed the
likely impacts of the Kyoto Protocol on U.S. energy
prices, energy use, and the economy in the 2008 to
2012 period, using the same methodologies and
assumptions that were used for the Annual Energy
Outlook 1998 (AEO98) [47], the latest AEO at the
time. The analysis was published in Impacts of the
Kyoto Protocol on U.S. Energy Markets and Eco-
nomic Activity [48], with an accompanying briefing
report, What Does the Kyoto Protocol Mean to U.S.
Energy Markets and the U.S. Economy? [49].

In 1999, the Committee on Science requested that
EIA analyze the impacts of an earlier phased-in start
date for U.S. carbon emissions reductions based on
the original analysis of the Kyoto Protocol, with only
those changes in assumptions caused by the early
start date. Earlier carbon reductions could lead to
the purchase of more efficient or less car-
bon-intensive equipment at an earlier date, making
it easier and less expensive to meet greenhouse gas
emissions targets. The resulting analysis, Analysis
of the Impacts of an Early Start for Compliance with
the Kyoto Protocol [50], was published in July 1999.

Because of the uncertainties surrounding the final
implementation of the Kyoto Protocol, EIA’s analysis
of the Protocol included a range of six cases with
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different levels of reductions for domestic energy-
related carbon emissions. ETA assumed that the
United States would reach its goal of a 7-percent
reduction in net greenhouse gas emissions in each of
the carbon reduction cases, but each case implicitly
assumed different levels of forestry and agricultural
sinks, reductions from other greenhouse gases,
international trading, and other international activi-
ties, which may offset the domestic reductions
required from carbon. Each of the cases with higher
carbon targets (smaller reductions) assumed more
contribution from sinks, other gases, and interna-
tional activities to offset carbon reductions.

* Reference Case. Carbon emissions from energy
increase to 33 percent above 1990 levels in 2010,
reaching 1,791 million metric tons compared to
1,345 million metric tons in 1990. Between 2008
and 2012, carbon emissions from energy average
1,792 million metric tons.

* 24 Percent Above 1990 Levels (1990+24%).
Carbon emissions from energy increase to an
annual average of 1,670 million metric tons
between 2008 and 2012, 24 percent above the
1990 levels, reducing carbon emissions from
energy by an average of 122 million metric tons
below the reference case during that period.
International activities and net offsets from car-
bon-absorbing sinks and other gases account for
the remaining reductions of 420 million metric
tons, nearly 80 percent of the total net green-
house gas reduction.

* 14 Percent Above 1990 Levels (1990+14%).
Carbon emissions from energy average 1,539 mil-
lion metric tons annually between 2008 and
2012, which is approximately the level estimated
for 1998 in AEOJ98, and is 14 percent above 1990
levels. This requires the average annual carbon
emissions from energy to be reduced by 253 mil-
lion metric tons between 2008 and 2012. Interna-
tional activities and net offsets from carbon-
absorbing sinks and other gases account for the
remaining reductions of 289 million metric tons.

* 9 Percent Above 1990 Levels (1990+9%). Car-
bon emissions from energy increase to an annual
average of 1,467 million metric tons between
2008 and 2012, 9 percent above 1990 levels, an
average reduction in energy-related carbon emis-
sions of 325 million metric tons from the refer-
ence case projection. International activities and
net offsets from carbon-absorbing sinks and

other gases account for the remaining reductions
of 217 million metric tons.

+ Stabilization at 1990 Levels (1990). Carbon
emissions from energy are stabilized at the 1990
level, averaging 1,345 million metric tons during
the commitment period of 2008 through 2012, a
reduction of 447 million metric tons in
energy-related carbon emissions from the refer-
ence case. International activities and net offsets
from carbon-absorbing sinks and other gases
account for the remaining reductions of 95 mil-
lion metric tons.

* 3 Percent Below 1990 Levels (1990-3%). Car-
bon emissions from energy are reduced to an
annual average of 1,307 million metric tons
between 2008 and 2012, a reduction of 485 mil-
lion metric tons in energy-related carbon emis-
sions from the reference case. International
activities and net offsets from carbon-absorbing
sinks and other gases account for the remaining
reductions of 57 million metric tons.

* 7 Percent Below 1990 Levels (1990-7%). Car-
bon emissions from energy are reduced to an
annual average of 1,250 million metric tons in
the period 2008 to 2012, a reduction of 542 mil-
lion metric tons in energy-related carbon emis-
sions relative to the reference case. This case
essentially assumes that the 7-percent target in
the Kyoto Protocol for reducing emissions below
1990 levels must be met by energy-related carbon
emissions with no net offsets from sinks, other
greenhouse gases, or international activities.

In each of the carbon reduction cases, the target is
achieved on average for each of the years in the first
commitment period, 2008 through 2012. The target
is assumed to be constant from 2013 through 2020,
the end of the forecast horizon, because the Protocol
does not specify any targets beyond the first commit-
ment period, although consideration of commit-
ments for subsequent periods will be initiated at
least 7 years before the end of the first commitment
period, 1.e., prior to 2005.

In the 1998 study, the target was assumed to be
phased in over a 3-year period beginning in 2005,
because the Protocol indicates that demonstrable
progress toward reducing emissions must be shown
by 2005. This allows energy markets to begin adjust-
ments to meet the reduction targets 3 years prior to
2008. In the 1999 analysis of an earlier start date for
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emissions reductions, the Committee requested that
EIA analyze the impact of a start date of 2000,
instead of 2005, reaching the same emissions target
during the commitment period 2008 through 2012,
using the 1990+24%, 1990+9%, and 1990-7% cases
from the earlier study.

Both analyses assumed that a carbon price would be
applied to each of the energy fuels at its point of con-
sumption, relative to its carbon content. The carbon
price would not be applied directly to electricity but
would be applied to the fossil fuels used for electric-
ity generation and reflected in the delivered price of
electricity. The carbon price represents the marginal
cost of reducing domestic carbon emissions, reflect-
ing the price the United States would be willing to
pay to purchase carbon permits from other countries
or to induce carbon reductions in other countries. It
does not represent the international market-clearing
price of carbon permits or the price at which other
countries would be willing to offer permits. The anal-
yses also assumed that a carbon permit trading sys-
tem would function as a Federal Government
auction, and that the revenues collected by the Gov-
ernment would be recycled to the economy through
either a lump sum rebate in personal income taxes or
a reduction in social security tax rates.

The most significant results of both studies are:

* Higher energy prices, as a result of the carbon
price, and their impact on the U.S. economy will
encourage fuel switching and reductions in ener-
gy consumption. Consumers will reduce energy
consumption by reducing demand for energy ser-
vices and purchasing more efficient equipment.

* With a start date of 2005 for carbon emissions
reductions, the carbon price necessary to reduce
U.S. energy-related carbon emissions to the
required level ranges from $67 to $348 per metric
ton (1996 dollars) in 2010. Imposing carbon
prices before 2005 reduces energy consumption
and carbon emissions in that period by encourag-
ing earlier efficient improvements, accelerated
retirements of less efficient equipment, and the
acceleration of technology improvements. The
early start date reduces the carbon price in 2010
for each of the carbon reduction cases (Figure 28),
and average carbon prices over the first commit-
ment period, 2008 through 2012, are also lowered
(Figure 29). However, because carbon prices are
incurred earlier, average carbon prices over the

entire projection period, 2000 through 2020,
increase with the early start date.

* With a 2005 start date for carbon reductions, the
average price of electricity increases by between
20 and 86 percent across the various cases. The
price increases by between 19 and 76 percent
with a start date of 2000. In all cases, the electric-
ity generation sector accounts for most of the car-
bon reductions, as a result of lower electricity
demand, improved generating efficiency, and,
primarily, fuel switching.

* Because coal is the most carbon-intensive of the
fossil fuels, the price of coal will increase more
than the prices of other fossil fuels as a result of
the carbon price, and coal use, particularly for
electricity generation, will be sharply reduced (by
between 18 and 78 percent in 2010). If the carbon
price increases to its highest level, the use of coal
for generation may nearly disappear by 2020 in
the more stringent reduction cases.

Figure 28. Projected carbon prices in six cases, 2010
(1996 dollars per metric ton)
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Figure 29. Average projected carbon prices in six
cases, 2008-2012 (1996 dollars per metric ton)
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* Coal-fired electricity generation will be replaced
by generation from natural gas and renewables
and also by the continued operation of many
existing nuclear plants. Increases in natural gas
generation will more than offset reductions in
natural gas use by residential, commercial, and
industrial consumers. Renewable technologies,
particularly biomass and wind, become economi-
cal with high fossil fuel prices. It also becomes
economical to extend the operating lives of exist-
ing nuclear plants rather than retire them.

+ With a start date for carbon reductions of 2005,
the average price of motor gasoline will increase
by between 11 percent and 53 percent across the
various cases. With a start date of 2000, the price
increases range between 10 percent and 46 per-
cent. With the higher prices of motor gasoline
and other transportation fuels, travel will be
lower and vehicle efficiency will be higher in all
cases compared with the reference case.

* As aresult of the carbon prices and higher energy
prices, the growth in U.S. gross domestic product
(GDP) will be lower than in the reference case
during the transition period; however, the econ-
omy will continue to grow. As carbon prices
decline and the economy adjusts, GDP will
rebound by 2020 to about the level in the refer-
ence case. With an earlier start date, the econ-
omy experiences a loss in GDP beginning in 2000;
however, the early start date smooths the transi-
tion of the economy to the longer run target.
Potential GDP losses [51] begin in 2000 in the
early start case at a slower rate than with the
2005 start date (Figure 30). Once in the compli-
ance period, potential GDP takes on the same
path in both cases. The loss in actual GDP in the
early start cases between 2000 and 2005 is
between one-half and nearly three-quarters of
the loss in the cases with the 2005 start date
between 2005 and 2010. By 2010, in the
1990+24% case with the early start date, the
GDP loss is about half the loss seen with the 2005
start date. For the 1990+9% and 1990-7% cases,
the GDP losses with the early start date are
about one-third of the losses with the 2005 start
date (Figure 31).

* The loss in GDP, plus the funds used to purchase
permits internationally, represents the total cost
to the economy. With the 2005 start date, the
total cost in the compliance period, 2008 to 2012,
ranges from an annual average of $77 billion

Figure 30. Projected dollar losses in potential gross
domestic product in the 1990+9% and 1990+9% early
start cases, 1998-2020 (billion 1992 dollars)
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Figure 31. Projected dollar losses in actual gross
domestic product in the 1990+24%, 1990+9%, and
1990-7% early start and 2005 start cases, 1998-2020
(billion 1992 dollars)
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(1992 dollars) to almost four times that amount,
depending on the required carbon reductions and
how the revenues are recycled to the economy.
This is relative to a total economy of $7 trillion in
1996, which is expected to grow to $9.5 trillion in
2010 and $11 trillion in 2020.

Proposed Ceilings on Kyoto Mechanisms

As noted above, the Kyoto Protocol includes several
flexibility mechanisms; however, in Articles 6 and
17, the Protocol specifically indicates that joint
implementation and Annex I trading of emissions
credits “shall be supplemental to domestic actions.”
Supplementarity has been a topic of some debate.
Those proposing limits on the flexibility mechanisms
suggest that limits would lead to a more equitable
method for countries to share the burden of emis-
sions reductions; however, those opposing limits
argue that the most economically efficient method
for reductions is through unlimited access to the flex-
ibility mechanisms.

On May 17, 1999, the Council of Ministers of the
European Union adopted a Community Strategy on
Climate Change. The Council affirmed the Buenos
Aires Plan of Action as a “satisfactory result of COP4
[the fourth Conference of the Parties],” while believ-
ing “that urgent preparatory work is needed in order
to implement the Buenos Aires Plan of Action by
COP6 [the sixth Conference of the Parties, likely to
be held late in 2000 or early in 2001].

Among other conclusions and recommendations, the
Council reaffirmed “that the provisions in Articles 6,
12 and 17 of the Protocol [52] require that domestic
action should provide the main means of meeting the
commitments under Article 3 of the Protocol [53] and
that a concrete ceiling on the use of the Kyoto mecha-
nisms should be defined.” Furthermore, the Council
adopted the following proposal for limitations on
trade in the commitment period:

* For purchasers, the net acquisitions for all three
Kyoto mechanisms together must not exceed the
higher of the two following alternatives:

5 percent of [(base year emissions multiplied
by 5) + (assigned amount over the commitment
period)] / 2, or

50 percent of the difference between the actual
annual emissions in any year between 1994
and 2002 multiplied by 5 and its assigned
amount over the commitment period.

* For sellers, net transfers for all three Kyoto
mechanisms together must not exceed 5 percent
of [(base year emissions multiplied by 5) +
(assigned amount over the commitment period)] /
2.

Under the Council proposal, the limits on both acqui-
sitions and transfers can be increased to the extent
that a party achieves reductions larger than the ceil-
ing in the commitment period through verifiable
domestic actions undertaken after 1993.

The proposed limit on sellers of carbon permits is
aimed at Annex I countries such as those comprising
the former Soviet Union, which are likely to have
lower emissions in the commitment period than in
1990 due to the economic decline of those countries
in the 1990s. Compared with an unlimited trading
system, restrictions on the sales of carbon permits
are likely to increase the average price for the per-
mits in an international market.

