DOE/EIA-0383(99)
December 1998

|
E
:
|
F
:

Energy Information Administration ‘%} &
Kera, 4o’




For Further Information...

The Annual Energy Outlook 1999 (AEQ99) was prepared by the Energy Information Administration
(EIA), Office of Integrated Analysis and Forecasting, under the direction of Mary J. Hutzler
(mhutzler@eia.doe.gov, 202/586-2222). General questions may be addressed to Arthur T. Andersen
(aanderse@eia.doe.gov, 202/586-1441), Director of the International, Economic, and Greenhouse Gas
Division; Susan H. Holte (sholte@eia.doe.gov, 202/586-4838), Director of the Demand and Integration
Division; James M. Kendell (jkendell@eia.doe.gov, 202/586-9646), Director of the Oil and Gas Division;
Scott Sitzer (ssitzer@eia.doe.gov, 202/5686-2308), Director of the Coal and Electric Power Division; or
Andy S. Kydes (akydes@eia.doe.gov, 202/586-2222), Senior Modeling Analyst. Detailed questions about

the forecasts and related model components may be addressed to the following analysts:

Overview, Carbon Emissions. . . . Susan H. Holte (sholte@eia.doe.gov, 202/586-4838)

Economic Activity. . . . ... ... Ronald Earley (rearley@eia.doe.gov, 202/586-1398)
International Oil Markets . . . . . G. Daniel Butler (gbutler@eia.doe.gov, 202/586-9503)
Residential Demand ... ... .. John Cymbalsky (jeymbals@eia.doe.gov, 202/586-4815)
Commercial Demand . . . ... .. Erin Boedecker (eboedeck@eia.doe.gov, 202/586-4791)
Industrial Demand . . . ... ... T. Crawford Honeycutt (choneycu@eia.doe.gov, 202/586-1420)
Transportation Demand . . . . . . David Chien (dchien@eia.doe.gov, 202/586-3994)

Electricity Generation, Restructuring,
Renewable Portfolio Standards . . J. Alan Beamon (jbeamon@eia.doe.gov, 202/586-2025)

Electricity Prices . . . .. ... .. Peter Whitman (pwhitman@eia.doe.gov, 202/586-1940)
Nuclear Energy . . . ... ... .. Laura Church (Ichurch@eia.doe.gov, 202/586-1494)
Renewable Energy . ... ... .. Thomas Petersik (tpetersi@eia.doe.gov, 202/586-6582)

0Oil and Gas Production. . . . . . . Ted McCallister (tmcecalli@eia.doe.gov, 202/586-4820)
Natural Gas Markets . . . . .. .. Phyllis Martin (pmartin@eia.doe.gov, 202/586-9592)

Oil Refining and Markets. . . . . . Stacy MacIntyre (smacinty@eia.doe.gov, 202/586-9795)
Coal Supply and Prices . . . . . . . Richard Newcombe (rnewcomb@eia.doe.gov, 202/586-2415)

AEQO99 will be available on the EIA Home Page (http://www.eia.doe.gov/oiaf/aco99/homepage.html) by
December 1998, including text, forecast tables, and graphics. Assumptions underlying the projections and
tables of regional and other detailed results will also be available on the EIA Home Page by December 1998.
AEQY99, the assumptions, and the supplementary tables will be available on CD-ROM by February 1999.

Model documentation reports for the National Energy Modeling System (NEMS) and the report NEMS:
An Querview are also available on CD-ROM and on the EIA Home Page. Quarterly projections of energy
supply and demand for 1998 and 1999 are available in the Short-Term Energy Outlook (Fourth Quarter
1998)., For ordering information and questions on other energy statistics available from EIA, please
contact EIA’s National Energy Information Center. Addresses, telephone numbers, and hours are as
follows:

National Energy Information Center, EI-30
Energy Information Administration
Forrestal Building

Washington, DC 20585

Telephone: 202/586-8800 E-mail: infoctr@eia.doe.gov
FAX: 202/586-0727 World Wide Web Site: http://www.eia.doe.gov/
TTY: 202/586-1181 FTP Site: ftp://ftp.eia.doe.gov/

9 a.m. to 5 p.m., eastern time, M-F

Released for Printing :November 17, 1998 @ Printed with soy ink on recycled paper
GPO Stock No: 061-003-01051-2




DOE/EIA-0383(99)

Annual Energy Outlook 1999

With Projections to 2020

December 1998

Energy Information Administration
Office of Integrated Analysis and Forecasting
U.S. Department of Energy

Washington, DC 20585 - M ASTER

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED ?«\

This report was prepared by the Energy Information Administration, the independent statistical and
analytical agency within the U.S. Department of Energy. The information contained herein should be
attributed to the Energy Information Administration and should not be construed as advocating or
reflecting any policy position of the Department of Energy or any other organization.



Preface

The Annual Energy Outlook 1999 (AEO99) presents
midterm forecasts of energy supply, demand, and
prices through 2020 prepared by the Energy Infor-
mation Administration (EIA). The projections are
based on results from EIA’s National Energy Model-
ing System (NEMS).

The report begins with an “Overview” summarizing
the AEO99 reference case. The next section, “Legis-
lation 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—the economic decline in East Asia, growth in
demand for natural gas, vehicle emissions stand-
ards, competitive electricity pricing, renewable port-
folio standards, and carbon emissions. It is followed
by the analysis of energy market trends.

The analysis in AEO99 focuses primarily on a refer-
ence case and four other cases that assume higher
and lower economic growth and higher and lower
world oil 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.
Appendix G briefly describes NEMS and the AEO99

assumptions, with a summary table of the cases.
Appendix H provides tables of energy and metric
conversion factors. AEQ99, the detailed assump-

tions, and supplementary tables will be available on
the ETA Home Page and on CD-ROM.

The AEQ99 projections are based on Federal, State,
and local laws and regulations in effect on July 1,
1998. Pending legislation and sections of existing
legislation for which funds have not been appropri-
ated are not reflected in the forecasts. Historical
data used for the AEO99 projections were the most
current available as of July 31, 1998, when most
1997 data but only partial 1998 data were available.
Historical data are presented in this report for
comparative purposes; documents referenced in the
source notes should be consulted for official values.
The AEQ99 projections for 1998 and 1999 in-
corporate the short-term projections from the
September update of EIA’s Short-Term Energy
Outlook (STEO), Third Quarter 1998.

The AEOY99 projections are used by Federal, State,
and local governments, trade associations, and
other planners and decisionmakers in the public
and private sectors. They are published in
accordance with Section 205¢ of the Department of
Energy Organization 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 AEQ99 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 depend-
ent on the data, methodologies, model structures,

and assumptions used in their development. Be-
havioral 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 AEO99 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
policy initiatives.

i Energy Information Administration / Annual Energy Outlook 1999
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Administrator’s Message

As we present the projections in the Annual Energy
Outlook 1999 (AEQY9), it is important to clarify
what- these projections represent. While the ref-
erence case projections do not hypothesize radical
changes in energy markets and energy-using and
producing technologies, they do assume continuing
market changes and improvements in energy tech-
nologies, derived from past trends.

The Energy Information Administration (EIA) en-

deavors to represent current energy market con-
ditions, both domestic and worldwide, and their
impacts on future energy trends. An important
example of such transitory issues is the ongoing
economic crisis in East Asia, which currently is
depressing world oil demand and prices and domes-
tic oil production. Another is the continuing restruc-
turing of the U.S. electricity industry and the
movement to competitive pricing of electricity. Both
of these topics are featured in AEO99, and they are
included in the reference case projections.

In addition to the longer-term impacts of current
market transitions, the reference case projections
also include the impacts of a number of potential
changes in energy markets—most notably, technol-
ogy. Substantial productivity improvements and
other technological advances are assumed for the
fossil fuel supply sectors, in accordance with recent
historical trends, accounting in part for the decline
of coal prices and the relatively modest increases in
oil and natural gas prices in the projections. The
projections also incorporate all new and advanced
energy-consuming and generating technologies that
are assumed with a reasonable degree of confidence
to be available by 2020. As a result, energy inten-
sity—the amount of energy used for each dollar of
output in the economy—declines by an average of
1 percent a year through 2020. In contrast, from
1986 to 1996, energy intensity was essentially flat.

Because the future cannot be known with certainty,
it is possible that any of the assumptions, including
the availability and characteristics of technology,

may be too optimistic or pessimistic. For that rea-
son, AEO99 includes a wide range of alternative
cases examining the effects of variations in many
key assumptions.

As a policy-neutral organization, EIA does not in-
corporate future changes in energy-related legisla-
tion, regulation, or policy into its projections.
Because of this neutrality and the “most likely”
nature of the energy trends, the reference case

projections provide a solid baseline against which a
variety of alternative policies and assumptions can
be analyzed and evaluated. One example of the
analytical work performed by EIA relative to its
reference projections over the past several years is
the recent report, Impacts of the Kyoto Protocol on
U.S. Energy Markets and Economic Activity,
prepared at the request of the U.S. House of Repre-
sentatives Committee on Science. Other recent work
includes:

* Analysis of S. 687, the Electric System Public
Benefits Protection Act of 1997, at the request of
Senator James M. Jeffords

* An Analysis of FERC’s Final Environmental Im-
pact Statement for Electricity Open Access and
Recovery of Stranded Costs, also at the request of
Senator Jeffords

* The Impacts on U.S. Energy Markets and the
Economy of Reducing Oil Imports, for the U.S.
General Accounting Office

* Analysis of Carbon Stabilization Cases, for the
U.S. Department of Energy, Office of Policy and
International Affairs

* The Impacts of Increased Diesel Penetration in
the Transportation Sector, for the U.S. Depart-
ment of Energy, Office of Energy Efficiency and
Renewable Energy.

Jay E. Hakes
Administrator
Energy Information Administration
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Key Issues

A major issue in energy markets today is carbon
emissions. Because the Kyoto Protocol has not been
ratified by the United States and no specific policies
for carbon reduction have been enacted, such poli-
cies are not included in the Annual Energy Outlook
1999 (AE0OY9), although the Protocol and EIA’s re-
cent analysis of its potential impacts are discussed.

Economic developments in Asia over the past 18
months have weakened worldwide oil demand and

lowered world oil prices—a trend that is likely to
continue for several years and, therefore, is included
in the AEO99 analysis of oil markets and prices.

As in AE09S8, the projections in AEO99 reflect
ongoing changes in the financial structure of the
U.S. electricity industry and cost reductions that are
becoming evident with increased competition. A
transition to retail competitive pricing is assumed in
five regions—California, New York, New England,
the Mid-Atlantic Area Council (Pennsylvania,
Delaware, New Jersey, and Maryland), and the Mid-
America Interconnected Network (Illinois and parts
of Wisconsin and Missouri). Provisions of the
California legislation on stranded cost recovery and
price caps are also included. In the other regions,
stranded cost recovery is assumed to be phased out
by 2008. No national renewable portfolio standard
has been passed, but State standards and other
programs intended to encourage renewables are
included as enacted. The new standards for control
of nitrogen oxide (NOx) emissions by electricity

- generators are also incorporated.

Prices

Although average world crude oil prices in AEQ99
are similar to those in AEO98 by 2020, the projected
prices over the next several years are much lower
(Figure 1). In 2020, the average crude oil price is
projected to be $22.73 a barrel (in 1997 dollars),
compared with $22.78 a barrel in AEO98. With the
economic downturn in many Asian nations and
lower expected growth in world oil demand, world oil
prices are expected to remain low over the next
several years—as much as about $5.50 a barrel
lower than last year’s projections in 2000.

After the start of the next decade, world oil demand
is expected to rebound. Worldwide demand for oil is

Figure 1. Fuel price projections, 1997-2020:
AEO98 and AEO99 compared (1997 dollars)
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projected to reach 114.7 million barrels a day in
2020, only slightly lower than the AEO98 projection
of 116.6 million barrels a day.

Through 2020, the relatively low growth of prices
even as the demand for oil increases reflects
continued optimism about the potential growth of
production in both the Organization of Petroleum
Exporting Countries (OPEC) and the non-OPEC
nations. Although not increasing as rapidly as in
AEO098, OPEC oil production is expected to reach
58.8 million barrels a day in 2020, nearly double the
29.9 million barrels a day in 1997, assuming suffi-
cient capital to expand production capacity. Once
sanctions are lifted, Iraqi oil production is expected
to reach 2.5 million barrels a day within 2 years and
about 5 million barrels a day within a decade.
Outside the Persian Gulf, expansion of production in
the offshore regions of Nigeria and Algeria and in
Venezuela should make a significant contribution to
OPEC production.

Non-OPEC oil production is expected to increase
more rapidly in AEO99, reaching 55.6 million
barrels a day in 2020, compared with 50.4 million
barrels a day in AEQ98. Contributing to the growth
are a near doubling of production in the former
Soviet Union by 2020 (primarily in the Caspian Sea
oil fields), new fields in the North Sea, and increases
in the offshore regions of West Africa. Mexican oil
production will continue to expand, and the rest of
Latin America is projected to increase production by
more than 50 percent, particularly in Brazil and
Colombia. Lower OPEC production and higher non-
OPEC production than in AEO98 mean that OPEC
does not dominate the world oil market until later in
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the forecast and reaches a market share of only
51 percent, compared with 57 percent in AEQJ8.

The average wellhead price of natural gas is
projected to increase from $2.23 per thousand cubic
feet in 1997 to $2.68 per thousand cubic feet in 2020,
an average annual growth rate of 0.8 percent.

Continued technological improvements in the ex-
ploration and production of natural gas moderate
the price increase even as demand grows rapidly. In
2020, the price is higher than the $2.59 projected in
AEQY98, primarily because of a lower assessment of
the recoverable resource base. Average delivered
prices decline between 1997 and 2020 as a result of
efficiency improvements in transmission and dis-
tribution; however, margins are as much as $0.20 to
$0.30 per thousand cubic feet higher in AEO99 than
in AEO98 in the 2000 to 2010 period, because recent
data indicate fewer pipeline and distribution cost
reductions than previously assumed.

In AFEOY99, the average minemouth price of coal is
projected to decline from $18.14 per ton in 1997 to
$12.74 per ton in 2020, as a result of increasing
productivity in the industry, more production from
lower-cost western mines, and competitive pres-
sures on labor costs. Slightly lower production and
higher productivity, as noted in recent data, lead to
a price that is lower than the $13.55 in AEO98.

Average electricity prices decline from 6.9 cents per -

kilowatthour in 1997 to 5.6 cents per kilowatthour
in 2020, the same as in AEO98. The restructuring of
the electricity industry contributes to declining
prices throughout the Nation through lower operat-
ing and maintenance costs, lower administrative
costs, and other cost reductions. Federal Energy
Regulatory Commission actions on open access and
other regulatory initiatives for competitive markets
enacted by some State public utility commissions
are included in the projections, as are renewable
portfolio standards and other mandates that have
been passed in some States. Legislative actions
affecting the electricity industry are discussed in the
“Legislation and Regulations” section of this report
(page 14), and electricity pricing is discussed in
“Issues in Focus” (page 24).

Consumption

Total U.S. energy consumption is projected to
increase from 94,0 to 119.9 quadrillion British

thermal units (Btu) between 1997 and 2020, an av-
erage annual increase of 1.1 percent. In 2020,
consumption is slightly higher than the 118.6
quadrillion Btu projected in AEO98, with higher
commercial, industrial, and transportation demand
partially offset by lower residential demand.

Consumption in the residential and commercial
sectors is projected to increase at average rates of
0.8 and 0.7 percent a year, respectively, led by
growth for a variety of equipment—telecommunica-
tions, computers, and other appliances. Residential
demand is lower than in AE098—22.9 quadrillion
Btu in 2020, compared with 23.2 quadrillion Btu,
because more efficient building shells in new con-
struction offset higher growth in the housing stock.
In the commercial sector, data from the Commercial
Buildings Energy Consumption Survey 1995 indi-
cate less floorspace but higher energy intensities for
some end uses. Commercial demand is projected to
be 18.1 quadrillion Btu in 2020, 0.6 quadrillion Btu
higher than in AEQOY8, primarily because of higher
demand for natural gas and electricity.

Demand in the industrial sector increases at an
average of 0.8 percent a year and is about 0.6 quad-
rillion Btu higher in 2020 than in AEQO98. More
rapid efficiency improvement in some manufactur-
ing sectors is offset by higher energy intensity in-
dicated by the Manufacturing Energy Consumption

Survey 1994. Because the economic downturn in
Asia affects the market for U.S. exports, manu-
facturing output and industrial demand are signifi-
cantly lower than in AEQY8 over the next 10 years,
rebounding later in the projections.

Transportation demand grows on average by 1.7
percent a year and is 0.4 quadrillion Btu higher in
2020 than in AEOYJ8. The introduction of direct-
injection engines and other advanced automotive
technologies improves the efficiency of light-duty
vehicles, but the improvement is more than offset by
higher travel, resulting from higher projected
personal income. Recent data indicate higher load
factors and efficiency for aircraft, which are offset by
more air travel. Freight requirements for both rail
and trucks are also higher, primarily because of the
higher economic growth projected in AE0O99.

AEQJ99, like earlier AEOs, incorporates efficien-
cy standards for new energy-using equipment in

Energy Information Administration / Annual Energy Outlook 1999 3
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buildings and for motors mandated by the National
Appliance Energy Conservation Act of 1987 and the
Energy Policy Act of 1992. Several alternative cases
examine the impact of technology on the projections
by assuming more and less rapid improvement of
energy-efficient technologies in the end-use sectors
relative to that projected in the reference case.

Natural gas consumption increases by an average of
1.7 percent a year (Figure 2). Demand increases in
all sectors, but the most rapid growth is for elec-
tricity generation, which is projected to increase
from 3.3 to 9.2 trillion cubic feet between 1997 to
2020, excluding cogenerators. Total gas consump-
tion is only 0.1 trillion cubic feet higher than in
AEQ098in 2020, with higher demand in the commer-
cial and industrial sectors offset by lower demand in
the residential and electricity generation sectors.

Figure 2. Energy consumption by fuel, 1970-2020
(quadrillion Btu) I
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Coal consumption increases from 1,030 to 1,275 mil-
lion tons between 1997 and 2020, an average annual
increase of 0.9 percent. About 90 percent of the coal
use is for electricity generation, and coal remains
the primary fuel for generation, although its share
of generation declines by 2020. Coal demand in 2020
is 18 million tons higher than in AEO98 because of
higher projected demand for electricity generation.

Petroleum demand is projected to grow at an
average rate of 1.2 percent a year through 2020, led
by continued growth for transportation, which
accounts for about 70 percent of petroleum use in
2020. Increases in travel more than offset efficiency
increasés, and higher economic growth increases
freight and shipping, and thus petroleum use,
through 2020. Compared with AEOY8, total trans-
portation energy demand is slightly higher, with

higher projected efficiencies for new automobiles

and aircraft more than offset by higher travel and
freight requirements.

Renewable fuel consumption, including ethanol
used for blending in gasoline, increases at an
average rate of 0.8 percent a year through 2020.
About 60 percent of renewables are used for elec-
tricity generation and the rest for dispersed heating
and cooling, industrial uses, and fuel blending. In
2020, renewables are 0.7 quadrillion Btu higher
than in AEO98, with higher demand for electricity

generation, industrial uses, and ethanol blending.

Electricity demand is projected to grow by 1.4 per-
cent a year through 2020. Efficiency gains in the use
of electricity partially offset the growth of new
electricity-using equipment. Electricity demand is
only slightly higher than in AEQOY98, because an
increase in commercial demand, resulting from
more rapid growth of office equipment, computers,
and other appliances is offset by a decrease in
industrial demand from efficiency improvements
in some manufacturing industries.

Energy Intensity

Energy intensity, measured as energy use per dollar
of gross domestic product (GDP), has declined since
1970, particularly when energy prices have risen

rapidly (Figure 3). Between 1970 and 1986, energy
intensity declined at an average rate of 2.3 percent a
year as the economy shifted to less energy-intensive
industries and more efficient technologies. With
moderate price increases and the growth of more
energy-intensive industries, intensity improve-
ments were flat between 1986 and 1996. From 1997

Figure 3. Energy use per capita and per dollar of
gross QQme.gEic product, 1970-2020 (i(gdex, 1970=1)
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to 2020, intensity is projected to improve at an
average rate of 1.0 percent a year as efficiency gains
and structural shifts in the economy offset growth in
demand for energy services.

Energy use per person also declined from 1970
through the mid-1980s, then increased as energy
prices dropped. Per capita energy use is expected to
remain stable through 2020 and below the high in
the early 1970s, as efficiency gains offset higher

demand for energy services.

Electricity Generation

Electricity generation from nuclear power declines
significantly over the projection period (Figure 4). Of
the 99 gigawatts of nuclear capacity available in
1997, 50 gigawatts are retired, and no new plants
are constructed by 2020. Nuclear plant retirements
are based on analyses of operating costs and the
costs of life extension compared with the cost of new
generating capacity. As a result, some plants are
retired before the end of their 40-year operating
licenses.

Figure 4. Electricity generation by fuel, 1970-2020
(billion kilowatthours)
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Generation from both natural gas and coal is
projected to increase through 2020 to meet growing
demand for electricity and offset the decline in
nuclear power. Coal prices are lower than in AEQ9S,
leading to slightly higher coal generation, but the
share of coal generation declines by 2020 because
assumptions about electricity industry restruc-
turing favor the construction of less capital-
intensive and more efficient natural gas generation
technologies. The natural gas generation share
increases from 14 percent to 33 percent between
1997 and 2020. The new NOx standards lead to the
installation of control technologies at many plants,

with annualized costs of $2 billion, compared with
$200 billion in annual electricity expenditures.

Renewable generation, including cogenerators,
increases by 0.5 percent a year and in 2020 is 11 per-
cent higher than in AEO98. Renewable technologies
penetrate slowly because of the relatively modest in-
crease in natural gas prices and the decrease in coal
prices. In addition, electricity restructuring tends to
favor natural gas over coal and baseload renewable
technologies. State renewable portfolio standards,
where enacted, and other programs to encourage the
development of renewable technologies contribute
to the growth of renewable generation.

Compared with AEQ98, lower resource costs in the
AEO99 projections result in more biomass genera-
tion, and higher capacity factors for hydroelectric
and geothermal facilities lead to higher generation
from those technologies. Hydropower, currently the
largest renewable resource used for generation,
declines slightly through 2020. Its growth is limited
by high capital costs, lack of available new sites, re-
duced Federal investment, and declining public sup-
port. Generation from other renewable sources—
municipal solid waste, solar, and wind—increases to
levels similar to those in AEO98 in 2020.

Production and Imports

U.S. crude oil production declines at an average rate
of 1.1 percent a year between 1997 and 2020 to a
projected level of 5.0 million barrels a day. Advances
in oil exploration and production technologies do not
offset declining resources. Projected oil prices in
AEQ0Y9 are similar to those in AEO98 in 2020, but
are significantly lower earlier in the projection
period. Higher domestic oil reserves, as indicated by
recent-data, offset the impact of lower oil prices. Pro-
duction is similar to or higher than that in AEQ98
through most of the forecast. In 2020, the projected
production is essentially the same as in AEOY8.
Total petroleum production (Figure 5) is shored up
by production of natural gas plant liquids, which
partially offsets the decline in crude oil production.

Declining production and rising demand lead to in-
creasing petroleum imports through 2020 (Figure
6). The share of petroleum consumption met by net -
imports rises from 49 percent in 1997 to 65 percent

" however, the share is higher earlier in the projection

period because of lower domestic production.
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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)
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In AEO99, natural gas production is projected to
increase from 18.9 trillion cubic feet in 1997 to 27.4
_trillion cubic feet in 2020, an average rate of 1.6 per-
cent a year, to meet most of the rising domestic
demand for natural gas. Additional supplies of
natural gas are provided by imports. Net imports of
natural gas, primarily from Canada, increase from
2.8 to 5.0 trillion cubic feet between 1997 and 2020.
It is assumed that pipeline capacity from Canada
will increase to accommodate imports of competi-
tively priced Canadian gas.

Coal production grows from 1,099 million tons in
1997 to 1,358 million tons in 2020, an average
increase of 0.9 percent a year, to meet rising domes-
tic and export demand. Most steam coal exports
serve markets for electricity generation in Europe
and Asia. Metallurgical coal exports to Europe and
Asia decline. Export demand is lower than in
AEO098 by 35 million tons because of environmental
concerns and economic problems in some countries.

Because lower export demand is only partially offset

by higher domestic demand, coal production in 2020
is 18 million tons lower than the AEO98 projection.

Total renewable energy production is projected to
increase from 6.8 to 8.2 quadrillion Btu between
1997 and 2020—an average annual increase of 0.8
percent—with growth in electricity generation from
geothermal, biomass, and municipal solid waste
generation and in industrial biomass and ethanol
use. Renewable energy production in 2020 is 0.4
quadrillion Btu higher than in AEO98. More renew-
ables are used for electricity generation, cogenera-
tion, and ethanol blending, and AEO99 incorporates
ethanol production from cellulose beginning in 2001,
which was not included in AEO98.

Carbon Emissions

Carbon emissions from energy use are projected to
increase by an average of 1.3 percent a year through
2020, from 1,480 million metric tons in 1997 to 1,790
million metric tons in 2010 and 1,975 million metric
tons in 2020 (Figure 7), due to rising energy de-
mand, declining nuclear power, and slow growth of
renewables. Relative to the 1990 level of 1,346 mil-
lion metric tons, emissions are 33 and 47 percent
higher, respectively, in 2010 and 2020. Projected
emissions in 2020 are higher by 19 million metric
tons than in AEOY8, due to higher energy demand
and higher levels of coal-fired electricity generation.

Figure 7. U.S. carbon emissions by sector and fuel,
1990-2020 (million metric tons)
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The Climate Change Action Plan (CCAP) was devel--
oped to stabilize greenhouse gas emissions in 2000
at 1990 levels. AEO99 includes CCAP provisions,
but no new carbon reduction policies are incorpo-
rated. Carbon emissions and the Kyoto Protocol are

discussed in “Issues in Focus” (pages 30-41).
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Table 1. Summary of results for five cases

2020
Low High Low High
Economic | Economic | World Oil | World Oil
Sensiltivity Factors 1996 1997 | Reference | Growth Growth Price Price
Primary Production (quadrillion Btu)
Petroleum........coovvvenvevininnnn.. 1629 16.23 13.98 13.48 14.47 12.14 15.09
Natural Gas...o.vvvrevnnvinieninnnnenn,s 19.32 1947 28.12 25.63 30.45 27.64 28.24
L0 | 22,75 23.33 28.12 26.49 29.98 27.65 28.34
NuclearPower ........covvvvvvnvennnnn. 7.20 6.71 3.83 3.65 3.98 3.75 3.92
Renewable Energy .........ovvvvviennnn. 6.81 6.82 8.15 7.64 8.79 8.09 8.23
Other. . ..ovviii e 1.28 0.66 0.65 0.50 0.79 0.56 0.75
Total Primary Production............... 73.66 73.22 82.85 77.39 88.46 79.83 84.57
Net Imports (quadrillion Btu)
Petroleum (includingSPR) . ............... 18.25 19.65 33.95 30.53 37.44 38.64 31.20
NaturalGas............covvevvninnnn.. 2.85 2.90 5.14 4.79 5.38 5.01 5.14
Coal/Other (- indicates export) ............. -1.80  -1.65 -1.61 -1.70 -1.51 -1.62 -1.57
Total Netimports ..................... 19.28 20.90 37.47 33.62 41.31 42.03 34.77
Discrepancy .......covvivivvernnnnnnnn. 0.68 -0.08 -0.44 -0.54 -0.40 -0.63 -0.34
Consumption (quadrillion Btu)
Petroleum Products ..................... 36.03 36.49 48.08 43.98 52.26 50.69 46.70
NaturalGas...........covvvivvvnnnnnnn, 22,59 2259 33.17 30.33 35.74 32.56 33.30
07 | 20.60 21.09 26.26 24.48 28.17 25.73 26.43
Nuclear Power ............ Ve 720  6.71 3.83 3.65 3.98 3.75 3.92
Renewable Energy .........cooviveenn... 6.81 6.82 8.17 7.65 8.80 8.10 8.24
1 1= R 0.39 0.33 0.39 0.38 0.40 0.40 0.41
Total Consumption.................... 93.63 94.04 119.89 110.47 129.36 121.23 119.00
Prices (1997 dollars)
World Oil Price
(dollarsperbarrel). .. .oovvviviennnnn.... 21.01 1855 22.73 21.66 23.81 14.57 29.35
Domestic Natural Gas at Wellhead
(dollars per thousand cubic feet)............ 2.28 2.23 2.68 2.29 3.09 2.62 2.70
Domestic Coal at Minemouth
(dollars pershortton) .................... 18.85 18.14 12.74 1247 12.89 12.66 12.76
Average Electricity Price
{cents per kilowatthour). .................. 6.9 6.9 5.6 5.1 6.1 5.6 5.6
Economic Indicators
Real Gross Domestic Product
(billion 1992 dollars) ...........cvvuunnn. 6,995 7,270 11,680 10,256 13,106 — —
(annual change, 1997-2020).............. — —_ 214% 1.5% 2.6% —_— —
GDP Implicit Price Defiator
(index, 1992=1.00) ..........ccvvvrrenn.. 1.10 1.12 2.13 3.29 1.56 — —
(annual change, 1997-2020). . ............ — — 2.8% 4.8% 1.5% - —_
Real Disposable Personal Income
(billion 1992 dollars) .................... 5,043 5,183 8,905 8,030 9,770 — —_
(annual change, 1997-2020).............. — — 2.4% 1.9% 2.8% — —
Index of Manufacturing Gross Output
(index, 1987=1.00) .........ccvvvuunenn. 1.305 1.359 2,137 1.867 2.439 — —
(annual change, 1997-2020).............. — — 2.0% 1.4% 2.6% — —
Energy Intensity
(thousand Btu per 1992 dollar of GDP) ...... 13.39 12,94 10.27 10.78 9.88 — —
(annual change, 1997-2020) .............. — —_ -1.0% -0.8% -1.2% —_ —
Carbon Emissions (million metric tons). . ... 1,461 1,480 1,975 1,826 2,124 2,006 1,953

Notes: Specific assumptions underlying the altemative cases are defined in the Economic Activity and International Ol Markets sections
beginning on page 44. 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, and C19.
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Legislation and Regulations

Introduction

Because analyses by the Energy Information Ad-
ministration (EIA) are required to be policy-neutral,
the projections in this Annual Energy Outlook 1999
(AEO99) are based on Federal, State, and local
laws and regulations in effect on July 1, 1998. The
potential impacts of pending or proposed legislation
and sections of existing legislation for which funds
have not been appropriated are not reflected in the
projections.

Federal legislation incorporated in the projections
includes the Omnibus Budget Reconciliation Act of
1993, which adds 4.8 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; and the Tax
Payer Relief Act of 1997. AEO99 also incorporates
regulatory actions of the Federal Energy Regulatory
Commission (FERC), including Orders 888 and 889,
which provide open access to interstate transmis-
sion 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.

CAAA90 requires a phased reduction in vehicle
emissions of regulated pollutants, to be met pri-
marily through the use of reformulated gasoline. In
addition, under CAAA90, annual emissions of sulfur
dioxide by electricity generators are, in general,
capped at 8.95 million short tons a year in 2010 and
thereafter, although “banking” of allowances from
earlier years is permitted. CAAA9O also calls for the
U.S. Environmental Protection Agency (EPA) to
issue standards for the reduction of nitrogen oxide
(NOx) emissions, leading to regulations that impose
limits on electricity generators for NOx emissions.

The impacts of CAAA90 on electricity generators are

discussed in “Market Trends” (see page 86).

The provisions of EPACT focus primarily on
reducing energy demand. It requires minimum
building efficiency standards for Federal buildings
and other new buildings that receive federally
backed mortgages. Efficiency standards for electric
motors, lights, and other equipment are required,
and owners of fleets of automobiles and trucks are

required to phase in vehicles that do not rely on
petroleum products.

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. AEO98 included a discussion of proposed
actions, but no additional standards have been

finalized.

Climate Change Action Plan

The AEO99 reference case projections include
analysis of provisions of the Climate Change Action
Plan (CCAP)—44 actions developed by the Clinton
Administration in 1998 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 anthro-
pogenic (human-caused) carbon emissions. AEO99
estimates of emissions from fuel combustion do not
include emissions from activities other than fuel
combustion, such as landfills and agriculture, 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 carbon
dioxide and, consequently, are not incorporated 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 30,
for further discussion).

Climate Wise and Climate Challenge are two
programs cosponsored by EPA and the U.S. Depart-
ment of Energy (DOE) to foster voluntary reductions
in emissions on the part of industry and electricity
generators, as reported in the EIA publication

Mitigating Greenhouse Gas Emissions: Voluntary
Reporting [2]. The AEO99 reference case includes

. analysis of the impacts of both programs (see

Appendix G).
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Extension of Outer Continental Shelf
Leasing Moratoria

On June 12, 1998, the President extended the
current moratoria on new leases for offshore oil

drilling on the U.S. Outer Continental Shelf (OCS)

through June 80, 2012. The extension withdraws
from possible leasing the areas of the OCS currently
under moratoria in the following OCS planning
areas: the North Aleutian Basin; Washington-
Oregon; Northern, Central, and Southern Califor-
nia; South Atlantic; Mid-Atlantic; North Atlantic;
and sections of the Eastern Gulf of Mexico. Also
withdrawn were those areas of the OCS designated
as marine sanctuaries under the Marine Protection,
Research, and Sanctuaries Act of 1972. The sanctu-
aries range in size from less than 1 square mile to
more than 5,300 square miles [3]. The extension of
OCS moratoria does not affect any current leases.
Because the AEQ99 forecast does not include
production from restricted areas, the extension has
no impact on the projections.

Regulation of Natural Gas
Transportation Services

On July 29, 1998, the Federal Energy Regulatory

Commission (FERC) proposed changes in its regula-
tions governing interstate natural gas pipelines.
The purpose of the changes is to allow more flexi-
bility and competitiveness in the market for short-
term transportation services. Under the proposed
changes, cost-based regulation would be replaced by
policies intended to maximize competition, mitigate
the ability of firms to exercise residual monopoly
power, and provide opportunities for greater flexi-
bility in the provision of pipeline services. Pipelines
would be permitted to negotiate rates and terms of
service. The Commission is also seeking comments
on its pricing policies for the existing and long-term
market and for new capacity. Comments on both
proposed changes and existing policy are due on
January 22, 1999 [4]. Although the specific changes
proposed by the FERC are not included, the AEO99
reference case does assume an increasingly competi-
tive market for natural gas transportation services.

Extension of Ethanol Tax Credit

The Federal Highway Bill of 1998 included an
extension of the ethanol tax credit, which has been
granted since 1986 and was scheduled to expire in

2000. The tax credit is currently 54 cents per gallon
and applies to ethanol and the ethanol portion of the
gasoline additive ethyl tertiary butyl ether (ETBE).
The Highway Bill extends the tax credit through
2007 but specifies 1-cent-per-gallon reductions in

2001, 2003, and 2005. Ethanol and ETBE may be
blended into gasoline to boost either octane or
oxygen content. The tax credit effectively reduces
the cost of ethanol and ETBE, making them more
attractive for blending with gasoline. AE099
assumes that the ethanol tax credit will not expire
in 2007 but will continue at the nominal level of 51
cents per gallon. The benefit of the credit is eroded
by inflation over time, however, reducing its value to
27 cents per gallon (in 1997 dollars) by 2020.

Tier 2 Vehicle Standards

The Clean Air Act Amendments of 1990 (CAAA90)
set “Tier 1” exhaust emission standards for carbon
monoxide (CO), hydrocarbons, nitrogen oxides
(NOx), and particulate matter (PM) for light-duty
vehicles and trucks beginning with model year 1994.
CAAA90 also required the U.S. Environmental
Protection Agency (EPA) to study further “Tier 2”
emission standards that would take effect between

model years 2004 and 2007. EPA provided a Tier 2
study to Congress in July 1998 [5] and is expected to
publish a Notice of Proposed Rulemaking for the
Tier 2 standards early in 1999,

Air quality projections included in the EPA’s Tier 2
study indicate that the existing Tier 1 vehicle
emissions standards, and the implementation of the
voluntary National Low Emissions Vehicle (NLEV)
program set for implementation between 1999 and
2001, will not be enough to achieve attainment of
National Ambient Air Quality Standards (NAAQS)
for ozone and particulate matter (PM) between 2007
and 2010. The study concludes that further
emissions reductions for volatile organic compounds
(VOCs), NOx, and PM will be needed to move many
areas of the country, and the Nation as a whole,
toward compliance. In addition, the study concludes
that more stringent Tier 2 vehicle emissions
standards are a cost-effective means of improving
air quality. The study also examined the feasibility
of technologies that would reduce emissions from
light-duty vehicles and trucks, ranging from
advanced engine designs to improved exhaust after-
treatment systems.
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The Tier 2 study emphasizes the importance of the
relationship between emissions reduction technol-
ogy and gasoline sulfur content. Sulfur reduces the
effectiveness of the catalyst used in the emission
control systems of advanced technology vehicles,
increasing their emissions of hydrocarbons, carbon
monoxide, and NOx. Because of the link between
sulfur and emissions, the EPA is developing

proposed restrictions on gasoline sulfur content in
connection with the Tier 2 standards.

Tier 2 standards and restrictions on gasoline sulfur
are not reflected in the AEO99 reference case
because the end result of the upcoming rulemaking
process is unknown. Analysis of the potential costs
of reducing sulfur in gasoline is included in “Issues
in Focus” (see page 29).

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
to opt-in to the LEVP program, implementing the
same mandates 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 Resource Board were dedicated
electric vehicles [6].

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 2008, because it 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 overturned the original LEVP mandates in

favor of the same deferred schedule adopted by
California.

Ozone Transport Rule

Over the past several years, extensive effort has
gone into examining the impact of interstate ozone
emissions. Many of the States in the Northeast
believe that they will not be able to reduce their
ozone concentrations to required levels unless out-
of-state emissions are also reduced. The Ozone
Transport Assessment Group (OTAG), made up of
State, Federal, utility, and nonutility representa-
tives, was established to analyze the issue. OTAG’s
analyses suggested that nitrogen oxide (NOx)
emissions from power plants in some midwestern
States are having an impact on ozone concentra-
tions in downwind northeastern States [7].

In response to OTAG’s recommendations, the EPA
issued a notice of proposed rulemaking (NOPR) on
November 7, 1997 [8]. In the NOPR, EPA estab-
lished summer season NOx emission limits (referred
to as budgets) for electricity power plants in 22

eastern and midwestern States. Originally the
NOPR set the NOx limit for the summer season
(May 1st through September 30th) for the 22 States
at 489,000 tons, but the limit was raised to 563,800
tons in the final rule issued on September 24, 1998
(Table 2). The change resulted from technical correc-
tions made by the EPA to the population of sources
of NOx emissions in the baseline data from which
the budgets were derived.

The NOPR and its supplement require States to
develop plans to meet their NOx emission budgets in
2003 and beyond. The EPA hopes to encourage
States to participate in a NOx “cap and trade”

Table 2. Summer season NOx emissions budgets for
2008 and beyond (thousand tons per year)

NO.. NO;
State budget State budget

Alabama 87.4  New Jersey 8.8
Connecticut 8.8  New York 24.1
Delaware 8.6  North Carolina 34.6
District of Columbia 0.0 Ohio 46.8
Georgia 87.5  Pennsylvania 46.2
Lllinois 87.9  Rhode Island 1.1
Indiana 47.4  South Carolina 18.0
Kentucky . . 884  Tennessee 23.7
Maryland 13.9  Virginia 19.3
Massachusetts 10.3 West Virginia 33.5
Michigan 385.0 Wisconsin 19.0
Missouri 24.0 Total 563.8
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‘program, under which the EPA would issue NOyx
emission allowances to power plant operators and
other large sources. Each allowance would permit
the holder to emit one ton of NOx and could either be
used for the facility to which it was originally
allocated or sold.

As with the sulfur dioxide (SO2) allowance program
created by CAAA90, the goal of the NOx cap and
trade program would be to reduce compliance costs
through efficient market mechanisms. The program
is meant to encourage reductions in NOx emissions
from facilities where they can be made relatively
inexpensively, while providing the option of allow-
ance purchases for facilities where the costs of
reducing emissions would be higher.

Power plant operators have several options for
reducing NOx emissions, including low-NOx burn-
ers, other combustion controls (flue gas recircu-
lation, staged combustion, reduced oxygen, etc.),
selective noncatalytic reduction (SNCR), and selec-
tive catalytic reduction (SCR). In addition, co-firing
a coal plant with natural gas is also an option. In
general, combustion controls (including low-NOyx
burners) are relatively inexpensive and reduce
uncontrolled NOx emissions by 40 to 50 percent. In
contrast, SNCR and SCR technologies are more
expensive, but they reduce NOx emissions by 60 to
80 percent. The option chosen for each plant will
depend on its uncontrolled emission rate, boiler
type, size, and operational economics.

In the AEO99 reference case, a mix of options is
chosen. By 2020, combustion controls alone are
expected to be added to 10 gigawatts of capacity,
SNCR units to 96 gigawatts, and SCR units to 111
gigawatts. The annualized cost of the control tech-
nologies is projected at $2 billion—very small in
comparison with the approximately $200 billion
that consumers spend annually on electricity
purchases. However, many of the same units
expected to add NOx reduction equipment, primar-
ily coal steam plants, would also be affected if efforts
to reduce carbon emissions were undertaken in the

future. It may be economical to add NOx control
equipment to such units now, but the addition of
carbon reduction requirements could make retire-
ment a more attractive option for many units. A
recent ETA study [9] found that U.S. efforts to meet
the carbon reduction targets of the Kyoto Protocol

could result in the retirement of many coal-fired
power plants.

Mercury Emissions Data Collection

CAAA90, Section 112(n)(1)(A), required that the
EPA prepare a study of hazardous air pollutants
from steam generating units. A report on the results
of the study was submitted to Congress on February
24, 1998. The key finding was that mercury
emissions from coal-fired power plants posed the
greatest potential for harm. The levels of mercury
concentration in air or water were not found to be a
problem; however, it was found that mercury can
accumulate in some fish species, making them
dangerous to consume in large amounts.

The role of mercury emissions from particular coal-
fired power plants in the process is not clear, and the
EPA has decided to collect additional data from
power plant operators before determining whether
their mercury emissions should be regulated. The
draft data collection plan states that, beginning on
January 1, 1999, the owners of coal-fired power
plants 25 megawatts or larger will be required to
collect weekly data on the mercury contents of the
coal used and the stack emissions and to submit the
data to the EPA quarterly. After collecting the data
for 1 year, the EPA will determine whether mercury
emissions regulations are needed.

National Ambient Air Quality
Particulate Standard

AEO99 does not include the new fine particulate
standard proposed in the EPA’s revised National
Ambient Air Quality Standards (NAAQS). The
NAAQS created a new standard for fine particles,
smaller than 2.5 micrometers in diameter (PMa 5).
The new health-based standard sets the exceedance
limits for PM2 5 at a 8-year annual arithmetic mean
of 15 micrograms per cubic meter (ug/m3) and a
24 hour standard of 65 pg/m3 (99th percentile of
concentrations in a year averaged over 8 years). The
EPA is required to take several steps, however,
before the standard can be enforced.

In a memorandum dated July 16, 1997, the
President directed the EPA to determine within
the next 5 years, based on review of scientific
data, whether to revise or maintain the proposed
standard. Thus, final standards will not be issued
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until July 2002, at the earliest. The States will then
be given 3 years to develop plans to come into
compliance and will have up to 10 years to reach the
required concentration levels. As a result, without
any changes, the earliest full compliance date would
be 2015. As the data review progresses and com-
pliance approaches begin to take shape, the fine
particle standard may be included in future AEOs.

Ha{zardous Air Pollutant Standards

During 1998 the EPA proposed two new sets of
national emissions standards for hazardous air
pollutants NESHAPs) under the authority of the
Clean Air Act. The first proposed NESHAP would
limit emissions of hazardous air pollutants (HAPs)
from oil and natural gas production and natural gas
transmission and storage facilities. The EPA has
determined that such oil and gas facilities emit
HAPs including benzene, toluene, ethyl benzene,
mixed xylenes, and n-hexane.

The EPA expects the proposed NESHAP to reduce
HAP emissions from oil and gas production by 57
percent and from natural gas transmission and
storage by 36 percent [10]. The proposed NESHAP
would require the installation of Maximum Achiev-
able Control Technology MACT) at more than 400
facilities involved in'the production of oil and
natural gas and the transmission and storage of
natural gas. Another 500 production facilities may
be required to install less stringent controls. The
rule was proposed in February 1998 and is expected
to be finalized in mid-1999 [11].

A second NESHAP, proposed in September 1998,
would require petroleum refineries to reduce HAPs
from process vents on catalytic cracking, catalytic
reforming, and sulfur plant units. NESHAPs for
other refinery processing units were set in August
1995 but did not include standards for these three
processes. NESHAPs for the additional processes
were recently proposed, because the EPA deter-
mined that they can be expected to emit a number of
HAPs. The proposed standards are specifically
aimed at reducing emissions of organics, sulfur
compounds, inorganics, and particulate metals. The
EPA estimates that refiners would invest approxi-
mately $173 million for the required MACT control
equipment and about $43 million a year for related
maintenance [12]. Potential changes that would be

associated with the two NESHAP proposals are not
included in the AEO99 reference case.

Electricity Industry Restructuring

Despite several proposals, no comprehensive
Federal electricity restructuring bill had been
enacted as of early August 1998. Several bills were
proposed, but no consensus could be reached. It is
expected that new bills will be introduced early in
1999 in the 106th Congress. At the State level the
situation is moving forward more rapidly. Nearly
every State has undertaken some effort to review
options for or implement changes in the structure of
the electricity business, and a number of States
have taken regulatory or legislative action [13]. The
critical issues in most States are whether and when
to allow consumers to choose their electricity suppli-
ers, how to deal with utility stranded costs, and
what sort of market structure would most encourage
competition.

Twelve States have enacted restructuring legisla-
tion and are moving toward letting consumers
choose their suppliers over the next several years.
Six other States have comprehensive regulatory
orders in place. Barring changes, in the twelve
States with legislation in place, consumers will be
free to choose their electricity suppliers starting
some time between 1998 and 2004 [14]. Most of the
twelve call for consumer choice to be phased in over
several years. Generally, larger industrial cus-
tomers are given choice earlier, while smaller
commercial and residential customers are given
choice later. : :

Three States—California, Rhode Island, and Massa-
chusetts—plan to allow all their consumers to
choose their suppliers by the end of 1998. California
opened the market to all customers on March 31,
1998 [15]. Consumers in California now receive bills
with separate charges for the services provided.
Depending on the type of customer, they could
include fees for energy services, transmission
services, distribution services, a competitivé transi-
tion charge, a nuclear decommissioning charge,
public program charges, fixed transition charges,
and other charges.

The competitive transition charges—associated
with paying utilities for “stranded” investments
they made to serve customers that may not be
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recovered in a competitive market—will continue
for only a fixed period of time, probably several
years. All the services may still be provided by the
incumbent utility, or each may come from a different
company, depending on the decisions made by the
customer. The situation is similar in Rhode Island
and Massachusetts, where all customers are able to
choose their suppliers as of 1998. ‘

In all three States, decisions have been made about
the level of stranded cost recovery allowed and the
rate reductions required over the next few years, but
some of the decisions are being challenged.
Although ballot referendums in California and

Massachusetts in the November 1998 elections
failed, future challenges are likely.

The three States are taking a variety of approaches
to stranded cost recovery [16], differing in the
estimation methodology, level of recovery allowed,
recovery mechanism, and length of recovery. For
example, in California utilities are to be given
the opportunity to recover prudently incurred
stranded costs. The costs will be recovered through a
competitive transition charge and financed through
the issuance of rate reduction bonds. Most of the
costs will be recovered by the end of 2001, but the
bonds mature over a 10-year period. In Rhode Island
a 2.8 cent per kilowatthour nonbypassable transi-
tion charge will be collected through December
2009. In addition, utilities are required to divest
a portion of their generating assets, and the transi-
tion charge will be adjusted if market conditions
warrant.

Similarly, in Massachusetts, stranded costs will be
recovered over 5 to 10 years, power plant divestiture
is encouraged, and the transition charge will be
adjusted to reflect market conditions. The actual
amount of stranded costs each utility will be able to
collect in these States will depend on the price of
electricity that evolves in the market and the ability
of the utility to reduce its operating costs.

Throughout AEOY9, all regions of the country are
treated as being competitive in wholesale markets
(no new rate-based capacity). In five regions—
California, New York, New England, the Mid-
Atlantic Area Council (Pennsylvania, Delaware,
New dJersey, and Maryland), and the Mid-America
Interconnected Network (Illinois and parts of

Wisconsin and Missouri)—electricity is priced com-
petitively, based on marginal costs, at the retail
level. Competitive forces are assumed to continue to
put pressure on electricity producers to reduce their
costs, and, as a result, nonfuel operations and
maintenance costs are assumed to decline by 25
percent over the next 10 years from their current
level. It is also assumed that plants will be retired
when it is no longer economical to maintain them.
In other words, new capacity is built to retire
existing capacity and meet growth in the demand for
electricity.

Renewable Technologies

In several States, electricity restructuring legisla-
tion includes provisions to stimulate the develop-
ment of renewable generating technologies for wind,
solar, geothermal, and biomass plants. Many
believe that these technologies may not succeed in a
competitive market where investment decisions are
based solely on direct market costs. In general,
renewable technologies are more expensive than
fossil-fueled alternatives (particularly new natural-
gas-fired combined-cycle plants), and it is expected
that few would be built in a competitive market.

Advocates of renewable technologies believe that
their environmental benefits outweigh their higher
costs, and that the costs could fall significantly if

demand increased enough to allow manufacturers to
take advantage of economies of scale in production.
In other words, if they could be assured of selling
more units, manufacturers would invest in larger,
more efficient facilities and lower the per-unit costs
of production.

To encourage the development of renewable tech-
nologies, some States are using a renewable
mandate, specifying that a certain amount of
renewable capacity must be built. Others are using
a public benefit fund (PBF) financed by a small fee
collected from customers for each kilowatthour of
electricity purchased. The revenue is to be used to
support a variety of programs, including low-income
support, demand-side management, and renewable
development.

A third approach is the renewable portfolio standard
(RPS), which specifies that a percentage of the
electricity generated (or sold) in the State must be
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produced by qualifying renewable power plants. In
most of the bills, qualifying renewables include all
renewable facilities other than hydroelectric plants
and municipal solid waste. The RPS system can
operate as a tradable credit system in which anyone
operating a qualifying renewable plant will be
issued credits equal to its generation. If the RPS
requirement is 5 percent, the operator will only need
to keep credits equal to 5 percent of the plant’s
output. The rest can be sold to suppliers selling
power produced from nonqualifying facilities.
Examples of State RPS programs include the
following:

- Arizona has implemented a program to encour-
age solar power development. The program
requires that 0.5 percent of new electricity sales
come from solar plants in 1999 and 2000, and
1 percent thereafter.

» In Connecticut, new resources are broken into
two classes. Class 1 includes sustainable
biomass, fuel cells, landfill gas, solar, and wind
power. Class 2 includes other biomass, mu-
nicipal solid waste, and conventional hydro-
electricity. The program requires that by 2001
class 1 resources provide a minimum of 0.75
percent of licensed utility output, and that
another 5.5 percent be provided by a mix of class
1 and class 2 resources. By 2009, the class 1
minimum requirement grows to 6.0 percent, and
an additional 7.0 percent must come from a mix
of class 1 and class 2 resources.

+ Massachusetts has instituted a program that
requires an increase in the share of sales coming
from qualifying sources (biomass, landfill gas,
fuel cells, conventional hydroelectricity, ocean
thermal, solar, and wind) from 1 percent in 2003
to 15 percent by 2020.

+ In Nevada, the required share for nonilydro-
electric renewables starts at 0.2 percent in 2001

and increases 0.2 percentage points per year
until reaching 1 percent.

» In Maine, a much larger share is required. By
March 2001, 30 percent of total retail sales must
be generated from biomass, fuel cells, geo-
thermal, small hydroelectric, municipal solid
waste, solar, or wind.

In addition to these programs, States such as
California, Colorado, Iowa, Minnesota, New York,

and Wisconsin have implemented renewable
mandates requiring specific generation or capacity
levels or other “green power initiatives.”

In order to represent these State programs in the
AEOQO99 projections, estimates were made of the
amounts and types of capacity each of the State
programs would encourage. Accordingly, new plants
with the appropriate technology, capacity, and start
years were added to the inventory of plants avail-
able. (For example, the Arizona program is expected
to encourage 80 megawatts of solar development.) In
total, the various State RPS programs are expected
to encourage just over 638 megawatts of new
renewable capacity between 1999 and 2011. Wind
(263 megawatts), solar (163 megawatts), and
biomass (137 megawatts) are expected to account for
the majority of the renewable capacity encouraged
by State RPS programs.

State mandates and other requirements are expect-
ed to produce another 1,372 megawatts of new
renewable capacity, with wind (1,017 megawatts),
geothermal (149 megawatts), biomass (137 mega-

watts), and landfill gas (69 megawatts) making up
most of the capacity. Finally, voluntary plans, such
as green power initiatives, add another 67 mega-
watts—47 megawatts of wind capacity, 10 mega-
watts of photovoltaics, and 9 megawatts of landfill
gas capacity.
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The Economic Decline in East Asia
Recent Developments

Although this Annual Energy Outlook 1999
(AE099) focuses on the determinants of growth for
the United States in a midterm (20-year) setting, it
is also important to consider how near-term events
may play out over the long run. The recent economic
crisis in East Asia illustrates the need to reconcile
volatility in the short run with the long-run determi-
nants of growth for the world and the U.S. economy.

The economic crisis in BEast Asia began in the
suminer of 1997 and continued to deepen through-
out 1998. Currency markets in Southeast Asia be-
came extremely volatile, with Thailand, Malaysia,
and Indonesia experiencing sharp depreciations
first, followed by the Philippines and South Korea.
Between the end of May 1997 and September 1998,
the U.S. dollar rose by 67 percent against the Thai
baht, nearly 53 percent against the Malaysian
ringgit, and more than 61 percent against the South
Korean won. For most of the East Asian countries,
however, the exchange rate fluctuations occurred
between August 1997 and -the end of March 1998,
with currency values relatively stable during
the summer of 1998 (although at much higher
levels against the dollar than in January 1997).
Indonesia’s currency did continue to show volatility,
as the country tried to accommodate increased
financing needs for both economic investment and
social costs.

The Asian economies affected by the crisis share
many characteristics: relatively rapid economic
growth over the past 3 to 6 years; high domestic
savings rates; economic expansion sustained by
exports rather than domestic demand growth; high
current account deficits; high inflows of foreign
capital before the currencies became volatile; and
relatively lax financial regulations. Early in 1997
their currencies were pegged to the U.S. dollar, and
they became overvalued when the countries experi-
enced large current account trade deficits. In addi-
tion, credit was allocated in their financial sectors
on non-business criteria, and excessive investments
were made in real estate, leading to inefficient uses
of the available capital. When the exchange rates
rose loans could not be repaid, foreign portfolio capi-
tal fled, and Asian firms found it difficult to finance
needed imports of essential intermediate products.

Current events have exposed significant vulner-
abilities in Asian and other developing economies,
raising questions about the timing and extent of
short- and long-term recovery. Developing econo-
mies need to devote much of their economic
resources to improving infrastructure (education,
transportation, and communication as well as
energy resources) and tend to rely on international
capital flows to finance much of their investment.
But international capital flows, especially portfolio
investment, are volatile and may have substantial
impacts on short-term growth. Whether long-run
growth is also affected depends on the reasons for
the financial instability, the underlying economic
characteristics of the country (such as the skill of the
labor force), the domestic savings rate, the prospects
for traded goods in global competition, and the
infrastructure that supports the economy.

In Thailand, Indonesia, and South Korea, the Inter-
national Monetary Fund (IMF) has agreed to supply
capital in exchange for agreement to a set of fiscal
and monetary policies designed to reduce volatility
in financial markets. The policies are aimed at
decreasing government expenditures, removing
some government controls over the financial sector,
allowing insolvent financial institutions and
businesses to fail, and allowing more foreign
ownership to encourage foreign direct investment.

" The short-run impacts of such policies are likely to

be higher inflation, lower imports, and reductions in
sectors of the economy that are sensitive to interest
rates (such as construction and investment). One
result is projected lower economic growth for the
next several years.

The Asian recession is proving to be more severe
than anticipated last year when AEO98 was being
prepared. At that time, most analysts thought that
the Asian crisis would follow the course of the Mexi-
can crisis of 1994, when the Mexican economy saw a
severe drop in GDP growth in 1995 (6.2 percent),
followed by positive growth (5.2 percent) in 1996.

A number of factors have contributed to a deeper re-
cession in Asia than originally expected. First, with
import demand plunging in many Asian countries,
intraregional trade, which fueled growth in the
early 1990s, has collapsed. The Japanese economy—
weak at the beginning of the Asian crisis—has not
yet recovered. In contrast, during Mexico’s rapid
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economic recovery after its 1994 currency crisis, its
main trading partner, the United States, was ex-
periencing strong economic growth. Second, high
interest rates and weak currencies have made it
difficult for Asian countries to obtain financing for
essential intermediate inputs. Without the neces-

sary inputs, many export products cannot be pro-
duced. Finally, with the collapse of many Asian
countries and the absence of a Japanese recovery,
world export demand has not been sufficient to off-
set the drop in intra-Asian trade. Domestic demand
in the Asian countries must recover before the in-
traregional trade can resume its impetus for growth.

High interest rates, prescribed by the IMF, were
expected to cut wasteful spending while attracting
more capital to the East Asia region. In fact, how-
ever, investors have been unwilling to channel their
money to countries where there is a risk of further
currency devaluations. Tighter credit has substan-
tially reduced domestic demand in the affected
countries, but the region’s exchange rates are still
volatile,

Whether the sharp currency devaluations in East
Asia will lead to lower growth rates over the next 25
years will depend in large part on the policies
enacted in response to short-run developments. If
the financial reforms enacted make financial trans-
actions more transparent, then market conditions
will judge the efficacy of new investments. Making
investment decisions more market-driven could
lead to potentially higher long-run economic growth,
especially given the relatively high education levels
and savings rates of the labor force.

Impacts on the World Oil Market

Over the past 2 years, crude oil prices have dropped
by more than 40 percent, reflecting a significant
world oil surplus. Abundant supply and weak world-
wide demand, especially among the struggling
economies of the Pacific Rim, have combined to
produce the lowest world oil prices since the early
1970s,

The timing and magnitude of an expected rebound
in demand for oil and in world oil prices are the
source of much uncertainty in AEO99. The reference
case forecast assumes that real prices for oil rise at
an annual rate of almost 6 percent from 1999 to
2007, After 2007, the reference case oil prices are

similar to those in the Annual Energy Outlook 1998
(AEO998), rising at an annual rate of less than 1
percent (Figure 8). Developments that could contrib-
ute to delaying the return until 2007, as opposed to a
more rapid rebound, include the following.

Figure 8, World oil price projections in the AEQ98

and AEOY9 reference cases, 1990-2020
(1.9.97 dollars pervl?arrel)
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The Organization of Petroleum Exporting Countries
(OPEC) has agreed on production cutbacks of about
2.6 million barrels a day in 1998 to counter the slow
growth in world oil demand and the drop in oil
prices. There is much skepticism, however, as to
whether member nations will strictly adhere to such
quotas. Prior excursions into quota-setting have
resulted in temporary impacts on world oil prices,
but cutbacks have been difficult to maintain and
verify over the long term. Many OPEC countries are
almost totally- dependent on oil export revenues for
their national income, and production cutbacks are
especially painful. An additional factor of critical
importance to OPEC supply potential is the re-
emergence of Iraq as an oil exporter. The United
Nations Security Council has agreed to allow Iraq to
export oil (for humanitarian reasons) at a rate of 1.6
million barrels a day. When Iraqi export sanctions
are eventually lifted (assumed to be after 2000 in the
reference case), Iraq could easily expand its produc-
tion capacity to more than 8 million barrels a day by
2005. In addition, several non-Persian Gulf OPEC
members (Algeria, Nigeria, and Venezuela) have
active plans to expand their production capacities
over the next half-dozen years.

Non-OPEC production potential continues to grow
despite the low price environment. North Sea
production is expected to peak by the middle of
the next decade at levels that are at least 1 million

Energy Information Administration / Annual Energy Outlook 1999 19



Issues in Focus

barrels a day greater than current output. Other
countries within the Organization for Economic
Cooperation and Development (OECD) that are
expected to register production increases within the
next decade include Australia, Canada, and Mexico.
In Latin America, Argentina, Brazil, and Colombia
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 are not expected to be delayed and
will start producing significant volumes early in the
next century. Because subsea oil platforms have to
be scheduled so far in advance, most of the world-
wide deepwater projects are proceeding on schedule
even at today’s prices.

The bleak economic outlook for several Southeast
Asian economies has significantly dampened the
growth in oil demand for the region, which in recent
years has accounted for about one-half of the growth
in Asia’s oil demand. In 1998 demand is expected to
decline, and the timing of its recovery has become
increasingly uncertain. Other regions whose near-
term GDP growth is less optimistic than that
assumed in AEO98 include China, the Former
Soviet Union, and Japan. Even with lower oil prices,
near-term oil demand is expected to increase at only
about half the rate of the past 5 years (Figure 9).

Figure 9. Oil demand projections for developing
Asia in AEO98 and AEQO99, 1950-2020
(million barrels per day)
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Impacts on the Demand for U.S. Exports

In the near term, export demand for U.S. goods and
services will suffer as world activity slows in
response to these near-term volatile events (Figure
10). After expansive growth from 1995 through
1997, averaging over 11 percent a year, the growth

in demand for U.S. exports slowed to less than 1

percent in 1998 and is expected to average less than
4 percent from 1998 through 2000. Export demand
is expected to rebound by the year 2000 and sustain
a growth rate of 8 percent a year from 2001 through

2003.

Figure 10. Projected annual growth in real U.S.
exports, 1995-2003 (percent)
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Because only a relatively small portion of U.S.
exports goes to those countries where current
economic disruptions are greatest, current Asian
events are not expected to have as lasting an effect
on the U.S. economy as on the world oil market.
Nonetheless, compared with AEO98, slower growth
in exports is expected from 1997 through 2010 in the
AEO099 reference case. The expected reduction in
export demand is expected to reduce real GDP

growth by as much as a tenth of a percentage point.
The relatively lower growth in exports in the first 10
years of the forecast results in slower growth in
domestic U.S. manufacturing relative to last year’s
expectations. Manufactured goods are affected more
by export and import trends in the economy than are
either services or wholesale and retail trade.
As exports recover, so does the growth rate of
manufactured output.

Responding to Growth in Demand
for Natural Gas

In the AEO99 reference case projections, natural
gas consumption in 2020 is nearly 50 percent higher
than the 1997 level of 22.0 trillion cubic feet. In
order to satisfy the demand projected for 2020,
a number of changes will be needed in the U.S.
natural gas industry, including a significant
increase in production and considerable expansion
of infrastructure. Onshore and offshore production

are projected to increase by 57 and 14 percent,
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respectively, and pipeline capacity to increase by 32
percent over 1997 levels. Although today’s market
differs from the markets that existed in past periods
of significant growth, increases well above those
projected in AEO99 have been realized in the past,
and the industry’s past performance gives reason for
confidence that the projected increases can be
accommodated.

Interregional pipeline capacity increased by 6.9
trillion cubic feet (21 percent) over the 7-year period
from 1990 (the first year EIA began compiling
capacity data) to 1997. The driving force behind the
expansion was not to meet an overall increase in
demand per se—the 1997 market of 22.0 trillion
cubic feet is roughly equivalent in size to the 1972
historical peak of 22.1 trillion cubic feet—but
instead to provide new access corridors as supply
and demand centers shifted in a changing market.
Similarly, the need for additional pipeline capacity
projected in AEQ99 primarily reflects the demand
for greater customer access to new and expanding
supply sources and for supplemental capacity into
areas of growing demand where peak period utiliza-
tion is approaching maximum available capacity.

As an example, proposed additional capacity from
Canada will bring significantly greater volumes of
gas to the midwestern marketplace. At the same

time, several existing pipelines already have the:

capacity to move large volumes of gas from the
South Central region to the same area. As capacity
expansion projects proceed over the next several
years, there is a strong potential for surplus supply
to develop in the Chicago area. As a result, pipelines
exiting the South Central region that compete with
Canadian gas could become underutilized. To
alleviate the situation, and to address the growing
demand for natural gas in the Northeast, a number
of projects have been proposed that would tap into
the expanding Chicago hub and redirect some of its
supplies eastward.

Much of the new capacity that has been added since
1990 or is to be completed by 2000 consists of long-
haul pipelines from growing supply areas. By 2000,
much of the projected new capacity will be able to
link with nearby major long-haul pipelines already
in operation, so that the primary short-term
requirements will be for feeder lines to tap into the
existing pipelines or compression and looping along

existing routes where capacity needs to be
augmented. Compression and looping are much less
expensive than laying pipe along new routes and
usually require-less lead time.

Much of the expansion projected in AEO99 before
2001 already is either under construction or
planned, and more than half the pipeline expansion
expected by 2020 is likely to occur between now and
2000. A number of projects have been proposed

(although not all of them will actually be built), and

substantial investment has been made in pipeline
expansion. The added capacity will provide access to
new and expanding production areas, such as
Canada and the deep offshore, and will accommo-
date shifts in demand patterns, such as new demand
for natural gas to replace electricity generation
capacity lost as a result of nuclear retirements.

Government policy supports an optimistic outlook
for the post-2000 pipeline expansion forecast. FERC
policy allows the pipelines to assume more risk
rather than requiring firm contracts to be in place
before approving an expansion, and the Council on
Environmental Quality has recently allocated fund-
ing to promote interagency cooperation in the
review of pipeline permits, with the primary in-
tention of speeding up the process. The FERC has
responded positively to issues raised by the pipeline
industry regarding its method of determining
allowed rates of return by evaluating possible
changes in the method it uses to calculate returns.
Pipelines have claimed that they face considerable
risk because of increased competition and the threat
of capacity turnback, and that the 12- to 18-percent
average rate of return for pipelines in 1996 was far
lower than the 20-percent rate earned by most
public companies [17].

Another issue that the industry will face in meeting
the production forecast is supply availability.
Uncertainty in estimates of the Nation’s natural gas
resources, both onshore and offshore, has always
been an issue in projecting production [18]. Despite
the fact that offshore production levels in the AEO99
forecast do not exceed current levels until 2008—
suggesting that offshore production will not be a
problem—there are a number of potential problems
related to the recovery of natural gas from offshore
areas.

Energy Information Administration / Annual Energy Outlook 1999 21



Issues in Focus

One issue is a potential shortage of offshore rigs and
skilled personnel. Although the short-term situation
has changed with the recent downturn in oil prices,
every available offshore rig was in use throughout
1997, and the construction of new rigs has been
limited by uncertainty surrounding their demand
for the longer term. The lead time for construction of
new rigs is 2 to 8 years, and costs range from $115
million for a 850-foot jack up to $325 million for a
deepwater semisubmersible [19]. Training is needed
to develop a work force for offshore production,
and because of its cyclical history many people are
reluctant to enter this work force.

An additional issue is the need for infrastructure
expansion. Infrastructure to move natural gas from
offshore drilling platforms to the shore will need to
expand as production grows, and gathering systems
for offshore production, the costs of which are not
known with certainty, need to be developed. Despite
the problems these issues may present, however,
continuing developments in offshore technology
have improved the prospects for offshore gas pro-
duction. Although there have been some spending
cutbacks as a result of current low oil prices, invest-
ments are being made in all these areas, and
technology advances are cutting lead times and
improving the economics of smaller fields.

Because of expected growth in natural gas demand,
several studies are being undertaken to assess what
steps the natural gas industry needs to take to
be able to respond. Former Secretary of Energy
Federico Pefia commissioned the National Petro-
leum Council (NPC) to undertake a study of what is
needed for the industry to be able to respond to
demand increases. In addition, the Natural Gas
Supply Association (NGSA) is working on a report
that will analyze whether the industry can meet

increased demand projections without increasing

wellhead prices, and the Interstate Natural Gas
Association of America INGAA) is working on a
study to determine what needs to be done for the
pipeline industry to meet the needs of a market of
80 trillion cubic feet by 2010 (2 trillion cubic feet
above the AE099 forecast). The key uncertainties
in satisfying a market of that size are where the
demand will occur and whether there is enough
pipeline capacity to move the gas into growing
demand centers.

The INGAA study addresses the question of
whether the pipeline industry can provide the
expanded infrastructure needed to get the gas to
market. One of the problems with rapid expansions
is the lead time necessary for a pipeline project.
Barring unforeseen delays, capacity expansion
requires a lead time of 2.5 to 3 years. If an environ-
mental impact statement is required, it can add
another 3 months to the completion time [20].

The pipeline capacity expansion currently under-
way reflects the industry’s anticipation of an
expanding market. Positive steps are also being
taken in other parts of the industry. Again, despite
recent cutbacks resulting from low oil prices, invest-
ments still are being made in exploration and pro-
duction, and they are expected to continue, largely
independent of lower oil prices, as higher gas prices
provide a positive incentive for investment. In fact,
spending on natural gas projects increased in the
first quarter of 1998 and was unchanged in the
second quarter [21].

The rising levels of demand and prices for natural
gas projected in AEQ99 will provide additional eco-
nomic incentives for the investments in infrastruc-
ture, rigs, drilling, and manpower development
needed to meet the necessary increases in gas pro-
duction. As a result, it is expected that the natural
gas industry will be in a position to meet the chal-
lenge of satisfying the demand increases projected.

Renewable Portfolio Standards

Federal legislation proposed by Senator Jeffords,
Senator Bumpers, and Congressman Schaefer
include renewable portfolio standard (RPS) pro-
visions that are similar to those included in State
restructuring plans. Each of the Federal bills
proposes a renewable credit system as described in
“Legislation and Regulations” (see page 15). The key
differences in the respective RPS provisions are the
required renewable share and the renewable
technologies that would receive credits. The share
required by 2020 varies from 4 percent in H.R. 655
(Schaefer) to 20 percent in S. 687 (Jeffords). Each of
the bills allows all nonhydroelectric renewable
resources to receive credits. S. 237 (Bumpers) also
provides partial credits to large hydroelectric
facilities, greater than 80 megawatts.
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In March 1998, the Clinton Administration released
its Comprehensive Electricity Competition Plan
[22], and in June 1998 the Secretary of Energy
submitted the Administration’s proposed legislation
to implement the plan. Section 302 of the proposed
Comprehensive Electricity Competition Act [23]
calls for the establishment of a Federal RPS.
Beginning in 2000, each retail electricity supplier

would be required to submit to the Secretary of
Energy renewable energy credits in an amount
equal to the required percentage. Credits would be
earned for each kilowatthour generated from solar,
wind, geothermal, or biomass plants. The proposed
percentage reaches 5.5 percent in 2010 and remains
there through 2015. Between 2000 and 2010 the
required percentage is to be determined by the
Secretary of Energy, but it would be less than 5.5
percent. The following analysis illustrates the
potential effects of the proposed RPS. For purposes
of the analysis, it is assumed that the required share
would grow linearly from 0 to 5.5 percent between
2000 and 2010 and remain at 5.5 percent through
2015, at which time the requirement would be
eliminated [24].

The RPS would have an impact on the types of
plants built to meet the growing demand for
electricity. New wind and biomass plants, and
geothermal to a lesser extent, are expected to make
key contributions in meeting the RPS (Figure 11).
In the reference case, only 9 gigawatts of new
renewable plants are expected to be built, because in
most situations they are not competitive with fossil
alternatives. Under the proposed Federal RPS,
howeyer, renewable technologies would play a
larger role. In the Federal RPS sensitivity case,
more new wind plants are expected to be built in

Figure 11, Renewable electricity generation
in two cases, 2020 (billion kilowatthours)
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some regions of the country, particularly in the
Northwest, Southwest, and Upper Midwest.

The United States has vast wind resources in some
areas, but many are in regions of low demand,
and there is some uncertainty about the costs of
developing them and delivering their power. For
example, some of the best wind resources are located

far from transmission lines and load centers, in

environmentally sensitive areas, or on terrain that
it is not suitable for economical construction.

In terms of biomass, there are significant supplies of
relatively low-cost biomass that, for the most part,
are not currently being used for energy production.
The low cost of fossil fuels, particularly coal, makes
them unattractive. For example, there are large
amounts of urban wood waste, tree trimmings, con-
struction and demolition debris, and discards such
as crates and pallets that could be burned to produce
energy, rather than disposed of in landfills. These
materials can be burned in standalone facilities, but
a less expensive alternative may be to use them as a
secondary fuel in existing coal-fired plants. Many
existing coal plants may be able to consume up to 5
percent of their total fuel input as biomass with rela-
tively minor modifications, and even higher levels
are possible with more significant modifications. In
this analysis, coal-fired plants are permitted to meet
up to 5 percent of their fuel needs with biomass if it
is economical; however, use of the biomass option is
limited by the projected low cost of coal.

Although the required share for renewables is rela-
tively low in the Federal RPS sensitivity case, it
would nevertheless have an impact on electricity

prices (Figure 12), which are projected to be almost 2
percent higher in 2010 and 2015 than they are in

Figure 12. Change in average U.S. electricity prices
in the Federal RPS sensitivity case from the
reference case, 2000-2020 (percent)
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the reference case. The impact is less in the later
years because renewable technologies are expected
to become more economical over time, with costs
declining once they begin to penetrate the market.
The price impact almost disappears in 2020, when
the RPS has ended. The projected price differences
are relatively small, but they do amount to an added
cost to consumers. The annual impact varies
between $1.4 billion and $3.7 billion a year between
2005 and 2015, with the average residential elec-
tricity bill projected to be about $1 a month higher
than in the reference case in 2010 (Figure 13). After
2015 the impact declines sharply.

Figure 13. Variation from reference case national
electricity costs in the Federal RPS sensitivity case,
2005-2020 (billion 1997 dollars)
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The imposition of the RPS would have a positive
effect in reducing emissions. Because the new
renewable facilities built to comply with the RPS

would displace output from fossil plants, total emis-

sions would be lower. For example, the 5.5 percent
RPS reduces electricity sector carbon emissions by
approximately 28 million metric tons a year be-
tween 2010 and 2020 (Figure 14). Emissions of ni-
trogen oxides (NOx) and sulfur dioxide (SO2) are

Figure 14. Projected U.S. electricity-related carbon
emissions in two cases, 1996-2020
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not significantly reduced, because their levels are
explicitly capped, and implementing the RPS would
not lead to further reductions. The imposition of the
RPS is projected to reduce slightly the incremental
cost of meeting the NOx and SOz caps.

Electricity Pricing in a Competitive
Environment

Electricity markets in many parts of the United
States are being restructured to increase competi-
tion. Competitive pressures are affecting the opera-
tions of electricity generators, even in areas where
no formal restructuring legislation has been intro-
duced. For example, operating and maintenance
costs for existing power plants have been falling in
recent years, and further reductions are anticipated.
To reflect this trend, the AEO99 reference case
assumes a 25-percent reduction in current nonfuel
operating costs in all regions over the next 10 years.
Capital costs and operating efficiencies for new
plants are also assumed to improve over time in all
regions.

Future investment decisions may also be affected by
increasing competition. Accordingly, the AEO99
reference case assumes higher costs of capital and
shorter recovery periods. Thus, the reference case
forecast incorporates many of the expected effects of
industry restructuring in all regions, including
those where competitive pricing legislation or other
binding rules have not been passed.

Historically, prices have been set admlmstratlvely

as the average embedded costs of producing elec-
tricity, including all fuel and operating and mainte-
nance costs, as well as recovery of construction costs
and a regulated profit. In a competitive market,
generation prices will vary over time (even hour to
hour), and will be set in each time period by the
operating costs of the most expensive plant needed
to meet demand at that point in time—the
“marginal cost” of production. The marginal cost
typically includes the fuel and variable operating
and maintenance costs for the generator.

During periods of high demand in a competitive
market, when the demand for electricity approaches
the available generating capacity, prices might rise
over the operating costs of the most expensive gen-
erator operating. Such occasional price spikes can
encourage consumers to reduce their usage so that
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supply and demand are kept in balance. Similarly,
prices consistently over the marginal operating
costs will provide incentives for the construction of
new generating capacity.

In AEOY99, a full competitive pricing sensitivity case
assumes that competitive pricing will be phased in
throughout the United States over 10 years, with
full competitive pricing based entirely on marginal
costs occurring by 2008. Currently, marginal oper-
ating costs are generally lower than average embed-
ded costs, which include the recovery of construction
costs on plants that are not competitive in today’s

market. With a gradual shift to full competitive
pricing, it is assumed that a portion of such costs
will be recovered in the competitive price. When the
uneconomical generators have either been paid for
or retired, average costs are expected to approach,
and possibly fall below, marginal costs. In the early
years of the forecast, coal-fired units are projected to
be used most often to set the marginal cost (Figure
15), In the later years, as demand increases and
most new capacity is gas-fired, the projected
marginal unit is more often a combined-cycle or tur-
bine unit, and the marginal costs are dependent on
gas prices. As a result, by 2020, marginal costs are
projected to be slightly higher than average costs.

Figure 15. Percentage of time that different plant
types set national marginal electricity prices, 2000,
2010, and 2020 (percent of total)
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It is worth noting that the areas with the highest

electricity prices under regulation (New York, New
England, and California) were among the first to
pass legislation allowing competition between elec-
tricity suppliers. Because the AEO99 reference case
assumes marginal cost pricing for electricity
generation in those regions that have enacted
restructuring legislation, the regions that would
expect the largest price declines as a result of

Energy Information Administration / Annual Energy Outlook 1999

competitive pricing are assumed to have competitive
electricity prices in both the reference and full com-
petitive pricing cases. (The reference case assumes a
transition to competitive pricing in California, New
York, the New England States, the Mid-Atlantic
States, and the Mid-America Interconnected
Network—Illinois and parts of Wisconsin and
Missouri.) As a result, the projected differences in
national average electricity prices between the two
cases are relatively modest, ranging from 5 percent
lower in 2005 to 4 percent higher in 2020 in the full
competitive pricing case than in the reference case.
In 2020, the electricity price in the full competitive
pricing case is higher than in the reference case be-
cause of increasing natural gas prices, which affect
marginal electricity prices more directly than aver-
age prices. Detailed results from the full competitive
pricing case are presented in Appendix F, Table F9.

The full competitive pricing case also assumes that
some consumers will be able to respond to time-of-
use pricing by altering their demand patterns.
Through “load-shifting,” consumers can reduce
usage during a peak period, when prices are high
and supply is tight, and shift that usage to an off-
peak period. The net effect is lower peak demand
and a flatter demand pattern for the year, with less
variation between the lowest and highest points.
Load shifting could also reduce the need for new
capacity, because peak demand would be lower, so
that different types of capacity would be built. In the
full competitive pricing case, 28 gigawatts less new
capacity is projected to be built by 2020 than in the
reference case. Some of the difference results from
lower reserve margins overall under full competitive
pricing (reserve margins are projected to be as much
as 3 percentage points lower nationally), but a
portion is also due to the flatter load pattern.

Sectoral Pricing of Electricity
in Competitive Markets

The emergence of competitive markets for gen-
eration in the electricity industry has created the
potential for a new distribution of costs and benefits
among classes of utility customers. Traditionally,
rates were set by regulators on the basis of
“embedded costs"—the average cost of producing
electricity and serving the customer, including
both short-run costs such as fuel and long-run costs
such as plant and capital recovery. Because rates
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were set to cover all costs, including return on
capital invested, this was referred to as “rate-
of return regulation.” Rates were generally set to
reflect average costs rather than the more volatile
fluctuations in marginal costs.

Historically, given the large transaction costs asso-
ciated with real-time pricing, average cost pricing
was seen as ensuring that revenues would cover
total costs. Because some activities or investments,
such as maintenance of a substation, serve multiple
customer classes, regulators developed various
methods of allocating the costs to different customer
classes. Typically, both fairness and efficiency [25]

played a role in setting customer class tariffs [26].

The changing nature of the electric utility industry
will undoubtedly modify the pattern of allocations of
costs among customer classes, with market forces
having a greater role. Although all customers are
expected to benefit eventually from the introduction
of competition in the generation function, the rate
and degree of such benefits may vary by customer
class. Figure 16 shows sectoral prices of electricity
in the United Kingdom during the period 1988-
1996—when the electricity industry was privatized
and competition was introduced in the generation
sector—indexed to 1988 prices. Profitability in the
regulated market was allowed to rise for 2 years
before the introduction of competition in 1990.
Savings from the introduction of competition were
realized more quickly by the larger customers first.

Figure 16. Real electricity prices in the
United Kingdom after deregulation, 1988-1996
(index, 1988 = 1.0)
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Initially only the largest customers in the United
Kingdom, those with peak loads of more than 1
megawatt (approximately the size of 500 house-
holds), had a choice of suppliers. These customers

were referred to as non-franchise customers, and
they had the choice of any of the 12 Regional
Electricity Companies (RECs), or other independent
generating companies. Franchise customers, pri-

marily residential and small commercial, were

required to purchase electricity through their local
RECs. The franchise threshold was lowered to 100
kilowatts in 1994, and all customers were to have

choice of suppliers by the end of 1998.

In general, over this time, small consumers have
seen only modest price reductions. As the franchise
limitations were removed, first large and then medi-
um industrial customers received greater benefits,
although there was a good deal of variation in the
experience of industrial customers. Some very large
industrial customers, participants in the “qualifying
industrial customer scheme” (QUICS) program
before privatization, initially saw price increases
and have received relatively little benefit from the
competitive market [27]. As shown in Figure 16,
even after a transition period, it is likely that the
effect of deregulation will vary by customer class.

As markets are restructured, firms have incentives
to change their pricing to meet specialized demands.
An example is the U.S. natural gas market for
transmission services, where restructuring resulted
in a wider array of options for some customers. In
particular, those customers with more flexibility in
their transmission and distribution requirements
were in a position to reduce their overall price of
service. Those users, primarily large industrial
consumers, benefited most from the restructured
natural gas market [28]. Figure 17 shows the trans-
mission and distribution markup (the difference

Figure 17. Index of real U.S. natural gas
transmission and distribution markups

by end-use sector, 1985-1996 (index, 1985 = 1.0)
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between the wellhead and end-use prices of natural
gas) by sector from 1985 to 1996, indexed to 1985. As
shown, the average price of transmission and
distribution for industrial users declined signifi-
cantly more (on a percentage basis) than that for
residential users.

Traditionally,- an electric utility was granted an
exclusive franchise over its territory and served as a
regulated monopoly. Because customers are easily
identified by demand level and have different price

elasticities of demand, a utility can charge differ-
ent prices to different customers. In a regulated
monopoly, there is no inherent requirement that
prices equal long-run average costs. In order for the
revenue requirements of the utility to be met, some
price differentials must be established. That is, if
every customer class were charged its incremental
cost of service, a utility might not cover its total
costs, Allocation of such costs over and above the
incremental costs are decided by regulators. Such
allocations, translated into rates, result in different
prices per kilowatthour for different customers.
Such differences are inherent in traditional rate
development [29].

Given the traditional market structure of a regu-
lated monopoly, efficiency considerations encourage
the adoption of a pricing approach whereby classes
of customers with inelastic demands pay a higher
markup over marginal cost than those with more
elastic demands [30]. However, the goal of equity
leads policymakers to set prices that are seen as fair
and reasonable. This goal can lead regulators to
deviate from the economically optimal pricing
methodology so as to avoid imposing “unreasonably”
high prices on groups with inelastic demands.
Thus, regulated sectoral pricing deviates from
economically optimal pricing, because both equity
and efficiency are important in setting rates.

Figure 18 compares actual prices of electricity by
customer class in 1996 with an estimate of what
such prices would look like if the costs were
allocated in an economically optimal (market-based)
manner. The results indicate that current industrial
and commercial prices are largely higher and
current residential prices are lower than the prices
associated with the economically optimal solution.
Significant changes may occur when there is a re-
structured electricity generation market. Figure 19

Figure 18. Actual 1997 electricity prices by sector
and calculated prices with optimal pricing
(1997 mills per kilowatthour)
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compares the generation price by customer class in
the full competition case, in which generation is
assumed to be priced on a marginal cost basis. It is
also assumed that, through the function of an
independent system operator ISO) or other market
structure, the generation component of price at any
one time will be equal for all customers. That is, the
difference between the average yearly price of the
generation component of electricity for different
customer classes depends only on the fraction of
annual electricity requirements purchased during
high-priced periods. With these assumptions, the
average annual generation prices are nearly equal
for the different customer classes.

Figure 19. Generation component of electricity
prices by end-use sector, 1999-2020
(1997 mills per kilowatthour)
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The reason that sectoral generation prices are
nearly equivalent is illustrated by the representa-
tive price-duration curve shown in Figure 20, depict-
ing the ranked hourly price of electricity from the
most expensive to the least expensive hour. The key
feature of the graph is that the price-duration curve
is relatively flat on a per-kilowatthour basis. A flat
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Figure 20. Electricity generation price duration
curve for the New England region
(1997 mills per kilowatthour)
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curve shows that, except for a limited number of
peak hours, the price of generating electricity is
relatively constant. Therefore, in a fully competitive
market, the generation price is similar for all cus-
tomer classes.

Although both transmission and distribution are
assumed to be regulated, there is reason to believe
that the unbundling of generation from trans-
mission and distribution may provide medium and
large consumers with a greater ability to obtain
price concessions from the operator of the distribu-
tion system. Specifically, under the new market
structure, some consumers may have the ability to
bypass the distribution system at relatively low cost
by connecting directly to the transmission system
or building an on-site generator. Concessionary
pricing, i.e., changes in the allocation of fixed costs
among the customer classes, may be necessary to
retain such customers.

Figure 21 compares the industrial price in the ref-
erence case with that in the fully competitive case,
including concessionary pricing of transmission and
distribution. As a counterpoint, another projection
is shown, based on the assumption that industrial
customers would be unable to obtain any additional
concessions from the operators of the transmission
and distribution system (no concessionary pricing).
If average generation prices by customer class tend
to converge, it is possible that industrial prices could
rise significantly above the reference case price
without reallocation of costs within the regulated
transmission and distribution sector. Prices would
be modestly higher than those in the reference case
if such reallocation occurred.