The Council proposal applies to all greenhouse gases
included in the Kyoto Protocol; however, in order to
consider the potential impact on the United States of
the purchase limits in this proposal, only U.S. carbon
emissions from energy are considered. Under the
first provision: U.S. carbon emissions are 1,345 mil-
lion metric tons in the base year of 1990, and its
assigned amount is 7 percent below that level over 5
years, or 6,254 million metric tons. Therefore, under
the first provision—5 percent of [1,345 x 5 + 6,254] /
2—purchases would be limited to 324 million metric
tons over the 5-year commitment period. Under the
second provision, U.S. carbon emissions in the refer-
ence case of the Kyoto Protocol analysis are projected
to grow to 1,600 million metric tons in 2002. There-
fore, purchases would be limited to 50 percent of
1,600 x 5 — 6,254, or 873 million metric tons. Because
the second provision results in a higher value, it
establishes the U.S. limit on the use of the flexibility
measures at an average annual of 175 million metric
tons.

In the reference case, U.S. carbon emissions are
expected to total 8,929 million metric tons in the
commitment period, 2008 through 2012. Its assigned
amount of carbon emissions is 6,254 million metric
tons, of which 873 million metric tons can be met
through the flexibility mechanisms under the Coun-
cil proposal. Therefore, of average annual reductions
of 535 million metric tons in the commitment period,
an average of 175 million metric tons, or 33 percent,
can be purchased.
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Using the results of the six carbon reduction cases in
the analysis of the Kyoto Protocol and the three cases
in the early start analysis, the average carbon prices
in the commitment period can be displayed as a func-
tion of the average carbon reductions required in
that period (Figure 32). This curve represents the
marginal cost of reducing energy-related carbon
emissions in the United States.

Assuming that about 4 percent of the total required
reduction in emissions can be met by cost-effective
measures to reduce other greenhouse gases and
enhance sinks, plus the ability to purchase 175
million metric tons of emissions credits abroad, a

Figure 32. Average projected carbon prices
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reduction in energy-related carbon emissions of 310
million metric tons is required. Using the curve for a
2005 start date, this reduction would require an
average carbon price of about $150 per metric ton
(1996 dollars)—about $10 per metric ton lower than
the average price of $159 per metric ton in the
1990+9% case and about $85 per metric ton higher
than the $65 per metric ton price in the 1990+24%
case, which is the case most analogous to a full trad-
ing case in which the various flexibility measures are
unlimited. With the earlier start date, the average
carbon price resulting from the Council proposal
would be reduced from about $150 per metric ton to
about $140 per metric ton.

The purchase of 175 million metric tons of permits,
as derived from the Council proposal, is slightly
higher than the level of 160 million metric tons in the
1990+9% case with the 2005 start date. As a result,
the ultimate impact on the economy is moderated
somewhat relative to that case. The loss in potential
GDP is $31 billion (1992 dollars), compared with $32
billion in the 1990+9% case. The loss in actual GDP
declines from $169 billion to $164 billion. The value
of the permits purchased is $24 billion, slightly
higher than the $23 billion cost in the 1990+9% case.
Therefore, the total cost to the economy—the loss in
actual GDP plus the purchases of international
permits—totals $188 billion, compared with $192
billion in the 1990+9% case.
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The projections in AEO2000 are not statements of
what will happen but of what might happen, given
the assumptions and methodologies used. The
projections are business-as-usual trend forecasts,
given known technology, technological and demo-
graphic trends, and current laws and regulations.
Thus, they provide a policy-neutral reference case
that can be used to analyze policy initiatives. EIA
does not propose, advocate, or speculate on future
legislative and regulatory changes. All laws are
assumed to remain as currently enacted; however,
the impacts of emerging regulatory changes, when
defined, are reflected.

Because energy markets are complex, models are
simplified representations of energy production
and consumption, regulations, and producer and
consumer behavior. Projections are highly de-
pendent on the data, methodologies, model struc-
tures, and assumptions used in their development.

Behavioral characteristics are indicative of real-
world tendencies rather than representations of
specific outcomes.

Energy market projections are subject to much
uncertainty. Many of the events that shape energy
markets are random and cannot be anticipated,
including severe weather, political disruptions,
strikes, and technological breakthroughs. In addi-
tion, future developments in technologies, demo-
graphics, and resources cannot be foreseen with
any degree of certainty. Many key uncertainties in
the AEOZ2000 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, analytical processes in the examination of pol-
icy initiatives.




Trends in Economic Activity

Strong Economic Growth
Is Expected To Continue

Figure 33. Average annual real growth rates
of economic factors, 1998-2020 (percent)
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The output of the Nation’s economy, measured by
gross domestic product (GDP), is projected to
increase by 2.2 percent a year between 1998 and
2020 (with GDP based on 1992 chain-weighted
dollars) (Figure 33), slightly higher than the 2.0-
percent growth projected in AEO99 for the same
period. The projected growth rate for the labor force
is similar to last year’s forecast through 2020;
however, in the AEO2000 projection, productivity
growth (GDP growth minus labor force growth) is 1.3
percent a year, up from 1.2 percent a year in AEO99.

The projected rate of growth in GDP slows in the
latter half of the forecast period as the expansion of
the labor force slows, but sustained levels of labor
productivity growth moderate the effects of lower
labor force growth. Total population growth remains
fairly constant after 2000; the slowing growth in the
size of the labor force results instead from the
increasing size of the population over 65 years old
after 2000. As more people retire from the work
force, and as life expectancy rises, the labor force
participation rate— the percentage of the population
over 16 years of age actually holding or looking for
employment—peaks in 2007 and then begins to
decline as “baby boom” cohorts begin to retire. Thus,
from 2010 to 2015, labor force growth slows to
0.7 percent, and from 2015 to 2020 it falls to 0.5
percent a year. Labor force productivity growth,
however, remains above 1 percent a year throughout
each of the 5-year periods.

Electronic, Industrial Equipment
Lead Manufacturing Growth

Figure 34. Sectoral composition of GDP growth,
1998-2020 (percent per year)

Gross domestic product

Services

Transportation, communication
and utilities

Finance, insurance, and real estate

Wholesale trade
Manufacturing
Retail trade
Construction
Agriculture
Public administration
Mining

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Manufacturing

Electronic equipment
Industrial machinery

Rubber and miscellaneous plastics
Instruments

Transportation equipment
Chemicals

Furniture

Fabricated metals

Paper

Miscellaneous manufacturing
Food

Lumber

Stone, clay and glass
Printing

Refining

Primary metals

Textiles

Tobacco

Apparel N [ntensive

Leather I Nonintensive

-7.0-6.0-5.0-4.0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

The projected growth rate for manufacturing produc-
tion is 2.0 percent a year, slightly lower than the
2.2-percent annual growth projected for the aggre-
gate economy. Energy-intensive manufacturing
sectors are projected to grow more slowly than
non-energy-intensive manufacturing sectors (1.1
percent and 2.4 percent annual growth, respectively)
[564], due in part to rising real energy prices.

The electronic equipment and industrial machinery
sectors lead the expected growth in manufacturing,
as semiconductors and computers find broader
applications (Figure 34). The rubber and miscella-
neous plastic products sector is expected to grow
faster than manufacturing as a whole, with plastics
continuing to penetrate new markets as well. Higher
growth is expected for the services sector than for the
manufacturing sector, as in last year’s forecast.
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Economic Growth Cases

High and Low Growth Cases Reflect
Uncertainty of Economic Growth
Figure 35. Average annual real growth rates of
economic factors in three cases, 1998-2020 (percent)
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To reflect the uncertainty in forecasts of economic
growth, AEO2000 includes high and low economic
growth cases in addition to the reference case
(Figure 35). The high and low growth cases show the
effects of alternative growth assumptions on energy
markets. The three economic growth cases are based
on macroeconomic forecasts prepared by Standard &
Poor’s DRI (DRI) [55]. The DRI forecast used in gen-
erating the AEO2000 reference case is the August
1999 trend growth scenario, adjusted to incorporate
the world oil price assumptions used in the AEO2000
reference case. The AEO2000 high and low economic
growth cases are based on the spread between the
optimistic and pessimistic growth projections pre-
pared by DRI in February 1999.

The high economic growth case incorporates higher
growth rates for population, labor force, and labor
productivity. With higher productivity gains, infla-
tion and interest rates are lower than in the refer-
ence case, and economic output grows by 2.6 percent
a year. GDP per capita grows by 1.6 percent a year,
compared with 1.4 percent in the reference case. The
low economic growth case assumes lower growth
rates for population, labor force, and productivity,
resulting in higher prices, higher interest rates, and
lower industrial output growth. In the low growth
case, economic output increases by 1.7 percent a year
from 1998 through 2020, and growth in GDP per
capita slows to 1.1 percent a year.

Long-Run Trend Shows Slowing of the
U.S. Economic Growth Rate

Figure 36. Annual GDP growth rate for the
preceding 20 years, 1970-2020 (percent)
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Figure 36 shows the trend in the moving 20-year
annual growth rate for GDP, including projections
for the three AEO2000 cases. The value for each year
is calculated as the annual growth rate over the pre-
ceding 20 years. The 20-year average shows major
long-term trends in GDP growth by smoothing more
volatile year-to-year changes (although the increase
shown for 2000-2002 reflects the slow and negative
growth of 1980-1982). The overall trend is down-
ward, reflecting lower rates of capital accumulation
during the 1970s and 1980s, lower labor force growth
rates, and shifts in the demographic makeup of the
population. In addition, annual GDP growth has
fluctuated considerably around the trend. The high
and low growth cases capture the potential for differ-
ent paths of long-term output growth.

One reason for the variability of the forecasts is the
composition of economic output, reflected by growth
rates of consumption and investment relative to the
overall GDP growth for the aggregate economy. In
the reference case, consumption grows by 2.3 percent
a year, while investment grows at a 2.9-percent
annual rate. In the high growth case, growth in
investment increases to 3.6 percent a year. Higher
investment rates lead to faster capital accumulation
and higher productivity gains, which, coupled with
higher labor force growth, yield faster aggregate
economic growth than in the reference case. In the
low growth case, annual growth in investment
expenditures slows to 1.9 percent. With the labor
force also growing more slowly, aggregate economic
growth slows considerably.
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International Oil Markets

Projections Vary in Cases With
Different Oil Price Assumptions

Figure 37. World oil prices in three cases, 1970-2020
(1998 dollars per barrel)
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Just as the historical record shows substantial vari-
ability in world oil prices, there is considerable
uncertainty about future prices. Three AEO2000
cases with different price paths allow an assessment
of alternative views on the course of future oil prices
(Figure 37). For the reference case, prices rise by
about 2.8 percent a year, reaching $22.04 in 2020 (all
prices in 1998 dollars unless otherwise noted). In
nominal dollars, the reference case price exceeds $36
in 2020. The low price case has prices declining, after
the current price rise, to $14.90 by 2005 and remain-
ing at about that level out to 2020. The high price
case has a price rise of about 5.0 percent a year out to
2015 and then remains at about $28 out to 2020. The
leveling off in the high price case is due to the market
penetration of alternative energy supplies that could
become economically viable at that price.

All three price cases are similar to the price projec-
tions in AEO99 beyond 2005, reflecting considerable
optimism about the potential for worldwide petro-
leum supply, even in the face of the substantial
expected increase in demand. Production from
countries outside OPEC is expected to show a steady
increase, exceeding 45 million barrels per day by the
turn of the century and increasing gradually there-
after to more than 56 million barrels per day by 2020.

Total worldwide demand for oil is expected to reach
112 million barrels per day by 2020. Developing
countries in Asia show the largest growth in
demand, averaging 3.1 percent a year.

Uncertain Prospects for Persian Gulf
Production Shape Oil Price Cases

Figure 38. OPEC oil production in three cases,
1970-2020 (million barrels per day)
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The three price cases are based on alternative
assumptions about oil production levels in OPEC
nations: higher production in the low price case and
lower production in the high price case. With its vast
store of readily accessible oil reserves, OPEC—
primarily the Persian Gulf nations—is expected to
be the principal source of marginal supply to meet
future incremental demand.

By 2000, OPEC supply in the reference case is
over 32 million barrels per day, consistent with
announced plans for OPEC capacity expansion [56].
By 2020, OPEC production is more than 55 million
barrels per day (almost twice its 1998 production) in
the reference case, almost 49 million in the high case,
and nearly 66 million in the low case (Figure 38).
Worldwide demand for oil varies across the price
cases in response to the price paths. Total world
demand for oil ranges from 120.3 million barrels per
day in the low price case to 107.8 million barrels per
day in the high price case.

The variation in oil production forecasts reflects
uncertainty about the prospects for future produc-
tion from the Persian Gulf region. The expansion of
productive capacity will require major capital invest-
ments, which could depend on the availability and
acceptability of foreign investments. Iraq is assumed
to continue selling oil only at sanction-allowed
volumes until 2002. Recent discoveries offshore of
Algeria and Nigeria, as well as Venezuela’s aggres-
sive capacity expansion plans, will more than accom-
modate increasing demand in the absence of Iraq’s
full return to the oil market.
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International Oil Markets

Production Increases Are Expected
for Non-OPEC Oil Producers

Figure 39. Non-OPEC oil production in three cases,
1970-2020 (million barrels per day)
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The growth and diversity in non-OPEC oil supply
have shown surprising resilience even in the low
price environment of this decade. Although OPEC
producers will certainly benefit from the projected
growth in oil demand, significant competition is
expected from non-OPEC suppliers. Countries in the
Organization for Economic Cooperation and Devel-
opment (OECD) that are expected to register produc-
tion increases over the next decade include North
Sea producers, Australia, Canada, and Mexico. In
Latin America, Colombia, Brazil, and Argentina are
showing accelerated growth in oil production, due in
part to privatization efforts. Deepwater projects off
the coast of western Africa and in the South China
Sea will start producing significant volumes of oil
early in the next century. In addition, much of the
increase in non-OPEC supply over the next decade is
expected to come from the former Soviet Union, and
political uncertainty appears to be the only potential
barrier to the development of vast oil resources in the
Caspian Basin.