Figure 21. U.S. industrial electricity prices under
three fixed cost allocation options, 1999-2020
(1997 mills per kilowatthour)
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Figure 22 compares national sectoral prices in the
fully competitive market case with those in the
reference case. Given that similar efficiency im-
provements are assumed in the reference and full
competition cases, it is not surprising that the price
paths are similar. However, this analysis assumes
that, if pricing is nondiscriminatory in the genera-
tion market, larger customers will nonetheless
maintain their ability to achieve lower rates

through market pressures on the remaining regu-
lated portions of the industry.
Figure 22. U.S. electricity prices by end-use sector in

the reference and full competition cases, 1999-2020
(1997 mills per kilowatthour)
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Although the approach toward analyzing sectoral
prices represents an advance over previous EIA
analyses, a great deal of uncertainty remains.
Clearly, the precise market structures that evolve
will have a significant effect on price, as will
the extent and speed at which new technologies, as
well as market forces, influence the ratemaking
process. Moreover, the validity of these projections
depends on the consistency between EIA’s assump-
tions about market structures and their actual
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performance. Finally, any assumptions about regu-
lators’ behavior are subject to changes in the overall
regulatory environment.

Gasoline Sulfur Reduction

In early 1999, the U.S. Environmental Protection
Agency (EPA) is expected to propose tighter restric-
tions on the amount of sulfur allowed in gasoline.
Because gasoline sulfur and automotive emissions
are linked, the proposal 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 Regula-
tions,” page 11). Sulfur reduces the effectiveness of
the catalyst used in the emissions control systems of
advanced technology engines, increasing their emis-
sions of hydrocarbons, carbon monoxide, and NOx.
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 EPA has been considering lowering the average
annual sulfur content of gasoline to between 150
and 30 parts per million (ppm), from the existing
standard of 1,000 ppm. The current national aver-
age gasoline sulfur content is 840 ppm [81]. The
existing limit for all gasoline in California is an
annual average of 30 ppm, with a cap of 80 ppm, or a
flat (unaveraged) limit of 40 ppm. Discussions of
California-like sulfur limits may be framed in terms
of a “30 ppm” or a “40 ppm” limit, but for all intents
and purposes, the two are the same.

A joint study by the EPA and the U.S. Department of

Energy (DOE) put preliminary sulfur reduction
costs for East Coast and Gulf Coast refiners at 5.1 to
8.0 cents a gallon for 40 ppm gasoline and 1.1 to 1.8
cents a gallon for 150 ppm gasoline. A study spon-
sored by the American Automobile Manufacturers
Association estimated the cost of reducing sulfur to
40 ppm at 5.5 cents a gallon for refiners in the east-
ern half of the country. Another study sponsored by
the American Petroleum Institute (API) estimated
the costs of sulfur reduction at 5.1 cents a gallon for
40 ppm gasoline and 2.7 cents a gallon for 150 ppm
gasoline [32].

Although there is a broad consensus that gasoline
sulfur must be reduced, the level of reduction and
the application of the requirement have been
intensely debated. In addition to determining the

appropriate sulfur level, the EPA is considering
whether to make sulfur reduction a national or
regional requirement. The range of sulfur reduction
options under consideration by the EPA is bounded
by proposals from two groups: automakers—the
American Automobile Manufacturers Association
and the Association of International Automobile
Manufacturers—and  gasoline  producers—the
American Petroleum Institute (API) and the
National Petrochemical and Refiners Association
(NPRA). AEOY9 includes the two proposals as
alternative cases to explore their potential impacts
on the long-term projections of gasoline supply and
prices.

The automakers propose to reduce the average
allowable sulfur content of gasoline in the United
States to 40 ppm, which is equivalent to the current
standard in the State of California. The API/NPRA
submitted a less stringent regional proposal in
which all gasoline in Federal reformulated gasoline
areas, in 23 States, and in East Texas would meet
an annual average of 150 ppm [33]; gasoline in Cali-
fornia would continue to meet the State’s gasoline
requirements, including the 40 ppm annual average
sulfur limit; and gasoline in all other parts of the
country would have an annual average of 300 ppm.
API/NPRA proposes further sulfur reductions by
2010 in areas that require year-round NOx control.
The areas of coverage and the level of sulfur reduc-
tions would be determined by an EPA study. In the
API/NPRA analysis case, all the areas required to
use 150 ppm gasoline in 2004 were assumed to
require further reductions to 40 ppm by 2010.

As expected, the price impact is greater in the case
based on the automakers’ proposal (which is a more
severe, nationwide plan) than in the API/NPRA
case. Both cases assume that the additional costs
associated with sulfur reductions would be passed
on to consumers. Relative to the AEO99 reference
case, the API/NPRA scenario increases the average
price of gasoline by 1.3 cents a gallon in 2004 and by
4.9 cents a gallon in 2010. The automakers’ scenario
increases the price by 8.3 cents a gallon in 2004 and
6.8 cents in 2010. The API/NPRA scenario increases
total consumer spending for gasoline by $1.8 billion
in 2004 relative to the AEO99 reference case and by
$7.6 billion in 2010. In the automakers’ scenario, the
corresponding increases are $11.7 billion in 2004
and $10.5 billion in 2010. In both cases, the price
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increases reflect investments in sulfur reduction
processes at refineries, as well as changes in the
selection of refinery inputs.

Before 2010, the cost of sulfur reduction is lower in
the API/NPRA scenario because sulfur reduction to
the 300 and 150 ppm levels can be achieved largely
by adjustments in refinery processes. On the other
hand, sulfur reduction to the 40 ppm level, reflected
in the automakers’ scenario and after 2010 in the
API/NPRA scenario, can only be achieved by more
costly refinery upgrades, including naphtha hydro-
treating, gas oil desulfurization, alkylation, and
hydrogen units.

An interesting feature of both scenarios is that they
lead to a projected increase in domestic production
of gasoline and blending components relative to the
reference case projections, with a corresponding
reduction in projected imports. On the other hand,
the reductions in imports of gasoline and blending
components are more than offset by increased
requirements for crude oil imports. The net result is
that imports represent the same share of total
projected petroleum requirements in the APUNPRA
scenario as in the AEQ99 reference case and a
slightly higher percentage in the automakers’
scenario.

The Kyoto Protocol and
Carbon Emissions

Greenhouse Gas Emissions and the
Framework Convention

The greenhouse effect is a natural process by which
some of the radiant heat from the sun is captured in
the lower atmosphere of the Earth, thus maintain-
ing the temperature of the Earth’s surface. The
gases that help capture the heat, called “greenhouse
gases,” include water vapor, carbon dioxide, meth-
ane, nitrous oxide, and a variety of manufactured
chemicals. Some are emitted from natural sources;
others result from anthropogenic, or human, activi-
ties. Over the past several decades, rising concen-
trations of greenhouse gases have been detected in
the Earth’s atmosphere, and it has been suggested
that this may lead to an increase in the average
temperature of the Earth’s surface and conse-
quently to detrimental effects.

In 1988, the Intergovernmental Panel on Climate
Change (IPCC) was established by the World
Meteorological Organization and the TUnited
Nations Environment Programme to assess the
scientific, technical, and socioeconomic information
in the field of climate change. The most recent report
of the IPCC concluded that: “Our ability to quantify
the human influence on global climate is currently
limited because the expected signal is still emerging
from the noise of natural variability, and because
there are uncertainties in key factors. These include
the magnitude and patterns of long term natural
variability and the time-evolving pattern of forcing
by, and response to, changes in concentrations of
greenhouse gases and aerosols, and land surface
changes. Nevertheless, the balance of evidence sug-
gests that there is a discernible human influence on
global climate” [34].

Following a series of negotiating sessions, the text of
the Framework Convention on Climate Change was
adopted at the United Nations on May 9, 1992, and
opened for signature at Rio de Janeiro, Brazil, on
June 4. The objective of the Framework Convention
was to “ . . achieve . . . stabilization of the green-
house gas concentrations in the atmosphere at a
level that would prevent dangerous anthropogenic
interference with the climate system.” The sig-
natories agreed to formulate programs to miti-
gate climate change. Furthermore, the developed
country signatories agreed to adopt national policies
to return anthropogenic emissions of greenhouse
gases to their 1990 levels. The Convention excludes
chlorofluorocarbons (CFCs) and hydrochlorofluoro-
carbons (HCFCs), greenhouse gases that are
deemed to cause damage to the Earth’s strato-
spheric ozone and are controlled by the 1987
Montreal Protocol on Substances that Deplete the
Ozone Layer.

Responding to the Framework Convention, on
April 21, 1993, President Clinton called upon the
United States to stabilize greenhouse gas emissions
by 2000 at 1990 levels. Specific steps to achieve U.S.
stabilization were enumerated in the Climate
Change Action Plan (CCAP) [35], published in
October 1993, which consists of a series of 44 actions
to reduce greenhouse gas emissions. These actions
include voluntary programs, industry partnerships,
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government incentives, research and development,
regulatory programs, including energy efficiency
standards, and forestry actions. Greenhouse gases
affected by these actions include carbon dioxide,

methane, nitrous oxide, hydrofluorocarbons (HFCs),

and perfluorocarbons (PFCs). At the time CCAP was
developed, the Administration estimated that the
actions in CCAP would reduce the total net emis-
sions [36] of these greenhouse gases to 1990 levels
by 2000.

In addition to the climate-related actions of CCAP,
the Energy Policy Act of 1992 (EPACT), Section
1605(a), provided for an annual inventory of U.S.
greenhouse gas emissions, which is contained in the
ETA publication series, Emissions of Greenhouse
Gases in the United States [87]. Also, Section 1605(b)
of EPACT established the Voluntary Reporting
Program, permitting corporations, government
agencies, households, and voluntary organizations
to report to EIA on actions that have reduced or
avoided emissions of greenhouse gases. The results
of the Voluntary Reporting Program are reported
annually by ETA, most recently in Mitigating Green-
house Gas Emissions: Voluntary Reporting 1996
[38]. Entities providing data to the Voluntary
Reporting Program include some participants in
government-sponsored voluntary programs, such as
the Climate Wise and Climate Challenge programs,
which are cosponsored by the EPA and DOE to
foster reductions in greenhouse gas emissions by
industry and electricity generators.

The Kyoto Protocol

The Framework Convention established the Con-
ference of the Parties to “review the implementation
of the Convention and . . . make, within its mandate,
the decisions necessary to promote the effective
implementation.” The first and second Conference of
the Parties in 1995 and 1996 agreed to address the
issue of greenhouse gas emissions for the period
beyond 2000 and negotiate quantified emission
limitations and reductions for the third Conference
of the Parties. On December 1 through 11, 1997,
representatives from more than 160 countries met
in Kyoto, Japan, to negotiate binding limits for
greenhouse gas emissions for developed nations. In
the resulting Kyoto Protocol, emissions targets were
established for these nations, the Annex I countries

[39], relative to their emissions in 1990, to achieve
an overall reduction of about 5.2 percent [40].

The individual targets for the Annex I countries
range from an 8-percent reduction for the European

Union (EU) (or its individual member states) to a 10-
percent increase allowed for Iceland. Australia and
Norway are also allowed increases of 8 and 1 per-
cent, respectively, while New Zealand, the Russian
Federation, and the Ukraine are held to their 1990
levels. Other Eastern European countries under-
going transition to a market economy have reduc-
tion targets of between 5 and 8 percent. The
reduction targets for Canada and Japan are 6 per-
cent and for the United States 7 percent. Non-Annex
I countries have no targets under the Protocol,
although the Protocol reaffirms the commitments
of the Framework Convention by all parties to
formulate and implement climate change mitigation
and adaptation programs.

The greenhouse gases covered by the Protocol .
are carbon dioxide, methane, nitrous oxide, hydro-
fluorocarbons, perfluorocarbons, and sulfur hexa-
fluoride [41]. The aggregate target is established
using the carbon dioxide equivalent of each of the
greenhouse gases. For the three synthetic green-
house gases, countries have the option of using 1995
as the base year. Sources of emissions include
energy combustion, fugitive emissions from fuels,
industrial processes, solvents, agriculture, and
waste management and disposal. The Protocol does
not prescribe specific actions to be taken but lists
a number of potential actions, including energy
efficiency improvements, enhancement of carbon-
absorbing sinks, such as forests and other vege-
tation, 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,

distribution, and transportation.

The targets must be achieved on average over the
commitment period 2008 to 2012, the first commit-
ment period. Each country can average its emissions
over that 5-year period to establish compliance,
smoothing out short-term fluctuations that might
occur due to economic cycles or extreme weather
patterns. Countries must have made demonstrable
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progress by 2005, but no targets are established for
the period after 2012 (although lower targets may be
set by future Conferences of the Parties). Bank-
ing—carrying over of unused allowances from one
commitment period to the next—is allowed; how-
ever, the borrowing of emissions allowances from a
future commitment period is not permitted.

Several provisions of the Protocol allow for some
flexibility in meeting the emissions targets. Net
changes in emissions by direct anthropogenic land-
use changes and forestry activities will also be used
in meeting the commitment; however, they are
limited to afforestation, reforestation, and de-
forestation since 1990. Emissions trading among
the Annex I countries is permitted. According to
EIA’s International Energy Outlook 1998 (IEO98)
[42], the amount of carbon that may be available for
trade from the Annex I countries of the former
Soviet Union as a result of the economic decline in
those countries in the 1990s is estimated at 165
million metric tons in 2010. Also, additional carbon
permits may be available. Joint implementation
projects are allowed among the Annex I countries,
allowing a nation to take emissions credits for
projects that reduce emissions or enhance emis-
sions-absorbing sinks, such as forests and other
vegetation, in other Annex I countries. It is specifi-
cally indicated that trading and joint implemen-
tation are supplemental to domestic actions.

The Protocol also establishes a Clean Development
Mechanism (CDM), under which Annex I countries
can earn credits for projects that reduce emissions in
non-Annex I countries provided that the projects
lead to measurable, long-term benefits. Reductions
from such projects undertaken from 2000 until the
first commitment period can be used to assist with
compliance in the first commitment period. This
provision calls for the establishment of an executive
board to oversee the projects. In addition, an un-
specified share of the proceeds from the project
activities must be used to cover administrative
expenses and to assist with adaptation in countries

that are particularly vulnerable to climate change.

Annex I countries, such as the EU, may create a
bubble or umbrella to meet the total commitment of
all the member nations. In a bubble, countries agree
to meet the total commitment jointly by allocating a

share to each member. In an umbrella arrangement,

the total reduction of all member nations is met
collectively through the trading of emissions rights.
There is potential interest in the United States
entering into an umbrella trading arrangement.

The Protocol became open for signature on March
16, 1998, for a one-year period. It enters into force 90
days following the acceptance by 55 Parties, includ-
ing Annex I countries accounting for at least 55 per-
cent of the 1990 carbon dioxide emissions from
Annex I nations. Signature by the United States
would need to be followed by Senate ratification.
As of September 29, 1998, 57 countries had signed
the Protocol, including 26 Annex I nations that
accounted for about 38 percent of Annex I carbon
emissions in 1990.

In 1990, total greenhouse gas emissions in the
United States were 1,638 million metric tons carbon
equivalent. Of this total, 1,346 million metric tons,
or 82 percent, was due to carbon emissions from the
combustion of energy fuels. By 1997, total U.S.

. greenhouse gas emissions had risen to 1,791 million

metric tons carbon equivalent, of which 83 percent,

or 1,480 million metric tons, were carbon emissions
from energy combustion. EIA now projects that
energy-related carbon emissions will reach 1,790
million metric tons in 2010, 38 percent above the
1990 level, increasing to 1,975 million metric tons in
2020. Because energy-related carbon emissions
constitute such a large percentage of the total green-
house gas emissions, any action or policy to reduce
emissions will affect U.S. energy markets; however,
there are a number of factors outside the domestic
energy market that influence emissions and may
offset the impacts on domestic energy.

To put U.S. emissions in a global perspective,
the United States produced about 24 percent of the
worldwide energy-related carbon emissions in 1996,
which totaled 6.0 billion metric tons, according
to IEO98. Although carbon emissions continue to
increase in the United States and other industrial-
ized countries, they are increasing at a much more
rapid rate in the developing countries of Asia, the
Middle East, Africa, and Central and South
America. As a result, global carbon emissions from
energy are expected to increase at an average
annual rate of 2.4 percent from 1996 through 2010,
reaching 8.3 billion metrie tons, to which the United
States is expected to contribute about 22 percent.

32 Energy Information Administration / Annual Energy Outlook 1999



Issues in Focus

EIA Analysis of the Kyoto Protocol

At the request of the U.S. House of Representatives
Committee on Science, EIA performed an analysis of
the Kyoto Protocol in the summer of 1998, focusing

on the impacts of the Protocol on U.S. energy prices,
energy use, and the economy in the 2008 to 2012
time frame. The analysis was published in Impacts
of the Kyoto Protocol on U.S. Energy Markets and
Economic Activity [43]. The request specified that
the analysis use the same methodologies and
assumptions as the AEO98 [44], with no changes in
policy, regulatory actions, or funding for energy and
environmental programs. The Committee indicated
that no new nuclear plants should be allowed,
although economic life extensions of nuclear plants
should be permitted. Construction of new nuclear
plants, variations in economic growth, and different
assumptions concerning technology characteristics
were all to be analyzed as sensitivities to the target
cases,

The EIA analysis assumes that the Government
would hold an auction of carbon permits. The cost of
the permits is reflected in energy prices, and the
revenues collected from the permits are recycled
either to individuals by means of an income tax
rebate or to individuals and businesses through a
social security tax rebate.

The Protocol includes a number of international pro-
visions, including international emissions trading,
joint implementation projects, and CDM, which may
reduce the cost of compliance; however, guidelines
for the provisions must be resolved at future meet-
ings of the Conferences of the Parties. (The fourth
Conference was underway in Buenos Aires, Argen-
tina, at the time AEO99 went to press.) In addition,
rules and guidelines for the accounting of emissions
and sinks from activities related to agriculture, land
use, and forestry activities must be developed. The
specific guidelines may have a significant impact on
the level of reductions from other sources that a
country must undertake. Reductions in the other
greenhouse gases may also offset the reductions
required from carbon dioxide. A fact sheet issued by
the U.S. Department of State on January 15, 1998,
discussing the Protocol, estimated that the method
of accounting for sinks and the flexibility to use 1995
as the base year for the synthetic greenhouse gases
may reduce the U.S. target for energy-related cax-
bon emissions to 3 percent below 1990 levels [45].

Because of these uncertainties concerning the final
implementation of the Protocol, EIA’s analysis
includes cases with a range of reductions for energy-
related carbon emissions within the United States

in order to analyze the energy and economic impacts
of achieving those reductions on the U.S. energy
system and the economy. The cases assume that the
reductions needed to meet the target of 7 percent
below the 1990 emissions level that are not obtained
from domestic energy-related reductions would
come from some combination of forestry and agri-
cultural sinks, offsets from other greenhouse gases,
international trading, and other international
activities. For example, the cases with the least
stringent reductions in energy-related carbon emis-
sions implicitly assume considerable international
actions.

The analysis includes six carbon emissions reduc-
tion cases, plus a reference case, defined as follows:

Reference Case (33 Percent above 1990 Levels). This
case represents the reference projections of energy
markets and carbon emissions without any enforced
reductions, in order to compare the energy market
impacts in the reduction cases with a reference case.
Although this case is based on the reference case
from AEOY8, there are small differences in order to
permit additional flexibility in response to higher
energy prices or to include certain analyses previ-
ously done offline directly within the modeling
framework, such as nuclear plant life extension and
generating plant retirements. Also, some assump-
tions are modified to reflect more recent assess-
ments of technological improvements and costs. As a
result of these modifications, energy-related carbon
emissions in 2010 are slightly reduced from the
AEQY8 reference case level of 1,803 million metric
tons to 1,791 million metric tons.

24 Percent above 1990 Levels (1990+24%). This case
assumes that carbon emissions can increase to an
average of 1,670 million metric tons between 2008
and 2012, 24 percent above the 1990 levels. Com-
pared to the average emissions in the reference case,
carbon emissions are reduced by an average of 122
million metric tons during the commitment period.

14 Percent Above 1990 Levels (1990+14%). This case
assumes that carbon emissions average 1,539
between 2008 and 2012, approximately at the level
estimated for 1998 in AEO98, 1,533 million metric
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tons. This target is 14 percent above 1990 levels and
represents an average annual reduction of 253
million metric tons from the reference case.

9 Percent Above 1990 Levels (1990+9%). This case
assumes that energy-related carbon emissions can
increase to an average of 1,467 million metric tons
between 2008 and 2012, 9 percent above 1990 levels,
an average annual reduction of 325 million metric
tons from the reference case.

Stabilization at 1990 Levels (1990). This case
assumes that carbon emissions reach an average of
1,345 million metric tons during the commitment
period of 2008 through 2012, stabilizing approxi-
mately at the 1990 level of 1,346 million metric tons.
This is an average annual reduction of 447 million
metric tons from the reference case.

8 Percent Below 1990 Levels (1990-3%). This case
assumes that energy-related carbon emissions are
reduced to an average of 1,307 million metric tons
between 2008 and 2012, an average annual reduc-
tion of 485.million metric tons from the reference
case projections.

7 Percent Below 1990 Levels (1990-7%). Energy-
related carbon emissions are reduced from the level
of 1,346 million metric tons in 1990 to an average of
1,250 million metric tons in the commitment period,
2008 to 2012. Compared to the reference case, this is
an average annual reduction of 542 million metric
tons of energy-related carbon emissions during that
period. This case essentially assumes that the 7-
percent target in the Kyoto Protocol must be shared
evenly by all emitting sources, with no net offsets for
energy-related carbon emissions 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 (Figure 23).
Because the Protocol does not specify any targets
beyond the first commitment period, the target is
assumed to hold constant from 2013 through 2020,
the end of the forecast horizon, although more strin-
gent requirements may be set by future Conferences
of the Parties. The target is 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 adjustments to

meet the reduction targets in the absence of
complete foresight. In the analysis, some carbon re-
ductions occur before 2005 because of capacity ex-
pansion decisions by electricity generators that
incorporate the future increases in energy prices.

Figure 23. U.S. carbon emissions in seven
Kyoto Protocol analysis cases, 1990-2020
(million metric tons)
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There are three ways to reduce energy-related
carbon emissions: reducing the demand for energy
services, adopting more energy-efficient equipment,
and shifting to noncarbon or less carbon-intensive
fuels. To reduce emissions, the price of carbon
permits is applied to each of the fuels at its point of
consumption relative to its carbon content. Elec-
tricity does not directly receive a carbon price;
however, the fossil fuels used for generation receive
the price, and this cost, as well as the increased cost
of investment in generation plants, is reflected in
the delivered price of electricity.

In the analysis, the carbon prices represent the
marginal cost of reducing carbon emissions to the
specified level, reflecting the price the United States
would be willing to pay in order to purchase carbon
permits domestically. Because the study does not
include an analysis of trade and other flexible
mechanisms to reduce carbon emissions inter-
nationally, the carbon prices do not represent
the international market-clearing price of carbon
permits or the price other countries would be willing
to pay for permits.

Because of its representation of technology, NEMS
captures the most significant factors that influence
the turnover of energy-using and producing equip-
ment and the choice of new technologies. Thus,
it is well-suited for the analysis of the transitional
impacts of policies designed to influence the
choice of energy-consuming technologies, as new
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equipment is needed to meet growing demand for
energy services or to replace retired equipment.
Many sectors of NEMS include explicit treatment of
individual technologies and their characteristics,
such as initial cost, operating cost, date of commer-
cial availability, efficiency, and other characteristics
specific to the sector. Higher energy prices induce
more rapid adoption of more efficient or advanced
technologies because consumers have more incen-
tive to purchase them. In addition, for new generat-
ing technologies, the electricity sector accounts for
technological optimism in the capital costs of first-
of-a-kind plants; and several sectors, including the
generation sector, account for a decline in the costs
as experience with the technologies is gained.

Energy Market and Macroeconomic Analysis. The
analysis indicates that significant changes in the
mix of energy fuels, as well as higher energy effi-
ciency and lower consumption, will be needed for the
required reductions. To induce the changes, the
price of energy will increase. Some of the most sig-
nificant results from the analysis are as follows:

* The cost of the Kyoto Protocol will depend on the
amount of permits that can be purchased on the
international market and on cost-effective proj-
ects to reduce emissions or develop carbon-
absorbing sinks in other countries. Domestic
actions to reduce other greenhouse gases covered
by the Protocol and to develop sinks may also
serve to reduce the costs.

* 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. In the more stringent
reduction cases, the carbon price falls by 2020 as
more efficient and lower-carbon technologies
become economically available and penetrate
later in the forecast horizon (Figure 24).

* Higher energy prices and their impact on the
broader U.S. economy will encourage consumers
to reduce energy consumption by reducing the
demand for energy services and purchasing
more efficient equipment. However, consump-
tion will increase later with a growing economy
and lower carbon prices. Shifts from more to less
carbon-intensive fuels also occur.

Figure 24. Carbon prices in six Kyoto Protocol
analysis cases, 1996-2020 (1996 dollars
per metric ton)
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* Because coal is the most carbon-intensive of the
fossil fuels, the price of coal will rise dra-
matically, and coal use will be sharply curtailed,
particularly for electricity generation. 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.
Shrinking domestic and international markets
will lead to sharply reduced coal production and
employment.

* 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. As a result, the natural
gas industry will expand production and distri-
bution services (Figure 25).

Figure 25. Projected fuel shares of U.S. energy

consumption in two Kyoto Protocol analysis cases,
2010 (percent)
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* Renewable generatio:.:l will also increase as more
of the technologies become economical in light of
higher fossil fuel prices. Renewables could
capture as much as a 22-percent share of the
generation market by 2020, with more than half
supplied by nonhydroelectric renewable genera-
tion in the more stringent cases. Within the
energy industry, increased employment in the
natural gas and renewables industries could
offset some reductions in coal employment.

« Nuclear generation’s decline will slow as it
becomes economical under higher carbon prices
to extend the operating lives of existing plants
rather than retire them.

¢ Petroleum consumption will be lower than
expected in the reference case but will likely
remain above current levels. Although petro-
leum consumption is lower, the petroleum share
of total energy consumption is higher than in the
reference case, because the total is lower. The
majority of petroleum is used for transportation,
where there are limited economically attractive

options for shifting to less carbon-intensive
fuels.

* Recycling carbon revenues back to consumers
will offset some of the negative impacts on the
economy. The economy will continue to grow;
however, the growth in the gross domestic
product (GDP) could be lower than reference
case levels during the transition period. As
carbon prices decline and the economy adjusts,
GDP will rebound by 2020 to about the level it
would have been in the absence of a carbon
reduction program (Figures 26 and 27).

Figure 26. Annual GDP growth rates in four
Kyoto Protocol analysis cases, 2005-2010 (percent)
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» The loss in GDP, plus the funds used to purchase
permits internationally, represents the total cost
to the economy. Over the first compliance period,
from 2008 to 2012, the total cost ranges from an
annual average of $77 billion (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.

Sensitivity Cases. The analysis includes several
sensitivity cases to examine factors that may affect
energy demand and carbon emissions over the next
20 years, including economic growth, the rate of
improvement of technology, and nuclear power.
With the exception of the nuclear sensitivity case,
the sensitivity cases were analyzed relative to the
1990+9% case. Because each of the sensitivity cases
is constrained to the same level of carbon emissions
as the case to which it is compared, the primary
impact is on the carbon price required to meet the

emissions target.

+ Macroeconomic Growth. The assumed rate of
economic growth has a significant impact on
projected energy demand and carbon emissions.
The reference and carbon reduction cases in the
analysis assume an average growth rate of 1.9
percent a year between 1996 and 2020, and
higher and lower growth rates of 2.4 and 1.3 per-
cent a year are analyzed as sensitivities. Higher
growth results in higher manufacturing output
and income, increasing the demand for energy
services and resulting in higher energy demand

Figure 27. Annual GDP growth rates in four
Kyoto Protocol analysis cases, 2005-2020 (percent)
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and carbon emissions. Converse trends hold for
the lower economic growth case.

Because higher growth increases energy con-
sumption, carbon price$ must be higher to attain

a given carbon emissions target. In the high
growth case, the carbon price in 2010 is $215 per
metric ton, $52 per metric ton higher than the
reference case carbon price of $163 per metric
ton (Figure 28). In the low growth case, the
carbon price in 2010 is $128 per metric ton. Total
energy consumption in 2010 is higher and lower
by 2.2 quadrillion Btu with higher and lower
growth, relative to the 1990+9% case with
reference economic growth.

Figure 28. Projected carbon prices in four
Kyoto Protocol sensitivity analysis cases, 2010
(1996 dollars per metric ton)
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* Technological Progress. High technology as-
sumptions were developed by technology experts
for the end-use sectors—residential, commer-
cial, industrial, and transportation—considering
the potential impacts of increased research and
development for more advanced technologies
[46]. The revised assumptions include earlier
years of introduction, lower costs, high maxi-
mum market potential, and higher efficiencies
than assumed in the reference case. For the elec-
tricity generation sector, the cost and efficiencies
of advanced fossil-fired and renewable generat-
ing technologies are assumed to improve from
reference case values. The low technology case
assumes that all future equipment choices are
made from the end-use equipment available in
1998, with building shell and industrial plant
efficiencies frozen at 1998 levels, and no new
advanced fossil-fired generating technologies
are assumed.
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Because faster technology development makes
advanced energy-efficient and low-carbon
technologies more economntically attractive, the
carbon prices required to meet carbon reduction

levels are significantly reduced. Conversely,
slower technology improvement requires higher
carbon prices. With high technology assump-
tions, the carbon price in 2010 is $121 per metric
ton, compared to the carbon price of $163 per
metric ton with the reference technology
assumptions. With the low technology assump-
tions, the carbon price increases to $243 per met-
ric ton in 2010.

Nuclear Power. In the reference case, nuclear
generation declines because 52 percent of the
total nuclear capacity available in 1996 is retired
by 2020. A number of units are retired before the
end of their 40-year operating licenses, based on
industry announcements and analysis of the age
and operating costs of the units. In the carbon
reduction cases, life extension of the plants can
occur, if economical, and there is an increasing
incentive to invest in nuclear plant refurbish-
ment with higher carbon prices; however, these
cases do not allow the construction of new
nuclear power plants. A nuclear power sensitiv-
ity case examines the effects of allowing new
plants to be constructed if they are economical.
Because nuclear plants still are not competitive
with fossil and renewable plants in the 1990+9%
case, this sensitivity case is analyzed against the
1990-3% case. In addition to allowing new
nuclear plants, the higher costs assumed in the
reference case for the first few advanced nuclear
plants are reduced in this case.

Relative to the 1990-3% case, 1 gigawatt of new
nuclear capacity is added by 2010 in the nuclear
power sensitivity case, and 41 gigawatts, repre-
senting about 68 new plants of 600 megawatts
each, are added by 2020. Because most of the
impact from the new nuclear plants comes after
the commitment period of 2008 through 2012,
there is little impact on carbon prices and energy
markets in 2010. By 2020, however, carbon
prices are $199 per metric ton with the assump-
tion of new nuclear plants, compared to $240
per metric ton in the 1990-3% case with the
reference nuclear assumptions.
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Carbon Emissions in AE’O.99
Reference Case

In the AEO99 reference case, carbon emissions from
energy consumption are expected to reach 1,585
million metric tons in 2000, 18 percent above the
1990 level of 1,346 million metric tons. The
projected emissions continue to rise to 1,790 million
metric tons in 2010 and 1,975 million metric tons in
2020, 33 percent and 47 percent above the 1990
levels, respectively (Figure 29). Total emissions
increase at an average annual rate of 1.3 percent
between 1997 and 2020, and per capita emissions
also increase at an average rate of 0.4 percent.
Throughout the projection period, carbon emissions
rise, because continued economic growth and
moderate increases in energy prices are expected to
lead to increasing energy consumption. Emissions
rise at a faster rate than total energy consumption,
which increases at an average annual rate of 1.1
percent, for two primary reasons. First, approxi-
mately 51 percent of nuclear generating capacity,
which is carbon free, is retired by 2020 and no new
nuclear plants are constructed. Second, moderate
increases in the price of natural gas and decreases in
the price of coal lead to slow growth in renewables.

In 2020, electricity generation accounts for 38
percent of all carbon emissions, increasing from 36
percent in 1997. 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 9 percent is fueled with coal
and 88 percent with natural gas.

Figure 29. U.S. carbon emissions by sector and fuel,
1990-2020 (million metric tons)
2,500 -

Transportation
Industrial
Commercial
2,000~ Residential
Coal

1,500 -

1’000 - }Natural gas

500~ —{ Petroleum

_{

1990 2000 2010 2020

Energy consumption and carbon emissions for
transportation grow the fastest of all the end-use
sectors because of increased travel and the slow
improvement in fuel efficiency in the reference
case. Between 1997 and 2020, both transportation

demand and emissions grow at an average annual
rate of 1.7 percent, and in 2020 the transportation
sector accounts for 35 percent of all carbon emis-
sions. The average efficiency of the light-duty
vehicle fleet—cars, light trucks, vans, and sport-
utility vehicles—increases at an average annual
rate of only 0.2 percent between 1997 and 2020.
Over the same period, vehicle-miles traveled by
light-duty vehicles increase by 1.6 percent a year,
faster than the growth rate for the over-age-16
population (0.9 percent a year). Growth in both air
and freight travel, at average rates of 3.8 percent
and 1.8 percent a year, also contribute to the in-
crease in emissions from the transportation sector.

Emissions from both the residential and commercial
sectors grow by 1.2 percent a year, contributing 19
percent and 16 percent of carbon emissions in 2020
(including emissions from the generation of electric-
ity used in each sector). Continued growth in energy
service demand, particularly in electricity-using
equipment and appliances, results in the erissions
increases, offset somewhat by efficiency improve-
ments in both sectors. Industrial sector emissions
increase by only 0.9 percent a year through 2020 and
account for 30 percent of the emissions in 2020
(including emissions from electricity generation for
the sector). The relatively low growth rate results
from efficiency improvements and a shift to less
energy-intensive industries.

By fuel, petroleum products are the leading source
of energy-related carbon emissions because of the
continuing growth of the transportation sector,
which is heavily dependent on petroleum. About 42
percent of all emissions, or 823 million metric tons of
the total of 1,975 million metric tons in 2020, are
from petroleum products, and about 81 percent of
the petroleum emissions are from transportation
uses.

Coal is the second leading source of carbon emis-
sions at about 34 percent, or 676 million metric tons,
in 2020. Coal has the highest carbon content of
all the fossil fuels and remains the predominant
source of electricity generation. By 2020, the share
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of coal-fired generation, excluding cogeneration,
declines slightly from its 1997 level of 56 percent but
still accounts for 52 percent of all generation. About
90 percent of coal emissions 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 1.7 percent a year through
2020. Natural gas has a relatively low carbon
content relative to other fossil fuels (only about half
that of coal), and thus carbon emissions from
natural gas use are projected to be just 475 million

metric tons in 2020, about 24 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 AEQ99, the high
economic growth case includes higher growth in
population, 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 1997 to 2020, compared with a growth rate of
2.1 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
services, Total energy consumption in the high
economic growth case is 129.4 quadrillion Btu in
2020, compared with 119.9 quadrillion Btu in the
reference case. As a result of the higher consump-
tion, carbon emissions are 2,124 million metric tons,

or 8 percent, higher than the reference case level of
1,975 million metric tons in 2020.

Assumptions of lower growth in population, the la-
bor force, and labor productivity result in an average
annual growth rate of 1.5 percent in the low
economic growth case through 2020. With lower
economic growth, energy consumption in 2020 is
reduced from 119.9 quadrillion Btu to 110.5 quad-
rillion Btu, and carbon emissions are 1,826 million
metric tons, or 8 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 higher economic growth case, partially
offsetting 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 1997
through 2020, compared with 1.0 percent in the
reference case and 0.8 percent in the low economic

growth case.

Technology Improvement

The AEQO99 reference case includes continued
improvements in technology for both energy con-
sumption and production—improvements in build-
ing shell efficiencies for both new and existing
buildings; efficiency improvements for new appli-
ances and transportation vehicles; productivity
improvements for coal production; and improve-
ments in the exploration and development costs,
finding rates, and success rates for oil and gas
production. As a result of continued improvements
in the efficiency of end-use and electricity genera-
tion technologies, total energy intensity in the
reference case declines at an average annual rate
of 1.0 percent between 1997 and 2020.

The projected decline in energy intensity is con-
siderably less than that experienced during the
1970s and early 1980s. when energy intensity

declined, on average, by 2.8 percent a year. Approxi-
mately half of that decline can be attributed to struc-
tural shifts in the economy—shifts to service
industries and other less energy-intensive indus-
tries; however, the rest resulted from the use of
more energy-efficient equipment. 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 1996, energy intensity was
relatively flat.
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Regulatory programs have contributed to some of
the past improvements in energy efficiency, includ-
ing 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 of AEO99
assumes no new efficiency standards. Only current
standards or approved new standards with specified
levels are included.

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. AEO99 presents a range of alternative
cases that vary key assumptions about technology
improvement and penetration.

In the end-use demand sectors, experts in tech-
nology engineering were consulted to derive high
technology assumptions, considering the potential
impacts of increased research and development for
more advanced technologies. The revised assump-
tions included earlier years of introduction, lower
costs, higher maximum market potential, and
higher efficiencies than in the reference case. It is
possible that further technology improvements
could occur if there were a very aggressive research
and development effort. For the electricity genera-
tion sector, the cost and efficiencies of advanced
fossil-fired generating technologies were assumed to
improve from reference case values [47].

The low technology case assumes that all future

equipment choices are from the equipment and
vehicles available in 1999, with new building shell
and industrial plant efficiencies frozen at 1999
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 technol-
ogy assumptions of all four end-use demand sectors
and the electricity generation sector combined,

aggregate energy intensity declines at an average of
1.3 percent a year from 1997 to 2020, compared with
1.0 percent a year in the reference case (Figure 30).
In the 1999 technology case, the average decline is
only 0.8 percent a year through 2020. Total energy

consumption increases to 111.9 quadrillion Btu in
2020 in the high technology case, compared with
119.9 quadrillion Btu in the reference case (Figure
31), but increases to 126.6 quadrillion Btu in the
1999 technology case.

Figure 30. U.S. energy intensity in three cases,
1997-2020 (thousand Btu per dollar GDP)
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Figure 31. U.S. energy consumption in three cases,
1997-2020 (quadrillion Btu)
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The lower energy consumption in the high tech-
nology case lowers carbon emissions from 1,975
million metric tons in the reference case in 2020 to
1,848 million metric tons (Figure 32). In the 1999
technology case, emissions increase to 2,105 million
metric tons in 2020. About 30 percent, or 38 million
metric tons, of the reduction in carbon emissions in
the high technology case compared to the reference
case results from lower electricity demand and
generation. An additional 51 million metric tons of
the reduction, or 40 percent, results from shifts to
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Figure 32. U.S. carbon emissions in three cases,
1997-2020 (million metric tons)
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more efficient or alternative-fueled vehicles in the
transportation sector.

The high technology assumptions themselves do not
guarantee acceptance and penetration in the
market. 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
market policies (for example, higher energy prices)
or non-market policies (for example, new standards)
may be required.
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Market Trends

The projections in AEO99 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 depend-
ent on the data, methodologies, model structures,

and assumptions used in their development. Be-
havioral 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 AEO99 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
policy initiatives.




Trends in Economic Activity

AEO099 Projects Strong Growth

for U.S. Gross Domestic Product

Figure 33. Average annual real growth rates
of economic factors, 1997-2020 (percent)
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The output of the Nation’s economy, measured by
gross domestic product (GDP), is projected to
increase by 2.1 percent a year between 1997 and
2020 (with GDP based on 1992 chain-weighted
dollars) (Figure 33), slightly higher than the 1.8-
percent growth projected in AEOY8 for the same
period. The projected growth rate for the labor force
is similar to last year’s forecast through 2020;
however, in the AEQ99 projection, productivity
growth is 1.3 percent a year, up from 1.1 percent a
year in AEQ9S.

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 increases in labor produc-
tivity 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
(labor force divided by adult population) declines.
Thus, from 2010 to 2015, labor force growth slows to
0.5 percent, and from 2015 to 2020 it falls to 0.3
percent a year. Labor force productivity growth,
however, remains above 1 percent a year throughout
each of the 5-year periods. In addition, 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.

Manufacturing Production Is
Expected To Grow by 2 Percent a Year

Figure 34. Sectoral composition of GDP growth,
1997-2020 (percent per year)
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The projected growth rate for manufacturing
production is 2.0 percent a year, slightly lower than
the 2.1-percent annual growth projected for the
aggregate economy. Energy-intensive industries,
however, are projected to grow more slowly than
non-energy-intensive industries (1.2 percent and 2.3

percent annual growth, respectively) [48], 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 wholesale trade
and services sectors than for the manufacturing
sector, as in last year’s forecast.
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Economic Growth Cases

High and Low Growth Cases Show
Effects of Economic Assumptions

Figure 35. Average annual real growth rates of
economic factors in three cases, 1997-2020 (percent)
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To reflect the uncertainty in forecasts of economic
growth, AEO99 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 DRI/
McGraw-Hill (DRI) [49]. The DRI forecast used in
generating the AEO99 reference case is the August
1998 trend growth scenario, adjusted to incorporate
the world oil price assumptions used in the AEO99
reference case. The AEO99 high and low economic
growth cases are based on the optimistic and pessi-
mistic growth projections prepared by DRI in Febru-
ary 1998, With these changes incorporated, the DRI
projections are used as the starting point for the
macroeconomic forecasts in the National Energy
Modeling System (NEMS) simulations for AEQ99.

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 1.3 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 1.5 percent a
year from 1997 through 2020, and growth in GDP
per capita slows to 0.9 percent a year.

Long-Term Trend Indicates
Slowing GDP Growth

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 three AEO99 cases. The value for each year is
calculated as the annual growth rate over the
preceding 20 years. The 20-year average shows
major long-term trends in GDP growth by smooth-
ing 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
downward, reflecting lower rates of capital accumu-
lation 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
different paths of long-term output growth.

One reason for the variability of the forecasts is the
composition of economic output, reflected by growth
rates of consumption and investment relative to 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 robust
3.0 percent. In the high growth case, growth in
investment increases to 3.8 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 2.1 percent. With the labor
force also growing more slowly, aggregate economic
growth slows considerably.
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International Oil Markets

Gradually Rising Oil Prices
Are Projected

Figure 37. World oil prices in three cases, 1970-2020
(1997 dollars per barrel)
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Just as the historical record shows substantial
variability in world oil prices, there is considerable
uncertainty about future prices. Three AEQ99 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 0.9 percent a year, reaching $22.73 in
constant 1997 dollars in 2020. In nominal dollars,
the reference case price exceeds $43 in 2020. The low
price case has prices rising, after the current price
slump, to $14.57 by 2005 and remaining at about
that level out to 2020. The high price case has a price
rise of about 2.5 percent a year out to 2015 and then
remains at $29.35 out to 2020. The leveling off at
about $29.35 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 AEO98 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, reaching almost 47 million barrels per day
by the turn of the century and increasing gradually
thereafter to more than 55 million barrels per day by
2020.

Total worldwide demand for oil is expected to reach
nearly 115 million barrels per day by 2020. Develop-
ing countries in Asia show the largest growth in
demand, averaging almost 4 percent a year.

Outlook for World Oil Supplies
Is Optimistic

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
30 million barrels per day, consistent with
announced plans for OPEC capacity expansion [50].
By 2020, OPEC production is almost 59 million
barrels per day (almost twice its 1997 production) in
the reference case, over 51 million in the high case,
and over 71 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 124.4 million barrels per
day in the low price case to 109.1 in the high price
case.

This variation reflects uncertainty about the
prospects for future production from the Persian
Gulf region. The expansion of productive capacity
will require major capital investments, which could
depend on the availability and acceptability of
foreign investments. Iraq is assumed to continue
selling oil only at sanction-allowed volumes for the
remainder of this decade. Recent discoveries off-
shore of Algeria and Nigeria as well as Venezuela’s
aggressive capacity expansion plans will more than
accommodate increasing demand in the absence of
Iraq’s full return to the oil market.
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International Oil Markets

Continued Production Gains Are Seen
for Non-OPEC 0Oil Suppliers

Figure 39. Non-OPEC oil production in three cases,
1970-2020 (million barrels per day)

60 - High price
Reference
50- Low price
40 -
30 -
20 -
10~
History Projections

0
1970 1980 1990 2000 2010 2020

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
Development (OECD) that are expected to register
production 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 AEO99 reference case, non-OPEC supply is
projected to reach almost 55 million barrels per day
by 2010 and remain at about that level through 2020
(Figure 39). In the low oil price case, non-OPEC
supply grows to less than 53 million barrels per day
by 2020, whereas in the high oil price case it reaches
more than 57 million barrels per day by the end of
the forecast period.

Persian Gulf Share of World Oil Supply
Increases in All the AEO99 Cases

Figure 40. Persian Gulf share of worldwide
oil exports, 1965-2020 (percent)
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Considering the world market in oil exports, the
historical 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 world-
wide petroleum consumption. 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. For the first time since the early 1980s,
Persian Gulf producers are expected to account for
more than 50 percent of worldwide trade. This is

expected to occur before the end of this decade.

In the reference case, the Persian Gulf share of total
exports is expected to exceed 51 percent shortly after
the turn of the century and gradually increase to
over 64 percent by the year 2020. In the AEO99 low
oil price case, the Persian Gulf share of worldwide
petroleum exports is expected to reach almost 52
percent shortly after the turn of the century and
steadily increase to almost 72 percent by 2020.
While all Persian Gulf producers are expected to
increase their oil production capacity significantly
over the forecast period, both Saudi Arabia and Iraq
are expected to more than double their current
production capacity levels.
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International Oil Markets

Crude Oil, Light Product Imports
Are Expected To Increase

Figure 41. U.S. gross petroleum imports by source,
1997-2020 (million barrels per day)
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In the reference case, total U.S. gross oil imports
increase from 10.2 million barrels per day in 1997 to
16.3 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 a larger quantity of imported crude oil.

By 2010, OPEC accounts for more than 45 percent of
total projected U.S. petroleum imports. After 2010,
the OPEC share increases gradually, to more than
46 percent in 2020. The Persian Gulf share of U.S.
imports from OPEC increases from about 39 percent
in 1997 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 modest volumes of Alaskan crude oil

that will be exported.

Imports of light products are expected to more than
double by 2020, to nearly 3.0 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.

Refining Capacity Is Projected
To Grow Worldwide

Figure 42. Worldwide refining capacity by region,
1997 and 2020 (million barrels per day)
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Worldwide crude oil distillation capacity was 76.1
million barrels per day at the beginning of 1997. To
meet the growth in international oil demand in the
reference case, worldwide refining capacity is
expected to increase by more than two-thirds—to
more than 127 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
refining 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
operation. Their refineries will be called upon to
meet increased worldwide demand for lighter
products, to upgrade residual fuel, to supply trans-
portation fuels with reduced lead, and to supply
both distillate and residual fuels with decreased
sulfur levels. An additional burden on new refin-
eries will be the need to supply lighter products from
crude oils whose quality is expected to deteriorate
over the forecast period.
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Energy Demand

Primary and Delivered Energy Use
Show Similar Growth Rates

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
proportion to each sector’s share of electricity use
[51].

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 conditioning, consumer appliances, telecom-
munication equipment, and industrial machinery
has resulted in greater divergence between total
and delivered energy consumption (Figure 43). This
trend is expected to stabilize over the forecast
horizon, as more efficient generating technologies
offset increased demand for electricity. Projected
primary energy consumption and delivered energy
consumption grow by 0.8 percent and 0.9 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 stabili-
zation policies, growth rates for primary energy
consumption may be more important than those for
delivered energy.

Projected GDP Growth Exceeds
Growth in Energy Use

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
measured on a per capita basis, declined between
1970 and the mid-1980s (Figure 44). While the
overall GDP-based energy intensity of the economy
is projected to continue declining between 1997 and
2020, the decline is not expected to be as rapid as it
was in the earlier period, as a result of relatively
stable projected energy prices and increased use of
electricity-based energy services. As electricity
claims a greater share of energy use, projected
consumption per dollar of GDP declines at a slower
rate, because electricity use contributes both end-
use consumption and energy losses to total energy
consumption. Between 1997 and 2020, GDP is
estimated to increase by 61 percent, compared with:
a 27-percent increase in primary energy use.

In the AEO99 forecast, the demand for energy
services increases markedly over current levels. The
average home in 2020 is expected to be 4 percent
larger and to rely more heavily on electricity-based
technologies. Annual highway travel and air travel
per capita in 2020 are expected to be 20 and 95
percent higher, respectively, than their current
levels. Growth in demand for energy services
notwithstanding, primary energy intensity on a per
capita basis will remain 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 energy use per capita.
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Energy Demand

Transportation Petroleum Use Leads
the Rise in Energy Consumption

Figure 45. Primary energy use by fuel, 1970-2020
(quadrillion Btu)
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Petroleumm products, mainly for transportation,
claim the greatest share of primary energy con-
sumption in the AEO99forecast (Figure 45). Growth
in energy demand in the transportation sector,
which averaged 2.0 percent a year during the 1970s,
was diminished 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
AE099 forecast, fuel economy gains slow as a result
of stable fuel prices and the absence of new legisla-
tive 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 ex-
pected to reduce the real cost of electricity. Despite
low projected prices, however, growth in electricity
use is slower than the rapid growth seen in the
1970s. End-use 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 projected to meet 19.9 percent of all
end-use energy demand requirements in 2020.

End-use demand for renewable energy from sources
such as wood, wood wastes, and ethanol increases by
1.2 percent a year. The use of geothermal and solar
thermal energy in buildings increases by about 3.6
percent a year but does not exceed 1 percent of
energy consumption for space and water heating.

Residential and Commercial Energy
Use Is Expected To Increase Modestly

Figure 46. Primary energy use by sector, 1970-2020
(quadrillion Btu)
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Primary energy use in the reference case is pro-
jected to reach 120 quadrillion Btu by 2020, 27 per-
cent higher than the 1997 level. In the early 1980s,

as energy prices rose, sectoral energy consumption
grew relatively little (Figure 46). Between 1985 and
1997, 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 trans-
portation sector grows more rapidly, driven by esti-
mates of increased per capita travel and slower fuel
efficiency gains. Assumed efficiency gains in the
industrial sector 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 AEQ099

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 a slightly reduced demand for
travel services. Varying economic growth affects
overall energy demand in each of the end-use sectors
to a greater extent [562]. By 2020, high economic
growth assumptions result in a 17-percent increase
in total annual energy use over its projected level in
the low growth case.
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Residential Sector Energy Demand

Electricity Dominates the Expected
Increase in Residential Energy Use

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 20 percent overall between
1997 and 2020. Most (87 percent) of the growth in
total energy use is related to increased use of
electricity. Sustained growth in housing in the
South, where almost all new homes use central air
conditioning, is an important component of the
national trend, along with the penetration of con-
sumer electronics, such as home office equipment
and security systems (Figure 47).

While its share declines slightly, natural gas use in
the residential sector is projected to grow by 0.6
percent a year through 2020. Natural gas prices to
residential 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 elec-
tricity and oil. Distillate fuel and liquefied petro-
leum gas (LPG) use are projected to fall, with the
number of homes using these 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
efficiency and more stringent building codes,
requiring more insulation, better windows, and
more efficient building designs.

Efficiency Improvements Could Slow
the Growth in Energy Use for Heating

Figure 48. Residential primary energy consumption
by end use, 1990, 1997, 2010, and 2020
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Energy use for space heating, the most energy-
intensive end use in the residential sector, grew by
2.5 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 over 25 percent per
household in 2020 relative to the demand in 1997.

A variety of appliances are now subject to minimum
efficiency standards, including heat pumps, air
conditioners, furnaces, refrigerators, and water
heaters. Current standards for a typical residential
refrigerator limit electricity use to 690 kilo-
watthours a year, and revised standards are
expected to reduce consumption by another 30
percent by 2002. Energy use for refrigeration has
declined by 4.4 percent annually since 1990 and is
projected to decline by about 2.0 percent a year
through 2020, as older, less efficient 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 more
than 6 percent a year since 1990 (Figure 48) and
now accounts for 30 percent of residential energy
use. It is projected to account for 40 percent in 2020,
as small electric appliances continue 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

Higher Efficiency, Lower Energy
Intensity Are Expected for Appliances

Figure 49. Efficiency indicators for selected
residential appliances, 1998 and 2020
(index, 1998 stock efficiency =1)
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The AEO99 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 intensity over time. For most appliances
covered by the National Appliance Energy Conser-
vation 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 standards could have a sig-
nificant effect on residential energy consumption,
but they are not included in the reference case. Pro-

posed rules for new efficiency standards for clothes
washers and water heaters are expected to be
announced by March 1999, and several other prod-
uct announcements are expected by spring 2000.

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 natu-
ral gas furnaces, which reclaims heat from exhaust
gases, can raise efficiency by more than 20 percent
over the current standard; and variable-speed com-
pressors for air conditioners and refrigerators can
increase their efficiency by 50 percent or more. In
contrast, there is little room for efficiency improve-
ments in electric resistance water heaters, because

the technology is approaching its thermal limit.

Little Change Is Projected for
Commercial Energy Fuel Mix

Figure 50. Commercial nonrenewable primary
energy consumption by fuel, 1970-2020
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Projected energy use trends in the commercial
sector show stable shares for all fuels, with growth
in overall consumption slowing from its pace over
the past two decades (Figure 50). Slow growth (0.7
percent a year) is expected in the commercial sector,
for two reasons. Commercial floorspace is projected

to grow by only 0.8 percent a year between 1997 and

- 2020, compared with an average of 1.5 percent a

year over the past two decades. Lower growth in
floorspace reflects the slowing population growth
expected after 2000. Additionally, energy consump-
tion per square foot is projected to decline by 0.1
percent a year, as a result of efficiency standards,

voluntary government programs aimed at improv-
ing efficiency, and other technology improvements.

Electricity accounts for nearly three-fourths of
commercial primary energy consumption through-
out the forecast. Expected efficiency gains in electric
equipment are offset by continuing penetration of
new technologies and greater use of office equip-
ment. Natural gas accounts for 22 percent of
commercial energy consumption in 1997 and
maintains that share throughout the forecast.
Distillate fuel oil makes up only 3 percent of
commercial demand in 1997, down from 6 percent in
the years before deregulation of the natural gas
industry. The fuel share projected for distillate
drops to 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 renewable energy

in the commercial sector is anticipated.
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Industrial Sector Energy Demand

New Energy Uses Lead Projected
Growth in Commercial Demand

Figure 51. Commercial primary energy consumption
by end use, 1997 and 2020 (quadrillion Btu)
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Through 2020, lighting remains the most important
individual end use in the commercial sector [53].
Energy use for lighting declines slightly in the
forecast 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,
contributes 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 2.7
percent 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
equipment reflects a trend toward more powerful
equipment, 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
heating, and self-generated electricity is expected to
grow by 1.1 percent a year. New telecommunica-
tions technologies and medical imaging equipment
increase electricity demand in the “all other”
end use category, which also includes ventilation,
refrigeration, minor fuel consumption, service
station equipment, and vending machines. Growth
in the “all other” category is expected to slow
somewhat in later years as emerging technologies
achieve greater market penetration.

Increasing Share of Natural Gas Use
Is Projected for Industry

Figure 52. Industrial primary energy consumption
by fuel, 1970-2020 (quadrillion Btu per year)
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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 385 percent. The
natural 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 AEO99 projections
of plentiful supplies and stable prices allow natural
gas to increase its current share of industrial energy

consumption.

Primary energy use in the industrial sector—which
includes the agriculture, mining, and construction
industries in addition to traditional manufactur-
ing—increases by 0.8 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 29.8 percent, as com-
petition in the generation market keeps electricity
prices low. Relatively low prices are also projected
for natural gas, resulting in consumption that is
26.2 percent over its 1997 level by 2020. Industrial
petroleum use grows by 28.2 percent over the same
period. Coal use increases slowly, by 0.4 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.

Energy Information Administration / Annual Energy Outlook 1999 53



Industrial Sector Energy Demand

Manufacturing Heat and Power
Dominate Industrial Energy Use

Figure 53. Industrial primary energy consumption
by industry category, 1990-2020
(quadrillion Btu per year)

o - ~ Manﬂfa;tuﬁné heai and power
Nonmanufacturing heat and power
Feedstocks and miscellaneous’

40 -

35~

30-
25~
20 -
15-
10-

_19%0 1997 = 2000 _ 2010 2020

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 among nonmanufactur-
ing heat and power and consumption as feedstocks
(raw materials) and other miscellaneous uses

(Figure 53).

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 8.7 quadrillion Btu
in 1997. The major fuels used in petroleum refin-
eries 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.

A major use of energy in the nonmanufacturing
industries is for diesel-powered off-road equipment,
such as mine excavation equipment, farm tractors,
and bulldozers. The construction industry uses
asphalt and road oil for paving and roofing. By 2020,
nonmanufacturing output is projected to be 40.9
percent higher and delivered energy consumption
(including asphalt and road oil) 38.3 percent higher
than their 1997 levels. Total feedstock use is expect-
ed to increase by 19.8 percent. Natural gas is the
fastest growing feedstock, increasing by 238.4 per-
cent between 1997 and 2020.

Changing Industrial Output Leads
the Decline in Energy Intensity

Figure 54. Industrial delivered energy intensity
by component, 1990-2020 (index, 1997 = 1)
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Changes in industrial energy intensity (consump-
tion per unit of output) can be separated into two
effects. One component reflects underlying in-
creases in equipment and production efficiencies;
the other arises from structural changes in the
comp(\)sition of manufacturing output. Since 1970,
the use of more energy-efficient technologies,
combined with relatively low growth in the energy-
intensive industries, has moderated growth in
industrial energy consumption. Thus, despite a
44 percent increase in industrial output, total
energy use in the sector has grown by only 12
percent since 1977. These basic trends are expected
to continue.

The share of total industrial output attributed to the
energy-intensive industries falls from 23 percent to
19 percent from 1997 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 efficiency effects separately
[54]. Over the forecast period, industrial delivered
energy intensity drops by 19 percent, and the
changing composition of industrial output alone
results in approximately a 15-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 equip-
ment and production efficiencies.
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Transportation Sector Energy Demand

Low Prices Are Projected
To Boost Gasoline Consumption

Figure 55. Transportation energy consumption
by fuel, 1975, 1997, and 2020 (quadrillion Btu)
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By 2020, total energy demand for transportation is
expected to be 36.9 quadrillion Btu, compared with
25.0 quadrillion Btu in 1997 (Figure 55). Petroleum
products dominate energy use in the sector. Motor
gasoline use, increasing by 1.2 percent a year in the
reference case, makes up more than half of transpor-
tation energy demand. Alternative fuels are project-
ed to displace about 500,000 barrels of oil equivalent
a day [55] by 2020 (about 5 percent of light-duty ve-
hicle fuel consumption), in response to current envi-
ronmental and energy legislation intended to reduce
oil use. Gasoline’s share of demand is sustained,
however, by low projected gasoline prices and slower
fuel efficiency gains in conventional light-duty
vehicles (cars, vans, pickup trucks, and utility
vehicles) than was achieved during the 1980s.

Assumed industrial output growth of 1.9 percent a
year through 2020 leads to an increase in freight
transport, with a corresponding increase in diesel
use of 1.5 percent a year. Economic growth and low
projected jet fuel prices yield a 3.8-percent annual
increase in air travel, causing jet fuel use to increase
by 2.8 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 vehi-
cles turns over more rapidly than the stock for other
modes of travel. In the high oil price case, gasoline
use increases by only 1.1 percent a year, compared
with 1.4 percent a year in the low oil price case.

Fuel Efficiency Grows, Despite
Increasing Vehicle Horsepower

Figure 56. Transportation stock fuel efficiency
by mode, 1997-2020 (index, 1997 = 1)
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Projected fuel efficiency improves at a slower rate
through 2020 than in the 1980s (Figure 56), with
light-duty vehicle efficiency standards assumed to
stay at current levels. Projected low fuel prices and
higher personal income [56] increase the demand for
larger, more powerful vehicles. Average horsepower
for new cars in 2020 is 63 percent above the 1997
level (Table 3), but the use of advanced technologies
and materials keeps new vehicle fuel economy from
declining. New advanced technologies, such as gaso-
line fuel cells and direct fuel injection and electric
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 1997, the horsepower of compact sport
utility vehicles (medium light trucks) increased fast-
er than that of standard sport utility vehicles (large
light trucks)—3.0 percent vs. 2.6 percent a year. If it
continues, this trend will lead to higher horsepower
for medium than for large light trucks by 2020.

Table 3. 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
1997

Horsepower 139 167 187 156 185 196
Sales share  0.57 0.30 0.13 0.32 0.57 0.11
2010

Horsepower 192 224 270 222 262 249
Sales share  0.58 0.29 0.14 0.34 0.50 0.16
2020

Horsepower 2382 263 307 275 307 291

Sales share 0.58 0.28 0.14 0.34 0.49 0.17

Energy Information Administration / Annual Energy Outlook 1999 55

I, —




Transportation Sector Energy Demand

Electric Vehicles Are Projected
To Gain AFV Market Share

Figure 57. Alternative-fuel vehicle sales by
type of demand, 1997-2020 (thousand vehicles sold)
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Sales of alternative-fuel vehicles (AFVs) as a result
of legislative mandates at the Federal level—under
the Energy Policy Act of 1992 (EPACT)—and at the
State level—under the Low Emission Vehicle
Program (LEVP)—are expected to reach about 0.64
million units in 2020 (Figure 57). AFV acquisitions
mandated for fleets under EPACT, predominantly
fueled by compressed natural gas (CNG) or liquefied
petroleum gas, represent the earliest legislated
sales. Vehicles that use gaseous fuels continue to
capture a large share of the AFV market through
2020 (Table 4).

Implementation of LEVP regulations is assumed to
begin in 2003 for California, Massachusetts, and
New York. LEVP legislated sales are expected to
total 292,000 units in 2020, boosting electric
vehicles to about 25 percent of AFV sales. Market-
driven sales [57] exceed mandated sales of AFVs by
2000 as a result of AFV corporate average fuel
economy (CAFE) credits available to auto manu-
facturers under the Alternative Motor Fuels Act.

Table 4. Shares of the alternative-fuel light-duty
vehicle market by technology type, 2020 (percent)
Market Market
Technology share Technology share

Dedicated Flex fuel
internal combustion internal combustion

Alecohol Alcohol

CNG . CNG

LPG . LPG
Electric Electric hybrid
Fuel cell

AFVs Are Projected at 8 Percent
of All Vehicle Sales in 2020

Figure 58. Alternative-fuel light-duty vehicle sales
by fuel type, 1997-2020 (thousand vehicles sold)
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In the reference case, total AFV sales reach approxi-
mately 1.21 million units, or 8.1 percent of all
vehicle sales, in 2020 (Figure 58). The use of light-
duty AFVs is expected to reduce carbon emissions by
1 million metric tons of carbon by 2020. Vehicles
that use gaseous fuels are already being sold by
manufacturers at prices $3,000 to $4,000 above
those for gasoline vehicles. Their limited range
(about two-thirds that of gasoline vehicles) makes -
them good candidates for centrally fueled fleet
applications. Because the large fuel tanks required
to maintain vehicle range restrict both trunk and

passenger space, the market potential for gaseous

fuel AFVs for private use is limited to larger
vehicles.

Electric vehicles are currently being developed by
several automobile manufacturers, but large num-
bers of sales are not expected until LEVP mandates
begin. Sales of dedicated electric vehicles—98 per-

cent of which originate from LEVP mandates—are

projected to reach nearly 299,000 units in 2020.

“Flex fuel” vehicles, which can use any combination
of ethanol, methanol, and gasoline, are expected to
make up 23 percent of AFV sales in 2020. The range,
fuel efficiency, and performance of these vehicles are
similar to those of conventional gasoline vehicles,
and their incremental production cost is currently
less than $500, although manufacturers are now
selling them at cost to meet CAFE standards.
Cellulosic ethanol is expected to displace corn-based
ethanol by 2001, resulting in lower fuel costs for
flex-fuel vehicles.
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Energy Demand in Alternative Technology Cases

New Efficient Technologies
Could Save Energy in All Sectors

Figure 59. Variation from reference case primary
energy use by sector in two alternative technology
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 the assumptions (Figure 59). The alterna-
tive 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 1999
technology case holds equipment and building shell
efficiencies at 1999 levels. The best available tech-
nology case assumes that the most energy-efficient
equipment and best residential building shells
available 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
technologies than in the reference case.

The 1999 technology cases for the industrial and
transportation sectors and the high technology case
for the industrial sector use the same assumptions
used for the buildings sector. The high technology
case for the transportation sector includes reduced
costs for advanced technologies and improved effi-
ciencies, comparable to those assumed in a recent
Department of Energy (DOE) interlaboratory study
for air, rail, marine, and freight travel and provided
by the DOE Office of Energy Efficiency and Renew-
able Energy and American Council for an Energy-

Efficient Economy for light-duty vehicles [58].

Potential Efficiency Gains Are
Significant for Residential Users

Figure 60. Variation from reference case primary
residential energy use in three alternative cases,
2000-2020 (quadrillion Btu)
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The AEO99 reference case forecast includes the
projected effects of several different policies
aimed at increasing residential end-use efficiency.
Examples include minimum efficiency standards
and voluntary energy savings programs designed to
promote energy efficiency through innovations in
manufacturing, building, and mortgage financing.
In the 1999 technology case, which assumes no
further increases in the efficiency of equipment or
building shells beyond that available in 1999, 7.4
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 25.4
percent lower than in the reference case in'2020, and

household primary energy use is 30.5 percent lower
than in the 1999 technology case in 2020.

The high technology case does not constrain
consumer choices. Instead, the most energy-efficient
technologies are assumed to be available earlier,
with lower costs and higher efficiencies. The
consumer discount rates used to determine the
purchased efficiency of all residential appliances in
the high technology case do not vary from those used
in the reference case; that is, consumers value
efficiency equally across the two cases. Energy
savings in this case relative to the reference case
reach 10.8 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 Te'chnology Cases

Investment Costs Could Outstrip
Residential Energy Cost Savings

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 re-
quires the purchase of the most efficient equipment
available, 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)
equipment at reference case turnover rates, regard-
less of economic considerations. An incremental
investment of $187 billion [59] reduces residential
delivered energy use by more than 22 quadrillion
Btu—saving consumers more than $71 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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AEOY99 Reference Case Includes Gains
in Commercial Energy Efficiency

Figure 63. Variation from reference case primary
commercial energy use in three alternative cases,
2000-2020 (quadrillion Btu)
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The AEOY9 reference case incorporates efficiency
improvements for commercial equipment and
building shells, contributing to a decline in com-
mercial energy intensity of 0.1 percent a year over
the forecast. The 1999 technology case assumes that
future equipment and building shells will be no
more efficient than those available in 1999. The high
technology case assumes earlier availability, lower
costs, and higher efficiencies for more advanced
equipment than in the reference case. In addition,
building shells are assumed to improve at a faster
rate then in the reference case. In comparison, the
best available technology case assumes that only the
most efficient technologies considered in AEO99 will
be chosen, regardless of cost, and that building
shells will improve at the same rate assumed in the
high technology case.

Energy use in the 1999 technology case is 2.3
percent higher than in the reference case by 2020
(Figure 63), with commercial primary energy in-
tensity stable through 2020. In the high technology
case there is an additional 3.0-percent energy
savings in 2020, and primary energy intensity falls
by 0.2 percent a year from 1997 to 2020. Allowing
the purchase of only the most efficient equipment in
the best available technology case yields energy use
that is 11.0 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.
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Energy Demand in Alternative Technology Cases

Trends in Energy Intensity Vary
by 50 Percent in Alternative Cases

Figure 64. Industrial primary energy intensity
in two alternative technology cases, 1990-2020
(index, 1997 =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 48 percent faster than the industrial average
(2.8 percent vs. 1.9 percent a year).

In the high technology case, 3.4 quadrillion Btu less
energy is used in 2020 than for the same level of
output in the reference case. Industrial primary
energy intensity declines by 1.4 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 reference case, the aggregate intensity
falls less rapidly, because the composition of indus-

trial output is the same in the two cases.

In the 1999 technology case, industry consumes 0.9
quadrillion Btu more energy in 2020 than in the
reference case. Energy efficiency remains at the
level achieved in 1999 new plants, but average
efficiency still improves as old plants are retired.
Aggregate industrial energy intensity declines by
0.9 percent a year because of reduced efficiency
gains and changes in industrial structure. The
composition of industrial output accounts for 86
percent of the change in aggregate industrial energy
intensity, compared with 77 percent in the reference
case.

More Improvement in Fuel Efficiency
Is Possible for Transportation Uses

Figure 65. Changes in key components of the
transportation sector in two alternative cases,
2020 (percent change from reference case)
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Two alternative cases are examined to bracket the
potential impacts of technology improvements in the
transportation sector. The 1999 technology case
holds new fuel efficiencies for light-duty vehicles,
freight trucks, and aircraft at 1999 levels through-
out the forecast, resulting in average stock efficien-
cies for light-duty vehicles that are as much as 8.4
percent lower than those in the reference case in
2020. As a result, fuel use in 2020 is 2.8 quadrillion
Btu (7.5 percent) higher than in the reference case
(Figure 65). The increase in fuel use is attributable
primarily to light-duty vehicles (55 percent of the
total increase), followed by aircraft (17 percent) and
freight trucks (16 percent).

The high technology case assumes cost and per-
formance criteria provided by the DOE Office of
Energy Efficiency and Renewable Energy and
American Council for an Energy-Efficient Economy

for light-duty vehicles, and from the efficiency case
of the recent interlaboratory study [60] for air,
freight, marine, and rail travel, including high-
efficiency advanced light-duty diesel vehicles; elec-
tric, electric hybrid, and fuel cell light-duty vehicles
with higher efficiencies and earlier introduction
dates; advanced drag reduction, reduced vehicle
weights, and advanced diesel engines for freight
trucks, with shorter market penetration times and
lower cost-effectiveness criteria; and aircraft with
higher fuel efficiency. In the high technology case,
total fuel consumption for the transportation sector
is 2.9 quadrillion Btu (7.9 percent) lower than the
reference case level in 2020.
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Electricity Sales

Electricity Sales Growth Is Expected
To Accompany GDP Growth

Figure 66, Population, gross domestic product,
and electricity sales growth, 1960-2020
(index, 1960 =1)
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While generators and cogenerators try to adjust to
the evolving structure of the electricity market, they
are also faced with slower growth in demand than in
the past. Historically, the demand for electricity has
been related to economic growth. This positive
relationship will continue, but the magnitude of
the ratio is uncertain.

During the 1960s, electricity demand grew by more
than 7 percent a year, nearly twice the rate of
economic 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,
respectively. Several factors have contributed to
this trend, including increased market saturation of
electric appliances; improvements in equipment
efficiency and utility investments in demand-side
management programs; and more stringent equip-
ment efficiency standards. The same trend is
expected to continue throughout the forecast, as
retiring equipment is replaced with new, more
efficient units.

Changing consumer markets could mitigate the
slowing of electricity demand growth seen in these
projections. New electric appliances are introduced
frequently. Only a few years ago, no one foresaw the
growth in home computers, facsimile machines,
copiers, and security systems, all powered by elec-
tricity. If new uses of electricity are more substan-
tial than currently expected, they could partially
offset future efficiency gains.

Residential Consumption Leads
Projected Electricity Sales Growth

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 1.1 percent a year between 1997 and 2020,
residential demand for electricity grows by 1.6
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 cooling 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” capacity. Between 1997 and
2020, generating capacity from gas turbines and
internal combustion engines is expected to more
than triple.

Electricity demand in the commercial and industrial
sectors grows by 1.4 and 1.1 percent a year, respec-
tively, between 1997 and 2020. Annual commercial

floorspace growth of 0.8 percent and industrial
output growth of 1.9 percent drive the increase.

In addition to sectoral sales, cogenerators in 1997
produced 146 billion kilowatthours for their own use
in industrial and commercial processes, such as
petroleum refining and paper manufacturing. By
2020, these producers are expected to see only a
slight decline in their share of total generation,
increasing their own-use generation to 184 billion
kilowatthours as demand for manufactured prod-
ucts increases.
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Electricity Generating Capacity

Rising Demand, Plant Retirements
Create a Need for New Generators

Figure 68. New generating capacity and
retirements, 1996-2020 (gigawatts)
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Despite slower demand growth, 363 gigawatts of
new generating capacity will be needed by 2020 to
meet growing demand and to replace retiring units.
Between 1997 and 2020, 50 gigawatts (51 percent) of
current nuclear capacity and 76 gigawatts (16
percent) of current fossil-steam capacity [61] are
expected to be retired. Of the 155 gigawatts of new
capacity needed after 2010 (Figure 68), 16 percent
will replace retired nuclear capacity.

The reduction in baseload nuclear capacity has a
marked impact on the electricity outlook after 2010:
44 percent of the new combined-cycle and 78 percent
of the new coal capacity projected in the entire fore-
cast 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
to 38 percent for coal-steam units, with construction
costs only about 37 percent those for coal-steam
plants.

As older nuclear power plants age and their operat-
ing costs rise, more than one-half 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.

More Than a Thousand New Plants
Could Be Needed by 2020

Figure 69. Electricity generation and cogeneration
capacity additions by fuel type, 1996-2020
(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 1,210 new
plants with a total of 363 gigawatts of capacity will
be needed by 2020 to meet growing demand and to
offset retirements. Of the new capacity, 88 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
primarily to supply peak and intermediate capacity,
but combined-cycle technology can also be used to
meet baseload requirements.

More than 32 gigawatts of new coal-fired capacity is
projected to come on line between 1996 and 2020,
accounting for almost 9 percent of all capacity
expansion. Competition with low-cost gas-turbine-
based technologies and the development of more
efficient coal gasification systems has compelled
vendors to standardize designs for coal-fired plants
in efforts to reduce capital and operating costs in
order to maintain a share of the market. Renewable
technologies account for the remaining 3 percent of
capacity expansion by 2020—primarily, wind and
biomass gasification units. Oil-fired steam plants,

with higher fuel costs and lower efficiencies, account
for very little of the new capacity in the forecast.
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Electricity Prices

Projected Declines in Coal Prices
Would Mean Cheaper Electricity

Figure 70. Fuel prices to electricity suppliers
and electricity price, 1990-2020 (index, 1990 = 1)
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Between 1997 and 2020, the average price of
electricity in real 1997 dollars is projected to decline
by 0.9 percent a year as a result of competition
among electricity suppliers (Figure 70). By sector,
projected prices in 2020 are 16, 21, and 22 percent
lower than 1997 prices for residential, commercial,
and industrial customers.

The cost of producing electricity is a function of fuel
costs, operating and maintenance costs, and the cost
of capital. For existing plants, fuel costs typically
represent $24 million annually or 79 percent of the
total operational costs (fuel and operating and
maintenance) for a 300-megawatt coal-fired plant
and $31 million annually or 93 percent of the total
operational costs for a gas-fired combined-cycle
plant of the same size in 1997.

Natural gas prices to electricity suppliers rise by 0.8
percent a year in the forecast, from $2.76 per
thousand cubic feet in 1997 to $3.31 in 2020. Gas-
fired electricity generation increases by 211 percent,
from 509 to 1,582 billion kilowatthours. Offsetting
these increases are declining coal prices, declining
capital expenditures, and improved efficiencies for
new plants. Oil prices to utilities are expected to
increase by 1.7 percent a year. As a result, oil-fired
generation is expected to decline by more than 66
percent between 1997 and 2020. However, oil
currently accounts for only 2.6 percent of total
generation, and that share is expected to decline to
0.6 percent by 2020 as oil-fired steam generators are
replaced by gas turbine technologies.

Retail Competition Is Expected
To Lower Electricity Prices

Figure 71. Electricity prices in five regions in
transition to competitive markets, 1997-2020
(1997 cents per kilowatthour)
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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 the Mid-America Inter-
connected Network (consisting of Illinois and parts
of Wisconsin and Missouri). The specific restruc-
turing plans differ from State to State and utility to
utility, but most call for a transition period during
which customer access will be phased in.

The transition period reflects the time needed for
the establishment of competitive market insti-
tutions and the recovery of stranded costs as per-
mitted by regulators. The region-wide 10-percent
rate reduction required in California is represented.
For the other regions it is assumed that competition
will be phased in between 1999 and 2007, with fully

-competitive prices beginning in 2008. In all the

competitively priced regions, the generation price
(the price for the energy alone) is set by the marginal
cost of generation. Transmission and distribution
prices are assumed to remain regulated.

Prices in these regions fall rapidly in the early years
of the projections, especially in the regions that have
the highest prices today (Figure 71). From 1997
through 2005 the average price in the five regions
declines by 2.6 percent a year. In addition, by 2020
the range of prices across the regions is expected to
be much narrower than it is today. In 1997, the
difference in electricity prices among the regions
was 6.7 cents per kilowatthour, but by 2020 it is
expected to narrow to 3.9 cents per kilowatthour.
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Electricity Generation

New Gas-Fired Generators Could Be
Less Expensive Than Coal Plants
Figure 72. Electricity generation costs,

2005 and 2020 (1997 mills per Eilowatthour)
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Technology choices for new generating capacity are
made to minimize cost while meeting local and
Federal emissions constraints. The choice of tech-
nology for capacity additions is based on levelized
costs (Figure 72). The reference case assumes a
capital recovery period of 20 years. In addition, the
cost of capital is increased by 1 percentage point, to
account for the competitive risk of siting new units.

In the AEOQ99 forecasts, the costs and performance
characteristics for new plants improve over time, at
rates that depend on the current stage of develop-
ment for each technology. For the newest technolo-
gies, capital costs are initially adjusted upward to
refelet the optimism inherent in early project cost
estimates. As project developers gain experience,
the costs are assumed to decline rapidly. 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 1995 and 2020, depending on
the technology (Table 5).

Table 5. Costs of producing electricity
from new plants, 2005 and 2020
2005 2020

Conventional Advanced Conventional Advanced
pulverized combined  pulverized combined

Item coal cycle coal cycle
1997 mills per kilowatthour
Capital 25.02 6.92 25.47 6.45
o&M 3.25 2.01 3.25 2.01
Fuel 10.96 21.64 9.75 24.03
Total 39.22 30.56 38.42 32,49
Btu per kilowatthour
Heatrate 9,253 6,639 9,087 6,350

Lower Generating Costs Are Projected
for Both Coal and Gas Plants

Figure 73. Average fuel costs for coal- and gas-fired
generating plants, 1980-2020
(1997 mills per kilowatthour)
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Since 1980, the per-kilowatthour fuel 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 decreased 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
combination of technology improvements and
competitive pressure. The amount by which utilities
can continue to cut costs is 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,
offsetting the rise in fuel prices.
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Nuclear Power

Coal-Fired Plants Are Projected

To Dominate Electricity Generation

Figure 74. Electricity generation by fuel,
1997 and 2020 (billion Eilowatthours)

2,500 - T
2,000 -
1997
1,500 - —— 2020
1,000 -
500~ I
IJ .Jl——

. _Coal  Nuclear Natural gas Renewables Oil

As they have since early in this century, coal-fired
power plants are expected to remain the dominant
source of electricity through 2020 (Figure 74). In
1997, coal accounted for 1,856 billion kilowatthours
or 53 percent of total generation. Although coal-fired
generation increases to 2,352 billion kilowatthours,
increasing gas-fired generation reduces coal’s share
to 49 percent in 2020. Concerns about the environ-
mental impacts of coal plants, their relatively long
construction lead times, and the availability of eco-
nomical natural gas make it unlikely that many new
coal plants will be built before 2000. Nevertheless,
slow demand growth and the huge investment in
existing plants will keep coal in its dominant
position. By 2020, it is projected that 26 gigawatts of
capacity will be retrofitted with scrubbers and 217
gigawatts with NOx control technologies, to meet
the requirements of the Clean Air Act Amendments
of 1990 (CAAA90) and the Ozone Transport Rule
(see “Legislation and Regulations,” page 12).

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

In percentage terms, gas-fired generation increases
the most, from 14 percent of the 1997 total to 33 per-
cent in 2020. As a result, by 2008, natural gas over-
takes nuclear power as the Nation’s second-largest
source of electricity. Generation from oil-fired plants
remains fairly small throughout the forecast.

More Than Half of U.S. Nuclear
Capacity Could Close by 2020

Figure 75. Operable nuclear power capacity
by age of plant, 2000, 2010, and 2020 (megawatts)
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The nuclear power plants now in operation are
aging, and many will reach the end of their operat-
ing licenses in the forecast period (Figure 75). In the
reference case, 51 percent of current nuclear ca-
pacity is expected to be taken out of service by 2020.
Some early retirements. are included, based on the
assumption that major capital investments will be
needed after 30 years of operation and will be made
only if they are more economical than building new
capacity. In all, 27 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 pro-
jected to be more economical. By 2020, the nuclear
share of total electricity generation is projected to
fall to 7 percent from its current share of 18 percent.

Although some nuclear units are expected to be
retired before the expiration of their 40-year operat-
ing licenses, others are expected to operate longer
than their current license terms. The U.S. Nuclear
Regulatory Commission has defined an application
process for utilities to renew an existing license
for 20 additional years. In 1998, two utilities—
Baltimore Gas and Electric and Duke Power—
submitted license renewal applications. The fore-
cast assumes that license renewal will be chosen ifa
further capital investment to extend the operating
life of a nuclear unit after 40 years is more economi-
cal than building new capacity. The reference case
projects that six units with license expiration dates
before 2020 will continue operating after license
renewals.
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Electricity: Alternative Cases

Favorable Conditions Could
Forestall Some Nuclear Retirements

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 (Figure 76). The
low nuclear case assumes that the capital expendi-
tures required after 30 and 40 years of 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. The high nuclear case assumes that no
additional capital expenditures will be required
after 40 years and that more license renewals will be
obtained by 2020. Conditions favoring license
renewal could include performance improvements, a
solution to the waste disposal problem, or stricter
limits on emissions from fossil-fired generating
facilities in response to environmental concerns.

In the low nuclear case, more than 60 new fossil-
fired units (assuming an average size of 300 mega-
watts) would be built to replace additional retiring
nuclear units. The new capacity would be split
between coal-fired (80 percent), combined-cycle
(28 percent), and combustion turbine (42 percent)
units. The additional fossil-fueled capacity would
produce 17 million metric tons of carbon emissions
above those in the reference case in 2020. In the high
nuclear case, 28 gigawatts of new fossil-fired
capacity would not be needed, as compared with the
reference case, and carbon emissions would be
reduced by 11 million metric tons in 2010 and
31 million metric tons in 2020 (4 percent of total
emissions by electricity generators).

Gas-Fired Capacity Additions
Are Favored in the Projections

Figure 77. Cumulative new generating capacity
by type in two cases, 1997-2020 (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 regarding efficiency improve-
ments in end-use technologies, demand-side man-
agement programs, and population and economic
growth. Deviations from these assumptions could
result in substantial changes in electricity demand.
For example, if electric vehicles enter the market
faster than expected, the demand for electricity

would also increase more rapidly. Lower electricity
prices due to the effect of competitive markets could
lead to increased consumption and less concern for
conservation. In a high demand case, electricity
demand is assumed to grow by 2.0 percent a year
between 1997 and 2020, comparable to the annual
growth rate of 2.2 percent between 1990 and 1997.
In the reference case, electricity demand is projected
to grow by 1.4 percent a year.

In the high demand case, 113 gigawatts more new
generating capacity is built than in the reference
case between 1997 and 2020—equivalent to 376 new
300-megawatt generating plants (Figure 77). The
shares of coal- and gas-fired capacity additions are
about the same—9 and 88 percent, respectively, in
the reference case and 16 and 81 percent in the high
demand case. Relative to the reference case, there is
a 12-percent increase in coal consumption and a
17 percent increase in natural gas consumption in
the high demand case, and carbon emissions from
electricity generation are 96 million metric tons
(13 percent) higher.
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Electricity: Alternative Cases

Stronger Economic Growth Would
Require More Generating Capacity

Figure 78. Cumulative new generating capacity
by type in three cases, 1997-2020 (gigawatts)
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From 1997 to 2020, the annual average growth rate
for GDP ranges between 2.6 and 1.5 percent in the
high and low economic growth cases, respectively.
The difference of a percentage point in the economic
growth rate leads to a 17-percent change in elec-
tricity demand in 2020, with a corresponding differ-
ence of 124 gigawatts of new capacity required in the
high and low economic growth cases. Utilities are
expected to retire between 19 and 20 percent of their
current generating capacity (equivalent to 460 to
505 300-megawatt generating plants) by 2020 as the

result of increased operating costs for aging plants.

Most of the new capacity needed in the high eco-
nomic growth case is expected to consist of natural-
gas-fired plants—both turbine and combined-cycle
units—which make up almost 60 percent of the pro-
jected new capacity in the high growth case. The
stronger growth also stimulates additions of coal-
fired plants, particularly in the later years, when
higher natural gas prices make new coal-fired
facilities more attractive economically (Figure 78).

Current construction costs for a typical 400-
megawatt plant range from $400 per kilowatt for
combined-cycle technologies to $1,079 per kilowatt
for coal-steam technologies. These costs, combined
with the difficulty of obtaining permits and develop-
ing new generating sites, make refurbishment of ex-
isting power plants a profitable option for utility
resource planners. Between 1997 and 2020, utilities
are expected to maintain most of their older coal-
fired plants while retiring many of their older oil-

and gas-fired generating plants.

Higher Costs for New Technologies
Would Favor New Coal-Fired Capacity

Figure 79. Cumulative new electricity generating
capacity by technology type in three cases,

1997-2020 (gigawatts)
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The AEQO99 reference case uses the cost and
performance characteristics of generating tech-
nologies to select the mix and amounts of new
generating capacity for each year in the forecast.
Numerical values for the characteristics of different
technologies 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 combus-
tion turbine, and molten carbonate fuel cell) were
revised to reflect potential improvements in costs
and efficiencies as a result of accelerated research
and development. The low fossil fuel case assumes
that no advanced technologies will come on line
during the projection period.