In the AEO2000 reference case, non-OPEC supply is
projected to reach almost 57 million barrels per day
by 2020 (Figure 39). In the low oil price case,
non-OPEC supply grows to more than 54 million
barrels per day by 2020, whereas in the high oil price
case it reaches more than 58 million barrels per day
by the end of the forecast period.

Persian Gulf Producers Could Take
More Than Half of World Oil Trade

Figure 40. Persian Gulf share of worldwide
oil exports in three cases, 1965-2020 (percent)
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Considering the world market in oil exports, the his-
torical peak for Persian Gulf exports (as a percent of
world oil exports) occurred in 1974, when they made
up more than two-thirds of the oil traded in world
markets (Figure 40). The most recent historical low
for Persian Gulf oil exports came in 1985 as a result
of more than a decade of high oil prices, which led to
significant reductions in worldwide petroleum con-
sumption. Less than 40 percent of the oil traded in
1985 came from Persian Gulf suppliers. Following
the 1985 oil price collapse, the Persian Gulf export
percentage has been steadily increasing. Early in the
next decade, Persian Gulf producers are expected to
account for more than 50 percent of worldwide trade
for the first time since the early 1980s.

In the reference case, the Persian Gulf share of
worldwide petroleum exports exceeds 50 percent
shortly after the turn of the century and increases
gradually to almost 62 percent by 2020. In the low oil
price case, the Persian Gulf share of total exports
reaches almost 69 percent by 2020. All Persian Gulf
producers are expected to increase oil production
capacity significantly over the forecast period, and
both Saudi Arabia and Iraq are expected to more
than double their current production capacity.
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OPEC Accounts for More Than Half of
Projected U.S. Oil Imports

Figure 41. U.S. gross petroleum imports by source,
1998-2020 (million barrels per day)
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In the reference case, total U.S. gross oil imports
increase from 10.7 million barrels per day in 1998 to
almost 17 million in 2020 (Figure 41). Crude oil
accounts for most of the increase in imports through
2000, whereas imports of petroleum products make
up a larger share of the increase after 2000. Product
imports increase more rapidly, as U.S. production
stabilizes and U.S. refineries lack the capacity to
process larger quantities of imported crude oil.

Not until 2014 does OPEC account for more than 50
percent of total projected U.S. petroleum imports.
The OPEC share increases gradually to more than
52 percent in 2020. The Persian Gulf share of U.S.
imports from OPEC increases from about 43 percent
in 1998 to almost 50 percent in 2020. Crude oil
imports from the North Sea increase slightly
through 2010, then level off as North Sea production
ebbs. Significant imports of petroleum from Canada
and Mexico continue, and West Coast refiners are
expected to import crude oil from the Far East to
replace the declining production of Alaskan crude
oil.

Imports of light products are expected to more than
triple by 2020, to more than 3.9 million barrels per
day. Most of the projected increase is from refiners in
the Caribbean Basin and the Middle East, where
refining capacity is expected to expand significantly.
Vigorous growth in demand for lighter petroleum
products in developing countries means that U.S.
refiners are likely to import smaller volumes of light,
low-sulfur crude oils.

Asia/Pacific Region Is Expected

To Surpass U.S. Refining Capacity
Figure 42. Worldwide refining capacity by region,
1998 and 2020 (million barrels per day)
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Worldwide crude oil distillation capacity was 78.3
million barrels per day at the beginning of 1998. To
meet the growth in international oil demand in the
reference case, worldwide refining capacity is
expected to increase by almost 60 percent—to nearly
125 million barrels per day—by 2020. Substantial
growth in distillation capacity is expected in the
Middle East, Central and South America, and the
Asia/Pacific region (Figure 42).

The Asia/Pacific region has been the fastest growing
refining center in the 1990s. It has recently passed
Western Europe as the world’s second largest refin-
ing center and, in terms of distillation capacity, is
expected to surpass the United States by 2010. While
not adding significantly to their distillation capacity,
refiners in the United States and Europe have
tended to improve product quality and enhance the
usefulness of heavier oils through investment in
downstream capacity.

Future investments in the refinery operations of
developing countries must include configurations
that are more advanced than those currently in oper-
ation. Their refineries will be called upon to meet
increased worldwide demand for lighter products, to
upgrade residual fuel, to supply transportation fuels
with reduced lead, and to supply both distillate and
residual fuels with decreased sulfur levels. An addi-
tional burden on new refineries will be the need to
supply lighter products from crude oils whose qual-
ity is expected to deteriorate over the forecast period.
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Energy Demand

Annual Growth in Energy Use Is
Projected To Continue

Figure 43. Primary and delivered energy
consumption, excluding transportation use,
1970-2020 (quadrillion Btu)
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Net energy delivered to consumers represents only a
part of total primary energy consumption. Primary
consumption includes energy losses associated with
the generation, transmission, and distribution of
electricity, which are allocated to the end-use sectors
(residential, commercial, and industrial) in propor-
tion to each sector’s share of electricity use [57].

How energy consumption is measured has become
more important over time, as reliance on electricity
has expanded. In 1970 electricity accounted for only
12 percent of energy delivered to the end-use sectors,
excluding transportation. Since then, the growth in
electricity use for applications such as space condi-
tioning, consumer appliances, telecommunication
equipment, and industrial machinery has resulted in
greater divergence between total and delivered
energy consumption (Figure 43). This trend is
expected to stabilize in the forecast, as more efficient
generating technologies offset increased demand for
electricity. Projected primary energy consumption
and delivered energy consumption grow by 0.9 per-
cent and 1.0 percent a year, respectively, excluding
transportation use.

At the end-use sectoral level, tracking of primary
energy consumption is necessary to link specific
policies with overall goals. Carbon emissions, for
example, are closely correlated with total energy
consumption. In the development of carbon stabiliza-
tion policies, growth rates for primary energy con-
sumption may be more important than those for
delivered energy.

Average Energy Use per Person
Shows Little Change in the Forecast

Figure 44. Energy use per capita and per dollar of
gross domestic product, 1970-2020 (index, 1970 = 1)
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Energy intensity, both as measured by primary
energy consumption per dollar of GDP and as mea-
sured on a per capita basis, declined between 1970
and the mid-1980s (Figure 44). Although the overall
GDP-based energy intensity of the economy is pro-
jected to continue declining between 1998 and 2020,
the decline is not expected to be as rapid as it was in
the earlier period. GDP is estimated to increase by
61 percent between 1998 and 2020, compared with a
27-percent increase in primary energy use. Relative-
ly stable energy prices are expected to slow the
decline in energy intensity, as is increased use of
electricity-based energy services. When electricity
claims a greater share of energy use, consumption of
primary energy per dollar of GDP declines at a
slower rate, because electricity use contributes both
end-use consumption and energy losses to total
energy consumption.

In the AEO2000 forecast, the demand for energy ser-
vices increases markedly over 1998 levels. The aver-
age home 1n 2020 is expected to be 2 percent larger
and to rely more heavily on electricity-based technol-
ogies. Annual highway travel and air travel per
capita in 2020 are expected to be 21 percent and 97
percent higher, respectively, than in 1998. Neverthe-
less, despite the growth in demand for energy
services, primary energy intensity on a per capita
basis remains essentially static through 2020, with
efficiency improvements in many end-use energy
applications making it possible to provide higher
levels of service without significant increases in total
energy use per capita.
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Energy Demand

Petroleum Products Lead Growth in
Energy Consumption

Figure 45. Primary energy use by fuel, 1970-2020
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Consumption of petroleum products, mainly for
transportation, claims the greatest share of primary
energy use in the AEO2000 forecast (Figure 45).
Growth in energy demand in the transportation sec-
tor, which averaged 2.0 percent a year during the
1970s, was slowed in the 1980s by rising fuel prices
and by new Federal vehicle efficiency standards,
which led to an unprecedented 2.1-percent annual
increase in average vehicle fuel economy. In the
AEO2000 forecast, fuel economy gains slow as a
result of stable fuel prices and the absence of new
legislative mandates. A growing population and
increased travel per capita lead to increases in
demand for gasoline throughout the forecast.

Increased competition and technological advances in
electricity generation and distribution are expected
to reduce the real cost of electricity. Despite low pro-
jected prices, however, growth in electricity use is
slower than the rapid growth seen in the 1970s.
Excluding consumption for electricity generation,
demand for natural gas grows at a slightly slower
rate than overall energy demand, in contrast to the
recent trend of more rapid growth in the use of gas as
the industry was deregulated. Natural gas is pro-
jected to meet 18.9 percent of all end-use energy
requirements in 2020.

End-use demand for renewable energy from sources
such as wood, wood wastes, and ethanol increases by
1.1 percent a year in the forecast. The use of geo-
thermal and solar energy in buildings increases by
about 3.8 percent a year but does not exceed 1 per-
cent of energy consumption for space and water
heating.

U.S. Primary Energy Use Exceeds
120 Quadrillion Btu a Year by 2020

Figure 46. Primary energy use by sector, 1970-2020
(quadrillion Btu)
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Primary energy use in the reference case is projected
to exceed 120 quadrillion Btu by 2020, 27 percent
higher than the 1998 level. In the early 1980s, as
energy prices rose, sectoral energy consumption
grew relatively little (Figure 46). Between 1985 and
1998, however, stable energy prices contributed to a
marked increase in sectoral energy consumption.

In the forecast, energy demand in the residential and
commercial sectors grows at about the same rate as
population. Demand for energy in the transportation
sector grows more rapidly, driven by estimates of
increased per capita travel and slower fuel efficiency
gains. Assumed efficiency gains in the industrial sec-
tor are projected to cause the demand for primary
energy to grow more slowly than GDP.

To help bracket the uncertainty inherent in any
long-term forecast, alternative assumptions were
used to highlight the sensitivity of the AEO2000
forecast to different oil price and economic growth
paths. At the consumer level, oil prices primarily
affect the demand for transportation fuels. Oil use
for transportation in the high world oil price case is
4.2 percent lower than in the low world oil price case
in 2020, as consumer choices favor more fuel-
efficient vehicles and the demand for travel services
is reduced slightly. In contrast, variations in eco-
nomic growth assumptions lead to larger changes in
the projections of overall energy demand in each of
the end-use sectors [58]. For 2020, the projection of
total annual energy use in the high economic growth
case is 14 percent higher than in the low economic
growth case.
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Residential Sector Energy Demand

Residential Energy Use Grows by More
Than One-Fifth From 1998 to 2020

Figure 47. Residential primary energy consumption
by fuel, 1970-2020 (percent of total)
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Residential energy consumption is projected to
increase by more than 22 percent overall between
1998 and 2020. Most (74 percent) of the growth in
total energy use is related to increased use of elec-
tricity. Sustained growth in housing in the South,
where almost all new homes use central air condi-
tioning, is an important component of the national
trend, along with the penetration of consumer elec-
tronics, such as home office equipment and security
systems (Figure 47).

While its share increases slightly, natural gas use in
the residential sector is projected to grow by 1.1 per-
cent a year through 2020. Natural gas prices to resi-
dential customers decline in the forecast and are
lower than the prices of other fuels, such as heating
oil. The number of homes heated by natural gas
increases more than the number heated by electric-
ity and oil. Petroleum use is projected to fall, with
the number of homes using petroleum-based fuels
for space heating applications expected to decrease
over time.

Newly built homes are, on average, larger than the
existing stock, with correspondingly greater needs
for heating, cooling, and lighting. Under current
building codes and appliance standards, however,
energy use per square foot is typically lower for new
construction than for the existing stock. Further
reductions in residential energy use per square foot
could result from additional gains in equipment effi-
ciency and more stringent building codes, requiring
more insulation, better windows, and more efficient
building designs.

Efficiency Standards Should
Moderate Residential Energy Use

Figure 48. Residential primary energy consumption
by end use, 1990, 1997, 2010, and 2020
(quadrillion Btu)
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Energy use for space heating, the most energy-
intensive end use in the residential sector, grew by
1.5 percent a year from 1990 to 1997 (Figure 48).
Future growth should be slowed by higher equip-
ment efficiency and tighter building codes. Building
shell efficiency gains are projected to cut space heat-
ing demand in new homes by nearly 8 percent per
household in 2020 relative to the demand in 1998.

A variety of appliances are now subject to minimum
efficiency standards, including heat pumps, air con-
ditioners, furnaces, refrigerators, and water heaters.
Current standards for a typical residential refrigera-
tor limit electricity use to 690 kilowatthours a year,
and revised standards are expected to reduce con-
sumption by another 30 percent by 2002. Energy use
for refrigeration has declined by 1.4 percent a year
from 1990 to 1997 and is expected to decline by about
2.0 percent a year through 2020, as older, less effi-
cient refrigerators are replaced with newer models.