Because of their high initial capital costs, integrated
coal gasification combined cycle IGCC) units do not
become competitive with gas technologies until late
in the projections in the reference case. In the high
fossil fuel case, which assumes lower initial capital
costs and higher efficiencies for the IGCC tech-
nology, 88 gigawatts of IGCC capacity are projected.
The low fossil fuel case, as compared with the
reference case, projects 77 gigawatts less gas-fired
capacity additions, 51 gigawatts more coal-fired
capacity additions, and 6 gigawatts more renewable
capacity additions between 1997 and 2020 (Figure
79).
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Electricity from Renewable Sources

Steady Growth Is Expected ,
for Renewable Electricity Supply
Figure 80. Grid-connected electricity generation

from renewable energy sources, 1970-2020
(billion kilowatthours)
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In the AEO99 projections, expectations for re-
newables in the U.S. electricity supply are mixed.
Targeted investment raises near-term projections,
but in the long term renewables are at a dis-
advantage because of their higher costs, competition
from fossil technologies, low fossil fuel prices, and
the competitive marketplace. Total U.S. electricity
generation from renewable resources increases from
430 billion kilowatthours in 1997 to 484 billion
kilowatthours in 2020 (Figure 80). Most of the
growth is attributed to biomass; geothermal,
municipal solid waste, and wind generation also
increase substantially. Overall, renewables are
projected to make up a smaller share of U.S. elec-
tricity generation in 2020, declining from over 12
percent in 1997 to barely 10 percent in 2020.

Conventional hydroelectricity, which currently
dominates U.S. renewable generation, is not ex-
pected to increase through 2020. Almost no new
hydropower capacity is expected. As a result, after
an excellent water year in 1997, hydroelectricity
quickly slips from 357 billion kilowatthours (about
10 percent of U.S. electricity supply) to 329 billion
kilowatthours a year (less than 7 percent) in 2020.
Further, other water priorities—such as to enhance
fish populations, for irrigation, or for recreation—
could further reduce hydropower output.

Biomass Leads Projected Growth
in Generation From Renewables

Figure 81. Nonhydroelectric renewable electricity
generation by energy source, 1997, 2010, and 2020
(billion kilowatthours)
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Renewables other than hydropower are projected to
grow more substantially (Figure 81) as a result of
near-term State and utility programs and the long-
run demand for new capacity. Biomass use grows
the most in the projections, to 91 billion kilo-
watthours in 2020, approaching 2 percent of U.S.
generation. The increases reflect expected improve-
ments in generating technologies, new energy crops,
and growth of industries using wood byproducts for
cogeneration. More efficient new units and retire-
ments of less efficient older ones result in a 47-
percent increase in geothermal generation through
2020. Generation from municipal solid waste grows
to more than 30 billion kilowatthours, reflecting in-

creased use of landfill gas and improved generating
efficiency. Wind power also increases—extending
from California to the Midwest, Texas, and the
Northwest—helped in the near term by State and
utility support programs. Overall, nonhydroelectric
renewables increase from 2 percent of total genera-

tion in 1997 to more than 3 percent in 2020.

Solar thermal and photovoltaic technologies are not
expected to become notable contributors to overall
U.S. grid-connected electricity supply by 2020. Solar
thermal technologies remain more costly than
alternatives. Photovoltaics, while too costly for
large-scale grid applications, are increasingly
competitive for small, high-value niche markets,
and the technology has attracted State and public
interest as an environmentally attractive alter-
native. Off-grid applications and exports of photo-
voltaics are expected to continue robust growth.
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Electricity from Renewable Sources

Technology Improvements Could
Increase Renewable Generation

Figure 82. Nonhydroelectric renewable electricity
generation in two cases, 2020 (billion kilowatthours)
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To examine more rapid improvements in renewable
technologies, the high renewables case replaces the
AEO99 reference case assumptions for capital costs,
operations and maintenance expenses, and capacity
factors for nonhydroelectric renewables with more
optimistic Department of Energy renewable energy
assumptions, with no change in the assumptions for
nuclear and fossil fuel technologies. The high renew-
ables case also assumes that the yields for energy
crops grown on pasture and crop land will be nearly
20 percent higher than expected in the reference

case, and that the additional capacity effects of.

State RPS programs included in the reference case
will extend beyond 2010, adding 97 megawatts of
additional generating capacity by 2020.

The results of the high renewables case suggest that
technology improvements would increase genera-
tion from some renewable sources (Figure 82) but
would not alter the dominant role of fossil fuels in
the U.S. fuel mix overall. Generation from non-
hydroelectric renewables is projected at 299 billion
kilowatthours in 2020, compared with 156 billion in
the reference case. The increment in generation is
mostly from wind, biomass, and geothermal
resources, which displace coal and natural gas.
Wind capacity in 2020 is over 22 gigawatts,
compared with 3.6 gigawatts in the reference case
(Figure 83). As a result, the share of total electricity
generation from nonhydroelectric renewables in-
creases t0 6.2 percent, compared with 3.2 percent in
the reference case, and carbon emissions in 2020 are
reduced by 70 million tons, or 3.5 percent.

Lower Costs Could Boost
Wind-Powered Generating Capacity

Figure 83. Wind-powered electricity generating
capacity in two cases, 1985-2020 (gigawatts)
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The AEO99 projections show a growing number of
State programs in support of renewable energy
investment (see “Issues in Focus,” page 22). The
programs, reflecting both energy and environmental
interests, are intended to spur private investment
despite the increasingly competitive marketplace.
Although the long-term implications of mandates,
renewable portfolio standards (RPS), green power
marketing, system benefits funds, and other State
actions are not entirely clear, they are having the
immediate effect of increasing renewable generat-
ing capacity. Whereas last year no quantifiable
State RPS programs existed, AEO99 projects
638 megawatts of new generating capacity as the
result of RPS programs in Arizona, Connecticut,
Massachusetts, and Nevada, as well as an addi-
tional 579 megawatts from a separate initiative in
California.

Almost 64 percent of the known new capacity from
mandates, State RPS programs, and the California
initiative is from wind; biomass represents 14
percent, and other renewable energy technologies
represent the rest in roughly equal shares (although
solar thermal represents less than 3 percent). Most
is expected to be in operation before 2005. Actual
additions could well be greater, reflecting new
capacity in States currently in the process of
identifying winning technologies; the additional
capacity effects should extend well beyond 2005.
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Oil and Gas Prices

Petroleum Use Grows, But Projected
Prices Show Only Modest Increases

Figure 84. Lower 48 crude oil wellhead prices,
1970-2020 (1997 dollars per barrel)
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Because domestic prices for crude oil are determined
largely by the international market, the current
decline in world oil prices causes wellhead prices for
crude oil in the lower 48 States to drop considerably
in 1998 in all cases, followed by an increase through
the rest of the forecast, regaining 1997 levels in 2003
in the reference case. Wellhead prices are projected
to fall by 0.7 percent a year from 1997 to 2020 in the
low world oil price case, and to grow by 1.3 and 2.4
percent a year in the reference and high price cases,
respectively (Figure 84).

U.S. petroleum consumption continues to rise in all
the AEO99 cases (Figure 85). Total petroleum
product supplied ranges from 22.5 million barrels
per day in the low economic growth case to 26.8
million in the high growth case, as compared with
18.6 million in 1997.

Figure 85. U.S. petroleum consumption
in five cases, 1970-2020 (million barrels per day)
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Growing Demand Leads to
Rising Natural Gas Prices

Figure 86. Lower 48 natural gas wellhead prices,
1970-2020 (1997 dollars per thousand cubic feet)
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- Wellhead prices for natural gas in the lower 48

States increase by 0.1, 0.8, and 1.4 percent a year in
the low economic growth, reference, and high eco-
nomic growth cases, respectively (Figure 86). The
increases reflect rising demand for natural gas and
its impact on the natural progression of the discov-
ery process from larger and more profitable fields to
smaller, less economical on‘(_as. Price increases also
reflect more production from higher cost sources,
such as unconventional gas recovery. Lower 48 un-
conventional gas production grows by 2.7 percent a
year in the reference case, compared with 2.2-
percent annual growth for conventional sources. Al-
though the sources of production change, technically
recoverable resources (Table 6) remain more than
adequate overall to meet the production increases.

Demand for natural gas rises in all three cases. In
the low economic growth case, the increase is grad-
ual, and the price increases attributable to the
rising demand are nearly overshadowed by the
beneficial impacts of technological progress on the
discovery process. In the reference and high growth
cases, however, the impacts of technological prog-
ress only moderate the resulting price increases.

Table 6. Technically recoverable U.S. oil and gas
resources as of January 1, 1997

Total U.S. Crude oil Natural gas
resources (billion barrels) (trillion cubic feet)
Proved 23 166
Unproved 87 1,009
Total 110 1L,176
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0il and Gas Reserve Additions

Increased Drilling Activity Is Expected
in the AEOY99 Projections
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 and developmental drilling in-
crease in the forecast. With rising prices and declin-
ing drilling costs, crude oil and natural gas well
completions increase on average by 1.7 and 3.1
percent a year in the low and high oil price cases,
respectively, compared with 2.4 percent in the
reference case (Figure 87). Changes in world oil
price assumptions have a more pronounced effect on
projected oil drilling than on gas drilling (Table 7).

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, recoverable resources of
conventional natural gas decline rapidly in some
areas, particularly in the onshore Southwest and
offshore Gulf of Mexico regions. In the final analysis,
the future overall productivity of both oil and gas
drilling is necessarily uncertain, given the umn-
certainty associated with such factors as the extent
of the Nation’s oil and gas resources [62].

Table 7. Natural gas and crude oil drilling in three
cases, 1997-2020 (thousands of successful wells)
1997 2000 2010 2020

Natural gas
Low oil price case 6.6 10.9 12.0
Reference case 8.0 6.9 11.2 12.2
High oil price case 7.9 11.8 12.2
Crude oil
Low oil price case 7.1 9.5 10.7
Reference case 7.8 7.4 127 144
High oil price case 75 154 185

Oil Production Is Projected

To Exceed Reserve Additions

Figure 88. Lower 48 natural gas reserve additions
in three cases, 1970-2020 (trillion cubic feet)
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For most of the past two decades, lower 48 produc-
tion of both oil anid natural gas has exceeded reserve
additions. The recent reversal of that pattern for
natural gas is projected to continue through 2013,
even with expected increases in demand, primarily
for electricity generation. The relatively high levels
of annual gas reserve additions through 2020 reflect
increased drilling as a result of higher prices, as well
as productivity gains from technological improve-
ments comparable to those of recent years, affecting

both exploration and development (Figure 88).
Consequently, almost 60 percent of the lower 48
nonassociated natural gas resources expected to be
technically recoverable from conventional sources
are projected to be discovered by 2020. 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

Most Natural Gas Production Is
Expected From Conventional Sources

Figure 90. Natural gas production by source,
1970-2020 (irillion cubic feet)
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The continuing increase in domestic natural gas
production in the forecast comes primarily from
lower 48 onshore nonassociated (NA) sources
(Figure 90). Conventional onshore production,
which accounted for 39.2 percent of total U.S.
domestic production in 1997, increases in share to
45,0 percent of the total in 2020. Unconventional
- sources also increase in share, and gas from offshore
wells in the Gulf of Mexico contributes significantly
to production. The innovative use of cost-saving
technology and the expected mid-term continuation
of recent huge finds, particularly in the deep waters
of the Gulf of Mexico, support this projection.

Natural gas production from Alaska grows by 2.3
percent a year in the forecast. Currently, all pro-
duction is either consumed in the State, reinjected,
or exported to Japan as liquefied natural gas (LNG).
Alaskan gas is not expected to be transported to the
lower 48 States, because the projected lower 48
prices are not high enough in the forecast period to
support the required transport system. Expected
Alaskan natural gas production does not include gas
from the North Slope, which primarily is being
reinjected to support oil production. In the future,
North Slope gas may be marketed as LNG to
Pacific Rim markets [63].

Production of associated/dissolved (AD) natural gas
from lower 48 crude oil reservoirs generally
declines, following the expected pattern of domestic
crude oil production. AD gas accounts for 7.6 percent
of total lower 48 production in 2020, compared with
13.9 percent in 1997.

Net Imports of Natural Gas
Are Projected To Increase

Figure 91. Natural gas production, consumption,
and imports, 1970-2020 (trillion cubic feet)
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Net natural gas imports are expected to grow in the
forecast (Figure 91) from 12.9 percent of total gas
consumption in 1997 to 15.5 percent in 2020. Most of
the increase is attributable to imports from Canada,
which are projected to grow substantially as
considerable new pipeline capacity comes on line.
While most of the new capacity provides access
to supplies from western Canada through the
Midwest, new capacity is also expected to provide
access to eastern supplies, including gas from Sable
Island in the offshore Atlantic [64].

Mexico has a considerable natural gas resource
base, but there is uncertainty as to whether its
indigenous production can be increased sufficiently
to satisfy rising demand. Since 1984, U.S. natural
gas trade with Mexico has consisted primarily of
exports. That trend is expected to continue through-
out the forecast, with exports increasing as
mandated conversion of power plants from heavy
fuel oil to natural gas gains momentum, in compli-
ance with Mexico’s new environmental regulations.

LNG provides another source of gas imports;
however, given the projected low natural gas prices
in the lower 48 markets, LNG is not expected to
grow beyond a regionally significant source of U.S.
supply. LNG imports into Everett, Massachusetts,
and Lake Charles, Louisiana, are projected to
increase over the forecast, reaching a level of 0.29
trillion cubic feet in 2020, compared with 0.02
trillion cubic feet in 1997 [65].
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Natural Gas Consumption

Natural Gas Use Grows Strongly
in All the AEO99 Cases

Figure 92. Natural gas consumption in five
cases, 1970-2020 (trillior cubic feet)
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Natural gas consumption increases from 1997 to
2020 in all the AEOY9 cases (Figure 92). Domestic
consumption ranges from 29.5 trillion cubic feet per
year in the low economic growth case to 34.8 trillion
in the high growth case in 2020, as compared with
22.0 trillion cubic feet in 1997. Growth is seen in all
end-use sectors, with more than half of the growth
resulting from rising demand for electricity, includ-
ing industrial cogeneration.

Natural gas consumption in the electricity genera-
tion sector (excluding cogeneration) grows steadily
throughout the forecast. In the reference case it
nearly triples, from 3.3 trillion cubic feet a year in
1997 to 9.2 trillion cubic feet in 2020. Restructuring
of the electric utility industry is expected to open up
new opportunities for gas-fired generation. In addi-
tion, growth is spurred by increased utilization of
existing gas-fired power plants in the forecast and
the addition of new turbines and combined-cycle
facilities, which are less capital-intensive than coal,
nuclear, or renewable electricity generation plants.
Although projected coal prices to the electricity
generation sector fall throughout the forecast, the
- natural gas share of new capacity is nearly 10 times
the coal share. Lower capital costs, projected
improvements in gas turbine heat rates, and an
assumed increase in the service life of gas-fired
plants to 20 years make the overall cost of gas-
generated electricity per kilowatthour competitive
with the cost of electricity from new coal-burning
generators.

Rising Gas Demand Is Expected
To Prompt Pipeline Expansions

Figure 93. Pipeline capacity expansion by Census
division, 1997-2020 (billion cubic feet per day)
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Demand for natural gas is projected to outstrip ex-
isting pipeline capacity. Expansion of interstate ca-
pacity (Figure 93) will be needed to provide access to
new supplies and to serve expanding markets.

Expansion is projected to proceed at a rate of 1.2

percent a year through the forecast. The greatest in-
creases are projected along the corridors that move
Canadian and Gulf Coast supplies to markets in the
eastern half of the United States. Natural gas deliv-
erability is also augmented by new storage capacity
which is projected to increase in most regions over
the forecast period. In several regions, growth in
new pipeline construction is tempered by higher
utilization of existing pipeline capacity (Figure 94).

Figure 94. Pipeline capacity utilization by Census
division, 1997 and 2020 (percent)
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Natural Gas Prices

Residential, Commercial Gas Prices
Are Projected To Decline

Figure 95. Natural gas end-use prices by sector,
1970-2020 (1997 dollars per thousand cubic feet)
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While consumer prices to the industrial, electricity,
and transportation sectors generally increase
throughout the forecast period, prices to the residen-
tial and commercial sectors decline (Figure 95). The
decreases reflect declining distribution margins to
these sectors due to anticipated efficiency improve-
ments in an increasingly competitive market. In the
industrial sector, a modest decrease in margins is
overshadowed by an increase in wellhead prices,
and the overall trend is a slight rise in prices. In the
electricity generation sector, increases in pipeline
margins and wellhead prices combine to yield an av-
erage 0.8-percent annual rise in end-use prices. The
declines in the residential and commercial sectors
overshadow the increases in other sectors, yielding a
0.3-percent drop in national average end-use prices.

Compared with their rise and decline over the
1970 1997 period, transmission and distribution
revenues in the natural gas industry are relatively
stable in the forecast, declining slightly through
2010, when they begin a gradual increase (Table 8).
Declines in margins are balanced by higher
volumes.

Table 8. Transmission and distribution revenues
and margins, 1970-2020
1970 1985 1997 2010 2015 2020

T&D revenues
(billion 1997 dollars) 380.43 49.13 44.39 42.47 42.72 43.31

End-use consumption

(trillion cubic feet) 19.02 15.81 20.02 25.49 28.06 29.39
Average margin*
(1997 dollars per
thousand cubic feet) 1.60 811 222 167 158 148

*Revenue divided by end-use consumption.
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Lower Distribution Costs
Are Projected for Natural Gas

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 9). Pipeline margins
decreased between 1985 and 1997 with industry
restructuring. On average, modest decreases are
projected to continue through the forecast period,
despite the cost of interstate pipeline expansion.
Although LDC margins in the residential and
commercial sectors have seen little or no decrease
since 1985, efficiency improvements and other
impacts of restructuring are exerting downward
pressure on distribution costs, and reduced margins
are projected for these sectors.

Table 9. Components of residential and
commercial natural gas end-use prices, 1985-2020
(1997 dollars per thousand cubic feet)

Price Component 1985 1997 2000 2010 2020

Wellhead price 3.56 223 210 252 268
Citygate price 5.32 3.59 3.34 3.66 3.75
Pipeline margin 1.76 1.36 1,24 1.14 1.07
LDC margin
Residential 337 341 338 251 216
Commercial 249 220 213 166 149
End-use price
Residential 869 700 672 617 591
Commercial 7.81 579 547 532 524
73



Oil and Gas Alternative Technology Cases

Technology Advances Could Boost
Oil and Gas Reserve Additions

Figure 97. Lower 48 crude oil and natural gas
end-of-year reserves in three cases, 1997-2020
(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
downward pressure on costs while significantly
improving finding and success rates. Effective use
of improved exploration and production technolo-
gies to aid in the discovery and development of
resources—particularly, unconventional gas and
offshore deepwater fields—will be needed if new

reserves are to replace those depleted by production.

Alternative cases were used to assess the sensitivity
of the projections to changes in success rates, explo-
ration and development costs, and finding rates as a
result of technological progress. The assumed
technology improvement rates were increased and
decreased by approximately 50 percent in the rapid
and slow technology cases, which were run as fully
integrated model runs. All other parameters in the
model were kept at their reference case values,
including technology parameters for other modules,
parameters affecting foreign oil supply, and
assumptions about foreign natural gas trade.

Although gas reserves become a slightly larger
share of the total in the reference case, total hydro-

carbon reserve additions offset production, keeping
total reserves essentially constant throughout the
projection period (Figure 97). By 2020, reserves are
16.6 percent higher in the rapid technology case
than in the reference case and 10.9 percent lower in
the slow technology case.

Projected Gas Prices Strongly Depend
on Technology Assumptions

Figure 98. Lower 48 natural gas wellhead prices in
three cases, 1970-2020 (1997 dollars per thousand
cubic feet)
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The natural gas price projections are highly sensi-
tive to changes in the assumptions about tech-
nological progress (Figure 98). Lower 48 wellhead
prices increase at an average annual rate of 1.3
percent in the slow technology case, compared with
only 0.8 percent in the reference case, over the
projection period. In the rapid technology case,
average natural gas wellhead prices are higher than
the 1997 level by at most 3.5 percent, and by 2020
they are back to the 1997 price of $2.23 per thousand
cubic feet.

Through 2000, both price and production levels for
lower 48 oil and natural gas are almost identical in
the reference case and the two technological
progress cases. By 2020, however, natural gas prices
are 11.6 percent higher (at $2.99 per thousand cubic
feet) in the slow technology case and 16.8 percent
lower (at $2.23 per thousand cubic-feet) in the rapid
technology case than in the reference case ($2.68 per
thousand cubic feet).

Unlike natural gas, lower 48 average wellhead
prices for crude oil do not vary significantly across
the technology cases. In 2020, crude oil prices are 25
cents lower in the rapid technology case and 6 cents
higher in the slow technology case than the refer-
ence case price of $21.73 per barrel. Domestic oil
prices are determined largely by the international
market; changes in U.S. oil production do not
constitute a significant volume relative to the global
market.

T4 Energy Information Administration / Annual Energy Outlook 1999



Oil and Gas Alternative Technology Cases

Technology Progress Could Boost
Natural Gas Market Share

Figure 99. Lower 48 natural gas production
in three cases, 1997-2020 (trillion cubic feet)
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Changes in production in the alternative technology
cases reflect the benefits of lower costs and higher
finding rates for conventionally recoverable gas, as
well as an array of technological enhancements for
unconventional gas recovery. The changes in supply
lead to price changes that affect new investment in
all types of gas-fired technologies, especially in the
industrial and electricity generation sectors. Rapid
technology improvements yield benefits in the form
of both lower prices and increased production to
meet higher consumption requirements (Figure 99).

In the rapid technology case, the natural gas share
of fossil fuel inputs to electricity generation facilities
in 2020 is 24.6 percent, compared with 22.2 percent

in the slow technology case. The higher level of gas
consumption comes largely at the expense of coal.
There is little additional displacement of petroleum
products in the rapid technology case, because
natural gas captures the bulk of the dual-fired boiler
market in the reference case. In contrast, in the slow
technology case, natural gas loses market share fo
both coal and petroleum products in the electricity
generation sector.

Production from unconventional gas resources
(tight sands, shales, and coalbeds) is particularly
responsive to changes in the assumed levels of
technological progress. In the rapid technology case,
the unconventional gas share of total lower 48
natural gas production in 2020 is projected to be
33.5 percent, compared with 25.2 percent in
the reference case and 19.3 percent in the slow

technology case.

Oil Production Shows Less Change
With Technology Assumptions

Figure 100. Lower 48 crude oil production
in three cases, 1997-2020 (million barrels per day)
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The projections for domestic oil production also are
sensitive to changes in the technological progress
assumptions (Figure 100). In comparison with the
projected lower 48 production level of 4.5 million
barrels per day in 2020 in the reference case, oil
production increases to 5.2 million barrels per day in
the rapid technology case and decreases to 4.6
million in the slow technology case.

Given the assumption that changes in the levels of
technology affect only U.S. oil producers, total oil
supply adjusts to the variations in technological
progress assumptions primarily through changes in
imports of crude oil and other petroleum products.
Net imports range from a low of 11.7 million barrels

per day in the rapid technology case to a high of

12.4 million barrels per day in the slow technology
case.

Global trade in natural gas has not grown to the
same extent as petroleum trade. Because opportuni-
ties for gas trade between the United States and
countries outside North America are limited,
changes in U.S. gas production are determined more
by the market conditions in North America than by
the international market. )
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0Oil Production and Consumption

Continued Decline Is Projected
for Conventional Oil Production

Figure 101. Crude oil production by source,
1970-2020 (million barrels per day)
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Projected domestic crude oil production continues
its historic decline throughout the forecast (Figure
101), declining by 1.1 percent a year, from 6.5
million barrels per day in 1997 to 5.0 million barrels
per day in 2020 [66]. Conventional. onshore pro-
duction in the lower 48 States, which accounted for
49.1 percent of total U.S. crude oil production in
1997, is also projected to decrease at an average
annual rate of 0.9 percent over the forecast.

Crude oil production from Alaska is expected to
decline at an average annual rate of 4.1 percent
between 1997 and 2020. The overall decrease in
Alaska’s oil production results from a continuing
decline in production from most of its oil fields and,
in particular, from Prudhoe Bay, the largest pro-
ducing field, which historically has accounted for
more than 60 percent of total Alaskan production.

Offshore production generally increases in the fore-
cast through 2008 and then drops below current
levels in 2020, resulting in an overall decrease of
0.7 percent a year. Technological advances and
lower costs for deep exploration and production in
the Gulf of Mexico contribute to the increase in the
early years of the forecast.

Production from enhanced oil recovery (EOR) [67],
which becomes less profitable as oil prices fall, slows
through 2003 and then increases along with world
oil prices through the remainder of the forecast.

Declining Domestic Oil Supply
Leads to Growing Imports

Figure 102. Peiroleum supply, consumption, and
imports, 1970-2020 (million barrels per day)
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Domestic petroleum supply declines in all the
AEO99 cases (Figure 102), as U.S. crude oil pro-
duction falls off. In the low price case, domestic
supply drops from its 1997 level of 9.4 million
barrels per day to 7.6 million barrels per day in
2020. In the high price case, domestic supply
declines only slightly, to 9.8 million barrels per day
in 2020.

The greatest variation in petroleum consumption
levels is seen across the economic growth cases, with
an increase of 8.2 million barrels per day over the
1997 level in the high growth case, compared with
an increase of only 3.9 million barrels per day in the
low growth case.

Additional petroleum imports will be needed to fill
the widening gap between supply and consumption.
The greatest gap between supply and consumption .
is seen in the low world oil price case and the small-
est in the low economic growth case. The projections
for net petroleum imports in 2020 range from a high
of 18.4 million barrels per day in the low oil price
case—more than double the 1997 level of 9.2 million
barrels per day—to a low of 14.3 million barrels per
day in the low growth case. The value of petroleum
imports in 2020 ranges from $99.7 billion in the low
price case to $158.1 billion in the high price case.
Total annual U.S. expenditures for petroleum im-
ports, which reached a historical peak of $140 billion
(in 1997 dollars) in 1980 [68], were $60.9 billion in
1997.
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Petroleum Imports and Refining

Imports Are Projected To Meet
About Two-Thirds of U.S. Oil Demand

Figure 103. Share of U.S. petroleum consumption
supplied by net imports, 1970-2020 (percent)
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In 1997, net imports of petroleum climbed to a
record 49 percent of domestic petroleum con-

sumption. Continued dependence on petroleum -

imports is projected, reaching 65 percent in 2020 in
the reference case (Figure 103). The corresponding
import shares of total consumption in 2020 are 61
percent in the high oil price case and 71 percent in
the low price case.

Although crude oil is expected to continue as the
major component of petroleum imports, refined
products represent a growing share. More imports
will be needed as growth in demand for refined
products exceeds the expansion of domestic refining
capacity. Refined products make up 20 percent of
net petroleum imports in 2020 in the low economic
growth case and 29 percent in the high growth case,
as compared with their 11-percent share in 1997

(Table 10).

Table 10. Petroleum consumption and net imports,
1997 and 2020 (million barrels per day)

Net Net

Year and Product Net crude  product

projection  supplied imports imports imports
1997 18.6 9.2 8.1 1.0

2020

Reference 24.7 16.0 12.0 4.0
Low oil price 26.0 18.3 13.1 52
High oil price 24.0 14.6 11.5 3.1
Low growth 22,5 14.3 11.4 2.9
High growth 26.8 17.7 12.6 5.1

Modest Increases Are Projected
for U.S. Refining Capacity

Figure 104. Domestic refining capacity, 1975-2020
(million barrels per day)
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Falling demand for petroleum and the deregulation
of the domestic refining industry in the 1980s led to
18 years of decline in U.S. refinery capacity [69].
That trend was broken in 1995 by a capacity
increase of 0.5 million barrels per day over a 2-year
period. Financial and legal considerations make it
unlikely that new refineries will be built in the
United States, but additions at existing refineries
are expected to increase total U.S. refining capacity
in all the AEQOY9 cases (Figure 104).

Distillation capacity is projected to grow from the
1997 level of 16.0 million barrels per day to 17.3

million in 2020 in the low economic growth. case and
18.7 million in the high growth case, as refining
capacity exceeds the 1981 peak of 18.6 million
barrels per day. Refining capacity is projected to
expand on the East, West, and Gulf coasts. Existing

refineries will continue to be utilized intensively
throughout the forecast, in a range from 93 to 96
percent of design capacity. In comparison, the 1997
utilization rate was 95 percent, well above the rates
of the 1980s and early 1990s.

Domestic refineries will produce a slightly higher
yield of heating oil and jet fuel in 2020 in response
to growing demand for those products. In 2020,
heating oil is projected to represent 9 percent of
production and jet fuel 13 percent, compared with 7
percent and 9 percent, respectively, in 1997.
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Refined Petroleum Products

More Petroleum Use by Industry and
for Transportation Is Projected
Figure 105. Change in petroleum consumption

by sector in five cases, 1997-2020
(million barrels per day)
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U.S. petroleum consumption is projected to increase
by 6.0 million barrels per day between 1997 and
2020 in the reference case, 3.9 million in the low
economic growth case, and 8.2 million in the high
growth case (Figure 105). All the cases show growth
in petroleum consumption in the transportation and
industrial sectors and, with the exception of the low
world oil price case, slight declines in residential,
commercial, and electric utility oil use.

Most of the increase in petroleum consumption oc-
curs in the transportation sector, which accounted
for about 65 percent of U.S. petroleum use in 1997.
That share grows to 69 percent in the low oil price
case and 72 percent in the low economic growth case
in 2020. Gasoline accounts for about 45 percent of
the projected growth in total petroleum consump-
tion, jet fuel 24 percent, diesel fuel 4 percent, and
heating oil 9 percent. All these fuels are “light prod-
ucts,” which are more difficult to produce than such
heavier products as asphalt and residual fuel oil.

A shift in consumption patterns is expected within
the transportation sector. Gasoline, which in 1997
represented 65 percent of the petroleum consumed
for transportation, shrinks to a 61-percent share in
2020, as alternative fuels penetrate transportation
markets. The jet fuel share rises from 13 percent in
1997 to 17 percent as air travel increases substan-
tially. The share for diesel declines from 18 percent
to 14 percent. With the emergence of biomass-based
ethanol, the use of ethanol to boost octane or oxygen
in gasoline increases from about 80,000 barrels per
day in 1997 to 180,000 barrels per day in 2020.

Higher Processing Costs Are Expected

for Gasoline and Jet Fuel

Figure 106. Components of refined product costs,
1997 and 2020 (1997 dollars per gallon)
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Refined product prices are determined by crude oil
costs, refining process costs (including refiner
profits), marketing costs, and taxes (Figure 106). In
the AEQO99 projections, crude oil costs continue to
make the greatest contribution to product prices,
and marketing costs remain stable, but the con-
tributions of processing costs and taxes change
considerably.

The processing costs for gasoline and jet fuel
increase by 6 cents and 7 cents per gallon, respec-
tively, between 1997 and 2020. For the most part,
the increases can be attributed to the growth in
demand for these products. A small portion of the
increases can be attributed to investments related
to compliance with refinery emissions, health, and
safety regulations, which add 1 to 3 cents per gallon
to the processing costs of light products (gasoline,
distillate, jet fuel, kerosene, and liquefied petroleum
gases).

Whereas processing costs tend to increase refined
product prices, assumptions about Federal taxes
tend to slow the growth of motor fuels prices. In
keeping with the AEO99 assumption of current laws
and legislation, Federal motor fuels taxes are
assumed to remain at nominal 1997 levels through-
out the forecast. Federal taxes have actually been
raised sporadically in the past. State motor fuels
taxes are assumed to keep up with inflation, as they
have in the past. The net impact of these assump-
tions is a decrease in Federal taxes between 1997
and 2020—9 cents per gallon for gasoline, 11 cents
for diesel fuel, and 2 cents for jet fuel.
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Coal Production and Prices

Continued Growth Is Projected for
Coal Production from Western Mines

Figure 107. Coal production by region, 1970-2020
(million short tons)
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Continued improvements in mine productivity
(averaging 6.2 percent a year since 1977) are
projected to cause falling real mine prices
throughout the forecast. Higher electricity demand
and lower prices, in turn, yield increasing coal
demand, but the demand is subject to a fixed sulfur
emissions cap from CAAA90, which mandates
progressively greater reliance on the lowest sulfur
coals (from Wyoming, Montana, Colorado, and
Utah). :

The use of western coals can result in up to 85
percent less sulfur emissions than the use of many
types of higher sulfur eastern coal. As coal demand
grows, however, new coal-fired generating capacity
is required to use the best available control tech-
nology: scrubbers or advanced coal technologies that
can reduce sulfur emissions by 90 percent or more.
Thus, even as the demand for low-sulfur coal grows,
there will still be a market for low-cost higher-sulfur
coal throughout the forecast.

From 1997 to 2020, high- and medium-sulfur coal
production rises from 654 to 662 million tons (0.1
percent a year), and low-sulfur coal production rises
from 445 to 696 million tons (2.0 percent a year). As
a result of the competition between low-sulfur coal
and post-combustion sulfur removal, western coal
production continues its historic growth, reaching
772 million tons in 2020 (Figure 107), but its annual
growth rate falls from the 9.4 percent achieved
between 1970 and 1997 to 1.8 percent in the forecast
period.

Further Declines Are Seen
for U.S. Minemouth Coal Prices

Figure 108. Average minemouth price of coal
by region, 1990-2020 (1997 dollars per ton)
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Minemouth coal prices declined by $4.97 per ton in
1997 dollars between 1970 and 1997, and they are
projected to decline by 1.5 percent a year, or $5.40
per ton, between 1997 and 2020 (Figure 108). The
price of coal delivered to electricity generators,
which was essentially unchanged between 1970 and
1997, falls to $18.77 per ton in 2020—a 1.4-percent
annual decline.

The mines of the Northern Great Plains, with thick
seams and low overburden ratios, have had higher
labor productivity than other coalfields, and their
advantage is maintained throughout the forecast.
Average U.S. labor productivity (Figure 109) follows
the trend for eastern mines most closely, because
eastern mining is more labor-intensive than
western mining.

Figure 109. Coal mining labor productivity by

region, 1990-2020 (short tons per miner per hour)
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Coal Mining Labor Productivity

Additional Declines in Mine Labor
Costs Are Projected

Figure 110. Labor cost component of minemouth
coal prices, 1970-2020 (billion 1997 dollars)
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Gains in coal mine labor productivity result from
technology improvements, economies of scale, and
better mine design. At the national level, however,
average labor productivity will also be influenced by
changing regional production shares. Competition
from very low sulfur, low-cost western and imported
coals is projected to limit the growth of eastern low-
sulfur coal mining. Western low-sulfur coal has been
successfully tested in all U.S. Census divisions
except New England and the Mid-Atlantic, and its
penetration of eastern markets is projected to
increase.

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

As labor productivity improved between 1970 and
1997, the number of miners fell by 2.1 percent a
year. With improvements continuing through 2020,
a further decline of 1.3 percent a year in the number
of miners is projected. The share of wages in mine-
mouth coal prices [70], which fell from 81 percent to
17 percent between 1970 and 1997, is projected to
decline to 15 percent by 2020 (Figure 110).

Even With Higher Cost Assumptions,
Coal Prices Are Projected To Fall

Figure 111, Average minemouth coal prices
in three cases, 1997-2020 (1997 dollars per ton)
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Alternative assumptions about future regional
mining costs affect the market shares of eastern and
western mines and the national average minemouth
price of coal. In two alternative mining cost cases,
demand for coal by electricity generators was
allowed to respond to relative fuel prices, but coal
demand from other sectors was held constant.
Minemouth prices, delivered prices, and resultant
regional coal production levels varied with changes
in mining costs.

In the reference case projections, productivity
increases by 2.3 percent a year through 2020, while
wage rates are constant in 1997 dollars. The
national minemouth coal price declines by 1.5
percent a year to $12.74 per ton in 2020 (Figure
111). In the low mining cost case, productivity
increases by 3.8 percent a year, and real wages
decline by 0.5 percent a year [71]. The average mine-
mouth price falls by 2.4 percent a year to $10.42 per
ton in 2020 (18.2 percent less than in the reference
case). Eastern coal production is 17 million tons
higher in the low case than in the reference case in
2020, reflecting the higher labor intensity of mining
in eastern coalfields. In the high mining cost case,
productivity increases by only 1.2 percent a year,
and real wages increase by 0.5 percent a year. The
average minemouth price of coal falls by 0.8 percent
a year to $14.94 per ton in 2020 (17.3 percent higher
than in the reference case). Eastern production in
2020 is 52 million tons lower in the high labor cost
case than in the reference case.
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Coal Transportation Costs

Lower Coal Transportation Costs
Are Projected Through 2020

Figure 112, Percent change in coal transportation
costs in three cases, 1997-2020
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The competition between coal and other fuels, and
among coalfields, is influenced by coal transporta-
tion costs. Changes in fuel costs affect transporta-
tion rates (Figure 112), but fuel efficiency also grows
with other productivity improvements in the fore-
cast. As a result, in the reference case, average coal
transportation rates decline by 1.1 percent a year
between 1997 and 2020. The most rapid declines
have occurred on routes that originate in coalfields
with the greatest declines in real minemouth prices.
Railroads are likely to reinvest profits from increas-
ing coal traffic to reduce transportation costs and,
thus, expand the market for such coal. Therefore,
coalfields that are most successful at improving
productivity and lowering minemouth prices are
likely to obtain the lowest transportation rates and,
consequently, the largest markets at competitive

delivered prices.

Expansion of the national market for Powder River
Basin coal slowed during 1996 and 1997 as a result
of rail service problems after the Union Pacific-
Southern Pacific railroad merger. Many Gulf Coast
and Midwest consumers had problems maintaining
coal stocks as the frequency and predictability of
unit-train coal deliveries deteriorated. Improve-
ments in the first two quarters of 1998 suggest that
service efficieney is returning to pre-merger levels.
Activities resulting from other mergers, such as the
current integration of Conrail within Norfolk
Southern and CSX, may cause similar short-term
problems, but AEO99 projects that rail rates for coal
will continue their historic decline in real terms.

Slower Economic Growth Could
Reduce Demand for Coal

Figure 113. Variation from reference case
projection of coal demand in two alternative cases,
2020 (million short tons)
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A strong correlation between economic growth and
electricity use accounts for the variation in coal
demand across the economic growth cases (Figure
118), with domestic coal consumption ranging from
1,195 to 1,363 million tons. Of the difference, coal
use for electricity generation makes up 144 million
tons. The difference in total coal production between
the two economic growth cases is 166 million tons, of
which 94 million tons (57 percent) is projected to be
western production. Despite the fact that western
coal must travel up to 2,000 miles to reach some of
its markets, when its transportation costs are added
toits low mine price and low sulfur allowance cost, it
remains competitively priced in all regions except
the Northeast.

Changes in world oil prices affect the costs of energy
(both diesel fuel and electricity) for coal mining. In
the high and low oil price cases, average minemouth
coal prices are 0.2 percent higher and 0.6 percent
lower, respectively, in 2020 than in the reference
case. The low world oil price case projects 33 million
tons less coal use in 2020 than in the high world oil
price case as low oil prices encourage electricity
generation from oil, while high oil prices encourage
greater coal consumption. About 55 percent of the
difference in production levels is western coal
needed to meet the sulfur emissions cap. The higher
coal consumption in the high oil price case is shared
between the electricity generation and industrial
steam coal sectors, with electricity taking 28 million
tons (85 percent) of the difference and the industrial
sector gaining the rest.
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Coal Consumption

Electricity Generation Sets the Trend
for U.S. Coal Consumption

Figure 114. Electricity and other coal consumption,
1970-2020 (million short tons per year)
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Domestic coal demand rises by 245 million tons in
the forecast, from 1,030 million tons in 1997 to 1,275
million tons in 2020 (Figure 114), because of growth
in coal use for electricity generation. Coal demand in
other domestic end-use sectors increases by 3
million tons, as reduced coking coal consumption is
offset by coal demand for industrial cogeneration.

Coal consumption for electricity generation (exclud-
ing industrial cogeneration) rises from 924 million
tons in 1997 to 1,166 million tons in 2020, due to
increased utilization of existing generation capacity
and, in later years, additions of new capacity. The
average utilization rate for coal-fired power plants
increases from 67 to 79 percent between 1997 and
2020. Coal consumption (in tons) per kilowatthour
of generation is higher for subbituminous and
lignite coals than for bituminous coal. Thus, the
shift to western coal increases the tonnage per
kilowatthour of generation in midwestern and
southeastern regions. In the East, generators shift
from higher to lower sulfur Appalachian bituminous
coals that contain more energy (Btu) per short ton.

Although coal maintains its fuel cost advantage over
both oil and natural gas, gas-fired generation is the
most economical choice for construction of new
power generation units through 2010 when capital,
operating, and fuel costs are considered. Between
2010 and 2020, rising natural gas costs and nuclear
retirements are projected to cause increasing
demand for coal-fired baseload capacity.

Industrial Coal Use
Is Projected To Increase

Figure 115. Non-electricity coal consumption
by sector, 1997, 2000, and 2020 (million short tons)
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In the non-electricity sectors, an increase of 12
million tons in industrial steam coal consumption
between 1997 and 2020 (0.7-percent annual growth)
is offset by a decrease of 9 million tons in coking coal
consumption (Figure 115). Increasing consumption
of industrial steam coal results primarily from
increased use of coal in the chemical and food-

processing industries and from increased use of coal
for cogeneration (the production of both electricity
and usable heat for industrial processes).

The projected decline in domestic consumption of
coking coal results from the displacement of raw
steel production from integrated steel mills (which
use coal coke for energy and as a material input) by
increased production from minimills (which use
electric arc furnaces that require no coal coke) and
by increased imports of semi-finished steels. The
amount of coke required per ton of pig iron produced
is also declining, as process efficiency improves and
injection of pulverized steam coal is used increas-
ingly in blast furnaces. Domestic consumption of
coking coal is projected to fall by 1.7 percent a year
through 2020. Domestic production of coking coal is
stabilized, in part, by sustained levels of export
demand.

While total energy consumption in the residential
and commercial sectors grows by 0.8 percent a year,
most of the growth is captured by electricity and
natural gas. Coal consumption in these sectors
remains constant, accounting for less than 1 percent
of total U.S. coal demand.
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Coal Exports

U.S. Coal Exports Rise Slowly
in the AEO99 Projections

Figure 116, U.S. coal exports by destination,
1997, 2000, and 2020 (million short tons)
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U.S. coal exports rise slowly in the forecast, from 84
million tons in 1997 to 93 million in 2020 (Figure
116), primarily as a result of higher demand for
steam coal imports in Asia. Exports of metallurgical
coal in 2020 are slightly lower than the 1997 level.
Worldwide trade in metallurgical coal declines
slightly, reflecting generally slow growth in steel
production and improved process efficiency, but the
U.S. market share remains essentially unchanged.

U.S. steam coal exports to Europe increase from 13
million tons in 1997 to 20 million in 2020 (1.9-
percent annual growth). Europe’s steam coal
imports rise from 119 million tons in 1997 to 135
million tons in 2020 (0.5 percent a year), reflecting
reduced subsidies for domestic coal production, as
well as some new generating capacity. The AEO99
forecast for European imports is lower than some
that have been provided by the governments of the
importing nations themselves, where environ-
mental considerations, including emerging carbon
emissions issues, limit fuel choices.

U.S. coal exports to Asia increase by 1.6 percent a
year, from 14 million tons in 1997 to 20 million in
2020, as metallurgical exports fall by 1.5 percent
and steam coal exports rise by 8.8 percent annually.
Coal imports to Asia from all sources rise by 1.6
percent a year, from 274 million tons in 1997 to
394 million in 2020, as Pacific Rim nations without
indigenous fossil fuel resources base electricity
generation on imported coal. Most of the growth
in Asian imports is projected to be supplied by
Australia, South Africa, China, and Indonesia.

Low-Sulfur Coal Is Expected
To Gain Market Share

Figure 117. Coal distribution by sulfur content,
1997, 2000, and 2020 (million short tons)
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Phase 1 of CAAA90 required 261 coal-fired gen-
erators to reduce sulfur dioxide emissions to about’
2.5 pounds per million Btu of fuel. Phase 2, which
begins in 2000, tightens the annual emissions limits
imposed on these large, higher-emitting plants and
also sets restrictions on smaller, cleaner plants fired
by coal, oil, and gas. The program affects existing
utility units serving generators over 25 megawatts
capacity and all new utility units [72].

Relatively modest capital investments have allowed
many generators to blend very low sulfur sub-
bituminous and bituminous coal in Phase 1 affected
boilers. Such fuel switching often generates sulfur
dioxide allowances beyond those needed for Phase 1
compliance. Excess allowances are banked for use in

Phase 2 or sold to other generators (the proceeds of
such sales can be seen as further reducing fuel costs
for the seller). Fuel switching for regulatory compli-
ance and cost savings is projected to reduce the
composite sulfur content of all coal produced (Figure
117). National sulfur emissions from coal-fired
generators have already declined by approximately
24 percent between 1990 and 1995 [73].

Coal users may incur additional costs in the future if
environmental problems associated with nitrogen
oxides, particulate emissions, and possibly COg
emissions from coal combustion are monetized and
added to the costs of coal combustion. The most
probable method would be a regulatory market
mechanism like that established under CAAA90 to
price sulfur emissions.
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Carbon Emissions and Energy Use

Without New Policies, Carbon
Emissions Are Projected To Grow

Figure 118. Carbon emissions by sector, 1990-2020
(million metric tons per year)
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Carbon emissions from energy use are projected to
increase by an average of 1.3 percent a year from
1997 to 2020, reaching 1,975 million metric tons
(Figure 118). This projection is slightly higher than
the AEOY8 projection of 1,956 million metric tons,
due to higher energy consumption—particularly,
coal for electricity generation and petroleum for
transportation. .

Increasing concentrations of carbon dioxide, meth-
ane, nitrous oxide, and other greenhouse gases may
increase the Earth’s temperature and affect the
climate. The AE099 projections include analysis of
the Climate Change Action Plan (CCAP), developed
by the Clinton Administration in 1993 to stabilize
U.S. greenhouse gas emissions by 2000 at 1990
levels. Carbon emissions from fuel combustion, the
primary source of greenhouse gas emissions, were
about 1,346 million metric tons in 1990. The analy-
sis does not account for carbon-absorbing sinks, the
13 CCAP actions related to non-energy programs or
gases other than carbon dioxide, nor any future
mitigation actions that may be considered to meet
the reductions proposéd in the Kyoto Protocol.

Emissions in the 1990s have grown more rapidly
than projected at the time CCAP was formulated,
partly due to lower energy prices and higher
economic growth than projected, which have led to
higher energy demand. In addition, some CCAP
programs have been curtailed. Additional carbon
mitigation programs, technology improvements, or
more rapid adoption of voluntary programs could
result in lower emissions levels than projected here.

Increasing Use of Electricity
Raises Per Capita Carbon Emissions

Figure 119. Carbon emissions per capita, 1990-2020
(metric tons per person)
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U.S. carbon emissions from energy use are projected
to grow at an average annual rate of 1.3 percent;
however, per capita emissions grow by only 0.4
percent a year (Figure 119). To stabilize or reduce
total emissions, population growth would need to be
offset by reductions in per capita emissions.

Emissions in the residential sector, including emis-
sions from the generation of electricity used in the
sector, are projected to increase by 1.2 percent a
year, reflecting the ongoing trends of electrification
and penetration of new appliances and services.
Significant growth in office equipment and other
uses is also projected in the commercial sector, but
growth in consumption—and in emissions, which
also increase by 1.2 percent a year—is likely to be
moderated by slowing growth in floorspace, coupled
with efficiency standards, voluntary efficiency pro-
grams, and technology improvements.

Transportation emissions grow at an average
annual rate of 1.7 percent as a result of increases in
vehicle-miles traveled and freight and air travel,
combined with slow growth in the average light-
duty fleet efficiency. Industrial emissions are pro-
jected to grow by only 0.9 percent a year, as shifts to
less energy-intensive industries and efficiency gains
moderate growth in energy use. ’
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Carbon Emissions and Energy Use

Petroleum Products Lead Growth
in Carbon Emissions From Energy Use

Figure 120. Carbon emissions by fuel, 1990-2020
(million metric tons per year)
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Petroleum products are the leading source of carbon
emissions from energy use. In 2020, petroleum is
projected to contribute 823 million metric tons of
carbon to the total 1,975 million tons, a 42-percent
share (Figure 120). About 81 percent (665 million
metric tons) of the petroleum emissions result from
transportation use, which could be lower with less
travel or more rapid development and adoption of
higher efficiency or alternative-fuel vehicles.

Coal is the second leading source of carbon emis-
sions, projected to produce 676 million metric tons
in 2020, or 34 percent of the total. The share declines
from 36 percent in 1997 because coal consumption
increases at a slower rate through 2020 than
consumption of petroleum and natural gas, the
sources of virtually all other energy-related carbon
emissions. Most of the increases in coal emissions
result from electricity generation. A slight increase
in emissions from industrial steam coal use is
partially offset by a decline in emissions from coking
coal.

In 2020, natural gas use is projected to produce 475
million metric tons of carbon emissions, a 24-
percent share. Of the fossil fuels, natural gas
consumption and emissions increase most rapidly
through 2020, at average annual rates of 1.7 per-
cent; however, natural gas produces only half the
carbon emissions of coal per unit of input. Average
emissions from petroleum use are between those for
coal and natural gas. The use of renewable fuels and
nuclear generation, which emit little or no carbon,
mitigates the growth of emissions.

Coal Accounts for. Most U.S.
Electricity-Related Carbon Emissions

Figure 121. Carbon emissions from electricity
generation by fuel, 1990-2020
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Electricity use is a major cause of carbon emissions.
Although electricity produces no emissions at the
point of use, its generation currently accounts for 36
percent of total carbon emissions, and that share is
expected to increase to 38 percent in 2020. Coal,
which accounts for about 52 percent of electricity
generation in 2020 (excluding cogeneration), pro-
duces 81 percent of electricity-related carbon emis-
sions (Figure 121). In 2020, natural gas accounts
for 30 percent of electricity generation but only 18
percent of electricity-related carbon emissions.

Between 1997 and 2020, 50 gigawatts of nuclear
capacity are expected to be retired, resulting in a 43-
percent decline in nuclear generation. To compen-
sate for the loss of nuclear capacity and meet rising
demand, 345 gigawatts of new fossil-fueled capacity
(excluding cogeneration) will be needed. Increased
generation from fossil fuels will raise electricity-
related carbon emissions by 213 million metric tons,
or 40 percent, from 1997 levels. Generation from
renewable technologies increases by 58 billion kilo-
watthours, or 12 percent, between 1997 and 2020
but is insufficient to offset the projected increase in
generation from fossil fuels.

The projections include announced activities under
the Climate Challenge program, such as fuel switch-
ing, repowering, life extension, and demand-side
management, but they do not include offset activi-
ties, such as reforestation. Additional use of lower
carbon fuels, reduced electricity demand growth, or
improved technologies all could contribute to lower
emissions than are projected here.
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Emissions from Electricity Generation

Sulfur Emissions Allowance Program
Is Expected To Meet Its Goals

Figure 122. Sulfur dioxide emissions from
electricity generation, 1990-2020
(million tons per year)

11.9 414
10.2
| i] 9.0 9.0

1990 1995 2000 2005 2010 2015 2020

16~ 157

14 -

CAAA90 called for annual emissions of sulfur
dioxide (SOg) by electricity generators to be reduced
to approximately 12 million short tons in 1996, 9.48
million tons between 2000 and 2009, and 8.95
million tons a year thereafter. More than 95 percent
of the SO2 produced by generators results from coal
combustion, with the rest from residual oil.

In Phase 1, 261 generating units at 110 plants were
issued tradable emissions allowances permitting
SO2 emissions to reach a fixed amount per year—
generally less than the plant’s historical emissions.
Allowances may also be banked for use in future
years. Switching to lower sulfur, subbituminous coal
was the option chosen by more than half of the gen-
erators. In Phase 2, beginning in 2000, emissions
constraints on Phase 1 plants will be tightened, and
limits will be set for the remaining 2,500 boilers at
1,000 plants. With allowance banking, emissions
are expected to decline from 11.9 million tons in
1995 to 11.4 million in 2000 (Figure 122). Since
allowance prices are projected to increase after
2000, it is expected that 26.4 gigawatts of capacity—
about 88 300-megawatt plants—will be retrofitted
with scrubbers to meet the Phase 2 goal (Table 11).

Table 11. Scrubber retrofits and allowance costs,
2000-2020

Forecast 2000 2005 2010 2015 2020
Cumulative retrofits
from 1997
(gigawatts of capacity)

13.6 13.6 258 264 264

Allowance costs '

(1997 dollars per ton SOy) 90 240 293 182 130

New Legislation Will Reduce

Nitrogen Oxide Emissions

Figure 123. Nitrogen oxide emissions from
electricity generation, 1995-2020
(million tons per year)

8..

7
6 —_

j ) & 2.9 4.1 4.2 4.3
P

g

1-

0

1995 2000 2005 2010 2015 2020

Nitrogen oxide (NOx) emissions in the United States
will fall significantly over the next 5 years as new
legislation takes effect (Figure 123). First will be the
second phase of the NOx reduction program from
CAAA90, which calls for NOx reductions at electric
power plants in two phases—the first in 1995 and
the second in 2000. It is expected that the second
phase of CAAA90 will result in NOx reductions of 1.5
million tons between 1999 and 2000.

A second piece of legislation, the ozone transport
rule (OTR), will take effect in 2003. After studying
the ozone transport problem, the U.S. Environ-
mental Protection Agency (EPA) issued the OTR in
September 1997. The OTR sets caps on NOx
emissions in each of 22 midwestern and eastern
States during the 5-month summer season (May
through September). The EPA wants to establish a
cap and trade program with tradable emission

‘permits. Holders of the permits would be free to use

them themselves or sell them to someone whose NOx
emission reduction options are more costly.

The OTR is expected lead to a total NOx emissions
reduction of 0.7 million tons between 2002 and 2003
as control technologies are installed on utility boil-
ers. By 2020, 10 gigawatts of capacity is expected to
be retrofitted with advanced combustion controls,
selective noncatalytic reduction units (SNCR) are
expected to be added to 96 gigawatts, and selective
catalytic reduction units (SCR) are expected to be
added to 111 gigawatts. The annualized cost is
estimated to be $2 billion, relative to about $200 bil-

lion in annual consumer expenditures for electricity.
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Forecast Comparisons

Three other organizations — DRI/McGraw-Hill
(DRI), the WEFA Group (WEFA), and the Gas
Research Institute (GRI) — also produce compre-
hensive energy projections with a time horizon
similar to that of AEO99. The most recent projec-
tions from these organizations (DRI, April 1998;
WEFA, 1998; GRI, August 1998) and others that
concentrate on petroleum, natural gas, and inter-
national oil markets are compared with the AEO99
projections in this section.

Economic Growth

Differences in long-run economic forecasts can be
traced primarily to different views of the major
supply-side determinants of growth: labor force and
productivity change. Other forecasts are presented
in Table 12. The WEFA forecast shows the highest
economic growth compared to the AEO99 and DRI
reference cases, including higher growth rates for
the labor force. The AEO99 long-run forecast of
economic growth is higher than the AEO98 forecast
by 0.2 percent, when compared on a similar basis,
with a projected annual growth rate for GDP of 1.8
percent from 1997 to 2020.

Table 12. Forecasts of economic growth, 1997-2020
Average annual percentage growth

Forecast Real GDP  Labor force Productivity

AEO99

Low growth 1.5 0.5 1.0

Reference 2.1 0.8 1.3

High growth 2.6 1.0 1.6
DRI

Low 1.8 0.5 1.3

Reference 2.1 0.8 1.3

High 23 1.0 1.3
WEFA

Low 1.9 0.9 1.0

Reference 2.3 1.1 1.2

High 2.6 1.3 1.3

In the 1998 Economic Report of the President, real
GDP growth of 2.8 percent a year between 1997 and
2005 was projected. AEO99 projects annual growth
of 2.5 percent over the same period.

World Oil Prices

Comparisons with other oil price forecasts—includ-
ing the International Energy Agency (IEA), Petro-
leum Economics Ltd. (PEL), Petroleum Industry
Research Associates, Inc. (PIRA), Natural Re-
sources Canada (NRCan), and BT Alex Brown

(BTAB)—are shown in Table 13 (IEA, 1996; PEL,
February 1998; PIRA, October 1997; NRCan, April
1997; BTAB, September 1998). With the exception
of TEA in 2005 and PEL, the range between the
AEO099 low and high world oil price cases spans the
range of other published forecasts beyond 2005.

Table 13. Forecasts of world oil prices, 2000-2020
1997 dollars per barrel

Forecast 2000 2005 2010 2015 2020

AEOQY9 reference 13.97 1925 21.30 2191 2273
AEQ99 high price 17.90 24.53 27.33 29.14 29.35
AEO99 low price 10.25 14.57 14.57 14.57 14.57

DRI 1555 1694 19.06 2144 2413
IEAI 1849 2719 2719 NA NA
IEA2 1849 1849 1849 NA  NA
PEL 1557 1421 13.37 1293 NA
PIRA 20.00 19.00 19.60 NA  NA
WEFA 1827 19.04 19.75 20.52 21.32
GRI 17.16 16.86 1681 17.02 NA
NRCan 20.76 20.76 20.76 20.76 20.76
BTAB 11.71 16.61 1630 1589 NA

NA = not auailable.

Total Energy Consumption

The AEQO99 forecast of end-use sector energy
consumption over the next two decades shows far
less volatility than has occurred historically.
Between 1974 and 1984, volatile world oil markets
dampened domestic oil consumption. Consumers
switched to electricity-based technologies in the
buildings sector, while in the transportation sector
new car fuel efficiency nearly doubled. Natural gas
use declined as a result of high prices and limita-
tions on new gas hookups. Between 1984 and 1995,
however, both petroleum and natural gas consump-
tion rebounded, bolstered by plentiful supplies and
declining real energy prices. As a consequence, new
car fuel efficiency in 1995 was less than 2 miles per
gallon higher than in 1984, and natural gas use
(residential, commercial, and industrial) was almost
25 percent higher than it was in 1984.

Given potentially different assumptions about, for
example, technological developments over the next
20 years, the forecasts from DRI, GRI, and WEFA
have remarkable similarities to those in AEO99.
Electricity is expected to remain the fastest growing
source of delivered energy (Table 14), although its
rate of growth is down sharply from historical rates
in each of the forecasts, because many traditional
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Table 14, Forecasts of average annual growth rates
for energy consumption (percent)

History Projections
AEO99 DRI GRI WEFA
1974-1984-  (1997- (1997- (1997- (1997-

Energyuse 1984 1996  2020) 2020) 2015) 2020)
Petroleum* 01 14 1.3 1.2 1.1 1.3
Natural gas* -1.7 23 0.9 0.8 14 0.8
Coal* -3.0 -1.5 04 -07 -04 0.2
Electricity 3.0 26 14 14 18 L7
Delivered energy -0.4 1.9 1.2 11 1.2 1.2
Electricity losses 2.5 2.0 0.6 0.7 1.0 0.9

Primaryenergy 02 20 1.1 1.0 1.2 LI
*Excludes consumption by electric utilities.

uses of electricity (such as for air conditioning)
approach saturation while average equipment
efficiencies rise. Petroleum consumption grows at
the same rate as in recent history. Consumption
growth for the remaining fuels slows as a result of
moderating economic growth, fuel switching, and
increased end-use efficiency.

Residential and Commercial Sectors

Growth rates in energy demand for the residential
and commercial sectors are expected to decrease by
more than 60 percent from the rates between 1984
and 1996, largely because of projected lower growth
in population, housing starts, commercial floorspace
additions, and colder winter weather in 1996. Other
contributing factors include increasing energy

efficiency due to technical innovations and legis-

lated standards; voluntary government efficiency
programs; and reduced opportunities for additional
market penetration of such end uses as air
conditioning.

Differing views on the growth of new uses for energy
contribute to variations among the forecasts. By
fuel, electricity (excluding generation and trans-
mission losses) remains the fastest growing energy
source for both sectors across all forecasts (Table
15). Natural gas use also grows but at lower rates,
and petroleum use continues to fall.

Industrial Sector

In all the forecasts, the industrial sector shows
slower growth in primary energy consumption than

Table 15. Forecasts of average annual growth in
residential and commercial energy demand
(percent)

Projections

AEQ99 DRI GRI WEFA
1984- (1997- (1997- (1997- (1997-

History

Forecast 1996 2020) 2020) 2015) 2020)
Residential
Petroleum 0.6 -1.2 -0.6 -2 -05
Natural gas 1.2 0.6 08 07 07
Electricity 2.8 1.6 1.1 1.7 1.9
Delivered energy 2.1 0.8 0.7 0.7 1.0
Electricity losses 22 0.8 0.3 0.9 11
Primary energy 2.1 0.8 0.5 0.8 1.1
Commercial
Petroleum -3.9 -1.3 -0.9 -2.9 -0.6
Natural gas 19 0.7 0.5 1.0 0.6
Electricity -~ 3.3 14 14 1.6 1.6
Delivered energy 1.5 0.9 0.8 1.0 1.0
Electricity losses 2.7 0.6 0.7 0.8 0.8
Primary energy 2.1 0.7 0.8 0.9 0.9

it did between 1984 and 1996 (Table 16). The decline
is attributable to lower growth for GDP and manu-
facturing output. In addition, there has been a
continuing shift in the industrial output mix toward
less energy-intensive products. The growth rates in
the industrial sector for different fuels between 1984
and 1996 reflect a shift from petroleum products and
coal to a greater reliance on natural gas and elec-
tricity. Natural gas use grows more slowly than in
recent history across the forecasts, because much of
the potential for fuel switching was realized during
the 1980s. A key uncertainty in industrial coal fore-

casts is the environmental acceptability of coal as a
boiler fuel.

Table 16. Forecasts of average annual growth in
industrial energy demand (percent)

Projections

AEO99 DRI GRI WEFA
1984- (1997- (1997- (1997- (1997-
Forecast 1996 2020) 2020) 2015) 2020)

History

Petroleum 1.2 0.9 0.7 1.2 L5
Natural gas 2.5 1.0 0.8 1.7 0.8
Coal -1.3 0.4 0.2 0.0 0.0
Electricity 1.7 1.1 1.7 2.3 1.5
Delivered energy 2.1 1.0 0.8 14 1.1
Electricity losses 1.2 0.3 0.9 24 1.6
Primary energy 1.9 0.8 0.8 1.6 1.2
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Transportation Sector

Overall fuel consumption in the transportation

sector is expected to grow more slowly than in the
recent past in each of the alternative forecasts
(Table 17). All the forecasts anticipate continued
rapid growth in air travel as well as significant
increases in aircraft efficiency, while growth in
light-duty vehicle travel slows considerably.

Table 17. Forecasts of average annual growth in
transportation energy demand (percent)

History Projections
AE099 DRI GRI WEFA
1974- 1984-  (1997- (1997- (1997- (1997-
Forecast 1984 1995 2020) 2020) 2015) 2020)
Consumption
Motor gasoline 0.1 1.4 1.2 1.3 0.5 0.8
Diesel fuel 45 28 1.5 1.0 1.9 1.3
Jet fuel 1.9 24 2.8 24 23 3.0
Residual fuel 14 07 24 24 3.3 2.6
All energy 0.9 18 1.7 1.5 1.4 1.4
Key indicators
Car and light
truck travel 28 28 1.6 2.1 14 NA
Air travel
(revenue .
passenger-miles) 7.0 5.0 3.1 3.4 2.8 NA

Average new car
fuel efficiency 45 0.5 0.6 0.5 0.9 NA

Gasoline prices 1.8 -3.1 0.3 0.5 -0.1 0.1
NA =not available.

Electricity

Comparison across forecasts shows slight variation
in projected electricity sales (Table 18). Sales
projections for 2020 range from 1,349 billion kilo-
watthours (DRI to 1,635 billion kilowatthours
(WEFA) for the residential sector, as compared with
the AEO99 reference case value of 1,557 billion kilo-
watthours. The forecasts for total electricity sales in
2020 range from 4,279 billion kilowatthours (DRI) to
4,581 billion kilowatthours (WEFA). All the pro-
jections for total electricity sales in 2020 fall within
the range of the AEO99 low and high economic

growth cases (4,013 and 4,687 billion kilowatthours,
respectively). Different assumptions governing
expected economic activity, coupled with diversity in
the estimation of penetration rates for energy-

efficient techmnologies, are the primary reasons for
variation among the forecasts.

All the forecasts compared here agree that stable
fuel prices and slow growth in electricity demand
relative to GDP growth will tend to keep the price of
electricity stable—or declining in real terms—until
2020.

Both the DRI and GRI forecasts assume that the
electric power industry will be fully restructured,
resulting in average electricity prices that approach
long-run marginal costs. AEQO99 also assumes that
competitive pressures will grow and continue to
push prices down until the later years of the
projections. AEO99 also assumes that increased
competition in the electric power industry will lead
to lower operating and maintenance costs, lower
general and administrative costs, early retirement
of inefficient generating units, and other cost re-
ductions. Further, in the DRI forecast, it is assumed
that time-of-use electricity rates will cause some
flattening of electricity demand (lower peak period
sales relative to average sales), resulting in better
utilization of capacity and capital cost savings.

The distribution of sales among sectors affects the
mix of capacity types needed to satisfy sectoral de-
mand. Although the AEO99 mix of capacity among
fuels is similar to those in the other forecasts, small
differences in sectoral demands across the forecasts
lead to significant changes in capacity mix. For
example, growth in the residential sector, coupled
with an oversupply of baseload capacity, resultsin a
need for more peaking and intermediate capacity
than baseload capacity. Consequently, generators
are expected to plan for more combustion turbine
and fuel cell technology than coal, oil, or gas steam
capacity.
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Table 18, Comparison of electricity forecasts (billion kilowatthours, except where noted)

AEQ099 Other forecasts
Projection Low High
Reference economic economic WEFA GRI DRI
growth growth
2015

Average end-use price
(1997 cents per kilowatthour) 58 5.4 6.3 5.76 5.30 5.40
Residential 7.3 6.7 7.9 7.10 6.90 6.80
Commercial 6.2 5.6 6.8 6.29 6.20 5.80
Industrial 3.8 3.5 4.1 3.82 3.10 3.80
Net energy for load 4,415 4,153 4,680 4,573 4,733 4,639
Coal 2,151 2,081 2,225 2,243 - 2,563 2,428
oil 26 23 26 48 32 121
Natural gas 1,213 1,047 1,353 1,187 1,099 1,022
Nuclear 419 411 419 479 453 582
Hydroelectric/other e 400 394 412 351 407 444
Nonutility sales to grid b - 180 170 189 223 168 NA
Net imports 27 27 27 42 39 38
Electricity sales 4,113 3,875 4,355 4,213 4,350 4,062
Residential 1,446 1,389 1,506 1,488 1,456 1,285
Commercial/otherc 1,387 1,345 1,425 1,365 1,363 1,338
Industrial 1,280 1,141 1,423 1,360 1,532 1,440
Capability (gigawatts) de 977 927 1,028 937 881 972
Coal 326 320 336 356 372 403
Oil and gas 470 429 510 392 345 359
Nuclear 56 55 56 65 64 93
Hydroelectric/other @ 124 123 126 124 123 117

2020

Average end-use price
(1997 cents per kilowatthour) 5.6 5.1 6.1 5.56 NA 5.30
Residential 7.1 6.4 7.7 6.84 NA 6.60
Commercial 6.0 5.3 6.6 6.04 NA 5.70
Industrial 3.6 3.3 4.0 3.70 NA 3.70
Net energy for load 4,661 4,289 5,037 4,974 NA 4,883
Coal 2,298 2,139 2,497 2,472 NA 2,638
Oil 24 20 25 49 NA 130
Natural gas 1,349 1,191 1,474 1,463 NA 1,084
Nuclear 359 342 373 372 NA 549
Hydroelectric/other e 419 406 444 351 NA . 443
Nonutility sales to grid b 184 g 171 197 223 NA NA
Net imports 27 27 27 44 NA 36
Electricity sales 4,345 4,013 4,687 4,681 NA 4,279
Residential 1,557 1,478 1,637 1,635 NA 1,349
Commercial/otherc 1,448 1,389 1,505 1,479 NA 1,397
Industrial 1,339 1,146 1,544 1,467 NA 1,534
Capability (gigawatts) % 1,033 963 1,105 1,008 NA 1,013
Coal 343 328 366 389 NA 428
Oil and gas 514 465 557 446 NA 380
Nuclear 49 46 51 48 NA 87
Hydroelectric/othere 127 124 132 124 NA 117

%“Other” includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, other biomass, solar and wind
power, plus a small quantity of petroleum coke. For nonutility generators, “other” also includes waste heat, blast furnace gas, and coke
oven gas,

bFor AE099, includes only net sales from cogeneration; for the other forecasts, also includes nonutility sales to the grid.

“Other” includes sales of electricity to government, railways, and street lighting authorities.

9For DRI, “capability” represents nameplate capacity; for the others, “capability” represents net summer capability.

°GRI generating capability includes only central utility and independent power producer capacity. It does not include cogeneration
capacity in the commercial and industrial sectors, which would add another 60 gigawatts.

Sources: AEO99: AEO99 National Energy Modeling System, runs AEO99B.D100198A (reference case), LMAC99.D100198A (low
economic growth case), and HMAC99.D100198A (high economic growth case). WEFA: The WEFA Group, U.S. Power Outlook (1998).
GRI: Gas Research Institute, GRI Baseline Projection of U.S. Energy Supply and Demand, 1999 Edition (August 1998).
DRI: DRIUMcGraw-Hill, World Energy Service: U.S. Outlook (April 1998).
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Natural Gas

The diversity among published forecasts of natural
gas prices, production, consumption, and imports
(Table 19) indicates the uncertainty of future
market trends. Because the forecasts depend
heavily on the underlying assumptions that shape
them, the assumptions should be considered when
different projections are compared. The forecasts for
total natural gas consumption in 2015 vary from a
high of 32.99 trillion cubic feet in the AEO99 high
economic growth case to a low of 28.43 trillion cubic
feet in the low economic growth case. The variation
in the 2020 projections is even greater, with the
higher projection only 16 percent above the lower
projection in 2015 but 22 percent above the lower
projection in 2020. The high projection for 2020 is
84.81 trillion cubic feet in the AEO99 high economic
growth case, compared with a low of 28.58 trillion
cubic feet in the DRI forecast.

The American Gas Association (AGA) forecast (July
1998) for growth in residential consumption relative
to historical levels is significantly higher than the
others, whereas the DRI and WEFA forecasts of
growth in commercial consumption lag behind the
rest, even by 2020. GRI is the most optimistic about
the future of industrial consumption, in both
absolute and percentage growth terms. By a large
margin, all forecasters expect the greatest growth to
be in the electricity generator sector, with WEFA
leading the pack. The DRI growth rate for generator
consumption of natural gas through 2020 is less
than one-third of WEFA’s forecast (although it
should be noted that DRI includes cogenerators in
this category).

The projections of average lower 48 natural gas well-
head prices in 2015 in the AEO99 high economic

growth and reference cases are higher than the
other forecasts, with the lowest price across all
forecasts coming from WEFA, at 15 percent below

the AEOY9 reference case and 3 percent below the
low economic growth case. By 2020 the wellhead
price forecasts from DRI and WEFA fall within the
range of the AEO99 cases, with DRI above the
AEO099 reference case and WEFA below. Excluding
the AEO99 low economic growth case, the 2015
residential and commercial prices are highest for
GRI and lowest for AGA, with a differential between
the two of $0.79 and $0.97 (18 and 19 percent),
respectively, for the two sectors (however, the AGA
prices do not include some State and local taxes).

The industrial (and to a lesser extent the electricity
generator) sectoral prices are difficult to compare in
absolute terms because of differences in definitions
across the forecasting groups. For 2015, the AEO99
reference case, DRI, and WEFA forecast slight
growth in industrial prices, GRI a slight decline, and
AGA a more significant decline. From 2015 to 2020
the DRI forecast for the industrial price increases
more significantly than the others, which show more
moderate growth or a slight decline (in the AEO99
low economic growth case).

There are significant differences in the projected
growth rates for natural gas prices to electricity
generators. GRI, WEFA, and AGA project a slight
decline through 2015, whereas DRI projects slight
growth and AEO99 more significant growth,
especially in the high economic growth case.
Through 2020, the DRI forecast for gas prices to
electricity generators rises more rapidly, coming
close to the AEOY9 reference case forecast, with the
WEFA and EIA forecasts showing only moderate or
no growth.
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Table 19. Comparison of natural gas forecasts (trillion cubic feet, except where noted)

AEO099 Other forecasts
Projection Low High
Reference | economic | economic WEFA GRI DRI AGA
growth growth
2015
Lower 48 wellhead price
(1997 dollars per thousand cubic feet) 2.62 2.29 2.91 2.23 2.36° 2.2 2310
Dry gas production® 26.11 23.97 28.01 24.83 27.31 23.47 26.75
Net imports 4.78 4.54 5.07 5.14 3.51¢ 5.20 415
Consumption 30.81 28.43 32,99 30.12 . 3128 28.51 30.99
Residential 5.61 5.31 5.90 5.70 5.66 5.79 6.23
Commerciald 3.86 3.73 3.97 3.51 3.91 3.55¢ 4.01
Tndustriald , 9.87 9.20 10.55 9.92 12.95 8.99¢ 10.84
Electricity generators! 8.42 7.33 9.34 8.52 7.19 7.55d 6.77
Otherz 3.05 2.85 3.23 2.47 1.59k 2.64 3.14
End-use prices
(1997 dollars per thousand cubzc feet)
Residential 5.95 5.78 6.11 6.21 6.71 6.61 5921
Commerciald 5.22 4.96 5.47 5.38 5.72 5.69 4.7518
Industrial @ 3.32 2.95 3.65 3.58 2.93 3737 2,764k
Electricity generators/ 3.24 291 3.52 2.67 2.61 2.93 2,61
2020 '
Lower 48 wellhead price .
(1997 dollars per thousand cubic feet) 2.68 2.29 3.09 2.36 NA 2.82 NA
Dry gas production® 27.35 24.93 29.62 26.70 NA 23.33 NA
Net imports 5.02 4.69 5.26 5.31 NA 5.41 NA
Consumption 32,30 29.53 34.81 32.18 NA 28.58 NA
Residential 5.77 5.40 6.13 5.92 NA 6.00 NA
Commercial 2.88 - 372 4.04 3.63 NA 3.53¢ NA
Industriald 10.24 9.30 11.17 10.15 NA 8.99¢ NA
Electricity generators/ 9.16 8.12 10.00 9.83 NA 7.404 NA
Othere 3.24 3.00 3.48 2.65 NA 2.67 NA
End-use prices
(1997 dollars per thousand cubic feet)
Residential 5.91 5.72 6.14 6.13 NA 6.85 NA
Commercial & 5.24 4.93 5.56 5.33 NA 5.93 NA
Industriald 3.40 2.93 3.87 3.687 NA 4.0 NA
Electricity generators/ 3.81 2.90 8.71 2.76 NA 3.23 NA

“Fust purchase price or field acquisition price, because severance taxes and gathering charges are included.

bDoes not include supplemental fuels.

"Includes supplemental fuels.

ncludes gas consumed in cogeneration.
‘Does not include cogenerators.

ncludes independent power producers and does not include cogenerators.
glncludes lease and plant fuels and pipeline fuel.

AIncludes only transportation use.

fDoes not include certain State and local taxes levied on customers.

JOn-system sales or system gas (i.e., does not include gas delivered for the account of others).

*olume-weighted average of “system” gas and “transportation” gas.

NA = Not available.

Note: Assumed conversion factors: electricity generators, 1,022 Btu per cubic foot; other end-use sectors, 1,029 Btu per cubic foot; net
imports, 1,022 Btu per cubic foot; production and other consumption, 1,028 Btu per cubic foot.

Sources: AEO99: AEO99 National Energy Modeling System, runs AEO99B.D100198A (reference case), LMAC99.D100198A (low
economic growth case), and HMAC99.D100198A (high economic growth case). WEFA: The WEFA Group, Natural Gas Outlook (1998).
GRI: Gas Research Institute, GRI Baseline Projection of U.S. Energy Supply and Demand, 1999 Edition (August 1998).
DRI: DRI/McGraw-Hill, World Energy Service: U.S. Outlook (April 1998). AGA: American Gas Assoclatlon, 1998 AGA-TERA Base Case
(July 1998).
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Petroleum

Projected prices for crude oil in the AEO99 low and
high oil price cases bound the 2010 and 2020
projections in five other petroleum forecasts
(Table 20)—the AEO99 reference case, WEFA, GRI,
DRI, and the Independent Petroleum Association of
America (TPAA) (April 1998). Comparisons with
GRI and IPAA forecasts, which do not extend to
2020, apply only to 2010. The AEO99 reference case
oil price projection for 2010 is $1.55 above that of
WEFA, $2.54 above that of DRI, and $3.80 above
that of GRI. By 2020 the AEO99 reference case oil
price falls between the two other forecasts—$1.41
above WEFA and $0.95 below DRI

The AEO99 reference case projection for domestic oil
production in 2010 falls between the WEFA and DRI
projections but is 0.50 million barrels per day short
of the GRI and IPAA projections. The GRI projection
reflects natural gas liquids (NGL) production, which
is higher than in any other case, while IPAA reflects
the second highest production of both crude oil and
NGL. As a result, the GRI and IPAA projections of
total domestic production in 2010 are slightly higher
than even the AFO99 high oil price case. The AEO99
reference case projection for 2020 is comparable to
the DRI and WEFA forecasts. All three projections
are bounded by the AEO99 low and high oil price

cases.

The three AEO99 cases reflect relatively high
projections for petroleum demand in 2010. The low
oil price and reference case projections are higher
than the four other cases, and the high oil price
projection is higher than the IPAA, GRI, and WEFA
forecasts. Demand growth in AEQ99 is relatively

slow between 2010 and 2020, and by 2020 the
AEO099 projections are comparable to the DRI and
WEFA forecasts.

Net petroleum imports in the AEO99 reference and
low price cases are well above the levels of the other
forecasts. The projected percentage of petroleum
consumption from imports, which is an indicator of
the relative direction of production, net imports, and
consumption, is also highest in the AEO99 low oil
price case, followed by the reference case. For 2010
the import share of consumption ranges from 53
percent (IPAA) to 65 percent in the AEO99 low oil
price case. The low IPAA import share reflects
stronger domestic production than in the other
forecasts. The relatively high import share in the
AEO99 low oil price case reflects the lowest
production and highest consumption projections.

For 2020 the import shares range from 61 percent
in the WEFA and AEO99 high oil price cases to
71 percent in the low price case. The WEFA and
AFEO0J99 high oil price cases have the lowest import
shares for different reasons; projected consumption
is relatively high in the WEFA case, whereas
production is high and demand is low in the AEQ99
high oil price case. Although the AEO99 reference
case and DRI have similar import shares at 65 and
64 percent, respectively, they have different import
pictures. The AEO99 reference case reflects net
crude oil imports that are 1.96 million barrels per
day higher than in the DRI forecast and petroleum
product imports that are 1.61 million barrels per
day lower than DRI. The different split between
crude oil and product imports reflects a greater
capacity for refining petroleum products in the
AEO99 reference case.
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Table 20. Comparison of petroleum forecasts (million barrels per day, except where noted)

AFEOQ099 Other forecasts
Projection Low High
Reference | world oil | world oil WEFA GRI DRI IPAA
price price
2010
World oil price
(1997 dollars per barrel) 21.30 14.57 27.33 19.75 17.50s 18.76 NA
Crude oil and NGL production 7.74 7.07 8.22 7.63 8.24 7.99 8.26
Crude oil 5.59 4.96 6.06 5.44 5.56 5.69 5.95
Natural gas liquids 2.15 211 2.16 219 2.68 2.30 2.31
Total net imports 13.70 15.46 12,62 12.06 NA 13.25 11.57
Crude oil 10.97 11.76 10.05 9.79 NA 9.92 NA
Petroleum products 273 3.70 2.57 2.27 NA 3.84 NA
Petroleum demand 22,69 23.60 22,13 21.83 21.46 22,15 21.98
Motor gasoline 10.01 10.20 9.77 8.74 8.72 10.03 9.46
Jet fuel 2.46 2.48 2.44 231 2.24 2.32 2.17
Distillate fuel 3.99 411 3.93 4.03 3.98 3.97 414
Residual fuel 0.72 1.08 0.66 0.93 1.07 0.98 0.95
Other 5.51 5.72 5.33 5.82 5.45 545 5.26
Import share of product supplied
(percent) 60 65 57 55 NA 58 53
2020
World oil price
(1997 dollars per barrel) 22,73 14.57 29.35 21.32 NA 23.68 NA
Crude oil and NGL production 7.41 6.53 7.94 7.40 NA 7.42 NA
Crude oil 4.96 412 5.48 4.90 NA 5.18b NA
Natural gas liquids 245 241 2.46 249 NA 2.24 NA
Total net imports 15.97 18.35 14.63 15.19 NA 15.61 NA
Crude oil 11,97 13.13 11.50 10.95 NA 10.01 NA
Petroleum products 4.00 5.22 3.13 4,24 NA 5.61 NA
Petroleum demand 24.66 25.95 23.96 24.80 NA 24.57 NA-
Motor gasoline 10.69 11.01 10.40 9.61 NA 10.73 NA
Jet fuel 3.03 3.08 2.96 3.13 NA 2.76 NA
Distillate fuel 4.28 4.47 4.21 4.39 NA 4.19 NA
Residual fuel 0.83 1.24 0.78 1.04 NA 0.92 NA
Other 5.82 6.15 5.62 6.64 NA 5.97 NA
Import share of product supplied
(percent) 65 71 61 61 NA 64 NA

“%Composite of U.S. refiners’ acquisition cost.

bIncludes shale and other.
NA = Not available.

Sources: AEQ99: AEQ99 National Energy Modeling System, runs AEO99B.D100198A (reference case), LWOP99.D100298B (low
world oil price case), and HWOP99.D100298B (high world oil price case). WEFA: The WEFA Group, U.S. Energy Outlook (1998). GRI:
Gas Research Institute, GRI Baseline Projection of U.S. Energy Supply and Demand, 1999 Edition (August 1998). DRI: DRI/McGraw-
Hill, World Energy Service: U.S. Outlook (April 1998). IPAA: Independent Petroleum Association of America, IPAA Supply and Demand
Committee Long-Run Report (April 1998).

Energy Information Administration / Annual Energy Outlook 1999

95



Forecast Comparisons

Coal

Coal forecasts by WEFA and DRI are similar to the
AEO99 projections (Table 21). Consumption by
electricity generators in 2015 falls within the range
spanned by the AEO99 low economic growth,
reference, and high economic growth cases (1,073
to 1,148 million tons). Coal consumption in 2015
at domestic coking plants is slightly higher in both
the WEFA (26 million tons) and DRI (24 million
tons) forecasts than in AEO099 (21 to 22 million
tons), reflecting the expectation that the replace-
ment of coke-based steelmaking with electric arc
technology, less coke-intensive inethods with
pulverized coal injection, and advanced non-coke-
based methods will proceed more gradually than
projected in AE099. WEFA and DRI project
industrial/other coal consumption in 2015 at values
that tend toward the lower end of the AEO99 range:
73 and 88 million tons, respectively. The AEO99
range is from 77 through 86 to 94 million tons. The
difference is largely attributable to differing views of
consumption for cogeneration.

Total domestic demand ranges from 1,200 million
tons (WEFA) to 1,247 million tons (DRI), whereas
AEO099 ranges from 1,172 to 1,263 million tons. The
WEFA forecast has an optimistic outlook for net coal
exports, showing 103 million tons, while DRI has 79
million tons and AEO99 has 84 million tons in 2015.
The difference stems from different views of the
competitiveness of U.S. mines in a world market
where competitors with low labor costs and undevel-
oped resources are further aided by the persistent
strength of the dollar in international markets.
Production forecasts follow from the differences in
projected demand, with WEFA suggesting 1,300
million tons in 2015 and DRI 1,327 million tons.
AEQOY99 brackets these values by projecting 1,253
(low economic growth case), 1,294 (reference case)
and 1,346 million tons (high economic growth case).

Although the coal production and consumption
values are similar, WEFA forecasts minemouth and
delivered prices that are about 6 to 10 cents per
million Btu higher than those in AE099, while
DRI’s delivered price (DRI does not forecast
minemouth prices) is another 8 cents per million
Btu above WEFA’s. Coal’s price advantage relative
to natural gas at existing steam boilers may exceed
20 cents per million Btu, so that smaller price

differences have little effect on the quantity
demanded. The different price forecasts arise from
different expectations of labor productivity improve-
ments in mining and from the different market
shares projected for the very low cost, low-sulfur
coals of the Powder River Basin.

In 2020, WEFA and DRI project production totals
that lie between those forecast for the reference and
high economic growth cases in AEO99, stemming
from a different view of total demand and interfuel
competition. However, the entire range is bracketed
by the AEO99 high and low growth cases, with
projected production of 1,281 and 1,447 million tons,
respectively. WEFA and DRI again have slightly
higher coking coal consumption, although their
industrial consumption forecasts compare closely
with the AEQ99 low growth and reference cases.
Differences in net exports follow the pattern estab-
lished in 2015, with AEO99 and DRI projecting 86
and 80 million tons, respectively, and WEFA 119
million tons. Again, delivered prices are as much as
14 (WEFA) to 20 (DRI) cents per million Btu above
the AEQ99 prices, but they have little effect on
demand. Other than the differences in export
tonnage and in minemouth and delivered prices,
the AEO99 values do not differ significantly from
the WEFA and DRI forecasts.