The “all other” category, which includes smaller
appliances such as personal computers, dishwash-
ers, clothes washers, and dryers, has grown by
nearly 5 percent a year from 1990 to 1997 (Figure 48)
and now accounts for 30 percent of residential
primary energy use. It is projected to account for 40
percent in 2020, as small electric appliances con-
tinue to penetrate the market. The promotion of
voluntary standards, both within and outside the
appliance industry, is expected to forestall even
larger increases. Even so, the “all other” category is
expected to exceed other components of residential
demand by 2020.
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Commercial Sector Energy Demand

Available Technologies Can Slow
Future Residential Energy Demand

Figure 49. Efficiency indicators for selected
residential appliances, 1998 and 2020
(index, 1998 stock efficiency =1)
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The AEO2000 reference case projects an increase in
the stock efficiency of residential appliances, as stock
turnover and technology advances in most end-use
services combine to reduce residential energy inten-
sity over time. For most appliances covered by the
National Appliance Energy Conservation Act of
1987, the most recent Federal efficiency standards
are higher than the 1998 stock, ensuring an increase
in stock efficiency (Figure 49) without any additional
new standards. Future updates to the Federal stand-
ards could have a significant effect on residential
energy consumption, but they are not included in the
reference case. Proposed rules for new efficiency
standards for water heaters are expected to be
announced by June 2000, and several other product
announcements are expected by spring 2001.

For almost all end-use services, technologies now
exist that can significantly curtail future energy
demand if they are purchased by consumers. The
most efficient technologies can provide significant
long-run savings in energy bills, but their higher
purchase costs tend to restrict their market penetra-
tion. For example, condensing technology for natural
gas furnaces, which reclaims heat from exhaust
gases, can raise efficiency by more than 20 percent
over the current standard; and variable-speed scroll
compressors for air conditioners and refrigerators
can increase their efficiency by 50 percent or more.
In contrast, there is little room for -efficiency
improvements in electric resistance water heaters,
because the technology is approaching its thermal
limit.

Energy Fuel Shares for Commercial
Users Are Expected To Remain Stable

Figure 50. Commercial nonrenewable primary
energy consumption by fuel, 1970-2020
(percent of total)
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Projected energy use trends in the commercial sector
show stable shares for all fuels, with growth in over-
all consumption slowing from its pace over the past
two decades (Figure 50). Slow growth (0.8 percent a
year) 1s expected in the commercial sector, for two
reasons. Commercial floorspace is projected to grow
by only 0.9 percent a year between 1998 and 2020,
compared with an average of 1.5 percent a year over
the past two decades. Lower growth in floorspace
reflects the slowing labor force growth expected later
in the forecast. Additionally, energy consumption
per square foot is projected to decline by 0.1 percent
a year, as a result of efficiency standards, voluntary
government programs aimed at improving effi-
ciency, and other technology improvements.

Electricity accounts for three-fourths of commercial
primary energy consumption throughout the fore-
cast. Expected efficiency gains in electric equipment
are offset by continuing penetration of new technolo-
gies and greater use of office equipment. Natural gas
accounts for 20 percent of commercial energy con-
sumption in 1998 and maintains that share through-
out the forecast. Distillate fuel oil makes up only
2 percent of commercial demand in 1998, down from
6 percent in the years before deregulation of the
natural gas industry. The fuel share projected for
distillate remains at 2 percent in 2020, as natural
gas continues to compete for space and water heating
uses. With stable prices projected for conventional
fuels, no appreciable growth in the share of renew-
able energy in the commercial sector is anticipated.
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Industrial Sector Energy Demand

Commercial Lighting Is the Sector’s
Most Important Energy Application

Figure 51. Commercial primary energy consumption
by end use, 1998 and 2020 (quadrillion Btu)
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Through 2020, lighting remains the most important
individual end use in the commercial sector [59].
Energy use for lighting declines slightly in the fore-
cast as more energy-efficient lighting equipment and
more efficient generating technologies are adopted.
Efficiency also improves for space heating, space
cooling, and water heating, moderating the growth
in overall commercial sector energy demand.
Increasing building shell efficiency, which affects the
energy required for space heating and cooling, con-
tributes to the trend (Figure 51).

The highest growth rates are expected for end uses
that have not yet saturated the commercial market.
Energy use for personal computers grows by 2.4 per-
cent a year and for other office equipment, such as
fax machines and copiers, by about 2.1 percent a
year. The growth in electricity use for office equip-
ment reflects a trend toward more powerful equip-
ment, the response to a projected decline in real
electricity prices, and an increase in the market for
commercial electronic equipment. Natural gas use
for such miscellaneous uses as cooking, district heat-
ing, and self-generated electricity is expected to grow
by 0.9 percent a year. New telecommunications tech-
nologies and medical imaging equipment increase
electricity demand in the “all other” end use cate-
gory, which also includes ventilation, refrigeration,
minor fuel consumption, service station equipment,
and vending machines. Growth in the “all other” cat-
egory is expected to slow somewhat in later years of
the projection period, as emerging technologies
achieve greater market penetration.

Industrial Energy Use Could Grow by
More Than 20 Percent by 2020

Figure 52. Industrial primary energy consumption
by fuel, 1970-2020 (quadrillion Btu)
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From 1970 to 1986, with demand for coking coal
reduced by declines in steel production and natural
gas use falling as a result of end-use restrictions and
curtailments, electricity’s share of industrial energy
use increased from 23 percent to 35 percent. The nat-
ural gas share fell from 33 percent to 25 percent, and
coal’s share fell from 16 percent to 10 percent. After
1986, natural gas began to recover its share as
end-use regulations were lifted and supplies became
more certain and less costly. The AEO2000 projec-
tions of plentiful supplies and relatively stable prices
allow natural gas to maintain its current share of
industrial energy consumption while electricity’s
share of delivered energy increases slightly.

Primary energy use in the industrial sector—which
includes the agriculture, mining, and construction
industries in addition to traditional manufactur-
ing—increases by 0.9 percent a year in the forecast
(Figure 52). Electricity (for machine drive and some
production processes) and natural gas (given its ease
of handling) are the major energy sources for the
industrial sector. Industrial delivered electricity use
is projected to increase by 31.7 percent, as competi-
tion in the generation market keeps electricity prices
low. Relatively low prices are also projected for natu-
ral gas, resulting in consumption that is 23.0 percent
over its 1998 level by 2020. Industrial petroleum use
grows by 25.4 percent over the same period. Coal use
increases slowly, by 0.1 percent a year, as new
steelmaking technologies continue to reduce demand
for metallurgical coal, offsetting the modest growth
in coal use for boiler fuel and as a substitute for coke
in traditional steelmaking.
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Industrial Sector Energy Demand

Industrial Energy Use Grows Steadily
in the Projections

Figure 53. Industrial primary energy consumption
by industry category, 1994-2020 (quadrillion Btu)
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More than two-thirds of all the energy consumed in
the industrial sector is used to provide heat and
power for manufacturing; the remainder is approxi-
mately equally distributed between nonmanufactur-
ing heat and power and consumption for nonfuel
purposes, such as raw materials and asphalt (Figure
53).

Nonfuel use of energy grows more rapidly (1.2 per-
cent annually) than does projected heat and power
consumption (0.8 percent annually). The feedstock
portion of nonfuel use is projected to grow at the
same rate as the bulk chemical industry (1.1 percent
annually) due to limited substitution possibilities. In
2020, feedstock consumption is projected to be 5.0
quadrillion Btu. Asphalt, the other component of
nonfuel use, is projected to grow by 1.6 percent a
year, to 1.8 quadrillion Btu in 2020. The growth rate
for asphalt use is slightly less than the projected
annual growth rate for the construction industry (1.7
percent), which is the principal consumer of asphalt
for paving and roofing.

Petroleum refining, chemicals, and pulp and paper
are the largest end-use consumers of energy for heat
and power in the manufacturing sector. These three
energy-intensive industries used 8.9 quadrillion Btu
in 1998. The major fuels used in petroleum refineries
are still gas, natural gas, and petroleum coke. In the
chemical industry, natural gas accounts for
two-thirds of the energy consumed for heat and
power. The pulp and paper industry uses the most
renewables, in the form of wood and spent liquor.

Output From U.S. Industries Grows
Faster Than Energy Use

Figure 54. Industrial delivered energy intensity
by component, 1994-2020 (index, 1998 = 1)
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Changes in industrial energy intensity (consumption
per unit of output) can be separated into two effects.
One component reflects underlying increases in
equipment and production efficiencies; the other
arises from structural changes in the composition of
manufacturing output. Since 1970, the use of more
energy-efficient technologies, combined with rela-
tively low growth in the energy-intensive industries,
has dampened growth in industrial energy consump-
tion. Thus, despite a 50-percent increase in indus-
trial output, total energy use in the sector grew by
only 12 percent between 1977 and 1998. These basic
trends are expected to continue.

The share of total industrial output attributed to
the energy-intensive industries is projected to fall
from 23 percent to 19 percent from 1998 to 2020.
Thus, even if no specific industry experienced a
decline in intensity, aggregate industrial intensity
would decline. Figure 54 shows projected changes in
energy intensity due to structural effects and effi-
ciency effects separately [60]. Over the forecast
period, industrial delivered energy intensity drops
by 17 percent, and the changing composition of
industrial output alone results in approximately a
13-percent drop. Thus, more than two-thirds of the
change in delivered energy intensity for the sector is
attributable to structural shifts and the remainder
to changes in energy intensity associated with
increases in equipment and production efficiencies.
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Transportation Sector Energy Demand

Alternative Fuels Make Up 4 Percent
of Light-Duty Vehicle Fuel Use in 2020

Figure 55. Transportation energy consumption
by fuel, 1975, 1998, and 2020 (quadrillion Btu)
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By 2020, total energy demand for transportation is
expected to be 37.5 quadrillion Btu, compared with
25.9 quadrillion Btu in 1998 (Figure 55). Petroleum
products dominate energy use in the sector. Motor
gasoline use, increasing by 1.4 percent a year in the
reference case, makes up more than half of transpor-
tation energy demand. Alternative fuels are pro-
jected to displace about 406,000 barrels of oil
equivalent a day [61] by 2020 (about 4 percent of
light-duty vehicle fuel consumption), in response to
current environmental and energy legislation
intended to reduce oil use. Gasoline’s share of
demand is sustained, however, by low projected gas-
oline prices and by slower fuel efficiency gains for
conventional light-duty vehicles (cars, vans, pickup
trucks, and sport utility vehicles) than were
achieved during the 1980s.

Assumed industrial output growth of 1.8 percent a
year through 2020 leads to an increase in freight
transport, with a corresponding 1.0-percent annual
increase in diesel fuel use. Economic growth and low
projected jet fuel prices yield a 4.0-percent annual
increase in air travel, causing jet fuel use to increase
by 2.9 percent a year.

In the forecast, energy prices directly affect the level
of oil use through travel costs and average vehicle
fuel efficiency. Most of the projected price sensitivity
is seen as variations in motor gasoline use in
light-duty vehicles, because the stock of light-duty
vehicles turns over more rapidly than the stock for
other modes of travel. In the high oil price case, gaso-
line use increases by only 1.3 percent a year, com-
pared with 1.6 percent a year in the low oil price case.

Average Horsepower for New Cars
Is Projected To Grow by 30 Percent

Figure 56. Transportation stock fuel efficiency
by mode, 1998-2020 (index, 1998 = 1)
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Fuel efficiency improves at a slower rate through
2020 than it did in the 1980s (Figure 56), with fuel
efficiency standards for light-duty vehicles assumed
to stay at current levels. Projected low fuel prices
and higher personal income increase the demand for
larger, more powerful vehicles. Average horsepower
for new cars in 2020 is about 30 percent above the
1998 level (Table 8), but the use of advanced technol-
ogies and materials keeps new vehicle fuel economy
from declining. New advanced technologies, such as
gasoline fuel cells and direct fuel injection and elec-
tric hybrids for both gasoline and diesel engines, are
projected to boost fuel economy levels gradually
through 2020, by about 1 to 2 miles per gallon.

From 1990 to 1998, the horsepower of compact sport
utility vehicles (medium light trucks) increased
slightly faster than that of standard sport utility
vehicles (large light trucks)—3.2 percent vs. 3.1 per-
cent a year [62]. If it continues, this trend will lead to
slightly higher horsepower for medium than for
large light trucks by 2020.

Table 8. New car and light truck horsepower

ratings and market shares, 1990-2020
Cars Light trucks

Year Small Medium Large Small Medium Large

1990
Horsepower 118 141 164 132 165 175
Sales share 0.60 0.28 0.12 0.50 0.38 0.12
1998
Horsepower 164 193 208 191 213 224
Sales share 0.54 0.34 0.12 0.36 0.52 0.12
2010
Horsepower 176 211 262 226 271 262
Sales share 0.56 0.31 0.13 0.33 0.50 0.16
2020
Horsepower 211 246 298 274 307 304
Sales share 0.55 0.31 0.14 0.34 0.53 0.13
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Transportation Sector Energy Demand

New Technologies Promise Better
Vehicle Fuel Efficiency

Figure 57. Technology penetration by mode of
travel, 2020 (percent)
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New automobile fuel economy is projected to reach
approximately 31.6 miles per gallon by 2020, as a
result of advances in fuel-saving technologies
(Figure 57). Three of the most promising are ad-
vanced drag reduction, variable valve timing, and
extension of four valve per cylinder technology to
six-cylinder engines, each of which would provide
between 7 and 10 percent higher fuel economy.
Advanced drag reduction reduces air resistance over
the vehicle; variable valve timing optimizes the tim-
ing of air intake into the cylinder with the spark igni-
tion during combustion; and increasing the number
of valves on the cylinder improves efficiency through
more complete combustion of fuel in the engine.

It is more difficult for fuel-saving technology to pene-
trate the new truck market because of the higher
marginal cost of the technologies; however, several
technologies can increase fuel economy significantly,
including advanced low-resistance tires (3 percent),
advanced drag reduction (10 percent), and advanced
low-emission high-efficiency diesel engines (10 per-
cent). These technologies are anticipated to pene-
trate the heavy-duty truck market by 2020.
Advanced technology penetration is projected to
increase new freight truck fuel efficiency from 6.0
miles per gallon to 7.1 miles per gallon between 1998
and 2020.

New aircraft fuel efficiencies are projected to
increase by more than 18 percent from 1998 levels by
2020. Ultra-high-bypass engine technology can
potentially increase fuel efficiency by 10 percent, and
increased use of weight-reducing materials may con-
tribute up to a 15-percent improvement.

Advanced Technologies Could Reach
Nearly 15 Percent of Sales by 2020

Figure 58. Advanced technology light-duty vehicle
sales by fuel type, 2010 and 2020
(thousand vehicles sold)
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Advanced technology vehicles, representing automo-
tive technologies that use alternative fuels or require
advanced nonconventional engine technology, are
projected to exceed 2.2 million vehicle sales or 14.6
percent of total light-duty vehicle sales by 2020
(Figure 58).

Gasoline hybrid electric vehicles, which will be intro-
duced into the U.S. market by two manufacturers in
2000, are anticipated to lead advanced technology
vehicle sales with almost 900,000 units by 2020.
Both turbo direct injection diesels and alcohol flex-
ible-fueled vehicles are expected to sell well in the
personal vehicle market, reaching approximately
450,000 to 494,000 vehicle sales by 2020. All three of
these advanced technologies will initially sell for less
than $3,000 above an equivalent gasoline vehicle,
but only the gasoline hybrid and the turbo direct
injection diesel can achieve more than 35 to 45 per-
cent better fuel economy than a comparable gasoline
vehicle and vehicle ranges that exceed 600 miles.

About 68 percent of advanced technology sales are a
result of Federal and State mandates for either fuel
economy standards, emissions programs, or energy
policy regulations. Alcohol flexible-fueled vehicles
are currently being sold by manufacturers in order to
receive fuel economy credits to comply with Corpo-
rate Average Fuel Economy regulations. The major-
ity of the gasoline hybrid and electric vehicle sales
will result from compliance with Low-Emission
Vehicle programs in California, New York, and
Massachusetts, which currently permit zero-emis-
sion vehicle credits for advanced technologies.
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Energy Demand in Alternative Technology Cases

Alternative Cases Analyze Effects of
Advances in Technology

Figure 59. Variation from reference case primary
energy use by sector in two alternative cases,
2010, 2015, and 2020 (quadrillion Btu)
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The availability and market penetration of new,
more efficient technologies are uncertain. Alterna-
tive cases for each sector, based on a range of
assumptions about technological progress, show the
effects of these assumptions (Figure 59). The alter-
native cases assume that current equipment and
building standards are met but do not include feed-
back effects on energy prices or on economic growth.

For the residential and commercial sectors, the 2000
technology case holds equipment and building shell
efficiencies at 2000 levels. The best available tech-
nology case assumes that the most energy-efficient
equipment and best residential building shells avail-
able are chosen for new construction each year
regardless of cost, and that efficiencies of existing
residential and all commercial building shells
improve from their reference case levels. The high
technology case assumes earlier availability, lower
costs, and higher efficiencies for more advanced tech-
nologies than in the reference case.

The 2000 technology cases for the industrial and
transportation sectors and the high technology case
for the industrial sector use the same assumptions
as the buildings sector cases. The high transporta-
tion technology case includes lower costs for
advanced technologies and improved efficiencies,
comparable to those assumed in a Department of
Energy (DOE) interlaboratory study for air, rail, and
marine travel and provided by the DOE Office of
Energy Efficiency and Renewable Energy and Amer-
ican Council for an Energy-Efficient Economy for
light-duty vehicles and by Argonne National Labora-
tory for freight trucks [63].

Advanced Technologies Could Reduce
Residential Energy Use by 20 Percent

Figure 60. Variation from reference case primary
residential energy use in three alternative cases,
1999-2020 (quadrillion Btu)
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The AEO2000 reference case forecast includes the
projected effects of several different policies aimed at
increasing residential end-use efficiency. Examples
include minimum efficiency standards and volun-
tary energy savings programs designed to promote
energy efficiency through innovations in manufac-
turing, building, and mortgage financing. In the
2000 technology case, which assumes no further
increases in the efficiency of equipment or building
shells beyond that available in 2000, 5.6 percent
more energy would be required in 2020 (Figure 60).

In the best available technology case, assuming that
the most energy-efficient technology considered is
always chosen regardless of cost, energy use is 19.7
percent lower than in the reference case in 2020, and
household primary energy use is 24.0 percent lower
than in the 2000 technology case in 2020.

The high technology case does not constrain con-
sumer choices. Instead, the most energy-efficient
technologies are assumed to be available earlier,
with lower costs and higher efficiencies. The con-
sumer discount rates used to determine the pur-
chased efficiency of all residential appliances in the
high technology case do not vary from those used in
the reference case; that is, consumers value effi-
ciency equally across the two cases. Energy savings
in this case relative to the reference case reach 8.0
percent in 2020; however, the savings are not as
great as those in the best available technology case.
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Energy Demand in Alternative Technology Cases

High Residential Energy Savings
Would Require High Investment

Figure 61. Cost and investment changes for selected
residential appliances in the best available
technology case, 2000-2020 (billion 1998 dollars)
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In the best available technology case, which requires
the purchase of the most efficient equipment avail-
able, residential energy expenditures are lower but
capital investment costs are higher (Figures 61 and
62). This case captures the effects of installing the
most efficient (usually the most expensive) equip-
ment at reference case turnover rates, regardless of
economic considerations. An incremental invest-
ment of $145 billion [64] reduces residential deliv-
ered energy use by nearly 18 quadrillion Btu—
saving consumers more than $96 billion in energy
expenditures—through 2020. Water heating and
space conditioning show the greatest potential for
savings, but at a substantial investment cost. In
place of conventional technologies (such as electric
resistance water heaters), natural gas and electric
heat pump water heaters and horizontal-axis wash-
ing machines can substantially cut the amount of
energy needed to provide hot water services.

Figure 62. Present value of investment and savings
for residential appliances in the best available
technology case, 2000-2020 (billion 1998 dollars)
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Advanced Technologies Could Reduce
Commercial Energy Use by 10 Percent

Figure 63. Variation from reference case primary
commercial energy use in three alternative cases,
1999-2020 (quadrillion Btu)
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The AEO2000 reference case incorporates efficiency
improvements for commercial equipment and build-
ing shells, contributing to a 0.1-percent annual
decline in commercial energy intensity over the fore-
cast. The 2000 technology case assumes that future
equipment and building shells will be no more effi-
cient than those available in 2000. The high technol-
ogy case assumes earlier availability, lower costs,
and higher efficiencies for more advanced equipment
than in the reference case and more rapid improve-
ment in building shells. The best available technol-
ogy case assumes that only the most efficient
technologies will be chosen, regardless of cost, and
that building shells will improve at the rate assumed
in the high technology case.

Energy use in the 2000 technology case is 1.9 percent
higher than in the reference case by 2020 (Figure
63), with no change in commercial primary energy
intensity. In the high technology case there is an
additional 2.9-percent energy savings in 2020, and
primary energy intensity falls by 0.2 percent a year
from 1998 to 2020. Allowing the purchase of only the
most efficient equipment in the best available tech-
nology case yields energy use that is 11.3 percent
lower than energy use in the reference case by 2020.
Commercial primary energy intensity declines more
rapidly in this case than in the high technology case,
by 0.6 percent a year. More optimistic assumptions
result in additional energy savings from renewable
technologies, as well as those using conventional
fuels. Solar photovoltaic systems generate 9 percent
more electricity in the high technology and best tech-
nology cases than in the reference case.
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Energy Demand in Alternative Technology Cases

Alternative Technology Cases Show
Range of Industrial Efficiency Gains

Figure 64. Industrial primary energy intensity
in two alternative cases, 1994-2020 (index, 1998 = 1)
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Projected efficiency gains in both energy-intensive
and non-energy-intensive industries provide im-
provement in energy intensity. The growth in
machinery and equipment production, driven pri-
marily by investment and export-related demand, is
a key factor: these less energy-intensive industries
grow 56 percent faster than the industrial average
in the reference case (2.9 percent vs. 1.8 percent a
year).

In the high technology case, 1.8 quadrillion Btu less
energy is used in 2020 than for the same level of out-
put in the reference case. Industrial primary energy
intensity declines by 1.1 percent a year through 2020
in this case, compared with a 1.0-percent annual
decline in the reference case (Figure 64). While the
individual industry intensities decline about twice
as rapidly in the high technology case as in the refer-
ence case, the aggregate intensity is not as strongly
affected, because the composition of industrial out-
put is the same in the two cases.

In the 2000 technology case, industry consumes 1.2
quadrillion Btu more energy in 2020 than in the ref-
erence case. Energy efficiency remains at the level
achieved new plants in 2000, but average efficiency
still improves as old plants are retired. Aggregate
industrial energy intensity declines by 0.8 percent a
year because of reduced efficiency gains and changes
in industrial structure. The composition of industrial
output accounts for 87 percent of the change in
aggregate industrial energy intensity in the 2000
technology case, compared with 76 percent in the
reference case.

Vehicle Technology Improvements
Would Lower Carbon Emissions

Figure 65. Changes in key components of the
transportation sector in two alternative cases, 2020
(percent change from reference case)
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The transportation high technology case assumes
lower costs, higher marginal efficiencies, and earlier
introduction dates for new technologies. Demand is
4.2 quadrillion Btu (11 percent) lower in 2020 than in
the reference case, reducing carbon emissions by 80
million metric tons. About 75 percent of the demand
reduction in 2020 is for light-duty vehicles, where
demand is reduced by 3.1 quadrillion Btu in 2020 as
aresult of advances in conventional technologies and
in vehicle attributes for advanced technologies,
which raise the average efficiency of the light-duty
vehicle fleet to 24.3 miles per gallon, compared with
20.6 miles per gallon in the reference case (Figure
65).

In the high technology case, energy demand for
freight trucks is reduced by 0.4 quadrillion Btu in
2020 relative to the reference case, as advanced tech-
nologies increase freight truck stock efficiency by 9.4
percent. Advanced aircraft technologies also reduce
energy demand by 0.4 quadrillion Btu in 2020 in the
high technology case, improving aircraft efficiency
by 6.6 percent above the reference case.

In the 2000 technology case, with new technology
efficiencies fixed at 2000 levels, efficiency improve-
ments result only from stock turnover. In 2020, total
transportation demand is 2.3 quadrillion Btu (6 per-
cent) higher than in the reference case, and carbon
emissions are 44 million metric tons higher. The fuel
economy for new light-duty vehicles is 24.2 miles per
gallon in 2020 in the 2000 technology case, 2.3 miles
per gallon lower than in the reference case.
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Electricity Sales

Parallel Growth Rates Are Projected
for Electricity Use and GDP

Figure 66. Population, gross domestic product,
and electricity sales, 1965-2020
(5-year moving average annual percent growth)
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As generators and cogenerators try to adjust to the
evolving structure of the electricity market, they also
face slower growth in demand than in the past. His-
torically, the demand for electricity has been related
to economic growth. That positive relationship is
expected to continue, but the ratio is uncertain.

During the 1960s, electricity demand grew by more
than 7 percent a year, nearly twice the rate of eco-
nomic growth (Figure 66). In the 1970s and 1980s,
however, the ratio of electricity demand growth to
economic growth declined to 1.5 and 1.0, respec-
tively. Several factors have contributed to this trend,
including increased market saturation of electric
appliances, improvements in equipment efficiency
and utility investments in demand-side manage-
ment programs, and more stringent equipment effi-
ciency standards. Throughout the forecast, growth in
demand for office equipment and personal comput-
ers, among other equipment, is dampened by slowing
growth or reductions in demand for space heating
and cooling, refrigeration, water heating, and light-
ing. The continuing saturation of electricity appli-
ances, the availability and adoption of more efficient
equipment, and efficiency standards are expected to
hold the growth in electricity sales to an average of
1.4 percent a year between 1998 and 2020, compared
with 2.2-percent annual growth in GDP.

Changing consumer markets could mitigate the
slowing of electricity demand growth seen in these
projections. New electric appliances are introduced
frequently. If new uses of electricity are more sub-
stantial than currently expected, they could offset
future efficiency gains to some extent.

Continued Growth in Electricity Use
Is Expected in All Sectors

Figure 67. Annual electricity sales by sector,
1970-2020 (billion kilowatthours)
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With the number of U.S. households projected to rise
by 1.0 percent a year between 1998 and 2020, resi-
dential demand for electricity grows by 1.5 percent
annually (Figure 67). Residential electricity demand
changes as a function of the time of day, week, or
year. During summer, residential demand peaks in
the late afternoon and evening, when household cool-
ing and lighting needs are highest. This periodicity
increases the peak-to-average load ratio for local
utilities, which rely on quick-starting gas turbines or
internal combustion engines to satisfy peak demand.
Although many regions currently have surplus
baseload capacity, strong growth in the residential
sector will result in a need for more “peaking” capac-
ity. Between 1998 and 2020, generating capacity
from gas turbines and internal combustion engines
1s expected to more than triple.