The GRI / Hill & Associates coal forecast (March
1998) describes a different future, especially after
2005 [74]. Although the potential impact of U.S.
implementation of the Kyoto Protocol on greenhouse
gas emissions is specifically excluded, the authors
incorporate the economic burdens that they project
would be placed on coal consumption by full imple-
mentation of the proposals contained in the Clean
Air Power Initiative, which would severely restrict
emissions of particulates. The resulting forecast
shows production growing as in the other forecasts
until 2006. It declines to 957 million tons in 2015
(AEO99 ranges from 1,253 to 1,346 million tons in
2015). By 2020, coal production has fallen to 938
million tons, while that in the other forecasts rises to
between 1,281 and 1,447 million tons.

All elements of the GRI/Hill forecast are equally
pessimistic. Net exports are projected at 59 million
tons in 2015 and 56 million tons in 2020—about half
the WEFA level. Domestic coking coal consumption
falls to 19 million tons in 2015 and 16 million tons in
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2020. And industrial coal consumption is only 67
million tons in 2015 and 65 million tons in 2020
(all sectors of domestic consumption are similarly
depressed by the Clean Air Power Initiative).

These low consumption levels are reached in spite of
low delivered prices to the electricity sector: 95 cents
per million Btu in 2015 and 92 cents per million Btu
in 2020. The other forecasts range from 96 cents

(AEO99 low growth case) to 114 cents (DRI) per
million Btu in 2015, and from 90 to 110 cents per
million Btu in 2020 (again, the AEO99 low growth
case and DRI). The implication is that even if
efficient production, vigorous competition, and
declining real transportation costs keep coal’s
delivered prices low and declining, the costs of
compliance with the Clean Air Power Initiative will
blunt its competitive edge:

Table 21. Comparison of coal forecasts (million short tons, except where noted)

AEO99 Other forecasts
Projection Low High
Reference economic economic WEFA GRIHill DRI
growth growth
2015
Production 1,294 1,253 1,346 1,300 957 1,327
Consumption by sector
Electricity generatione 1,103 1,073 1,148 1,100 801 1,136
Coking plants 22 22 21 26 19 24
Industrial/other 86 77 94 73 67 88
Total 1,211 1,172 1,263 1,200 887 1,247
Net coal exports 84 84 84 103 59 79
Minemouth price
(1997 dollars per short ton) 13.21 12.98 13.39 15.13 NA NA
(1997 dollars per million Btu) 0.63 0.62 0.64 0.70 NA NA
Average delivered price, electricity
(1997 dollars per short ton) 20.03 19.44 20.53 21.78 18.98 23.33
(1997 dollars per million Btu) 0.99 0.96 1.01 1.06 0.95 1.14
2020
Production 1,358 1,281 1,447 1,368 . 938 1,389
Consumption by sector
Electricity generations 1,166 1,098 1,242 1,199 789 1,196
Coking plants 20 20 19 24 16 21
Industrial/other 89 76 102 76 65 88
Total 1,275 1,195 1,363 1,299 870 1,305
Net coal exports 86 86 86 119 56 80
Minemouth price
(1997 dollars per short ton) 12.74 12.47 12.89 14.95 NA NA
(1997 dollars per million Btu) 0.62 0.60 0.62 0.69 NA NA
Average delivered price, electricity
(1997 dollars per short ton) 18.77 18.03 19.33 21.42 18.19 22.52
(1997 dollars per million Btu) 0.93 0.90 0.96 1.04 0.92 1.10

@The DRI and AEO99 forecasts for electricity generation include nonutility generators. Consumption by industrial cogenerators is
included in industrial consumption. The WEFA values for electricity consumption have been adjusted by including consumption by

nonutility generators (11.2 million tons in 2015 and 2020).
NA = Not available,
Btu = British thermal unit,

Sources: AE099: AEO99 National Energy Modeling System, runs AEQ99B.D100198A (reference case), LMAC99.D100198A (low
economic growth case), and HMAC99.D100198A (high economic growth case). WEFA: The WEFA Group, U.S. Erergy Outlook (1998).
GRV/Hill: Gas Research Institute, Final Report, Coal Demand and Price Projections, Vol. I, GRI-98/0053.1 (March 1998).
DRI: DRUMcGraw-Hill, World Energy Service: U.S. Outlook (April 1998).
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AD
AEQ98
AE0O99
AFVs
AGA
API
BTAB
CAAA90
CCAP
CDM
CFCs
CNG
CoO
CO2
DOE
DRI
EIA

EOR
EPA

EPACT
ETBE
EU
FERC

GDP
GRI
HAPs
HCFCs
HFCs
IEA
IEO98
IGCC

IMF
INGAA

IPAA

IPCC

LDCs
LEVP

98

Associated/dissolved natural gas
Annual Energy Outlook 1998

Annual Energy Outlook 1999
Alternative-fuel vehicles

~ American Gas Association

American Petroleum Institute
BT Alex Brown

Clean Air Act Amendments of 1990
Climate Change Action Plan
Clean Development Mechanism
Chlorofluorocarbons
Compressed natural gas
Carbon monoxide

Carbon dioxide

U.S. Department of Energy
DRI/McGraw-Hill

Energy Information Administration
Enhanced oil recovery
U.S. Environmental Protection Agency

Energy Policy Act of 1992
Ethyl tertiary butyl ether
European Union

Federal Energy Regulatory
Commission

Gross domestic product

Gas Research Institute
Hazardous air pollutants
Hydrochlorofluorocarbons
Hydrofluorocarbons
International Energy Agency
International Energy Outlook 1998

Integrated coal gasification combined
cycle

International Monetary Fund

Interstate Natural Gas Association
of America

Independent Petroleum Association
of America

Intergovernmental Panel on
Climate Change

Local distribution companies
Low Emission Vehicle Program

NRCan
0oCSs
OECD

OTAG
OTR
PBF

PEL
PFCs

" PIRA

PM
ppm
QUICS
RECs
RPS
SCR
SNCR
SOz
SPR
STEO
ULEVs
VOCs
WEFA
ZEVs

Low emission vehicles
Liquefied natural gas

Maximum Achievable Control
Technology

National Ambient Air Quality
Standards

National Energy Modeling System

National emissions standards for
hazardous air pollutants

Natural gas liquids

Natural Gas Supply Association
National Low Emissions Vehicle
Notice of proposed rulemaking
Nitrogen oxides

National Petroleum Council
National Petrochemical and Refiners
Association

Natural Resources Canada

U.S. Outer Continental Shelf

Organization for Econhomic
Cooperation and Development

Ozone Transport Assessment Group
Ozone Transport Rule

Public benefit fund

Petroleum Economics, Ltd.
Perfluorocarbons

Petroleum Industry Research
Associates, Inc.

Particulate matter

Parts per million

Qualifying industrial customer scheme
Regional Electricity Companies
Renewable portfolio standard
Selective catalytic reduction
Selective noncatalytic reduction
Sulfur dioxide

Strategic Petroleum Reserve
Short-Term Energy Outlook
Ultra-low emission vehicles
Volatile organic compounds
WEFA Group

Zero emission vehicles
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Text Notes

Page 10
[1] The tax of 4.3 cents per gallon is in nominal terms.

Page 11
[2] Energy Information Administration, Mitigating
Greenhouse Gas Emissions: Voluntary Reporting,

DOL/EIA-0608(96) (Washington, DC, October 1997).

[3] For maps and information, see National Oceanic and
Atmospheric Administration, web site www.
sanctuaries.noaa.gov.

[4] For details, see Federal Energy Regulatory Commis-

" sion, web site www.ferc.fed.us.

[5] U.S. Environmental Protection Agency, Office of
Mobile Sources, Tier 2 Report to Congress, EPA-420-
R-98-008 (Washington, DC, July 1998).

Page 12

[6] California Air Resource Board, Proposed Regulations
for Low Emission Vehicles and Clean Fuels, Staff
Report (August 13, 1990).

[7] NOx emissions together with emissions of volatile
organic compounds are major precursors to ozone
formation.

[8] Federal Register 62 60318 (November 7, 1997).

Page 13
[9] Energy Information Administration, Impacts of the
Kyoto Protocol on U.S. Energy Markets and Economic
Activity, SR/OIAF/98-03 (Washington, DC, October
1998).

Page 14

[10] U.S. Environmental Protection Agency, 40 CFR Part
63, Federal Register, Vol. 63, No. 25 (February 6,
1998).

[11] Clean Air Report, Vol. 9, No. 19 (September 17, 1998),
p. 26.

[12] U.S. Environmental Protection Agency, 40 CFR Part
63, Federal Register, Vol. 63, No. 176 (September 11,
1998).

[13] The status of State restructuring efforts is changing
constantly. For an up-to-date summary of State
efforts, see Energy Information Administration,
web site www.eia.doe.gov/cneaf/electricity/chg_str/
tab5rev. html.

[24] Rhode Island began allowing some larger customers
to choose their suppliers in 1997.

[15] California originally planned to open the market on
January 1, 1998, but computer software problems
delayed the opening.

Page 15
[16] For more discussion of the treatment of stranded
costs, see Energy Information Administration, The

Changing Structure of the Electric Power Industry:
Selected Issues, 1998, DOE/EIA-0562(98) (Washing-
ton, DC, July 1998).

Page 21
[17] “NGSA: Return-on-Equity Fair Despite Protests by
Pipelines,” Natural Gas Week (March 9, 1998), p. 6.
[18] The AEO99 assumptions about onshore undiscovered
technically recoverable resources are based on the
United States Geological Survey (USGS) report, 1995
National Assessment of United States Oil and Gas
Resources. For natural gas, the USGS resource esti-
mates (as of January 1, 1994) vary from 207.1 trillion
cubic feet at a 95-percent confidence interval to 329.1
trillion cubic feet at a 5-percent confidence interval,
20 percent below and 27 percent above, respectively,
the mean estimate used in AEO99 (258.7 trillion
cubic feet). The AEO99 offshore estimates are based
on the Minerals Management Service (MMS) report,
An Assessment of the Undiscovered Hydrocarbon
Potential of the Nation’s Quter Continental Shelf,
with resource estimates as of January 1, 1995. The
MMS estimates vary from 82.3 trillion cubic feet at a
95-percent confidence level to 110.3 trillion cubic feet
at a 5-percent confidence level, 14 percent below and
-15 percent above the mean estimate used in AEO99
(95.7 trillion cubic feet). The ranges of the estimates
indicate their uncertainty.
Page 22
[19] “Simmons: Offshore Rig Shortage Looms,” Oil and
Gas Journal (April 27, 1998), p. 24.
[20] Federal Energy Regulatory Commission, Office of
Pipeline Regulation, Case Tracking System.
[21} Energy Information Administration, Office of Energy
Markets and End Use.

Page 23

[22] U.S. Department of Energy, Comprehensive Electric-
ity Competition Plan (Washington, DC, March 1998).
See web site www.hr.doe.gov/electric/cecp.htm.

[23] U.S. Department of Energy, “Comprehensive Elec-
tricity Competition Act,” web site www.doe.gov/ceca/
ceca.htm.

[24] Note that the impacts of the existing State RPS

programs are included in both the reference and the
Federal RPS case.

Page 26

[25] Efficiency in the economic sense means that there are
no wasted resources; that is, no additional consump-
tion could occur without reducing something else.

[26] J.C. Bonbright, A.L. Danielsen, and D.R. Kamer-
schen, Principles of Public Utility Rates, Second
Edition (Arlington, VA: Public Utility Reports, Inc.,
1988), pp. 410-477.

[27] J. Surrey, ed., The British Electricity Experiment
(Earthscan Publications, 1996), p. 196.

[28] Energy Information Administration, Natural Gas

Annual 1991, DOE/EIA-0131(91) (Washington, DC,
October 1992), pp. 44-45. It is likely that Figure 17
underestimates the margin between industrial and
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other customers. An increasing number of options are
available to industrial customers, and the data reflect
only the subset that have not chosen to leave their
local distribution companies. -

Page 27

[29] 4.C. Bonbright, A.L. Danielsen, and D.R. Kamer-
schen, Principles of Public Utility Rates, Second
Edition (Arlington, VA: Public Utility Reports, Inc.,
1988), p. 425.

[80] Such an approach was found to be economically opti-
mal by Ramsey some 70 years ago. See F.P. Ramsey,
“A Contribution to the Theory of Taxation,” Economic
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Energy Information Administration, Emissions of Green-
house Gases in the United States 1997, DOE/EIA-
0573(97) (Washington, DC, October 1998). Projections:
Energy Information Administration, Impacts of the Kyoto
Protocol on U.S. Energy Markets and Economic Activity,
SR/OIAF/98-03 (Washington, DC, October 1998).

Figure 24. Carbon prices in six Kyoto Protocol
analysis cases, 1996-2020 (page 35): Energy Informa-
tion Administration, Impacts of the Kyoto Protocol on U.S.
Energy Markets and Economic Activity, SR/OIAF/98-03
(Washington, DC, October 1998).

Figure 25. Projected fuel shares of U.S. energy con-
sumption in two Kyoto Protocol analysis cases, 2010
(page 35): Energy Information Administration, Impacts of
the Kyoto Protocol on U.S. Energy Markets and Economic
Activity, SRIOIAF/98-08 (Washington, DC, October 1998).
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Figure 26. Annual GDP growth rates in four Kyoto
Protocol analysis cases, 2005-2010 (page 36): Energy
Information Administration, Impacts of the Kyoto Protocol
on U.S. Energy Markets and Economic Activity, SRIOIAF/
98-03 (Washington, DC, October 1998).

Figure 27. Annual GDP growth rates in four Kyoto
Protocol analysis cases, 2005-2020 (page 36): Energy
Information Administration, Impacts of the Kyoto Protocol
on U.S. Energy Markets and Economic Activity, SRIOIAF/
98-03 (Washington, DC, October 1998).

Figure 28. Projected carbon prices in four Kyoto
Protocol sensitivity analysis cases, 2010 (page 37):
Energy Information Administration, Impacts of the Kyoto
Protocol on U.S. Energy Markets and Economic Activity,
SR/OIAF/98-03 (Washington, DC, October 1998).

Figure 29. U.S. carbon emissions by sector and fuel,
1990-2020 (page 38): History: Energy  Information
Administration, Emissions of Greenhouse Gases in the
United States 1997, DOE/EIA-0573(97) (Washmgton DC,
October 1998). Projections: Table A19.

Figure 30. U.S. energy intensity in three cases, 1997—
2020 (page 40): Table F5.

Figure 31. U.S. energy consumption in three cases,
1997-2020 {(page 40): Table F5.

Figure 32. U.S. carbon emissions in three cases,
1997-2020 (page 41): Table F5.

Figure 33. Average annual real growth rates of
economic factors, 1997-2020 (page 44): History:

Bureau of Economic Analysis, U.S. Department of Com-
merce. Projections: AEO99 National Energy Modeling
System, run AEO99B.D100198A.

Figure 34. Sectoral composition of GDP growth,
1997-2020 (page 44): History: Bureau of Economic
Analysis, U.S. Department of Commerce. Projections:
AEQ99 National Energy Modeling System, run AEO99B.
D100198A.

Figure 35. Average annual real growth rzites of
economic factors in three cases, 1997-2020 (page 45):
History: Bureau of Economic Analysis, U.S. Department
of Commerce. Projections: AEO99 National Energy
Modeling System, runs AEQ99B.D100198A, HMAC99.
~ D100198A, and LMAC99.D100198A. © -

Figure 36. Annual GDP growth rate for the preced-
ing 20 years, 1970-2020 (page 45): History: Bureau
of Economic Analysis, U.S. Department of Commerce.
Projections: AEO99 National Energy Modeling System,
runs AEO99B.D100198A, HMAC99.D1001984A, and
LMAC99.D100198A.

Figure 37. World oil prices in three cases, 1970-2020
(page 46): History: Energy Information Administration,
Annual Energy Review 1997, DOE/EIA-0384(97) (Wash-
ington, DC, July 1998). Projections: Tables Al and C1.

Figure 38. OPEC oil production in three cases, 1970-
2020 (page 46): History: Energy Information Admin-
istration, International Petroleum Statistics Report,
DOE/EIA-0520(98/08) (Washington, DC, August 1998).
Projections: Tables A21 and C21.

Figure 39. Non-OPEC oil production in.three cases,
1970-2020 (page 47): History: Energy Information
Administration, International Petroleum Statistics
Report, DOE/EIA-0520(98/08) (Washington, DC, August
1998). Projections: Tables A21 and C21.

Figure 40. Persian Gulf share of worldwide oil
exports, 1965-2020 (page 47): History: Energy Informa-
tion Administration, International Petroleum Statistics
Report, DOE/EIA-0520(98/08) (Washington, DC, August
1998). Projections: AEO99 National Energy Modeling
System, runs AEO99B.D100198A, HWOP99. D100298B,
and LWOP99.D100298B.

Figure 41. U.S. gross petroleum imports by source,
1997-2020 (page 48): AEO99 National Energy Modeling
System, run AEO99B.D100198A; and World Oil, Re-
fining, Logistics, and Demand (WORLD) Model, run
AEQ99B. A

Figure 42. Worldwide refining capacity by region,
1997 and 2020 (page 48): History: Oil and Gas Journal,
Energy Database (January 1997). Projections: AEQ99
National Energy Modeling System, run AEQ99B.
D100198A; and World Oil, Refining, Logistics, and
Demand (WORLD) Model, run AEO99B.

Figure 43. Primary and delivered energy consump-
tion, excluding transportation use, 1970-2020 (page
49): History: Energy Information Administration,
Annual Energy Review 1997, DOE/EIA-0384(97) (Wash-
ington, DC, July 1998). Projections: Table A2.

Figure 44. Energy use per capita and per dollar of
gross domestic product, 1970-2020 (page 49): History:
Energy Information Administration, Annual Energy
Review 1997, DOE/EIA-0384(97) (Washington, DC, July
1998). Projections: Table A2.

Figure 45. Primary energy use by fuel, 1970-2020
(page 50): History: Energy Information Administration,
Annual Energy Review 1997, DOE/EIA-0384(97) (Wash-
ington, DC, July 1998). Projections: Table A2.

Figure 46. Primary energy use by sector, 1970-2020
(page 50): History: Energy Information Administration,
State Energy Data Report 1995, DOE/EIA-0214(95)
(Washington, DC, December 1997), and preliminary 1996
and 1997 data. Projections: Table A2.

Figure 47. Residential primary energy consump-
tion by fuel, 1970-2020 (page 51): History: Energy
Information Administration, State Energy Data Report
1995, DOE/EIA-0214(95) (Washington, DC, December
1997), and preliminary 1996 and 1997 data. Projections:
Table A2.
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Figure 48. Residential primary energy consump-
tion by end use, 1990, 1997, 2010, and 2020 (page 51):
History: Energy Information Administration, Resi-
dential Energy Consumption Survey 1990, DOE/EIA-
0321(90) (Washington, DC, February 1993). Projections:
Table A4,

Figure 49, Efficiency indicators for selected resi-
dential appliances, 1998 and 2020 (page 52): Arthur D.
Little, Inc.,, “EIA Technology Forecast Updates,”
Reference No. 37125 (September 2, 1998), and AEO99
National Energy Modeling System, run AEQ99B.
D100198A.

Figure 50. Commercial nonrenewable primary
energy consumption by fuel, 1970-2020 (page 52):
History: Energy Information Administration, State
Energy Data Report 1995, DOE/EIA-0214(95) (Washing-
ton, DC, December 1997), and preliminary 1996 and 1997
data. Projections: Table A2.

Figure 51. Commercial primary energy consump-
tion by end use, 1997 and 2020 (page 53): Table A5.

Figure 52, Industrial primary energy consumption
by fuel, 1970-2020 (page 53): History: Energy Informa-
tion Administration, State Energy Data Report 1995,
DOE/EIA-0214(95). Projections: Table A2.

Figure 53. Industrial primary energy consumption
by industry category, 1990-2020 (page 54): AEO99
National Energy Modeling System, run AEO99B.
D100198A.

Figure 54. Industrial delivered energy intensity by
component, 1990-2020 (page 54): AEO99 National
Energy Modeling System, run AEO99B.D100198A.

Figure 55. Transportation energy consumption by
fuel, 1975, 1997, and 2020 (page 55): History: Energy
Information Administration, Short-Term Energy Outlook,
DOE/EIA-0202(98/3Q) (Washington DC, July 1998),
September update, and State Energy Data Report 1995,
DOE/EIA-0214(95) (Washington, DC, December 1997).
Projections: Table A2.

Figure 56. Transportation stock fuel efficiency by
mode, 1997-2020 (page 55): AEO99 National Energy
Modeling System, run AEOQ99B.D100198A.

Figure 57. Alternative-fuel vehicle sales by type of
demand, 1997-2020 (page 56): AEO99 National Energy
Modeling System, run AEO99B.D100198A.

Figure 58. Alternative-fuel light-duty vehicle sales
by fuel type, 1997-2020 (page 56): AEO99 National
Energy Modeling System, run AEO99B.D100198A.

Figure 59, Variation from reference case primary
energy use by sector in two alternative technology
cases, 2010, 2015, and 2020 (page 57): Tables A2, F1, F2,
F3, and F4.

Figure 60. Variation from reference case primary
residential energy use in three alternative cases,
2000-2020 (page 57): Tables A2 and F1.

Figure 61. Cost and investment changes for selected
residential appliances in the best available technol-
ogy case, 2000-2020 (page 58): Table A2 and AEQ99
National Energy Modeling System, runs AEQ99B.
D100198A, RSBASE.D1005984A, and RSHTEK.
D100598B.

Figure 62. Present value of investment and savings
for residential appliances in the best available
technology case, 2000-2020 (page 58): Table A2 and
AEO99 National Energy Modeling System, runs
AEQ99B.D100198A, RSBASE.D100598A, and RSHTEK.
D100598B. .

Figure 63. Variation from reference case primary
commercial energy use in three alternative cases,
2000-2020 (page 58): Tables A2 and F2.

Figure 64. Industrial primary energy intensity in
two alternative technology cases, 1990-2020 (page
59): Tables A2 and F3.

Figure 65. Changes in key components of the trans-
portation sector in two alternative cases, 2020 (page
59): Table A2 and AEO99 National Energy Modeling
System, runs AEO99B.D100198A, FZTECH.D100898A,
and HITECH. D100898A.

Figure 66. Population, gross domestic product, and
electricity sales growth, 1960-2020 (page 60):
History: Energy Information Administration, Annual
Energy Review 1997, DOE/EIA-0384(97) (Washington,
DC, July 1998). Projections: Tables A8 and A20.

Figure 67. Annual electricity sales by sector, 1970-
2020 (page 60): History: Energy Information Admin-
istration, Annual Energy Review 1997, DOE/EIA-
0384(97) (Washington, DC, July 1998). Projections:
Table A8.

Figure 68. New generating capacity and retire-
ments, 1996-2020 (page 61): Table A9.

Figure 69. Electricity generation and cogeneration
capacity additions by fuel type, 1996-2020 (page 61):
Table A9.

Figure 70. Fuel prices to electricity suppliers and
electricity price, 1990-2020 (page 62): History: Energy
Information Administration, Annual Energy Review 1997,
DOE/EIA-03884(97) (Washington, DC, July 1998). Projec-
tions: Tables A3 and AS8.

Figure 71. Electricity prices in five regions in tran-
sition to competitive markets, 1997-2020 (page 62):
History: Energy Information Administration, Form EIA-
861, “Annual Electric Utility Report.” Projections:
AE099 Modeling System, run AEO99B.D100198A.

Figure 72. Electricity generation costs, 2005 and
2020 (page 63): AEQ99 National Energy Modeling
System, run AEO99B.D100198A.

Figure 73. Average fuel costs for coal- and gas-fired
generating plants, 1980-2020 (page 63): History:
Energy Information Administration, Annual Energy
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Review 1997, DOE/EIA-0384(97) (Washington, DC, July
1998). Projections: AEO99 National Energy Modeling
System, run AEQO99B.D100198A.

Figure 74. Electricity generation by fuel, 1997 and
2020 (page 64): Table A8.

Figure 75. Operable nuclear power capacity by age
of plant, 2000, 2010, and 2020 (page 64): AEQ99
National Energy Modeling System, run AEO99B.
D100198A. ‘ o

Figure 76. Operable nuclear capacity in three cases,
1996-2020 (page 65): Table F6.
Figure 77. Cumulative new generating capacity by

type in two cases, 1997-2020 (page 65): Tables A9 and
F7. :

Figure 78. Cumulative new generating capalcit';y by
type in three cases, 1997-2020 (page 66): Tables A9 and
Bo.

Figure 79. Cumulative new electricity generating
capacity by technology type in three cases, 1997-
2020 (page 66): AEO99 National Energy Modeling Sys-
tem, runs AEO99B.D100198A, HTECEL.D100798A, and
LTECEL.D100398A.

Figure 80. Grid-connected electricity generation
from renewable energy sources, 1970-2020 (page 67):
History: Energy Information Administration, Annual
Energy Review 1997, DOE/EIA-0384(97) (Washington,
DC, July 1998). Projections: Table A17. Note: Data for
nonutility producers are not available before 1989.

Figure 81. Nonhydroelectric renewable electriéity
generation by energy source, 1997, 2010, and 2020
(page 67): Table A17.

Figure 82. Nonhydroelectric renewable electnclty
generation in two cases, 2020 (page 68): Tables A17
and F11.

Figure 83. Wind-powered electricity generating
capacity in two cases, 1985-2020 (page 68): 1985-1988:
California Energy Commission. 1989-1997: Energy
Information Administration, Annual Energy Review 1997,
DOE/EIA-0384(97) (Washington, DC, July 1998). PrOJec-
tions: Tables A17 and F11.

Figure 84. Lower 48 crude oil wellhead prices, 1970-
2020 (page 69): History: Energy Information Admin-
istration, Annual Energy Review 1997, DOE/EIA-
0384(97) (Washington, DC, July 1998). Projections:
Tables A15 and C15.

Figure 85. U.S. petroleum consumption in five
cases, 1970-2020 (page 69): History: Energy Informa-
tion Administration, Annual Energy Review 1997, DOE/
EIA-0384(97) (Washington, DC, July 1998). Projections:
Tables All, B11, and C11.

Figure 86. Lower 48 natural gas wellhead prices,
1970-2020 (page 69): History: Energy Information
Administration, Annucl Energy Review 1997, DOE/EIA-
0384(97) (Washington, DC, July 1998). Projections:

Tables Al and B1. Note: Prices are converted to 1997
dollars.

Figure 87. Successful new lower 48 natural gas and
oil wells in three cases, 1970-2020 (page 70): History:
Energy Information Administration, Office of Integrated
Analysis and Forecasting, computations based on well
reports submitted to the American Petroleum Institute.
Projections: AEO99 National Energy Modeling System,
runs AEO099B.D100198A, LWOP99.D100298B, and
HWOP99.D100298B.

Figure 88. Lower 48 natural gas reserve additions
in three cases, 1970-2020 (page 70): 1970-1976: Energy
Information Administration, Office of Integrated Analysis
and Forecasting, computations based on well reports sub-
mitted to the American Petroleum Institute. 1977-1996:
Energy Information Administration, U.S. Crude Oil,
Natural Gas, and Natural Gas Liquids Reserves, DOE/
ETA-0216(96) (Washington, DC, October 1997).1997 and
Projections: AEQ99 National Energy Modeling System,
runs AEQO99B.D100198A, LWOP99.D100298B, and
HWOP99.D100298B.

Figure 89. Lower 48 crude oil reserve additions in
three cases, 1970-2020 (page 70):.1970-1976: Energy
Information Administration, Office of Integrated Analysis
and Forecasting, computations based on well reports
submitted to the American Petroleum Institute. 1977-
1996: Energy Information Administration, U.S. Crude
Oil, Natural Gas, and Natural Gas Liquids Reserves,
DOE/EIA-0216(96) (Washington, DC, October 1997).
1997 and Projections: AEO099 National Energy
Modeling System, runs AEO99B.D100198A, LWOP99.
D100298B, and HWOP99.D100298B.

Figure 90. Natural gas production by source, 1970-
2020 (page 71): History: Total Production, 1970-1991:
Energy Information Administration, Annual Energy Re-
view 1993, DOE/EIA-0384(93) (Washington, DC, July
1994). Total Production, 1992-1995: Energy Informa-
tion Administration, Natural Gas Annual 1995, DOE/
EIA-0131(95) (Washington, DC, November 1996). Total
Production, 1996: Energy Information Administration,
Office of Integrated Analysis and. Forecasting. Alaska,
1970-1984: Energy Information Administration, Natural
Gas Annual 1985, DOE/EIA-013(85) (Washington, DC,
October 1986). Alaska, 1985-1989: Energy Information
Administration, Natural Gas Annual 1989, DOE/EIA-
0131(89) (Washington, DC, September 1990). Alaska,
1990-1995: Energy Information Administration, Natural
Gas Annual 1995, DOE/EIA-0181(95) (Washington, DC,
November 1996). Alaska, 1996: Energy Information
Administration, Office of Integrated Analysis and Fore-
casting. Offshore, 1970-1976: Minerals Management
Service, Federal Offshore Statistics: 1991. Offshore,
1977-1996: Energy Information Administration, U.S.
Crude Oil, Natural Gas, and Natural Gas Liquids
Reserves, DOE/EIA-216 (annual reports, 1977-1996).
Unconventional Gas, 1978-1986: Energy Information
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Administration, Drilling and Production Under Title I of
the Natural Gas Policy Act, 1978-1986, DOE/EIA-0448
(Washington, DC, January 1989). Unconventional Gas,
Preliminary 1987-1996: Energy Information Adminis-
tration, Office of Integrated Analysis and Forecasting.
Associated-Dissolved and Nonassociated Gas, 1970-
1976: American Petroleum Institute, Reserves of Crude
Oil, Natural Gas Liquids, and Natural Gas in the United
States and Canada (annual reports, 1970-1976).
Associated-Dissolved and Nonassociated Gas, 1977-
1996: Energy Information Administration, U.S. Crude
Oil, Natural Gas, and Natural Gas Liquids Reserves,
DOE/EIA-0216 (annual reports, 1977-1996), 1997 and
Projections: AEO99 National Energy Modeling System,
run AEO99B.D100198A. Note: Unconventional gas
recovery consists principally of production from reservoirs
with low permeability (tight sands) but also includes
methane from coal seams and gas from shales.

Figure 91. Natural gas production, consumption,
and imports, 1970-2020 (page 71): History: Energy
Information Administration, Annual Energy Review 1997,
DOE/ETA-0384(97) (Washington, DC, July 1998). Projec-
tions: Table A13.

Figure 92. Natural gas consumption in five cases,
1970-2020 (page 72): History: Energy Information
Administration, Annual Energy Review 1997, DOE/EIA-
0384(97) (Washington, DC, July 1998). Projections:
Tables A13, B13, and C13.

Figure 93. Pipeline capacity expansion by Census
division, 1997-2020 (page 72): AEO99 National Energy
Modeling System, run AEQ99B.D100198A.

Figure 94. Pipeline capacity utilization by Census
division, 1997 and 2020 (page 72): AEO99 National
Energy Modeling System, run AEO99B.D100198A.

Figure 95. Natural gas end-use prices by sector,
1970-2020 (page 73); History: Energy Information
Administration, Annual Energy Review 1997, DOE/EIA-
0384(97) (Washington, DC, July 1998). Projections:
Table A14.

Figure 96. Wellhead share of natural gas end-use
prices by sector, 1970-2020 (page 73): History: Energy
Information Administration, Annual Energy Review 1997,
DOE/EIA-0384(97) (Washington, DC, July 1998). Projec-
tions: AEO99 National Energy Modeling System, run
AEQ99B.D100198A.

Figure 97. Lower 48 crude oil and natural gas end-
of-year reserves in three cases, 1997-2020 (page 74):
Table F12.

Figure 98. Lower 48 natural gas wellhead prices in
three cases, 1970-2020 (page 74): History: Energy
Information Administration, Annual Energy Review 1997,
DOE/EIA-0384(97) (Washington, DC, July 1998). Projec-
tions: Table F12, Note: Prices converted to 1997 dollars.

Figure 99. Lower 48 natural gas production in three
cases, 1997-2020 (page 75): Table F12.

Figure 100. Lower 48 crude oil production in three
cases, 1997-2020 (page 75): Table F12.

Figure 101. Crude oil production by source, 1970-
2020 (page 76): History: Total Production and
Alaska: Energy Information Administration, Annual
Energy Review 1997, DOE/EIA-0384(97) (Washington,
DC, July 1998). Lower 48 Offshore, 1970-1985: U.S.
Department of the Interior, Federal Offshore Statistics:
1985. Lower 48 Offshore, 1986-1996: Energy Informa-
tion Administration, Petroleum Supply Annual, DOE/
EIA-0340 (annual reports, 1986-1996). Lower 48
Onshore: Energy Information Administration, Office of
Integrated Analysis and Forecasting. Lower 48 Con-
ventional: Energy Information Administration, Office of
Integrated Analysis and Forecasting. Lower 48
Enhanced Oil Recovery: Energy Information Admin-
istration, Office of Integrated Analysis and Forecasting.
1997 and Projections: Table A15.

Figure 102. Petroleum supply, consumption, and
imports, 1970-2020 (page 76): History: Energy Informa-
tion Administration, Annual Energy Review 1997, DOE/
EIA-0384(97) (Washington, DC, July 1998). Projections:
Tables All, B1l1, and C11. Note: Production includes
domestic crude oil and natural gas plant liquids, other
crude supply, other inputs, and refinery processing gain.
Figure 103. Share of U.S. petroleum consumption
supplied by net imports, 1970-2020 (page 77):
History: Energy Information Administration, Annual
Energy Review 1997, DOE/EIA-0384(97) (Washington,
DC, July 1998). Projections: Tables A11 and C11.

Figure 104. Domestic refining capacity, 1975-2020
(page 77): History: Energy Information Administration,
Annual Energy Review 1997, DOE/EIA-0384(97) (Wash-
ington, DC, July 1998). Projections: Tables All and
Bi1.

Figure 105. Change in petroleum consumption by

sector in five cases, 1997-2020 (page 78): 1997: Energy
Information Administration, Petroleum Supply Annual
1997, DOE/EIA-0340(97)/1 (Washington, DC, June 1998).
Projections: Tables Al11, B11, and C11.

Figure 106. Components of refined product costs,
1997 and 2020 (page 78): Taxes: J.E. Sinor Consultants,
Inc., Clean Fuels Report, Vol. 8, No. 1 (February 1996),
and Federal Highway Administration, Monthly Motor
Fuels Report by State (Washington, DC, March 1997).
1997: Estimated from Energy Information Administra-
tion, Petroleum  Marketing Monthly, DOE/EIA-
0380(98/03) (Washington, DC, March 1998), Tables 2 and
4. Projections: Estimated from AEO99 National Energy
Modeling System, run AEO99B.D100198A.

Figure 107. Coal production by region, 1970-2020
(page 79): History: Energy Information Administration,
Annual Energy Review 1997, DOE/EIA-0384(97) (Wash-
ington, DC, July 1998). Projections: Table A16.
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Figure 108. Average minemouth price of coal by
region, 1990-2020 (page 79): History: Energy Infor-
mation Administration, Coal Industry Annual 1997,
DOE/ETA-0584(97) (Washington, DC, November 1998)

Projections: AEO99 National Energy Modeling System,
run AEQ99B.D100198A. . '

Figure 109. Coal mining labor productivity by
region, 1990-2020 (page 79): History: Energy Informa-
tion Administration, Coal Industry Annual 1997, DOE/
EIA-0584(97) (Washington, DC, November 1998). Pro-
jections: AEO99 National Energy Modehng System, run
AEO99B.D100198A.

Figure 110. Labor cost component of minemouth
coal prices, 1970-2020 (page 80): History: U.S.
Department of Labor, Bureau of Labor Statistics (1996),
and Energy Information Administration, Annual Energy
Review 1997, DOE/EIA-0384(97) (Washington, DC, July
1998). Projections: AEOQ99 National Energy Modehng
System, run AEO99B.D100198A.

Figure 111. Average minemouth coal prices in three
cases, 1997-2020 (page 80): Tables A16 and F14.

Figure 112. Percent change in coal transportation
costs in three cases, 1997-2020 (page 81): AEO99
National Epergy Modeling Sys’gem, runs AEQ99B.
D100198A, LWOP99. D100298B, and HWOP98.
D100297B. :

Figure 113. Variation from reference case projec-
tion of coal demand in two alternative cases, 2020
(page 81): Tables A16 and B16.

Figure 114. Electricity and other coal consumption,
1970-2020 (page 82): History: Energy Information
Administration, Annual Energy Review 1997, DOE/EIA-
0384(97) (Washington, DC, July 1998) and Short-Term

Energy Outlook, DOE/EIA-0202(98/3Q) (Washington, DC, _

July 1998), September update. Projections: Table A16.

Figure 115. Non-electricity coal consumption by
sector, 1997, 2000, and 2020 (page 82): Table A16.

Figure 116. U.S. coal exports by destination, 1997,
2000, and 2020 (page 83): History: U.S. Department of
Commerce, Bureau of the Census, “Monthly Report EM
545.” Projections: AEQO99 National Energy Modeling
System, run AEO99B.D100198A. )

Figure 117. Coal distribution by sulfur content,
1997, 2000, and 2020 (page 83): AEQ99 National Energy
Modeling System, run AEO99B.D100198A.

Figure 118. Carbon emissions by sector, 1990-2020
(page 84): History: Energy Information Administration,
Emissions of Greenhouse Gases in the United States 1997,
DOE/EIA-0573(97) (Washington, DC October 1998) Pro-
Jectlons Table A19."

Figure 119. Carbon emissions per capita, 1990-2020
(page 84): History: Energy Information Administration,
Emissions of Greenhouse Gases in the United States 1997,
DOE/ETA-0573(97) (Washington, DC, October 1998); and
Annual Energy Review 1997, DOE/EIA-0384(97) (Wash-
ington, DC, July 1998). Projections: Table A19.

Figure 120. Carbon emissions by fuel, 1990-2020
(page 85): History: Energy Information Administration,
Emissions of Greenhouse Gases in the United States 1997,
DOE/EIA-0573(97) (Washington, DC, October 1998).
Projections: Table A19.

Figure 121, Carbon emissions from electricity
generation by fuel, 1990-2020 (page 85): History:
Energy Information Administration, Emissions of Green-
house Gases in the United States 1997, DOE/EIA-0573(97)
(Washington, DC, October 1998). Projections: Table
A19. ‘

Figure 122. Sulfur dioxide emissions from elec-
tricity generation, 1990-2020 (page 86): History: 1990:
Energy Information Administration, The Effects of Title
IV of the Clean Air Act Amendments of 1990 on Electric
Utilities: An Update, DOE/EIA-0582(97) (Washington,
DC, March 1997). 1995: Energy Information Administra-
tion, Electric Power Annual 1995, Volume II, DOE/EIA-
0348(95)/2 (Washington, DC, December 1996). Projec-
tions: AEQ99 National Energy Modeling System, run
AEQ099B.D100198A. .

Figure 123. Nitrogen oxide emissions from electric-
ity generation, 1995-2020 (page 86): AEO99 National
Energy Modeling System, run'AEO99B.D100198A.
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Appendix A
Reference Case Forecast

Table A1. Total Energy Supply and Disposition Summary
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case Annual
Supply, Disposition, and Prices 1;;;;_ g;go
1996 1997 2000 2005 2010 2015 2020 (percent)
Production
Crude Oil and Lease Condensate .......... 13.69 13.65 13.32 12.31 11.83 11.30 10.51 -1.1%
Natural Gas PlantLiquids ................ 2.60 2.57 2.54 280 _ 3.06 3.32 347 1.3%
DryNaturalGas ...o.vvvvennvienvaenns 19.32 19.47 19.82 2217 24.44 26.84 28.12 1.6%
{07 | P 22.75 23.33 24.64 25.20 25.91 26.95 28.12 0.8%
NuclearPower .......c.ccoviveennnnnnns 7.20 6.71 7.04 6.73 5.91 4.47 3.83 -2.4%
Renewable Energy’ .....covieennineant, 6.81 6.82 6.82 741 744 7.77 8.15 0.8%
Other . et i et iaaaaneaann 1.28 0.66 0.53 0.57 0.57 0.62 0.65 -0.1%
Total ..vviiiiiiiiiiiienreennns e 73.66 73.22 74.71 76.89 79.16 81.28 82.85 0.5%
Imports
Crude Ol ..o viviiie i it eeeneannnenn 16.31 17.86 19.58 21.53 23.91 24.96 26.03 1.7%
Petroleum Products® . ......ovvevnnvnnnn. 3.98 3.89 5.25 6.45 7.35 8.50 9.92 4.2%
NaturalGas ......ccvveeviinneerinnaes 3.00 3.06 3.55 397 4.69 5.156 5.46 2.6%
Otherlmports® ...........cciiiiiiiann. 0.57 0.54 0.74 0.70 0.71 0.72 0.75 1.4%
Total ..vvverenecaannccenncccnnnnns 23.85 25.34 2912 32.65 36.66 39.33 42.15 2.2%
Exports
Petroleum® ... 2.04 2.09 2.04 2.05 2141 2.02 2.00 -0.2%
Natural Gas .......covvvnvvennreecnnens 0.16 0.16 0.19 0.21 ‘0.24 0.27 0.32 3.1%
[0 - AP 2.37 2.19 214 2.21 227 2.31 2.36 0.3%
Total .......e0nns tesssesasanscasans 4.57 4.44 4.36 4.47 4.62 4.59 4.68 0.2%
Discrepancy’ ......ccceeiicacieronans .e 0.68 -0.08 -0.25 -0.39 -0.37 -0.49 -0.44 N/A
Consumption
Petroleum Products® . ................... 36.03 36.49 38.95 41.25 44.22 46.20 48,08 1.2%
NaturalGas ........covviieinnienennnns 22,59 22.59 23.47 25.89 28.79 31.64 33.17 1.7%
{07 - | 20.60 21.09 22.78 23.31 24.06 25.05 26.26 1.0%
NuclearPower .........covivieeennnnns 7.20 6.71 7.04 6.73 5.91 4.47 3.83 2.4%
Renewable Energy’ ......c.oveeevnnnen. 6.81 6.82 6.82 7.12 7.45 7.79 8.17 0.8%
L0 11 T=1 AP 0.39 0.33 0.46 0.39 0.39 0.38 0.39 0.7%
Total ..oivveienrneinnenennnonnnnnse 93.63 94.04 99.21 104.68 110.83 115.53 119.89 1.1%
Net Imports - Petroleum ......... sesusean 18.25 19.65 22,79 25.93 29.16 31.44 33.95 2.4%
Prices (1997 dollars per unit)
World Oil Price (dollars per barre)® ......... 21.01 18.55 13.97 19.25 21.30 21.91 2273 0.9%
Gas Wellhead Price (dollars per Mc)" ....... 2.28 223 210 235 252 2,62 2,68 0.8%
Coal Minemouth Price (dollars perton) ....... 18.85 18.14 16.59 14.93 14.00 13.21 12.74 -1.5%
Average Electric Price (cents per kilowatthour) 6.9 6.9 6.6 6.4 6.1 5.8 5.6 -0.9%
Includes grid-connected electricity from col ional hydroelectric; wood and wood waste; landfill gas; municipal solid waste; other biomass; wind; photovoltaic and solar

thermal sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components of E8S5, but
not the ethano! components of blends less than 85 percent. Excludes electricity imports using renewable sources and nonmarketed renewable energy. See Table A18 for selected
nonmarketed residential and commercial renewable energy.

2Includes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.

3Includes imports of crude oil for the Strategic Petroleum Reserve.

‘Includes imports of finished petroleum products, imports of unfinished oils, alcohols, ethers, and blending components.

SIncludes coal, coal coke (net), and electricity (net). '

‘Includes crude oil and petroleum products. )

"Balancing item. Includes unaccounted for supply, losses, gains, and net storage withdrawals.

‘Includes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum based liquids for blending, such as ethanol.

%Includes net electricity imports, methanol, and liquid hydrogen.

Average refiner acquisition cost for imported crude oil.

YRepresents lower 48 onshore and offshore supplies.

Btu = British thermal unit.

Mcf = Thousand cubic feet.

Kwh = Kilowatthour.

N/A = Not applicable.

Note: Totals may niot equal sum of components due to independent rounding. Figures for 1996 and 1997 may differ from published data due to internal conversion factors.

Sources: 1996 natural gas values: Energy Information Administration (EIA), Natural Gas Annual 1996, DOE/EIA-0131(96) (Washington, DC, September 1997). 1996 coal
minemouth prices: EIA, Coal Industry Annual 1996, DOE/EIA-0584(96) (Washington, DC, November 1997). Other 1996 values: EIA, Annual Energy Review 1997, DOE/EIA-
0384(97) (Washington, DC, July 1998). 1997 natural gas values: EIA, Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1998). 1997 coal minemouth price:
CoalIndustry Annual 1997, DOE/EIA-0584(97) (Washington, DC, November 1998). Coal production and exports derived from: EIA, Monthly Energy Reviev/, DOE/EIA-0035(98/08)
{(Washington, DC, August 1998). Other 1997 values: EIA, Annual Energy Review 1997, DOE/EIA-0384(97) (Washington, DC, July 1998). Projections: EIA, AEO99 National Energy
Modeling System run AEO99B.D100198A.
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Reference Case Forecast

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

Reference Case Annual
Sector and Source Growth
1997-2020
1996 1997 2000 2005 2010 2015 2020 (percent)
Energy Consumption
Residential
Distillate Fuel ,...........covvvennnenn. . 093 0.94 0.87 0.79 0.73 0.69 0.65 -1.6%
KBroSene ..., veervuveereeesseennennns 0.09 0.09 0.07 0.07 0.07 0.07 0.07 -1.4%
Liquefied Petroleum Gas ......ovvveensens 043 0.43 0.44 0.44 0.43 0.42 0.40 -0.3%
Petroleum Subtotal ............... ceen 1.44 1.47 1.38 1.29 1.23 1.18 1.12 -12%
Natural Gas .....oevnvnnnoenssoenocenns 5.38 5.15 521 * 531 5.52 577 5.94 0.6%
[ 0.06 0.06 0.06 0.05 0.05 0.05 0.05 -0.5%
Renewable Energy’ .....c.vovvevinnnnnn. 0.61 0.60 0.60 0.61 0.62 0.64 0.65 0.4%
Electrichy ...ovvvvvnniinnerivnnninne. 3.69 3.66 4.01 4.31 4,57 4.93 5.31 1.6%
Dellvered Energy ....ceeveeervennnses 11.18 10.92 11.26 11.57 12.00 12,57 13.08 0.8%
Electricity Related Losses . ........c...... 8.07 8.07 8.78 8.89 9.11 9.34 9.77 0.8%
Total ...ccvrnreninnnsnncsconsreoans 19.25 18.99 20.04 20.47 21.11 21.91 22.85 0.8%
Commercilal
Distillate Fuel .......covveivnernneenns. 0.48 0.49 0.38 0.36 0.34 0.33 0.32 -1.9%
Residual Fuel ,.......oo0ivvvniineenn.. 0.14 0.11 0.09 0.09 0.09 0.09 0.09 -0.8%
Kerosene ........oovvviinmvenrennnens 0.02 0.03 0.02 0.02 0.03 0.03 0.03 -0.2%
Liquefied Petroleum Gas ................. 0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.7%
Motor Gasoling? .........ovvveunnnnnnn. 0.02 0.03, 0.03 0.03 0.03 0.02 0.02 -0.3%
Petroleum Subtotal .................... 0.74 0.73 0.60 0.58 0.57 0.56 0.55 -1.3%
NaturalGas .......ccvvvevrvveeeinnesn 3.24 3.37 3.65 3.68 3.84 3.97 4.00 0.7%
Coal voverriiii e e 0.08 0.08 0.09 0.09 0.10 0.10 0.10 0.9%
Renewable Energy® ................ e 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.0%
Electricity ....... e 3.35 3.44 3.69 3.97 4.26 4.54 4.72 1.4%
Delivered Energy ......cceveeernncess 7.42 7.63 7.92 8.32 8.77 9.18 9.37 0.9%
Electricity Related Losses . ............... 7.31 7.59 8.07 8.19 8.48 8.60 8.68 0.6%
Total ..vviveevnnvenrnrecnnncocnsronss 14.73 15.22 15.99 16.51 17.24 17.78 18.05 0.7%
Industrial®
Distillate Fuel ..........ccevveennnan... 1.11 113 1.14 1.26 1.35 142 148 12%
Liquefied PetroleumGas ................. 2.14 214 2.15 2.30 245 2.58 2.69 1.0%
Petrochemical Feedstock ................ 1.28 1.46 147 1.44 1.52 1.60 1.67 0.6%
Residual Fuel ..........covvivvnennnne. 0.30 0.28 0.29 0.32 0.33 0.35 0.36 11%
MotorGasoline® .......ovvvvvvennnnnens 0.21 0.21 0.21 0.24 0.26 0.28 0.29 15%
OtherPetroleum® ........ovvvvvnnnnnenn 4.18 4.1 4.51 4.68 4.89 4.95 4.99 0.8%
Petroleum Subtotal .................... 9.21 9.33 9.79 10.24 10.81 11.18 11.49 0.9%
Natural Gas® .......ovevrvivnrnenennn.. 10.06 9.92 10.31 10.85 11.43 12.02 12.52 1.0%
Metallurgical Coal ..............ccvn.... 0.85 0.79 0.78 0.70 0.63 0.58 0.53 1.7%
SteamCoal.....ovvivieeinrennnennnaan 157 1.56 1.56 1.61 1.67 1.73 1.80 0.6%
Net Coal Cokelmports ..........ccouevunn 0.00 0.02 0.11 0.17 0.20 0.24 0.27 12.5%
CoalSubtotal ...............ceovun.. 242 2.36 2.44 2.48 2.51 2.55 2.60 0.4%
Renewable Energy” ..........covvvve.n. 1.96 1.88 1.96 212 2.31 245 2.56 1.4%
Electricity ......oovvevivveeienennnnn. 3.52 3.52 3.61 3.86 4.13 437 4.57 1.1%
Dellvered Energy ......coevevececvnees 2717 27.01 28.12 29.54 31.18 32.57 33.73 1.0%
Electricity Related Losses .. ........00uune 7.68 7.78 7.92 7.97 8.22 8.27 8.40 0.3%
Total vvvrvvrenroeossesnancsacssnnanan 34.85 34.79 36.03 37.51 39.41 40.84 42,14 0.8%
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Reference Case Forecast

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

114

Reference Case Annual
Sector and Source Growth
1997-2020
1996 1897 2000 2005 2010 2015 2020 (percent)
Transportation
Distillate Fuel® . . .. . oo ieiniieeeeeeannns 4.55 4.64 5.14 5.60 6.00 6.31 6.58 1.5%
JetFuel .oviiriiii et it 3.27 3.31 3.80 4.36 510 5.69 6.27 2.8%
Motor Gasoling? .....coeveeeeanrennnnns 14.88 15.08 16.08 17.51 18.70 19.31 19.94 1.2%
Residual Fuel ........ccoiviiiiiiivtvnnn 0.90 0.75 0.74 0.87 1.02 1.16 1.30 2.4%
Liquefied Petroleum Gas .. ..... P, 0.04 0.04 0.06 0.12 0.18 0.20 0.22 7.7%
OtherPetroleum™ .. ...oivviieinnnnnnenn 0.23 0.29 0.30 0.32 0.34 0.35 0.36 1.0%
Petroleum Subtotal ............... .00 23.88 24.10 26.12 28.77 31.33 33.03 34.68 1.6%
Pipeline Fuel NaturalGas ................ - 0.73 0.73 0.74 0.84 0.90 0.97 1.01 1.4%
Compressed NaturalGas .......ccouevenn 0.01 0.01 0.06 0.18 0.26 0.31 0.34 14.9%
Renewable Energy (E85)" ............... 0.00 0.00 0.01 0.03 0.05 0.07 0.07 24.0%
M85% | .. veeoavosasans 0.00 0.00 0.02 0.05 0.08 0.10 0.11 21.8%
LiquidHydrogen ........c.ccoiiveienennn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A
Electricity ...coovviiviniinininnannne, 0.06 0.06 0.06 0.10 0.15 0.19 0.22 5.9%
Delivered Energy ........... teeeseaas 24.68 2491 27.01 29,98 32.77 34.65 36.44 1.7%
Electricity Related LosseS « . oo ocvnveennn. 0.13 0.13 0.14 0.22 0.30 0.36 0.41 5.1%
Total ....ccuu..... Ceetersenssareann 24.80 25.04 27.15 30.19 33.07 35.00 36.85 1.7%
Delivered Energy Consumption for All
Sectors
Distillate Fuel .........ccivvinivenn, 7.06 7.20 7.53 . 8.00 8.42 8.76 ' 9.04 1.0%
Kerosene .......ociveeniniinnennnaas 0.15 0.15 0.13 0.13 0.13 0.13 0.13 -0.7%
JetFuel® .. .ot 3.27 3.31 3.80 4.36 5.10 5.69 6.27 2.8%
Liquefied PetroleumGas ................. 2.68 2.69 2.73 2.94 3.15 3.29 3.40 1.0%
Motor Gasoling® .......cvvvvvennnnnensn 15.11 15.32 16.32 17.78 18.99 19.61 20.26 1.2%
Petrochemical Feedstock ................ 1.28 1.46 147 144 1.52 1.60 1.67 0.6%
Residual Fuel .......cvevvvvnnernnnnenn. 1.34 1.13 1.12 1.27 1.44 1.60 1.756 1.9%
OtherPetroleum™ . .....cooviiiiniennn . 438 4.37 4.79 4.97 5.20 5.27 5.32 0.9%
Petroleum Subtotal .................... .36.27 35.62 37.89 40.88 43.95 45.95 47.84 1.3%
Natural Gas® .. ...oeiervreernnonansens 19.43 19.19 19.87 20.86 21.95 23.03 23.81 0.9%
Metallurgical Coal ......... Carreeerenean 0.85 0.79 0.78 0.70 0.63 0.58 0.53 -1.7%
SteamCoal.......covivivieiiiiiiienas 1.71 1.69 1.70 1.75 1.82 1.88 1.95 0.6%
Net Coal CokeImports .................. 0.00 0.02 0.1 0.17 0.20 0.24 0.27 12.5%
CoalSubtotal ............ccoiinnnnn. 2,56 250 2.59 2.63 2.65 2.70 275 0.4%
Renewable Energy™ ........coviiinnnn.. 2,58 2.48 2.58 276 2.98 3.15 3.29 1.2%
MB512 L i iiiiie it 0.00 0.00 0.02 0.05 0.08 0.10 0.11 21.8%
Liquid Hydrogen .......coviiiiinrenannn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A
Electricity .....ovvviiiiiiiiiiiiininn.. 10.61 10.68 11.37 12.23 13.11 14.03 14.82 1.4%
Delivered ERErgy ..ceeescesscansscaes 70.45 70.47 74.31 79.41 84.72 88.96 92.62 1.2%
Electricity Related Losses .. .......count.. 23.18 23.57 24.90 25.27 26.11 26.57 27.27 0.6%
Total ..... heiiesneeaeaan . 93.63 94.04 99.21 104.68 110.83 115.53 119.89 1.1%
Electric Generators'®
Distillate Fuel ........covviviviiionn. 0.08 0.09 0.08 0.06 0.06 0.06 0.07 -1.4%
ResidualFuel .........c.oiiiniann. 0.68 0.77 0.97 0.30 0.21 0.19 0.17 -6.4%
Petroleum Subtotal .............. ... 0.77 0.87 1.06 - 0.37 0.28 0.25 0.24 -5.5%
NaturalGas ......c.oovviiiiinninenn. 3.15 3.40 3.30 5.03 6.84 8.61 9.36 4.5%
SteamCoal....coviiiiiii it 18.05 18.59 20.19 20.68 21.41 22.35 23.51 1.0%
NuclearPower ........ccvoveiennrnncnss 7.20 6.71 7.04 6.73 5.91 4.47 3.83 2.4%
Renewable Energy™® ........cooiieeennnn 4.23 4.35 4,24 4.35 4.47 4.63 4.88 0.5%
Electricity Imports" . . ... .. .ottt 0.39 0.33 0.44 0.34 0.31 0.28 0.28 -0.7%
< 33.80 34.25 36.27 37.50 39.22 40.60 0.9%
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Reference Case Forecast

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

Reference Case ’ ’ Annual
Growth
1997-2020
1996 1997 2000 2005 2010 2015 2020 | (percent)

Sector and Source

Total Energy Consumption

Distillate Fue! .....covvivvnrnrsensreaas 7.15 7.29 7.62 8.06 8.49 8.82 9.10 1.0%
Kerosene ........... ereeeasreaseeeas 0.15 0.15 0.13 0.13 0.13 0.13 0.13 -0.7%
JOtFUB vt vrivine et i 3.27 3.31 3.80 4.36 5.10 5.69 6.27 2.8%
Liquefied PetroleumGas . ................ 2.68 2.69 273 2.94 3.15 3.29 3.40 1.0%
Motor Gasoline? .........vevvvevennnnn. 15.11 15.32 16.32 17.78 18.99 19.61 20.26 1.2%
Petrochemical Feedstock ................ 1.28 1.46 147 1.44 1.52 1.60 1.67 0.6%
Residual Fuel ........co0vnenvvnnnnanse 2.02 1.91 210 1.58 1.65 1.79 1.92 0.0%
Other Petroleum™ . .........covnvenennn. 4,38 437 479 4.97 5.20 527 5.32 0.8%

Petroleum Subtotal ...........0000veunn 36.03 36.49 38.95 41.25 4422 46.20 48.08 1.2%
NaturalGas ...ovveevvrnrvnnnnrnnnnes 22,59 22.59 2317 25.89 28.79 31.64 3347 1.7%

Metallurglcal Coal . .....covvvvnennnnnnns. 0.85 0.79 0.78 0.70 0.63 0.58 0.53 -1.7%
Steam Coal. . vvveverreernrnrenrnnaenss 19.75 20.29 21.89 22.43 23.23 24.23 2545 1.0%
Net Coal Coke Imports ........ccvvuenn.. 0.00 0.02 0.11 0.17 0.20 0.24 0.27 12.5%
CoalSubtotal .........covvrvennnnnnns 20.60 21.09 2278 23.31 24.06 25.05 26.26 1.0%
NUCIEar POWBE o .v'vveervnernrennnnnn 7.20 6.71 7.04 6.73 5.91 4.47 3.83 -2.4%
Renewable Energy™ ...........coueun.. . 6.81 6.82 6.82 742 745 7.79 8.17 0.8%
MB5™ ettt 0.00 0.00 0.02 0.05 0.08 0.10 0.11 21.8%
Liquid Hydrogen .......oovvevevvnnannss 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A
Electricity Imports" .. .. covvvvnernnnnnnn. 0.39 0.33 0.44 0.34 0.31 0.28 0.28 -0.7%

Total vouvirennnriineniirececerannees 93.63 94.04 99.21 104.68 110.83 115.53 119.88 1.1%

Energy Use and Related Statlstics

Delivered EnergyUse ...........ccevennn. 70.45 70.47 74.31 79.41 84.72 88.96 92.62 1.2%
Total EnergyUse ......... Pesessisenanns 93.63 94.04 99.21 104.68 110.83 115.53 119.88 1.1%
Population (millions) ... .. covvvnnn. veeases 265.76 268.19 275.18 286.54 298.31 310.75 323.36 0.8%
Gross Domestic Product (billion 1992 dollars) .. 6994.76 7269.76 7830.21 8769.30 9895.50 10800.49 11680.02 2.1%
Total Carbon Emissions (million metrictons) ... 1460.55 1479.60 1584.67 1677.73 1789.87 1890.06 1974.88 1.3%

Yincludes wood used for resldential heating. See Table A18 estimates of nonmarketed renewable energy consumption for geothermal heat pumps & solar thermal hot water
heating.

?Includes ethanol (blends of 10 percent or less) and ethers blended into gasoline.

3Includes commerclal sector electricity cogenerated by using wood and wood waste, landfill gas, municipal solid waste, and other biomass. See Table A18 for estimates of
nonmarketed renewable energy consumption for solar thermal hot water heating.

“Fuel consumption Includes consumption for cogeneration.

®Includes petroleum coke, asphalt, road oll, lubricants, still gas, and miscellaneous petroleum products.

“Includes Isase and plant fue! and consumption by cogenerators, excludes consumption by nonutility generators.

Tincludes consumption of energy from hydroslectric, wood and wood waste, municipal solid waste, and other biomass; includes for cogeneration, both for sale to the grid and
for own use.

®Low sulfur diesel fusl,

‘Includes naphtha and kerosene type.

Includes aviation gas and lubricants.

YEBS is 85 percent ethanol (renewable) and 15 percent motor gasoline(nonrenewable).

M85 js 85 percent methanol and 15 percent motor gasoline,

Yincludes unfinished oils, natural gasoline, motor gasoline blending compounds, aviation gasoline, lubricants, still gas, asphalt, road oil, petroleum coke, and miscellaneous
petroleum products.

Yincludes electricity generated for sale to the grid and for own use from renewable sources, and non-electric energy from renewable sources. Excludes nonmarketed renewable
energy consumption for geothermal heat pumps and solar thermal hot water heaters.

¥Includes consumption of energy by all electric power generators for grid-connected power except cogensrators, which produce electricity and other useful thermal energy.
Includes small power producers and exempt wholesale generators.

¥includes conventional hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, petrolsum coks, wind, photovoltaic and solar thermal sourcas.
Excludes cogeneration. Excludes net electricity imports.

YIn 1997 approximately two-thirds of the U.S. electricity imports were provided by renewable sources (hydroelectricity); EIA does not project future proportions.

Includes hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, wind, photovoltaic and solar thermal sources. Includes ethano! components
of E85; excludes ethanol blends (10 percent or less) in motor gasoline. Excludes net electricity imports and nonmarketed renewable energy consumption for geothermal heat
pumps and solar thermal hot water heaters.

Btu = British thermal unit.

N/A = Not applicable.

Note: Totals may not equal sum of components dus to independent rounding. Figures for 1996 and 1997 may differ from published data due to intemal conversion factors.
Consumption values of 0.00 are values that round to 0.00, because they are less than 0.005.

Sources: 1996 natural gas lease, plant, and pipeline fuel values: Energy Information Administration (EIA), Natural Gas Annual 1996, DOE/EIA-0131(96) (Washington, DC,
September 1997), 1996 transportation sector compressed natural gas consumption: EIA, AEO99 National Energy Modeling System run AEO99B.D100198A. 1996 and 1997 electric
utllity fuel consumption: EIA, Electric Power Annual 1997, Volume 1, DOE/EIA-0348(97)/1 (Washington, DC, July 1998). 1996 and 1997 nonutility consumption estimates: Form
EIA-867, "Annual Nonutility Power Producer Report.” Other 1996 values derived from: EIA, State Energy Data Report 1995, DOE/EIA-0214(95) (Washington, DC, December 1997),
and Office of Coal, Nuclear, Electric, and Altemnative Fuels estimates. Other 1997 values: EIA, Short-Term Energy Outlook, September 1998. Online http:/fwww.ela.doe.gov/
emeu/steo/publ/upd/sep98/contents.html (October 15, 1998). Projections: EIA, AEO99 National Energy Modeling System run AEO998.D100198A.
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Reference Case Forecast

Table A3. Energy Prices by Sector and Source

(1997 Dollars per Million Btu, Unless Otherwise Noted)

Reference Case Annual
Sector and Source Growth

1997-2020

. : 1996 1997 2000 2005 2010 2015 2020 (percent)
Residential ...ccvvvennvercanncensanens 13.08 13.40 12.97 13.04 12.95 12.63 1247 -0.3%
Primary Energy' ...... e hieeeeraeenee 6.73 712 6.75 6.74 6.57 6.37 6.33 -0.5%
Petroleum Products® .............. s 8.60 8.42 7.80 9.04 9.36, 9.49 9.67 0.6%
Distillate Fuel .........oiiiiniivnnnn 7.18 7.00 6.46 7.45 7.75 7.82 7.79 0.5%
Liquefied Petroleum Gas ............... 11.76 11.61 10.51 12.00 12.22 12.38 12.85 0.4%
NaturalGas .....evvneiniineniennen 6.28 6.80 6.53 6.24 6.00 5.78 5.74 -0.7%
Electricity ..oovvvveennnnnn heeesaeesas 24.91 24.85 23.30 22,78 22.45 21.50 20.68 -0.8%
Commercial ...ccviiiiiieeanensanns 13.08 13.09 1257 " 12.34 12.04 11.63 11.43 -0.6%
Primary Energy’ ......ccoevvnecncnacan-- 5.32 5.51 516 _ 5.26 5.21 5.14 5.16 -0.3%
Petroleum Products® .. .........couannn. 5.62 5.46 4.79 5.80 6.10 6.22 6.40 0.7%
Distilate Fuel ....:........ccvivinnn. 5.35 4.93 4.24 5.21 5.49 5.61 5.69 0.6%
- Residual Fuel ..........ooiiiitt, 3.28 3.45 2.28 2.86 3.13 3.18 3.39 -0.1%
Natural Gas® o vveereieenrnnnnnnnens 5.35 5.62 5.31 5.27 517 5.08 5.09 -0.4%
Electricity ..oocovvriiiiiiiiiiieiiienns 22.50 22.32 21.08 20.11 19.28 18.25 17.59 -1.0%
Industrial* ............ Cerecensasanrees 5.48 5.42 4.67 5.12 522 5.21 5.28 0.1%
PrimaryEnergy ... coooeeiiiiiiniiennnnn 4.08 4.01 3.24 3.82 4.02 4.13 4.27 0.3%
Petroleum Products® . ... ...coovvivennn.. 5.77 5.60 4.08 5.11 5.38 5.53 5.79 0.1%
Distillate Fuel ...........covvvivnennn 5.59 5.10 4.29 5.28 5.56 5.76 5.97 0.7%
Liquefied Petroleum Gas . .............. 8.12 8.38 5.26 6.60 6.67 6.85 7.33 -0.6%
ResidualFuel ......... . oiiiiiinine, 3.1 2.90 1.84 242 2,72 2.73 2.89 -0.0%
Natural Gas® . ...ccovrrenenneennrnnns 2.99 2.96 277 2.99 3.14 3.23 3.30 0.5%
MetallurgicalCoal ............coivvnnn 1.79 1.77 1.69 1.63 1.57 1.50 1.45 -0.9%
SteamCoal......ccovviiiiniiinnnnn., 1.44 144 1.37 1.31 1.26 1.20 1.14 -1.0%
Electricily ...oovvnvinniiinniiiniannnn, 13.59 13.56 13.04 12.54 11.89 11.09 10.68 -1.0%
Transportation ......ceevevennccnnceens 8.89 8.60 7.54 8.63 9.00 9.00 9.00 0.2%
Primary ENergy - ... ccvvvevvocarnncannns 8.87 8.58 7.52 8.61 8.98 8.97 8.97 0.2%
Petroleum Products® . ... .......ovvvnnnn 8.88 8.58 7.52 8.61 8.98 8.97 8.97 0.2%
Distillate Fuel®. .. .....oovvvvenannnenn 9.01 8.53 7.56 8.49 8.58 8.56 8.53 -0.0%
JetFuel” ..o 5.60 5.20 . 413 5.36 5.74 5.96 6.31 0.8%
Motor Gasoling® .........cccoiiiinnt, 10.00 9.70 8.67 9.85 10.40 10.43 10.40 0.3%
ResiduaiFuel ................cooiat 2,82 3.09 1.33 2.19 2.58 2.60 2.82 -0.4%
Liquid Petroleum Gas® .....oovvueennnn 12.58 12.00 11.70 13.04 13.06 12.99 13.20 0.4%
Natural Gas™ ....vvvevnrennncnncnnnn 6.04 6.18 6.49 < 6.72 717 7.31 7.36 0.8%
B85 it it iieee e 16.10 16.27 14.61 16.83 17.53 17.68 17.78 0.4%
MB512 L ittt iieaaaaaa, 11.18 13.25 9.83 11.91 13.02 13.10 13.22 -0.0%
Electricity ....ccvvvnieirnnnnncinannns 16.11 . 16.30 15.81 15.10 14.55 13.67 13.04 -1.0%
Average End-UseEnergy .........cc..... 8.80 8.72 7.93 8.48 8.62 8.53 8.52 -0.1%
PrimaryEnergy .......coveeiiiieennnnnen 8.46 8.35 7.49 8.13 8.31 8.24 8.23 -0.1%
Electricity .......... feeeecrsecetenans 20.35 20.26 19.28 18.62 18.00 17.10 16.50 -0.9%

Electric Generators'

Fossil FuelAverage .........ccvvvueeennn 1.55 1.54 1.44 1.52 1.57 1.61 1.61 0.2%
Petroleum Products .............cuuee. 3.36 2.94 2.32 3.29 3.89 4.05 4.33 1.7%
Distillate Fuel .........coiiieniivnnnn 4.96 4.43 3.83 481 5.11 5.28 545 0.9%
ResidualFuel ..............ciiuens 3.16 2.76 2.19 2.97 3.52 3.63 3.90 1.5%
Natural Gas .....vceevveennnneancnnns 2.70 2,70 2.62 294 3.08 3.17 3.24 0.8%
Steam Coal.....cocviiiieninnannnn e 1.31 1.27 1.19 1.14 1.06 0.99 0.93 -1.3%
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Reference Case Forecast

Table A3. Energy Prices by Sector and Source (Continued)
(1997 Dollars per Million Btu, Unless Otherwise Noted)

Reference Case Annual
Growth

1997-2020
1996 | 1997 | 2000 | 2005 | 2010 | 2015 | 2020 | (percent)

Sector and Source

Average Price to All Users'

Petroleum Products® .. ....ovvuvvvnneenns 7.96 7.70 6.56 7.75 8.11 8.16 8.24 0.3%
Distillate Fuel ......cvveevvvnnevvnn., 7.95 7.51 6.73 7.71 7.88 791 7.94 0.2%
JetFuel ...vvvvivvinnrevnnnens Ceeea 5.60 5.20 4.13 5.36 5.74 5.96 6.31 0.8%
Liquefied Petroleum Gas . ........oeuvens : 8.82 9.01 6.35 7.77 7.88 8.03 8.46 -0.3%
Motor Gasoline® ........ccvveverennnn. 10.00 9.70 8.67 9.85 10.40 10.43 10.41 0.3%
ResidualFuel ................ eeeraes 3.01 2.95 1.84 243" 2.76 2.76 2,96 0.0%

NaturalGas ......o0vvevvevnncnnnanne 4,18 432 4.12 410 4.06 4,02 4.05 -0.3%

Coal ........ N 1.29 1.28 1.21 1.15 1.08 1.01 0.95 -1.3%

BB ittt e, 16.10 16.27 14.61 16.83 17.53 17.68 17.78 0.4%

MB52 |, it ierrrinnenreeraas 11.18 13.25 9.83 11.91 13.02 13.10 13.22 -0.0%

Electricity vvovvvrinreeinieenennenneenss 20.35 20.26 19.28 18.62 18.00 -17.10 16.50 -0.9%

Non-Renewable Energy Expenditures
by Sector (Billion 1997 doliars)

Residential .,.....o00ivveevrnnniiinannns 138.31 138.32 138.29 142.98 147.38 150.70 154.96 0.5%
Commercial ..ovvrrerrrrrrenonsisrnonsss 96.98 99.87 99.57 102.66 105.54 106.71 106.97 0.3%
Industrial ... .ovenernnii i ieiiien e, 115.23 113.46 101.23 11444 122.05 127.03 133.57 0.7%
Transportation ...........cooiiiinn... 212.93 207.85 197.85 250.95 285.93 301.75 317.40 1.9%
Total Non-Renewable Expenditures ......... 563.45 559.50 536.94 611.03 660.89 686.18 712.90 1.1%
Transportation Renewable Expenditures ..... 0.01 0.01 0.15 0.51 0.90 1.15 1.32 24.4%
Total Expenditures................ vee.. 563.45 559.51 537.09 611.53 661.79 687.33 714.22 1.1%

*Welghted average price includes fuels below as well as coal.

2This quantity is the weighted average for all petroleum products, not just those listed below.

3Excludes Independent power producers.

“Includes cogenerators,

SExcludes uses for lease and plant fuel.

®Low sulfur diesel fuel. Price includes Federal and State taxes while excluding county and local taxes.

"Kerosene-type et fuel. Price includes Federal and State taxes while excluding county and local taxes.

®Sales welighted-average price for all grades. Includes Federal and State taxes and excludes county and local taxes.

%Includes Federal and State taxes while excluding county and local taxes.

YCompressed natural gas used as a vehicle fuel. Price includes estimated motor vehicle fue! taxes.

YEBS is 85 percent ethanol (renewable) and 15 percent motor gasoline {(nonrenewable).

M85 Is 85 percent methanol and 15 percent motor gasoline.

¥Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale
generators,

“Welghted averages of end-use fuel prices are derived from the prices shown in each sector and the corresponding sectora! consumption.

Btu = British thermal unit.

Note: 1996 and 1997 figures may differ from published data due to intenal rounding.

Sources: 1996 prices for gasoline, distillate, and jet fuel are based on prices in the Energy Information Administration (EIA), Petroleumn Marketing Annual 1996. Online.
hitp:mww.ela.doe.gov/oll-gas/pmalipmaframe.html (August 1, 1998). 1997 prices for gasoline, distillate, and jet fuel are based on prices in various issues of EIA, Petroleum
Marketing Monthly, DOE/EIA-0380 (97/03-98/04) (Washington, DC, 1997-98). 1996 and 1997 prices for all other petroleum products are derived from the EIA, State Energy Price
and Expenditures Report: 1995, DOE/EIA-0376(95) (Washington, DC, August, 1998). 1996 residential, commercial, and transportation natural gas delivered prices: EIA, Natural
Gas Annual 1996, DOE/EIA-0131(96) (Washington, DC, September 1997). 1996 electric generators natural gas delivered prices: Form FERC-423, *Monthly Report of Cost and
Quality of Fuels for Electric Plants.” 1996 and 1997 industrial gas delivered prices are based on EIA, Manufacturing Energy Consumplion Survey 1991. 1997 residential and
commercial natural gas delivered prices: EIA, Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1998). Other 1997 natural gas delivered prices: EIA, AEOS9
Natlonal Energy Modeling System run AEO99B.D100198A. Values for 1996 and 1997 coal prices have been estimated from EIA, State Energy Price and Expenditures Report:
1995, DOE/EIA-0376(95) (Washington, DC, August, 1998) by use of consumption quantities aggregated from EIA, State Energy Data Report 1995 , DOE/EIA-0214(95)
(Washington, DC, December 1997) and the Coal Industry Annual 1997, DOE/EIA-0584(97) (Washington, DC, November 1998). 1996 residential electricity prices derived from
EIA, Shont-Term Energy Outlook, September 1998. Online http://www.eia.doe.gov/emeu/steo/pub/upd/sep98/contents.html (October 15, 1998). 1996 and 1997 electricity prices
for commercial, industrial, and transportation: EIA, AEOS9 National Energy Modeling System run AEO99B.D100198A. Projections: EIA, AEOS9 National Energy Modeling System
run AEQ99B,D100198A.
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Reference Case Forecast

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

Reference Case é?:wutal':
Key Indicators and Consumption 1697-2020
1996 1997 2000 2005 2010 2015 2020 (percent)
Key Indicators
Households (milflions)
Single-Family ...o.ovvverrieiiiiiiinnen 69.34 70.18 72.80 76.89 81.13 85.30 89.35 1.1%
Multifamily ......oooviiiiiiiiiien, 24.77 25.00 25.70 27.02 28.71 30.42 31.88 1.1%
Mobile Homes .......... et 5.98 6.13 6.52 7.05 7.64 8.24 8.79 1.6%
B £~ 7 100.10 101.31 105.01 110.96 117.48 123.96 130.02 - 1.1%
Average House Square Footage .......... - 1649 1654 1669 1688 1703 1715 1727 0.2%
Energy Intensity ’
(million Btu consumed per household)
Delivered Energy Consumption ............ 111.73 107.80 107.25 104.28 102.14 101.38 100.58 -0.3%
Electricity Related Losses ................ 80.58 79.65 83.58 80.15 77.52 75.34 75.16 -0.3%
Total Energy Consumption . .......cvvene.. 192.31 187.45 190.82 184.43 179.66 176.72 1756.74 -0.3%
Delivered Energy Consumption by Fuel
Electricity
SpaceHeating- .......coviiiiiiiienan 0.46 0.44 0.45 0.47 0.47 0.49 0.51. 0.7%
SpaceCoaling ......viiiriiiiiieiannnn 0.48 0.46 0.50 0.52 0.55 0.58 0.60 1.2%
WaterHeating.........ccooiiinen.. .o 0.36 0.35 0.36 0.37 0.37 0.38 0.40 0.6%
Refrigeration ... .. A 0.41 0.39 0.37 0.32 0.29 0.27 0.28 -1.5%
Cooking «.oovvineiiiiiiii it 0.13 0.13 0.14 0.14 0.15 0.16 0.17 1.2%
ClothesDIYers .......cevvveennennnnnns 0.19 0.19 0.20 0.21 0.22 0.24 0.25 1.3%
FIEBZOIS .o vvveriinnnrininrenannsenns 0.13 0.12 0.11 0.08 0.07 0.07 0.07 -2.3%
Lighting.....ooovvienaninnnen Ceeriienes 0.35 0.34 0.36 0.38 0.40 043 0.46 1.3%
Clothes Washers' ..............co...... 0.03 0.03 0.03 0.03 0.03 0.04 0.04 1.3%
Dishwashers! .......coveeveneecnennces 0.05 0.05 0.05 0.05 0.05 0.06 0.06 1.0%
Color Televisions ..........c.cevivvvennns 0.21 0.21 0.25 0.29 0.29 0.31 0.33 1.9%
PersonalComputers .........c.coovvnenn 0.02 0.02 0.02 0.03 0.04 0.04 0.05 4.3%
FumaceFans ...........ccvveinnnnennn. 0.09 0.09 0.10 0.11 0.12 0.13 0.14 2.0%
OtherUses? .....coiviievernnnnnnannss 0.78 0.83 1.08 1.32 1.52 1.74 1.95 3.8%
DeliveredEnergy ............ccount. 3.69 3.66 4.01 4.31 4.57 4.93 5.31 1.6%
Natural Gas
SpaceHeating ........ccoviniiiniannn 3.77 3.58 3.61 3.67 3.80 3.96 4.07 0.6%
SpaceCooling ....covvvvvenivinennans 0.00 0.00 0.00 0.00 0.00 0.00 0.01 7.2%
WaterHeating............c.cviiiiinnn. 1.31 1.27 1.29 1.31 1.38 145 1.50 0.7%
Cooking «vovvvvrinnnienininnnn PN 0.16 0.16 0.16 0.17 0.17 0.18 0.19 0.8%
ClothesDIYers .....covviirieierienennns 0.05 0.05 0.05 0.05 0.06 0.06 0.06 1.2%
OtherlUses® ...covvvineeerreeernnncans 0.09 0.09 0.10 0.10 0.11 0.11 0.12 1.2%
Delivered Energy ......ccceveeceveces 5.38 5.15 5.21 531 5.52 577 5.94 0.6%
Distillate
SpaceHeating .........cci0unnn Meeaes 0.83 0.84 0.77 0.69 0.64 0.60 0.57 “1.7%
WaterHeating.......oooviiiiiniinna, 0.10 0.10 0.09 0.09 0.09 0.09 0.09 -0.5%
OtherUses® ....ovrernriiennnainnnanns 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.1%
DeliveredEnergy ......cccecuveeennnns 0.93 0.94 0.87 0.79 0.73 0.69 0.65 -1.6%
Liquefied Petroleum Gas
SpaceHeating ..........ccvviiiniiinn 0.32 0.32 0.32 0.32 0.31 0.30 0.28 -0.5%
WaterHeating.......cocvvvenniiinnee, 0.07 0.07 0.08 0.08 0.08 0.08 0.07 0.2%
Cooking -.....cvviiiiiiniiiiiieiinaes 0.03 0.03 0.03° 0.03 0.03 0.03 0.03 -0.0%
OtherUses® .....civriinrrenennaannn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 1.1%
Delivered Energy .....c.ceeceeveecese 0.43 0.43 0.44 0.44 0.43 0.42 0.40 -0.3%
Marketed Renewables (wood)® ............. 0.61 0.60 0.60 0.61 0.62 0.64 0.65 0.4%
OtherFuels® ................ e 0.14 0.15 0.13 0.13 0.12 0.12 0.12 -1.0%
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Reference Case Forecast

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

Reference Case é:‘:w“fr:
Key Indicators and Consumption 1997-2020
1996 1997 2000 2005 2010 2015 2020 (percent)
Delivered Energy Consumption by End-Use
SpaceHeating .............coiieniann. 6.13 5.93 5.89 5.88 5.97 6.10 6.20 0.2%
SpaceCooling ,.vvevrivrvnvreerreeannss 0.48 0.46 0.50 0.52 0.55 0.58 0.61 1.2%
WaterHealing.,.......ccoeevevnnnnn., 1.84 1.79 1.82 1.85 1.91 2.00 2.06 0.6%
Refrigeration .......ovvvnnvinsensanae. 0.41 0.39 0.37 0.32 0.29 0.27 0.28 -1.5%
COOKING +ovvrvervrvrecscrsnasseannnes 0.33 0.33 0.33 0.35 0.36 0.38 0.40 0.9%
ClothesDryers .....covvrveevrneennnnns 0.24 0.24 0.25 0.26 0.27 0.29 0.32 1.3%
Freezers vveevevenrevvnsnsnanseessnens 0.13 0.12 0.11 0.08 0.07 0.07 0.07 -2.3%
Lighting..eooveernrinrnrnresnsnennnnss 0.35 0.34 0.36 0.38 0.40 043 0.46 13% .
ClothesWashers .......cocevivevnnceeen 0.03 0.03 0.03 0.03 0.03 0.04 0.04 1.3%
Dishwashers ....covevirvencnscensanens 0.05 0.05 0.05 0.05 0.05 0.06 0.06 1.0%
ColorTelevisions ......v.coenveneeanevans 0.21 0.21 0.25 0.29 0.29 0.31 0.33 1.9%
Personal Computers ........cvvvveeenn. 0.02 0.02 0.02 0.03 0.04 0.04 0.05 4.3%
FumaceFans ............covevvnnnnnn. 0.09 0.09 0.10 0.11 0.12 0.13 0.14 2.0%
OtherUses” .....covvvveeerraneaneaans 0.89 0.93 1.19 1.43 1.63 1.86 2.08 3.5%
Delivered Energy «..ccceeococecvccnne 11.18 10.92 11.26 11.57 12.00 12.57 13.08 0.8%
Electricity Related Losses ............... 8.07 8.07 8.78 8.89 91 9.34 9.77 0.8%
Total Energy Consumption by End-Use
SpaceHeating ........cccvvveienineannn 7.13 6.90 6.88 6.84 6.91 7.03 714 0.2%
SpaceCooling .....vvevvvrennnncnennen 1.52 1.47 1.59 1.60 1.63 1.68 1.7 0.7%
WaterHeating...,cooveenevnennnes PN 2.63 257 2.61 2.60 2.65 2.73 2.80 0.4%
Refrigeration .. ...covveerrrennnnnnnnnn. 1.32 1.26 1.17 0.97 0.85 0.79 0.78 -2.0%
Cooking ......... ereeasrearensanrans 0.62 0.62 0.64 0.65 0.67 0.69 0.72 0.6%
ClothesDryers v.vveveverceressnennnsons 0.66 0.65 0.68 0.69 0.71 0.74 0.78 0.8%
Freezers vovvveorrvseossoossonnnnenes 0.42 0.39 0.34 0.26 0.22 0.20 0.20 -2.9%
LIghting . .ovvvrvrirnnersennneescennns 1.10 1.09 1.14 117 1.20 1.25 130 ° 0.8%
ClothesWashers ,......cocvvievnnnenes 0.09 0.09 0.09 0.10 0.10 0.10 0.11 0.8%
Dishwashers ............. rereeenes poes 0.15 0.15 0.15 0.15 0.16 0.16 0.17 0.5%
ColorTelevisions ..eeuvvvvnerreereennns 0.67 0.69 0.81 0.88 0.88 0.89 0.94 1.4%
Personal Computers ........c.oeeueeennen " 0.06 0.06 0.08 0.09 0.11 0.12 0.14 3.7%
FumaceFans .......ccovevevveeenoennns 0.28 0.28 0.31 0.32 0.35 0.37 0.40 1.4%
OtherUses” .....evvuus e eesearsaanee 2.60 277 3.56 4.15 4.65 5.15 5.65 3.2%
Total ..ovveevrneoonnne ceseesasesnne 19.25 18.99 20.04 20.47 21.11 2191 22,85 0.8%
Non-Marketed Renewables
Geothermal® .......vvvnuvnninnnnnnnnn, 0.01 0.01 0.01 0.01 0.02 0.02 0.04 6.2%
SOl et ittt 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -0.4%
Total svvveeecrsonsscansnnncannaaans 0.02 0.02 0.02 0.02 0.03 0.03 0.05 3.8%

Does not include electronic water heating portion of load.
?Includes small electric devices, heating elements and motors.

3includes such appliances as swimming poo! heaters, outdoor grills, and outdoor lighting {(natural gas).

“Includes such appliances as swimming pool and hot tub heaters.

®Includes wood used for primary and secondary heating In wood stoves or fireplaces as reported in the Residential Energy Consumption Survey 1993.

%Includes kerosene and coal.
7Includes all other uses listed above.

*Includes primary energy displaced by geothermal heat pumps in space heating and cooling applications.