Electricity demand in the commercial and industrial
sectors grows by 1.2 and 1.3 percent a year, respec-
tively, between 1998 and 2020. Annual commercial
floorspace growth of 0.9 percent and industrial out-
put growth of 1.8 percent contribute to the increase.

In addition to sectoral sales, cogenerators in 1998
produced 165 billion kilowatthours for their own use
in industrial and commercial processes, such as
petroleum refining and paper manufacturing. By
2020, cogenerators are expected to see only a slight
decline in their share of total generation, increasing
their own-use generation to 184 billion kilowatt-
hours as the demand for manufactured products
increases.
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Electricity Generating Capacity

Retirements of Nuclear Capacity
Could Lead to Higher Fossil Fuel Use

Figure 68. New generating capacity and
retirements, 1998-2020 (gigawatts)
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Despite slower demand growth, 300 gigawatts of
new generating capacity will be needed by 2020 to
meet growing demand and to replace retiring units.
Between 1998 and 2020, 40 gigawatts (41 percent) of
current nuclear capacity and 28 gigawatts (16 per-
cent) of current oil- and gas-fired fossil-steam capac-
ity [65] are expected to be retired. Of the 132
gigawatts of new capacity needed after 2010 (Figure
68), 21 percent will replace retired nuclear capacity.

The reduction in baseload nuclear capacity has a
marked impact on the electricity outlook after 2010:
46 percent of the new combined-cycle and 82 percent
of the new coal-fired capacity projected in the entire
forecast are brought on line between 2010 and 2020.
Before the advent of natural gas combined-cycle
plants, fossil-fired baseload capacity additions were
limited primarily to pulverized-coal steam units;
however, efficiencies for combined-cycle units are
expected to approach 54 percent by 2010, compared
with 49 percent for coal-steam units, and the con-
struction costs for combined-cycle units are only
about 41 percent of those for coal-steam plants.

As older nuclear power plants age and their oper-
ating costs rise, more than 40 percent of currently
operating nuclear capacity is expected to retire by
2020. More optimistic assumptions about operating
lives and costs for nuclear units would reduce the
need for new fossil-based capacity and reduce fossil
fuel prices.

A Thousand New Generating Plants
Could Be Needed by 2020

Figure 69. Electricity generation and cogeneration
capacity additions by fuel type, 1998-2020
(gigawatts)
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Before building new capacity, utilities are expected
to use other options to meet demand growth—main-
tenance of existing plants, power imports from
Canada and Mexico, and purchases from co-
generators. Even so, assuming an average plant
capacity of 300 megawatts, a projected 1,000 new
plants with a total of 300 gigawatts of capacity will
be needed by 2020 to meet growing demand and to
offset retirements. Of the new capacity, 90 percent is
projected to be combined-cycle or combustion turbine
technology fueled by natural gas or both oil and gas
(Figure 69). Both technologies are designed primar-
ily to supply peak and intermediate capacity, but
combined-cycle technology can also be used to meet
baseload requirements.

More than 21 gigawatts of new coal-fired capacity is
projected to come on line between 1998 and 2020,
accounting for almost 7 percent of all capacity expan-
sion. Competition with low-cost gas-turbine-based
technologies and the development of more efficient
coal gasification systems have compelled vendors to
standardize designs for coal-fired plants in efforts to
reduce capital and operating costs in order to main-
tain a share of the market. Renewable technologies
account for the remaining 3 percent of capacity
expansion by 2020—primarily wind, biomass gasifi-
cation, and municipal solid waste units. Oil-fired
steam plants, with higher fuel costs and lower effi-
ciencies, account for very little of the new capacity in
the forecast. By 2020, annual investment in new
capacity will be nearly $30 billion, assuming that the
cost of new plants is recovered over a 20-year period.
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Electricity Prices

Competition Is Expected To Reduce
Electricity Generation Costs

Figure 70. Fuel prices to electricity generators,
1990-2020 (1998 dollars per million Btu)
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The cost of producing electricity is a function of fuel
costs, operating and maintenance costs, and the cost
of capital. In 1998, fuel costs for existing fossil plants
typically represented $23 million annually—or 78
percent of the total operational costs (fuel and oper-
ating and maintenance)—for a 300-megawatt coal-
fired plant, and $30 million annually—or 85 percent
of the total operational costs—for a gas-fired com-
bined-cycle plant of the same size. For nuclear
plants, fuel costs are typically a much smaller
portion of total production costs. Nonfuel operations
and maintenance costs are a larger component of the
operating costs for nuclear power plants than for
fossil plants.

Over the projection period, the impact of rising gas
prices is expected to be more than offset by the com-
bination of falling coal prices and stable nuclear fuel
costs. Natural gas prices to electricity suppliers rise
by 1.6 percent a year in the forecast, from $2.40 per
thousand cubic feet in 1998 to $3.41 in 2020 (Figure
70). Those increases are offset by declining coal
prices, declining capital expenditures, and improved
efficiencies for new plants. Sufficient supplies of
uranium and fuel processing services are expected to
keep nuclear fuel costs around $0.40 per million Btu
(roughly 4 mills per kilowatthour) through 2020. Oil
prices to utilities are expected to increase by 2.1
percent a year, leading to a decline in oil-fired gener-
ation of nearly 64 percent between 1998 and 2020.
Oil currently accounts for only 3.4 percent of total
generation, however, and that share is expected to
decline to 0.9 percent by 2020 as oil-fired steam
generators are replaced by gas turbine technologies.

Competitive Generation Markets
Should Narrow Price Differences

Figure 71. Average U.S. retail electricity prices,
1970-2020 (1998 cents per kilowatthour)
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Between 1998 and 2020, the average price of electric-
ity in real 1998 dollars is projected to decline by 0.6
percent a year as a result of competition among elec-
tricity suppliers (Figure 71). By sector, projected
prices in 2020 are 10, 17, and 14 percent lower than
1998 prices for residential, commercial, and indus-
trial customers, respectively.

The reference case assumes a transition to competi-
tive pricing in five regions—California, New York,
New England, the Mid-Atlantic Area Council
(consisting of Pennsylvania, Delaware, New Jersey
and Maryland), and Texas. In addition, prices
in the Rocky Mountain Power Area/Arizona, the
Mid-America Interconnected Network (consisting of
Ilinois and parts of Wisconsin and Missouri), and
the East Central Area Reliability Council are treated
as partially competitive, because some of the States
in those regions have begun to deregulate their
markets.

Specific restructuring plans differ from State to
State and utility to utility, but most call for a transi-
tion period during which customer access will be
phased in. The transition period reflects the time
needed for the establishment of competitive market
institutions and the recovery of stranded costs as
permitted by regulators. It is assumed that competi-
tion will be phased in between 1999 and 2007, with
fully competitive prices beginning in 2008. In all the
competitively priced regions, the generation price is
set by the marginal cost of generation. Transmission
and distribution prices are assumed to remain
regulated.
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Electricity Generation

Least Expensive Technology Options
Are Likely Choices for New Capacity

Figure 72. Electricity generation costs,
2005 and 2020 (1998 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 technol-
ogy for capacity additions is based on the least
expensive option available (Figure 72). The reference
case assumes a capital recovery period of 20 years. In
addition, the cost of capital is based on competitive
market rates, to account for the competitive risk of
siting new units.

In the AEO2000 projections, the costs and perfor-
mance characteristics for new plants improve over
time, at rates that depend on the current stage of
development for each technology. For the newest
technologies, capital costs are initially adjusted
upward to reflect the optimism inherent in early
estimates of project costs. As project developers gain
experience, the costs are assumed to decline. The
decline continues at a slower rate as more units are
built. The performance (efficiency) of new plants is
also assumed to improve, with heat rates declining
by 5 to 18 percent between 1998 and 2010, depending
on the technology (Table 9).

Table 9. Costs of producing electricity
from new plants, 2005 and 2020
2005 2020
Advanced Advanced

Advanced combined Advanced combined
Item coal cycle coal cycle

1998 mills per kilowatthour

Capital 29.58 11.76 28.24 10.94

o&M 4.58 2.03 4.58 2.03

Fuel 7.32 20.82 6.12 23.77

Total 41.48 34.61 38.94 36.74
Btu per kilowatthour

Heat rate 9,253 6,639 9,087 6,350

Power Plant Operating Costs Are
Expected To Continue Declining

Figure 73. Average operating costs for coal- and
gas-fired generating plants, 1997-2020
(1998 cents per kilowatthour)
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Since 1980, the per-kilowatthour operating costs for
gas-fired and, particularly, coal-fired power plants
have fallen significantly (Figure 73). For coal plants,
fuel prices have been declining since the early 1980s.
For gas plants, fuel prices rose in the early 1980s but
declined sharply in 1986. Generating costs for
coal-fired plants fell by 49 percent from 1980 to 1996,
and the costs for gas-fired plants, even with the price
increase that occurred in 1996, were still 24 percent
lower than their peak in 1984.

The trend of declining costs for coal-fired plants is
expected to continue as coal prices continue falling.
In addition, nonfuel operations and maintenance
costs are also expected to fall. In 1982, coal-fired
steam plants used 250 employees per gigawatt of
installed capacity, but utilities were able to reduce
that number to 200 by 1995. Efforts to cut staff and
reduce operating costs were prompted by the combi-
nation of technology improvements and competitive
pressure. The amount by which utilities can con-
tinue to cut costs 1s uncertain, but many analysts
agree that further reductions are possible. For
gas-fired plants, per-kilowatthour generating costs
are expected to fall early in the projections before
leveling off. Although natural gas prices are
expected to increase, the fuel costs per kilowatthour
for gas-fired power plants are projected to remain
steady as the efficiencies of new plants improve, off-
setting the rise in fuel prices.
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Nuclear Power

Gas- and Coal-Fired Generation
Grows as Nuclear Plants Are Retired

Figure 74. Electricity generation by fuel,
1998 and 2020 (billion kilowatthours)
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As they have since early in this century, coal-fired
power plants are expected to remain the key source
of electricity through 2020 (Figure 74). In 1998, coal
accounted for 1,869 billion kilowatthours or 52
percent of total generation. Although coal-fired
generation is projected to increase to 2,347 billion
kilowatthours in 2020, increasing gas-fired genera-
tion reduces coal’s share to 49 percent. Concerns
about the environmental impacts of coal plants, their
relatively long construction lead times, and the
availability of economical natural gas make it
unlikely that many new coal plants will be built
before about 2005. Nevertheless, slow growth in
other generating capacity, the huge investment in
existing plants, and increasing utilization of those
plants will keep coal in its dominant position. By
2020, it is projected that 21 gigawatts of coal-fired
capacity will be retrofitted with scrubbers to meet
the requirements of the Clean Air Act Amendments
of 1990 (CAAA90).

The large investment in existing plants will also
make nuclear power a growing source of electricity at
least through 2000. Because the recent performance
of nuclear power plants has improved substantially,
nuclear generation is projected to increase until
2000, then decline as older units are retired.

In percentage terms, gas-fired generation shows the
largest increase, from 14 percent of the 1998 total to
31 percent in 2020. As a result, by 2005, natural gas
overtakes nuclear power as the Nation’s second-
largest source of electricity. Generation from oil-
fired plants remains fairly small throughout the
forecast.

Some Nuclear Plants Are Expected To
Operate Past Current License Dates

Figure 75. Nuclear capacity and license expiration
dates, 2000-2020 (gigawatts)
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The United States currently has 104 operable
nuclear units, which provided 19 percent of total
electricity generation in 1998. In the reference case,
41 percent of current nuclear capacity is expected to
be taken out of service by 2020, as operating licenses
expire or units are retired early. Early retirements
are based on the assumption that major aging-
related investments will be needed after 30 years of
operation and will be made only if they are more
economical than building new capacity. Thirteen
nuclear units are projected to be retired early in the
reference case. No new nuclear units are expected to
become operable by 2020, because natural gas and
coal-fired plants are projected to be more economical.

Although some nuclear units are expected to be
retired before the expiration of their 40-year oper-
ating licenses, others are expected to operate longer
than their current license terms. Utilities for 2
plants have submitted license renewal applications
with the Nuclear Regulatory Commission, and as
many as 12 more are scheduled to apply over the
next 4 years. The forecast assumes that plants will
continue to operate if further investments to combat
aging effects after 40 and 50 years are more economi-
cal than building new capacity. The reference case
projects that 12 units with license expiration dates
before 2020 will continue operating after license
renewals; as a result, the projections show more
nuclear capacity on line in 2020 than would be
operable if all units were retired at license expiration
(Figure 75).
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Electricity: Alternative Cases

Nuclear Power Could Be Key to
Reducing Carbon Emissions

Figure 76. Operable nuclear capacity in three cases,
1996-2020 (gigawatts)
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Two alternative cases—the high and low nuclear
cases—show how nuclear plant retirement decisions
affect the projections for capacity. If each plant oper-
ating today were able to operate for 20 years beyond
its current license expiration date, nuclear capacity
in 2020 would remain at the 1998 level (Figure 76).
The high nuclear case assumes that the capital
expenditures required after 40 years will be lower
than in the reference case, and that more license
renewals will be obtained by 2020. Conditions favor-
ing license renewal could include performance
improvements, a solution to the waste disposal prob-
lem, or stricter limits on emissions from fossil-fired
generating facilities. The low nuclear case assumes
that the capital expenditures required for continued
operation are higher than assumed in the reference
case, leading to the retirement of 15 additional units
by 2020. Higher costs could result from more severe
degradation of the units or from waste disposal
problems.