*includes primary energy displaced by solar thermal water heaters.
Btu = British thermal unit,

Note: Totals may not equal sum of components due to independent rounding.
Source: 1996 and 1997: Energy Information Administration (EIA), Short-Term Energy Outlook, September 1998. Online http:/fwww.eia.doe.gov/emewstec/pub/upd/sep98/
contents.htmi (Qctober 15, 1998). Projections: EIA, AEO99 National Energy Modeling System run AEO98B.D100198A.
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Reference Case Forecast

Table A5. Commercial Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

120

Reference é""“a:‘
Key Indicators and Consumptl.on 1 991'7?;320
1996 1997 2000 2005 2010 2015 2020 (percent)
Key Indicators
Total Floor Space (billion square feet) E
SUVIVING . ovvivnii et i iaanean 58.0 58.8 61.3 64.8 68.0 70.7 71.9 0.9%
New Additions . .................. e 1.5 © 1.6 1.6 1.5 1.5 1.3 1.0 -2.0%
Total ....ccvennnnnn Cereesstessnane 59.5 60.3 -62.9 66.3 69.5 72.0 729 0.8%
Energy Consumption Intensity
(thousand Btu per square foot) .
Delivered Energy Consumption ........... 124.6 126.5 126.0 125.6 126.2 127.5 128.5 0.1%
Electricity Related Losses . .......... e 122.9 125.9 128.4 123.6 122.0 119.5 1191 -0.2%
Total Energy Consumption .............. 247.5 252.4 254.3 2491 248.1 247.0 247.5 -0.1%
Delivered Energy Consumption by Fuel
Electricity
SpaceHeating ............. .. .. ..., 0.14 0.13 0.13 0.13 0.12 0.12 0.12 -0.5%
SpaceCooling .........vovvviins NN 0.34 0.34 0.35 0.35 0.35 0.36 0.36 0.3%
WaterHeating............oovnviann... 0.07 0.07 0.07 0.07 0.07 0.06 0.06 -0.5%
Ventilation ..............coiiiiian.. 0.16 0.17 0.17 0.18 0.18 0.19 0.19 0.5%
Cooking ...ovviiiiiiiii e ©0.02 0.02 .0.02 0.02 0.02 0.02 0.02 -0.9%
Lighting......oooiiiiiiiniiiiaaant, 1.21 1.22 1.25 1.25 1.28 1.32 1.32 0.3%
Refrigeration ..............coiiiiaa, 0.18 0.18 0.19 0.19 0.20 0.21 0.21 0.7%
Office Equipment (PC) ........... e 0.10 0.12 0.14 0.17 0.20 0.22 0.24 3.2%
Office Equipment (non-PC) .............. 0.28 0.29 0.32 0.37 0.42 0.48 0.53 2.6%
OtherUses' .......covivvinennannnnn, - 0.84 0.91 - 1.05 1.23 141 1.57 1.69 2.7%
Delivered Energy ......eecvveuveneen 3.35 3.44 3.69 3.97 4.26 4.54 4.72 1.4%
Natural Gas? .
SpaceHeating ...........c.o. .. 1.36 1.31 1.31 1.33 1.37’ 141 1.40 0.3%
SpaceCooling .......ooviinnneninnnn 0.01 0.01 0.02 0.02 0.03 0.03 0.03 2.9%
Water Heating . ...... e teeeaaraas 0.62 0.62 0.64 0.66 0.69 0.72 0.73 0.7%
Cooking ..ovvviiiii ittt 0.23 0.23 0.25 0.26 0.28 0.29 0.30 1.1%
OtherUses® ..........ovivvinnnnnnn. 1.02 1.20 1.33 1.40 1.47 1.52 1.54 1.1%
DeliveredEnergy ........ccccvvennn. 3.24 3.37 3.55 3.68 3.84 3.97 4.00 0.7%
Distillate
SpaceHeating ............... ... ..., 0.20 0.21 0.23 0.22 0.20 0.19 0.18 -0.6%
WaterHeating............ooevnaa.. e 0.05 0.05 0.05 0.05 0.05 0.04 0.04 -0.8%
OtherUses* ..........cceieviiinnn... 0.23 0.23 0.10 0.09 0.09 0.10 0.09 -3.8%
Delivered Energy ......ecvceeanne e 0.48 0.49 0.38 0.36 0.34 0.33 0.32 -1.9%
Other Fuels® .............. crreesraens 0.34 0.32 0.30 0.31 0.32. 0.33 0.33 0.1%
Marketed Renewable Fuels
Biomass ........oiiiiiiiiiiiiiiiae, 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 1.0%
Delivered Energy ........... teesanes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.0%
Delivered Energy Consumption by End-Use
SpaceHeating ................... ..., 1.70 1.65 1.67 1.68 1.70 1.72 1.70 0.1%
SpaceCooling .......ocveiiiiiiannn.. 0.36 0.35 0.37 0.37 0.38 0.39 0.39 0.4%
WaterHeating.......ccovveevvenaan... 0.74 0.74 0.76 0.78 0.80 0.82 0.83 0.5%
Ventilation ..............ciiiiia.., 0.16 0.17 0.17 0.18 0.18 0.19 0.19 0.5%
Cooking ...oovviiiiiiiiiii 0.25 0.25 0.27 0.28 0.30 0.31 0.32 1.0%
Lighting....ooovvniieiiiiiiaa ... 1.21 1.22 1.25 1.25 1.28 1.32 1.32 0.3%
Refrigeration .............. .. o L. 0.18 0.18 0.18 0.19 - 0.20 0.21 0.21 0.7%
Office Equipment(PC) ................ . 0.10 0.12 0.14 0.17 0.20 0.22 0.24 3.2%
Office Equipment (non-PC) .............. 0.28 0.29 0.32 0.37 0.42 0.48 0.53 2.6%
OtherUses® .......ccovvvievninnann.. 244 2.67 2.79 3.04 3.30 3.53 3.65 1.4%
Delivered Energy ......c.cevveeennaen 7.42 7.63 7.92 8.32 8.77 9.18 9.37 0.9%
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Reference Case Forecast

Table A5. Commercial Sector Key Indicators and Consumption (Continued)

(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Annual
Key Indicators and Consumption 1 969':;;'320
1996 1997 2000 2005 2010 2015 2020 (percent)
Electriclty Related Losses .............. 7.31 7.59 8.07 8.19 8.48 8.60 8.68 0.6%
Total Energy Consumption by End-Use
SpaceHeating .......ccovnvveiiiinens 1.99 1.94 1.95 1.94 1.95 1.95 1.91 -0.1%
SpaceCooling ....ovvveererennnninn 1.10 1.10 1.14 1.10 1.09 1.07 1.05 -0.2%
WaterHeating......coo0evvveennneensn 0.89 0.89 0.91 0.92 0.94 0.95 0.94 0.2%
Ventilation ........coevvieecnneennnnn 0.52 0.53 0.54 0.54 0.55 0.54 0.53 -0.0%
Cooking ...oooovevnnnnse terasesniens 0.30 0.30 0.31 0.33 0.34 0.35 0.35 0.7%
Lighting...covvvrreenrrinrinennenn 3.84 3.90 3.97 3.85 3.83 3.81 3.74 -0.2%
Refrigeration .........oevveevennnean, 0.57 0.58 0.60 0.60 0.60 0.60 0.60 0.1%
Office Equipment(PC) ...........c0.nn. 0.33 0.37 0.46 0.54 0.58 0.63 0.68 2.7%
Office Equipment (non-PC) .............. 0.89 0.93 1.02 1.13 1.26 1.38 1.49 2.1%
OtherUses® ............. e 4.28 4.68 5.09 5.58 6.11 6.51 6.76 1.6%
Total ...vevrrennvrrcnnncocnencnnns 14.73 15.22 15.99 16.51 17.24 17.78 18.05 0.7%
Non-Marketed Renewable Fuels
£ = O 0.01 0.02 0.02 0.03 0.03 0.04 0.04 3.8%
Total seveveererescncrecncccssscans 0.01 0.02 0.02 0.03 0.03 0.04 0.04 3.8%

'Includes miscellaneous uses, such as service station equipment, district services, automated teller machines, telecommunications equipment, and medical equipment.

2Excludes estimated consumption from independent power producers.
3Includes miscellaneous uses, such as district services, pumps, emergency electric generators, and manufacturing performed in commercial buildings.

“Includes miscellaneous uses, such as cooking, district services, and emergency electric generators.

fincludes residual fuel oil, liquefied petroleum gas, coal, motor gasoline, and kerosene.

sincludes miscellaneous uses, such as service station equipment, district services, automated teller machines, telecommunications equipment, medical equipment, pumps,

Btu = British thermal unit.
PC = Parsanal computer,

Note: Totals may not equal sum of components due to independent rounding. Consumption values of 0.00 are value that round to 0.00 because they are less than 0.005.

lighting, emergency electric generators, manufacturing performed in commercial buildings, and cooking (distillate), plus residual fuel oil, liquefied petroleum gas, coal, motor
gasoline, and kerosene,
TIncludes primary energy displaced by solar thermal space heating and water heating.

Source: 1996 and 1997 Energy Information Administration (EIA), Short-Term Energy Outlook, September 1998. Online hitp:/fwww.sia.doe.goviemew/steo/publupd/sep98/

contents.html (October 15, 1998). Projections: EIA, AEO99 National Energy Modeling System run AEO99B.D100198A.
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Reference Case Forecast

Table A6. Industrial Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

Reference Case Annual
Key Indicators and Consumption 1?;_ ‘;’;20
1996 1997 2000 2005 2010 2015 2020 (percent)
Key Indicators
Value of Gross Output (billion 1987 dollars)
Manufacturing . ..., 3045 3170 3305 3717 4224 4613 4986 2.0%
Nonmanufacturing......covveeneeeee.... 784 812 849 922 1013 1081 1145 1.5%
Total .....ccnnnne crsencssnene eeens 3829 3982 4153 4639 5237 5693 6131 1.9%
Energy Prices (1997 dollars per million Btu)
Electricity ...oovviviiiinninnennnns, 13.59 13.56 13.04 12.54 11.89 11.09 10.68 -1.0%
NaturalGas ............. e e 2.99 2.96 277 2.99 3.14 3.23 3.30 0.5%
SteamCoal........ccoviiiiiiiiiiin.. 144 1.44 1.37 131 1.26 1.20 1.14 -1.0%
Residual Oil ........ccioiiiiiinnnnnn.. 3.11 2.90 1.84 2.42 2.72 273 - 2.89 -0.0%
Distillate Oil .......ccoiiiiiinninnn.. 5.59 5.10 4.29 5.28 5.56 5.76 5.97 0.7%
Liquefied PetroleumGas . ................ 8.12 8.38 5.26 6.60 6.67 6.85 7.33 -0.6%
MotorGasoline ............coninn..., 9.98 9.69 8.68 9.87 10.42 10.47 10.46 0.3%
Metallurgical Coal .......ccovvvvenn.... 1.79 177 1.69 1.63 1.57 1.50 1.45 -0.9%
Energy Consumption
Consumption’
Purchased Electricity ................... 3.62 3.562 3.61 3.86 413 4.37 4.57 1.1%
NaturalGas? .. ....coviieiivnnnnnnnnnn. 10.06 9.92 10.31 10.85 11.43 12.02 12.52 1.0%
SteamCoal.....coovtiieenininnnnnnnn 1.57 1.56 1.56 1.61 1.67 1.73 1.80 0.6%
Metallurgical Coal and Coke® ............. 0.85 0.81 0.88 0.87 0.84 0.82 0.80 -0.0%
Residual Fuel ......................... 0.30 0.28 0.29 032 ' 033 0.35 0.36 1.1%
Distillate .......... P, 1.1 1.13 1.14 1.26 1.35 1.42 1.48 1.2%
Liquefied Petroleum Gas .. ..ccvvvennnnn.. 2.14 2.14 215 2.30 2.45 2.58 2.69 1.0%
Petrochemical Feedstocks ............... 1.28 1.46 1.47 144 1.52 1.60 1.67 0.6%
Other Petroleum® ...................... 4.39 4.33 4.73 4.92 5.16 5.23 5.29 0.9%
Renewables®..........c.cvviniiiinnen. 1.96 1.88 1.96 2.12 2.31 245 2.56 1.4%
Delivered Energy ....... ceeeeneans .as 27.17 27.01 28.12 29.54 31.18 32.57 33.73 1.0%
Electricity Related Losses .. ............ - 7.68 7.78 7.92 7.97 8.22 8.27 8.40 0.3%

;1 34.85 34.79 36.03 37.51 3941 - 40.84 4214 0.8%

Consumption per Unit of Output!
(thousand Btu per 1987 dollars)

Purchased Electricity ................... 0.92 0.88 0.87 0.83 0.79 0.77 0.75 -0.7%
Natural Gas? .. .voiiieieeeeennnnnns 2.63 2.49 248 2.34 2.18 211 2.04 -0.9%
SteamCoal........cocvviiiiiniian... 0.41 0.39 0.38 0.35 0.32 0.30 0.29 -1.2%
Metallurgical Coal and Coke® ............. 0.22 0.20 0.21 0.19 0.16 0.14 0.13 -1.9%
Residual Fuel ............ccoovuinan... 0.08 0.07 0.07 0.07 0.06 0.06 0.06 -0.8%
Distillate . .......covniiiiiiieinnnnn.. 0.29 0.28 0.28 0.27 0.26 0.25 0.24 -0.7%
Liquefied PetroleumGas ................. 0.56 0.54 0.52 0.50 0.47 0.45 0.44 -0.9%
Petrochemical Feedstocks ............... 0.33 0.37 0.35 0.31 0.29 0.28 0.27 -1.3%
OtherPetroleum* .........covviinnnn.n 1.15 1.09 1.14 1.06 0.98 0.92 0.86 -1.0%
Renewables®.......ccoovvinniinnnnnn.s 0.51 0.47 0.47 0.46 0.44 0.43 0.42 -0.5%

Delivered Energy ........ [ o 7.09 | 6.78 6.77 6.37 5.95 5.72 5.50 -0.9%
Electricity Related Losses ... ......couunn. 2.01 1.95 1.91 1.72 157 1.45 1.37 -1.5%

Total .ieeiiiiiiiiiiiicaiianenenn 9.10 8.74 8.68 8.09 - 752 717 6.87 -1.0%

*Fuel consumption includes consumption for cogeneration.

%includes lease and plant fuel.

3Includes net coke coal imports.

“Includes petroleum coke, asphalt, road oil, lubricants, motor gasoline, still gas, and miscellaneous petroleum products.,

®Includes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996 prices for gasoline and distillate are based on prices in the Energy Information Administration (EIA), Petroleum Marketing Annual 1996. Online.
hitp:/www.eia.doe.gov/oil-gas/ pmal/pmaframe.htm! (August 1, 1998). 1997 prices for gasoline and distillate are based on prices in various issues of EIA, Petrofeum Marketing
Monthly, DOE/EIA-0380 (97/03-98/04) (Washington, DC, 1997-98). 1996 and 1997 coal prices: EIA, Monthly Energy Review, DOE/EIA-0035(98/08) (Washington, DC, August
1998). 1996 and 1997 electricity prices: EIA, AEO99 National Energy Modeling System run AEO998.D100198A. Other 1996 values and other 1997 prices derived from EIA, State
Energy Data Report 1995 , DOE/EIA-0214(95) (Washington, DC, December 1997). Other 1997 values: EIA, Short-Term Energy Outlook, September 1998. Online.
hitp/fwww.eia.doe.gov/emewsteo/publ/upd/sep98/contents.htmi (October 15, 1998). Projections: EIA, AEOS9 National Energy Modeling System run AEO99B.D100198A.
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Reference Case Forecast

Table A7. Transportation Sector Key Indicators and Delivered Energy Consumption

Reference Case Annual .
Growth
1997-2020
1996 1997 2000 2005 2010 2015 2020 (percent)

Key Indicators and Consumption

Key Indicators
Level of Travel (billions)
Light-Duty Vehicles <8,500 Ibs. (VMT) ....... 2203 2301 2388 2634 2887 3097 3303 1.6%
Commerclal Light Trucks (VMT)'............ 68 69 74 82 80 97 104 1.8%
Freight Trucks >10,000 Ibs. (VMT) .......... 161 177 200 222 243 258 270 1.8%
Alr (seat miles available) . ..... et 1000 1049 1216 1479 1814 2127 2462 3.8%
Rall (ton milestraveled) .................. 1311 1229 1305 1411 1519 1620 1719 1.5%
Marine (tonmiles traveled) ................ 747 757 779 826 879 928 964 1.1%
Energy Efficiency Indicators
New Light-Duty Vehicle (miles per gallon)?® . ... . 24,2 24.0 235 243 25.4 26.1 - 26.5 0.4%
New Car (miles pergallon)® ................ 27.9 27.9 28.3 30.1 31.6 321 32.1 0.6%
New Light Truck (miles per galion)® .......... 20.2 20.2 19.4 19.9 20.7 215 22.0 0.4%
Light-Duty Fleet (miles pergallon)®........... 20.4 20.5 20.3 20.1 20.3 20.9 21.4 0.2%
New Commercial Light Truck (MPG)' ......... 20.3 19.9 18.7 19.1 19.8 20.5 21.0 0.2%
Stock Commercial Light Truck (MPG)' ........ 14.5 14.6 14.7 14.8 15.0 16.2 15.6 0.3%
Alrcraft Efficiency (seat miles per galion) ...... 50.6 51.0 52.1 53.9 55.7 57.6 59.6 0.7%
Freight Truck Efficiency (miles per gallon) ..... 5.2 5.6 5.7 5.9 6.1 6.2 6.3 0.5%
Ralil Efficiency (ton miles per thousand Btu) .. .. 2.7 2.7 2.8 2.8 2.9 3.0 3.1 0.5%
Domestic Shipping Efficiency
(ton miles per thousand Btu) ..... e 24 24 25 25 2.6 27 27 0.5%
Energy Use by Mode (quadrillion Btu) .
Light-Duty Vehicles ..............c vt 13.75 13.94 15.03 16.72 18.10 18.85 19.60 1.5%
Commercial Light Trucks! ......0veuennnnsn 0.59 0.59 0.63 0.69 0.76 0.80 0.84 1.5%
Frelght Trucks* ......ocvvvvinnnnnens. - 411 4.24 4.66 5.01 5.30 5.51 5.68 1.3%
| feerreeassetiieenns 3.32 3.35 3.84 4.41 5.17 5.77 6.38 2.8%
7 0.56 0.53 0.55 0.58 0.61 0.64 0.66 1.0%
Marine® ......oeeiiniiiii i 1.43 1.28 1.30 1.45 1.64 1.81 1.98 1.9%
Pipeline Fuel ............ PN 0.73 0.73 0.74 0.84 0.90 - 0.97 1.01 1.4%
L] T O 0.19 0.24 0.26 0.28 0.30 0.31 0.32 1.2%
Total ....oovvevnvenncnnnn ciesssaneons 24.68 24.91 27.01 29.98 32.77 34.65 36.44 1.7%

Commercial trucks 8,500 to 10,000 pounds.

*Environmental Protection Agency rated miles per gallon.

3Combined car and light truck "on-the-road" estimate.

‘Includes energy use by buses and military distillate consumption.

Sincludes passenger rail,

%includes military residuat fuel use and recreation boats.

TIncludes lubricants and aviation gasoline.

Btu = British thermal unit.

VMT=Vehicle miles traveled.

MPG = Miles per gallon.

Lbs, = Pounds.

Note; Totals may not equal sum of components due to independent rounding.

Sources; 1996 pipeline fuel consumption: Energy Information Administration (EIA),Natural Gas Annual 1996, DOE/EIA-0131(96) (Washington, DC, September 1997). Other
1996 values: Federal Highway Administration, Highway Statistics 1996 (Washington, DC, 1996); Oak Ridge National Laboratory, Transportation Ensrgy Data Book: 12, 13, 14,
15, 16, and 17, (Oak Ridge, TN, August 1997); National Highway Traffic and Safety Administration, Summary of Fuel Economy Performance, (Washington, DC, February 1997);
EIA, Household Vehicle Energy Consumption 1994, DOE/EIA-0464(94) (Washington, DC, August 1997); U.S. Dept. of Commerce, Bureau of the Census, "Truck Inventory and
Use Survey®, TC92-T-52, (Washington DC, May 1995); EIA, Describing Current and Potential Markets for Altemative-Fuel Vehicles, DOE/EIA-0604(96) (Washington, DC, March
1996); EIA, Altamatives To Traditional Transportation Fuels 1996, DOE/EIA-0585(96) (Washington, DC, December 1997); and EiA, State Energy Data Report 1995 , DOE/EIA-
0214(95) (Washington, DC, December 1997). 1997: U.S. Department of Transportation, Bureau of Transportation Statistics, Air Carrier Statistics Monthly, December 1997/1996,
(Washington, DC, 1997); EIA, Short-Term Energy Outlook, September 1998. Online http://www.efa.doe.gov/emew/steo/pub/upd/sep98/contents.himl (October 15, 1998); ElA,
Fuel Oll and Kerosene Sales 1997, DOE/EIA-0535(97) (Washington, DC, August 1998); and United States Department of Defense, Defense Fuel Supply Center. Projections:
EIA, AEOS9 National Energy Modeling System run AEO99B.D100198A.
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Reference Case Forecast

Table A8. Electricity Supply, Disposition, Prices, and Emissions
(Billion Kilowatthours, Unless Otherwise Noted)

Reference Case Annual
Supply, I{)ispositiqn, and Prices » 1 g;.;’_ “2':)20
- 1996 1997 2000 2005 2010 2015 2020 '(percent)
Generation by Fuel Type
Electric Generators'
L0 - | 1745 1796 1931 1976 2046 2151 2298 1.1%
Petroleum .......coiiiiiiiinannnnnnn.. 72 82 101 36 28 26 24 -5.2%
NaturalGas .........ccoviiinvennnennns : 278 299 338 649 919 1213 1349 6.8%
NuclearPower ........cocvvieennecnn.. 675 629 659 630 554 419 359 -2.4%
PumpedStorage .........covvieiiann.. 2 -3 -1 -1 -1 -1 -1 -5.0%
Renewable Sources®......cvvinennennn. 379 389 375 381 388 401 420 0.3%
Total coviieviiiiieiaiiiieiiireennas 3147 3192 3403 3672 3934 4208 4450 1.5%
Non-Utility Generation for Own Use . ........ 10 . 10 10 9 9 ] 9 -0.4%
Cogenerators®
Coal ...t e e 60 60 58 57 55 55 54 -0.4%
Petroleum . .....iiiininiiiiiiiienes 10 10 8 7 7 7 7 -1.3%
NaturalGas .......cceveeenenranannns 209 210 210 214 221 230 233 0.4%
Other Gaseous Fuels®.................. 4 4 5 5 5 5 5 1.2%
Renewable Sources®. ..........vven.... 41 41 48 52 57 60 63 1.9%
(011 4 4 4 4 4 4 4 0.2%
Total .cvvurierenrnenannnnas teeeean 328 328 334 340 350 362 367 0.5%
Salesto Utilities .. .........covvvennn.. 183 183 178 179 180 182 183 -0.0%
GenerationforOwnUse................. 145 146 156 161 169 180 184 1.0%
NetImports® .....cccviiiiiicnnnnenenns 38 32 43 "33 30 27 27 -0.7%
Electricity Sales by Sector . .
Residential ........... ..o ittt 1082 1072 1175 1262 1341 1446 1557 1.6%
Commercial ......cooviiiiniiiiiinnenns 981 1008 1081 1162 1247 1332 1383 1.4%
Industral ......ooiiiiiii i . 1030 1033 1059 1130 1211 1280 1339 1.1%
Transportation ...............cccv.n.. . 17 17 18 31 44 55 65 5.9%
Total ....viveeinnnnnn Cheeerreecenans 3111 3130 3333 3585 3843 4113 4345 1.4%
End-Use Prices (1997 cents per kilowatthour)”
Residential ....... ... L.l NN 8.5 8.5 8.0 7.8 7.7 7.3 71 -0.8%
Commercial .....coveiiiereniennannenns 7.7 7.6 7.2 6.9 6.6 6.2 6.0 -1.0%
Industrial .. ...covviiiniini ... 4.6 4.6 4.4 4.3 441 3.8 3.6 -1.0%
Transportation ............c.ciiiiunnnn 55 5.6 5.4 5.2 5.0 4.7 4.4 -1.0%
All Sectors Average ........... esseans 6.9 6.9 6.6 6.4 6.1 5.8 5.6 -0.9%
Emissions (million short tons)
SulfurDioXide .....ccviiiiiiiiiiii i 12.31 12.79 11.38 10.19 9.06 8.95 8.95 -1.5%
NitrogenOxide ........ocevvieneinnnnnnn 5.88 5.89 4.62 3.90 4,06 4.21 4.29 -1.4% |

*Includes grid-connected generation at all utilities and nonutilities except for cogenerators. Includes small power producers and exempt wholesale generators.

?Includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar, and wind power.

3Cogenerators produce electricity and other useful thermal energy. Includes sales to utilities and generation for own use.

4Other gaseous fuels include refinery and still gas.

Other includes hydrogen, sulfur, batteries, chemicals, fish oil, and spent sulfite liquor.

®In 1997 approximately two-thirds of the U.S. electricity imports were provided by renewable sources (hydroelectricity); EIA does not project future proportions.

Prices represent average revenue per kilowatthour.

Note: Totals may not equal sum of components due to independent rounding. :

Sources: 1996 and 1997 commercial and transportation sales derived from: Total transportation plus commercial sales come from Energy Information Administration (EIA), State
Energy Data Report 1995 , DOE/EIA-0214(95) (Washington, DC, December 1997), but individual sectors do not match because sales taken from commercial and placed In
transportation, according to Oak Ridge National Laboratories, Transportation Energy Data Book 17 (July 1996) which indicates the transportation value should be higher. 1996 and
1997 generation by electric utilities, nonutilities, and cogenerators, net electricity imports, residential sales, and industrial sales: EIA, Annual Energy Review 1997, DOE/EIA-0384(97)
(Washington, DC, July 1998). 1996 and 1997 residential electricity prices derived from EIA, Short-Term Energy Outlook, September 1998. Online http://www.ela.doa.goviemeu/
steo/pub/upd/sep98/contents.html (October 15, 1998). 1996 and 1997 electricity prices for commercial, industrial, and transportation; emlsslons; and projections: EIA,
AEQ99 National Energy Modeling System run AEO99B.D100198A.
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Reference Case Forecast

Table A9. Electricity Generating Capability

(Thousand Megawatts)
Reference Case é:‘:wu;:
1
Net Summer Capability 1997-2020
1996 1997 2000 2005 2010 2015 2020 (percent)
Electric Generators®
Capabillity
CoalSteam.....oovvvvvnrnnrecnacans 304.7 304.7 305.4 305.2 308.9 316.2 333.0 0.4%
Other Fossii Steam® .................. 137.8 138.7 138.4 101.6 80.2 79.5 75.7 -2.6%
CombinedCycle ........ovvevvennnnn. 15.4 16.4 274 88.7 126.0 175.9 211.5 11.8%
Combustion Turbine/Diese!l ............. 701 78.2 98.9 1411 151.0 174.9 186.7 3.9%
Nuclear Power ,...... seriseesrerenes 100.7 99.0 94.8 87.4 74.2 56.4 48.9 -3.0%
PumpedStorage ...........covvvvnnns 19.6 19.6 215 215 215 215 215 0.4%
FuelCells .%..coovivinerivonecnnnnns 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.4%
Renewable Sources* .. ................ 87.7 87.9 89.7 g1.1 92.1 93.9 96.7 0.4%
Total v.vvvevvnvosonvesennnncssnse 736.0 744.5 775.9 836.6 853.9 918.4 974.0 1.2%
Cumulative Planned Additions®
CoalSteam.......oovveervnvennncans 0.1 0.1 0.9 14 1.4 14 14 12.6%
Other FossilSteam® ........ccvvvuuen. 0.0 0.1 0.1 0.1 0.1 0.1 0.1 N/A
CombinedCycle .........ovvvneennnn 0.5 0.7 2.0 53 53 53 53 9.2%
Combustion Turbine/Diesel ............. 141 1.5 6.7 18.6 18.6 18.6 18.6 11.7%
Nuclear POWEr .....oovvvrvnvnnnnesnss 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N/A
PumpedStorage .......ovovveirnenn. 0.0 0.0 2.0 2.0 2.0 2.0 2.0 N/A
FuelCells ......cvvrvviiininninenann 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.1%
Renewable Sources* . .........covunn.. 0.1 0.1 1.6 2.5 28 2.8 2.8 16.1%
Total ...vvervnvercrorenssonensnans 1.7 25 13.3 29.8 30.1 30.2 30.2 11.5%
Cumulative Unplanned Additions®
CoalSteam...covvvvruecvnransanssans 0.0 0.0 0.0 1.5 5.6 135 310 N/A
Other Fossil Steam® ..........oceen.n 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N/A
CombinedCycle ......covvecinunnnn.. 0.0 0.0 9.4 67.7 105.0 155.0 190.5 NA
Combustion Turbine/Diesel ............ . 13.3 20.2 35.7 68.8 81.1 108.2 120.2 8.1%
NuclearPower .......covvvvrvveannss 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N/A
PumpedStorage ............covvnnnnn 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N/A
FuelCells ...vvoevivierironrnnnnnseas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N/A
Renewable Sources*.........ooueunrnen 0.8 0.8 0.9 14 23 4.3 7.3 10.0%
Total vvvververenrvosnnsooasnosnns 141 21.0 46.0 139.4 194.0 281.0 348.9 13.0%
Cumulative Total Additions ............ 15.8 23.5 59.3 169.2 2242 3111 379.0 12.9%
Cumulative Retirements® .............. 127 14.8 194 68.7 105.7 128.3 140.6 10.3%
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Reference Case Forecast

Table A9. Electricity Generating Capability (Continued) , ‘ -
(Thousand Megawaits)
Reference Case 2“"‘;,‘;:
Net Summer Capability! 199?_ 2020
1996 [ 1997 | 2000 | 2005 | 2010 | 2015 | 2020 | (percent)

Cogenerators’

Capability
Coal ...t iaieceana 9.4 9.4 9.8 9.8 9.9 9.9 10.0 0.3%
Petroleum .......cooviiieniannn. 1.4 1.4 14 1.5 1.5 1.5 1.5 0.2%
NaturalGas .......ccvevvevnennnnnns 32.1 334 34.8 35.3 36.2 37.3 37.7 0.5%
Other GaseousFuels ................. 0.6 0.6 0.9 0.9 0.9 0.9 0.9 1.56%
Renewable Sources* .. ......coovvnnnn.. 6.8 6.9 75 78 8.2 85 8.8 1.1%
Other ...ttt 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.9%
Total ..oiiiiiieiiiiienanenannnans 50.5 518 54.6 55.4 56.8 58.3 59.1 0.6%
Cumulative Additions® .........cc0uean 18.9 20.2 23.0 23.8 25.1 26.7 274 1.3%

Netsummer capability is the steady hourly output that generating equnpment is expected to supply to system load (exclusive of auxiliary power), as demonstrated by tests during
summer peak demand.

?Includes grid-connected utilities and nonutilities except for cogenerators. Includes small power producers and exempt wholesale generators.

3Includes oil-, gas-, and dual-fired capability.

“Includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar and wind power.

SCumulative additions after December 31, 1996. Non-zero utility planned additions in 1996 indicate units operational in 1996 but not supplying power to the grid.

SCumulative total retirements from 1990.
Nameplate capacity is reported for nonutilities on Form ElA-867, "Annual Nonutility Power Producer Report.® Nameplate capacity is designated by the manufacturer. The

nameplate capacity has been converted to the net summer capability based on historic relatlonshlps

N/A = Not applicable.
Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEO99. Net summer

capacity is used to be consistent with electric utility capacity estimates. Data for electric utility capacity are the most recent data available as of July 1, 1998. Therefore, capacity

estimates may differ from other Energy Information Administration sources. .
Sources: 1996 and 1997 net summer capability at electric utilities and planned additions: Energy Information Administration (EIA), Form EIA-860, "Annual Electric Generator
Report.” Net summer capability for nonutilities and cogeneration in 1996 and 1997 and planned additions estimated based on EIA, Form EIA-867, "Annual Nonutility Power

Producer Report." Projections: EIA, AEO99 National Energy Modeling System run AEO99B.D100198A.
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Reference Case Forecast

Table A10. Electricity Trade
(Billion Kilowatthours, Unless Otherwise Noted) .

Reference Case Annual
Growth
1997-2020
1996 1997 2000 2005 2010 2015 2020 (percent)

Electricity Trade

Interregional Electricity Trade

Gross Domestic Firm Power Sales ......... 1734 190.3 167.9 152.3 148.6 148.6 148.6 -1.1%
Gross Domestic Economy Sales . .......... 65.2 87.6 78.5 78.3 67.2 78.4 83.9 -0.2%
Gross DomesticTrade ......cc0000000e 238.6 277.9 246.4 230.7 215.8 227.0 2325 -0.8%
Gross Domestic Firm Power Sales
(milllon 1997 dollars) .. ..ovvnvvevrnnnen. 8148.5 8942.1 7890.5 7158.7 6983.5 6983.5 6983.5 -1.1%
Gross Domestic Economy Sales .
(million 1997 dollars) .. ..cvnvvvnvvenees. 1557.6 2186.7 1705.6 1848.6 1730.9 1843.5 1839.1 -0.7%
Gross Domestic Sales
(million 1997 dollars) .......cevevnens 9706.1 111289 9596.0 9007.3 8714.5 8827.0 8822.6 -1.0%

International Electricity Trade

Firm Power Imports From Canada and Mexico® 26.1 23.9 36.0 19.3 19.3 19.3 19.3 -0.9%

Economy Imports From Canada and Mexico® . 20.7 18.0 222 34.7 32.8 29.9 206 2.2%
Gross Imports From Canada and Mexico® . 46.8 42,0 58.1 54.0 52.2 49.2 49.0 0.7%
Firm Power Exports To Canada and Mexico .. 28 47 8.9 14.1 141 14.1 141 4.9%
Economy Exports To Canada and Mexico .. .. 6.4 5.3 6.4 7.0 77 77 7.7 1.6%
Gross Exports To Canada and Mexico .... 9.3 10.0 15.3 21.1 21.8 21.8 21.8 3.4%

THistorically electric imports were primarily from renewable resources, principally hydroelectric.

Note: Totals may not equal sum of components due to independent rounding. Firm Power Sales are capacity sales, meaning the delivery of the power Is scheduled as part
of the normal operating conditions of the affected electric systems. Economy Sales are subject to curtailment or cessation of delivery by the supplier in accordance with prior
agresments or under specified conditions.

Sources: 1996 and 1997 interreglonal electricity trade data: Energy Information Administration {ElA), Bulk Power Data System. 1996 and 1997 intemational electricity trade
data; DOE Form FE-718R, "Annual Report of International Electrical Export/Import Data.* 1996 and 1997 Firm/economy share: National Energy Board, Annual Report 1993. 1936
and 1997 Planned Interregional and intemational firm power sales: DOE Form IE-411, “Coordinated Bulk Power Supply Program Report,® April 1995, Projections: EIA, AEOS9
National Energy Modeling System run AEO99B.D100198A.

Energy Information Administration / Annual Energy Outlook 1999 127



Reference Case Forecast

Table A11. Petroleum Supply and Disposition Balance
(Million Barrels per Day, Unless Otherwise Noted)

Reference 2?";3:
. - 0
Supply and Disposition 1997-2020
1996 1997 2000 2005 2010 2015 2020 (percent)
Crude Oil
Domestic Crude Production® .............. 6.47 6.45 6.29 5.82 5.59 5.34 4.96 -1.1%
2 = = 1.40 1.30 1.19 0.97 0.78 0.61 0.49 -4.1%
lower48States ..........ciiiiiinn, 5.07 5.15 5.10 4.84 4.81 4.72 4.47 -0.6%
Netlmports ... .oiviiniiiiiiieinvnnnns 7.40 8.12 8.94 9.86 10.97 11.46 11.97 1.7%
GrossImponts . .o.cvviiiniievninnsnnns 7.51 8.23 9.02 9.92 11.02 11.50 11.99 1.7%
Exports ....ooviiiiiiii i 0.11 0.11 0.08 0.06 0.04 0.03 0.02 -8.0%
Other Crude Supply® .. eevveeieieenann 0.33 0.09 0.00 0.00 0.00 0.00 0.00 N/A
Total Crude SUPPIY . . ccvvveeerercnnsonne 13.87 14.57 15.23 15.68 16.56 16.80 16.94 0.7%
Natural Gas PlantLiquids . ............... 1.83 1.82 1.79 1.98 2.15 234 2.45 1.3%
OtherInputs® ....cciiiiieennnncannsonas 0.37 0.28 0.28 0.29 0.31 0.35 0.36 1.2%
Refinery Processing Gain® ............... 0.84 0.85 0.85 0.88 0.90 0.89 0.89 0.2%
Net ProductImports® ......ccvvvvvivennns 1.10 1.04 1.7 2.31 273 3.30 4.00 6.0%
Gross Refined Product Imports® .......... 1.55 1.52 214 272 3.12 3.59 4.26 4.6%
Unfinished Oil Imports .. .. .......coutts 0.37 0.35 0.43 0.50 0.54 0.61 0.68 2.9%
Etherimports ......cooviviiiininiannns 0.05 0.06 " 003 0.01 0.02 0.02 0.00 -14.4%
EXPOMS oo v vieiei ittt iaa e 0.87 0.90 0.89 0.92 0.96 0.93 0.94 0.2%
Total Primary Supply” ...cocivvvennnnnans 18.00 18.55 19.87 21.13 22.65 23.67 24.64 1.2%
Refined Petroleum Products Supplied
Motor Gasoline® .........cvvvvinnnnnenn 7.88 7.99 8.59 9.37 10.01 10.34 10.69 1.3%
JetFuel ... 1.58 1.60 1.83 2.11 2.46 2.75 3.03 2.8%
Distillate Fuel™ ............ccoeinvnn... 3.36 3.43 3.58 3.79 3.99 4.15 4.28 1.0%
Residual Fuel .......covvvvinieeniinn. 0.88 0.83 0.91 0.69 0.72 0.78 0.83 0.0%
Other ittt 4.68 4.77 4.99 5.21 5.51 5.68 5.82 0.9%
Total coiiiriiiriiiienicnnionnesanns 18.39 18.62 19.91 21.16 22,69 23.71 24.66 1.2%
Refined Petroleum Products Supplied
Residential and Commercial .............. 117 1.18 1.08 1.03 0.99 0.96 0.92 -1.0%
Industrial® ... ..., 4.87 4.92 5.14 5.39 5.70 5.90 6.07 0.9%
Transportation ..........c.ccieeniinnn. 12.02 1214 13.23 14.59 15.88 16.73 17.56 1.6%
Electric Generators™ . .. ................. 0.34 0.38 0.46 0.16 0.12 0.11 0.11 -5.4%
) | 18.39 18.62 19.91 21.16 22.69 23.71 24.66 1.2%
Discrepancy™ ......... . -0.39 -0.07 -0.05 -0.04 -0.04 -0.03 -0.02 N/A
World Oil Price (1997 dollars per barrel)'s ... 21.01 18.55 13.97 19.25 21.30 21.91 22,73 0.9%
Import Share of Product Supplied ......... 0.46 0.49 0.53 0.57 0.60 0.62 0.65 1.2%
Net Expenditures for Imported Crude Oll and
Products (billion 1997 dollars) ........... 63.78 60.87 53.95 86.34 107.95 119.49 135.20 3.5%
Domestic Refinery Distillation Capacity ..... 15.4 16.0 16.3 16.6 175 177 17.9 0.5%
Capacity Utilization Rate (percent) ......... 94.0 95.0 93.6 94.3 95.1 95.1 95.2 0.0%

YIncludes lease condensate.

?Strategic petroleum reserve stock additions plus unaccounted for crude oil and crude stock withdrawals minus crude products supplied.

3Includes alcohols, ethers, petroleum product stock withdrawals, domestic sources of blending components, and other hydrocarbons.

*Represents volumetric gain in refinery distillation and cracking processes.

SIncludes net imports of finished petroleum products, unf nished oils, other hydrocarbons, alcohols, ethers, and blending components.

®Includes blending components.

TTotal crude supply plus natural gas plant liquids, other inputs, refinery processing gain, and net petroleum imports.

®includes ethanol and ethers blended into gasoline.

“Includes naphtha and kerosene types.

“Includes distillate and kerosene. '

Yincludes aviation gasoline, liquefied petroleum gas, petrochemical feedstocks, lubricants, waxes, asphalt, road of, still gas, special naphthas. petroleum coke, crude oil product supplied,
and miscellaneous pstroleum products.

“Includes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale generators.

¥Balancing item. Includes unaccounted for supply, losses and gains.

SAverage refiner acquisition cost for imported cruds oil.

N/A = Not applicable.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996 and 1997 expenditures forimported crude oil and petroleum products based on intemal calculations. 1996 and 1997 product supplied data from Table A2. Other 1996 data;
Energy Information Administration (EIA), Petroleurn Supply Annual 1996, DOE/EIA-0340(96/1) (Washington, DC. June 1997). Other 1997 data: EIA, Petroleum Supply Annual 1997, DOE/EIA-
0340(g7/t) (Washington, DC. June 1998). Projections: EIA, AEO99 National Energy Modeling System run AEO9SB.D100198A.
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Reference Case Forecast

Table A12. Petroleum Product Prices
(1997 Cents per Gallon, Unless Otherwise Noted)

Reference Annual
Growth
1997-2020
1996 | 1997 | 2000 | 2005 | 2010 | 2015 | 2020 | (perceny)

Sector and Fuel

World Oll Price (1997 dollars per barrel) . ..... 21.01 18.55 13.97 19.25 21.30 21.91 22,73 0.9%

Delivered Sector Product Prices

Resldential
Distillate Fus! .....covvvevriiieerieeaen 99.5 97.1 89.5 103.3 107.4 108.4 108.1 0.5%
Liquefied Petroleum Gas . ................ 101.56 100.2 90.7 103.6 105.4 106.9 1109 0.4%
Commerclal
Distillate Fuel .......c.ovvvveeiinnn... 74.2 68.4 588 - 722 76.2 778 78.9 0.6%
Residual Fuel ......covvvnnnnnnvenennnsn 49.0 516 . 34.2 42.8 46.8 47.6 50.7 -0.1%
Residual Fuel (1997 dollars per barrel) ...... 20.60 21.67 14.36 17.99 19.66 20.00 21.30 -0.1%
Industrial’
Distillate Fusl 4. vovvvvnvenrinvnnvinenns 715 70.7 595 733 772 799 82.7 0.7%
Liquefied Petroleum Gas . ................ 70.0 724 454 57.0 57.6 59.1 63.2 -0.6%
Residual Fuel .......covveervinireennnn 46.5 434 27.5 36.2 407 40.8 43.2 -0.0%
Residual Fuel (1997 dollars per barrel) ...... 19.53 18.21 11.56 15.20 17.10 17.14 18.15 -0.0%
Transportation
Diesel Fuel (distiflate)? .................. 124.9 1184 104.8 117.7 119.0 118.7 118.3 -0.0%
JetFuel ...........ccnnn feeereoeennnns 75.6 702 55.8 72.4 77.6 80.4 85.1 0.8%
Motor Gasoling® ........oeeeveveeneenns 125.1 121.4 107.5 122.0 128.8 129.2 128.8 0.3%
Liquid Petroleum Gas ..........c0veuennn 108.5 103.6 101.0 1125 1127 1121 1139 0.4%
ResidualFuel ..........cccvveenvnenn.. 42.3 46.2 19.9 32.9 38.6 38.8 42.2 -0.4%
Reslidual Fuel (1997 dollars perbarrel) ...... 17.75 19.40 8.34 13.80 16.20 16.32 17.74 -0.4%
EBS ...oivvrvnvnnns i 144.2 145.8 130.7 150.5 156.7 158.1 158.9 0.4%
MBS irrirreiriniie i 82,1 97.3" 72.0 87.2 95.3 95.9 96.8 -0.0%
Electric Generators®
Distillate Fuel .............. Ceeeaaeaas 68.8 61.4 53.1 66.7 70.9 73.2 75.6 0.9%
Residual Fuel .....coovvnievnvnennneenn, 474 41.3 32.8 445 52.7 54.4 58.4 1.5%
Residual Fuel (1997 dollars per barrel) ceeees 19.90 17.36 13.79 18.70 22.14 22,84 24.51 1.5%
Refined Petroleum Product Prices®
Distillate Fuel .....cveveenvnenernnannn 110.2 104.2 93.4 106.9 109.2 109.8 110.1 0.2%
JetFuel .. .ovinnririann e 75.6 70.2 55.8 724 77.6 80.4 85.1 0.8%
Liquefied Petroleum Gas..........cc.vv... 76.1 77.7 54.8 67.1 68.0 69.3 73.0 -0.3%
Motor Gasoline* .............. Ceeeerees 125.1 1214 107.5 122.0 128.8 129.2 128.8 0.3%
Residual Fuel ......ovvuinnnnvveeennnens 45.1 441 27.6 36.3 413 413 443 0.0%
Residual Fue! (1997 dollars perbarrel) ...... 18.93 18.53 11.57 1526 = 17.33 17.36 18.59 0.0%
Average ...oveneenee esesesssnannree 104.8 101.2 86.8 101.7 106.3 106.7 107.5 0.3%

TIncludes cogenerators. Includes Federal and State taxes while excluding county and state taxes.

2L ow sulfur diesel fuel. Includes Federal and State taxes while excluding county and local taxes.

3Kerosene-type jet fuel.

4Sales welighted-average price for all grades. Includes Federal and State taxes while excluding county and local taxes.

®Includes all electric pover generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale
generators.

fWelghted averages of end-use fuel prices are derived from the prices in each sector and the corresponding sectoral consumption.

Sources: 1996 prices for gasoline, distiltate, and jet fuel are based on prices in the Energy Information Administration (EIA), Petroleum Marketing Annual 1996. Online.
hitp:fenvew.ela.dos.gov/oil-gas/ pmal/pmaframe.html (August 1, 1998). 1997 prices for gasoline, distillate, and jet fuel are based on prices in various issues of ElA, Petroleum
Marketing Monthly, DOE/EIA-0380 (97/03-98/04) (Washington, DC, 1997-98). 1996 and 1997 prices for all other petroleum products are derived from EIA, State Energy Price and
Expenditures Report: 1995, DOE/EIA-0376(95) (Washington, DC, August, 1998). Projections: EIA, AEOS9 National Energy Modeling System run AEO99B.D100198A.
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Reference Case Forecast

Table A13. Natural Gas Supply and Disposition
(Trillion Cubic Feet per Year)

Reference é?"w“t‘:
0
Supply and Disposition - 1997-2020
1996 1997 2000 2005 2010 2015 2020 (percent)
Production .
Dry Gas Production” .................... 18.79 18.94 19.28 21.57 23.77 26.11 27.35 1.6%
Supplemental Natural Gas? ............... 0.11 0.12 0.11 0.1 0.06 0.06 0.06 -2.9%
NetImports .......... cetersseienasanan 2.79 2.84 3.29 3.68 435 4.78 5.02 2.5%
Canada......cooviiiiiiiiinniennnnnn, 2.83 2.84 3.22 3.47 4.15 4.61 4.91 2.4%
Mexico .ovvvnii it -0.02 -0.02 -0.04 -0.06 -0.09 -0.12 -0.17 9.4%
Liquefied NaturalGas ................... -0.03 0.02 0.12 0.27 0.29 0.29 0.29 12.9%
Total Supply ..cvvveeeiennnnnnn.. ceee. 2169 21.89 22.69 25,36 28.18 30.95 32.44 1.7%
Consumption by Sector
Residential .........ccoo ittt 5.23 5.00 5.08 5.16 5.36 5.61 5.77 0.6%
Commercial .....coviineeinvennninnans 3.156 3.28 345 3.58 3.73 3.86 3.88 0.7%
Industrial® ............. Cerieearraeaaas 8.53 8.40 ‘8,73 9.04 9.46 9.87 10.24 0.9%
Electric Generators* ............. Cereaes 3.09 3.33 323 4.92 6.69 8.42 9.16 4.5%
LeaseandPlantFuel’................... 1.25 1.25 1.29 1.50 1.65 1.81 1.93 1.9%
PipelineFuel . .......ccooiviiinnnnnn.. 0.71 0.71 - 072 0.82 0.87 0.94 0.98 1.4%
Transportation® . .......ccveieiinennnnnn. 0.01 0.01 0.06 0.18 0.25 0.30 0.33 14.9%
Total .voveeinrecnannnen serecserecna 21,97 21.98 22.54 25.19 28.02 30.81 32.30 1.7%
Discrepancy’ ..... tereserecesnnsans vees - =0.29 - +0.10 0.15 017 0.16 0.14 0.14 N/A

Marketed production (wet) minus extraction losses. }

“Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed with natural
gas.
3Includes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale
generators.

*Represents natural gas used in the field gathering and processing plant machinery.

*Compressed natural gas used as vehicle fuel. .

“Balancing item. Natural gas lost as a result of converting flow data measured at varying temperatures and pressures to a standard temperature and pressure and the merger
of different data reporting systems which vary in scops, format, definition, and respondent type. In addition, 1996 and 1997 values include net storage Injections.

Btu = British thermal unit.

N/A = Not applicable.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1996 and 1997 may differ from published data due to intemal conversion factors.

Sources: 1996 supply values and consumption as lease, plant, and pipeline fuel: Energy Information Administration (EIA), Natural Gas Annual 1996, DOE/EIA-0131(96)
(Washington, DC, September 1997). Other 1996 consumption derived from: EIA, State Energy Data Report 1995, DOE/EIA-0214(95) (Washington, DC, December 1 997). 1997
supplemental natural gas: EIA, Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1998). 1997 imports and dry gas production derived from: EIA, Natural Gas
Annual 1996, DOE/EIA-0131(96) (Washington, DC, September 1997). 1997 transportation sector consumption: EIA, AEO99 National Energy Modeling System run
AEO99B.D100198A. Other 1997 consumption: EIA, Short-Term Energy Outlook, September 1998. Online http/www.eia.doe.gov/emeu/steo/pub/upd/sep98/contents.html {October
15, 1998) withadjustments to end-use sector consumption levels for consumption of natural gas by electric wholesale generators based on EIA, AEO99 National Energy Modeling
System run AEO99B.D100198A. Projections: EIA, AEO99 National Energy Modeling System run AEO99B.D100198A.
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Reference Case Forecast

Table A14. Natural Gas Prices, Margins, and Revenues
(1997 Dollars per Thousand Cubic Feet, Unless Otherwise Noted)

Reference Annual
Growth

1997-2020
1996 1997 | 2000 | 2005 2010 | 2015 2020 | (percent)

Prices, Margins, and Revenue

Source Price

Average Lower 48 Wellhead Price' ......... 2.28 2.23 2.10 2.35 2.52 2.62 2.68 0.8%
Average ImportPrice ...........ccuiunn 2.00 2.15 2.19 2.36 248 2.55 2.68 1.0%
AVErage? ..esiiieeccnsansossnnosnans 2.24 222 211 235 2.51 2.60 2.68 0.8%
Delivered Prices
Residential ...,..o0vvvrevneniennnnnns. 6.47 7.00 6.72 6.42 6.17 5.95 5.91 -0.7%
Commercial ....ovvvvrnnrnennss PPN 5.51 5.79 5.47 542 5.32 5.22 5.24 -0.4%
Industrial ....veviriiininnnnnnoearnnns 3.08 3.04 2.85 3.08 3.23 3.32 3.40 0.5%
Electric Generators® ........ccvvvvven.. 2.76 2.76 2.68 3.00 3.15 3.24 3.31 0.8%
Transportation® .....vvervnnniinnnnnn. . 6.21 6.36 6.68 6.92 7.37 7.52 7.57 0.8%
Average® ...iveienniecriasaarssinnes 4.30 4.44 4.23 4.22 4.18 4.13 4.16 -0.3%
Transmission and Distribution Margins’
Residenfial ........covvveriienenneenns 4,23 4.78 4.60 4.07 3.66 3.35 3.23 -1.7%
Commercial ...ivveennreenseennennnnns 3.27 3.57 3.36 3.07 2,81 2.62 2.56 -14%
Industrial’ ......oovvvvnennnnn. eeeaens 0.84 0.82 0.74 0.73 0.72 0.72 0.72 -0.6%
Electric Genarators® .........covvuveennn 0.52 0.54 0.57 0.65 0.64 0.63 0.63 0.7%
Transportation® ........ccvvivnerencenns 397 4.15 4.57 456 4.86 4.92 4.89 0.7%
AVErage® .....vevveeerssancrsensanes 2.06 2,22 212 1.86 1.67 1.53 1.48 1.7%

Transmission and Distribution Revenue
(blllfon 1997 dollars)

Resldential .......ovvvivnnnrecrennnnsns 22.11 23.92 23.30 20.98 19.64 18.76 18.65 -1.1%
Commerclial ...vevevvvrsrronncnnonanss 10.31 11.70 11.57 10.98 10.50 10.10 9.93 -0.7%
Industrial® .....covvririnnnneeerrnaeens 7.16 6.92 6.45 6.57 6.82 7.06 7.33 0.3%
Electric Generators® ......... Cerreaeane 1.60 1.80 1.84 3.21 4.28 5.31 5.76 5.2%
Transportation® . ...ovvvvninnarinennenn. 0.04 0.06 0.27 0.80 1.22 148 , 1.64 15.7%

Total vvvuvsvvevernnssssnassnnessons 4121 44,39 43.44 42.53 4247 42.72 43.31 -0.1%

YRepresents lower 48 onshore and offshore supplies.

2Quantity-weighted average of the average lower 48 wellthead price and the average price of imports at the U.S. border.

JIncludes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale
generators.

SCompressed natural gas used as a vehicle fuel. Price includes estimated motor vehicle fuel taxes.

“Welghted average prices and margins. Welghts used are the sectoral consumption values excluding lease, plant, and pipeline fuel.

TWithin the table, “transmission and distribution® margins equal the difference between the delivered price and the source price (average of the wellhead price and the price of
imports at the U,S, border) of natural gas and, thus, reflect the total cost of bringing natural gas to market. When the term "transmission and distribution® margins is used in today’s
natural gas market, it generally does not include the cost of independent natural gas marketers or costs associated with aggregation of supplies, provisions of storage, and other
services, As used here, the term Includes the cost of all services and the cost of pipeline fuel used in compressor stations.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996 residentlal, commerclal, and transportation delivered prices; average lower 48 wellhead price; and average import price: Energy Information Administration (EIA),
Natural Gas Annual 1996, DOE/EIA-0131(96) (Washington, DC, September 1997). 1996 electric generators delivered price: Form FERC-423, “Monthly Report of Cost and Quality
of Fuels for Electric Plants®. 1996 and 1997 industrial delivered prices based on EIA, Manufacturing Energy Cc iption Survey 1991. 1997 residential and commercial delivered
prices, average lower 48 wellhead price, and average import price: EIA, Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 19'98). Other 1996 values, other
1997 values, and projections: EIA, AEO99 National Energy Modeling System run AEO99B.D100198A.
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Reference Case Forecast

Table A15. Oil and Gas Supply

Reference Annual
Growth

1997-2020
1986 | 1e7 | 2000 | 2005 | 2010 | 2015 | 2020 | (percent)

Production and Supply

Crude Oll
Lower 48 Average Wellhead Price? -
(1997 dollars perbarrel) .....ccuvven [ 17.03 16.25 13.02 18.80 20.80 21.05 21.73 1.3%
Production (million barrels per day)?
US.Total..ovevieeininninnnnnnns cesreees 6.47 6.45 6.29 5.82 5.59 5.34 4.96 “1.1%
Lower480Onshore .................ccuun. 3.81 3.75 3.62 3.11 3.07 3.21 3.28 -0.6%
Conventional . ......vvvvivniin i 3.20 3.17 3.13 2.66 2.54 2.56 2.57 -0.9%
Enhanced Oil Recovery .................. 0.61 0.58 0.49 0.45 0.53 0.66 0.71 0.9%
Lower 48 Offshore ...... et rresaaesaaas 1.26 1.40 1.48 1.73 1.74 1.51 , 119 -0.7%
Alaska ... .ottt i e 1.40 1.30 1.19 0.97 0.78 0.61 0.49 -4.1%
Lower 48 End of Year Reserves (billion barrels)? 18.14 18.28 16.47 14.44 13.80 13.70 ° 13.70 -1.2%
Natural Gas

Lower 48 Average Wellhead Price’

(1997 dollars per thousand cubic feet)....... 2.28 2.23 210 2,35 2.52 2.62 2.68 0.8%
Production (trillion cubic feet)®
US.Total..ooeeierieennnnnnnnns tessennes 18.79 18.94 19.28 21.57 23.77 26.11 27.35 1.6%
Lower480nshore ...........cccvvvvvennn. 12.84 12.88 13.77 14.31 16.36 18.47 20.24 2.0%
Associated-Dissolved® ................... 1.75 1.77 1.75 1.32 1.19 1.19 1.21 -1.7%
Non-Associated ............ccoiiiinnnn. 11.09 11.11 12.03 12.99 15.18 17.28 19.04 2.4%
Conventional .. .....cocuvninnnnnnn e 7.44 7.43 8.21 9.01 10.27 11.30 12.32 2.2%
Unconventional ..........ocevnnnnnnnn 3.64 3.68 3.82 3.97 4.90 597 6.72 2.7%
Lower480ffshore ..........cccivvvunnen. 5.51 5.62 4.89 6.61 6.73 6.94 6.38 0.6%
Associated-Dissolved* ................... 0.78 0.80 0.84 0.92 0.93 0.89 0.81 0.1%
Non-Associated ................. P 4,73 4.82 4,05 5.69 5.80 6.05 5.57 0.6%
Alaska ...ttt it it 0.44 0.44 0.62 0.65 0.68 0.71 0.73 2.3%
Lower 48 End of Year Reserves
(trillion cublcfeet) .....ccvvenanen enes 156.30 . 158.13 162.45 166.77 174.29 175.73 172.03 0.4%
Supplemental Gas Supplies (trillion cubic ft.)° 012 - 012 0.11 0.1 0.05 0.05 0.05 B3.7%
Total Lower 48 Wells (thousands) ........ ves 22,59 27.02 19.86 27.00 3i 54 33.66 35.62 1.2%

'Represents lower 48 onshore and offshore supplies.

2Includes lease condensate.

3Market production (wet) minus extraction losses.

“Gas which occurs in crude oil reserves either as free gas (associated) or as gas in solution with crude oil (dissolved).

SSynthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed with natural
gas. :

Ft. = feet. ‘ :

Note: Totals may not equal sum of components due to independent rounding. Figures for 1996 and 1997 may differ from published data due to intemal conversion factors.

Sources: 1996 lower 48 onshore, lower 48 offshore, Alaska crude oif production: Energy Information Administration (EIA), Petroleum Supply Annual 1996, DOE/EIA-0340(96/1)
(Washington, DC. June 1997). 1986 U.S. crude ofl and natural gas reserves: EIA, U.S. Crude Ofl, Natural Gas, and Natural Gas Liquids Reserves, DOE/EIA-0216(96) (Washington,
DG, December 1997). 1996 natural gas lower 48 average wellhead price and total natural gas production: EIA, Naiural Gas Annual 1996, DOE/EIA-0131(96) (Washington, OC,
September 1997). 1997 lower 48 onshore, lower 48 offshore, and Alaska crude oil production: EIA, Petroleum Supply Annual 1997, DOE/EIA-0340(97/1) (Washington, DC. June
1998). 1997 natural gas lower 48 average wellhead price, Alaska and total natural gas production, and supplemental gas supplies: EIA, Natural Gas Monthly, DOE/EIA-
0130(98/06) (Washington, DC, June 1998). Other 1996 and 1997 values: E!A, Office of Integrated Analysis and Forecasting. Projections: EIA, AEQ99 National Energy Modeling
System run AEO99B.D100198A.
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Reference Case Forecast

Table A16. Coal Supply, Disposition, and Prices
{Million Short Tons per Year, Unless Otherwise Noted)

Reference Case Annual
Growth
1997-2020
1996 1997 2000 2005 2010 2015 2020 (percent)

Supply, Disposition, and Prices

Production’
Appalachia ......oovvviiieiineennenn, 461 477 483 482 482 479 466 -0.1%
Interfor ....ovveiiiiin i 173 171 169 129 127 146 164 -0.2%
West.oooiiireiiiineiiiiiiiiie e, 439 451 516 589 627 670 728 2.1%
East of the Mississippl ................... 573 589 593 561 563 580 586 0.0%
West of the Mississippi . ........cocnn... 500 511 575 640 672 714 772 1.8%
Total ...cvvrrvrenrncnsnsnsnncocnrones 1073 1099 1168 1200 1236 1294 1358 0.9%
Net Imports .
117+ £ C 7 7 7 8 8 8 8 0.2%
8T - 90 84 84 87 20 91 93 0.5%
Total vveerrevnnnncvunnncancssoannans -83 76 -76 -80 -82 -84 -86 0.5%
Total SUPPIY . veerursenrionrsosanssnsas 989 1023 1092 1121 - 1154 1211 1272 1.0%
Consumption by Sector
Residential and Commercial ............... 6 6 6 6 7 7 7 0.4%
Industrial® .. ..ovrrvennr i, 71 70 72 74 77 79 82 0.7%
CokePlants ........covvnvinnrrnnennnnn 32 29 29 26 24 22 20 -1.7%
Electric Generators* .........covevvvennn. 897 924 985 1014 1050 1103 1166 1.0%
= | 1006 1030 1092 1120 1156 1211 1275 0.9%
Discrepancy and Stock Change®. ........... -15 7 -0 1 -3 0 -3 N/A
Average Minemouth Price
(1997 dollars per shortton) ................ 18.85 18.14 16.59 14.93 14.00 13.21 12.74 -1.5%
(1997 dollars per millionBtu) ............... 0.89 0.85 0.79 0.71 0.67 0.63 0.62 -1.4%
Delivered Prices (1997 dollars per short ton)® .
Industrial . .... heesraceeneaeen e nne 32.90 32.41 29.86 28.53 27.40 26.15 24.96 -1.1%
CokePlants .,........... e e 4824  47.36 45.37 43.61 41.98 40.16 38.74 -0.9%
Electric Generators
(1997 dollars per shortton) ,.............. 26.96 26.16 24.47 23.21 21.66 20.03 18.77 -1.4%
(1997 dollars per million Btu} .. ............ 1.31 1.27 1.19 1.14 1.06 0.99 0.93 -1.3%
AVEIate v vvvessrrsrnssncnsacsassssnss 28.05 27.20 25.39 24.04 22.46 20.80 19.49 -1.4%
EXPOMST vviveeenrreonsonensnaenrans 4154  40.55 38.32 36.58 35.15 33.38 31.90 -1.0%

YIincludes anthracite, bituminous coal, lignite, and waste coal delivered to independent power producers. Waste coal deliveries totaled 7.9 million tons in 1994, 8.5 million tons
in 1995, 8.9 million tons in 1996, 9.4 million tons In 1897, and are projected to reach 10.0 million tons in 1998, and 10.6 million tons in 1999.

*Production plus net imports and net storage withdrawals.

3ncludes consumption by cogenerators. i

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale
generators,

Balancing item: the sum of production, net imports, and net storage minus total consumption.

*Sectoral prices weighted by consumption tonnage; weighted average excludes residential/ commercial prices and export free-alongside-ship (f.a.s.) prices.

7 F.a.s, price at U.S. port of exit.

N/A = Not applicable.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1996; Energy Information Adminlistration (EIA), Coal Industry Annual 1996, DOE/EIA-0584(96) (Washington, DC, November 1997). 1997 data derived from: EIA, Coal
Industry Annual 1997, DOE/EIA-0584(97) (Washington, DC, November 1998). Projections: EIA, AEO99 National Energy Modeling System run AEO99B.D100198A.
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Table A17. Renewable Energy Generating Capability and Generation
(Thousand Megawatts, Unless Otherwise Noted)

Reference é:_‘:“‘:::
Capacity and Generation 1997-2020
1996 1997 2000 2005 2010 2015 2020 (percent)
Electric Generators'
(excluding cogenerators) -
Net Summer Capability '
Conventional Hydropower ...............0 77.45 77.60 78.14 78.45 78.51 78.51 78.51 0.1%
Geothermal .......ccvveevninnnnnnnnnn 3.00 3.00 3.06 3.08 3.16 3.25 3.52 0.7%
Municipal SolidWaste® .................. 3.41 341 3.56 3.76 4.01 417 4.27 1.0%
Wood and Other Biomass® ............... 1.64 1.66 1.76 1.97 2.33 3.61 5.61 5.4%
SolarThemal ....ccoveneeeninnenannenn 0.35 0.35 0.37 0.42 -0.44 0.48 0.52 1.7%
Solar Photovoltaic . . . ... .ocveiiieeninnnn 0.01 0.01 0.04 0.14 0.30 0.46 0.64 18.7%
Wind...oovniiiiiiiiiiiiiiiienes N 1.88 1.88 2.80 3.24 3.39 341 3.61 2.9%
Total (iiiiiiieinniineennnnaes cesenan 87.74 87.92 89.73 91.05 92.14 93.89 96.68 0.4%
Generation (billion kilowatthours)
Conventional Hydropower ................ 340.66 350.62 322.30 323.16 323.42 323.50 323.58 -0.3%
Geothermal® ...........ccceeviennnnnnn 1543 15.67 14.71 - 16.23 17.86 19.69 22.99 1.7%
Municipal SolidWaste® .................. 14.24 14.30 23.35 24.78 26.49 27.65 28.34 3.0%
Wood and Other Biomass® ............... 4.26 4.21 8.13 9.40 11.97 20.90 34.89 9.6%
SolarThermal .......ooiviiiiininannens 0.90 0.90 0.95 1.11 1.19 1.31 144 2.0%
Solar Photovoltaic ... ........ seeeaiiaaes 0.00 0.00 0.09 0.33 0.71 1.12 1.56 31.2%
Wind....... eerseees eeeeneees e 341 3.41 6.1 7.24 7.69 1.76 8.44 4.0%
Total ..... < 7 £ X 1) 389.11 375.63 382.26 - 389.33 401.92 421.24 0.3%
Cogenerators®
Net Summer Capability
Conventional Hydropower® ............... 0.94 0.93 0.93 0.93 0.93 0.93 0.93 -0.0%
Municipal SolidWaste ... .........covvnnn 0.46 0.46 0.48 0.48 0.48 0.49 0.49 0.2%
Biomass ..ooviiiiiiiiiiiiiii e 5.45 5.45 6.1 6.40 6.77 7.13 7.39 1.3%
Total ...... [ Cerreereananns 6.85 6.85 7.52 7.82 8.19 8.55 8.81 1.1%
Generation (biltion kilowatthours)
Conventional Hydropower® ............... 6.16 6.16 4.90 4.90 4.90 4.90 4.90 -1.0%
Municipal Solid Waste . .. .. e entieeanaee 1.80 1.80 227 2.30 232 2.34 2.34 1.1%
Biomass .....ciiiiiiiiiii i 32.69 32.69 41.24 44.89 49.59 53.17 55.82 2.4%
Total ....covvvennnne terresssanaans 40.65 40.65 48.42 52.10 56.81 60.41 63.06 1.9%

TIncludes grid-connected utilities and nonutilities other than cogenerators. These nonutility facilities include small power producers and exempt wholesale generators.

2Includés hydrothermal resources only (hot water and steam).

3Includes landfill gas.

“Includes projections for energy crops after 2010.

SCogenerators produce electricity and other useful thermal energy.

SRepresents own-use industrial hydroelectric power.

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEO99. Net summer
capability is used to be consistent with electric utility capacity estimates. Data for electric utility capacity are the most recently available as of July 1,1998. Additional retirements
are also determined on the basis of the size and age of the units. Therefore, capacity estimates may differ from other Energy Information Administration sources.

Sources: 1936 and 1997 electric utility capability: Energy Information Administration (EIA), Form EIA-860, “Annual Electric Generator Report.” 1996 and 1997 nonutility and
cogenerator capability: EIA, Form EIA-867, “Annual Nonutility Power Producer Report.” 1996 and 1997 generation: EIA, Annual Energy Review 1997, DOE/EIA-0384(97)
{Washington, DC, July 1998). Projections: EIA, AEO99 National Energy Modeling System run AEO99B.D100198A.
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Table A18. Renewable Energy, Consumption by Sector and Source’
(Quadrillion Btu per Year)

Reference Annual
Growth

1997-2020
1996 1997 2000 2005 2010 2015 2020 (percent)

Sector and Source

Marketed Renewable Energy?

Resldentlal ......cccovvvvvennnnnnnnnas 0.61 0.60 0.60 0.61 0.62 0.64 0.65 0.4%

Wood ....... heesseseer e seaseas 0.61 0.60 0.60 0.61 0.62 0.64 0.65 0.4%
Commercial’ .......covviveenronennnees 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.0%
Biomass ..vvvenrenrerieenrireenceanans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.0%
Industrial®* .....cvvvrrmiinnrrensnnnnnnes 1.96 1.88 1.96 212 2.31 245 2,56 1.4%
Conventional Hydroelectric .......... S 0.03 0.03 0.03 0.03 0.03 0.03 0.03 N/A
Municlpal SolidWaste . .................. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A
Blomass ,....oo0vvnnnnennn . 1.93 1.84 1.93 2.08 2.27 2.41 252 1.4%
Transportation ......... cessssceseenns . 0.07 0.10 0.14 0.15 0.20 0.25 0.28 4.7%
Ethanolused inE85% ................... 0.00 0.00 0.01 0.02 0.04 0.05 0.06 N/A
Ethanol used In Gasoline Blending ......... 0.07 0.10 0.13 0.13 0.16 0.20 0.22 3.6%
Electric Generators® .....ceevecenavrenss 4.23 4.35 4.24 4.36 4.48 4.64 4.90 0.5%
Conventional Hydroelectric ............... 3.50 3.60 3.31 3.32 3.32 3.33 3.33 -0.3%
Geothermal ., ............. Chersesasees 0.42 0.43 0.41 0.47 0.52 0.59 0.69 21%
Municlpal SolidWaste................... 0.23 0.23 0.37 0.40 0.42 0.44 0.45 3.0%
Biomass ....oeivrenrriecenorecnnsaans 0.04 0.04 0.07 0.08 0.11 0.19 0.31 9.6%
SolarThermal ...oveenrevenrienncnannss 0.01 0.01 0.01 0.01 0.01 0.01 0.01 2.0%
Solar Photovoltaic............ N 0.00 0.00 0.00 0.00 0.01 0.01 0.02 31.2%
Wind..ooovrrvernninnenneene, PP 0.04 0.04 0.06 0.07 0.08 0.08 0.09 4.0%
Total Marketed Renewable Energy ......... 6.89 6.92 6.95 7.24 7.61 7.99 8.38 0.8%
Non-Marketed Renewable Energy’
Selected Consumption
Reslidentlal ....ccovvevnneennenonnnns .. 0.02 0.02 0.02 0.02 0.03 0.03 0.05 3.8%
Solar Hot WaterHeating ................. 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -0.4%
Geothermal HeatPumps . ................ 0.01 0.01 0.01 0.01 0.02 0.02 0.04 6.2%
Commercial ....covvrecoscncacsscnnses 0.01 0.02 0.02 0.03 0.03 0.04 0.04 3.8%
SolarThermal .....ocvvvvevriennnnonsen 0.01 0.02 0.02 0.03 0.03 0.04 0.04 3.8%

1Actual heat rates used to determine fuel consumption for all renewable fuels except hydropower, solar, and wind. Consumption at hydroelectric, solar, and wind facilities
determined by using the fossil fusl equivalent of 10,280 Btu per kilowatthour.

?ncludes nonelectric renewable energy groups for which the energy source is bought and sold in the marketplace, although all transactions may not necessarily be marketed,
and marketed renewable energy inputs for electricity entering the marketplace on the electric power grid. Excludes electricity imports; see Table A8.

*Value is less than 0.005 quadillion Btu per year and rounds to zero.

4includes all electricity production by industrial and other cogenerators for the grid and for own use.

5Excludes motor gasoline component of E85.

%includes renewable energy delivered to the grid from electric utilities and nonutilities. Renewable energy used in generating electricity for own use is included in the Individual
sectoral electricity energy consumption values.

"Includes selected renewable energy consumption data for which the energy is not bought or sold, either directly or indirectly as an input to marketed energy. The Energy
Information Administration does not estimate or project total consumption of nonmarketed renewable energy.

N/A = Not applicable,

Btu = British thermal unit,

Notes; Totals may not equal sum of components due to independent rounding.

Sources: 1996 and 1997 ethanol: Energy Information Administration (EIA), Annual Energy Review 1997, DOE/EIA-0384(97) (Washington, BC, July 1998). 1996 and 1997
electric ganerators: EIA, Form EIA-860, "Annual Electric Generator Report,” and EIA, Form EIA-867, “Annual Nonutility Power Producer Report.” Other 1996 and 1997: E!A, Ofiice
of Integrated Analysls and Forecasting. Projections: EIA, AEO99 National Energy Modeling System run AEOS9B.D100198A.
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.

Table A19. Carbon Emissions by Sector and Source
(Million Metric Tons per Year)

Reference Annual

. Growth
1997-2020
1996 1997 2000 2005 2010 2015 2020 | (percent)

Sector and Source

Residential
Petroleum ........covvviiiiinniee.n, 27.3 27.8 26.0 24.2 23.0 220 21.0 -1.2%
NaturalGas .........ccovveviinnvnnnn.. 775 741 75.0 76.5 795 83.1 85.6 0.6%
Coal o e it e 1.4 14 15 14 1.3 1.3 13 -0.5%
Electricity ... et 178.6 182.3 207.5 215.5 228.6 247.9 267.2 1.7%
Total ..... reeessesaan sreessessaaas 284.8 285.6 310.0 317.6 3325 354.3 375.0 1.2%
Commercial
Petroleum ... .o oeiiie e 14.6 14.4 1.7 113 11.1 1.0 10.6 -1.3%
NaturaiGas ........... SN 46.7 48.6 51.1 53.0 55.3 57.1 57.6 0.7%
107 | R 2.1 241 23 24 2.5 26 2.6 0.9%
Electricity ........cooiiiiiiiiiiiii, 161.8 1715 190.9 198.5 212.8 + 2283 237.3 1.4%
Total ..... seessseccnans ceseseananns 2253 236.6 255.9 265.2 281.7 299.0 308.1 1.2%
Industrial’
Petroleum . ....ovvtiiiaiiiinineeannann 103.7 105.8 108.3 112.6 117.4 120.0 1214 0.6%
Natural Gas® .. .ovviiiienneeeeennnn, 144.0 142.2 145.6 153.7 161.9 170.4 177.4 1.0%
L T 59.8 58.5 61.9 62.9 63.5 64.6 65.9 0.5%
Electricity ..., 170.0 175.6 187.2 193.0 206.5 219.5 229.8 - 1.2%
Total .evvvnnnnn. . 4776 482.1 503.0 522.1 549.4 574.5 594.5 0.9%
Transportation
Petroleum® ......covvviiiiiiiiieeann. 459.5 461.9 500.7 5§52.0 600.8 632.9 664.7 1.6%
NaturalGas® . ......ccoivnnvvnnnnnnn., 10.6 ., 105 115 147 16.7 184 19.5 2.7%
Other® . .ot it 0.0 0.0 0.3 0.9 14 17 1.9 N/A
Electricity ........cooiviiiiiiiiai... 28 29 32 5.2 7.6 9.4 11.2 6.0%
Total cue ittt ittt 472.8 475.3 515.8 572.8 626.3 662.3 697.3 1.7%
Total Carbon Emissions by Delivered Fuel
Petroleum® .. ... ... .ttt 605.2 609.9 646.7 700.1 752.4 785.9 817.7 1.3%
NaturalGas .......c.iceeiiennnnnnnnn. 278.8 2754 283.2 297.8 3134 328.9 340.0 0.9%
L7 63.4 62.0 65.6 66.6 67.4 68.4 69.8 0.5%
(0] 11 0.0 0.0 0.3 0.9 14 17 1.9 N/A
Electricity ....oovvirenainnnininnnnnn, 513.2 532.4 588.8 612.3 655.4 705.1 7455 1.5%
Total....... teeeinnaan heeeranenas . 1460.6 1479.6 1584.7 1677.7 1789.9 1890.1 1974.9 1.3%
Electric Generators®
Petroleum ..., 154 17.6 224 7.7 5.8 5.3 4.9 -5.4%
NaturalGas .......cocevveinnnnnnnnnn. 40.3 43.8 47.5 72.4 98.5 124.0 134.8 5.0%
Coal oot i e e 457.5 471.0 518.9 5322 551.1 575.9 605.8 1.1%
Total ........ feeeieeanan N 513.2 5324 588.8 612.3 655.4 705.1 745.5 1.5%
Total Carbon Emissions by Primary Fuel”
Petroleum® . ... c.ciiniiiiiiiiiiee 620.6 627.5 669.1 707.8 758.1 791.1 822.6 1.2%
NaturalGas .........ccovveenvnnnnnn.. 319.1 319.1 330.7 370.2 411.9 452.9 474.8 1.7%
Coal ..ot e e 520.9 533.0 584.5 598.8 618.5 644.4 675.6 1.0%
L0 11 T-T 0.0 0.0 0.3 0.9 14 1.7 1.9 N/A
TotalP...... feeeinaaan Ceeeiiaaas vee. 1460.6 1479.6 1584.7 1677.7 1789.9 1890.1 1974.9 1.3%

Carbon Emissions
(tons per person) ........ eeeseas ceans 5.5 5.5 5.8 5.9 6.0 6.1 6.1 0.4%

Yincludes consumption by cogenerators.

2Includes lease and plant fuel.

*This includes international bunker fuel which, by convention are excluded from the international accounting of carbon emissions. In the years from 1989 through 1996, international bunker
fuels accounted for 22 to 24 million metric tons of carbon annually. \

“Includes pipeline fuel natural gas and compressed natural gas used as vehicle fuel.

SIncludes methanol and liquid hydrogen.

®Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exemptwholesale generators.

*Emissions from electric pover generators are distributed to the primary fuels.

N/A = Not applicable

Note: Totals may not equal sum of components due to independent rounding.

Sources: Carbon coefficients from Energy Information Administration, (EIA) Emissions of Greenhouse Gases in the United States 1997, DOE/EIA-0573(97) (Washington, DC, October
1998). 1896 consumption estimates derived from EIA, State Energy Data Report 1995, DOE/EIA-0214(95) (Washington, DC, December 1997). 1997 consumption estimates based on: EIA,
Shont-Term Energy Outlook, September 1998, Online htip:/fwww.eia.doe.gov/emeu/steo/publupd/sep98/contents.himl (October 15, 1998). Projections: EIA, AEOS9 National Energy Modeling
System run AEQ99B.D100198A.
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Table A20. Macroeconomic Indicators
(Billion 1992 Chain-Weighted, Dollars Unless Otherwise Noted)

Reference Annual
Growth

1997-2020
1996 | 1997 | 2000 | 2005 | 2010 | 2015 | 2020 | (percent)

Indicators

GDP Chaln-Type Price Index

(1992=1.000) ....cevevvcecnnsooarnnnans 1.095 1.116 1.172 1.310 1.487 1.742 2126 2.8%
Real Gross Domestic Product ............. 6995 7270 7830 8769 9896 10800 11680 2.1%
Real Consumption .........ccooveninnennns 4752 4914 5395 5977 6754 7521 8347 2.3%
Reallnvestment .........ccovvvviiivennnnn 1084 1206 1384 1628 1925 2149 2401 3.0%
Real Govemment Spending ........... R 1268 1285 1341 1445 1588 1680 1764 1.4%
Real EXports ..o vvevrvenieennsrennnnn . 860 970 1085 1597 2257 2858 3460 5.7%
Reallmports ....oviveveveennneneannanns 971 1106 1403 1905 2704 3655 4903 6.7%
Real Disposable Personal Income .......... 5043 5183 5622 6311 7170 8006 8305 2.4%
Index of Manufacturing Gross Qutput

(index 1987=1.000) .....ccvvrennunvacass 1.305 1.359 1.416 1.593 1.810 1.977 2137 2.0%
AA Utility Bond Rate (percent) .............. 7.57 7.54 6.11 6.28 6.17 6.82 7.62 N/A
Real Yield on Government 10 Year Bonds

{percent) ..... Cererereesrres Cererreeees 4.99 4.94 3.90 3.77 3.20 3.13 3.01 N/A
Real Utility Bond Rate (percent) ............. 5.38 5.53 4.45 4.10 348 3.48 3.37 N/A
Energy Intensity b

(thousand Btu per 1992 dollar of GDP)

Delivered Energy ........eoveeeciennenns 10.08 9.70 9.50 9.06 8.57 8.24 7.94 -0.8%

TotalENergy oo vvvvevrveenrncaeanvencnns 13.39 12.94 12.68 11.94 11.21 10.70 10.27 -1.0%
Consumer Price Index (1982-84=1.00) ........ 1.57 1.61 1.72 1.98 2.28 2.68 3.23 3.1%
Unemployment Rate (percent) .. ............. 5.41 4.95 4.95 5.85 5.36 5.43 532 N/A

Unit Sales of Light-Duty Vehicles (million) .... 15.10 15.08 15.39 15.40 16.50 16.81 16.74 0.5%
Millions of People

Population with Armed Forces Overseas . ... .. 265.8 268.2 275.2 286.5 298.3 310.7 3234 0.8%

Population (aged 16 andover) ............. 204.2 206.3 212.8 223.5 235.0 2454 255.1 0.9%

Employment, Non-Agriculture .............. 118.7 121.4 126.9 134.2 143.5 1494 154.0 1.0%

Employment, Manufacturing ............... 18.5 18.5 18.1 17.5 17.2 16.2 15.1 -0.9%

LaborForce .....covvvevunneceriennnsse 133.9 136.3 141.9 149.2 157.2 161.3 163.5 0.8%

GDP = Gross domestic product.

Btu = British thermal unit.

N/A = Not applicable.

Sources: 1996 and 1997: Data Resources Incorporated (DRI), DRI Trend0898. Projections: Energy Information Administration, AEOS9 National Energy Modeling System
run AEO99B,D100198A.
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Table A21. International Petroleum Supply and Disposition Summary
(Million Barrels per Day, Unless Otherwise Noted) -

138

Reference él'_‘:w“;:
Supply and Disposition 1997-2020
: 1996 1997 2000 2005 2010 2015 2020 (percent)
World Oil Price (1997 dollars per barrel)® .... 21.01 18.55 13.97 19.25 21.30 21.91 22,73 0.9%
Production?
OECD :
US.(50states) ......comvviiiiiinian. 9.34 9.34 9.23 8.96 8.99 8.94 8.70 -0.3%
Canada ......oviviiiiiniiiniiiinnnnn 247 2.59 2.84 3.19 3.31 3.35 3.38 1.2%
MeXiCo. . oo vineiii it iiiieeiieennnenns 3.31 3.44 3.65 3.92 3.97 3.95 3.87 0.5%
OECDEUrope® ....vviiiiinenerrennnnnns 7.00 7.02 8.07 8.22 747 6.75 6.26 -0.5%
OtherOECD ...c.iviirnrnnnnnnnnnennnn 0.78 0.83 0.88 0.91 0.91 0.87 0.80 -0.1%
Total OECD ....ccvvincivennnncsnnnas 22,90 23.21 24.66 25,20 24.66 23.86 23.00 -0.0%
Developing Countries
Other South & Central America ............ 3.26 3.40 4.02 4,45 4.77 4.90 4.97 1.7%
PacificRim ..............co0.n. e 2.09 217 2.36 2.87 3.16 3.23 3.25 1.8%
L0 28.20 29.85 30.27 35.60 40.35 48.70 58.81 3.0%
Other Developing Countries ............... 4.54 4.58 487 5.78 6.33 6.82 7.32 2.1%
Total Developing Countries . ...vvveeenrn 38.08 39.99 41.52 48.69 54.60 63.65 74.36 2.7%
Eurasia .
Former SovietUnion .................... 7.08 7.13 7.39 9.41 12.03 12.62 13.18 2.7%
EastemEurope .......... . c.ceuiiieann. 0.26 0.25 0.30 0.35 0.42 0.44 0.42 2.2%
L0341 - 3.13 3.20 3.30 3.42 3.56 3.60 3.46 0.3%
Total Eurasia ....cvvveeencennnnncease 10.48 10.58 10.99 13.18 16.02 16.65 17.06 21%
Total Production ....ccvivevinnecencnnes 71.47 73.78 7717 87.06 95.28 104.17 114.41 1.9%
Consumption
OECD
US.(50states) ...oovvvvveerinnnnnnnnss 18.31 18.62 19.94 21.15 22,69 23.71 24.67 1.2%
U.S. Territories v.....ovueevnnn. [ . 0.26 . 020 0.20 0.37 0.38 0.42 0.47 3.8%
Canada ........coviiiiiiiiiiiinnnannn 1.80 1.86 2.06 212 2,19 232 2.48 1.3%
Mexico........ eereree e annnannns 1.90 1.91 2.09 246 2.78 3.02 3.26 2.4%
I - o - 4 .5.86 5.71 5.67 7.07 7.21 7.58 8.02 1.5%
Australia and New Zealand. ............... 0.93 0.95 1.00 1.12 1.21 1.25 1.30 1.4%
OECDEUrope® ...cvivvrnnniennannnn. 14.27 14.43 14.96 15.34 15.50 15.59 15.69 0.4%
Total OECD .....ciiiinniriecranannss 43.33 43.68 45,93 49.62 51.97 53.89 55.88 11%
Devéloplng Countries -
Other South and Central America ........... 3.54 3.77 4.37 5.67 6.64 7.71 8.97 3.8%
PacificRim ..........coiiiiiiiiiaa... 4.55 4,77 4.75 6.35 7.38 8.74 10.38 3.4%
OPEC ..ottt ittt ieiinennns 5.39 5.56 5.69 6.30 7.06 7.91 8.86 2.0%
Other Developing Countries ............... 5.35 5.50 5.76 7.36 8.20 9.14 10.24 2.7%
Total Developing Countries ............. 18.84 19.60 20.57 25.68 29.28 33.51 38.45 3.0%
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Table A21. International Petroleum Supply and Disposition Summary (Continued)
(Million Barrels per Day, Unless Otherwise Noted)

Reference Annual
Growth

Supply and Disposition 1997-2020
1996 1997 2000 2005 2010 2015 2020 (percent)

Eurasla
Former Soviet Union .. ... Cebeeeseseneans 4.38 4.43 4.98 5.16 5.96 6.71 747 2.3%
EastemEurope ...........oeeiiinnnn, 1.13 1.37 1.53 - 1.62 1.90 224 2.65 2.9%
[0 111 T 3.55 3.88 4.47 5.28 6.47 8.12 10.26 4.3%
Total Eurasia .....coovveesnsonscnseas 9.05 9.68 10.97 12,06 14.33 17.07 20.38 3.3%
Total Consumption .......cco0evvnnvncnas 71.22 ' 72.96 77.47 87.36 95.58 104.47 114.71 2.0%
Non-OPEC Production . .....oovvevunnnnns 43.27 43.94 46.90 51.47 54.93 5546 55.60 1.0%
NetEurasfaExports .....covvvvrnreennnn. 142 0.91 0.02 1.12 1.69 -0.41 -3.32 N/A
OPECMarketShare ........oc0vvvenennn * 039 0.40 0.39 0.41 0.42 047 0.51 1.0%

1Averaga refiner acquisition cost of imported crude oil.