In the high nuclear case, 16 gigawatts of new fossil-
fired capacity would not be needed, as compared
with the reference case, and carbon emissions would
be reduced by 5 million metric tons in 2010 and
14 million metric tons in 2020 (2 percent of total
emissions by electricity generators). In the low
nuclear case, more than 44 new fossil-fired units
(assuming an average size of 300 megawatts) would
be built to replace additional retiring nuclear units.
The new capacity would be split between coal-fired
units (25 percent) and combined-cycle units (75 per-
cent). The additional fossil-fueled capacity would
produce 15 million metric tons of carbon emissions
above those in the reference case in 2020.

High Demand Assumption Leads to
Higher Fuel Prices for Generators

Figure 77. Cumulative new generating capacity
by type in two cases, 1998-2020 (gigawatts)
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Electricity consumption grows in the forecast, but
the rate of increase lags behind historical levels as a
result of assumptions about efficiency improvements
in end-use technologies, demand-side management
programs, and population and economic growth.
Deviations from the assumptions could result in sub-
stantial changes in electricity demand. In a high
demand case, electricity demand is assumed to grow
by 2.0 percent a year between 1998 and 2020, compa-
rable to the growth rate of 2.2 percent a year between
1990 and 1998. In the reference case, electricity
demand is projected to grow by 1.4 percent a year.

In the high demand case, an additional 101 giga-
watts of new generating capacity—equivalent to 337
new 300-megawatt generating plants—is built
between 1998 and 2020 as compared with the refer-
ence case (Figure 77). The shares of coal- and gas-
fired (including non-coal steam, combustion turbine,
combined cycle, and fuel cell) capacity additions
change slightly: by 7 percent and 90 percent, respec-
tively, in the reference case and by 18 percent and
80 percent in the high demand case. Relative to the
reference case, there is a 13-percent increase in coal
consumption and a 15-percent increase in natural
gas consumption in the high demand case, and
carbon emissions are 115 million metric tons
(13 percent) higher.

More rapid growth in electricity demand also leads
to higher prices. The price of electricity in 2020 is 6.5
cents per kilowatthour in the high demand case,
compared with 5.8 cents in the reference case.
Higher fuel prices, especially for natural gas, are the
primary reason for the difference.
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Electricity: Alternative Cases

Rapid Economic Growth Would Boost
Advanced Coal-Fired Capacity

Figure 78. Cumulative new generating capacity
by type in three cases, 1998-2020 (gigawaits)

200 - Turbines

Combined cycle
Coal steam

—— Renewables

150 -

100 -

50 -

High growth

Reference

0
Low growth

The annual average growth rate for GDP from 1998
to 2020 ranges from 2.6 percent in the high economic
growth case to 1.7 percent in the low economic
growth case. The difference of a percentage point in
the economic growth rate leads to a 12-percent
change in electricity demand in 2020, with a corre-
sponding difference of 107 gigawatts of new capacity
required in the high and low economic growth cases.
Utilities are expected to retire about 12 percent of
their current generating capacity (equivalent to 300
300-megawatt generating plants) by 2020 as the
result of increased operating costs for aging plants.

Most of the new capacity needed in the high
economic growth case beyond that added in the
reference case is expected to consist of new advanced
coal-fired plants, which make up more than 59
percent of the projected new capacity in the high
growth case. The stronger growth also stimulates
additions of gas-fired plants, which account for 40
percent of the capacity increase in the high economic
growth case over that projected in the reference case
(Figure 78).

Current construction costs for a typical plant range
from $450 per kilowatt for combined-cycle technolo-
gies to $1,100 per kilowatt for coal-steam tech-
nologies. Those costs, along with the difficulty of
obtaining permits and developing new generating
sites, make refurbishment of existing power plants a
profitable option in some cases. Between 1998 and
2020, utilities are expected to maintain most of their
older coal-fired plants while retiring many of their
older, higher cost oil- and gas-fired generating
plants.

Gas-Fired Technologies Lead New
Additions of Generating Capacity
Figure 79. Cumulative new electricity generating

capacity by technology type in three cases,
1998-2020 (gigawatts)
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The AEO2000 reference case uses the cost and
performance characteristics of generating technolo-
gies to select the mix and amounts of new generating
capacity for each year in the forecast. Numerical
values for the characteristics of different technolo-
gies are determined in consultation with industry
and government specialists. In the high fossil fuel
case, capital costs, operating costs, and heat rates
for advanced fossil-fired generating technologies
(integrated coal gasification combined cycle,
advanced combined cycle, advanced combustion
turbine, and molten carbonate fuel cell) were revised
to reflect potential improvements in costs and effi-
ciencies as a result of accelerated research and devel-
opment. The low fossil fuel case assumes that no
advanced technologies will come on line during the
projection period.

The basic story is the same in each of the three
cases—gas technologies are expected to dominate
new generating capacity additions (Figure 79).
Across the cases the share of additions accounted for
by gas technologies varies from 86 percent to 92 per-
cent, and the mix between current and advanced gas
technologies also varies across the cases. In the low
fossil fuel case only 5 percent (15 gigawatts) of the
gas plants added are advanced technology facilities,
as compared with a 62-percent share (180 gigawatts)
in the high fossil fuel case. Additions of coal-fired
capacity increase slightly in the high fossil fuel case,
but there is little change in additions of new renew-
able plants across the cases.
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Electricity from Renewable Sources

Renewable Generation Is Constrained
by Relatively High Costs

Figure 80. Grid-connected electricity generation
from renewable energy sources, 1970-2020
(billion kilowatthours)
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In the AEO2000 reference case, projections are
mixed for renewables in central station grid-
connected U.S. electricity supply. State mandates
produce substantial near-term growth for some
renewable energy technologies, but generally higher
costs are a disadvantage for renewables relative to
fossil-fueled technologies over the forecast period as
a whole. Total U.S. grid-connected electricity genera-
tion from renewable energy sources increases from
408 billion kilowatthours in 1998 to 452 billion kilo-
watthours in 2020, and generation from renewables
other than hydroelectricity increases from 84 billion
kilowatthours to 148 billion kilowatthours (Figure
80). Overall, renewables are projected to make up a
smaller share of U.S. electricity generation, declin-
ing from 11.3 percent in 1998 to 9.5 percent in 2020.

Conventional hydroelectricity, which currently
accounts for 80 percent of the electricity supply from
renewables, declines slightly in the forecast. The
expected addition of 620 megawatts of new capacity
does not offset declines from existing hydroelectric
facilities, as increasing environmental and other
competing needs reduce their average productivity,
and hydroelectric generation slips from 9.0 percent
of the U.S. total in 1998 to 6.4 percent in 2020. The
economic value of hydroelectric capacity is also likely
to decline as environmental preferences shift gener-
ation to off-peak hours and seasons. If new legisla-
tion not assumed in the forecasts facilitates the
removal of existing dams, hydroelectric generation
will decline more sharply.

MSW and Biomass Lead the Increase
in Renewable Fuel Use for Electricity
Figure 81. Nonhydroelectric renewable electricity

generation by energy source, 1998, 2010, and 2020
(billion kilowatthours)
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Most of the projected growth in renewable electricity
generation is attributed to biomass, municipal solid
waste (MSW), geothermal energy, and wind power
(Figure 81). Generation from biomass and MSW
increases the most, from a combined total of 65
billion kilowatthours in 1998 to 109 billion in 2020.
Generation from biomass, particularly in the pulp
and paper industries, grows by nearly 26 billion
kilowatthours through 2020, more than half of which
is from industrial cogeneration and the remainder
either from plants using biomass strictly for electric-
ity generation or from biomass co-firing in coal-fired
plants, as co-firing is used increasingly to reduce
emissions. Dedicated biomass-consuming capacity,
with higher capital and fuel costs than fossil-fueled
technologies, increases by only 1.2 gigawatts.

U.S. wind-powered generating capacity increased by
a total of nearly 860 megawatts in 1998 and 1999,
spurred by the now-expired Federal production tax
credit. State mandates are estimated to yield nearly
2,400 megawatts of additional new wind capacity
from 1999 through 2010, and more than 400 addi-
tional megawatts through 2020. Nevertheless,
higher capital costs, lower output per kilowatt, and
limited predictability put wind power at a disadvan-
tage relative to natural gas and coal technologies.

Geothermal energy capacity is projected to increase
by 860 megawatts between 1998 and 2020, contrib-
uting an additional 10 billion kilowatthours of gener-
ation in 2020. Solar technologies are not expected to
add significantly to central station power genera-
tion, but off-grid and distributed applications for
photovoltaics should continue robust growth.
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Electricity from Renewable Sources

Wind Energy Use Would Gain Most
From Cost Reductions

Figure 82. Nonhydroelectric renewable electricity
generation in two cases, 2020 (billion kilowatthours)
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The AEO2000 high renewables case assumes mark-
edly more favorable cost and performance character-
istics for renewable energy technologies than are
assumed in the reference case, including capital
costs that by 2020 average about 15 percent below
costs in the reference case, reduced operations and
maintenance costs, increased biomass fuel supplies,
and higher capacity factors for solar and wind power
plants. Fossil and nuclear technology characteristics
remain unchanged from the reference case.

Results of the high renewables case suggest that
greater technology improvements would accelerate
some growth in renewable energy use, primarily
after 2015, but would not significantly change the
overall dominance of fossil-fueled technologies in
U.S. electricity supply. Including cogeneration, total
generation from nonhydroelectric renewables is pro-
jected to reach 220 billion kilowatthours in 2020 for
the high renewables case compared with 148 billion
for the reference case (Figure 82), increasing from
3.1 percent of total generation to 4.6 percent. Nearly
50 billion kilowatthours of the difference comes from
an additional 12.5 gigawatts of wind capacity
(Figure 83) and the remainder from geothermal,
MSW, and biomass generation, whereas solar photo-
voltaic and thermal technologies remain too costly
for central station generation.

The increase in renewable energy use in the high
renewables case reduces the use of coal and natural
gas, lowering carbon emissions from electricity
generation by 12 million metric tons (1.6 percent).
Retail electricity prices do not change significantly
from those in the reference case.

State Mandates Call for More
Generation From Renewable Energy

Figure 83. Wind-powered electricity generating
capacity in two cases, 1985-2020 (gigawatts)
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AEO2000 shows rapidly increasing State require-
ments to invest in renewable energy technologies.
The requirements, reflecting both energy and envi-
ronmental interests, ensure investment in renew-
ables despite increasingly competitive electricity
markets. Renewable portfolio standards, which
require increasing percentages of electricity supplies
from renewables, are the most common, although
other mandates also exist. Requirements differ
from State to State, reflecting varying renewable
resources, supporting industries, and supply alter-
natives. In AEO98, no quantifiable State mandates
existed. AEO99 projected 2,010 megawatts of
renewable capacity additions as a result of State
mandates through 2020.

The implementation plans for most State renewable
energy mandates are uncertain, and it is difficult to
project the effects of renewable portfolio standards in
some cases. Nevertheless, for AEO2000, it is esti-
mated that State mandates will require additions of
5,168 megawatts of central station renewable gener-
ating capacity from 1999 through 2020, including
4,652 megawatts as a result of renewable portfolio
standards. The resulting additions are expected to
include 2,798 megawatts of wind capacity, 2,162
megawatts of MSW (primarily landfill gas) and bio-
mass capacity, 163 megawatts of geothermal capac-
ity, and 46 megawatts of central station solar
(photovoltaic and thermal) capacity. Additions aver-
age a few hundred megawatts a year through 2012,
needed to meet the increasing requirements. Less
than 400 megawatts of renewable generating capac-
ity is expected to be built after 2012, however, to
maintain the required shares.
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Oil and Gas Prices

Oil Prices Are Expected To Remain
Above Low 1998 Levels

Figure 84. Lower 48 crude oil wellhead prices in
three cases, 1970-2020 (1998 dollars per barrel)
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Because domestic prices for crude oil are determined
largely by the international market, the recovery
from the 1998 decline in world oil prices causes a
steep increase in wellhead prices for crude oil in the
lower 48 States from 1998 through 2000 in all cases.
After 2000, prices initially decline in the reference
and low world o1l price cases, then prices in all cases
generally increase through the rest of the forecast.
Prices remain above 1998 levels throughout the fore-
cast in all cases, with wellhead prices projected to
increase by 0.9, 2.8, and 4.0 percent a year from 1998
to 2020 in the low world oil price, reference, and high
world oil price cases, respectively (Figure 84).

U.S. petroleum consumption continues to rise in all
the AEO2000 cases (Figure 85). Total petroleum
product supplied ranges from 23.0 million barrels
per day in the low economic growth case to 27.3 mil-
lion in the high growth case, as compared with 18.9
million barrels per day in 1998.

Figure 85. U.S. petroleum consumption
in five cases, 1970-2020 (million barrels per day)
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Rising Demand Increases Natural Gas
Prices in All Economic Growth Cases

Figure 86. Lower 48 natural gas wellhead prices
in three cases, 1970-2020

(1998 dollars per thousand cubic feet)
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Wellhead prices for natural gas in the lower 48
States increase on average by 0.9, 1.7, and 2.4 per-
cent a year in the low economic growth, reference,
and high economic growth cases, respectively
(Figure 86). The reference case price increases from
$1.96 per thousand cubic feet in 1998 to $2.81 in
2020. The increases reflect rising demand for natu-
ral gas and its impact on the natural progression of
the discovery process from larger and more profit-
able fields to smaller, less economical ones. Price
increases also reflect more production from higher
cost sources, such as unconventional gas recovery.
Growth in lower 48 unconventional gas production
ranges from 1.3 to 2.7 percent a year across cases,
compared with a 2.1- to 2.2-percent range in annual
growth for conventional sources across the cases.
Despite the changes in sources of production,
technically recoverable resources (Table 10) remain
more than adequate overall to meet the production
increases.