?Includes production of crude ol (including lease condensates), natural gas plant liquids, other hydrogen and hydrocarbons for refinery feedstocks, alcohol, liquids produced
from coal and other sources, and refinery gains.

SOECD Europe Includes the unified Germany.

N/A = Not applicable,

OECD = Organization for Economic Cooperation and Development - Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, ltaly,
Japan, Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States (including
territories),

Pacific Rim = Hong Kong, Malaysla, Philippines, Singapore, South Korea, Taiwan, and Thailand.

OPEC = Organization of Petroleum Exporting Countries - Algeria, Gabon, Indonesia, Iran, lraq, Kuwat, Libya, Nigeria, Qatar, Saudi Arabia, the United Arab Emirates, and
Venezuela,

Eurasla = Albanla, Bulgaria, China, Czech Republic, Hungary, Poland, Romania, Slovak Republic, the Former Soviet Union, and the Former Yugoslavia.

Note; Totals may not equal sum of components due to independent rounding.

Sources: 1996 and 1997 data derived from: Energy Information Administration (EIA), Short-Term Energy Outlook, September 1998. Online hitp:/fwww.ela.doe.gov/emeu/stec/
pub/upd/sep98/contents.htm! (October 15, 1998). Projections: EIA, AEQ99 National Energy Modeling System run AEQ99B.D100198A.
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Appendix B ,
Economic Growth Case Comparisons

Table B1. Total Energy Subply and Dispositidn Summary
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
Supply, Disposition, and Prices 1097 2010 2015 2020
: Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
Production . ‘
Crude Oil and Lease Condensate 13.65 11.75 11.83 11.93 11.15 11.30 1147 10.31 10.51 10.71
Natural Gas Plant Liquids vee 257 2.87 3.06 324 3.06 3.32 357 317 347 3.76
Dry Natural Gas vee 1947 22.89 24.44 25.97 24.64 26.84 28.80 25.63 28.12 3045
(07 RN vee 2333 2541 2591 26.54 26.04 26.95 28.03 2649 28.12 29.98
Nuclear Power 6.71 5.88 591 591 438 447 447 365 - 383 398
Renewable Energy’ 6.82 7.24 744 769 743 7.7 8.19 764 8.15 8.79
Other c.eviiviieviineennns e 0.66 051 0.57 060 - 057 0.62 0.73 0.50 0.65 0.79
N . 73.22 76.54 79.16 81.88 77.28 81.28 85.26 7739 82.85 88.46
Imports
Crude O «ounveeiiiceiiineriineeeines 17.86 2276 23.91 24.85 24.01 24.96 26.14 24.81 26.03 27.39
. 389 6.67 7.35 8.07 6.78 8.50 9.77 758 9.92 12.16
Natural Gas ...oovvinerenniinneninsrenns 3.06 4.50 4.69 484 491 5.15 545 . 51 546 570
Other IMPos® . .vevereeiineneraneeinans 0.54 0.66 0.71 0.76 0.66 0.72 0.78 0.66 0.75 0.84
Total ....... Cetretenteerirrannanannaas 2534 34.60 36.66 38.53 36.36 39.33 4245 38.16 4215 46.09
Exports
Petroletm® . ..e v e, 2.09 2.01 2.11 2.16 1.90 202 2.08 1.86 2.00 2.10
.0.16 0.24 0.24 024 0.27 0.27 027 032 0.32 032
219 227 2.27 227 23 2.31 231 236 2.36 2.36
444 452 4,62 4.67 447 459 4.65 4.54 468 478
Discrepancy’s.uuvesieniiiieriennsnennenees 008 045 -0.37 .44 043 049 042 -0.54 044 040
Consumption
Petroleum Products® 36.49 42.16 44.22 46.14 43.20 46.20 49.17 43.98 48.08 52.26
NaturalGas .........c..vuue 2259 27.05 28.79 3047 29.20 31.64 33.88 30.33 3317 35.74
21.09 2344 24,06 24.66 2414 25.05 26.22 24.48 26.26 2817
6.71 5.88 591 5.91 4.38 4.47 4.47 3.65 3.83 3.98
6.82 725 745 770 744 779 821 7.65 8.17 8.80
0.33 0.39 0.39 041 0.37 0.38 0.39 0.38 0.39 040
94.04 10617 110.83 115.29 108.73 115.53 122.34 11047 119.89 129.36
Net Imports - Petroletm +v.vveererierrenaans 19.65 2742 29.16 30.77 28.89 3144 33.84 30.53 33.95 3744
Prices (1997 dollars per unit)
World Ol Price (dollars per barel)® ............ 18.55 20.70 21.30 21.90 21.07 2191 22.75 21.66 2273 23.81
Gas Wellhead Price (doflars perMcf)" .......... 223 229 252 27 229 262 291 229 268 3.09
Coal Minemouth Price (dollars perton) .......... 18.14 13.88 14.00 14.16 12.98 13.21 13.39 1247 12.74 1289
Average Electric Price {cents perkeh) ........... 6.9 5.7 6.1 6.5 54 58 6.3 5.1 5.6 6.1

'Includes grid-connected electricity from conventional hydroelectric; wood and wood waste; landfill gas; municipal solid waste; other biomass; wind; photovoltalc and solar
thermnal sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components of E85, but
notthe ethanol components of blends less than 85 percent. Excludes electricity imports using renewable sources and nonmarketed renewable energy. See Table B18 forselected
nonmarketed residential and commercial renewable energy.

Zincludes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.

*Includes imports of crude oil for the Strategic Petroleum Reserve.

“Includes imports of finished petroleum products, imports of unfinished oils, alcohols, ethers, and blending components.

®Includes coal, coal coke (net), and electricity (net).

fIncludes crude oil and petroleum products.

7Balancing item. Includes unaccounted for supply, losses, gains, and net storage withdrawals.

®Includes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum based liquids for blending, such as ethanol.

*Includes net electricity imports, methanol, and liquid hydrogen.

®Average refiner acquisition cost for imported crude oil.

""Represents lower 48 onshore and offshore supplies.

Btu = British thermal unit.

Mcf = Thousand cubic feet.

Kwh = Kilowatthour.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1997 may differ from published data due to internal conversion factors.

Sources: 1997 natural gas values: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1998). 1997 coa! minemouth
price: Coal Industry Annual 1997, DOE/EIA-0584(97) (Washington, DC, November 1998). Coal production and exports derived from: EIA, Monthly Energy Review, DOE/EIA-
0035(98/08) (Washington, DC, August 1998). Other 1997 values: EIA, Annual Energy Review 1997, DOE/EIA-0384(97) (Washington, DC, July 1998) Projections: EIA, AEO99
National Energy Modeling System runs LMAC99.D100198A , AEO99B.D100198A, and HMAC99.D100198A.
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Economic Growth Case Comparisons

Table B2. Energy Consumption by Sector and Source
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Source 1997 Low High Low High Low High
Economic { Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Energy Consumption
Residential
Distillate FUBl .. vvvvvrererssrrnsseniannsse 0.94 0.73 0.73 0.74 0.69 0.69 0.70 0.65 0.65 0.66
KEroSeNB vvvvvvvvavenvenseronnsosonsenes 0.09 0.07 0.07 0.07 0.07 0.07 0.07 0.06 0.07 0.07
Liquefied Petroleum Gas.......oevvnvnnenns 043 0.42 043 0.44 0.41 0.42 0.43 0.39 0.40 042
Petroleum Subtotal .......cvvevennrnnses 147 1.21 1.23 1.25 1.16 “1.18 1.20 11 112 1.14
NalUralGas +vvvvvvvernnrsereonnssnnsonns 5.15 5.31 552 5.74 547 577 6.07 5.56 594 6.31
[ 0.06 0.05 0.05 0.05 0.05 0.05 . 0.05 0.05 0.05 0.05
Renevable Energy' .....ovvvnevnirnernanns 0.60 0.60 0.62 0.64 0.61 0.64 0.66 0.62 0.65 0.68
Electicity vovvrrrrnnriiersnniniineininens 3.66 444 457 4.72 474 493 5.14 504 531 559
Delivered ENergy ovvvsverenserseressones 10.92 11.62 12.00 1239 1203 1257 13.12 1238 13.08 1377
Electriclty Relaled Losses ............ verens 8.07 8.93 9.1 927 9.12 9.34 9.58 943 a7 10.09
L1 18.99 20.55 2111 21.66 21.14 21.91 2270 2181 22.85 23.86
Commerclal
Distillate FUel, .o vvrerserrrnnrsiereneeress 0.49 0.34 0.34 0.35 0.33 0.33 0.34 0.31 0.32 0.32
Residual FUel .......eovvvveereerevnnnees 0.1 0.09 0.09 0.10 0.09 0.09 0.10 0.09 0.09 0.10
KEIOSENE vvvvvrvererrvrronronsonssnonaes 0.03 0.02 0.03 0.03 0.02 0.03 0.03 0.02 0.03 0.03
Liquefied Petroleum Gas................... 0.08 0.08 0.09 0.08 0.08 0.09 0.09 0.08 0.09 0.09
Motor Gasoling?........ seesrsnieiirsanns 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02
Petroleum Subtotal .......vvenvvnenninnnn 0.73 0.56 0.57 0.58 0.55 0.56 0.58 0.53 0.55 0.57
Natural Gas ..o vevreevanronnornosesnonnes 337 375 3.84 3.92 3.84 397 4.09 3.82 4.00 415
€08l ..srvrreerenrernnrrencornonssnonens 0.08 0.09 0.10 0.10 0.10 0.10 0.10 0.09 0.10 o
Renewable ENergy’ ...vvvennerrereernenens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ElectiCity oo vvvrsvnnrneniesuvsnnnssnonses 344 419 4.26 433 4.41 454 4.67 453 472 490
Dellvered ERErgY covvovrssosronearsasens 7.63 8.60 8.77 8493 8.90 9.18 9.44 8.97 9.37 9.73
Electricity Related Losses ...........oeetnet 759 8.41 8.48 8.50 849 8.60 8.70 846 8.68 8.85
Total vovennvnvoreencnans teresoesearass 15.22 17.01 17.24 17.44 17.39 17.78 18.14 17.44 18.05 18.58
Industrlal®
Distillate Fuel,vvovvvueenns besreseeneraens 1.13 127 1.35 143 1.31 142 1.54 1.33 148 164
Liguefied Petroleum Gas............eevenee 2.14 225 245 2.65. 229 258 2.89 229 269 3.13
Petrochemical Feedstock ......ocvuvienusss 1.46 1.40 1.52 1.64 1.42 1.60 178 142 167 1.93
Residual Fuel ,,.....c0vvvvenivrnnvensnes 0.28 0.30 0.33 0.36 0.31 0.35 0.39 0.30 0.36 041
Molor Gasoling?.....cevverenneerereanren. 0.21 0.25 0.26 0.28 0.25 0.28 0.30 0.26 0.29 0.33
OtherPetroleum® .....ovvvvernnnrerennrnn. 411 4.62 4.89 5.15 4.59 495 531 454 4.99 5.50
Petroleum Subtotal .....evvvnviiennninne 933 10.08 10.81 11.51 10.17 11.18 12.21 10.15 11.49 12.94
Natwal Gas® ............ evreerrererinas 9.92 10.88 1143 11.96 11.20 12.02 12.82 11.40 12.52 13.60
Metallurgical Coal .vuvvvvrreerivnarinneens 0.79 0.64 0.63 0.63 0.58 0.58 0.57 0.54 0.53 0.52
SteamCoal ..vvvvvvrnneencviinrinanninns 1.56 1.56 1.67 1.79 1.54 1.73 1.91 1.54 1.80 2,07
Net Coal CokeImports .........evvevunenn. 0.02 0.16 0.20 0.24 0.18 024 0.31 0.18 027 0.36
CoalSubtotal......covvvvvnvrerninnnnnn. 2.36 235 251 266 2.30 255 279 225 260 295
Renewable ENergy” ..ovvvvveneerssresrenns 1.88 212 231 249 217 245 273 219 2.56 294
Electricity ,o0vvunririniiniiiiinninnnennes 3.52 3.81 413 4.46 3.89 437 4.86 391 457 527
Delivered ENergy .veeeeseasvisareanonss 27.01 29.24 31.18 33.08 2974 32.57 35.41 29.90 R.73 37.710
Electricity Related Losse5 .....0vsvsrvonsnns 778 7.65 822 8.76 749 8.27 9.06 731 8.40 9.51
Total sievrreranrarearsnnsrsnssasannass 34.79 36.89 39.41 41.84 37.23 40.84 44.46 37.21 4214 47.22
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Economic Growth Case Comparisons

Table B2. Energy Consumption by Sector and Source (Continued)

(Quadrillion Btu per Year, Unless Otherwise Noted) -

Projections
2010 2015 2020
Sectorand Source | ’ 1997 Low High Low ; High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth |. Growth | Growth Growth | Growth Growth
Transportation
Distillate Fuel® .....covveiiiiinnnnannnnn, 4.64 5.70 6.00 6.28 5.86 6.31 6.76 5.96 6.58 722
JetFuel ....... 331 479 5.10 540 5.21 5.69 6.18 5.60 6.27 6.98
Motor Gasoline?. . 15.08 18.09 18.70 19.27 18.41 19.31 20.19 18.69 19.94 2116
Residual Fuel ................... . 0.75 0.99 1.02 1.05 1.11 1.16 1.20 1.22 1.30 1.37
Liquefied Petroleum Gas ........... 0.04 0.17 0.18 0.19 0.19 0.20 0.22 0.20 0.22 0.25
Other Petroleum® ................ -0.29 0.32 0.34 0.36 0.33 0.35 0.38 0.32 0.36 0.40
Petroleum Subtotal .............. 24.10 30.06 31.33 3254 31.10 33.03 34.94 3200 3468 37.37
Pipeline Fuel Natural Gas 0.73 0.86 0.90 0.94 091 097 1.03 0.93 1.01 1.09
Compressed Natural Gas 0.01 0.24 0.26 0.27 0.29 0.31 0.33 0.31 0.34 0.38
Renewable Energy (E85)" 0.00 0.05 005 0.05 0.06 0.07 0.07 0.06 0.07 0.08
MBS . ittt 0.00 0.07 0.08 0.08 0.09 0.10 0.10 0.09 0.1 0.12
Liquid Hydrogen ........covevevnenrnnenns 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity . covevnveniniiiiiiiiienininns 0.06 0.15 0.15 0.16 0.18 0.19 0.20 0.21 0.22 0.24
Delivered Energy ...... 24.91 3143 3277 34.05 3262 34.65 36.67 33.61 36.44 39.28
Electricity Related Losses 0.13 0.29 0.30 0.31 0.34 0.36 0.37 040 0.41 043
Total ....... cereens teesssisaresressans 25.04 31.72 33.07 3436 32,96 35.00 37.04 34.01 36.85 39.70
Delivered Energy Consumption for All
Sectors
Distillate Fuel. ....covevuevennnnen.. S 7.20 8.03 8.42 8.79 8.18 8.76 9.33 825 9.04 9.84
KerOSENe «vvvvrierienrninionecnnnnnns 0.15 0.13 0.13 0.13 0.12 0.13 0.13 0.12 0.13 0.13
JELFUER Lot 331 479 5.10 5.40 5.21 5.69 6.18 5.60 6.27 6.98
Liquefied Petroleum Gas g 2.69 291 315 3.36 297 329 3.63 297 3.40 389
Motor Gasoling®............... 15.32 18.36 18.99 19.58 18.69 19.61 2052 18.98 20.26 2151
Petrochemical Feedstock 1.46 1.40 1.52 1.64 1.42 1.60 1.78 1.42 1.67 1.93
Residual Fuel ................ 1.13 1.38 1.44 1.50 1.50 1.60 1.69 1.61 1.75 1.87
Other Petroleum®™ ............. ‘ 437 4.91 5.20 548 4.88 5.27 5.66 4.83 5.32 5.86
Petroleum Subtotal ...................... 3562 41.92 4395 45.88 42.98 4595 48.92 4378 47.84 52.01
Natural Gas® .......ovvvvvvevvrnnnnennens 19.19 21.04 21.95 22.83 21.70 23.03 24.34 22.03 23.81 25,52
Metallurgical Coal ............. 0.79 0.64 0.63 063 058 058 057 0.54 053 0.52
SteamCoal .......ccvvvvennnn 1.69 1.70 1.82 1.94 1.69 1.88 207 1.68 1.95 222
Net Coal Coke Imports ......... 0.02 0.16 0.20 0.24 0.18 0.24 0.31 0.18 0.27 0.36
Coal Subtotal v vvvuvevenannenn 2.50 250 265 281 245 270 2.95 2.40 275 31
Renewable Energy™ ........... 248 2.7 2.98 319 284 3.15 347 2.87 329 an
MB5™ it 0.00 0.07 0.08 0.08 0.09 0.10 0.10 0.09 0.11 0.12
Liquid Hydrogen .............. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity ..oovverienernaannns 10.68 12.58 13.11 13.66 13.22 14.03 14.86 13.69 14.82 15.99
Delivered Energy ......ccoenens 7047 80.88 84.72 8846 83.28 88.96 94.63 84.87 92.62 100.48
Electricity Related Losses ....oovvvnenennen 2357 25.29 26.11 26.84 2544 26.57 27.70 25,61 2727 28.88
Total cevvennnnnniiiiiiiians veeanes 94.04 106.17 110.83 11529 10873 11553 122,34 11047 119.89 120,36
Electric Generators™
Distillate Fuel . .. oeiveivvniniinnanennens 0.09 0.06 0.06 0.06 0.06 0.06 0.07 0.06 0.07 0.07
Residual Fuel ...vvvvvvvvnnnnienennannen 077 0.18 0.21 0.19 0.16 0.19 0.18 0.14 0.17 0.17
Petroleum Subtotal 087 0.25 0.28 0.26 0.22 0.25 0.25 0.20 024 0.24
Natural Gas ....oevvreeivnreerennonnennns 340 6.01 6.84 764 750 8.61 9.55 8.30 9.36 10.22
SteamCoal ....uiiiiinieiieriarereenen, 18.59 20.95 21.41 21.85 21.69 2235 2327 22.08 2351 25.07
NuclearPower................ 6.71 5.88 591 5.91 438 447 447 3.65 3.83 3.98
Renewable Energy' " 435 448 447 451 4.60 463 474 478 488 5.09
Electricity Imports"” 0.33 0.31 0.31 0.33 028 0.28 0.28 0.28 0.28 0.28
Total coveevrnnnnincsansancanas . 34.25 37.88 39.22 4049 38.67 40.60 42.56 39,30 42.09 44.87
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Economic Growth Case Comparisons

Table B2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Source 1997 Low High Low High Low High
Economle | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
Total Energy Consumption

Distillate FUBl., s vvvrrrseesssrrreessnnens 7.29 8.10 849 8.85 825 8.82 9.39 831 9.10 991
Kerosens .vuvveevsorsorassss . 0.15 0.13 0.13 0.13 0.12 0.13 0.13 0.12 0.13 0.13
JBEFUER wuvvnnicrnerrennervineoronnens 331 4.79 5.10 540 521 5.69 6.18 5.60 6.27 6.98
Liguefied Petroleum Gas . .o.vvvvvvveronsans 269 291 3.15 336 297 329 3.63 297 340 3.89
MOtor Gasoling? v .vvverrereeronnerrnsnnes 15.32 18.36 18.99 19.58 18.69 19.61 2052 18.98 20.26 21.51
Petrochemical Feedstock .....ovveveervnss 1.46 1.40 1.52 1.64 142 1.60 1.78 142 1.67 1.93
Restdual FUBl ovuvvevnvresrerversarireens 1.91 1,57 1.65 1.69 1.66 1.719 1.87 175 1.92 2,04
Other Petroleum™ .......vcevrennninenenn 437 491 520 548 488 527 566 483 532 586
Petroleum Subtotal .........cvvnue.s veees 36.49 42,16 44,22 46.14 43.20 46.20 49,17 43.98 48.08 52.25
Natural Gas oo vvvrevnnriennes . 22.59 27.05 28.79 30.47 29.20 31.64 33.88 30.33 3317 35.74
Metallurgical Coal ......vvvvvrrerrsensnnes 0.79 0.64 0.63 0.63 058 0.58 057 0.54 053 0.52
SteamCoal ........covvvvvrevnnnees beres 20.29 2265 2323 2379 23.37 2423 25.34 2376 2545 27.29
Net Coal Coke Imports ......... . 0.02 0.16 0.20 0.24 0.18 0.24 0.31 0.18 0.27 0.36
Coal Sublotalvvuverrennnnisresnnnsenes 21.09 2344 2406 24.66 24.14 25.05 2622 2448 26.26 2817
NuclearPower ..ooovvvrinrrninnnens ceenas 6.71 5.88 591 5.91 438 447 447 3.65 383 398
Renewable Energy® ........... 6.82 7.25 745 7.70 744 7.79 8.21 7.65 817 8.80
MBS s stiiiereerinrirannes 0.00 0.07 0.08 0.08 0.09 0.10 0.10 0.09 on 0.12
Liquid Hydrogen ..........,... .. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity Imporis” .......... trreen 0.33 0.31 0.31 0.33 0.28 0.28 0.28 028 0.28 0.28

L 94.04 106.17 110.83 11529 108.73 11553 122.34 11047 119.88 129:35

Energy Use and Related Statlstics

Delivered EnergyUse .........vvssns 7047 80.88 84.72 88.46 83.28 88.96 94.63 84.87 92.62 100.48

Total EnergyUse +vvvvveerernnnnnss . 94,04 106.17 110.83 115.29 108.73 11553 122.34 11047 119.88 129.35
Population (millions) +..oovveviviieiiennnness 268.19 290.23 298.31 305.69 299.19 310.75 321.32 308.36 323.36 337.08
Gross Domestic Product (billion 1992 dollars) ... 726976 918411 989550 1059338  9755.00 1080049 1184151 1025630 11680.02 13106.40
Total Carbon Emissions (million metric tons) ... .. 147960  1717.82  1789.87 185834 178492  1890.06 199665 182628 197488  2124.39

Yincludes wood used for residential heating. See Table B18 estimates of nonmarketed renewable energy consumption for geothermal heat pumps & solar thermal hot water
heating.

?Includes ethanol (blends of 10 percent or less) and ethers blended into gasoline.

3ncludes commercial sector electricity cogenerated by using wood and wood waste, landfill gas, municipal solid waste, and other biomass. See Table B18 for estimates of
nonmarketed renewable energy consumption for solar themmal hot water heating.

*Fuel consumption Includes consumption for cogeneration.

SIncludes petroleum coke, asphalt, road oll, lubricants, still gas, and miscellaneous petroleum products.

®Includes lease and plant fuel and consumption by cogenerators, excludes consumption by nonutility generators.

"Includes consumption of energy from hydroelectric, wood & wood waste, municipal solid waste, & other biomass; includes for cogeneration, both sales to the grid & for own
use,

®Low sulfur diesel fuel,

%Includes naphtha and kerosene type.

Yincludes avlation gas and lubricants.

1'EB5 Is 85 percent ethanol (renewable) and 15 percent motor gasoline(nonrenewable).

M85 is 85 percent methanol and 15 percent motor gasoline,

Yincludes unfinished olls, natural gasoline, motor gasoline blending compounds, aviation gasoline, lubricants, still gas, asphalt, road oil, petroleum coke, and miscellaneous
petroleum products.

HIncludes electricity generated for sale to the grid and for own use from renewable sources, and non-electric energy from renewable sources. Excludes nonmarketed renewable
energy consumption for geothermal heat pumps and solar thermal hot water heaters.

¥ncludes consumption of energy by all electric power generators for grid-connected power except cogenerators, which produce electricity and other useful thermal energy.
Includes small pover producers and exempt wholesale generators.

*Includes conventional hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, petroleum coke, wind, photovoltaic and solar thermal sources.
Excludes cogeneration, Excludes net electricity imports.

YIn 1997 approximately two-thirds of the U.S. electricity imports were provided by renewable sources (hydroelectricity); EIA does not project future proportions.

*Includes hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, wind, photovoltaic and solar thermal sources. Includes ethanol components
of E85; excludes ethanol blends (10 percent or less) in motor gasoline. Excludes net electricity imports and nonmarketed renewable energy consumption for geothermal heat
pumps and solar thermal hot water heaters,

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1997 may differ from published data due to intemal conversion factors. Consumption
values of 0,00 are values that round to 0.00, because they are less than 0.005.

Sources: 1997 electric utility fuel consumption: Energy Information Administration (EIA), Electric Power Annual 1997, Volume 1, DOE/EIA-0348(97)/1 (Washington, DC, July
1998). 1997 nonutility consumption estimates: Form EIA-867, “Annual Nonutility Power Producer Report." Other 1897 values: EIA, Short-Term Energy Outlook, September 1998.
Online hitp://vrvivi,ela.doe.gov/emeu/steo/pub/upd/sep98/contents.html (October 15, 1998). Projections: EIA, AEO99 National Energy Modeling System runs LMACS9.D100198A,
AEQ99B.D100198A, and HMACS9.D100198A.
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Economic Growth Case Comparisons

Table B3. Energy Prices by Sector and Source
(1997 Dollars per Million Btu

Projections
Sector and Source 1997 2010 2015 2020
Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
Residential vovveeriesieniesiesesnnsncnnes 1340 12.31 1295 13.49 11.78 12,63 1337 1151 1247 13.35
Primary Energy’ ...ocoviieiiiiiinannn... 712 6.46 6.57 6.67 6.18 6.37 6.53 6.12 6.33 6.55
Pelroleum Products? ..........ooeuuenn... 842 9.19 9.36 9.58 9.06 9.49 9.72 9.16 9.67 9.98
Distillate FUl ... ovvvieiiiionissnnnnens - 700 763 7.75 789 753 7.82 799 753 7.79 8.04
Liquefied Petroleum Gas....v.vvvvnvennns 11.61 12.04 1222 12,52 11.76 12.38 1261 11.98 12.85 1317
Natural Gas ..ovvvveveeneerennenneneeens 6.80 5.89 6.00 6.09 5.61 5.78 5.94 5.56 5.74 5.96
Electicity ..covevvnniiieeiiine e 24.85 20.95 2245 2365 19.67 21.50 23.10 18.68 20.68 2248
Commerclal vovveeiesenressasiossncsnnaas 13.09 11.25 12.04 12,68 10.62 11.63 1252~ 10.20 1143 12.48
Prmary ENergy’ ...oevvevnieennnniareenes 5.51 5.04 5.21 5.37 4.87 5.14 5.36 4.86 5.16 546
Petroleum Products? ......ooveeiinnnnn. 5.46 5.96 6.10 6.28 5.87 6.22 643 597 6.40 6.67
Distillate Fuel .....ooeeieeeeniarennanne, 493 5.37 549 567 529 5.61 5.82 5.33 5.69 5.95
Residual Fuel ......coovvvenvevennanne, 345 3.03 313 3.22 3.05 3.18 3.3t 322 3.39 357
Natural Gas® «.vvvirvernnernennereennes 5.62 4.99 517 533 4.82 5.08 5.31 4.79 5.09 540
|2 N 2232 17.79 19.28 20.46 16.45 18.25 19.84 15.45 17.59 19.40
Industrial® . ..coeriereiierreieranranaanes 542 491 522 552 473 5.21 5.59 4.69 5.28 577
Primary Energy ....ccoevevvevecnrnnnnnnnn 4.01 3.82 4.02 4.23 3.76 413 438 3.82 4.27 4.63
Petroleum Products® ......ovveinennnnnnns 5.60 523 538 5.60 5.12 5.53 575 5.27 5.79 6.09
Distillate Fuel . .. ..o vvvniinnnenenians 5.10 544 5.56 5.80 5.38 5.76 6.04 5.49 597 6.25
Liquefied PetroleUm Gas...vvevvennannen 8.38 6.50 6.67 6.99 620 . 685 7.08 6.41 733 762
Residual Fuel ......coovvvvnniivnennens 290 262 272 283 258 273 2.86 270 289 315
Natural Gas® ......oovvvveenennnnnnnnes. 2.96 2.88 3.14 337 2.86 3.23 355 2.85 3.30 3.76
Metallurgical Coal .....cevvvvereiannnne. 177 1.59 1.57 1.58 1.47 1.50 1.53 1.40 1.45 1.48
SteamCoal ..eviiiriieniiieiianareeans 1.44 1.24 1.26 1.27 1.16 1.20 1.23 1.10 1.14 1.18
Electicity .o covenviiiieinenne s 1356 11.10 11.89 12.52 10.14 11.09 11.96 954 10.68 11.63
Transportation.....eeunessenseness verenne 8.60 8.60 9.00 9.35 8.37 9,00 941 820 9.00 9.48
Primary Energy .....oovvieiiniiiininnns 858 8.57 8.98 9.32 8.34 8.97 938 8.18 897 9.45
Petroleum Products? ....oovvevvnniniinnes 858 8.58 898 9.32 8.34 897 9.38 8.17 897 9.44
" Distillate Fuel® ......cvvvvrrennnnnnnnnn. 8.53 8.16 8.58 9.07 7.83 8.56 9.1 7.63 8.53 9.10
JetFuell «.ovnniiiiiiiiiii e 5.20 5.49 5.74 599 5.44 5.96 6.28 558 6.31 6.75
Motor Gasoling® ...ovevveenrerveneernns 9.70 992 10.40 10.77 973 1043 10.87 9.53 10.40 10.91
Residual Fuel .....covvvvierivniinnnnans 3.09 248 2.58 270 . 250 2.60 273 2.60 2,82 3.02
Liquid Petroleum Gas® .................. 12.00 12.65 13.06 13.56 1211 12.99 1348 12.08 13.20 13.80
Natural Gas™ . .....vvvvvevernnnnnnneeens 6.18 6.61 717 7.65 6.59 731 7.95 654 | 736 8.12
|2 N 16.27 17.10 17.53 18.13 16.89 17.68 18.37 17.11 17.78 18.60
MBS e 13.25 12.35 13.02 13.37 12.53 1310 1359 12.54 13.22 13.81
EleCticityY oo oeveeenereereeiaerenenanns 16.30 13.63 14.55 15.21 12.63 1367 14.53 11.95 13.04 13.87
Average End-Use Energy ......ooeeevvanans 8.72 8.20 8.62 8.97 792 8.53 8.98 7.78 8.52 9.05
Pmary ENergy «..eovvnierinenienannnnns 8.35 79 8.31 8.65 7.65 8.24 8.67 7.51 8.23 8.75
Electricity ..oocovnenniiiiiiiiiiiniinns 20.26 16.84 18.00 18.91 15.70 17.10 18.32 14.90 16.50 17.83
Electric Generators® .
Fossil Fuel Average .......ccoovunvennenss 154 147 157 1.67 147 1.61 174 1.45 1.61 1.75
Petroleum Products ... .ovvvvevnivnninnnes 294 3.86 3.89 414 3.96 405 429 4.16 4.33 4.67
Distillate Fuel.....covvveeeeneernenannn, 443 4.99 51 533 494 5.28 552 5.03 545 572
Residual Fuel ......ccovvieiecnennanes 2.76 348 3.52 3.74 3.59 3.63 3.82 3.78 3.90 4.23
Natural Gas ...evvveveerennaneerennannes 270 2.85 3.08 3.28 2.85 317 345 2.84 324 363
SteamCoal ....covvvrieniiiariaiaieeeens 1.27 1.05 1.06 1.08 096 0.99 1.01 0.90 093 0.96
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Economic Growth Case Comparisons

Table B3. Energy Prices by Sector and Source (Continued)
(1997 Dollars per Million Btu

Projections
Sector and Source 1997 2010 2015 2020
Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economlc | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
Average Price to All Users™

Petroleum Products® .vvvvesrvrnerrennnnes 7.70 781 8.1 841 7.62 8.16 849 7.55 824 8.64
Distillate Fuel,...oovvevereriisnnnnnnnns. 751 7.54 7.88 8.28 7.30 791 8.38 747 7.94 843
JetFuel .ouvvvnnnnennnnnnnninnnnenennen 520 549 5.74 5.89 544 5.96 6.28 5.58 6.31 6.75
Liquefied Petroleum Gas.......oveennnsses 9.01 774 7.88 8.17 743 8.03 821 763 846 8.70
Motor Gasoline®........ 9.70 9.92 10.40 10.77 9.73 10.43 10.87 9.54 1041 10.91
Residual Fuel ......... 2.95 2.66 276 287 2.65 2.76 2.89 274 2.96 3.17
Natural Gas ....vvussss 432 3.88 4.06 4.23 375 4.02 4.27 370 405 441
Coal ,vvivrrnsrarnennes 1.28 1.06 1.08 1.09 0.98 1.01 1.03 091 0.95 0.98
E8S" .vvuenes versessersarasnes vesness 16.27 17.10 17.53 18.13 16.89 17.68 18.37 17.41 17.78 18.60
M85, teerrirerirenes Cherenrans 13.25 12.35 13.02 13.37 1253 13.10 13.59 12.54 13.22 13.81
Electricity vovvvniniinenninninnnnn, vevsaes 20.26 16.84 18.00 1891 15.70 17.10 18.32 14.90 16.50 17.83

Non-Renewable Energy Expenditures

by Sector (Blllion 1997 dollars)

Reslidential, o vvvurisirerernnriirrererierees 138.32 135.59 147.38 158.48 13448 150.70 166.46 135.39 154.96 174.69
Commercial .ovvvrevrsersererrvrsrrareannas 99.87 96.66 105.54 113.26 94.44 106.71 118.15 91.51 106.97 121.40
Industdal ........ 113.46 106.96 122.05 13773 104.36 127.03 149.49 103.65 133,57 164.96
Transportation ,,..... cerens 207.85 261.95 285.93 308.52 264.24 301.75 333.94 266.82 317.40 360.20
Total Non-Renewabls Expenditures.............. 559.50 601.16 660.89 717.99 597.53 686.18 768.04 597.37 712.90 821.25
Transportation Renewable Expenditures ....... 0.01 0.80 0.0 0.99 0.97 115 1.31 1.08 1.32 1.54

Total Expenditures.........covvuveneaee.. 55951 601.97 661.79 718.97 598.51 687.33 769.35 598.44 71422 822.79

"Weighted average price includes fuels below as well as coal.

2This quantity Is the welghted average for all petroleum products, not just those listed below.

3excludes independent power producers.

“Includes cogenerators,

SExcludes uses for lease and plant fuel.

SLow sulfur diesel fuel. Price includes Federal and State taxes while excluding county and local taxes.

"Kerosene-type Jet fuel. Price includes Federal and State taxes while excluding county and local taxes.

*Sales welighted-average price for all grades, Includes Federal and State taxes and excludes county and local taxes.

®Includes Federal and State taxes while excluding county and local taxes,

Y"Compressed natural gas used as a vehicle fuel, Price includes estimated motor vehicle fuel taxes.

MEBS is 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable).

12485 Is 85 percent methanol and 15 percent motor gasoline.

Pincludes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale
generators.

YWelghted averages of end-use fuel prices are derived from the prices shown in each sector and the corresponding sectoral consumption.

Btu = British thermal unit.

Note: 1997 figures may ditfer from published data due to intemal rounding.

Sources: 1997 prices for gasoline, distillate, and jet fuel are based on prices in various issues of Energy Information Administration (EIA), Petroleum Marketing Monthly, DOE/EIA-
0380 (97/03-98/04) (Washington, DC, 1997-98). 1997 prices for all other petroleum products are derived from the EIA, State Energy Price and Expenditures Report: 1995, DOE/EIA-
0376(95) (Washington, DC, August, 1998). 1997 industrial gas delivered prices are based on EIA, Manufacturing Energy Consumption Survey 1991. 1997 residential and commercial
natural gas delivered prices: E!A, Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1998). Other 1997 natural gas delivered prices: EIA, AEOS9 National Energy
Modeling System runs LMAC99.D100188A , AEO99B.D100198A, and HMAC99.D100198A. Values for 1997 coal prices have been estimated from EIA, State Energy Price ana
Expenditures Report: 1995, DOE/EIA-0376(95) (Washington, DC, August, 1998) by use of consumption quantities aggregated from EIA, State Energy Data Report 1995, DOE/EIA-
0214(95) (Washington, DC, December 1997) and the Coal Industry Annual 1997, DOE/EIA-0584(97) (Washington, DC, November 1998), 1997 electricity prices for commercial,
Industrial, and transportation; EIA, AEO99 National Energy Modeling System runs LMAC99.D100198A , AE0998.D100198A, and HMAC99.D100198A. Projections: EIA, AEQ99
National Energy Modeling System runs LMAC99.D100198A , AEO99B.D100198A, and HMAC99.D100198A.
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Economic Growth Case Comparisons

Table B4. Residential Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1997 Low High Low High Low High
Economic | Reference | Economic } Economic | Reference | Economic | Economic | Reference | Economlc
Growth Growth | Growth Growth | Growth Growth
Key Indicators

Households (millions)

Single-Family 70.18 77.85 81.13 84.44 80.56 85.30 80.09 83.12 89.35 95,69
Multifamily .......... . 25.00 2127 2871 30.16 2831 '30.42 3253 29.14 31.88 3463
Mobile Homes e 6.13 7.32 7.64 793 7.85 824 8.59 8.35 8.79 9.19
Total evviiiiiinerneirinnennanes [ . 10131 11245 117.48 12253 116.72 123.96 131.21 120.61 130.02 139.51
Average House Square Footage ....... veese 1654 1696 1703 1709 1707 1715 1723 1717 1727 1737
Energy Intensity
(million Btu consumed per household)
Delivered Energy Consumption ............... 107.80 103.32 102.14 101.12 103.05 101.38 99.97 102.64 100.58 98.73
Electricity Related Losses ............. . 79.65 7945 7752 75.61 78.11 75.34 73.01 78.20 75.16 72.32
Total Energy Consumption . ...vevveniennanen. 187.45 182.78 179.66 176.73 181.16 176.72 172.98 180.85 175.74 171.05
Delivered Energy Consumption by Fuel
Electricity
SpaceHeating....vvvvenennnencuicninnnnns 044 0.46 047 049 0.48 0.49 0.51 0.49 0.51 0.54
Space Cooling . ........ 0.46 0.53 0.55 0.57 0.55 0.58 0.61 0.57 0.60 0.64
Water Heating .......... 0.35 0.37 0.37 0.38 0.38 0.38 0.39 0.39 040 0.41
Refrigeration .......... 0.39 0.27 0.29 0.30 0.26 0.27 0.29 0.26 0.28 0.30
Cooking ...vvvvennnnes 0.13 0.15 0.15 0.16 0.15 0.16 0.17 0.16 0.17 0.19
Clothes Dryers........... 0.19 0.21 0.22 0.23 0.23 0.24 0.25 0.24 025 0.27
Freezers .......oouue ces 0.12 0.07 0.07 0.08 0.07 0.07 0.07 0.07 0.07 0.08
Lighting «.ovvveniiiiniiiiiiiiiiiiinienns 0.34 0.39 0.40 0.41 042 043 0.45 0.44 046 0.48
ClothesWashers' ......cvvevvevianeniannns 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.03 0.04 0.04
Dishwashers'.......... 0.05 0.05 0.05 0.06 0.05 0.06 0.06 0.05 0.06 0.07
Color Televisions......... 021 0.29 0.29 0.30 0.30 0.31 0.32 0.32 0.33 0.35
Personal Computers .... 0.02 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05
Fumace Fans ......... 0.09 0.11 0.12 0.12 0.12 0.13 0.14 0.13 0.14 0.15
OtherUses?........... 0.83 148 1.52 1.56 1.67 1.74 1.81 1.85 1.95 2.04
Delivered ENergy «ooveveesvesrsnnereasses 3.66 444 457 472 474 4.93 5.14 5.04 531 5.59
Natural Gas
Space Heating 3.58 1365 3.80 3.96 375 3.86 417 381 4.07 432
Space Cooling 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01
Water Heating 127 1.32 1.38 143 1.38 145 1.52 140 1.50 1.59
Cooking ..oevvnnennns 0.16 017 = 017 0.18 0.17 0.18 0.19 0.18 0.19 0.20
Clothes Diyers 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07
OtherUses®........... 0.09 0.10 0.11 0.1 0.1 0.1 0.12 0.11 0.12 0.13
Delivered Energy .cooevevvenees. chneraans 5.15 531 5.52 574 547 577 6.07 5.56 5.94 6.31
Distillate
SpaceHealing.....covvvviniieniiinreenens 0.84 0.64 0.64 0.64 0.60 0.60 0.61 0.56 057 0.57
WalerHeating ......cooevvviiniininiianin, 0.10 0.09 0.09 0.03 0.09 0.09 0.09 0.09 0.09 0.09
OtherUses! ....veveneiiieircnienianaes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Delivered EREIgY «coneevesearscssacaanne 0.94 0.73 0.73 0.74 0.69 0.69 0.70 0.65 0.65 0.66
Liquefied Petroleum Gas
SpaceHealing.......vevviiiiviiinnnnnnns 0.32 0.30 0.31 0.31 0.29 0.30 0.31 0.28 0.28 0.29
Water Heating 0.07 0.08 0.08 0.08 0.07 0.08 0.08 0.07 0.07 0.08
(97 0.03 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03
OtherUses® ..vvevvireeneneereenerroneens 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Delivered ENergy ...oooovevnerencanennees 043 0.42 043 0.44 0.41 0.42 043 0.39 0.40 0.42
Marketed Renewables (wood)® ...oovvvunennn 0.60 0.60 0.62 0.64 0.61 0.64 0.66 0.62 0.65 0.68
OtherFUuels® ....ovveverieiiiiienenannns 0.15 0.12 0.12 0.12 0.12 0.12 0.12 0.11 0.12 0.12
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Economic Growth Case Comparisons

Table B4. Residential Sector Key Indicators and Consumption (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1997 Low High Low High Low High
Economic | Reference | Economic | Economic { Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth

Dellvered Energy Consumption by End-Use '
Space Heating ....oovenvrnerrercrinraenasn 5.93 5.78 597 6.16 5.84 6.10 6.37 587 6.20 6.52
Space Cooling vvvvvverrerrenereenrennnrans 0.46 0.53 0.55 0.57 0.55 0.58 0.61 057 0.61 0.64
WaterHealing +v.vvversvnnnnnnrinnanenns 1.79 1.86 1.91 1.97 1.92 2.00 2.08 1.96 206 217
Refrigeration ........... . . 0.39 027 029 0.30 0.26 027 0.29 0.26 0.28 0.30
COOKING +ovvvrrsrrernsonernnss [P 0.33 0.35 0.36 0.38 0.36 0.38 0.40 037 0.40 0.42
ClothesDryers.......covvevivninnnns e 0.24 0.27 0.27 0.28 0.28 0.29 0.31 0.30 0.32 0.33
FIe8ZOIS vvvsveerreres vevserssesens ves 0.12 0.07 0.07 0.08 0.07 0.07 0.07 0.07 0.07 0.08
Lighting vovverennerrenee N . 0.34 0.39 0.40 0.41 0.42 043 045 0.44 0.46 048
ClothesWashers ..ovvevrvvrersennnns . 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.03 0.04 0.04
Dishwashers .vevvvssererssssernnnes 0.05 0.05 0.05 0.06 0.05 0.06 0.06 0.05 0.06 0.07
Color Televislons ., .ovsveesirsenrennns . 0.21 0.29 0.29 0.30 0.30 0.31 0.32 0.32 033 035
Personal COmpUers ..ovvsvvesreraesernens 0.02 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05
FUmMace Fans ..vvveeeerrenseseesnes veenans 0.09 0.11 0.12 0.12 0.12 0.13 0.14 0.13 0.14 0.15
OtherUses” ....eeveens 0.93 1.59 1.63 1.68 1.79 1.86 1.94 1.98 2.08 218

Dellvered ENErgY «oovveseeroeressnnsanees 10.92 11.62 12.00 12.39 12.03 1257 13.12 1238 13.08 1377

Electricity Related Losses .................. 8.07 8.93 9.11 9.27 9.12 9.34 9.58 9.43 977 10.09

Total Energy Consumptlon by End-Use
Space Healing .......... rressesesiesesans 6.90 6.71 6.91 7.12 6.76 7.03 732 6.79 714 749
Space Cooling vvvvvvuesens Vrreriasenserene 147 159 1.63 1.68 161 1.68 1.74 1.63 1.71 1.79
WaterHealing ....00vvvuess Creerreressnrans 257 259 265 2n 264 273 281 2.69 2.80 291
Refrigeration ..v.vvvvrvnsrrnerssoisnnsnans 1.26 0.82 0.85 0.88 0.75 0.79 0.83 0.73 0.78 0.83
COOKING v vvvervrrssrsrsconsraarsnnoraons 0.62 " 0.64 0.67 0.69 0.65 0.69 0.72 0.67 0.72 0.76
Clothes DIYers .ovvvvrnnreeneerans Crreeeses 0.65 0.69 0.71 0.73 0.72 0.74 0.76 0.75 0.78 0.81
Freezers vovveveenes Ceveessaseeraraarinn 0.39 0.21 0.22 0.23 0.19 0.20 0.21 0.19 0.20 0.21
Lighting voevvrnernsrennenss versesesensnes 1.09 1.18 1.20 1.23 1.22 125 1.28 1.26 1.30 1.35
ClothesWashers ......... . 0.09 0.10 0.10 0.10 0.10 0.10 0.11 0.10 011 011
DIShWESHEIS ovvvvvvrereerrssessesssnnnnns 0.15 0.15 0.16 0.17 0.15 0.16 0.18 0.16 0.17 0.19
Color Televislons , v vvesssnnnnersirees ceres 0.69 0.87 0.88 0.90 0.86 0.89 0.91 091 0.94 097
Personal Compulers ,.vvvevverusrsasinsnnnsn 0.06 0.1 0.11 0.1 0.12 0.12 0.12 0.14 0.14 0.15
Fumace Fans ...... Cererrireesrssnenenaas 0.28 033 0.35 0.36 0.35 037 0.39 0.37 0.40 0.42
OtherUses” ..vvvvveereernns fereiesanenrans 2.7 4,56 4.65 475 501 515 5.30 544 5.65 5.86
1 18.99 20,55 2111 21.66 21,14 21.91 2270 21.81 22.85 23.86

Non-Marketed Renewables
Geothermal® ...vvvververnrrenierennnnnnns 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.04 0.04
SO0 s uvrrrenrinnenss Ceesereesrerasirare 0.01 0.01 0.01 0.01 0.01 0.01 0.01 T 001 0.01 0.01

Total sevseveressoscssosnnssnosnsnasonse 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.04 0.05 0.05

Does not include electronic water heating portion of load.

2Includes small electric devices, heating elements and motors.

3Includes such appliances as swimming pool heaters, outdoor grills, and outdoor lighting (natural gas).

‘Includes such appliances as swimming pool and hot tub heaters.

$Includes wood used for primary and secondary heating in wood stoves or fireplaces as reported in the Residential Energy Consumption Survey 1993.

®Includes kerosene and coal.

Tincludes all other uses listed above.

*Includes primary energy displaced by geothermal heat pumps in space heating and cooling applications.

SIncludes primary energy displaced by solar thermal water heaters.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1997; Energy Information Administration (EIA) Short-Term Energy Outlook, September 1998. Online http:/fwww.eia.doe.gov/emet/stea/pubvupd/sep98/contents.html
(October 15, 1998).  Projections: EIA, AEOS9 National Energy Modeling System runs LMAC99.D100198A , AEO99B.D100198A, and HMACS9.D100198A.
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Economic Growth Case Comparisons

Table B5. Commercial Sector Key Indicators and Consumption ,
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1997 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Key Indicators
Total Floor Space (billion square feet)
Surviving ........ 58.8 66.0 68.0 69.9 67.8 707 736 67.9 719 758
New Additions 1.6 1.3 15 1.7 1.1 13 15 0.8 1.0 12
Total coveennannn 60.3 67.3 69.5 M5 - 688 720 751 68.7 729 7.0
Energy Consumption Intensity
(thousand Btu per square foot) .
Delivered Energy Consumption ........cv.u..... 1265 127.7 1262 1249 1293 1275 1258 130.6 1285 1263
Electricity Related Losses 125.0 122.0 1189 1234 1195 115.9 123.2 1191 1149
Total Energy Consumption 252.7 2481 2437 252.7 247.0 1.7 2538 2475 2413
Delivered Energy Consumption by Fuel
Electricity
Space Heating 0.13 0.12 0.12 0.13 0.12 0.12 0.12 0.1 0.12 0.12
Space Cooling 0.34 0.35 0.35 0.36 0.35 0.36 037 0.35 0.36 0.37
Water Heating 0.07 0.07 0.07 0.07 0,06, 0.06 0.07 0.06 0.06 0.06
Ventilation ........ 0.17 0.18 0.18 0.19 0.18 0.19 0.19 0.18 0.19 0.19
Cooking .......... 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Lighting .......... 1.22 1.27 1.28 1.30 1.29 1.32 1.34 1.27 1.32 1.35
Refrigeration ................ 0.18 0.19 0.20 021 0.20 0.21 0.22 0.20 0.21 0.23
Office Equipment (PC} ........ 0.12 0.19 0.20 0.20 021 0.22 0.22 0.23 0.24 0.25
Office Equipment (non-PC) 0.29 0.4 042 043 0.46 048 049 0.50 053 055
OtherUses® ..c.eevvvevinnnnn 0.91 1.38 1.41 144 1.53 1.57 1.62 1.61 1.69 1.76
Delivered Energy ...... 344 419 426 433 44 454 467 453 4.72 4.90
Natural Gas?
SpaceHeating ......covvvveviiiiiiiiiiia.. 1.31 1.35 1.37 1.40 1.37 1.41 1.44 1.35 1.40 1.45
SpaceCooling ....ovvvveneeniiiiiiiiiiian... 0.01 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Water Heating .. 0.62 0.67 0.69 071 0.68 072 0.75 0.68 0.73 077
Cooking ....... 0.23 0.27 0.28 0.29 0.28 0.29 0.31 0.28 0.30 0.31
OtherUses® ......vvverinnee. 1.20 1.44 1.47 1.49 1.49 1.52 1.56 1.48 1.54 1.59
Delivered Energy 337 375 3.84 392 3.84 397 4.09 3.82 4.00 415
Distillate
Space Heating . . 021 0.20 0.20 0.20 0.19 0.19 0.19 0.18 0,18 0.18
Water Heating .. 0.05 0.05 0.05 0.05 0.04 0.04 0.05 0.04 0.04 0.04
OtherUses*.................. 0.23 0.09 0.09 0.09 0.09 0.10 0.10 0.09 0.09 0.10
Delivered Energy «.oovvveevrennn. P . 0.34 0.34 0.35 0.33 0.33 0.34 0.31 0.32 0.32

Other FUelS® ovvvvveieiiveninnenneneninanene. 032 032 0.32 0.33 0.32 0.33 034 031 0.33 035

Marketed Renewable Fuels
BIOMASS v e eierieriiininrenenieneaieanes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Delivered Energy vuvveevess Teererseesennane 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Delivered Energy Consumption by End-Use :
1.65 1.67 1.70 173 1.67 172 176 1.64 1.70 1.76

Space Heating ...
Space Cooling . ... 0.35 0.37 0.38 0.39 0.38 0.39 0.40 0.37 0.39 0.40
Water Heating ... 0.74 0.78 0.80 0.83 0.79 0.82 0.86 0.78 0.83 0.88
Ventilation ...... 017 0.8 0.18 0.19 0.18 0.19 0.19 0.18 0.19 0.19
Cooking ..... 0.25 0.29 0.30 0.31 0.30 0.31 0.33 0.30 032 033
Lighting «ovvvveiieiiennans 1.22 1.27 1.28 1.30 1.29 1.32 1.34 1.27 1.32 1.35
Refrigeration .............. 018 019 0.20 0.21 0.20 0.21 0.22 0.20 0.21 0.23
Office Equipment (PC) ...... 0.12 0.19 0.20 0.20 0.21 0.22 0.22 0.23 0.24 0.25
Office Equipment (non-PC) ... 0.29 0.4 0.42 0.43 0.46 0.48 0.49 0.50 0.53 0.55
OtherUses®............... 2.67 3.24 3.30 3.36 343 353 3.63 3.51 3.65 379
Delivered Energy ......... 763 860 877 8.93 8.90 9.18 9.44 8.97 9.37 9.73
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Table B5. Commercial Sector Key Indicators and Consumption (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1997 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Electricity Related Losses ................ veess 159 X 848 8.50 8.49 8.60 8.70 8.46 8.68 8.85
Total Energy Consumption by End-Use
Space Heating ,.......* 1.94 1.92 1.95 1.98 1.90 1.95 1.99 1.84 191 197
Space Cooling ....... 1.10 1.08 1.09 1.09 1.05 107 1.09 1.02 1.05 1.08
Water Heating ,..,... .. 0.89 0.91 0.94 0.96 091 0.95 0.98 0.80 0.94 0.99
Ventilation ...vvvuvennnsens verseanres 0.53 0.54 0.55 055 0.53 0.54 054 0.51 0.53 0.54
COOKING «vvvvrvrerrsrnrsncreenans 0.30 0.33 0.34 0.35 0.33 0.35 0.36 0.33 0.35 0.37
[HEVTET 1o vers 390 381 383 384 377 381 384 3.66 374 379
Refrigeration ............. rerrens 0.58 0.58 0.60 0.62 0.58 0.60 0.63 0.56 0.60 0.64
Office Equipment (PC) +..ovvvvvvvvrnvrrnnene. 037 058 0.58 0.59 0.61 0.63 0.64 0.65 0.68 0.70
Office Equipment (1on-PC) ..vvvvevvsvnsrenenn.. 093 124 1.26 1.27 135 1.38 1.4 14 149 154
OtherUses® ...vvvvrenrvenennennenees trereres 468  6.01 6.11 6.19 6.36 6.51 6.65 6.53 6.76 6.96
1 | versereas. 1522 17,01 17.24 17.44 17.39 17.78 18.14 17.44 18.05 18.58
Non-Marketed Renewable Fuels
800ar v errsrrrrerrerirrianenreens tererseaes 0.02 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04
| ' X1 S 1 X <] 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04

Includes miscellaneous uses, such as service station equipment, district services, automated teller machlnes telecommunications equipment, and medical equipment.
*Excludes estimated consumption from independent power producers.
3Includes miscellaneous uses, such as district services, pumps, emergency electric generators, and manufacturing performed in commercial buildings.
YIncludes miscellaneous uses, such as cooking, district services, and emergency electric generators.
®Includes residual fuel ofl, liquefied petrolsum gas, coal, motor gasoline, and kerosene.
8includes miscellaneous uses, such as service station equipment, district services, automated teller machines, telecommunications equipment, medical equipment, pumps,
lighting, emergency electric generators, manufacturing performed in commercial buildings, and cooking (distillate), plus residual fuel oil, liquefied petroleum gas, coal, motor

gasoline, and kerosene.

Tincludes primary energy displaced by solar thermal space heating and water heating.

Btu = British thermal unit.
PC = Personal computer.

Note: Totals may not equal sum of components duse to independent roundmg Consumption values of 0.00 are values that round to 0.00, because they are less than 0.005.
Sources: 1997 Energy Information Administration, Short-Term Energy Outlook, September 1998. Online hitp://www.eia.doe.gov/emew/steo/pub/upd/sep98/contents.html
(October 15, 1998). Projections: EIA, AEO98 National Energy Modeling System runs LMAC99.D100198A , AEO99B.D100198A, and HMAC99.D100198A.
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Table B6. Industrial Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
. . . 2010 2015 2020
Key Indicators and Consumption 1997 Low High Low High Low High

Economic | Reference | Economic | Economic | Reference | Economic | Economic’| Reference | Economle
Growth Growth | Growth Growth | Growth Growth

Key Indicators

Value of Gross Output (billion 1987 dollars)

Manufacturing ....oovvvvniiiiiiiiiieiiiee 3170 3917 4224 4538 4166 4613 5096 4356 4936 56390

Nonmanufacturing 812 935 1013 1096 974 1081 1192 1008 1145 1289

Total coevennnnnn tesrasssesensenaiseneanes 3982 4852 5237 5634 5141 5693 6288 5363 6131 6978

Energy Prices (1997 dollars per million Btu)

Electricty .. ooeeeeiieiiiiii : 11.10 11.89 12.52 10.14 11.09 11.96 9.54 10.68 11.63
Natural Gas 288 3.14 3.37 2.86 323 3.55 2.85 3.30 3.76
Steam Coal 1.24 1.26 1.27 1.16 1.20 1.23 1.10 1.14 1.18
Residual Oil 262 272 2.83 258 273 2.86 2.70 2.89 3.15
Distillate Qil 544 5.56 5.80 5.38 5.76 6.04 5.49 597 6.25

6:50 6.67 6.99 6.20 6.85 7.08 6.41 733 7.62

Liquefied Petroleum Gas . . { .
Motor Gasoline ......covvveevinniiinnnnn.. I 994 © 1042 10.80 9.75 1047 10.91 9.57 1046 10.97
Metallurgical Coal .........ovvvvnvnnnaananns, . 1.55 1.57 1.58 147 1.50 153 1.40 145 148
Energy Consumption
Consumption .
Purchased Electricity....... e . 352 381 413 446 3.89 437 486 391 457 5.27
Nalral Gas2 vouvvevnenvrenerenraninennsn. . 992 1088 1143 11.96 11.20 12.02 12.82 11.40 1252 13.60
SteamGoal ......covvvvervnannnn. J 1.56 1.67 1.79 154 1.73 1.91 1.54 1.80 207
Metallurgical Coal and Coke® 0.80 0.84 0.87 . 076 0.82 0.88 0.72 0.80 0.88
Residual Fuel .........cccoen..... . 0.30 0.33 0.36 0.31 0.35 0.39 0.30 0.36 0.41
Distillate .. .....ovvevnieniiienns A 127 1.35 143 131 142 1.54 1.33 148 1.64
Liquefied Petroleum Gas . ........... A 225 245 2,65 229 2.58 28 -~ 229 2,69 3.13
Petrochemical Feedstocks ............ccevuune . 1.40 1.52 1.64 142 1.60 1.78 142 1.67 1.93
Other Petroleum® .......oveene i, : 4.87 5.16 543 485 5.23 5.62 4.80 529 5.82
Renewables® ......... R 212 231 249 217 245 273 219 2.56 2.94
Dellvered Energy ..veveevesnnes 29.24 31.18 33.08 29.74 32.57 3541 29.90 3373 37.70
Electricity Related Losses . ........ . 7.65 8.22 8.76 749 8.27 9.06 731 840 9.51
Total ...... teetessusnessnansrnes . 3 36.89 39.41 41.84 37.23 40.84 44.46 37.21 4214 47.21
Consumption per Unit of Qutput’
{thousand Btu per 1987 dollars)
Purchased Electricity ...ovvvvivinviiinniinnn. 0.88 0.78 0.79 0.79 0.76 0.77 0.77 0.73 0.75 0.75
Natral Gas? .....covvevnernnnenneenneenneens 249 2.24 2.18 212 2.18 211 2.04 213 2.04 1.95
SteamCoal .......ovviiiiiiiiiiiiiiii 0.39 0.32 0.32 0.32 0.30 0.30 0.30 0.29 0.29 0.30
Metallurgical Coal and Coke® 0.20 0.16 0.16 0.15 0.15 0.14 0.14 0.13 013 0.13
Residual Fuel 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Distillate ...ovveeiiiiiiiiiiiat, 0.28 0.26 0.26 0.25 0.25 0.25 0.24 0.25 0.24 0.23
Liquefied Petroleum Gas .......... 0.54 0.46 047 0.47 0.45 0.45 0.46 043 044 0.45
Petrochemical Feedstocks ........ 0.37 0.29 0.29 0.29 0.28 0.28 0.28 0.26 0.27 0.28
OtherPetroleum® .......ovvveriiiiinnennnnnn. 1.09 1.00 0.98 0.96 0.94 0.92 0.89 0.90 0.36 0.83
Renewables® .....coovivrerieriiiiiniannens 047 0.44 044 0.44 0.42 043 043 0.41 042 0.42
Delivered Energy ...... . 6.78 6.03 5.95 5.87 5.78 5.72 563 557 5.50 540
Electricity Related Losses ......ooveveeeennnn... 1.95 1.58 157 1.55 1.46 1.45 144 1.36 1.37 1.36
Total ....... Ceeaeveseesssieans dearresnenes 8.74 7.60 7.52 743 7.24 7147 707 6.94 6.87 6.7

'Fuel consumption includes consumption for cogeneration.

2Includes lease and plant fuel.

%Includes net coke coal imports.

“Includes petroleum coke, asphalt, road oil, lubricants, motor gasoline, still gas, and miscellaneous petroleum products.

*Includes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1997 prices for gasoline and distillate are based on prices in various issues of Energy Information Administration (EIA), Petroleum Marketing Monthly, DOE/EIA-0380
(97/03-98/04) (Washington, DC, 1997-98). 1997 coal prices: EIA, Monthly Energy Review, DOE/EIA-0035(98/08) (Washington, DC, August 1998). 1997 electricity prices: EIA,
AEQ99 National Energy Modeling System runs LMAC39.D100198A, AEO99B.D100198A, and HMACS9.D100198A. Other 1997 prices derived from EIA, State Energy Data Report
1995, DOE/EIA-0214(95) (Washington, DC, December 1997). Other 1997 values: EIA, Short-Tenn Energy Outlook, September 1998. Online hitp://www.eia.doe.gov/emew/steo/
pub/upd/sepS8/contents.htmt (October 15, 1998). Projections: EIA, AEO99 National Energy Modeling System runs LMAC99.D100198A, AEO99B.D100198A, and
HMACS9.D100198A.
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Table B7. Transportation Sector Key Indicators and Delivered Energy Consumption

Projections
2010 2015 2020
Key Indicators and Consumption 1997 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
Key Indlcators
Level of Trave! (billions)
Light-Duty Vehicles <8,500 Ibs. (VMT) ............. 2301 2778 2887 2993 2933 3097 3257 3076 3303 3520
Commerclal Light Trucks (VMT)' ...ovvvnennnnnns 69 86 90 95 9 o9 104 95 104 114
Frelght Trucks >10,000 Ibs, (VMT) 177 229 243 257 237 258 279 240 270 301

Alr (seat miles avallable) oovvvvreesnianennnss o 1049 1689 1814 1935 1922 2127 233t 2154 2462 2765
Rall {ton miles traveled)..... 1229 1462 1519 1574 1526 1620 1718 1571 1719 1874

Marine (ton miles traveled) ........ovvvnvenenaans 757 837 879 97 862 928 985 875 964 1045
Energy Efficiency Indicators
New Light-Duty Vehicle (miles per gallon) ....... s 240 254 254 255 26.1 26.1 260 265 265 264
New Car (miles pergallon)® ,vovvevrevvvrvannrnss 279 817 3.6 7 321 321 319 P2 3241 318
New Light Truck (miles per gallon}? ......vevveern.. 202 207 207 208 214 215 2144 20 20 219
Light-Duty Fleet (miles per gallon)® ............ .. 205 204 203 20.3 209 209 209 21.5 214 214
New Commercial Light Truck (MPG)* ......... 19.9 19.8 19.8 19.8 205 20.5 204 210 210 209
Stock Commercial Light Truck (MPG) ........ 14.6 15.0 15.0 15.0 153 15.2 15.2 15.6 156 155
Alrcraft Efficiency (seat miles per gallon) ....... 51.0 55.5 85.7 55.8 571 57.6 57.9 58.8 59.6 59.9
Frelght Truck Efficiency (miles per gallon) .. ... vereen 58 6.1 6.1 6.1 6.2 6.2 6.2 6.2 63 6.3
Rall Efficlency (ton miles per thousand Btu) ......... 2.7 29 29 29 30 30 3.0 31 31 31
Domestic Shipping Efficiency

(ton miles perthousand Btu) ......ceeenvnenenns 24 26 26 26 27 27 27 27 27 27
Energy Use by Mode (quadrillion Btu)
Light-Duty Vehlcles +..veevsnennenenns . . 17.50 18.10 18.66 17.96 18.85 19.73 18.34 19.60 20.81
Commerclal Light Trucks® ..... 0.72 0.76 0.79 0.74 0.80 0.86 0.76 0.84 0.92
Frelght Trucks* o vvvverannss 5.03 530 5.56 5.10 5.51 591 512 5.68 6.25
Aty yerirrrrrnessensnenrienies X 4.85 517 547 5.29 5.77 6.27 5.70 6.38 7.09
2.1 . 058 0.61 0.63 0.61 0.64 0.67 0.61 0.66 o
Maring® vuuvrirreennnniinenes . L 1.60 1.64 1.69 1.74 1.81 1.88 1.88 1.98 2.09
Pipeline Fuel +.ovvvvivrrernirenienniininenass A 0.86 0.90 0.94 0.91 0.97 1.03 0.93 1.01 1.09
Other vvvvvvrrnnnees trresesaesserrereoasienee ¥ 0.28 0.30 0.32 0.28 0.31 0.34 0.28 0.32 0.36

Tolal suvrnrsonssueronsansrrneronscssarcanses 2491 3143 3277 34.05 32,62 34.65 36.67 33.61 3644 39.28

Commercial trucks 8,500 to 10,000 pounds.

Environmental Protection Agency rated miles per gallon.

3Combined car and light truck “on-the-road” estimate,

‘Includes energy use by buses and military distillate consumption.

SIncludes passenger rail.

Sincludes military residual fue! use and recreation boats.

"Includes lubricants and aviation gasoline.

Blu = British thermal unit.

VMT=Vehicle miles traveled.

MPG = Miles per gallon.

Lbs, = Pounds.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1997: U.S. Department of Transportation, Bureau of Transportation Statistics, Air Carrier Traffic Statistics Monthly, December 1997/1996, (Washington, DC, 1997);
Energy Information Administration (E1A), Short-Term Energy Outlook, September 1998. Online http//www.eia.doe.goviemeu/steo/pub/upd/sep9&/contents.html (October 15, 1998);
EIA, Fuel Oiland Kerosene Sales 1997, DOE/EIA-0535(97) (Washington, DC, August 1998); and United States Departmentof Defense, Defense Fuel Supply Center. Projections:
EIA, AEOS9 National Energy Modeling System runs LMAC99.D100198A , AEOS9B.D100198A, and HMAC99.D100198A.
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Table B8. Electricity Supply, Disposition, Prices, and Emissions
(Billion Kilowatthours, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply, Disposition, and Prices 1997 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
Generation by Fuel Type
Electric Generators'

L T 1796 2002 2046 2092 2081 2151 2255 2139 2298 2497

Petroleum ........... 82 25 28 26 23 26 26 20 24 25 .
Natural Gas ........... 299 804 919 1040 1047 1213 1353 1191 1349 1474
Nuclear Power ........ 629 551 554 554 41 419 419 342 358 373
Pumped Storage ...... -3 -1 -1 -1 -1 -1 -1 -1 -1 -1
Renewable Sources? ... 389 388 388 393 395 401 413 407 420 445
Total covnivnnnnannan 3192 3769 3934 4103 3956 4208 4464 4099 4450 4813
Non-Utility Generation for Own Use 10 9 g ] 9 9 9 9 9 9

Cogenerators®
Coal. it 60 55 55 55 54 55 55 54 54 55
Petroleum ..oovvniieiiiiiii i 10 7 7 7 7 7 7 7 7 7
NaturalGas ....covvevveveiieniiiaiinnnnn. 210 219 221 223 227 230 234 228 233 238
Other Gaseous Fuels* .....ovvvvevnnninnnnnn. 4 5 5 5 5 5 5 5 5 5
Renewable SOUMCES? . ..vvvvvvvnvinnnnennnsen. 41 52 57 61 53 60 67 53 63 72
Oher® e e eenes 4 4 4 4 4 4 4 4 4 4
L . ... 343 350 357 351 362 3713 352 367 382
Sales to ULilities ....vveevennianinneninnnnns 183 180 180 181 181 182 184 181 183 185
Generation forOwnUse........covveeivnnnnnnnn 146 163 169 175 170 180 189 171 184 197
NetImports® ..coiiiiiiiieiaiicnnneeeeennanns 32 30 30 32 27 27 27 27 27 27
Electricity Sales by Sector

1072 1303 1341 1382 1389 1446 1506 1478 1557 1637
1008 1227 1247 1269 1293 1332 1367 1327 1383 1436
1033 1116 1211 1306 1141 1280 1423 1146 1339 1544
17 43 44 46 52 55 58 62 65 69

3130 3688 3843 4003 3875 413 4355 4013 4345 4687

End-Use Prices (1997 cents per kilowatthour)’

Residential 85 71 77 81 6.7 73 79 64 71 7.7
Commercial 76 6.1 6.6 70 56 6.2 6.8 53 6.0 6.6
Industdal ....... 46 38 4.1 43 35 38 4.1 33 36 4.0
Transportation 56 47 5.0 5.2 43 47 5.0 4.1 44 4.7
All Sectors Average ........ 6.9 57 6.1 6.5 54 58 6.3 51 56 6.1
Emissions (million short tons) : :
SuffurDioxide . .......oovneeennnaa... 127 9.07 9.06 9.12 9.01 8.95 8.95 8.94 895 8.95
NitrogenOxide ...................... 5.8 395 4.06 4.14 4.08 421 4.33 4.10 4.29 4.40

'Includes grid-connected generation at all utilities and nonutilities except for cogenerators. Includes small power producers and exempt wholesale generators.

2Includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar, and wind power.

3Cogenerators produce electricity and other useful thermal energy. Includes sales to utilities and generation for own use.

“Other gaseous fuels include refinery and still gas.

*Other includes hydrogen, sulfur, batteries, chemicals, fish oil, and spent sulfite liquor.

°ln 1997 approximately two-thirds of the U.S. electricity imports were provided by renewable sources (hydroelectricity); EIA does not project future proportions.

"Prices represent average revenue per kilowatthour. .

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1997 commercial and transportation sales derived from: Total transportation plus commercial sales come from Energy Information Administration (EIA), State Energy
Data Report 1995, DOE/EIA-0214(95) (Washington, DC, December 1997), but individual sectors do not match because sales taken from commercial and placed In transportation,
according to Oak Ridge National Laboratories, Transportation Energy Data Book 17 (August 1997) which indicates the transportation value should be higher. 1997 generation
by electric utilities, nonutilities, and cogenerators, net electricity imports, residential sales, and industrial sales: EIA, Annual Energy Review 1997, DOE/EIA-0384(97) (Washington,
DC, July 1998). 1997 residential electricity prices derived from EIA, Short-Term Energy Outlook, September 1998. Online http:/fwww.eia.doe.gov/emeu/steo/pub/upd/sep98/
contents.html (October 15, 1998). 1997 electricity prices for commercial, industrial, and transportation; emissions; and projections: EIA, AEO99 National Energy Modeling
System runs LMACS9.D100198A, AEOS9B.D100198A, and HMAC99.D100198A.

152 Energy Information Administration / Annual Energy Outlook 1999
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Table B9. Electricity Generating Capability

(Thousand Megawatts)
Projections
2010 2015 2020
Net Summer Capabiiity’ 1997 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
Electric Generators?
Capability
CoalSteam ..ovvrerrernvrrnreererssnees 304.7 3056 3089 3115 309.9 3162 3254 3184 333.0 356.0
Other Fossil Steam® ..vvveverrnereeresions 138.7 765 80.2 78.8 735 795 783 709 5.7 781
Combined Cycle ...oovvvvrvvrirnevernnnns 16.4 1122 126.0 1463 1529 1759 199.9 1828 2115 2340
Combustion Turbine/Diesel ...vvervnnrenens 782 1443 151.0 1635 1636 1749 191.2 1722 186.7 2034
NUCIBAr POWEr v vvsvvrennnssorsessessenns 99.0 734 742 742 55.3 564 564 46.1 489 508
Pumped Storage .......c.cvvvevrirncnneenns 19.6 215 21.5 215 215 215 215 215 215 215
FUBICENS vuvvvernrrrorsvrenssrnssnsnesns 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable SoUrces® vvvvvrvereereeraneens 879 92.0 921 927 93.1 939 955 948 96.7 100.2
Total sivererrosrsronsosssorsssarens . 7445 825.6 8539 8885 869.9 9184 968.2 906.4 9740 1044.0
Cumulative Planned Additions®
CoalSteam v.vuvvrivrnvressrrsasssnseans 0.1 14 14 14 14 14 14 14 14 14
Other Fossil Steam® ....vvvveerinssrnenees 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Combined Cycle ....ovvvvivierernenesenn. 0.7 53 53 53 53 53 53 53 53 53
Combustion Turbine/Diesel .....ovvsurenesn 1.5 18.6 186 186 186 186 186 186 186 186
NUCIEAr POWEL vovvvrrenesensornerssssnns 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pumped S10rage ......eevnverrernennenns 0.0 20 20 20 20 20 20 20 20 20
FUlCRllS vvvuervorerrnsncrnrnsnsasasoes 0.0 0.0 0.0 00 ’ 0.0 0.0 0.0 0.0 0.0 0.0
Renevable Sources! v vvvernereerioniiaes 0.1 28 28 28 28 28 2.8 28 28 28
Total ..... sessnsnasseres ressesnarennee 25 30.1 30.1 30.1 302 30.2 302 302 302 302
Cumulative Unplanned Additions®
CoalSteam ..vvvuvrvenrnrvsresosnssnsons 0.0 4.0 56 8.9 8.9 135 234 177 31.0 54.6
Other FossiiSteam® ...vvvvereereenernnnas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Combined CYEl8 ovvevrnrrenrarrannenannes 0.0 91.2 105.0 1253 1320 155.0 179.0 1618 1905 2130
Combustion Turbine/Diesel ..ooevvenerennn. . 202 736 81.1 96.0 96.6 108.2 1250 106.8 1202 1375
NUClear POWET v vvverrerssrisessnesnenens 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pumped S1orage .....oovvveerierinrennen. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FuelCells vvvvervvrernosrsoncrnsronnonns 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Reneviable SOUTCES v\ vevrerrerisieennnss 08 22 23 29 35 43 6.0 55 73 10.8
Total vosvennnnesses Ceeraarsesarsnresne 210 171.0 194.0 2332 2410 281.0 3334 2918 3489 4159
Cumulative Total AdItIons ....evusernanees 235 201.2 2242 2634 2141 3111 3635 322.0 379.0 446.0
Cumulative Retirements® .......ovuvvnnnnns 148 111.6 105.7 1108 137.3 1283 1314 1516 1406 1381
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Table BS. Electricity Generating Capability (Continued)

(Thousand Megawatts)
Projections -
2010 - 2015 2020
S .
Net Summer Capability’ _ 1997 Low . High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth |’ Growth | Growth Growth
Cogenerators”
Capability
0@l .ouiiiiiiiiierier e e raienana, 94 97 9.9 10.0 97 99 10.1 97 100 10.3
Petroleum ......c.oviiiiiiieinnne vernes 14 15 15 15 15 15 15 15 1.5 15
Natural Gas ............ PN 334 359 36.2 366 368 373 38.0 369 317 387
Other Gaseous Fuels ..........uvvues 0.6 09 09 09 09 09 09 09 09 09
Renewable Sources® .....covvvveinninnnn.. 6.9 77 8.2 8.7 7.8 85 93 78 88 98
L0111 0.1 0.1- 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
1< 51.8 55.8 56.8 57.8 56.8 58.3 60.0 56.8 59.1 61.3
Cumulative Additions® ..... ceresesreserns 20.2 242 251 26.2 251 26.7 284 252 274 29,7

Net summer capability is the steady hourly output that generating equipmentis expected to supply to system load (exclusive of auxiliary power), as demonstrated by tests during
summer peak demand.

ZIncludes grid-connected utilities and nonutilities except for cogenerators. Includes small power producers and exempt wholesale generators.

%Includes oil-, gas-, and dual-fired capability.

“includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar and wind power.

SCumulative additions after December 31, 1996.

*Cumulative total retirements from 1990. .

"Nameplate capacity is reported for nonutilities on Form EIA-867, "Annual Nonutility Power Producer Report,” Nameplate capacity is designated by the manufacturer. The
nameplate capacity has been converted to the net summer capability based on historic relationships.

Notes: Totals may not equal sum of companents due to independent rounding. Net summer capability has been estimated for nonutility generators for AE099, Net summer
capacity is used to be consistent with electric utility capacity estimates. Data for electric utility capacity are the most recent data available as of July 1, 1998. Therefore, capacity
estimates may differ from other Energy Information Administration sources.

Sources: 1997 net summer capability at electric utilities and planned additions: Energy Information Administration (E!A), Form EIA-860, "Annual Electric Generator Repont.”
Net summer capability for nonutilities and cogeneration in 1997 and planned additions estimated based on EIA, Form EIA-867, "Annual Nonutility Power Producer Report.”
Projections: EIA, AEO99 National Energy Modeling System runs LMAC99.D100198A, AEO99B.0100198A, and HMAC99.D100198A.

«

154 Energy Information Administration / Annual Energy Outlook 1999



Economic Growth Case Comparisons

Table B10. Electricity Trade

(Billion Kilowatthours, Unless Otherwise Noted)

Projections
2010 2015 2020
Electricity Trade 87 1 Low High | Low High | Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
Interreglonal Electricity Trade
Gross Domestic Firm Power Sales ..ovvvvverenre. 1903 1486 148.6 148.6 1486 1486 148.6 1486 1486 148.6
Gross Domestic Economy Sales ......... vereeses 87.6 68.2 67.2 717 69.6 784 80.7 778 839 792
Gross Domestic Trade «vevveeveenssenseenesss 2779 2168 2158 2203 2182 22710 2293 226.5 2325 2219
Gross Domestic Firm Power Sales
{million 1997 dollars) ......ovvvvrerrvnnnnnnnnn. 89421 69835 69835 6983.5 6983.5 69835 6983.5 6983.5 69835 6983.5
Gross Domestic Economy Sales
(million 1997 dollars) ....vvveevrerrenennan ce... 21867 15683 17309 19114 1522.3 18435 2065.0 1608.3 1839.1 1945.2
Gross Domestlc Sales
(milifon 1997 dollars) «..oveeveevernnnaneas. 111289 85518 87145 8894.9 8505.8 8827.0 9048.6 8591.8 8822.6 8928.8
International Electriclty Trade
Fim Power Imporis From Canada and Mexico' ..... 239 19.3 19.3 205 19.3 19.3 19.3 19.3 19.3 19.3
Economy Imports From Canada and Mexico'........ 180 329 328 328 299 299 298 297 296 297
Gross Imports From Canada and Mexico' ....... 420 522 522 533 493 492 492 491 490 490
Firm Power Exporis To Canada and Mexico ........ 47 141 14.1 141 141 141 144 141 141 14.1
Economy Exports To Canada and Mexico .......... 53 77 77 7.7 7.7 77 77 77 77 77
Gross Exports To Canada and Mexico .......... 10.0 21.8 218 218 218 218 218 218 218 218

THistorically electric Imports were primarily from renewable resources, principally hydroelectric.
Note: Totals may not equal sum of components due to independent rounding. Firm Power Sales are capacity sales, meaning the delivery of the power is scheduled as part
of the normal operating conditions of the affected electric systems. Economy Sales are subject to curtailment or cessation of defivery by the supplier in accordance with prior

agresments or under specified conditions,

Sources: 1997 interregional electricity trade data; Energy Information Administration (EIA), Bulk Power Data System. 1997 intemational electricity trade data: DOE Form
FE-718R, *Annual Report of Intemational Electrical Export/Import Data.” 1997 Finm/economy share: Natlonal Energy Board, Annual Report 1993. 1997 Planned interregional and
Intemational firm power sales: DOE Form 1E-411, *Coordinated Bulk Power Supply Program Report,” April 1995. Projections: EIA, AEO99 National Energy Modeling System runs
LMACS8,D100198A, AEO99B.D100198A, and HMAC99.D100198A.
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Economic Growth Case Comparisons

Table B11. Petroleuh Supply and Disposition Balance
(Million Barrels per Day, Unless Otherwise Noted)

Projections
. 2010 2015 2020
Supply and Disposition 1997 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic

Growth Growth | Growth |’ Growth | Growth Growth

Crude Oil .
Domestic Crude Production’ ......coeennenenn.. 6.45 5.55 559 5.64 5.26 534 5.42 4.87 4.96 5.06
Alaska .....oviiiieniannnn 1.30 0.77 0.78 0.78 0.61 0.61 0.62 0.49 049 0.50
Lower 48 States . . 5.15 4.78 481 4.86 4.65 4.72 4.80 4.38 4.47 4.56
NetImports 8.12 10.44 10.97 11.40 11.03 11.46 12.01 11.42 11.97 1259
Gross Imports 8.23 10.49 11.02 1145 11.08 11.50 12.04 1143 11.99 1261
Exports ....oiviiiiinnn. 0.11 0.04 0.04 0.05 0.03 0.03 0.04 0.01 0.02 0.02
Other Crude Supply? 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Crude SUPPlY eevivsenracnnnennnnanss 14.57 15.99 16.56 17.04 16.30. 16.80 17.42 16.29 16.94 17.65
Natural Gas PlantLiquids .....ceeveiverennnas 1.82 2.02 215 2,28 2.16 234 251 223 245 - 2,65
OtherInputs® .......... tevesecnssesrasesaran 0.28 027 0.31 0.34 0.32 0.35 043 0.26 0.36 0.47
Refinery Processing Gain® ......... sersereanas 0.85 0.89 0.90 0.91 0.88 0.89 0.90 © 088 - 089 0.91
Net Product Imports® ...ovvevvnnenennns . Ki ) 241 273 3.08 248 3.30 3.94 2.86 4.00 511
Gross Refined Product. Imports® 1.52 2.83 312 345 295 359 421 3.36 426 5.19
Unfinished Ofl Imports . .......... 0.35 0.49 0.54 0.56 041 0.61 0.64 0.38 0.68 087
Etherlmpors ...ccovvvviiiiiiiciiea 0.06 0.01 0.02 0.05 0.00 0.02 0.05 0.00 0.00 0.04
EXpOrS «oieniiiiiiiii it et 0.90 0.92 0.96 0.9§ 0.88 0.93 0.96 0.88 0.94 0.99
Total Primary Supply”.....ccuue.. cerersenanne 18.55 21,59 22,65 2364 2213 23.67 2521 22,52 2464 26.80

Refined Petroleum Product Supplied

Motor Gasoline® g 9.68 10.01 10.32 9.86 10.34 10.83 10.01 10.69 11.35
JBLFUER oorniitiiiii i e K 231 246 ‘261 252 275 299 27 3.03 3.37
Distillate Fuel" ! 3.81 399 416 3.88 415 442 391 428 4,66
Residual Fuel ........coovviiiiiiiinnnn.., X 0.68 0.72 0.74 0.73 0.78 0.82 0.76 0.83 0.89
Other' ...evvieenennnnnnn, 3 5.14 5.51 5.85 5.18 5.68 6.20 5.15 5.82 6.56
Total eveennerannnes ivereeneenes 1 21.63 22,69 2369 2216 2371 - 2525 © 2254 24.66 26.83
Refined Petroleum Products Supplied : '
Residential and Commercial . 0.97 059 1.01 0.94 0.96 098 0.91 0.92 0.95
Industrial® .........coonel X 5.30 5.70 6.07 5.35 5.90 6.46 534 6.07 6.87
Transportation ............ : 15.24 15.88 16.49 15.76 16.73 17.69 16.21 17.56 18.91
Electric Generators™ ....... . 0.11 0.12 0.1 0.10 0.11 0.11 0.09 0.1 0.1
Total cvvvvnnennnnne. ceereanes 1 21.63 22,69 23.69 22.16 23.71 25.25 2254 24.66 26.83
Discrepancy™ ..... Ceeerassesresesreanes vees 0,07 -0.04 -0.04 -0.05 -0.03 <0.03 -0.04 -0.02 <0.02 -0.04
World Ol Price (1997 dollars per barrel)®® ....... 1855 20.70 21.30 21.90 21.07 21.91 22.75 21.66 2273 23.81
Import Share of Product Supplied ............. 0.49 0.59 0.60 0.61 0.61 0.62 0.63 0.63 0.65 0.66
Net Expenditures for Imported Crude Oil and
Products (billion 1997 dollars)......cceevuenes . 98.22 107.95 117.53 104.41 119.49 13446 11421 135.20 158.00
Domestic Refinery Distillation Capacity ........ 16.8 175 18.0 17.2 17.7 185 173 17.9 187
Capacity Utilization Rate (percent) ........ 95.2 95.1 95.0 95.1 95.1 95.1 94.6 95.2 95.1

*Includes lease condensate.

“Strategic petroleum reserve stock additions plus unaccounted for crude oil and crude stock withdrawals minus crude products supplied.

*Includes alcohols, ethers, petroleum product stock withdrawals, domestic sources of blending components, and other hydrocarbons.

*Represents volumetric gain in refinery distillation and cracking processes.

FIncludes net imports of finished petroleum products, unfinished oils, other hydrocarbons, alcohols, ethers, and blending components.

“Includes blending components.

Total crude supply plus natural gas plant liquids, other inputs, refinery processing gain, and net petroleum imports.

*includes ethano! and ethers blended into gasoline.

‘Includes naphtha and kerosene types.

Includes distillate and kerosene.

¥Includes aviation gasoline, liquefied petroleum gas, petrochemical feedstocks, lubricants, waxes, asphalt, road ofl, still gas, special naphthas, petroleum coke, crude oil product supplied,
and miscellaneous petroleum products.

“Includes consumption by cogenerators.

®Includes all electric power generators except cogenerators, which produce electricity and other useful themmal energy. Includes small power producers and exempt wholesale generators,

“8alancing item. Includes unaccounted for supply, losses and gains.

*Average refiner acquisition cost for imported crude ofl.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1997 expenditures for imported crude oil and petroleum products based on intemal calculations. 1997 product supplied data from table B2. Other 1997 data: Energy Informatlon
Administration (EIA), Petroleum Supply Annual 1997, DOE/EIA-0340(97/1) (Washington, DC. June 1998). Projections: EIA, AEO99 National Energy Mode!ling System runs LMAC99.D100198A,
AEO99B.D100198A, and HMAC99.D100198A.
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Economic Growth Case Comparisons

Table B12. Petroleum Product Prices
(1997 Cents per Gallon Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Fuel 971 Low : High | Low High | Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
World Ol Price (1997 dollars perbartel) ........... 1855 2070 21.30 21.90 21.07 21.91 215 21.66 2273 23.81
Delivered Sector Product Prices
Resldential
Distillale FUBL. .o v vvvvrrnrenrerrerrnneannanens 97.1 1058 1074 109.4 1044 1084 1108 104.4 108.1 1116
Liquefied Pefroleum Gas........evvvnnsennnnass 1002 1039 1054 108.1 1015 1069 108.9 1034 1109 1136
Commerclal
Distillate Fuel........ Ceererrenre e raranaany 684 745 762 786 733 778 80.8 739 789 825
Residual Fuel ....vvveerneorinierernans .. . 454 46.8 483 456 476 496 481 50.7 535
Resldual Fue! (1997 dollars per barvel) 19.06 19.66 20.27 19.17 20.00 20.84 20.22 21.30 2246
Industrial’
Distillate FUEl. .. vvreerenrerenrerenrranrranres 70.7 755 772 804 74.7 799 838 76.1 827 86.7
Liquefied Petroleum Gas.............oevvunenn. 724 56.1 57.6 60.4 535 59.1 61.1 553 63.2 65.8
Residual Fuel +.v.vevvvnnerrennerennanes .. , 393 40.7 423 386 408 429 404 432 474
Residual Fuel {1997 dollars per barrel) 16.49 17.10 17.76 16.21 17.14 18.00 16.98 18.15 19.80
Transportation
Diesel Fuel (distilate)? ....vevvrrerssnunerrnnne 1184 1131 119.0 1258 108.6 1187 126.3 105.8 1183 1262
JelFUsl ovvvrreriennnrrinenns N 702 74.1 776 80.8 735 804 84.8 753 85.1 91.2
Molor Gasoling® ,..vvvevevevnererevnennenennns 1214 1229 128.8 1334 1205 129.2 1346 118.1 1288 1351
Liquefied Petroleum Gas 1036  109.1 1127 117.0 1045 1121 1164 104.3 1139 1194
Residual Fuel .,........ 462 372 386 403 374 38.8 408 389 422 452

Residual Fuel (1897 dollars per barre) .......

1940 1561 16.20 16.94 15.69 16.32 17.14 16.33 17.74 18.99
1458 1529 156.7 162.1 151.0 158.1 164.2 1529 1588 166.2

MBS evverrnrerrrnangersnnens . veares 97.3 904 95.3 97.9 91.7 959 99.5 91.8 96.8 1011
Electric Generators®
Disillate FUel .o vveveveereereererserensannenss 614 69.2 709 73.9 684 732 76.6 69.8 75.6 793

Restdual Fuel .,
Resldual Fuel {1997 dollars per barrel)

52.1 527 56.0 53.7 544 57.2 56.6 584 63.3
21.87 2214 23.50 22.56 2284 24.03 23.77 2451 26.58

Refined Petroleum Product Prices®

Distillate Fuel............... ceeees 2 1046 109.2 1149 101.2 1098 1162 99.5 110.1 117.0
JetFuel ..ovvvvninninnnnn, . . 7441 776 80.8 735 80.4 84.8 753 85.1 91.2
Liquefied Petroleum Gas.. .. ... .. ) 66.8 68.0 705 64.1 69.3 709 65.8 730 751
Motor Gasoling* . ............ e . K 1229 128.8 1334 120.5 129.2 1346 118.1 128.8 1351
Residual Fuel ............. 39.8 41.3 43,0 396 413 433 410 443 475
Resldual Fuel (1897 dollars per barrel) .. 18 16.72 17.33 18.05 16.64 17.35 18.18 1722 18.59 19.94

AVEFAge ovevvrvrvnrerrsreironraseasenrenss 2 1022 106.3 110.2 99.6 106.7 1111 98.4 1075 1127

YIncludes cogenerators. Includes Federal and State taxes while excluding county and state taxes.

2 ow sulfur diesel fuel, Includes Federal and State taxes while excluding county and local taxes.

3Kerosene-type Jet fuel. .

*Sales welghted-average price for all grades. Includes Federal and State taxes while excluding county and local taxes.

%includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

SWelghted averages of end-use fuel prices are derived from the prices in each sector and the corresponding sectoral consumption. Includes small poveer producers and
oxempt wholesale generators.

Sources; 1997 prices for gasoline, distillate, and jet fuel are based on prices in various issues of Energy Information Administration, (EIA) Petroleum Marketing Monthly,
DOE/EIA-0380 (97/03-98/04) (Washington, DC, 1997-98). 1997 prices for all other petroleum products are derived from EIA, State Energy Price and Expenditures Report:
1995, DOE/EIA-0376(95) (Washington, DC, August, 1998). Projections: EIA, AEO99 National Energy Modeling System runs LMAC99.D100198A, AEO99B.D100198A, and
HMAC99.D100198A,
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Economic Growth Case Comparisons

Table B13. Natural Gas Supply and Disposition

(Trillion Cubic Feet per Year
Projections
) : 2010 - 2015 2020
Supply, Disposition, and Prices 1997 Low High Low High Low High
N Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Production . .
Dry Gas Production® .......covvevvennnnnnnn. 1894 2226 23.77 25.26 23.97 26.11 28.01 24.93 27.35 29.62
Supplemental Natural Gas? . ....ovveevernnnnnn. 0.12 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Netlmports .......... 2.84 417 435 450 454 478 5,07 4.69 5.02 5.26
Canada ...... Ceeenee 284 3.97 415 4.30 437 461 485 457 . 491 510
Mexico ....... Ceieees . 0.02 -0.09 -0.09 -0.09 0.12 .12 0,12 0.17 017 017
Liquefied Natural Gas .......cccevevvenennen.. 0.02 0.29 0.29 0.29 0.29 0.29 0.33 0.29 0.29 0.33
Total SUPPIY ceeveererenceriansoncensisnnnaas 21,89 26,50 28,18 29,82 2858 30.95 33.14 29.67 32.44 34.94
Consumption by Sector l
Residential.......coverierineanannnn. Teeens 5.00 5.16 5.36 557 531 5.61 5.90 5.40 577 6.13
Commercidl .......... 328 365 373 381 373 3.86 3.97 372 3.88 4.04
Industrial............ 8.40 9.01 9.46 9.90 9.20 9.87 1055 9.30 10.24 1117
Electric Generators® ... 333 5.88 6.69 747 733 8.42 9.34 8.12 9.16 10.00
Lease and Plant Fuel® .. 1.25 1.57 1.65 1.72 1.69 1.81 1.91 179 1.93 2.05
Pipeline Fuel ......... 0.71 0.83 0.87 092- 0.88 0.94 1.00 0.91 098 1.06
Transportation® ....... 0.01 0.24 0.25 0.26 0.28 0.30 0.32 0.30 0.33 0.37
Total cvievniineririiiiiceiencresennannes 21.98 26.33 28.02 29,67 28.43 30.81 32,99 29,53 32.30 34.81
DISCIEPANCY vvvereerervesnnceancccessenenne -0.10 0.16 0.16 0.16 0.15 0.14 0.15 0.14 0.14 0.13

Marketed production {wet) minus extraction losses.
Synthetic natural gas, propane air, coke oven gas, refinery gas, blomass gas, air injected for Btu stablllzauon, and manufactured gas commingled and distributed with natural
gas. ,

3Includes consumption by cogenerators. .

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale
generators.

SRepresents natural gas used in the field gathering and processing plant machinery.

SCompressed natural gas used as vehicle fuel.

"Balancing item. Natural gas lost as a result of converting flow data measured at varying temperatures and pressures to a standard temperature and pressure and the merger
of different data reporting systems which vary in scope, format, definition, and respondent type. In addition, 1997 values include net storage injections.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1997 may differ from published data due to intemal conversion factors.

Sources: 1997 supplemental natural gas: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1998). 1997 imports
and dry gas production derived from: EIA, Natural Gas Annual 1996, DOE/EIA-0131(96) (Washington, DC, September 1997). 1997 transportation sector consumption: EIA,
AEQ99 National Energy Modeling System runs LMAC99.D100198A, AEQS9B.D100198A, and HMAC99.D100198A. Other 1997 consumption: EIA, Short-Term Energy Outlook,
September 1998. Online http:/www.eia.doe.gov/emew/steo/pub/upd/sep98/contents.htm! (October 15, 1998) with adjustments to end-use sector consumption levels for
consumption of natural gas by electric wholesale generators based on EIA, AEO99 National Energy Modeling System runs LMAC99.D100198A, AEO99B,D100198A, and
HMAC99.D100198A. Projections: EIA, AEO99 National Energy Modeling System runs LMAC99.0100198A, AEO99B.D100198A, and HMAC99.D100198A.

158 Energy Information Administration / Annual Energy Outlook 1999



Economic Growth Case Comparisons

Table B14. Natural Gas Prices, Margins, and Revenue
(1997 Dollars per Thousand Cubic Feet, Unless Otherwise Noted)

Projections
2010 2015 2020
Prices, Marglns, and Revenue 1997 Low High Low High Low High
Economlc | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
Source Price
Average Lower 48 Wellhead Price’ 2.29 252 21N 2.29 262 291 2.29 2,68 3.09
Average Import Price........... . 235 248 260 241 255 272 247 2.68 2.88
AVEIag8% vevvirerreonesroraerennesssrannens 230 251 270 2.31 2,60 2.88 232 268 3.06
Dellvered Prices
Resldential,,vvvvvrrsverrerienverenreninnenn, 100 606 6.17 6.27 578 595 6.1 512 591 6.14
Commerclal ......co0unses 5.79 5.14 5.32 5.49 496 522 547 4.93 524 556
Industrial, ..., 3.04 2.96 3.23 347 295 3.32 3.65 293 340 3.87
Electric Generators® .,.,...0000s 276 291 3.15 335 291 3.24 352 290 331 371
Transportalion® ..vevvereerrvrenrenerionernns 6.36 6.80 737 7.87 6.79 752 8.18 6.73 757 8.36
AVEragel vuvvvrireiinienniinirennecensenes A4 399 4,18 434 3.85 413 439 3.81 4.16 453
Transmisslon and Distribution Margins”
Residential, ,ovuvernrereerennennen N 4.78 3.76 3.66 357 347 335 324 34 323 3.08
Commercial .ovvverivnreniennninneenas vees 357 284 281 279 265 2.62 259 262 256 250
Industria® ,...ovevsnns PP £ X: 0.66 0.72 0.77 0.64 0.72 0.78 0.61 072 0.81
Electric Generators® .....veevvvreennnn. 054 0.61 0.64 0.66 0.60 0.63 0.65 059 0.63 0.65
Transportation® o..vveererverinrenrenes vees 4135 4.50 4.86 5.18 447 492 5.30 441 4.89 530
AVEIAGES vovererrarrorcersorasseservarnnnes 222 1.69 1.67 1.65 154 1.53 151 149 148 147
Transmisslon and Distribution Revenue
(billfon 1997 dollars)
Restdential..oeviererierieririinenrinnennnnns 2392 1939 19.64 19.90 18.42 18.76 19.10 18.41 18.65 18.89
Commercial ..vvvvviererresisinnnes veereriens 11.70 1036 10.50 10.64 9.88 10.10 10.30 9.72 993 10.11
Industdal............. 6.92 5.94 6.82 7.66 5.85 7.06 8.19 5.69 733 9.05
Electric Generators* ... 1.80 3.58 428 491 4.38 531 6.06 4177 576 6.53

Transportation® ........ . vern 006 1.07 1.22 1.37 1.25 1.48 1.72 1.33 1.64 1.95
Total sovveeirnienrvaineseiroiinaneanaeens.. 4439 4034 4247 4447 39.77 42.72 45.36 39.91 4331 46.54

Represents lower 48 onshore and offshore supplies.

*Quantity-welghted average of the average lower 48 wellhead price and the average price of imports at the U.S. border.

3Includes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale
generators, -

*Compressed natural gas used as a vehicle fusl, Price includes estimated motor vehicle fuel taxes.

*Welghted average prices and margins. Weights used are the sectoral consumption values excluding lease, plant, and pipeline fuel.

"Within the table, "transmission and distribution* margins equal the difference between the delivered price and the source price (average of the wellhead price and the price of
imports at the U,S, border) of natural gas and, thus, reflect the total cost of bringing natural gas to market. When the term “transmission and distribution® margins is used in today's
natural gas market, It generally does not Includs the cost of Independent natural gas marketers or costs associated with aggregation of supplies, provisions of storage, and other
services, As used here, the term includes the cost of all services and the cost of pipeline fuel used in compressor stations.

Note; Totals may not equal sum of components due to independent rounding.

Sources: 1997 Industrial delivered prices based on Energy Information Administration (EIA), Manuf: ing Energy C« ption Survey 1991. 1997 residential and commercial
delivered prices, average lower 48 wellhead price, and average import price: EIA, Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1998). Other 1997 values,
and projections: EIA, AEO99 National Energy Modeling System runs LMAC99.D100198A, AEO99B.D100198A, and HMAC99.D100198A.
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Table B15. Oil and Gas Supply

. ] Projections
2010 2015 2020
Production and Supply 1997 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
Crude Oil -
Lower 48 Average Wellhead Price*

(1997 dollars perbarrel) coveevernenreraneenses 16.25 20.18 20.80 21.59 20,09 21.05 2211 2047 21.73 22,85
Production (million barrels per day)? . :

US.Total vvvnnniiinncanncnneranns T X 1 5.55 5.59 5.64 526 534 542 4.87 496 5.06
Lower 48 Onshore . ... 375 3.04 3.07 310 316 321 327 320 328 335
Conventional ..........ocevnnns 317 253 254 256 253 2.56 2.58 2.54 257 2.58
Enhanced Oil Recovery 058 0.52 053 0.54 0.63 0.66 0.69 0.66 0.71 0.76
Lower480ffshore .......c.cvnvennnn 1.40 173 1.74 1.76 1.50 151 153 1.18 1.19 1.22

1 R 1.30 0.77 0.78 0.78 0.61 0.61 0.62 0.49 049 0.50

Lower 48 End of Year Reserves (billion barrels)® .. 1828  13.68 13.80 13.94 1345 13.70 13.97 13.30 13.70 14.07
Natural Gas

Lower 48 Average Wellhead Price’

(1997 dollars per thousand cubic feet) ......... . 223 2.29 2,52 2.71 229 262 291 229 2.68 3.09
Production (trillion cubic feet)® -
L 1 - | 18.94 22.26 23.77 25.27 2397 26.11 28.01 24,93 2735 29.62
Lower 48 Onshore 12.88 14.94 16.36 17.83 16.63 18.47 19.97 18.22 20.24 21.94
Associated-Dissolved* 1.77 1.18 1.19 1.19 1.18 1.19 1.20 1.19 1.21 1.21
Non-Associated 141 1375 15.18 16.64 1545 17.28 18.78 17.03 19.04 20.73
Conventional ....... 743 9.65 10.27- 10.62 10.69 11.30 11.81 11.72 12.32 12.88
Unconventional 3.68 410 4.90 6.02 4.76 597 6.96 531 6.72 7.84
Lower 48 Offshore .....ovvvnennnnne 5.62 6.65 6.73 6.75 6.64 6.94 733 5.98 6.38 6.94
Associated-Dissolved® ............. 0.80 0.93 0.93 0.93 0.88 0.89 0.89 0.81 0.81 0.82
Non-Associated ...oovverneeieniennens 4.82 5.72 5.80 5.81 5.75 6.05 6.43 517 557 6.12
F T PPN .. 044 0.68 0.68 0.69 0.70 0.7 0.72 0.72 0.73 0.74

Lower 48 End of Year Reserves (trillion cublc feet) 158.13  166.66 174.29 187.88 164.97 17573 188.80 157.40 172.03 181.19
Supplemental Gas Supplies (trillion cubic feet)®... 012 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Total Lower 48 Wells (thousands) ............... 2702 2918 31.54 35.83 30.77 33.66 36.36 31.78 35.62 39.36

'Represents lower 48 onshore and offshore supplies.

2Includes lease condensate.

3Market production (wet) minus extraction losses.

4Gas which occurs in crude oil reserves either as free gas (associated) or as gas in solution with crude oil (dissolved).

SSynthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed with
natural gas.

Ft. = feet.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1997 may differ from published data due to intemal conversion factors.

Sources: 1997 lower 48 onshore, lower 48 offshore, Alaska crude oil production: Energy Information Administration (EIA), EIA, Petroleum Supply Annual 1997, DOE/EIA-
0340(97/1) (Washington, DC. June 1998). 1997 natural gas lower 48 average wellhead price, Alaska and total natural gas production, and supplemental gas supplies: EIA,
Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1998). Other 1997 values: EIA, Office of Integrated Analysis and Forecasting. Projections: EIA, AEOS9
National Energy Modeling System runs LMAC39.D100198A, AEO99B.D100198A, and HMACS9.D100198A.
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Table B16. Coal Supply, Disposition, and Prices
(Million Short Tons per Year, Unless Otherwise Noted)

Projections
" 2010 2015 2020
Supply, Disposition, and Prices 1997 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
Production'
Appalachia,....0uusss , 477 479 482 496 453 479 495 444 466 497
11 L1 171 120 127 127 150 146 154 147 164 168
West oovvnniennennnnss 451 613 - 627 642 649 670 697 689 728 782
East of the Mississippi ..... eereans T 589 554 563 579 560 580 604 548 586 620
West of the Mississippl .. evuveernnnn versenees 511 657 672 686 693 714 742 73 2 827
Total sivuvvirrrsnrnnnnerscosinansansensses 1089 1211 1236 1264 1253 1294 1346 1281 1358 1447
Net Imports
7 8 8 8 8 8 8 8 8 8
84 90 90 90 91 91 91 93 93 93
<76 -82 -82 -82 -84 -84 -84 -86 -86 -86

Total SUPPIY® cvvvrvernriniiarinrsasinsinaen., 1023 1129 1154 1182 1169 1211 1262 1195 1272 1362

Consumption by Sector
Residential and Commercial ..........,......... 6 6 7 7 6 7 7 6 7 7
Industrial’............... 70 71 77 82 71 79 87 70 82 %5
CokePlants.............. 29 24 4 23 22 22 21 20 20 19
Electric Generators* ..... 924 1027 1050 1070 1073 1103 1148 1098 1166 1242
TOtal sevurusnrrosrnessnnsrsurcarennesannns 1030 1128 1156 1182 172 1211 1263 1195 1275 1363
Discrepancy and Stock Change®. +....vevrenanss -7 1 3 1 -3 0 -1 0 3 -1
Average Minemouth Price
(1997 dollars per shortton) .....evvvernnrennens, 18.14 13.88 14.00 14.16 12.98 13.21 13.39 1247 1274 12.89
(1997 dollars per million Biu) ..oovevenvvrennnnns 0.85 0.66 0.67 0.67 0.62 0.63 0.64 0.60 0.62 0.62
Dellvered Prices (1997 dollars per short ton)* .
Industrial o.uvurisersiiinnineiiiiiiinninniess 3241 26.92 2740 27.84 2541 26.15 26.83 24.05 24.96 25.86
Coke Plants ....,...... Creresieserierarieaas 47.36 41,51 41.98 42.33 39.29 40.16 41.00 37.57 3874 3961
Eleciric Generators
(1997 dollars per shortton) .....cvevvernnennns 26,16 21,33 21.66 22.00 19.44 20.03 2053 18.03 18.77 19.33
(1997 dollars per million Biv)......... . 1.05 1.06 1.08 0.96 0.99 1.01 0.80 0.93 096

22.11 2246 22.81 2017 20.80 21.32 18.71 1949 20.08
34.75 35.15 35.51 3255 33.38 34.10 30.89 31.90 3271

AVEFage vevverreronsnirnnnses
Exports . vvvsninss

YIncludes anthracite, bituminous coal, lignite, and waste coal delivered to independent power producers. Waste coal deliveries totaled 7.9 million tons in 1994, 8.5 million tons
in 1995, 8.9 million tons in 1996, 9.4 million tons in 1997, and are projected to reach 10.0 million tons in 1998 and 10.6 million tons in 1999.

?Production plus net imports and net storage withdrawals.

%Includes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale
generators, .

“Balancing item: the sum of production, net imports, and net storage minus total consumption.

“Sectoral prices welghted by consumption tonnage; weighted average excludes residential/ commercial prices and export free-alongside-ship (f.a.s.) prices.

7 F.a.s, price at U.S, port of exit.

Biu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1997 data derived from: Energy Information Administration (EIA), Coal Industry Annual 1997, DOE/EIA-0584(97) (Washington, DC, November 1998). Projections:
EIA, AEO99 National Energy Modeling System runs LMAC99.D100198A, AEO99B.D100198A, and HMAC99.D100198A.
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Table B17. Renewable Energy Generating Capability and Generation
(Thousand Megawatts, Unless Otherwise Noted)

Projections
. 2010 2015 2020
Capacity and Generation 1997 Low High Low High Low : High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth | Growth Growth | Growth Growth
Electric Generators'
(excluding cogenerators)
Net Summer Capability
Conventional Hydropower 77.60 78.51 78.51 78.51 7851 7851 78.51 78.51 78.51 78.51
GeothermaP .......coevniiiiinnens . 3.00 325 3.16 3.16 333 325 32 367 352 340
Municipal Solid Waste® ....ocvvvnvnennn . 34 3.97 401 4.05 411 417 431 4.16 427 447
Wood and Other Biomass® .........ovveeenns 1.66 2.18 233 2.88 277 361 513 3.70 5.61 9.03
SolarThemal .....vvvererierreriereenanes 0.35 0.44 044 0.44 048 048 0.48 0.52 0.52 052
Solar Photovoltaic ....... 0.01 0.30 0.30 0.30 0.46 0.46 0.46 0.64 0.64 0.64
Wind ..ooveneennn ves 1.88 3.39 3.39 339 342 34 341 3.63 361 359
Total vovevaniesenranensansness reemenve 87.92 92,04 92.14 92,74 93.08 93.89 95.52 94.83 96.68 100,15
Generation (billion kilowatthours)
Conventional Hydropower .......cevvveennenn 323.38 32342 323.46 323.43 323.50 323.57 32348 323.58 323.68
Geothermal ....ovivievveirneenenne ee 1853 17.86 17.88 20.30 19.69 19.49 24.09 22.99 2207
Municipal Solid Waste® ............... . 26.26 2649 26.83 27.18 27.65 28.61 2157 2834 29.77
Wood and Other Biomass* . . 10.87 11.97 15.82 15.03 20.90 31.54 2156 34.89 58.81
SolarThemmal .........cvvvvvvnnnnn. . . 1.19 1.19 1.19 1.31 1.31 1.31 1.44 144 144
Solar Photovoltaic e 0.7 (thg) 0.71 1.12 1.2 1.12 1.56 1.56 1.56
Wind coooivviennnne 7.69 7.69 7.69 7.81 7.76 718 8.47. 844 8.37
Total covvnenneeenianenennae cesesennes .. 38911 388.63 389.33 393.58 396.17 401.92 413.4 408.17 421,24 445,70
Cogenerators®
Net Summer Capability
Conventional Hydropower® ......oooeeeennnn. 093 093 0.93 093 0.93 093 0.93 093 0.93 0.93
Municipal SolidWaste ......ovveveneenenen 0.46 048 0.48 049 0.48 049 0.49 048 0.49 0.49
545 6.28 6.77 725 6.37 713 7.84 6.37 7.39 836
6.85 7.70 8.19 8.67 7.78 8.55 9.26 7.79 8.81 9,78
Generation (billion kilowatthours)
Conventional Hydropower® 6.16 490 490 4.90 4.90 490 4.90 490 4.90 490
Municipal Solid Waste . ..... 1.80 232 2.32 233 232 234 2.35 232 234 235
BiOMasS..cveerieriannns 3269 44.83 49,59 54.01 4598 53.17 59.76 46.22 55.82 64.78

Total cevvvvnenrisinensenaaceisaneaness 40,65 52.05 56.81 61.24 53.21 60.41 67.01 5345 63.06 7204

%Includes grid-connected utilities and nonutilities other than cogenerators. These nonutility facilities include small power producers and exempt wholesale generators.

2Includes hydrothermal resources only (hot water and steam).

3Includes landfill gas.

“Includes projections for energy crops after 2010.

SCogenerators produce electricity and other useful thermal energy.

®Represents own-use industrial hydroelectric power.

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEOS9. Net summer
capability is used to be consistent with electric utility capacity estimates. Data for electric utility capacity are the most recently available as of July 1, 1998. Additional retirements
are also determined on the basis of the size and age of the units. Therefore, capacity estimates may differ from other Energy Information Administration sources.

Sources: 1997 electric utility capability: Energy Information Administration (EIA), Form EIA-860, "Annual Electric Generator Report." 1997 nonutility and cogenerator capability:
EIA, Form EIA-867, "Annual Nonutility Power Producer Report.” 1997 generation: EIA, Annual Energy Review 1997, DOE/EIA-0384(97) (Washington, DC, July 1998). Projections:
EIA, AEOS9 National Energy Modeling System runs LMAC99.D100198A, AEO99B.D100198A, and HMAC99.D100198A.
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Table B18. Renewable Energy Consumption by Sector and Source’
(Quadrillion Btu per Year)

Projections
2010 2015 2020
Sector and Source 1997 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference § Economlic | Economic | Reference | Economic
Growth Growth Growth Growth Growth Growth
Marketed Renewable Energy?

Residential vovvserrerrsnncenesensassassassess 0.60 0.60 0.62 0.64 0.61 0.64 0.66 0.62 0.65 0.68
Wood .uvuvivsss 0.60 0.62 0.64 0.61 0.64 0.66 0.62 0.65 0.68
Commerclal® ..vvveereirenreisesscsaarasnanas 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BIOMASS s v vsvrerrerrorsernens Ceereenresenaes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Industrial® .ovveuereeeeseciencerronerronnnness 1.88 212 231 249 217 245 273 219 2.56 294
Conventional Hydroelectric ... .. rererrerineen. 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Municipal SolidWaste ...vvvvvvernrnnrnnnnnnen. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BIOMASS s s svrreresrsrsrrnrroarssnsessanses 1.84 208 227 246 2.14 2.41 270 215 252 291
Transportatlon........ccoeevnennenns 0.14 0.20 0.24 0.20 0.25 0.37 0.13 0.28 042

Ethanol used INEB5* o.\vvvvrrveneriararensess 0.04 0.04 0.04 005 0.05 0.06 0.05 006 0.07
Ethanol used In Gasoline Blending ............... 0.10 01 0.16 0.20 0.15 020 031 0.08 022 0.36

Electric Generators® .........covuuee veereaness 435 448 448 452 461 464 475 4.80 4.90 510
Conventional Hydroelectric ............ sereienes 3.60 332 3.32 333 332 333 3.33 333 333 333
Geothemal ,uvvvvrvviveiireninnnnsrnserisens 043 0.54 052 0.52 0.61 0.59 058 0.72 0.69 0.66
Municipal Solid Waste ... ... ... 023 042 042 043 043 0.44 046 044 045 048
Blomass....eevernenes ... 004 0.10 0.1 0.14 0.13 019 0.28 0.19 0.31 0.52
Solar Thermal ......... vees 0.01 0.01 0.01 0.01 0.01 0.01 0.01 © 001 0.01 0.01
Solar Photovoltaic vvvvevrerrerenrernnnss .... 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02
Wind ooovrnerinnnnnns P N 0.04 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.09

Total Marketed Renewable Energy .......c.0.... 692 7.35 7.61 7.90 759 7.99 851 7.73 8.38 9.16

Non-Marketed Renewable Eneray’

Selected Consumption

Residentlal seveeseaverocrsiresrensorncrennes 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.04 0.05 0.05
Solar Hot Water Heating ......... vesersersnsses 001 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Geothermal Heat PUMPS .vvvvvanssennrsnnnnanns 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.04 0.04

Commerclal svvvvesrssrorencoensarnssenereess 002 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04
Solar Themal ............ N 0.02 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04

TActual heat rates used to determine fuel consumption for all renewable fuels except hydropower, solar, and wind. Consumption at hydroelectric, solar, and wind facilities
determined by using the fossil fuel equivalent of 10,280 Btu per kilowatthour,

?Inciudes nonelectric renewable energy groups for which the energy source is bought and sold in the marketplace, although all transactions may not necessanly be marketed,
and marketed renewable energy Inputs for electricity entering the marketplace on the electric power grid. Excludes electricity Imports; see Table B8.

*Value is less than 0,005 quadiillion Btu per year and rounds to zero.

“Includes all electricity production by industrial and other cogenerators for the grid and for own use.

SExcludes motor gasoline component of E85.

%Includes renewable energy delivered to the grid from electric utilities and nonutilities. Renewable energy used in generating electricity for own use is included in the individual
sectoral electricity energy consumption values.

Tincludes selected renewable energy consumption data for which the energy is not bought or sold, either directly or indirectly as an input to marketed energy. The Energy
Information Administration does not estimate or project total consumption of nonmarketed renewable energy.

Btu = British thermal unit.

Notes: Totals may not equal sum of components due to independent rounding.

Sources; 1997 ethanol; EIA, Annual Energy Review 1997, DOE/EIA-0384(97) (Washington, DC, July 1998) . 1997 electric generators: Energy Information Administration (EIA),
Form EIA-860, "Annual Electric Generator Report,” and EIA, Form EIA-867, "Annual Nonutility Power Producer Report." Other 1997: EIA, Office of Integrated Analysis and
Forecasting, Projections: EIA, AEO99 National Energy Modeling System runs LMAC39.D100198A, AEO99B.D100198A, and HMAC99.D100198A.

k
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Table B19. Carbon Emissions by Sector and Source
(Million Metric Tons per Year)

Projections
2010 2015 2020
Sector and Source 1997 Low , High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economlc
Growth Growth | Growth Growth | Growth Growth
Residential
Petroleum 227 230 233 21.7 220 223 20.7 21.0 214
Natural Gas 764 795 826 78.8 83.1 874 80.1 85.6 90.9
Coal.....covvnnen K 13 13 13 13 13 1.3 13 13 13
Electricity 2229 2286 2341 2405 2479 256.6 255.3 267.2 2788
Total cevvniiiernnnnniienarsanesnnenncnsss £ 3234 3325 341.3 3423 3543 367.7 357.4 375.0 3923
Commercial
PelrOIBUM «eviiiineereeneniannnnenaeeaanns 144 109 11.1 1.3 107 110 1.3 103 10.6 1.0
Natural Gas 486 54.1 55.3 56.5 55.3 57.1 58.9 55.1 57.6 59.8
Coal.evuunnnnn.. 21 24 25 26 25 26 27 24 26 27
Electricity ......... 1715 209.9 212.8 214.8 2240 228.3 233.0 229.0 2373 2446
Total ..... ves 236.6 27173 281.7 285.2 2925 299.0 305.9 296.8 308.1 318.2
Industrial'
Petroleum «.oeniiiiiii i e 105.8 1105 1174 1236 1107 1200 129.3 1094 1214 134.8
Natural Gas? 1422 154.3 161.9 169.4 158.8 1704 1816 161.8 1774 192.6
Coal........... 585 59.6 63.5 67.4 584 646 708 571 65.9 749
Electricity ....... 175.6 191.0 2065 221.2 197.7 2195 2426 197.9 229.8 263.0
1 weenses 4821 5154 5494 581.7 525.7 5745 624.3 526.2 594.5 665.2
Transportation
Pelroletm® .o v, 461.9 577.4 690.8 623.4 596.8 632.9 667.5 615.6 664.7 7137
Natural Gas® ....evvveernnns Veresrnas verves 105 159 167 175 17.2 184 19.6 17.9 195 - 214
Othe® ........ v reereeierrirenne 00 13 14 14 15 17 18 1.6 19 21
Electicty . o.vveevreeeniiiniiiicrienens 29 73 76 78 91 94 99 107 1.2 11.8
TotaR . e 4753 6018 626.3 650.1 6245 662.3 698.7 6459 . 6973 7487

Total Carbon Emissions by Delivered Fuel

Petroleum® 7214 752.4 7817 739.9 785.9 8304 756.0 817.7 8809
Natural Gas X 300.6 3134 326.0 3101 328.9 3475 314.8 340.0 364.3
[ R, A 63.4 674 713 62.2 684 74.8 60.9 69.8 789
Other® ......... . 13 14 14 15 17 18 16 19 21
Electricity ....... . 631.1 655.4 6779 671.3 705.1 742.2 693.0 745.5 798.2

Total.ueeeviriennnnns . 17178 1789.9 1858.3 1784.9 1890.1 1996.7 1826.3 1974.9 21244

Electric Generatorsi®

Petroleum 52 58 54 46 53 5.2 4.1 49 5.0
Natural Gas X 86.6 98.5 110.0 1079 124.0 137.5 1195 134.8 1472
Coal...vevnnnnn . 5394 551.1 562.6 558.7 575.9 §99.5 569.3 605.8 646.1

] | . 5324 6311 655.4 677.9 671.3 7051 7422 693.0 7455 798.2

Total Carbon Emissfons by Primary Fuel”

Petroleum® 7266 758.1 787.0 7445 7911 835.6 760.2 822.6 885.8
Natural Gas X 387.2 411.9 436.0 4180 452.9 4849 4343 4748 5115
Coal........... . 602.7 6185 633.9 620.9 6444 674.3 630.2 6756 7250
Other® ......... X 13 14 14 15 17 18 16 1.9 21
ot e it ciieieererencereesraceanees cerans 1717.8 1789.9 1858.3 1784.9 1890.1 1996.7 1826.3 1974.9 21244
Carbon Emissions
(tons perperson)...cceevvvniincnercassanes . 55 59 60 . 6.1 6.0 6.1 6.2 59 6.1 6.3

JIncludes consumption by cogenerators.

Zincludes lease and plant fuel.

*This includes international bunker fuel which, by convention, are excluded from the intemnational accounting of carbon emissions. In the years from 1989 through 1996, international bunker
fuels account for 22 to 24 million metric ton of carbon annually.

“Includes pipeline fuel natural gas and compressed natural gas used as vehicle fusl.

Sincludes methanol and liquid hydrogen. .

®Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale generators.

7Emissions from electric power generator are distributed to the primary fuels.

Note: Totals may not equal sum of companents due to independent rounding.

Sources: Carbon coefficients from Energy Information Administration, (EIA) Emissions of Greenhouse Gases in the United States 1997, DOE/EIA-0573(97) (Washington, DC, October
1998). 1997 consumption estimates based on: EIA, Short-Term Energy Outlook, September 1998. Online htp:/fwww.eia.doe.gov/emew/steo/pub/upd/sep98/contents.htmi (October 15, 1998),
Projections: EIA, AEO99 National Energy Modeling System run LMAC99.D100198A, AEC99B.D100198A, and HMACS9.D100198A.
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Table B20. Macroeconomic Indicators
(Billion 1992 Chain-Weighted Dollars, Unless Otherwise Noted)

Projections
2010 2015 2020
Indlcators 1997 1 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economlic
Growth Growth | Growth Growth | Growth Growth

GDP Chaln-Type Price Index

{1992=1.000) o +ouvvnvnrerrrvrvenannenneneraas 1.116 1.882 1.487 1.256 2441 1.742 1.373 3289 2.126 1.564
Real Gross Domestic Product ...vevvnuneannenn. 7270 9184 9896 10593 9755 10800 11842 10256 11680 13106
Real Consumption .. ..evvvvesrirersenrerennases 4914 6400 6754 7106 6974 7521 8070 7569 8347 9124
Real Investment ,......coovvvnernrenrinnnnnne. 1206 1682 1925 2169 1814 2149 2487 1956 2401 2853
Real Govemment Spending .........cvvvvernene. 1285 1513 1588 1663 1569 1680 1781 1612 1764 1915
Real EXports vvvpesevrvvens bevrerreresnennanes 970 2055 2257 2458 2500 2858 3217 2895 3460 4023
Reallmports +..svvinnnnnee beererrerisaenninns 1106 2607 2704 2826 3470 3655 3878 4567 4903 5264
Real Disposable Personal Income ...........cu0e 5183 6766 7170 Yag 7388 8006 8633 8030 8905 9770
Index of Manufacturing Gross Output

(index 1987=1.000) ...vvvvvrrerenrecennnnanas 1.359 1.679 1.810 1.945 1,786 1977 2.184 1.867 2137 2439
AA Utility Bond Rate {percent) ,....ocevvenvnisnns 754 829 6.17 4.61 8.99 6.82 5.24 9.82 7.62 5.94
Real Yield on Govemment 10 Year Bonds

(Pereent) «vvvvvrnrerrrnrnniiiiiiiiiianiinaes 4,94 3.12 3.20 3.22 3.09 3.13 3.10 297 3.01 292
Real Utility Bond Rate (percent) .......covnevenen. 5.53 3.52 348 3.39 3.51 3.48 3.32 3.46 3.37 3.12
Energy Intenslty

(thousand Btu per 1992 dollar of GDP)

Delivered ENGIGY vvvvvrrervrvnrrerviraeronnens 9.70 8.81 857 8.36 8.54 8.24 8.00 8.28 794 767

Total Energy ......o0vesns Feererrrerenannnane 12.94 11.57 11.21 10.89 11.15 10.70 10.34 10.78 10.27 9.88
Consumer Price Index (1982-84=1.00) ............. 1.61 2.89 228 1.93 374 2.68 211 498 323 239
Unemployment Rate (percent) ................... 4.95 5.86 5.36 4.96 5.82 543 5.06 5.59 532 4.95
Unit Sales of Light-Duty Vehicles (million) ........ 15.08 15.50 16.50 1747 15.24 16.61 18.40 1448 16.74 18.97
Milllons of People

Population with Armed Forces Overseas .......... 268.2 290.2 298.3 305.7 299.2 3107 3213 3084 3234 3371

Population (aged 16 andover) .........veenennes 206.3 2292 235.0 2405 2370 2454 2532 2440 255.1 2654

Employment, Non-Agriculture ,.......ovvnnnsnnn, 1214 138.2 1435 149.0 1421 149.4 157.2 1446 154.0 1645

Employment, Manufacturing ,....... veeresreness 185 163 17.2 18.0 15.1 16.2 173 138 15.1 164

Labor FOrea «vvvsvevseressens Creererrerienaes 136.3 1520 157.2 1622 153.9 161.3 168.2 154.0 1635 1725

GDP = Gross domestic product.
Btu = British theymal unit.

Sources: 1997: Data Resources Incorporated (DRI), DRI Trend0898. Projections: Energy Information Administration, AEO99 National Energy Modeling System runs
LMAC99.D100198A, AE099B,D100198A, and HMAC99.D100198A.
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Table B21. International Petroleum Supply and Disposition Summary
(Million Barrels per Day, Unless Otherwise Noted). ‘ :

Projections
. . : 2010 2015 2020
Supply and Disposition 1997 Low High Low High Low High
Economic | Reference | Economlc | Economic | Reference | Economic { Economic § Reference | Economie
, Growth Growth | Growth Growth | Growth Growth
World Oil Price (1997 dollars per barrel)' ......... 1855 2070 2130 21.90 2107 2191 275 21,66 273 23.81
Production?
OECD
U.S. (50states) e eveereienianrennenanieneanans 9.34 8.79 8.99 9.18 T 857 8.94 9.30 8.26 8.70 9.13
[0 - PR 259 3.31 3.31 331 3.35 335 3.35 3.38 3.38 3.38
MEXICO «..uviivrneiieirannrisnrerserennanann 3.44 3.97 397 ° 397 3.95 3.95 3.95 3.87 3.87 3.87
OECDEUOPS® . v eeneeeiereeiennneeenenerenns 7.02 747 747 7.47 6.75 6.75 6.75 6.26 6.26 6.26
OthefOECD ..ivvviiiiienereareanerennanaas 0.83 0.91 0.91 0.91 0.87 0.87 0.87 0.80 0.80 0.80
Total OECD .envvivvrernrnrenecennsnssasenes 23.21 2446 24,66 24,85 2349 23.86 2422 2256 23.00 23.44
Developing Countries
Other South & Central America ..........ccoeenes 340 477 477 477 490 4.90 490 497 497 497
Pacific Rim ..evveriereiiieiiiierernernnees 217 3.16 3.16 3.16 3.23 .323 323 3.25 325 3.25
(0] 2= o PN v.. 2085 39.48 40.35 41,16 4751 48.70 49.89 57.13 58.81 60.54
Other Developing Countries ....ovvverueninnenns 4,58 6.33 6.33 6.33 6.82 6.82 6.82 7.32 7.32 7.32
Total Developing Countries ......cvvvevinnans 39.99 5373 54.60 55.41 62.46 63.65 64.84 72,67 74.36 76.09
Eurasia
Former SovietUnion .....oovvvivininiennnnnnnn 713 1203 12.03 12.03 12.62 12.62 1262 13.18 13.18 13.18
EastemEurope.......oovvevieiiniiiiiinann, 0.25 0.42 042 042 0.44 0.44 044 042 042 0.42
L6111 T 320 3.56 3.56 3.56 3.60 3.60 3.60 346 3.46 3.46
Total Eurasia...coeeervsnesncsrercsnsnnesnas 10.58 16.02 16.02 16.02 16.65 16.65 16.65 17.06 17.06 17.06
Total Production ....coovviiiiiricieninnieenes 7378 9420 95.28 96.27 10260 10417 105.71 112.29 114.41 116.58
Consumption
OECD
US.(508tateS) .. .evierierieierioniannnnnnnnes 1862  21.62 22,69 23.69 2214 231 2525 2254 2467 26.83
U.S. Termtones «.vevveriernneennenrereennnenss 0.20 0.38 0.38 0.38 042 0.42 0.42 047 047 047
[0 - P 1.86 219 219 219 232 232 232 248 248 248
MEXICO «uriririiiinrenreneiieniniennenans 191 278 278 278 3.02 3.02 3.02 3.26 3.26 3.26
Japan ...evieiienns et rteresrereetaranees 51 721 7.2 721 7.58 758 758 8.02 8.02 8.02
Australiaand New Zealand. ......oovvvennnnnnn.. 095 121 121 121 1.25 125 ° 125 1.30 1.30 1.30
OECDEUOPE® «.uvveververennnnnnns Cerrerenns . 1443 15.50 15.50 ‘1550 1559 15.59 15.59 15.69 15.69 15.69
TOtAlOECD vvvveevnnernnrenncenennnncannans 4368 5090 51.97 5297 5232 53.89 55.43 53.76 55.88 68.05
Developing Countries -
Other South and Central America ................ 377 6.64 6.64 6.64 7.1 7.71 7.1 897 8.97 897
Pacific Rim oo 477 7.38 7.38 7.38 874 8.74 8.74 10.38 10.38 10.38
OPEC «.iiiiei it iieneereererenneesnneenns 5.56 7.06 -7.06 7.06 791 7.91 791 8.86 886 8.86
Other Developing Countries ....ccovvevnninnn 5.50 8.20 8.20 8.20 9.14 9.14 9.14 10.24 1024 10.24
Total Developing Countries .evveeenrarsennans 19.60 29.28 29.28 29,28 33.51 33.51 3351 38.45 38.45 38.45
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Economic Growth Case Comparisons

Table B21. International Petroleum Supply and Disposition Summary (Continued)
(Million Barrels per Day, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply and Disposition 1997 Low High Low High Low High
Economic | Reference | Economic | Economic | Reference | Economic | Economic | Reference | Economic
Growth Growth ]} Growth Growth ]| Growth Growth
Eurasla . :
Former SovietUnion ......oevveenenns vesienses 443 5.96 5.96 5.96 6.71 6.71 6.71 747 747 747
Eastem EUrOP8.,,vvvoersreennens veees 137 1.90 1.90 1.90 224 224 224 265 265 265
(111 - S N vereee. 388 6.47 647 647 8.12 8.12 8.12 1026 10.26 10.26

Total Eurasia.esveeaasss . 968 1433 1433 1433 17.07 17.07 17.07 20.38 20.38 2038

Total Consumplion vecvevrsvrerennoercsceeness 7286 9450 95.58 96.57 102.90 104.47 106.01 112,59 1141 116.88

NON-OPECPIOGUCON . vvvvvvevvorersennneenn. 4394 5473 5493 5512 56509 5546 5582 5516 5560 8604
Net Eurasla EXpOMS vovvvvrerarensesrernnnnnns 081 169 1.69 169 041 04 041 3% 33 332
OPECMarket Share ....vvvvvvvvvvninnnsnnnnn.. 040 042 042 043 046 047 047 051 051 052

1Average refiner acquisition cost of imported crude oil.

?Includes production of crude ofl (including lease condensates), natural gas plant liquids, other hydrogen and hydrocarbons for refinery feedstocks, alcohol, liquids produced
from coal and other sources, and refinery gains.

*0ECD Europe Includes the unified Germany.

OECD = Organization for Economic Cooperation and Development - Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,
Japan, Luxembourg, Mexico, the Netherdands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States (including
territories).

Pacific Rim = Hong Kong, Malaysia, Philippines, Singapore, South Korea, Taiwan, and Thailand.

OPEC = Organization of Petroleum Exporting Countries - Algeria, Gabon, Indonesia, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the United Arab Emirates, and
Venezuela,

Eurasia = Albania, Bulgaria, China, Czech Republic, Hungary, Poland, Romania, Slovak Republic, the Former Soviet Union, and the Former Yugoslavia.

Note; Totals may not equal sum of components due to independent rounding.

Sources; 1997 data derived from: Energy Information Administration (EIA), Short-Term Energy Outlook, September 1998. Online http//www.eia.doe.gov/emet/steo/pub/upd/
sep98/contents.htmt (October 15, 1998). Projections: EIA, AEOS9 National Energy Modeling System runs LMACS9.D100198A, AEO99B.D100198A, and HMAC99.D100198A.
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Appendix C
Oil Price Case Comparisons

Table C1. Tdtal Energy Supply and Disposition Summéry
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
Supply, Disposition, and Prices 1997 T 2010 - 2015 2020
Low High Low High Low High
World Oil | Reference | World Qil | World Qil | Reference | World Oil | World Oil | Reference | World Ol
Price Price Price Price Price Price
Production .
Crude Oil and Lease Condensate . ............ 13.65 10.50 11.83 12.84 9.56 11.30 1248 873 10.51 11.60
Natural Gas Plant Liquids «.................. 2.57 299 3.06 3.07 3.24 332 3.36 342 347 349
Dy Natural Gas .......... e eeeieaaas 19.47 23.90 24.44 2455 26.16 26.84 27.19 2764 28.12 28.24
2333 26.08 2591 26.05 26.82 26.95 27.04 27.65 2812 28.34
6.71 5.88 591 591 4.39 447 447 3.75 3.83 392
6.82 742 744 749 7.73 7.7 7.83 8.09 8.15 8.23
0.66 048 0.57 0.60 0.52 . 062 0.68 0.56 0.65 0.75

73.22 7725 79:16 80.51 78.42 81.28 83.06 79.83 82.85 84.57

Crude Ol «.viiviiniineiieicreenennenns, 17.86 25.56 2391 21.96 27.33 2496 2367 | 2852 26.03 25.05

Petroleum Products* 3.89 9.12 7.35 6.95 10.58 850 . 694 12.19 9.92 8.1
Natural Gas .............. 3.06 449 4.69 471 5.01 515 5.17 5.33 5.46 » 546
Other Imports® 0.54 071 0.71 0.73 0.72 0.72 0.75 0.74 0.75 0.78
Total .......... cereeseranenes TP 2534 39.88 36.66 34.35 43.65 39.33 36.53 46.79 42,15 39.40
Exports
Pelroleum® . oevev e 2.09 2.09 211 1.97 214 2.02 1.97 2.08 2.00 1.95
Natural Gas 0.16 -+ 0.24 0.24 0.24 027 027 0.27 0.32 0.32 0.32
[ | 2.19 227 2.27 227 231 231 2.31 236 2.36 236
Total .... . ‘444 4,60 4.62 448 472 459 454 4,76 4.68 4.63
DISCrePanCy . vvvveieinnenrinreraenrenaes -0.08 -0.52 <0.37 -0.37 -0.55 -0.49 -0.37 -0.63 -0.44 <0.34
Consumption
Petroleum Products® 3649 46.08 44,22 43.11 4853 46.20 44.82 50.69 48.08 46.70
NaturalGas ........... 22,59 28.05 28.79 28.93 30.81 31.64 32.04 32.56 33.17 33.30
L 21.09 24.18 24.06 24.14 24.95 25.05 25.10 2573 26.26 2643
Nuclear Power ......... 6.71 5.88 591 591 4.39- 447 447 3.75 3.83 392
Renewable Energy' . ... 6.82 743 745 7.50 774 7.79 784 8.10 8.17 8.24
Other® ............ 0.33 0.39 0.39 041 0.38 0.38 0.40 040 0.39 041
Total ......... N 9404 112,02 110.83 110.00 116.81 11553 - 11467 121.23 119.89 119.00
NetImports - Petroleum ......... cravreneens 19.65 32,59 29.16 26.93 35.77 31.44 28.64 38.64 33.95 31.20
Prices (1997 dollars per unit)
World Oil Price {dollars per bamrel)° ............ 1855 1457 21.30 27.33 1457 21.91 29.14 1457 22.73 29.35
Gas Wellhead Price {dollars per Mc)™ ........... 223 248 2.52 252 258 262 2.64 262 2.68 270
Coal Minemouth Price (dollars perton) .......... 18.14 14.06 14.00 14.15 13.29 1321 13.22 12.66 12.74 12.76
Average Electric Price (cents perkwh) .......... 6.9 6.1 6.1 6.1 58 5.8 5.8 5.6 5.6 5.6

“Includes grid-connected electricity from conventional hydroelectric; wood and wood waste; landfill gas; municipal solid waste; other biomass; wind; photovoltaic and solar
thermal sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethano! and gasoline components of E85, but
notthe ethanol components of blends less than 85 percent. Excludes electricity imports using renewable sources and nonmarketed renewable energy. See Table C18forselected
nonmarketed residential and commercial renewable energy.

?Includes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.

3Includes imports of crude oil for the Strategic Petroleum Reserve.

“Includes imports of finished petroleum products, imports of unfinished oils, alcohols, ethers, and blending components.

*Includes coal, coal coke (net), and electricity (net). .

tincludes crude oil and petroleum products.

“Balancing item. Includes unaccounted for supply, losses, gains, and net storage withdrawals.

*includes natural gas plant liquids, crude oil consumed as a fue!, and nonpetroleum based liquids for blending, such as ethanol.

®Includes net electricity imports, methanol, and liquid hydrogen.

°Average refiner acquisition cost for imported crude oit.

MRepresents lower 48 onshore and offshore supplies.

Btu = British thermal unit.

Mecf = Thousand cubic feet.

Kwh = Kilowatthour.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1997 may differ from published data due to internal conversion factors.

Sources: 1997 natural gas values: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1998). 1997 coal minemouth
price: Coal Industry Annual 1997, DOE/EIA-0584(97) (Washington, DC, November 1998). Coal production and exports derived from: EIA, Monthly Energy Review, DOE/EIA-
0035(98/08) (Washington, DC, August 1998). Other 1997 values: EIA, Annual Energy Review 1997, DOE/EIA-0384(97) (Washington, DC, July 1998) Projections: EIA, AEO99
National Energy Modeling System runs LWOP99.D100298B, AEO99B.D100198A, and HWOP99.D100298B.
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0Oil Price Case Comparisons

Table C2. Energy Consumption by Sector and Source
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Source 1997
Low World | . orence w:irllghon Low World | ¢ erence wzilghon Low World ) o e rence wm%hou
Oil Price Ol Price QOil Price
Price Price Price
Energy Consumption
Resldentlal
Distillate FUEl .o vovvvrrernineennreanienons 0.94 0.78 0.73 0.69 0.75 0.69 0.65 0.72 0.65 0.61
KEroSene ,.uvverssroernenrserseconssares 0.09 0.07 0.07 0.07 0.07 0.07 0.06 0.07 0.07 0.06
Liquefied Petroleum Gas......oovvvenennes 043 047 043 040 047 042 0.38 047 040 0.37
Petroleum Subtotal .......c0vvuvneennnnens 1.47 133 1.23 1.16 1.29 1.18 1.09 1.26 112 1.04
Natural Gas v vvvesvenvrnrsnesresneraenons 515 5.50 552 554 574 5.77 579 691 594 597
Coal .vvvvrnrrrnrernens Jerereasenrensans 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Renewablg ENnergy’ ...vvvvverrernnninnnnss 0.60 0.62 0.62 0.62 0.64 0.64 0.64 0.65 0.65 0.65
Electieity , v verrernirssrrerariesiieiens 3.66 4.58 457 4,58 493 493 494 531 531 532
Dellvered ENergy «voeveveses veessensaens 10.92 12.08 12.00 11.95 12.65 1257 12,51 1318 13.08 13.02
Electricity Related Losses .......oevevenn..t 8.07 931 9.1 9.1 9.54 9.34 9.34 9.95 977 9.78
L vesseesesnsnnes 18.99 21,39 21.11 21.06 2219 21.91 21.85 23.12 22,85 2281
Commerclal
Distillate Fuel...,........ Crrerrererserans 0.49 0.42 0.34 0.30 042 0.33 0.29 0.41 0.32 0.28
Resldual FUl o.vvververorsersnrnnroarens 0.1 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Kerosene .u.vvvensrrsonsorsrneronnsanse 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03
Liquefied Petroleum Gas .....oovsvereansns 0.08 0.09 0.09 0.08 0.09 0.09 0.09 0.09 0.09 0.09
Motor Gasoline? . .vveerrreerersrercnnnnne 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02
Petroleum Subtotal .....ovvvennivennnnne 0.73 0.65 0.57 053 0.66 0.56 052 0.65 0.55 0.50
Natral GaS ,vsvvverserserssrssrorsennes 337 381 384 3.85 393 397 398 395 4.00 4.00
Cotl.uivviiriierrerensiininninernanenas 0.08 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Renewable ENErgy® ..ovvervrvviorerannnns 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity vovvrereerorssreeresrorrennenes 344 4.26 4.26 4.26 454 454 4.55 472 472 4.72
Dellvered ENErgy ovvevercesensovscassess 7.63 8.82 8.77 874 9.23 9.18 9.14 9.42 9.37 9.33
Electricity Related LOSSES v vavevervrrenenes 7.59 8.67 848 848 8.79 8.60 8.60 8.85 8.68 8.69
Tolal_ sresessaranssnesnsivesrerrensrnes 15.22 17.50 17.24 17.21 18.02 17.78 17.75 1827 18.05 18.02
Industrlal*
Distillate FUEl. ..o evrvrroresrarersnsnasees 113 1.39 1.35 1.32 147 142 1.39 154 148 1.45
Liquefied Petroleum Gas ., ....ceveivivansnns 214 251 245 241 267 258 2.54 2.79 2.69 265
Petrochemical Feedstock ............evuees 1.46 1.53 1.52 1.52 1.60 1.60 1.60 1.68 1.67 1.67
Residual Fuel ,...ovvvvvvvinvinnenrnnnnn 0.28 050 0.33 0.27 0.53 0.35 027 0.54 0.36 0.27
Molor Gasoline®........... eeesenrernenes 0.21 0.26 0.26 0.26 0.28 0.28 0.28 0.30 0.29 0.29
Other Petroleur® . ....... . 411 518 4.89 4.66 528 495 461 5.41 499 468
Petroleum Subtotal .........cveevevnnnas 9.33 11.38 10.81 10.44 11.84 11.18 10.68 1225 1149 11.03
Natral Gas® v..vvevrvreerernsornernnnens 9.92 10.91 11.43 11.63 11.39 12.02 1241 11.80 1252 12.88
Metallurgical Coal ....vvevrvvnvnnrarnnnnns 0.79 0.64 0.63 0.62 0.59 0.58 0.57 0.54 0.53 0.52
S1eamCoal .,uvverrereersrrseraorrorenes 1.56 1.64 1.67 1.68. 1.66 173 1.76 1.70 1.80 1.83
Net Coal Coke Imports ,...evvuvrevvenneans 0.02 0.21 0.20 0.20 0.24 0.24 0.25 0.26 0.27 0.28
CoalSubtotal ,v.vvverienrrernneanennnes 2.36 249 251 2.50 250 255 2.58 250 2,60 263
Renewable Energy” ...oovvevvernvierennens 1.88 229 2.31 2.34 242 245 249 252 256 260
EleClichY vovevrrsrevirvenecenereniennnns 3.52 4.15 413 411 4.39 437 4.36 458 457 4.56
Delivered ENergy .o.ovvecvesscsoerceanss 27.01 31.22 31.18 31.02 3254 32.57 32.51 33.65 B3 33.68
Electricity Related LosseS ....vvvvesrnnnnnes 7.78 845 8.22 8.18 848 8.27 824 858 840 839
Total vovvesrnnnss sereasensers vesaseses 34.79 39.67 39.41 39.21 41.02 40.84 40.75 42.24 4214 42.07
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Oil Price Case Comparisons

Table C2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Sector and Source 1997
High High High
Lg}': :{;‘:d Reference | World Ol Lg‘i': :’iocl:d Reference | World Oil L(o)v;lv l‘:: ::;d Reference | World Oll
Price Price Price
Transportation
Distiflate Fuel® ......cccevieiivnrnvennnnn. 4.64 6.01 6.00 5.98 6.34 6.31 6.28 6.63 6.58 6.54
JEtFUEP Loviiiiiiii i 3.31 5.13 510 5.04 5.75 5.69 560 ° 6.37 6.27 6.13
Motor Gasoling® . ..coueererrarnennnneennns 15.08 19.04 18.70 1824 19.79 19.31 18.77 2054 19.94 19.40
Residual Fuel «..oeiviivinnnierannennens 0.75 1.02 1.02 1.02 " 115 1.16 1.16 1.29 1.30 1.30
Liquefied Petroleum Gas ..........vvevenn.. 0.04 0.18 0.18 0.17 0.21 0.20 0.20 0.23 0.22 0.22
Other Petroleum™ ......ocviineninnenn..s 0.29 0.34 0.34 0.34 0.35 0.35 0.35 0.36 0.36 0.36
Petroleum Subtotal ..................ees 24,10 31.72 31.33 30.80 33.60 33.03 32.36 3542 34.68 33.95
Pipeline Fue! Natural Gas .................. 073 0.88 0.80 0.90 0.94 097 097 0.9 1.01 1.01
Compressed Natural Gas ....vvvevinnernnns 0.01 0.26 026 0.26 0.31 0.31 0.31 0.34 034 0.34
Renewable Energy (E85)" .....ocvenvvnenn. 0.00 0.05 0.05 0.05 0.07 0.07 0.06 0.08 0.07 0.07
MBS L e 0.00 0.08 0.08 0.07 010 0.10 0.09 0.12 0.1 0.10
Liquid Hydrogen ......cevvvieennvennnann. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electicity «ovveenieiinieineiennennenns 0.06 0.15 0.15 0.15 0.19 0.19 0.18 0.22 0.22 0.22
Delivered ENergy . covveeersnncnsnnncnens 2491 33.15 kriyg 32.23 3521 34.65 33.98 3717 3644 3570
Electricity Related LosseS ....ovvvvrvennnn.. 0.13 0,31 0.30 0.30 037 0.36 0.35 042 0.41 0.40
. 25,04 3346 33.07 3252 35.58 +35.00 3433 37.60 36.85 36.10
Delivered Energy Consumption for Al |
Sectors
Distillate Fuel....oovveieeiennannnnnannn.. 720 8.61 8.42 8.29 8.99 8.76 8.60 9.30 9.04 8.88
Kerosens ....ovvviviierreneniecnnennens 0.15 0.13 0.13 0.12 0.13 0.13 0.12 0.13 0.13 0.12
JELFUER .ovrriiiiiiiiii e 331 5.13 5.10 - 504 ‘5,75 5.69 5.60 6.37 6.27 6.13
Liquefied PefroleumGas ................... 269 325 315 3.06 344 329 321 357 340 3.32
Motor Gasoline?...e.verernereinnaneennnns 15.32 19.33 18.99 18.53 20.09 19.61 19.07 20.86 20.26 19,71
Petrochemical Feedstock ........ovvene.... 1.46 1.53 1.52 1.52 1.60 1.60 1.60 1.68 1.67 1.67
Residual Fuel .....oovvvveieniencennnnn. 113 - 1.61 1.44 1.38 1.78 1.60 1.52 1.93 1.75 1.67
OtherPetroleum™ .......covvveerinnenne.. 437 549 5.20 -497 5.60 527 493 ' 574 5.32 5.00
Petroleum Subtotal ................oeee 35.62 45.08 43.95 4292 47.39 4595 4464 49.58 47.84 4651 °
Natural Gas® .......evvevevinniinnennnn.. 19.19 2137 21.95 22.18 2232 23.03 2346 22,99 2381 24.18
Metallurgical Coal ....covevevverinnnnnnnn. 0.79 0.64 0.63 0.62 0.59 0.58 0.57 0.54 0.53 0.52
SteamCoal ..eevvvvieriinniiiniiiann... 1.69 1.78 1.82 1.83 1.81 1.88 1.92 1.85 1.95 1.98
Net Coal Cokelmports .........cuueunens. "0.02 0.21 0.20 0.20 0.24 0.24 0.25 0.26 027 0.28
CoalSubtotal.....oovvvviveniinnennnn... 250 263 265 2,65 2.65 2.70 273 2.65 275 2.78
Renewable Energy™ 248 297 298 3.01 3.13 3.15 3.19 325 3.29 333
MB5™ ., 0.00 © 008 0.08 0.07 0.10 0.10 0.09 0.12 011 010
Liquid Hydrogen 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electicity .ooveveiinreeinneenenenninnnnns 10.68 13.15 13.11 13.10 14.05 14.03 14.03 14.84 14.82 14.82
Delivered Energy .vvvvvne.s sevesssnasnes 7047 85.28 84.72 83.93 89.63 88.96 88.14 93.43 92.62 91.73
Electricity Related Losses .......v.uu....... 2357 26.74 26.11 26.07 2718 26.57 26.54 27.80 2727 27.26
Total coeiiiiiiiiiiiiiiiiriiiienaneas 94.04 112.02 110.83 110.00 116.81 11553 11467 121.23 119.89 119.00
Electric Generators®
Distilate Fuel ....ovveveereeininvnnnnnn.. 0.09 0.13 0.06 0.06 0.18 0.06 0.06 0.21 0.07 0.06
Residual Fuel «..covvivivinnnnennnnnn, 0.77 0.87 021 0.13 0.96 0.19 0.12 091 017 0.12
Petroleum Subtotal ..............uuaeene. 0.87 1.00 0.28 0.20 1.14 0.25 0.18 1.12 024 0.18
Natural Gas .ovvvverrerenrnnniannnnennnns 340 6.68 6.84 6.75 8.49 8.61 858 957 9.36 9.12
SteamCoal ..ovenireeriniiiiiiieenn 18.59 2154 21.41 2148 231 2235 2237 23.07 2351 23.65
NuclearPower .......cvvvevieninnnnnnnn.. 6.7 5.88 591 591 439 447 447 375 383 3.92
Renewable Energy® ......covvvnnnennnn., 4.35 447 4.47 4.49 4.61 463 4.65 4.85 4.88 491
Electricity Imports™ .......cvvevvinvennnnn. 0.33 0.31 0.31 034 0.28 0.28 0.31 0.28 0.28 0.31
Total oeeiiiiiiiiiiiiiiitcirenaanen 3425 39.89 39.22 39.17 4123 40.60 40,57 4264 42,09 42.08
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QOil Price Case Comparisons

Table C2. Energy Consumption by Sector and Source (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
. 2010 2015 2020
Sector and Source 1997
Low World High 1, owworld High 1 ow world High
Ol Price Reference | World Qil Oil Price Reference | World Oil Oil Price Reference | World Oil
Price Price Price
Total Energy Consumption

Distillate Fuel,vsvvsvvvsrrnneesionsnnes . 729 8.74 8.49 835 917 8.82 867 951 9.10 8.94
Kerosens v vuvvrsrvirvarensnvsnsninransns 0.15 0.13 0.13 0.12 0.13 0.13 0.12 0.13 0.13 0.12
JetFuel® ........ fereebreseariesesionies 33 513 5.10 5.04 5.75 5.69 5.60 6.37 6.27 6.13
Liquefied Petroleum Gas trresersenrisienies 2.69 325 3.15 3.06 344 3.29 321 357 340 3.32
Motor Gasoling ..v.vveerrvrereeneernneens 15.32 19.33 18.99 1853 20.09 19.61 19.07 20.86 20.26 19.11
Petrochemical Feedstock .... 1.46 1.53 1.52 152 1.60 1.60 1.60 1.68 1.67 1.67
Residual Fuel ............. 191 248 1.65 1.51 274 1.79 1.63 284 1.92 1.78
Other Petroleum®™ ........... 4.37 549 5.20 497 5.60 527 493 574 5.32 5.00
Petroleum Subtotal ....vvvunniivinennsinns 3649 46.08 4422 43.11 4853 46.20 4482 50.70 48.08 46,69
Natural Gas .oy verevrevnnraesss vevreriers 22,59 28.05 28.79 28.93 30.81 31.64 32.04 32.56 33.17 33.30
Metallurgical Coal .......... 0.79 0.64 0.63 0.62 0.59 058 057 054 053 052
SteamCoal .....0uvusns ereeseerisines . 20.29 23.33 2323 23.31 2412 24.23 24.29 24.92 2545 25.63
Net Coal Coke Imports ...ovevnsvnnns veens 0.02 0.21 0.20 0.20 0.24 0.24 0.25 0.26 0.27 0.28
Coal Sublotal ,evvssernnss 21.09 24.18 24.06 24.14 2495 25.05 25.10 2573 2626 2643
Nuclear POWEr .vvvvvrvsvrrnerenrsnnnsenns 6.71 5.88 591 591 4.39 447 447 3.75 3.83 392
Renewable Energy™ ..ovveviorrererinnnens 6.82 743 7.45 7.50 7.74 7.79 7.84 8.10 8.17 8.24
[ ereeveenee veeans 0.00 0.08 0.08 0.07 0.10 0.10 0.09 0.12 0.1 0.10
Liquid Hydrogen ........... rrereaas 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Electricity Imports'? ....ovvviernerninnninns 0.33 0.31 0.31 0.34 0.28 028 0.31 0.28 0.28 0.31
Total coesveisasserennnircicicnnnsanans 94.04 112,02 110.83 110.00 116.81 115.53 114.67 121.23 119.88 118.98

Energy Use and Related Statlstics

Delivered EnergyUse ....oovvevveennnnnnnne 7047 85.28 84.72 83.93 89.63 88.96 88.14 9343 92.62 91.73
Tolal EnergyUse ....vvvverenerrenieenanns 94.04 112,02 110.83 110.00 116.81 11653 11467 12123 119.88 118.98
Population (milions) ,.v'suveerrnerverennnss 268.19 298.31 298.31 298.31 310.75 31075 310.75 323.36 323.36 323.36

Gross Domestic Product (billion 1892 dollars) .... 7126976 989598 989550 989598 1080219 1080049 1080219 11680.22 11680.02 11680.22
Total Carbon Emissions (million metrictons) ..... 1479.60 182091 178987 177168 192363  1890.06 1869.35 200625  1974.88 195263

YIncludes wood used for residential heating. See Table C18 estimates of nonmarketed renewable energy consumption for geothermal heat pumps & solar thermal hot water
heating,

?Includes ethanol (blends of 10 percent or less) and ethers blended into gasoline. .

3Includes commercial sector electricity cogenerated by using wood and wood waste, landfill gas, municipal solid waste, and other biomass. See Table C18 for estimates of
nonmarketed renewable energy consumption for solar thermal hot water heating.

“‘Fuel consumption includes consumption for cogeneration.

SIncludes petroleum cake, asphalt, road oll, lubricants, still gas, and miscellaneous petroleum products.

‘Includes leass and plant fuel and consumption by cogenerators, excludes consumption by nonutility generators.

TIncludes consumption of energy from hydroslectric, wood & wood waste, municipal solid waste, & other biomass; Includes for cogeneration, both sales to the grid & for own
use,

®Low sulfur diesel fuel.

®Includes naphtha and kerosene type.

®Includes aviation gas and lubricants,

VIEBS Is 85 percent ethana! (renewable) and 15 percent motor gasoling(nonrenewable).

M85 Is 85 percent methanol and 15 percent motor gasoline.

Includes unfinished olls, natural gasoline, motor gasoline blending compounds, aviation gasoline, lubricants, still gas, asphalt, road oil, petroleum coke, and miscellaneous
petroleum products.

Mincludes electricity generated for sale to the grid and for own use from renewable sources, and non-electric energy from renewable sources. Excludes nonmarketed renewable
energy consumption for geothermal heat pumps and solar th | hot water h

¥Includes consumption of energy by all electric power generators for grid-connected power except cogenerators, which produce electricity and other useful thermal energy.
Includes small power producers and exempt wholesale generators.

*Includes conventional hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, petroleum coke, wind, photovoltaic and solar thermal sources.
Excludes cogeneration. Excludes net electricity imports.

TIn 1997 approximately two-thirds of the U.S. electricity imports were provided by renewable sources (hydroelectricity); EIA does not project future proportions.

"Includes hydroelectric, geothermal, wood and wood waste, municipal solid waste, other biomass, wind, photovoltaic and solar thermal sources. Includes ethanol components
of E85; excludes ethanol blends (10 percent or less) in motor gasoline. Excludes net electricity imports and nonmarketed renewable energy consumption for geothermal heat
pumps and solar thermal hot water heaters.

Btu = British thermal unit.

Note; Totals may not equal sum of components due to independent rounding. Figures for 1997 may differ from published data due to intemal conversion factors. Consumption
values of 0.00 are values that round to 0.00, because they are less than 0.005.

Sources: 1997 electric utility fuel consumption: Energy Information Administration (EIA), Electric Power Annual 1997, Volume 1, DOE/E!A-0348(97)/1 (Washington, DC, July
1998), 1997 nonutility consumption estimates: Form EIA-867, "Annual Nonutility Power Producer Report.* Other 1997 values: EIA, Short-Tenm Energy Outlook, September 1998.
Online http://vww.ela.doe.gov/emeu/stea/pub/upd/sep98/contents.html (October 15, 1998). Projections: E!A, AEQO99 National Energy Modeling System runs LWOP99.D100298B,
AEO89B,D100198A, and HWOP99.D100298B.
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Qil Price Case Comparisons

Table C3. Energy Prices by Sector and Source

(1997 Dollars per Million Btu

B Projections
Sector and Source 1007 2010 l 2015 2020 -
M High High g
Low World | o o rence | wortd ot |22% Word peterence | wortd o |“°% Werd! peterence | wortd o
Oil Price . Oil Price Oil Price
Price Price Price
Residentfal ......ccovvviniiinnnnns. veenae 1340 121 1295 13.09 12.40 1263 12.76 1223 - 1247 1257
Primary Energy® ......coeecennnn 7.12 6.35 6.57 6.75 6.15 6.37 6.55 6.09 6.33 6.47
Petroleum Products® ............ 842 8.18 9.36 10.54 8.13 9.49 10.74 8.18 9.67 10.80
Distillate Fuel . .. ooovvnviennts .7.00 6.60 7.75 8.81 6.56 7.82 8.99 6.50 7.78 8.88
Liquefied Petroleum Gas 11.61 10.91 12.22 13.68 10.73 12.38 13.81 10.87 12.85 14.10
Natural Gas 6.80 5.96 6.00 6.01 5.74 5.78 5.80 5.69 5.74 5.76
Electichty o ovvrvevriiiiieriiniiieennn 24.85 22.28 2245 242 2140 21.50 2147 2057 20.68 20.66
Commercial ........... 13.09 11.84 12.04 12.10 1147 1163 11.70 1123 11.43 1148
Primary Energy’ " 551 5.01 5.21 5.35 492 5.14 5.29 492 5.16 5.29
Petroleum Products? ............ 5.46 4.86 6.10 7.26 4.81 6.22 748 4.86 6.40 7.52
Distillate Fuel . 493 4.34 549 6.57 432 5.61 6.79 434 5.69 6.74
Residual Fuel .... 345 217 3.13 4.01 2.06 3.18 4.26 212 3.39 437
Natural Gas® .....oovvevenvernnnnnnannns 5.62 512 517 5.19 5.03 5.08 5.10 5.03 5.09 511
EleCichY .o vvevverenneeienreniareanaas 2232 19.14 19.28 19.19 18.23 18.25 18.17 17.50 17.59 17.51
Industrial®............ esesnssessessennsnee 5.42 4.73 522 5.67 4,65 5.21 5.66 4.66 5.28 5.67
Primary Energy 401 344 402 455 345 413 4.66 353 427 474
Petroleum Products? ............ 5.60 413 5.38 6.59 4.08 553 6.78 418 579 6.88
Distillate Fuel................. 5.10 4.44 5.56 6.68 447 5.76 6.95 4.57 597 6.98
Liquefied Pelroleum Gas ........ 8.38 548 6.67 8.17 5.29 6.85 8.22 545 733 847
Residual Fuel ................ 2.90 1.52 272 358 142 273 3.7 148 289 3.82
Natural Gas® ............ 296 310 314 3.16 319 323 325 324 330 333
Metallurgical Coal ......... S 1.77 1.55 1.57 1.57 1.49 1.50 1.51 143 145 145
Steam Coal 147 1.24 1.26 1.27 1.18 1.20 121 113 114 1.15
Electicity oo ovvvveneiienienan i ciieneaes 13.56 11.85 11.89 11.83 11.13 11.09 11.04 10.66 10.68 10.63
Transportation....... sereasenresnareerrans 8.60 7.56 9.00 10.13 737 9.00 10.11 7.26 9.00 10.07
Primary Energy ............oeets 8.58 753 898 10.11 734 897 10.10 722 897 10.05
Petroleum Products? ............ 858 752 898 10.12 7.32 8.97 10.10 7.20 897 10.06
Distillate Fuel® ................. 8.53 744 8.58 9.68 7.26 8.56 9.71 7.15 853 9.56
JetFuell ........ 5.20 4.42 5.74 6.91 447 5.96 713 4.69 6.31 783
Motor Gasoline®. .. 9.70 875 10.40 11.60 856 1043 11.57 840 10.40 11.40
Residuat Fuel ................. 3.09 1.61 2.58 3.40 1.55 2.60 365 1.57 2.82 378
Liquid Petroleum Gas® ............ 12.00 11.73 13.06 14.48 11.35 1299 14.38 11.24 13.20 1443
Natural Gas™ 6.18 6.98 717 7.20 7.08 7.31 7.35 7.06 7.36 740
E85" ......... 16.27 15.76 17.53 19.17 1573 17.68 19.30 16.00 17.78 19.13
Mss®2......... 13.25 10.73 13.02 14.75 10.59 13.10 15.39 1045 13.22 15.30
Electricy ...oooeiiiiiiiiiiiiee 16.30 14.70 14.55 14.39 13.83 1367 13.57 13.14 13.04 12.98
Average End-Use Energy +.v.ceves. 8.72 7.81 8.62 9.25 7.64 8.53 9.16 7.54 852 9.10
Primary ENergy «....ccvvevenvenan 8.35 74 8.31 9.02 723 824 894 7.14 823 889
Electicity ..o vvevveeiiei i 20.26 17.87 18.00 17.96 17.07 17.10 17.06 16.42 16.50 16.46
Electric Generators®
Fossil FUuel AVErage ........ceeeeenevnaens 1.55 155 1.57 1.58 159 1.61 1.62 1.61 1.61 1.60
Petroleum Products ..oooevvevnerevneannn. 2.94 229 3.89 5.09 223 4,05 553 2.36 4.33 562
Distillate Fuel 443 4,00 5.11 6.19 4.00 528 6.47 4.15 545 6.49
Residual Fus! .... 2.76 2.03 352 457 1.90 363 5.02 1.95 390 515
NaturalGas .....cvvvveennnninnaannns vee 270 3.00 3.08 3.09 N 3.17 318 3.16 3.24 324
SteamCoal ......ccvvveiiiiiiiennn, 1.27 1.06 1.06 1.07 0.98 0.99 1.00 0.92 0.93 0.94
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Qil Price Case Comparisons

Table C3. Energy Prices by Sector and Source (Continued)
(1997 Dollars per Million Btu

Projections
$ector and Source 2010 2015 2020
hd Low World High Low World High Low World High
Oll Price Reference | World Qil Ol Price Reference | World Oil Oil Price Reference Worl-d 0il
Price Price Price
Average Price to All Users™ f
Petroleum Products® ............ . 7.70 6.63 8.11 9.29 6.47 8.16 9.34 643 824 9.34
Distillate FUBl s vveevrrvsrunrennorennennss 751 6.69 7.88 8.99 6.55 791 9.10 6.49 7.94 8.99
JetFue! .,..... rerreraeraeraerariiraes 520 442 5.74 6.91 4.47 5.96 713 469 6.31 7.83
Liquefied Petroleum Gas...........e0uvese 9.01 6.70 7.88 9.34 6.50 8.03 9.37 6.61 846 9.58
Motor Gasaline®. . ... Versarserarssanarens 9,70 8.75 10.40 11.60 8.56 1043 11.57 8.40 1041 11.40
Residual Fuel ........covvvenvvnneranens 295 1.76 2.76 3.57 1.67 2.76 3.80 1.69 296 390
Natural Gas ..., 4.32 4.03 4.06 4.07 3.99 4.02 4.03 399 4.05 4.06
Coal,........ 1.30 1.07 1.08 1.09 1.00 1.01 1.01 0.94 0.95 0.95
E85" ,....... 16.27 15.76 17.53 19.17 1573 17.68 19.30 16.00 17.78 19.13

M85%,,...... 13.25 10.73 13.02 14.75 10.59 13.10 15.39 1045 13.22 15.30
Electicity oovevvnrrrrniinnnnnnss verreees 20.26 17.87 18.00 17.96 17.07 17.10 17.06 1642 16.50 16.46

Non-Renewable Energy Expenditures
by Sector (Billlon 1997 dollars)

Residential.voereererserrorserrerienesnnn.. 13832 14568 147.38 148.20 149.07 150.70 151.45 153.21 154.96 155.51
Commercial .ooovvvunvrrsrrsiinnnnns verenes 9987 10442 105.54 105.69 105.88 106.71 106.94 105.78 106.97 107.10
Indusial vuvrvreverrsnvnererieneinsnnnnn.. 11352 11228 122.05 131.13 114.83 127.03 187.12 118.70 133.57 142.73
Transportation .,............ [T ... 20785 24299 285.93 316.27 251.38 301.75 33245 261.27 317.40 347.65
Total Non-Renewable Expenditures ........... 559.55 605.37 660.89 701.28 621.16 686.18 727.96 638.95 712.90 752.98
Transportation Renewable Expenditures ....... 0.01 0.83 0.80 0.94 1.05 1.15 121 121 132 1.36

Total Expenditures ........coeeeeennenen.. 55956 60620 661.79 702.23 622.21 687.33 72917 640.17 714:22 754:35

"Welghted average price includes fuels below as well as coal.

2This quantity Is the weighted average for all petroleum products, not just those listed below.

3Excludes [ndependent power producers.

*Includes cogenerators,

®Excludes uses for lease and plant fuel.

SLow sulfur diesel fuel, Price includes Federal and State taxes while excluding county and local taxes.

Kerosena-type jet fuel. Price includes Federal and State taxes while excluding county and local taxes.

®Sales welghted-average price for all grades. Includes Federal and State taxes and excludes county and focal taxes.

"Includes Federal and State taxes while excluding county and local taxes.

“Compressed natural gas used as a vehicle fuel. Price includes estimated motor vehicle fuel taxes.

VEBS s 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable).

M85 §s 85 percent methanol and 16 percent motor gasoline.

Yincludes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale
generators,

Hwelghted averages of end-use fuel prices are derived from the prices shown in each sector and the corresponding sectoral consumption.

Btu = British thermal unit.

Note: 1997 figures may differ from published data due to internal rounding.

Sources: 1997 prices for gasoline, distillate, and jet fuel are based on prices in various issues of Energy Information Administration (E1A), Petroleum Marketing Monthly, DOE/EIA-
0380 (97/03-98/04) (Washington, DC, 1997-98). 1997 prices for all other petroleum products are derived from the EIA, State Energy Price and Expenditures Report: 1995, DOE/EIA-
0376(95) (Washington, DC, August, 1998). 1997 industrial gas delivered prices are based on EIA, Manufe ing Energy C \ption Survey 1991. 1997 residential and commercial
natural gas delivered prices: EIA, Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1998). Other 1997 natural gas delivered prices: EIA, AEQ99 National Energy
Modeling System runs LWOP99,D100298B, AEO99B.D100198A, and HWOP99.D100298B. Values for 1997 coal prices have been estimated from ElA, State Energy Price ana
Expenditures Report: 1995, DOE/EIA-0376(95) (Washington, DC, August, 1998) by use of consumption quantities aggregated from ElA, State Energy Data Report 1995, DOE/EIA-
0214(95) (Washington, DC, December 1997) and the Coal Industry Annual 1997, DOE/EIA-0584(97) (Washington, DC, November 1998). 1997 electricity prices for commercial,
industrial, and transportation: EIA, AEO99 National Energy Modeling System runs LWOP99.0100298B, AEO99B.D100198A, and HWOP99.D100298B. Projections: EIA, AEOS9
National Energy Modeling System runs LWOP99.D100298B, AEO99B.D100198A, and HWOP99.D100298B.
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Oil Price Case Comparisons

Table C4. Residential Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1997 . High High High
Lg‘:ll :_;':d Reference | World Oil Lg‘;l' ggd Reference | World Oil Lg‘ﬁ' :i ;:: Zd Reference | World Oll
Price Price Price
Key Indicators
Households (millions)
Single-Family +vovvvvviieiiinearnnrenennes 70.18 81.13 81.13 81,13 85.29 85.30 85.29 89.35 89.35 89.35
Multifamily ...... 25.00 28.71 28.71 28.71 3042 30.42 30.42 31.88 31.68 31.88
Mobile Homes ... 6.13 7.64 7.64 7.64 . 824 824 824 8.79 879 8.79
Total ......... . 101.31 117.48 11748 11748 123.95 12396 123.95 130.01 130.02 130.01
Average House Square Footage ............ 1654 1703 1703 1703 1715 1715 1715 1727 1727 1727
Energy Intensity
(million Btu consumed per household)
Delivered Energy Consumption ........c....... 107.80 102.86 102,14 101.69 102.08 101.38 100.92 101.35 100.58 100.16
Electricity Related Losses 79.65 79.23 7152 71.56 76.93 75.34 75.36 76.51 75.16 75.24
Total Energy Consumption 187.45 182.09 179.66 179.25 179.01 176.72 176.28 177.86 175.74 17541
Delivered Energy Consumption by Fuel
Electricity }
SpaceHeating .....ovvvvvviininiiiinnnnn. 0.44 047 047 0.48 0.49 0.49 0.49 0.51 0.51 0.52
Space Cooling ... 0.46 055 055 0.55 0.58 058 0.58 0.60 0.60 0.60
Water Heating ... 0.35 0.37 0.37 0.37 0.38 0.38 0.39 0.40 0.40 0.40
Refrigeration . ... 0.39 0.29 0.29 0.29 0.27 027 0.27 0.28 0.28 0.28
Cooking vevvvnns 0.13 0.15 0.15 0.15 0.16 0.16 0.16 0.17 0.47 017
Clothes Dryers ... 0.19 0.22 0.22 022 0.24 0.24 0.24 0.25 0.25 0.25
Freezers ....... 0.12 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Lighting ........ 0.34 0.40 0.40 040 043 043 0.43 0.46 0.46 0.46
Clothes Washers* 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04
Dishwashers'.......c..coeeeee 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06
Color Televisions . . oo vvevvevenieniennnnnnn. 0.21 0.29 0.29 0.30 0.31 0.31 0.31 0.33 0.33 0.33
Personal Computers ......cevevieveniinanns 0.02 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05
Fumace Fans 0.09 0.12 0.12 0.12 0.13 0.13 0.13 0.14 0.14 0.14
OtherUses? .....vvevnnriannns 0.83 1.52 1.52 1.52 1.74 1.74 1.74 1.95 1.95 1.94
Delivered Energy 3.66 458 457 458 4.93 493 494 531 5.31 532
Natural Gas
SpaceHeating .......covveneeiiiiiiiinnns 358 379 3.80 3.82 394 3.96 398 4.04 407 4,09
Space Cooling ... 000 , 000 0.00 .0.00 0.00 0.00 0.00 0.01 0.01 0.01
Water Heating ... 1.27 1.37 1.38 1.38 145 - 1.45 1.46 1.49 1.50 1.50
Cooking ........ 0.16 0.17 017 0.18 0.18 0.18 0.18 0.19 0.19 0.19
Clothes Dryers ... - 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
OtherUses® . ...veevnunninens 0.09 0.11 0.1 0.1 0.11 0.1 0.1 0.12 0.12 0.12
Delivered ENErgy cvvveverserenevncrsasaes 5.15 550 5.52 5.54 574 517 579 591 5.94 5.97
Distillate
SpaceHeating ....ovvennenennnnieniiiiinns 0.84 069 0.64 061 . 0.65 0.60 0.56 0.62 0.57 053,
Water Heating ... 0.10 0.09 0.09 0.09 0.09 0.09 0.08 0.09 0.09 0.08
OtherUses®........ceveennnns 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Delivered ERErgy .ooovverencerenrennnnens 0.94 0.78 0.73 0.69 075 0.69 0.65 0.72 0.65 0.61
Liquefied Petroleum Gas
Space Heating .......eonvuneiinninnienonss 0.32 0.34 0.31 0.28 0.34 0.30 0.27 033 0.28 0.26
WaterHeating .....coovvvrieieiinieninnns 0.07 0.09 0.08 0.07 0.09 0.08 0.07 0.09 0.07 0.07
COOKING «evvvnienereraeanerncnsensonnnns 0.03 0.04 0.03 0.03 0.04 0.03 0.03 0.04 0.03 0.03
OtherUses®.....oceveenennnn. 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
*Delivered Energy ....cooveeieennanns vese 0.43 047 043 0.40 0.47 0.42 0.38 047 0.40 037
Marketed Renewables (wood)® ................ 0.60 0.62 0.62 0.62 0.64 0.64 0.64 0.65 0.65 0.65
OtherFuels® ...oveeevieniiieiineeennnns 0.15 0.13 0.12 0.12 0.12 0.12 011 0.12 0.12 0.11
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Qil Price Case Comparisons

Table C4. Residential Sector Key Indicators and Consumption (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indlcators and Consumption 1997 Hi
gh High High
Lg‘;mfeld Reference | World Oil Lg‘;,’::,‘:;'d Reference | World 01l Lg‘: :fi‘::d Reference | World Oil
Price Price Price
Dellvered Energy Consumption by End-Use
SpaceHeating .vvvvvvevrenenrenrnnneenanns 5.93 6.04 597 5.92 6.18 6.10 6.05 6.28 6.20 6.15
Spaca Cooling ovvvvrrenrvnnesrnnnsnnornons 0.46 0.55 0.55 0.55 0.58 0.58 0.58 0.61 0.61 0.61
WaterHealting ....ovnvvvieriennnrerienenns 1.79 1.92 191 191 201 2.00 1.99 208 2.06 2.06
Refrigeration .vvvevesvirrriereerennenenns 0.39 0.29 0.29 0.29 027 0.27 0.27 0.28 0.28 0.28
Cooking ......s PN 0.33 0.36 0.36 0.36 0.38 0.38 0.38 0.40 040 0.40
ClotheS DIYerS v vvevsseersenrarsonsrsonens 0.24 0.28 0.27 0.27 0.29 0.29 0.29 032 0.32 0.32
Freezers vuvvvvrverirreonrrsereorennnnnns 0.12 0.07 0.07 0.07 007 . 007 0.07 0.07 0.07 0.07
Hahting +ovvvvinneniiiiireninenneneenn.. 0.34 0.40 0.40 0.40 0.43 043 043 046 0.46 0.46
Clothes Washers ...ovevvvnnnresrernnsences 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04
Dishwashers .ovveuesversonossorronnseenes 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06
Color TeleviSIonS .o evvererrerereenrerunennn 0.21 0.29 0.29 0.30 0.31 0.31 0.31 0.33 0.33 0.33
Personal Computers ....vvevvennvnecrnsiens 0.02 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05
Fumace Fans ...evvvvevunnrerisoreronnnne 0.09 0.12 0.12 0.12 0.13 0.13 0.13 0.14 0.14 0.14
OtherUses” ..vevvevervrnernrvnnersnnes 0.93 1.64 1.63 1.64 1.86 1.86 1.86 2.08 2,08 208
Delivered ENErgy vvvvessessssscosesscass 10.92 12,08 12,00 11.95 12,65 12.57 1251 13.18 13.08 13.02
Electrlcity Related Losses .........vvvereses 8.07 9.31 9.11 911 954 9.34 9.34 9.95 9.77 9.78
Total Energy Consumption by End-Use
Space Healing svvvvusrsrrserinnseenrenrens 6.90 7.00 6.91 6.87 712 7.03 6.99 723 714 7.10
Space Cooling +.vvuiees Cererieresieraanans 147 1.67 1.63 1.63 1.70 1.68 1.67 1.74 1.71 i
WalerHealing .o.vevvvverranrenierennennes 257 2.68 265 2.65 275 273 272 283 2.80 280
Refrigeration .......... . 1.26 0.87 0.85 0.85 0.80 0.79 0.79 0.79 078 0.78
CoOKING oevvvvrvrvvrnerrenoreonnorareones 0.62 0.67 0.67 0.67 0.70 0.69 0.69 0.72 0.72 0.72
ClotheS DIYerS v v vevsvnrnsiessonnnrsensns 0.65 0.72 0.71 0.71 0.75 0.74 0.74 0.79 0.78 0.78
Freezers .,... veearesens beeresneerasninns 0.39 0.22 0.22 0.22 0.21 0.20 0.20 0.20 0.20 0.20
LIghting +eernerevnereones Cevreriieiasanas 1.09 1.22 1.20 1.20 1.27 1.25 125 1.32 1.30 1.30
Clothes Washers ..vvevsrvnrvnneenncronesns 0.09 0.10 0.10 0.10 0.10 0.10 0.10 0.11 0.1 0.11
Dishwashers .v.vevvereorvenereenceranenns 0.15 0.16 0.16 0.16 0.17 0.16 016 017 0.17 0.17
Color Televisions .. ovvvvvsreriorecrsnsesnns 0.69 0.89 0.88 0.88 0.20 0.89 0.89 0.95 0.94 0.94
Parsonal CompUters ...vvevsvseenesrrnssnns 0.06 0.11 0.1 0.1 0.12 0.12 0.12 0.14 0.14 0.14
Fumace Fans ........ ererreenerieasenes 0.28 0.35 0.35 0.35 0.38 0.37 0.37 040 040 0.40
OIErUSEST vovrerrnnerrerirrinnennennenss 277 4.72 4.65 4.65 522 5.15 5.15 572 5.65 5.65
1 .. 18.99 21.39 2111 21.06 22,19 21.91 21.85 23.12 2285 22.81
Non-Marketed Renewables
Geothemal® .vvvvrvveerernneneriernnenss 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.04 0.04
8008 s rvsrererereer e, 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Total suvvvnnnnnnnnnrnennaresssisennanes 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.05 0.05 0.05

Does not include electronic water heating portion of load.