Although consumption, and thus production and
price levels, for natural gas rise in all three cases, the
price increases attributable to the rising demand are
tempered by the beneficial impacts of technological
progress on both the discovery process and produc-
tion operations.

Table 10. Technically recoverable U.S. oil and gas
resources as of January 1, 1998

Total U.S. Crude oil Natural gas
resources (billion barrels) (trillion cubic feet)
Proved 24 167
Unproved 116 1,092
Total 140 1,259
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Oil and Gas Reserve Additions

Rising Gas Prices and Lower Drilling
Costs Increase Well Completions

Figure 87. Successful new lower 48 natural gas
and oil wells in three cases, 1970-2020
(thousand successful wells)
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Both exploratory drilling and developmental drilling
increase in the forecast. With rising prices and
declining drilling costs, crude oil and natural gas
well completions increase on average by 1.4 and 2.7
percent a year in the low and high oil price cases,
respectively, compared with 2.1 percent in the refer-
ence case (Figure 87). Projected oil drilling varies
more than gas drilling in the world oil price cases
(Table 11), reflecting the relative sizes of the changes
in prices for the two fuels.

The productivity of natural gas drilling does not
decline as much as that of oil drilling, in part because
total recoverable gas resources are more abundant
than oil resources. At the projected production
levels, however, undiscovered recoverable resources
of conventional natural gas decline rapidly in some
areas, particularly in the onshore Gulf Coast and off-
shore Gulf of Mexico regions. In the final analysis,
the future overall productivity of both oil and gas
drilling is necessarily uncertain, given the uncer-
tainty associated with such factors as the extent of
the Nation’s oil and gas resources [66].

Table 11. Natural gas and crude oil drilling in
three cases, 1998-2020 (thousand successful wells)
1998 2000 2010 2020

Natural gas
Low oil price case 10.7 14.5 16.5
Reference case 12.1 11.0 15.9 16.9
High oil price case 11.0 17.3 16.7
Crude oil
Low oil price case 4.3 5.8 7.2
Reference case 7.0 4.4 7.9 10.2
High oil price case 4.4 10.7 14.4

High Levels of Gas Reserve Additions
Are Projected Through 2020

Figure 88. Lower 48 natural gas reserve additions
in three cases, 1970-2020 (trillion cubic feet)
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Although for most of the past two decades lower 48
production of both oil and natural gas has exceeded
reserve additions, the pattern for natural gas
reversed from 1994 through 1997. In 1998, falling
prices caused production to exceed reserve additions
again. After 2003, rising prices in the forecast cause
natural gas reserve additions generally to exceed
production until close to the end of the projection
period (Figure 88), even with expected increases in
demand. Relatively high levels of annual gas reserve
additions through 2020 reflect increased exploratory
and developmental drilling as a result of higher
prices, as well as productivity gains from technology
improvements comparable to those of recent years.
In contrast, despite varying patterns of lower 48 oil
reserve additions (Figure 89), total lower 48 crude oil
production exceeds total reserve additions over the
forecast period in all cases.

Figure 89. Lower 48 crude oil reserve additions
in three cases, 1970-2020 (billion barrels)
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Natural Gas Production and Imports

Significant New Finds Are Likely To
Continue Increases in Gas Production

Figure 90. Natural gas production by source,

1970-2020 (trillion cubic feet)
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The continuing increase in domestic natural gas pro-
duction in the forecast comes primarily from lower
48 onshore nonassociated (NA) sources (Figure 90).
Conventional onshore production, which accounted
for 35.4 percent of total U.S. domestic production in
1998, increases in share to 40.7 percent of the total in
2020. Unconventional sources also increase in share,
and gas from offshore wells in the Gulf of Mexico con-
tributes significantly to production. The innovative
use of cost-saving technology and the expected
mid-term continuation of recent huge finds, particu-
larly in the deep waters of the Gulf of Mexico, sup-
port this projection.

Production from conventional sources is projected to
grow rapidly through 2010 in response to increasing
demand. After 2010, slower growth of consumption
and higher production from increasingly economical
offshore and unconventional sources cause produc-
tion from conventional sources to level off.

Natural gas production from Alaska grows by 0.9
percent a year in the forecast. Alaskan gas is not
expected to be transported to the lower 48 States,
however, because the projected lower 48 prices are
not high enough in the forecast period to support the
required transport system [67].

Production of associated-dissolved (AD) natural gas
from lower 48 crude oil reservoirs generally declines
in the projections, following the expected pattern of
domestic crude oil production. AD gas accounts for
8.4 percent of total lower 48 production in 2020, com-
pared with 14.1 percent in 1998.

Net Imports of Natural Gas Grow
in the Projections

Figure 91. Natural gas production, consumption,
and imports, 1970-2020 (trillion cubic feet)

35 - History Projections
Consumption
30 - ,
Net imports
Production
25 -
20 -
~

0
1970 1980 1990 2000 2010 2020

Net natural gas imports are expected to grow in the
forecast (Figure 91) from 14.6 percent of total gas
consumption in 1998 to 16.3 percent in 2020. Most of
the increase is attributable to imports from Canada,
which are projected to grow substantially. Although
most of the additional imports come from western
Canada, new pipeline capacity is also expected to
provide access to eastern supplies. Natural gas from
Sable Island, in the offshore Atlantic, is expected to
begin flowing in late 1999.

Mexico has a considerable natural gas resource base,
but its indigenous production is unlikely to increase
sufficiently to satisfy rising demand. Since 1984,
U.S. natural gas trade with Mexico has consisted pri-
marily of exports. That trend is expected to continue
throughout the forecast, especially in light of the
recent elimination of the 4-percent import tariff and
an increase in cross-border pipeline capacity. U.S.
exports to Mexico are projected to grow from 50 bil-
lion cubic feet in 1998 to 240 billion cubic feet in
2020.

Imports of liquefied natural gas (LNG) are projected
to grow at a rate of 7.2 percent a year, resulting in
part from a 50-percent expansion of capacity at the
Everett, Massachusetts, terminal and the projected
reactivation of the Elba Island terminal in 2002. In
spite of this activity, given the projected low natural
gas prices in the lower 48 markets, LNG 1is not
expected to grow beyond a regionally significant
source of U.S. supply. LNG imports are projected to
reach a level of 0.39 trillion cubic feet in 2020, com-
pared with 0.07 trillion cubic feet in 1998 [68].

Energy Information Administration / Annual Energy Outlook 2000 75



Natural Gas Consumption

Significant Increases in Natural Gas
Use Are Seen in All Cases

Figure 92. Natural gas consumption in five cases,
1970-2020 (trillion cubic feet)
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Natural gas consumption increases from 1998 to
2020 in all the AEO2000 cases (Figure 92). Domestic
consumption ranges from 29.5 trillion cubic feet per
year in the low economic growth case to 32.7 trillion
cubic feet in the high growth case in 2020, as com-
pared with 21.4 trillion cubic feet in 1998. Growth is
seen 1n all end-use sectors, and more than half the
increase results from rising demand for electricity
generation. Natural gas consumption in the electric-
ity generation sector grows steadily throughout the
forecast, as demand for electricity increases and
retiring nuclear and older oil and gas steam plants
are replaced by turbines and combined-cycle
facilities.

In the reference case, natural gas consumption for
electricity generation more than doubles, from 3.7
trillion cubic feet in 1998 to 9.3 trillion cubic feet in
2020. Although projected coal prices to the electricity
generation sector fall throughout the forecast, the
natural gas share of new capacity far outpaces the
coal share. Lower capital costs, shorter construction
lead times, higher efficiencies, and lower emissions
give gas an advantage over coal for new generation
in most regions of the United States. Natural-
gas-fired facilities are less capital-intensive than
coal, nuclear, or renewable electricity generation
plants. Growth in natural gas use for electricity gen-
eration is also expected to be spurred by the environ-
mental advantages of natural gas.

Gas Pipeline Capacity Expansion Is
Needed To Serve New Markets

Figure 93. Pipeline capacity expansion by Census
division, 1998-2020 (billion cubic feet per day)
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Projected growth in natural gas consumption will
require additional pipeline capacity. Expansion of
interstate capacity (Figure 93) will be needed to
provide access to new supplies and to serve expand-
ing markets. Expansion is projected to proceed at an
average rate of 0.8 percent a year in the forecast.

The greatest increases in capacity are expected along
the corridors that provide access to Canadian, Gulf
Coast, and Mountain region supplies and deliver
them to the South Atlantic, Pacific, and Northeast
regions. In all regions, growth in new pipeline con-
struction is tempered by higher utilization of exist-
ing pipeline capacity (Figure 94).

Figure 94. Pipeline capacity utilization by Census
division, 1998 and 2020 (percent)
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Natural Gas Prices

Competitive Markets Keep
Residential Gas Prices in Check

Figure 95. Natural gas end-use prices by sector,
1970-2020 (1998 dollars per thousand cubic feet)
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While consumer prices to the industrial, electricity,
and transportation sectors increase steadily
throughout the forecast period, prices to the residen-
tial and commercial sectors remain within 5 percent
of 1998 levels (Figure 95). The limited price fluctua-
tions reflect declining distribution margins to these
sectors due in part to anticipated efficiency improve-
ments in an increasingly competitive market.
Because industrial sector margins remain relatively
constant, the growth in end-use prices results
mainly from wellhead price increases. In the electric-
ity generation sector, increases in pipeline margins
and wellhead prices combine to yield an average
1.6-percent annual rise in end-use prices.

Compared with their rise and decline over the 1970
to 1998 period, transmission and distribution reve-
nues in the natural gas industry are projected to
grow steadily from 2002 forward, increasing overall
at an average rate of 0.6 percent a year (Table 12).
Declines in margins are balanced by higher volumes.

Table 12. Transmission and distribution revenues
and margins, 1970-2020

1970 1985 1998 2010 2015 2020

T&D revenues
(billion 1998 dollars) 30.73 49.62 40.14 44.36 45.72 46.12

End-use consumption
(trillion cubic feet)

Average margin*®
(1998 dollars per
thousand cubic feet) 1.62 314 207 180 167 1.60

*Revenue divided by end-use consumption.

19.21 15.97 19.42 24.68 27.39 28.90

Distribution Costs Claim a Smaller
Share of Residential Gas Prices

Figure 96. Wellhead share of natural gas end-use
prices by sector, 1970-2020 (percent)
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With distribution margins declining, the wellhead
shares of end-use prices generally increase in the
forecast (Figure 96). The greatest impact is in the
residential and commercial markets, where most
customers purchase gas through local distribution
companies (LDCs). In the electricity generation sec-
tor, which has a relatively stable share, the majority
of customers do not purchase from distributors.

Changes have been seen historically in all compo-
nents of end-use prices (Table 13). Pipeline margins
decreased significantly between 1985 and 1998 with
industry restructuring. Although the cost of inter-
state pipeline expansion causes margins to increase
through 2000, modest decreases are projected to con-
tinue through the remainder of the forecast period.
LDC margins in the residential sector are initially
above 1985 levels, but efficiency improvements and
other impacts of restructuring exert downward
pressure on distribution costs, and reduced margins
are projected for both the residential and commercial
sectors.

Table 13. Components of residential and
commercial natural gas end-use prices, 1985-2020
(1998 dollars per thousand cubic feet)

Price Component 1985 1998 2000 2010 2020

Wellhead price 3.60 1.96 2,17 260 281
Citygate price 538 3802 334 376 393
Pipeline margin 1.78 1.06 1.17 1.16 1.12
LDC margin
Residential 3.40 3.77 3.54 3.00 2.62
Commercial 2.51 240 229 1.93 1.73
End-use price
Residential 878 679 688 676 6.55
Commercial 789 542 563 569 566
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Oil and Gas Alternative Technology Cases

Total Oil and Gas Reserves Change
Little Throughout the Forecast

Figure 97. Lower 48 crude oil and natural gas
end-of-year reseruves in three cases, 1990-2020
(quadrillion Btu)
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In the forecast, major advances in data acquisition,
data processing, and the display and integration of
seismic data with other geologic data—combined
with lower cost computer power and experience
gained with new techniques—continue to put down-
ward pressure on costs while significantly improving
finding and success rates. Effective use of improved
exploration and production technologies to aid in the
discovery and development of resources—particular-
ly, unconventional gas and offshore deepwater
fields—will be needed if new reserves are to replace
those depleted by production.

Alternative cases assess the sensitivity of the projec-
tions to changes in success rates, exploration and
development costs, and finding rates as a result of
technological progress. The assumed technology
improvement rates increase and decrease by approx-
imately one-third in the rapid and slow technology
cases, which are analyzed as fully integrated model
runs. All other parameters in the model are at
their reference case values, including technology
parameters in other energy markets, parameters
affecting foreign oil supply, and assumptions about
foreign natural gas trade, excluding Canada.

Although gas reserves make up a slightly larger
share of the total in the reference case, total hydro-
carbon reserve additions offset prod