2includes small electric devices, heating elements and motors,

“Includes such appliances as swimming pool heaters, outdoor grills, and outdoor lighting (natural gas).

‘Includes such appliances as swimming pool and hot tub heaters.

*Includes wood used for primary and secondary heating In wood stoves or fireplaces as reported in the Residential Energy Consumption Survey 1993.

®Includes kerosene and coal,

TIncludes all other uses listed above.

%Includes primary energy displaced by geothermal heat pumps in space heating and cooling applications.

®Includes primary energy displaced by solar thermal water heaters.

Blu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1997: Energy information Administration (EIA) Short-Term Energy Outlook, September 1998. Online http://www.ela.doe.gov/emew'stea/pubVupd/sep98/contents.htm!
(October 15, 1998). Projections: EIA, AEO99 Nationa! Energy Modeling System runs LWOP99.D1002988, AEO99B.D100198A, and HWOPS9.D100298B.
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Table C5. Commercial Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
. 2010 2015 2020
Key Indicators and Consumptlop\ 1997 " High High High
. « ] peena] Reterence | warld ot |“6it M | Refeence | world o Loutviord | Reference | worid o
Price Price Price
Key Indicators
Total Floor Space (billion square feet)
Surviving 68.0 68.0 68.0 70.7 70.7 70.7 719 719 719
New Additions 1.5 15 15 1.3 13 13 1.0 1.0 1.0
Total ..... . + 69.5 69.5 695 720 720 720 729 729 729
Energy Consumption Intensity
(thousand Btu per square foot)
Delivered Energy Consumption........covvueenes 126.5 127.0 126.2 125.7 1282 127.5 127.0 129.3 1285 128.0
Electricity Related LoSSES «vvvvvnvenieninnnnnns 1259 124.8 1220 1220 1221 1195 1195 121.4 1191 119.2
Total Energy Consumption .....cceevevennennens 252.4 251.8 248.1 247.7 250.3 247.0 246.5 250.6 2475 2472
Delivered Energy Consumption by Fuel
Electricity
SpaceHeating .....cvviviiiiiniineennninnns 0.13 0.12 0.12 - 042 © 012 0.12 0.12 0.12 0.12 0,12
Space Cooling ... 0.34 0.36 0.35 0.35 0.36 0.36 0.36 0.36 0.36 0.36
Water Heating ... 007 - 007 0.07 0.07 0.06 0.06 0.06 0.06 -+ 008 0.06
Ventilation ...... 0.17 0.18 0.18 0.18 0.19 0.19 0.19 0.19 0.19 0.19
CookiNg . evvvrnnnieinniiiiieriiiereniiiens 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
731 122 1.28 1.28 1.28 1.32 1.32 1.32 1.32 1.32 1.32
Refrigeraion ....ovvvvviiiiiiiiiiniiiiiiinnn, 0.18 0.20 0.20 . 020 0.21 0.21 0.21 0.21 0.21 0.21
Office Equipment (PC) ........covvvvenninnnnn 0.12 0.20 0.20 0.20 .0.22 0.22 022 024 024 0.24
Office Equipment (RON-PC) «..vvvvvennnrennenn. 029 - 042 042 042 048 048 048 0.53 053 0.53
OtherUses' .vuveereenrerannenss Ceereseaiens 0.91 1.41 141 1.41 1.57 1.57 1.58 1.69 1.69 1.69
Delivered Energy ....... Crersesresesiareanas 344 426 4.26 426 454 4.54 455 472 472 472
Natural Gas?
Space Healting ......ovvvneiiernnieenenniins 1.31 1.34 1.37 1.39 1.36 141 1.42 1.36 1.40 1.41
Space CooliNg .uevveveaierireerinnieniennnes 0.01 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Water Heating 0.62 0.69 0.69 0.69 0.71 0.72 0.72 073 - 073 073
Cooking .......... 0.23 0.28 0.28 0.28 0.29 0.29 0.29 0.30 0.30 0.30
OtherUses® ....vvvreeronnnnnens 1.20 1.47 1.47 1.47 1.53 1.62 1.52 1.54 1.54 1.54
Delivered ENErgy «ooeveevecserrersaranranees 337 3.81 3.84 3.85 393 397 3.98 3.95 4.00 4.00
Distillate .
Space Heating 0.21 0.26 0.20 0.18 0.26 0.19 0.17 0.25 0.18 0.16
Water Heating 0.05 0.05 0.05 0.04 0.05 0.04 0.04 0.05 0.04 0.04
OtherUses® .....ovvvnnennenen. 0.23 0.11 0.09 0.08 0.11 010 008 0.11 0.09 0.08
Delivered Energy .... 0.49 0.42 0.34 0.30 0.42 0.33 0.29 0.41 0.32 0.28
Other Fuels®.....covvenees T X< 0.33 0.32 0.32 033 - 033 0.33 0.33 0.33 033
Marketed Renewable Fuels
BIOMasS...oiiiiiiiii it e 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Delivered Energy .......... O 1 X1} 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Delivered Energy Consumption by End-Use
Space Heating ...... PN 1.65 172 1.70 1.69 1.74 172 1.70 1.72 1.70 1.69
Space Cooling . .vvvvvererierierennerieniercns 0.35 038 0.38 0.38 0.39 0.39 0.39 0.39 0.39 0.39
Water Heating ....... 0.74 0.81 0.80 0.80 0.83 0.82 0.82 0.84 0.83 0.83
Ventilation .......... 0.17 0.18 0.18 0.18 0.19 0.19 0.19 0.19 0.19 0.19
Cooking «.evvvnennes 0.25 0.30 0.30 0.30 0.31 0.31 0.31 0.32 0.32 0.32
Lighting ........... 1.22 1.28 1.28 1.28 1.32 1.32 1.32 1.32 1.32 1.32
Refrigeration .........cccoiiiiinnnn 0.18 0.20 0.20 0.20 0.21 0.21 021 0.21 0.21 021
Office Equipment (PC) ............. 0.12 0.20 0.20 0.20 0.22 022 022 0.24 0.24 0.24
Office Equipment {non-PC}) ........... 0.29 042 042 042 048 048 | 048 0.53 0.53 0.53
OtherUses® .......ccvvevvnnennnn. 2,67 3.32 3.30 3.29 3.55 353 351 3.68 3.65 3.64
Delivered Energy «veevvenenens 7.63 8.82 8.77 8.74 9.23 - 9.18 9.14 9.42 9.37 9.33
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Table C5. Commercial Sector Key Indicators and Consumption (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Key Indicators and Consumption 1997 .
High High High
Low World . | Low World Low World .
Oil Price Reference Wor[d oil Oil Price Reference Worl.d ol 0il Price Reference | World Qil
Price Price Price
Electricity Related Losses ,................. v 759 8.67 848 848 879 8.60 8.60 8.85 8.68 8.69
Total Energy Consumption by End-Use
Space Heating ... Pererrarsarnoresrnritinens 1.94 1.98 1.95 1.93 1.98 1.95 1.93 1.94 1.91 190
Space Cooling ............. Ceerisnerieries 1.10 1.1 1.09 . 1.09 1.09 1.07 1.07 1.06 1.05 1.05
Water Heating ............. terenes vemrerenies 0.89 0.95 0.94 0.93 0.95 0.95 0.94 0.95 0.4 0.94
Ventilaion oouvevvevreninnnineinieinienionas 0.53 0.55 0.55 055 0.54 054 054 053 053 053
L PN 0.30 0.34 0.34 0.34 0.35 0.35 0.35 0.35 0.35 0.35
LIghting +ovvvvnersrrsvrnanennen veereres 380 3.90 383 383 3.87 3.81 381 379 3.74 374
Refiigeration v.vvvvveveerinrirenereeerienens 0.58 0.61 0.60 0.60 0.61 0.60 0.60 0.61 0.60 0.60
Office EqUIPMENt (PC) +vvvevrvrreneennernnens 0.37 059 0.58 058 0.63 0.63 0.63 0.68 0.68 0.68
Office Equipment (non-PC) .....evveverennennen 0.93 1.28 1.26 1.26 1.40 1.38 1.38 1.51 149 1.49
OlhBrUSES® .\ verrernernnnrennrnensernenes 4,68 6.20 6.1 6.09 6.60 6.51 6.49 6.84 6.76 6.74

L. 1] 17.50 17.24 17.21 18.02 17.78 17.75 18.27 18.05 18.02

Non-Marketed Renewable Fuels
S0la v rrverirereerierinrens P X 3 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04
Total sevrenronrnesnesionensnnnseronasesses 002 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04

YIncludes miscellaneous uses, such as service station equipment, district services, automated teller machines, telecommunications equipment, and medical equipment.

?Excludes estimated consumption from independent power producers. .

“Includes miscellaneous uses, such as district services, pumps, emergency electric generators, and manufacturing performed in commercial buildings.

‘Includes miscellaneous uses, such as cooking, district services, and emergency electric generators.

SIncludes residual fuel oll, liquefied petroleum gas, coal, motor gasoline, and kerosene.

*Includes miscellaneous uses, such as service station equipment, district services, automated teller machines, telecommunications equipment, medical equipment, pumps,
lighting, emergency electric generators, manufacturing performed in commercial buildings, and cooking (distillate), plus residual fuel oil, liquefied petroleum gas, coal, motor
gasoline, and kerosene,

"Includes primary energy displaced by solar thermal space heating and water heating.

Btu = British thermal unit.

PC = Personal computer,

Note: Totals may not equal sum of components due to independent rounding. Consumption values of 0.00 are values that round to 0.00, because they are less than 0.005.

Sources: 1997 Energy Information Administration, Short-Term Energy Outlook, September 1998. Online http:/fwww.ela.doe.gov/emeu/steo/pub/upd/sep98/contents.html
(October 15, 1998). Projections: EIA, AEO99 National Energy Modeling System runs LWOP99.0100298B, AEO99B.D100198A, and HWOP99.D1002988B.
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Table C6. Industrial Sector Key Indicators and Consumption
(Quadrillion Btu per Year, Unless Otherwise Noted).

Projections
) ) 2010 2015 2020
Key Indicators and Consumption 1997 High High High
Low World | b /. once | world ol 2 Wo9 peterence | world ot |2 W peterence | world o1
Oil Price . Ol Price Qil Price
- Price Price Price
Key Indicators
Value of Gross Output (billion 1387 dollars)
Manufacturing ......ovevvnrerienneninnannnn, 3170 4223 4224 4223 4613 4613 4615 4988 4986 4988
Nonmanufacturing 812 1009 1013 ° 1015 1074 1081 1084 1138 1145 1147
Total vevrieninnennennanns PO < 2 1: 7 5231 5237 5238 5688 5693 5699 6126 6131 6135
Energy Prices (1997 dollars per million Btu) '
EIECtCHY - oo veevviiiiiiiiiii s 13.56 11.85 11.89 11.83 11.13 11.09 11.04 10.66 10.68 10.63
Natural Gas 2.96 3.10 3.14 316 3.19 323 325 324 330 3.33
Steam Coal 1.47 1.24 1.26 1.27 1.18 1.20 1.21 1.13 114 1.15
Residual Ol 2.90 1.52 272 358 1.42 273 3.77 1.48 2.89 382
Distillate Oil 5.10 444 5.56 6.68 447 576 6.95 4.57 597 6.98
Liquefied Petroleum Gas 8.38 5.48 6.67 8.17 5.28 6.85 8.22 5.45 7.33 847
Motor Gasoling v...oeevvnereirienereerenennes 9.69 8.77 10.42 11.60 8.59 1047 11.59 8.46 1046 11.42
Metallurgical Coal .....ovveniiinnniinennnanns 1.77 1.55 1.57 1.57 1.49 1.50 1.51 143 1.45 1.45
Energy Consumption
Consumption'
Purchased Electricity 352 415 413 4N 439 437 436 458 457 456
Natural Gas? ........... 992 10.91 1143 11.63 11.39 12.02 12.41 11.80 1252 12.88
SteamCoal ......cevvuvieneennnnnn. 1.56 1.64 1.67 1.68 1.66 1.73 1.76 1.70 1.80 1.83
Metallurgical Coal and Coke® ......oevvvevreenn- 0.81 0.85 - 0.84 0.82 0.83 0.82 0.81 0.80 0.80 0.80
Residual Fuel .....covvvviiiniinennnnnnnnns 0.28 0.50 0.33 0.27 0.53 0.35 0.27 0.54 0.36 027 °
Distillate .o e e 1.13 1.39. 1.35 1.32 1.47 142 1.39 1.54 148 1.45
Liquefied Petroleum Gas .......coieeienennnnnnas 214 251 245 241 2.67 2.58 254 279 2,69 2.65
Petrochemical Feedstocks ............ .. 146 153 1.52 152 1.60 1.60 1.60 1.68 1.67 1.67
Other Petroleum® ......oovenvniinans ... 433 545 5.16 4.92 - 556 523 4.89 5.70 5.29 497
Renewables® .......... ... 188 2.29 231 2.34 242 245 2.49 252 256 2,60
Delivered Energy ...... ceee 27,01 31.22 31.18 31.02 3254 32.57 3251 33.66 3373 33.69
Electricity Related Losses . ... veen 178 8.45 822 8.18 - 8.48 8.27 824 858 8.40 839
Total ..... Ceerresaenens ceee. 3479 3967 . 394t 39.21 41.02 40.84 40,75 42.24 4214 42,08
Consumption per Unit of Output'
(thousand Btu per 1987 dollars)
Purchased Electricity . .....cevnvevvneiiiennnns 0.88 0.79 0.79 0.79 0.77 0.7 0.76 0.75 0.75 074
Natural Gas? ..vvvvvereeneeraaneeneennrennes 249 2.09 2.18 222 200 21 218 1.93 2.04 210
SteamCoal .......ovvveiiiiiniiinnn ... 039 0.31 0.32 0.32 0.29 0.30 0.31 0.28 0.29 0.30
Metallurgical Goal and Coke® ............ .. 020 0.16 0.16 0.16 0.15 0.14 0.14 0.13 0.13 0.13
Residual Fuel ......coovvvvevnnnnens, .o 007 0.10 0.06 0.05 0.09 0.06 0.05 0.09 0.06 0.04
Distillate ........coeunnn .. 028 0.27 0.26 0.25 0.26 0.25 0.24 0.25 0.24 0.24
Liquefied Petroleum Gas .. 054 048 0.47 0.46 047 0.45 0.45 0.46 0.44 043
Petrochemical Feedstocks ........ceveieenenn. 0.37 0.29 0.29 0.29 0.28 0.28 0.28 0.27 027 0.27
OtherPetroleum® .. ..oovvvivierirnanneienens 1.09 1.04 0.98 0.94 0.98 0.92 0.86 093 0.86 0.81
Renewables® ............ 047 0.44 0.44 0.45 0.43 043 0.44 0.41 0.42 0.42
Delivered Energy oo 6.78 597 5.95 5.92 572 572 570 5.49 5.50 5.49
Electricity Related Losses . . 1.95 1.61 1.57 1.56 1.49 1.45 145 1.40 1.37 1.37
L - ¥ 758 752 749 721 7.17 715 6.90 6.87 6.86

Fuel consumption includes consumption for cogeneration.

2Includes lease and plant fuel.

3Includes net coke coal imports.

“Includes petroleum coke, asphalt, road oil, lubricants, motor gasoline, still gas, and miscellaneous petroleum products.

SIncludes consumption of energy from hydroelectric, wood and wood waste, municipal solid waste, and other biomass.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1997 prices for gasoline and distillate are based on prices in various issues of Energy Information Administration (EIA), Petroleum Marketing Monthly, DOE/EIA-0380
(97/03-98/04) (Washington, DC, 1997-98). 1897 coal prices: EIA, Monthly Energy Review, DOE/EIA-0035(98/08) (Washington, DC, August 1998). 1997 electricity prices: EIA,
AEO99 National Energy Modeling System runs LWOP99.D100298B, AEO99B.D100198A, and HWOP99.D100298B Other 1997 prices derived from EIA, State Energy Data Report
1995, DOE/EIA-0214(95) (Washington, DC, December 1997). Other 1997 values: EIA, Short-Term Energy Outlook, September 1998, Online hitp://www.ela.doe.goviemeu/steo/
pub/upd/sep98/contents.htmi (October 15, 1998). Projections: EIA, AEO99 National Energy Modeling System runs LWOP99.0100298B, AEO99B.D100198A, and
HWOP99.D100298B.
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Table C7. Transportation Sector Key Indicators and Delivered Energy Consumption

Projections
2010 2015 2020
Key Indicators and Consumption 1997
Low World Reference Wc:irII%hOII Low World Reference w:rll%hOll Low World Reference w:ll%hOll
Oll Price Ol Price Qi Price
Price Price Price

Key Indicators

Level of Travel (billions)

Light-Duty Vehicles <8,5001bs. (VMT) ............. 2301 2904 2887 2845 3117 3097 3049 3324 3303 3260
Commercial Light Trucks (VMT)' ...evvvveennnenns 69 a1 90 9 98 97 97 105 104 104
Frelght Trucks >10,000 Ibs. (VMT) 177 43 243 243 258 258 258 270 270 270
Alr{seat miles avalable) v ovvvvuvrraversrnrernns, 1049 1827 1814 1797 2143 2127 2102 2480 2462 2413
Rall {ton miles fraveled) . ....vvevserinninnnnnnss 1229 1524 1519 1519 1617 1620 1622 1708 1719 1724
Marine (fonmiles traveled) ....ovvnnvnvnvinennnns 757 864 879 887 906 928 939 941 964 972
Energy Efficlency Indicators

New Light-Duty Vehicle {miles per gallon) ........... 240 24.8 254 259 254 26.1 266 25.6 265 269
New Car (miles per gallon)? .....vvvvevnensnienens 279 30.7 316 323 31.0 321 326 309 321 326
New Light Truck (miles per gallon}® ................ 202 203 20.7 21.0 209 215 21.7 214 220 223
Light-Duty Fleet (miles per galion)® ................ 205 20.1 20.3 206 205 209 212 209 214 218
New Commercial Light Truck (MPG)' ....:......... 19.9 194 19.8 20.1 199 205 208 204 21.0 213
Stock Commercial Light Truck (MPG)? ............. 146 14.8 15.0 15.1 150 15.2 15.4 15.3 15.6 157
Alrcraft Efficlency (seat miles per galion) ............ 51.0 55.7 567 558 574 576 58.0 59.1 59.6 59.9
Frelght Truck Efficlency (miles per gallon)........... 56 6.1 6.1 6.1 6.2 6.2 6.2 62 63 63
Rail Efficlency {ton miles per thousand Btu) ......... 27 29 29 29 3.0 3.0 3.0 3.1 31 31
Domestic Shipping Efficiency

(ton miles per thousand BlU) ........ocevveneneen 24 26 26 26 27 27 27 27 27 27
Energy Use by Mode (quadrillion Btu)

Light-Duty Vehicles ..oovvvvrnnninnivierionennes 13.94 18.44 18.10 17.63 19.34 18.85 18.30 2020 19.60 19.04
Commercial Light Trucks' ....vvvvvneinenrnnnnnes 0.59 0.76 0.76 0.75 0.81 0.80 0.79 0.86 0.84 0.82
Fralght Tricks* . veeevereeeverveenrnreenes 4.24 5.32 5.30 5.28 554 551 548 573 5.68 5.65
Al s ereerriiennrsrenirseiionserioisrnsrsoess 3.35 5.20 517 5.1 5.83 5717 5.68 647 6.38 6.23
Rall® oovriiirernniiniiririaa 0.53 0.61 0.61 0.61 0.64 0.64 0.64 0.66 0.66 0.66
Marine® ....... vereersenne berrerreesessenaanes 1.28 1.64 1.64 1.65 1.80 1.81 1.82 1.98 1.98 1.99
Pipelins Fuel ,.vvvvievrrrerrerrinnersnnnnnnnss 0.73 0.88 0.90 0.90 0.94 0.97 097 0.99 1.01 1.01
OMEr vvvvrvrererernenreereonennnes Creenaenes 0.24 030 030 0.30 0.31 0.31 031 0.32 0.32 0.32

L | 2 &) 3315 an 3223 35.21 34.65 33.98 KIAY) 36.44 35.70

Commerclal trucks 8,500 to 10,000 pounds.

2Environmental Protection Agency rated miles per gallon.

3Combined car and light truck "on-the-road" estimate.

‘Includes energy use by buses and military distillate consumption.

FIncludes passenger rall.

“Includes military residual fuel use and recreation boats.

Tincludes lubricants and aviation gasofine.

Blu = British thermal unit,

VMT=Vehicle miles traveled.

MPG = Miles per gallon,

Lbs, = Pounds,

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1997: U.S, Department of Transportation, Bureau of Transportation Statistics, Air Carrier Traffic Statistics Monthly, December 1997/1996, (Washington, DC, 1897);
Energy Information Administration (E1A), Short-Term Energy Outlook, September 1998. Online hitp://www.eia.doe.gov/emeu/steo/pub/upd/sep98/contents.htm! {October 15, 1998);
EIA, Fusl Oiland Kerosene Sales 1997, DOE/EIA-0535(97) (Washington, DC, August 1998); and United States Department of Defense, Defense Fuel Supply Center. Projections:
EIA, AEO99 Natlonal Energy Modeling System runs LWOP99.D100298B, AEO99B.D100198A, and HWOPS9.D100298B.
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Table C8. Electricity Supply, Disposition, Prices, and Emissions
(Billion Kilowatthours, Unless Otherwise Noted)

Projections
2010 ' ;2015 2020
Supply, Disposition, and Prices 1997
' Low World Reference Wc:.lrII%hOil Low World Reference W;il?ihOIl Low World Reference WcIJ.irlI%hOII
Oil Price Oil Price Oll Price
Price Price Price
Generation by Fuel Type
Electric Generators'
L0 | 2055 2046 2055 2137 2151 2155 2235 2298 2321
Petroleum ........... 98 28 20 13 26 18 112 24 19
Natural Gas .......... - 857 919 910 1157 1213 1209 1343 1349 1314
Nuclear Power ........ 551 554 554 411 419 419 351 359 367
Pumped Storage ...... -1 - -1 -1 -1 -1 -1 -1 -1
Renewable Sources? 388 388 390 399 401 403 418 420 425
L . 3947 3934 3927 4216 4208 4203 4457 4450 4445
Non-Utility Generation for OwnUse .............. 10 9 9 .9 9 9 9 9 9 9
Cogenerators® .
60 56 55 55 56 55 54 55 54 54
10 8 7 7 8 7 7 8 7 7
. 210 210 221 229 213 230 239 215 233 238
4 5 5 5 .5 5 5 5 5 5
41 56 57 58 59 60 62 61 63 64
4 4 4 4 4 4 4 4 4 4
328 340 350 358 345 362 3n 348 367 33
183 179 180 182 180 182 183 181 183 183
146 161 169 177 165 180 188 168 184 190
NetImpors® vuvverrereirennerrerrerennanannne 32 30 30 33 27 27 30 27. 27 30
Electricity Sales by Sector
Residential .............. viereeseenennnenns 1072 1841 1341 1342 1445 1446 1447 1557 1557 1558
‘ 1250 1247 1248 1332 1332 1333 1384 1383 1384
1218 1211 1205 1286 1280 1278 1343 1339 1336
45 44 44 56 55 54 66 65 64
Total eoveiiiiireiiiiiiinenn veessasaesssses 3130 3854 3843 3840 4118 4113 4112 4350 4345 4343
End-Use Prices (1997 cents per kilowatthour)’
Residential . ....ovvvveveiiiiiiiiiiiiiiaiian 85 76 77 7.7 73 73 73 70 71 7.0
COmMETCial «ovvvierrenrenienrorooronsonsnnens 76 65 6.6 65 - 6.2 62 - 6.2 6.0 6.0 6.0
Industial ..covvniiiiiiiiiii et e 46 4.0 41 4.0 38 38 38 36 36 36
Transportation ........... reeieresaaes 56 50 50 49 47 47 46 . 45 44 44
All Sectors AVErage ...ceveerserenscracsenens 69 6.1 6.1 6.1 5.8 5.8 5.8 5.6 56 56
Emisslons (million short tons)
SulfurDioXide . ..oovvriiiiiniii i 127 895 9.06 9.27 895 - 895 8.95 8.95 895 8.95
Nitrogen Oxide 58 4.19 4.06 4.04 4.35 421 420 441 429 4.25

"Includes grid-connected generation at all utilities and nonutilities except for cogenerators. Includes small power producers and exempt wholesale generators.

2Includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar, and wind power.

3Cogenerators produce electricity and other useful thermal energy. Includes sales to utilities and generation for own use.

“Other gaseous fuels include refinery and stili gas.

SOther includes hydrogen, sulfur, batteries, chemicals, fish oil, and spent sulfite liquor.

‘In 1997 approximately two-thirds of the U.S. electricity imports were provided by renewable sources (hydroelectnclty), EIA does not project future proportions,

Prices represent average revenue per kilowatthour.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1997 commercial and transportation sales derived from: Total transportation plus commercial sales come from Energy Information Administration (EIA), State Energy
Data Report 1995, DOE/EIA-0214(95) (Washington, DC, December 1997), butindividual sectors do not match because sales taken from commercial and placed in transportation,
according to Oak Ridge National Laboratories, Transportation Energy Data Book 17 (August 1997) which indicates the transportation value should be higher. 1997 generation
by electric utilities, nonutilities, and cogenerators, net electricity imports, residential sales, and industrial sales: EIA, Annual Energy Review 1997, DOE/EIA-0384(97) (Washington,
DC, July 1998). 1997 residential electricity prices derived from EIA, Short-Term Energy Outlook, September 1998. Online hitpd/fwviw.eia.doe.goviemeu/steo/pub/upd/sep98/
contents.html (October 15, 1998). 1997 electricity prices for commercial, industrial, and transportation; emissions; and projections: EIA, AEO99 National Energy Modeling
Systern runs LWOP99.D100298B, AEO99B.D100198A, and HWOP99.D100298B.
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Table C9. Electricity Generating Capability

(Thousand Megawatts)
Projections
2010 2015 2020
Net Summer Capability’ 1997 .
‘ Lowworld| oo | werigon (200 Wt poe o | weriaon |22 Wortd| porerce | weridon
Oil Price Oil Price 0il Price
Price Price Price
Electric Generators®
Capability

CoalSIeam 4o vvvrerrorirrroressorernanns 304.7 306.9 3089 3094 3120 316.2 317.2 3232 3330 336.7
Other Fossil Steam® ....... verersana reenes 1387 110.8 80.2 797 109.6 795 784 108.5 757 766
Combined CyYele ,vvvsvrrernsnrnsrenss . 16.4 100.4 126.0 1324 1475 1759 180.2 1837 2115 2113
Combustion Turbine/Diesel ..vv'vveeees veree 782 155.8 151.0 1449 180.1 1749 170.7 194.0 186.7 182.2
NUuClear POWEr oo vvvvenrervrerenennrnenns 99.0 734 742 742 55.3 56.4 564 478 489 50.0
Pumped St0rage +.vveervenrriesicriarenss 19.6 215 215 215 215 215 215 215 215 215
FUelCells vuvvervvrerreernerroanonnsses 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable Sources* ....vveerrerinrinnnnns 87.9 92.1 921 923 93.6 939 942 96.3 96.7 974
Total ...00uss sressensennsnnssesns veses 7445 861.0 853.9 854.5 919.7 9184 918.6 975.0 974.0 975.7
Cumulative Planned Additions® )
CoalSteam .ovvrrrverrnnnroerrernnsenss 0.1 14 14 14 14 14 14 14 14 14
OtherFossil Steam® ....vvvveerenrnnnnnn. 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Combined Cyele +vvvvvrrvnrnvernnnersonns 0.7 53 53 5.3 5.3 53 53 53 53 53
Combustion Turbine/Diesel ... .vvuuuess reee 1.5 186 18.6 18.6 186 186 18.6 186 186 186
NUCIEar POWET oo v vovvsverrrsrerecnennensns 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pumped SI0rage . .v.ververeriernnsrrinses 0.0 20 20 20 20 20 20 20 20 20
FuelCells ,.ovvrverrnrnsevnvonensaraenss 0.0 0.0 0.0 0.0 0.0 00 - 0.0 0.0 0.0 0.0
Renewable Sources* ..........oovvvvrnnnes 0.1 28 28 238 28 28 238 238 28 28
Tolal covevvencnnas Presisaesrreeannsass 25 30.1 30.1 30.1 30.2 30.2 302 302 302 302

Cumulative Unplanned Additions®
Coal Steam ,vvvvsevrrerrvrerrnness reeres 00 39 56 6.4 96 135 149 214 31.0 349
OtherFossilSteam® ......oevvvvervenvnn.s 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
CombinedCyele ....ovvvvvvrrenvennrnnnns 0.0 794 105.0 111.4 1265 155.0 159.2 162.7 190.5 190.3
Combustion Turbine/Diesel .......c.vevusnn . 20.2 87.6 81.1 733 1151 1082 1002 1300 1202 1129
NUCIBar POWEr v vsvvsivresnnsosrsenarseres 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pumped Storage ..........ovvvvevnnnnnnn 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FuelCells .vvvvrvvrvvrernsrevrasrernones 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable SOUCes .o vevverrrrrerernenss 08 22 23 25 40 43 46 69 73 8.0
N 21.0 1732 1940 193.6 255.3 281.0 2789 3210 3489 346.1

Cumulative Total Additions ........vvvenes 285 2034 2242 2238 2854 311 309.1 351.2 379.0 3763

Cumulative Retirements® .......cocvvneenns 148 80.7 105.7 1059 1042 1283 1265 1146 1406 1367
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Oil Price Case Comparisons

Table C9. Electricity Generating Capability (Continued) < . -

(Thousand Megawatts)
Projections
: 2010 2015 2020
Net Summer Capabiltty' 1897
High High High
"g‘l"l'g,ﬂd Reference | World 01l "8‘,’{&‘;’:’ Reference | World Ol "g‘l'l“‘,‘,'iﬂd Reference |World OIl
N Price Price Price
Cogenerators’

Capabliity 4 :
Lo S 94 99 99 99 100 99 99 100 10.0 100
Petroleum ....evuennnnt 14 15 15 15 15 15 15 15 1.5 15
Natural Gas ............ 34 349 362 372 353 373 385 356 377 385
Other Gaseous Fuels 0.6 0.9 09 0.9 09 0.9 0.9 0.9 0.9 0.9
Renewable Sources* 6.9 8.2 8.2 83 85 85 86 87 8.8 8.9

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
518 556 56.8 578 563 58.3 596 56.8 59.1 59.9
Cumulative AddIIONS® «ovveveerenrennnenes 202 239 251 262 246 . 267 28.0 252 274 283

'Net summer capability is the steady hourly output that generating equipment is expected to supply to system load (exclusive of auxiliary power), as demonstrated by tests during
summer peak demand.

?Includes grid-connected utilities and nonutilities except for cogenerators. Includes small power producers and exempt wholesale generators,

3Includes oil-, gas-, and dual-fired capability.

“Includes conventional hydroelsctric, geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar and wind power.

SCumulative additions after December 31, 1936.

*Cumutative total retirements from 1990.

“Nameplate capacity is reported for nonutilities on Form EIA-867, "Annual Nonutility Power Producer Report." Nameplate capacity is designated by the manufacturer. The
nameplate capacity has been converted to the net summer capability based on historic relationships.

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEO39, Net summer
capacity is used to be consistent with electric utility capacity estimates. Data for electric utility capacity are the most recent data available as of July 1, 1998. Therefore, capacity
estimates may differ from other Energy Information Administration sources. ’

Sources: 1997 net summer capability at electric utilities and planned additions: Energy Information Administration (E1A), Form EIA-860, "Annual Electric Generator Report.*
Net summer capability for nonutilities and cogeneration in 1997 and planned additions estimated based on EIA, Form EIA-867, "Annual Nonutility Power Producer Report.”
Projections: EIA, AEO99 National Energy Modeling System runs LWOP99.D100298B, AEO99B.D100198A, and HWOP99.D100298B.

182 Energy Information Administration / Annual Energy Outlook 1999



0Oil Price Case Comparisons

Table C10. Electricity Trade

(Billion Kilowatthours, Unless Otherwise Noted)

Projections
2010 2015 2020
Electricity Trade 1997
High High High
Low World Reference | World Oil Low World Reference § World Ol Low World Reference § World Ol
0Oll Price 0Oll Price Oil Price
Price Price Price
Interreglonal Electricity Trade
Gross Domestic Firm Power Sales ...eovevvennasne 1903 1486 148.6 148.6 1486 1486 1486 148.6 148.6 1486
Gross Domestic Economy Sales +..veersersnnnnss 876 775 67.2 68.9 88.0 784 715 97.2 839 849
Gross Domestic Trade vovvveessaseensonacnnss 2779 2264 215.8 2175 236.6 2270 226.1 2458 2325 2335
Gross Domestic Firm Power Sales
(million 1987 dollars) +vvvvvvevnrrrereersenannes 89421 69835 6983.5 6983.5 6983.5 6983.5 6983.5 6983.5 6983.5 69835
Gross Domestic Economy Sales
(million 1897 dollars) o uvseernvnrenrressessenans 21867 19758 17309 16934 2137.8 18435 17799 2155.5 1839.1 1847.7
Gross Domestic Sales
(million 1997 dollars) .....ceoeevenecnennenss 111289 8959.3 87145 8677.0 91213 8827.0 8763.4 9139.0 8822.6 8831.3
Intemational Electricity Trade
)
Firm Power Imports From Canada and Mexico' ..... 239 193 193 217 193 193 A7 193 193 A7
Economy Imports From Canada and Mexico' ........ 18.0 329 328 329 29.9 299 299 29.7 296 298
Gross Imports From Canada and Mexico' ....... 420 522 522 54.6 49.3 492 516 49.0 49.0 515
Firm Power Exports To Canada and Mexico ........ 47 14.1 141 141 14.1 1441 141 141 141 144
Economy Exporis To Canada and Mexico .......... 53 77 7.7 77 77 77 77 77 77 17
Gross Exports To Canadaand MexiCO .......u0s 10.0 218 218 218 218 218 218 218 218 218

Historically electric imports were primarily from renewable resources, principally hydroelectric.
Note: Totals may not equal sum of components due to independent rounding. Firm Power Sales are capacity sales, meaning the delivery of the power is scheduled as part
of the normal operating conditions of the affected electric systems. Economy Seles are subject to curtailment or cessation of delivery by the supplier in accordance with prior

agreements or under specified conditions,

Sources: 1997 Interregional electricity trade data: Energy Information Administration (EIA), Bulk Power Data System. 1997 intemational electricity trade data: DOE Form
FE-718R, "Annual Report of International Electrical Export/import Data.” 1997 Fimveconomy share: National Energy Board, Annual Report 1993. 1997 Planned Interreglonal and
Intemational firm power sales; DOE Form 1E-411, *Coordinated Bulk Power Supply Program Report,” April 1995. Projections: EIA, AEQS9 National Energy Modeling System runs
LWOP99,D100298B, AEO39B.0100198A, and HWOPS9,D1002988B .
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Table C11. Petroleum Supply and Disposition Balance
(Million Barrels per Day, Unless Otherwise Noted)

Projections
. 2010 ‘ 2015 2020
Supply and Disposition 1997 . .
4 . . High High High
Low w?"d Reference | World Oil Lov'u W!arld Reference | World Oil Low World Reference | World Oil
Oil Price 0Oil Price : Oll Price

Price Price Price

Crude Oil
Domestic Crude Production® 6.45 4.96 5.59 6.06 452 534 5.89 4.12 4.96 548
Alaska 1.30 0.73 0.78 0.87 057 - 0.61 0.71 045 049 0.59
Lower 48 States. ... 5.15 423 481 5.19 395 - 472 5.18 367 447 4,89
Netlmports ..ovvvniiiniieniiiiiiiiiininnen, 8.12 11.76 1097 10.05 12.58 11.46 10.84 13.13 11.97 11.50
GrossImpoms ......oovvvviiieriiniiieennes 823 11.77 11.02 10.11 1259 11.50 10.90 13.14 11.99 1154
Exports cooeviiiiiiiiiiiiiann, 0.1 0.02 0.04 0.07 0.01 0.03 0.06 0.01 0.02 0.04
Other Crude Supply? 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Crude Supply ..ovvvevveinanneas 16.72 16.56 16.11 17.10 16.80 16.74 17.25 16.94 16.97
Natural Gas Plant Liquids 211 215 2.16 2.28 234 237 241 245 246
OtherInputs® ...ovviieriereeneenennanns veese 028 0.25 0.31 0.34 0.27 0.35 0.39 0.29 0.36 045
Refinery Processing Gain® ...... sesnesrnsrense 0.85 0.77 0.90 0.91 0.77 0.89 0.93 0.76 0.89 . 0.92
Net Product Imports® +.vvevveinneniennnenn . 104 3.70 273 257 439 3.30 2.55 522 4.00 313
Gross Refined Product. Imports®................ 1.52 4.38 312 2.80 5.03 3.59 2.96 5.63 426 359
Unfinished Oilimports ......covveininnnnnnnn. 0.35 0.23 0.54 0.62 0.34 0.61 047 0.58 0.68 041
Ether Imports 0.06 0.06 0.02 0.02 0.03 0.02 0.01 0.00 0.00 0.02
EXpots vovvvvnniiiiiiiiiiii i 0.90 0.98 0.96 0.88 1.01 0.93 0.88 0.98 094 . 090

Total Primary SUpPlY ..evvvvevrinvnianninies, 1855 23.55 2265 22,09 2481 23.67 2298 2593 24.64 23.93

Refined Petroleum Product Supplied - - :
Motor Gasoling®........oovveeiieineiennnns, 7.99 10.20 10.01 9.77 10.61 10.34 10.06 11.01 10.69 10.40

JetFuef ....... 1.60 248 246 244 278 275 2.70 3.08 3.03 2.96
Distillate Fuel® .. 343 41 3.99 393 431 415 4.08 447 428 421
Residual Fuel ... 083 1.08 072 066 1,19 0.78 071 1.24 083 0.78
O™ . oveiieiee i erereea e eeaas a7 572 . 551 5.33 595 5.68 5.6 6.15 5.82 5.62
Total ..... e et eas ceeee. 1862 2360 2269 2213 24.84 2371 23.01 2595 2466 23.96

Refined Petroleum Products Supplied :
1.09 099 0.93 1.08 0.96 0.89 1.05 092 0.86

Residential and Commercial .
Industial? .....oovieninnennn. ! 597 5.70 5.51 6.23 5.90 5.66 6.45 6.07 5.84
Transportation A 16.10 15.88 15.60 17.04 16.73 16.38 17.95 17.56 17.18
Electric Generators™ ............. . 0.44 0.12 0.09 0.50 0.11 0.08 049 0.11 0.08
Total .......... 1 23.60 22,69 22,13 24.84 2371 23.01 25.95 24,66 23.96
Discrepancy™ ..... tesaseseesnsransanenns e <007 -0.05 -0.04 -0.04 -0.03 -0.03 -0.03 <0.02 -0.02 -0.03
World Oil Price (1997 dollars per barrel)®® ....... 1855 14.57 21.30 27.33 1457 21.91 29.14 1457 273 29.35
Import Share of Product Supplied ............. 049 0.65 0.60 0.57 0.68 0.62 0.58 0.71 0.65 0.61
Net Expenditures for Imported Crude Oil and .
Products (billion 1997 dollars). ......... veree. 60.87 83.18 107.95 127.02 90.99 119.49 143.24 99.72 135.20 158.06
Domestic Refinery Distillation Capacity ......... 160 17.7 175 17.0 18.1 177 177 18.2 17.9 1890
Capacity Utilization Rate (percent) ......... veer 950 95.0 95.1 95.1 95.2 95.1 95.1 95.2 95.2 95.1

"Includes lease condensate.

2Strategic petroleum reserve stock additions plus unaccounted for crude oil and crude stock withdrawals minus crude products supplied.

*Includes alcohols, ethers, petroleum product stock withdrawals, domestic sources of blending components, and other hydrocarbons.

“Represents volumetric gain in refinery distillation and cracking processes.

*Includes net imports of finished petroleum products, unfinished oils, other hydrocarbons, alcohols, ethers, and blending components.

¢Includes blending components.

Total crude supply plus natural gas plant liquids, other inputs, refinery processing gain, and net petroleum imports.

*includes ethanol and ethers blended into gasoline.

“Includes naphtha and kerosene types.

“Includes distillate and kerosene.

YIncludes aviation gasoline, liquefied petroleum gas, petrochemical feedstocks, lubricants, waxes, asphalt, road oil, still gas, special naphthas, petroleum coke, crude oil product supplied,
and miscellaneous petroleum products.

Qnciud ption by cog it

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale generators.

“Balancing item. Includes unaccounted for supply, losses and gains.

SAverage refiner acquisition cost for imported crude oil

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1997 expenditures forimparted crude cil and petroleum products based on intemal calculations. 1997 product supplied data from table C2. Other 1997 data: Energy Information
Administration (EIA), Petroleum Supply Annual 1997, DOE/EIA-0340(97/1) (Washington, DC. June 1998). Projections: EIA, AEO99 National Energy Modeling System runs LWOP99.D100298B,
AEQ099B.D100198A, and HWOP99.D100298B.
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Table C12. Petroleum Product Prices
(1997 Cents per Gallon Unless Otherwise Noted)

Projections
X 2010 2015 2020
Sector and Fuel 1997
Low World High Low World High Low World High "
Reference | World Oll e Reference { World Oll N Reference | World Oil
Oif Price N Oil Price Qil Price
Price Price Price

World Ol Price (1997 dollars per barrel) ........... 1855 1457 21.30 27.33 1457 219 29.14 1457 273 29,35

Delivered Sector Product Prices

Residentlal
Distillate Fuel....oovvvevenrnnnse veseiseenasen 97.1 91.5 107.4 1221 91.0 1084 1247 90.1 108.1 1232
Liquefied Petroleum Gas........... Ceriesiienes 1002 942 105.4 118.1 926 1069 119.2 938 1108 1217
Commerclal
Distillate FUEl. . ..vevrseverivrnerrnrsnnsrennes 68.4 60.2 762 91.2 59.9 778 94.2 60.2 789 935
Residual FUEl ....covvvevrrnrrnrereensnrsrees 51.6 325 46.8 60.0 30.9 47.6 63.7 317 50.7 654
Residual Fuel (1997 dollars per barrel} ... ......... 2167 1365 19.66 25.22 12.97 20.00 26.76 13.32 21.30 2746
Industrial’
Distillate Fuel............. Ceeserrersesisienee 70.7 61.5 772 927 62.0 799 964 634 827 969
Liquefied Petroleum Gas.,.........cvevuvnnnnn 724 473 516 705 457 59.1 709 474 632 731
Residual Fuel ............ ferseressesarenenan 434 228 40.7 53.6 21.3 408 564 221 432 672
Residual Fuel (1997 dollars per banel) ............ 18.21 9.57 17.10 22.50 893 17.14 23.68 9.28 18.15 24.02
Transportation
Diese! Fuel (distiflate)? .....0vv.ne.. cererereess 1184 1032 119.0 134.2 100.6 118.7 1347 99.1 1183 1326
JRLFUBR ©ovrrtvnrverienererenrereeaans 702 597 716 933 60.4 804 86.3 63.3 85.1 105.7
Motor Gasoling* . .....vvvrnreereerenrencancoss 1214 1082 128.8 1436 105.9 129.2 1433 103.9 128.8 1414
Liquefied Petroleum Gas.......... 1036 101.3 1127 125.0 98.0 1121 1241 97.0 1139 1245
Residual Fuel .......... vereene 46.2 242 38.6 509 233 38.8 547 235 422 56.6
Residual Fuel (1997 dollars perbamel) .............. 1940 1014 16.20 21.40 9.77 16.32 2297 9.86 17.74 2375
E85 ,........ fesresrereerssiisrsnesranionee 1458 140.9 156.7 1714 1406 158.1 172.6 1430 1589 74
MBS vvrvrierrarernrerersernsrncnnsaniinins 97.3 785 953 108.0 715 959 1127 765 96.8 1120
Electric Generators®
Distillate Fuef,.... Ceresresierarissnerarsenans 61.4 555 709 . 859 55.5 732 89.8 575 756 90.0
Resldual Fuel ....vvveseenrennnisrennns cerees 413 303 527 68.5 284 544 752 293 584 771
Residual Fuel (1997 dollars per 17214 (1) H 1736 1274 22.14 28.76 11.93 22.84 31.59 1229 24.51 3240

Refined Petroleum Product Prices®
Distilate Fuel . ..vvvvversvnennns
JetFuel oovvniriiiininiinens
Liquefied Petroleum Gas.......vvverervisnesnns

927 109.2 1247 90.9 109.8 126.2 90.1 110.1 1247
59.7 776 933 60.4 804 9.3 633 85.1 105.7
519 68.0 80.6 56.1 69.3 808 571 730 827

Motor Gasoling* . ............. Srrereereiannee 1214 1082 128.8 1436 105.9 1202 1433 1039 1288 1411
Residual Fuel ......covvvveeriernerncnnsnnsnes 44.1 26.4 413 53.5 249 413 56.9 253 443 58.4
Residual Fuel (1997 dollars per barrel) ............ 1853  11.07 17.33 2247 1047 17.35 2391 10.64 18.59 24.55

AVEIage .evvvverrerresrcsrssressnsanaasses 101.2 875 1063 1211 85.2 1067 1215 845 107.5 1213

"Includes cogenerators, Includes Federal and State taxes while excluding county and state taxes.

21 ow sulfur diesel fuel. Includes Federal and State taxes while excluding county and local taxes.

*Kerosene-type jet fuel.

4Sales welghted-average price for all grades. Includes Federal and State taxes while excluding county and local taxes.

Sincludes all electric power generators except cogenerators, which produce electricity and other useful thermal energy.

®Welghted averages of end-use fue! prices are derived from the prices in each sector and the corresponding sectoral consumption. Includes small power producers and exempt
wholesale generators,

* Sources; 1997 prices for gasoline, distillate, and jet fuel are based on prices in various issues of Energy Information Administration, (EIA) Petroleum Marketing Monthly,
DOE/EIA-0380 (97/03-98/04) (Washington, DC, 1997-98). 1997 prices for all other petroleum products are derived from EIA, State Energy Price and Expenditures Report: 1995,
DOEJ/E!A-0376(95) (Washington, DC, August, 1998). Projections: EIA, AEO99 National Energy Modeling System runs LWOP99.D100298B, AEO99B.D100198A, and
HWOP99,D100298B.
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Table C13. Natural Gas Supply and Disposition NI ¢
(Trillion Cubic Feet per Year : L
Projections
) 2010 2015 2020

Stepl, Dispostion end rces e Low World High ), cuwonid| High ) o world High

Oil Price Reference | World Ol Oil Price" Reference | World Qil Oil Price Reference | World Ol
' Price . i Price Price

Production .

Dry Gas Production® ........cceevevveninnnnn. 18.94 23.25 2317 23.88 25.45 26.11 26.45 26.89 27.35 2747
Supplemental Natural Gas? 0.12 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Net Imports . 284 416 4.35 438 4.65 478 4.80 4.90 5.02 5.03
Canada 2.84 3.96 4.15 4.18 447 4.61 4.63 4.78 491 491
Mexico -0.02 -0.09 -0.09 -0.09 0.12 -0.12 -0.12 -0.17 017 017
Liquefied Natural Gas 0.02 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

Total SUPPIY cvvvneeininniiiinnriannannee., 2189 2747 28.18 28.32 30.15 30.95 31.32 31.85 R44 32.56

Consumption by Sector
Residential....cveiiinieneineieriereneannes 5.00 5.35 5.36 5.38 5.58 5.61 5.63 5.74 5.77 5.80
Commercial v..ovvveriiiiiiiiineiocienaanans 3.28 370 373 3.74 3.82 3.86 3.86 3.84 3.88 3.89
INQUSHIAR ..o ve e e 840 8.99 9.46 9.65 9.30 9.87 10.23 9.57 10.24 10.58
Electric Generators* ... 333 6.54 6.69 6.60 8.31 842 840 9.36 9.16 8.92
Lease and Plant Fuel® 1.25 1.62 1.65 1.65 1.77 1.81 1.83 1.90 1.93 1.94
Pipeline Fuel ..oovvniiiiiiiiiiiiiinenennent. 0.71 0.86 0.87 0.88 0.92 0.94 0.95 0.96 0.98 0.99
Transportation® . ... 001 0.25 0.25 0.25 0.30 0.30 0.30 0.34 0.33 0.33
Total ..... F P X 7 A} | 28.02 28.16 30.00 30.81 31.20 31.711 32.30 3245
DISCTEPaNCY” vevvernnrinriraronersiasannnnes <010 0.16 0.16 0.16 0.15 0.14 0.12 0.15 0.14 0.11

Marketed production (wet) minus extraction losses.

2Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed with natural
gas. [

Sincludes consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale
generators.

*Represents natural gas used In the field gathering and processing plant machinery.

*Compressed natural gas used as vehicle fuel.

7Balancing item. Natural gas lost as a result of converting flow data measured at varying temperatures and pressures to a standard temperature and pressure and the merger
of different data reporting systems which vary in scope, format, definition, and respondent type. In addition, 1997 values include net storage injections.

Btu = British thermal unit.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1997 may differ from published data due to intemal conversion factors.

Sources: 1997 supplemental natural gas: Energy Information Administration (EIA), Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1938). 1997 imports
and dry gas production derived from: EIA, Natural Gas Annual 1996, DOE/EIA-0131(96) (Washington, DC, September 1997). 1997 transportation sector consumption: EIA,
AEO99 National Energy Modeling System runs LWOP99.D100298B, AEOS9B.D100198A, and HWOP99.D100298B. Other 1997 consumption: EIA, Short-Term Energy Outlook,
September 1998. Online http://www.eia.doe.gov/emeu/steo/pub/upd/sep98/contents.htm! (October 15, 1998) with adjustments to end-use sector consumption fevels for
consumption of natural gas by electric wholesale generators based on EIA, AEO99 National Energy Modsling System runs LWOP89.D100298B, AEO99B.D100198A, and
HWOP99.D100298B. Projections: EIA, AEO99 National Energy Modeling System runs LWOP99.D100298B, AEO998.D100198A, and HWOP99.D1002988B.
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Table C14. Natural Gas Prices, Margins, and Revenue
(1997 Dollars per Thousand Cubic Feet, Unless Otherwise Noted)

Projections
2010 2015 2020
Prices, Margins, and Revenue 1997
. High High High
Low World} o rence | wortd ot [0 World ) peterence | worid ont [0% World | peterence | wortd o
Oil Price Oil Price Oil Price
Price Price Price
Source Price

Average Lower 48 Wellhead Prce! .vverrereeren, 223 248 252 252 258 262 264 262 2.68 270
Average Import Price v.ovvvuvvneviisnniiniine 215 234 248 254 243 255 2.61 253 268 273
AVEIAgE? . ovrvernnnersiancsnorasrsonsenonss 222 245 251 252 255 260 263 261 268 21

Dellvered Prices
Resldential v vuvieererierierneernncesarnonans 7.00 6.13 6.17 6.18 5.91 5.95 597 5.86 591 593
Commercal v..vvvvunens 579 5.27 532 534 517 5.2 5.25 517 524 5.26
Industrial®...oovvveeeenns veee. 304 3.19 323 3.25 328 332 3.35 3.34 340 342
Electric Genarators® ..ovvvervvnnerrsreneens ... 276 3.07 3.15 3.16 3.18 3.24 325 3.23 3.31 331
Tmnsponaﬂon’ P - < 7.19 7.37 741 7.28 752 7.56 127 157 7.61
AVErage® .ooveevirnrieriecncrnenncnanneiees A4 415 4.18 419 4.10 413 415 410 4.16 418

Transmisslon and Distribution Margins’
Residental,svvsvsresnirrisrvrnveninnennen, 478 367 3.66 3.66 336 335 33U 325 38 32

3.57 2.82 2.81 282 262 262 2.62 256 256 256

0.82 074 0.72 0.72 0.73 0.72 0.71 073 0.72 0.72

0.54 0.62 0.64 0.63 0.63 0.63 0.62 0.63 0.63 0.60

. .. 415 4,73 486 4.88 473 492 493 4.66 4.89 4.90

AVErage® veveirerioreerrornriiinnrreraanees 222 1.69 1.67 1.67 155 153 151 149 148 147

Transmisslon and Distribution Revenue

(blllon 1997 dollars)

Residential,.vvevrursenrerressenosneness .. 2392 1965 19.64 19.68 18.74 18.76 18.80 18.65 18.65 18.69

Commercial .vuvvrvrerrrreesrenensnnnens . 1170 1043 10.50 10.54 10.01 10.10 10.12 9.84 9.93 9.94

INAUSHIAR . o vevreeveerernnrrneereeeens 6.92 6.64 6.82 6.98 6.82 7.06 7.30 6.97 733 7.58

Electric Generators® ...vvvevvreernnnnns 1.80 4.03 4.28 417 525 5.31 5.17 5.86 5.76 539

Transportation® ............ vees 0.06 1.20 122 122 143 148 148 1.56 1.64 1.64

Total cuevvervenenenernnncnureanensaoeenss 4439 4195 4247 4259 4224 4272 42.87 42.88 4331 4323

'Represents lower 48 onshore and offshore supplies.

*Quantity-welghted average of the average lower 48 wellhead price and the average price of imports at the U.S. border.

JIncludas consumption by cogenerators.

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includss small power producers and exempt wholesale
generators,

*Compressed natural gas used as a vehicle fuel. Price includes estimated motor vehicle fuel taxes.

$Waighted average prices and margins. Welights used are the sectoral consumption values excluding lease, plant, and pipsline fuel.

TWithin the table, *transmission and distribution® margins equal the ditference between the delivered price and the source price (average of the wellhead price and the price of
Imports at the U,S. border) of natural gas and, thus, reflect the total cost of bringing natural gas to market. When the term "transmission and distribution® margins is used In today's
natural gas market, it generally does notinclude the cost of independent natural gas marketers or costs assoclated with aggregation of supplies, provisions of storage, and other
services, As used here, the term Includes the cost of all services and the cost of pipeline fuel used in compressor stations.

Note; Totals may not equal sum of components due to independent rounding.

Sources: 1997 industrial delivered prices based on Energy Information Administration (EIA), Manufacturing Energy Consumption Survey 1991. 1997 residential and commercial
delivered prices, average lower 48 wellhead price, and average import price: EIA, Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1998). Other 1997 values,
and projections: EIA, AEO99 National Energy Modeling System runs LWOP99.D1002988, AEQ99B.D100198A, and HWOP99.D100298B.
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Table C15. Qil and Gas Supply

‘ Projections
. 2010 2015 2020
Production and Supply 1997
) . - High High . High
Low World Reference | World Oil Lo‘.” World Reference | World Oil Low World Reference | World Ol
Oil Price Oil Price Oil Price
Price Price Price
Crude Oil
Lower 48 Average Wellhead Price’ :
(1997 dollars per barrel) v.vvveencrnnsennennnas 16.25 14.20 20.80 26.73 13.81 21.05 28.09 13.68 21,73 2812
Production (million barrels per day)?
US.Total vevurvernnicnncneneancannnns veessees 645 4.96 5.59 6.06 452" 534 5.89 412 496 548
Lower480nshore . .ovreeerivneiveniineennnns 375 265 3.07 3.35 258 321 357 2.56 3.28 364
Conventional .......ccoeveennnn. 3.17 233 2.54 2.60 2.26 256 257 225 2.57 255
Enhanced Oil Recovery .......... 058 0.33 0.53 0.76 0.32 0.66 1.00 0.32 L0711 1.09
Lower 48 Offshore 1.40 1.57 1.74 1.84 1.37 1.51 1.61 1.1 1.19 1.25
Alaska o.oeiiiiiiiicciii e e 1.30 073 078 0.87 057 0.61 071 045 049 0.59

Lower 48 End of Year Reserves (billion barrels)® .. 1828  12.02 13.80 15.14 117 13.70 15.64 10.70 13.70 1592

Natural Gas

Lower 48 Average Wellhead Price’

(1997 dollars per thousand cubic feet) .......... 223 248 252 252 2.58 2.62 264 2.62 2.68 270
Production (trillion cubic feet)® - .
US.Total cevvernnnerninnenesroncansnnsans ... 1894 2325 2317 23.88 2545 26.11 26.45 26.89 27.35 2747
Lower480nshore ....ovvevuunnene. 1288  15.87 16.36 16.45 17.97 18.47 18.83 19.86 20.24 2044
Associated-Dissolved* 1.77 1.15 1.19 1.21 1.1 1.19 1.22 1.11 1.21 1.23
Non-Associated .. .oovvnennninenns 1.1 14.72 15.18 15.23 16.86 17.28 17.61 18.75 19.04 19.21
Conventional ....... 743 1005 10.27 10.15 1.1 11.30 11.60 1214 12.32 1245
Unconventional .... 3.68 4,68 4.90 5.08 5.74 597 6.01 6.61 6.72 6.75
Lower 48 Cffshore 5.62 6.69 6.73 6.75 6.77 6.94 6.92 6.29 6.38 6.30
Associated-Dissolved* 0.80 0.90 0.93 0.95 0.85 0.89 0.91 0.79 0.81 0.83
Non-Associated .....ccovveeninnennn v 482 5.80 580 5.80 592 6.05 6.01 551 557 548
T N 044 . 068 0.68 0.68 0.7 071 0.71 0.73 -0.73 0.73

Lower 48 End of Year Reserves {trillion cubic feet) 158.13  168.41 17428 179.50 172.06 175.73 178.13 169.54 17203 173.44
Supplemental Gas Supplies (trillion cubic feet)®... 012 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Total Lower 48 Wells (thousands).............. . 2702 2670 31.54 35.46 28.76 33.66 39.13 30.30 35.62 41.36

'Represents lower 48 onshore and offshore supplies.

?Includes lease condensate.

3Market production (wet) minus extraction losses.

“Gas which occurs in crude oil reserves either as free gas (associated) or as gas in solution with crude oil (dissolved).

*Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, alir injected for Btu stabilization, and manufactured gas commlngled and distributed wnh natural
gas.

Ft. =feet.

Note: Totals may not equal sum of components due to independent roundlng Figures for 1997 may ditfer from published data due to intemnal conversion factors.

Sources: 1997 lower 48 onshore, lower 48 offshore, Alaska crude oil production: Energy Information Administration (EIA), EIA, Petroleum Supply Annual 1997, DOE/EIA-
0340(97/1) (Washington, DC. June 1898). 1997 natural gas lower 48 average wellhead price, Alaska and total natural gas production, and supplemental gas supplies: EIA, Natural
Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC, June 1998). Other 1997 values: EIA, Office of Integrated Analysis and Forecasting. Projections: EIA, AEO99 Nationa!
Energy Modeling System runs LWOP99.D01002988, AEO99B.D100198A, and HWOP99.0100298B.
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Table C16. Coal Supply, Disposition, and Prices
(Million Short Tons per Year, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply, Disposition, and Prices 1997
High High High
Low World Low World . {Low World
0il Price Reference | World Oil Oil Price Reference | World Qil Qil Price Reference | World Oil
: Price Price Price
Production®
Appalachla,,..oeererrnnrrrnnrreensncenenns .. 477 484 482 493 473 479 472 457 466 469
111111+ 17 125 127 133 151 146 157 161 164 165
L 451 634 627 615 661 670 671 716 728 734
East of the Mississippl .....ovvveririeninnnnnn 589 564 563 576 580 580 585 574 586 590
West of the Mississippl «vvvvvrrnnineeneneen ... 511 677 672 665 705 714 715 760 772 778
Total cvvereesorsnrnnssssossonnssncsesenses 1099 1242 1236 1241 1286 1294 1299 1335 1358 1368
Net Imports
IMPOAS oo vsvrsurerrereinnnnversrvireiianness 7 8 8 8 8 8 8 8 8 8
Exports ...... 84 90 90 90 91 91 91 93 93 93
Total .,..... 76 82 82 -82 -84 -84 -84 86 -86 -86

Total SUPPIY® vevvevvrorrnresernsnervecnnnnss 1023 1160 1154 1159 .1202 1211 1216 1249 12712 1283

Consumption by Sector
Residential and Commercial ...........c..c0uenes 6 7 7 7 7 7 7 7 7 7
Industrial ... ...ovierernneinns 70 75 7 7 76 79 81 78 82 84
Coke Plats .......... veens 29 24 24 23 22 22 21 20 20 19
Electic Generators® ........ 924 1054 1050 1052 1099 1103 1105 1145 1166 1173
-3 {1 X 11 1160 1156 1158 1204 1211 1214 1249 1275 1282
Discrepancy and Stock Change®. ......evueunsns 7 0 3 0 2 0 2 ] 3 0
Average Minemouth Price
(1997 dollars per shortton) .......covesennnnnsns 18.14 14,06 14.00 14.15 13.29 1321 1322 12.66 1274 12.76
(1997 dollars permillion Btu) ...ovvvennnnnnnnnss 08 - 067 0.67 0.67 0.64 0.63 0.64 0.61 0.62 0.62
Delivered Prices (1997 dallars per short ton)®
Industrial ,...siiiiriiiiiiieiiiiriinnan, 3241 27.10 2740 21.75 25.83 26.15 2643 24.60 24.96 2523
Coke Plants .o svrrerrerreriannerenrerrannns 47.36 4159 41.98 4217 39.86 40.16 4053 38.26 38.74 38.88

Electric Generators
(1997 dollars per short ton) ...
(1997 dollars per million Biu). ..
Average ..,..
Exports ..,.....

21.65 21.66 21.84 19.93 20.03 20.16 18.60 1877 18.88

1.06 1.06 1.07 0.98 0.99 1.00 0.92 0.93 0.94
2242 2246 22.65 2067 20.80 20.93 19.29 19.49 19.60
34.87 35.15 35.37 33.11 33.38 33.66 31.50 31.90 32,05

YIncludes anthracite, bituminous coal, lignite, and waste coal delivered to independent power producers. Waste coal deliveries totaled 7.9 million tons in 1994, 8.5 million tons
in 1995, 8.9 million tons in 1996, 9.4 million tons in 1997, and are projected to reach 10.0 million tons in 1998 and 10.6 million tons in 1999.

2Production plus net Imports and net storage withdrawals.

3Includes consumption by cogenerators. .

“Includes all electric power generators except cogenerators, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale
generators,

Balancing item: the sum of production, net imports, and net storage minus total consumption.

Sectoral prices weighted by consumption tonnage; weighted average excludes residential/ commercial prices and export free-alongside-ship (f.a.s.) prices.

7 F.a.s, price at U.S. port of exit.

Btu = British thermal unit.

Note: Totals may not equal sum of compenents due to independent rounding.

Sources: 1997 data derived from: Energy Information Administration (ElA), Coal Industry Annual 1997, DOE/EIA-0584(97) (Washington, DC, November 1998). Projections:
EJA, AEOS9 National Energy Modeling System runs LWOP99.D100298B, AEO99B.D100198A, and HWOP99.D100298B.
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Table C17. Renewable Energy Generating Capability and Generation
(Thousand Megawatts, Unless Otherwise Noted)

Projections
2010 ‘ - 2015 2020
Capaclty and Generation 1997
High High High
ngglﬁd Reference | World Oil Lgﬁxiﬂd Reference | World Ol) Lg:m:d Reference | World Olf
i Price Price Price
Electric Generators'

(excluding cogenerators)
Net Summer Capabllity

Conventional Hydropower 77.60 7851 7851 7851 7851 7851 7851 7851 7851 7851
GeothermaP ................. 3.00 3.16 3.16 3.19 3.25 3.25 3.26 353 352 3486
Municipal Solid Waste® .......... a4 4.01 401 401 417 447 417 427 427 427
Wood and Other Biomass* 1.66 227 233 249 3.31 3.61 3.87 5.19 5.61 6.36
SolarThermal ......cceeuvnnn. 0.35 0.44 0.44 0.4 048 0.48 0.48 0.52 0.52 0.52
Solar Photovoltaic ...o.evvereernninnnannsn. 0.01 0.30 0.30 0.30 0.46 0.46 0.46 0.64 0.64 0.64
Wind .ooovviiiiiiiiiiiii i iieeens 1.88 3.39 3.39 339 341 341 342 363 361 363
Total .......... . 13 92.07 92.14 92.33 93.60 93.89 94.17 96.28 96.68 97.39
Generation (billion kilowatthours)
Conventional Hydropower ................... 35062 32342 32342 32342 32350 32350 © 32350 32357 32358 32358
Geothermaf® 15.67 17.88 17.86 18.11 19.71 19.69 19.72 23.01 2299 22.51
Municipal Solid Waste® .....evverunrennennn. 14.30 2649 2649 2649 27.65 27.65 27.65 28.34 28.34 28.34
Wood and Other Biomass® ............c..... 421 1148 11.97 13.08 18.82 20.90 275 31.95 34,89 40.18
SolarThermal .......c.ovvvinnnnnnn Ceeees 0.90 1.19 1.19 1.19 1.31 1.31 1.31 1.44 144 144
Solar Photovoltaic ...... Cherereririieaaas 0.00 0.71 0.71 0.71 1.12 1.12 1.12 1.56 1.56 1.56
Wind ..oovnnniiii 34 7.69 769 7.69 7.76 7.76 778 850 844 850
Total cvennnriiirennenarannan. cesiraens 389.11 388.86 389.33 390.70 399.87 401.92 403.84 418.36 421.24 426.11
Cogenerators®
Net Summer Capability
Conventional Hydropower®.................. 093 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Municipal Solid Waste 0.46 0.48 0.48 0.48 049 0.49 049 0.49 049 0.49
BiOMaSS . eevevniieninrnnnonns 5.45 6.79 6.77 6.85 7.04 713 7.22 723 739 749
Total vevvevvnnnnnnnn. Ceereesaenes veeses 685 8.20 8.19 8.27 8.46 855 8.64 8.65 8.81 8.91
Generation (billien kilowatthours)
Conventional Hydropower®.......c.ooevenue. 6.16 4.90 4.90 4.90 4.90. 4.90 4.90 4.90 4.90 4.90
Municipal Solid Waste .......ocevveveenanne 1.80 232 2.32 2.32 2.34 234 234 234 234 234
BIOMASS .. cvvirerrerioasenaenaenenaanans 32.69 48.65 49.59 50.65 51.62 53.17 54.36 53.78 65.82 67.03
Total veevvnnnnnnnnnn. cerrerenseseeseess 4065 5§5.88 56.81 5787 ° 5886 60.41 61.60 61.02 63.06 64.27

YIncludes grid-connected utilities and nonutilities other than cogenerators. These nonutility facilities include small power producers and exempt wholesale generators.

2Includes hydrothermal resources only (hot water and steam).

Includes landfill gas.

‘Includes projections for energy crops after 2010.

SCogenerators produce electricity and other useful thermal energy.

*Represents own-use industrial hydroelectric power.

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEQ99, Net summer
capability is used to be consistent with electric utility capacity estimates. Data for electric utility capacity are the most recently available as of July 1, 1998. Additional retirements
are also determined on the basis of the size and age of the units. Therefore, capacity estimates may differ from other Energy Information Administration sources.

Sources: 1997 electric utility capability: Energy Information Administration (EIA), Form EIA-860, "Annual Electric Generator Report.” 1997 nonutility and cogenerator capability:
EIA, Form EIA-867, "Annual Nonutility Power Producer Report.* 1997 generation: EIA, Annual Energy Review 1997, DOE/EIA-0384(97) (Washington, DC, July 1998). Projections:
EIA, AEO99 National Energy Modeling System runs LWOP99.D100298B, AEO99B.D100198A, and HWOP99.D100298B.
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Table C18. Renewable Energy Consumption by Sector and Source'
(Quadrillion Btu per Year)

Projections
2010 2015 2020
Sector and Source 1997
High High High
Low World Reference } World Ol Low World Reference | World Oll Low World Reference | World Ol
Oll Price Oll Price Oil Price
Price Price Price
Marketed Renewable Energy®
Resldentlal seevevrserassasnvesasvesesseseanes 0.60 0.62 0.62 0.62 064 0.64 0.64 0.65 0.65 0.65 °

Wood ....vvvvsrvennnnniiervennanesneneer... 060 0.62 0.62 0.62 0.64 0.64 0.64 0.65 0.65 0.65

Commerclal® vvvuvennrvrecveereererneroaneess 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BIOMASS o vevrerrrrrereervessssersaseernnees 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Industrlal vuvvsnenneinnssnnisnnnnes 229 231 234 242 245 249 252 256 2,60
Conventional Hydroelectric ........... Ceviensaes 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Municipal SolidWaste .....evveenerinnniinnins O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lo R X 225 227 230 238 24 245 248 252 257

Transportatlon vu.vvevevesininiiiineseasenses 040 0.12 0.20 0.24 0.15 0.25 033 017 0.28 0.40

Ethanolused INEB5® .......oieiiirnnnnennnnn. 0.00 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.06 0.06
Ethanol used in Gasoline Blending ....... Ceverees 0.10 0.08 0.16 0.20 0.10 0.20 028 0.1 T022 0.34
Electric Generators® ...ovvvevecrcniennniciness 435 447 448 450 463 4,64 4,66 4.87 490 493
Conventional Hydroelectric ....ovvvuvrnsennennns 3.60 332 3.32 3.32 3.33 333 333 3.33 333 333

Geothemal +..veeveernnnnienreninrernenenes 0.43 0.52 0.52 0.53 0.58 059 0.59 0.69 0.69 0.67

Municipal SofidWaste........ccvevvivennnnents 0.23 042 0.42 042 0.44 0.44 044 045 0.45 045
BloMass . .ovvvrerrennaons teersenrenenransres 0.04 0.10 0.1 012 0.17 0.19 020 0.28 0.31 0.36
SolarThemal ....ovvvvvrvrernirnennennnnnnn. 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Solar Photovoltale v vvvverernenennierariennes. 000 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02
L ... 004 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.09

Total Marketed Renewable Energy ........00es.. 692 751 761 7.70 783 7.99 812 8.21 8.38 8.58

Non-Marketed Renewable Energy”

Selected Consumption

Resldentfal ....covvvevierivirerseneninnsness 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.05 0.05 0.05
Solar Hot Water Heating .........cvvvenunnnnns 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Geothermal Heat Pumps ....o.vvvervevennnnnnns 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.04 0.04

Commercial vooeveirerireranseisessanacesense 0.02 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04
SolarThemal ..vevsersssnernnsssrersosconess 002 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04

TActual heat rates used to determine fue! consumption for all renewable fuels except hydropower, solar, and wind. Consumption at hydroelectric, solar, and wind facilities
determined by using the fossil fuel equivalent of 10,280 Btu per kilowatthour,

*Includes nonelectric renewable energy groups for which the energy source is bought and sold in the marketplace, although all transactions may not necessarily be marketed,
and marketed renewable energy Inputs for electricity entering the marketplace on the electric power grid. Excludes electricity imports; see Table C8.

Value Is less than 0,005 quadrillion Btu per year and rounds to zero.

“Includes all electricity production by Industrial and other cogenerators for the grid and for own use.

*Excludes motor gasoline component of E85,

*includes renewable energy delivered to the grid from electric utilities and nonutilities. Renewable energy used in generating electricity for own use Is included in the individual
sactoral electricity energy consumption values.

"Includes selected renewabls energy consumption data for which the energy Is not bought or sold, either directly or indirectly as an Input to marketed energy. The Energy
Information Administration does not estimate or project total consumption of nonmarketed renewable energy.

Btu = British thermal unit,

Notes: Totals may not equal sum of components due to independent rounding.

Sources: 1997 ethanol: EIA, Annual Energy Review 1997, DOE/EIA-0384(97) (Washington, DC, July 1998} . 1997 electric generators: Energy Information Administration (EIA),
Form EIA-860, "Annual Electric Generator Report,” and EJA, Form EJIA-867, "Annual Nonutility Power Producer Report.® Other 1997: EIA, Office of Integrated Analysis and
Forecasting. Projections: EIA, AEO99 National Energy Modeling System runs LWOP39.D100298B, AEO99B.D100198A, and HWOP99.D100298B.
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Table C19. Carbon Emissions by Sector and Source
(Million Metric Tons per Year)

Projections
2010 X 2015 2020
Sector and Source 1997 . ' E
High High High
Low World Reference | World Oil FO\lef)rld Reference | World Oil LoY’WP"d Reference | World Oil
Qil Price Qil Price 0Oil Price
Price : Price Price
Residential
24.8 23.0 216 242 22,0 20.4 234 210 194
793 795 79.8 827 831 834 85.1 85.6 859
1.3 13 13 13 1.3 13 13 13 1.3

2339 2286 2287 252.9 2479 247.7 2705 267.2 267.1
339.3 3325 3314 361.1 3543 362.8 380.3 375.0 3137

Commercial :
Pefroleum ......coiiiiiiiiiiiiiiiiiiiines 4 127 114 10.3 128 11.0 10.0 12,6 10.6 9.8
Natural Gas E | 54.9 55.3 55.5 56.5 5714 57.3 56.9 57.6 57.7
Coal .....cvvnnns E 5 25 25 25 26 26 28 26 2.6 26
Electricity ......... | . 2178 2128 2127 233.1 228.3 228.1 2406 2373 2373
L 1 288.0 2817 280.9 305.1 299.0 298.0 3127 308.1 3073
Industrial'
Petroleum ..o.vvviiiiiiniiiiniiiiany e 1058 1283 1174 1105 1324 120.0 1112 135.7 1214 1130
Natural Gas? 1422 1545 161.9 164.9 1614 1704 1756 167.1 1774 . 182.3
Coal eviiiiiiiiii i s 58.5 63.0 63.5 63.5 63.3 64.6 65.4 63.4 65.9 66.7
Electicity .. ovovr v it 1756 2123 206.5 205.4 225.1 2195 218.6 2334 229.8 229.1
Total ...... cerrareasesssaeenranes vesvease 482.1 5582 .549.4 544.2 582.1 5745 570.8 599.6 594.5 5911
Transportation
Petroleum®........... . 609.9 600.8 589.7 645.8 6329 618.5 681.0 664.7 648.2
Natural Gas* 164 167 16.7 18.1 184 185 19.2 19.5 19.6
(07111 PO 1 14 1.4 13 1.8 1.7 1.5 20 1.9 1.7
Electricity ...... ereerarseireieenas R i 78 76 15 9.7 94 9.3 115 1.2 110
Tt e, 635.5 626.3 615.1 6754 662.3 647.7 137 697.3 680.5
Total Carbon Emissions by Delivered Fuel ’
Petroleum® 7757 7524 7321 8153 7859 760.1 852.7 817.7 7904
Natural Gas X 305.1 3134 . 3168 318.7 3289 3348 3283 340.0 345.5
Coal ..vvnvinninnannn £ 66.8 67.4 67.3 67.1 68.4 69.2 67.3 69.8 706
Other® .......... . 1 14 14 13 1.8 1.7 15 20 1.9 1.7
Electricity ........... z 671.9 655.4 654.3 7208 705.1 703.7 755.9 745.5 7445
Total . iveerierarrianeoenas [, [ .6 1820.9 1789.9 177 1923.6 1890.1 1869.3 2006.3 1974.9 1952.6
211 58 4.1 24.0 53 37 234 4.9 3.7
96.2 985 97.2 1223 124.0 1236 137.8 134.8 131.3

554.5 §51.1 5530 - 5746 5759 5764 594.7 605.8 609.4
6719 655.4 654.3 720.8 705.1 703.7 7559 7455 7445

Total Carbon Emissions by Primary Fuel’
Petroleum®. ... . 796.8 758.1 736.1 839.2 7914 7638 876.1 822.6 794.1

401.3 4119 414.0 440.9 452.9 4583 466.1 4748 476.8
6214 6185 620.3 6417 644.4 645.7 662.0 675.6 680.0
14 14 13 1.8 17 15 20 1.8 1.7
18209 17899 1mag 19236 1890.1 1869.3 2006.3 1974.9 19526

Carbon Emissions .
(tonS PErperson).cveeeseeceessesnassnnannes 55 6.1 6.0 59 6.2 6.1 6.0 6.2 6.1 6.0

TIncludes consumption by cogenerators.

2Includes lease and plant fuel.

3This includes international bunker fuel which, by convention, are excluded from the international accounting of carbon emissions. In the years from 1988 through 1996, international bunker
fuels account for 22 to 24 million metric ton of carbon annually.

“Includes pipeline fuel natural gas and compressed natural gas used as vehicle fuel,

Sincludes methano! and liquid hydrogen.

®Includes all electric power g ors except cog ors, which produce electricity and other useful thermal energy. Includes small power producers and exempt wholesale generators.

TEmissions from electric power generator are distributed to the primary fuels.

Note: Totals may not equal sum of components due to independent rounding.

Sources: Carbon coefficients from Energy Information Administration, (EIA) Emissions of Greenhouse Gases in the United States 1997, DOE/EIA-0573(97) (Washington, DC, October
1998). 1997 consumption estimates based on: EIA, Short-Term Energy Outlook, September 1998. Online http/iwviw.efa.doe.gov/emewsteo/pub/upd/sep98/contents.htm! (October 15, 1998).
Projections: EIA, AEO98 National Energy Modeling System run LWOP99.D100298B, AEQ99B.D100198A, and HWOP99.D100298B.
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Oil Price Case Comparisons

Table C20. International Petroleum Supply and Disposition Summary
(Million Barrels per Day, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply and Disposition 1997 N :
Low World High .. |Low World High .. |Low World High
Reference | World Oil Reference | World Oif | .. Reference | World Oil
Ol Price Ol Price . 0il Price
Price . Price Price
World Oil Price (1997 dollars per barrel)' ......... 1855 1457 21.30 27.33 14.57 21.91 29,14 14.57 273 29,35
Production?
OECD :
U.S. (505tates) s uureennnrmennrrennenns paveens 934 8,12 8.99 9.50 7.87 8.94 9.63 7.60 8.70 9.34
[ T P 259 325 3.31 3.36 327 3.35 341 3.29 3.38 343
MBXICO +vvvrnrrrersererserirresranrnnranens 344 3.85 3.97 4.06 3.81 3.95 4.05 3N 387 3.97
OECD EWOPEY vvvvvrrererneneerernnnennnnnns 7.02 7.36 747 7.56 6.62 6.75 6.83 6.13 6.26 6.34
OtherOECD ..vvvvvrrevreenrennnennnres benrns 0.83 0.87 0.91 0.94 0.82 087 - 0.91 0.75 0.80 0.84
Total OECD 4vvvvvenennses sesessrasesisasnae 23.21 23.45 24.66 2542 2239 23.86 24.83 2148 23.00 23.92
Developing Countrles
Other South & Central America .................. 340 4,62 4177 488 4.72 4.90 5.03 417 4.97 51
PacificRim »..oviennnnnns Perverreransanaes 217 3.06 3.16 3.23 3.1 3.23 3.32 3.12 3.25 3.34
OPEC.vvvrierrnnnnss . 2985 4830 40.35 35.12 59.07 48.70 42.00 71.38 58.81 51.39
Other Developing Countries ........... Crreresaes 458 613 6.33 647 6.57 6.82 6.93 702 732 752
Total Developing Countries vuvvervaereionness 3999 6211 54.60 49.69 7348 63.65 57.34 86.30 7436 61.35
Eurasia
Former SovietUnlon ......vvvvevvernnneennnnnn 7.13 11.66 12.03 12.31 12.16 12.62 12.95 12.65 13.18 1353
Eastem EUrope . ..ovevvvreerernrrvrrerranannes 0.25 0.41 042 043 0.42 044 0.45 0.40 042 . 043
(11 reseserarienrararas 3.20 345 3.56 3.65 347 3.60 3.69 332 3.46 3.56
Total EUrasla.ovesrsnveasosssssaseennnsarnes 10.58 15.52 16.02 16.38 16.05 16.65 17.09 16.37 17.06 17.51
Total Production v.evusersrnerencraressessenas 7378 101.08 95.28 91.4% 111.92 104.17 99.26 12414 114.41 108.79
Consumption
OECD
U.S, (505tateS) s oo vreveererrinrerionsennnanns 1862 2360 22.69 2213 24.84 2371 23.03 25.95 24.67 23.94
U.S, Termonies ovvuvvrvrnrnnesrerareenennens 0.20 044 0.38 0.35 0.49 0.42 0.38 0.55 047 0.42
L6 1.86 247 219 2.01 2.68 232 211 290 248 224
MEXICO +uvvrerirrirnirnereererererernnnnnnns 1.91 3.04 278 2.61 3.38 3.02 279 - 3n 3.26 3.00
7 1 5.71 843 7.21 642 9.31 7.58 6.55 10.24 8.02 6.80
Australiaand New Zealand, ........cevvvnnnnnns 0.95 1.27 1.21 117 1.32 1.25 120 1.38 1.30 1.25
OECDEUOPE® +'vverrernerrnnransnnnnennenns 1443 16.40 1550 14.92 16.62 15.59 14.91 16.83 15.69 15.02
TOtAlOECD ..vvvevrurecnnnronsessessancecan 4368 5565 51.97 49,60 58.62 53.89 50.96 61.56 §5.88 5267
Developing Countrles
Other South and Central Amenica ....vvevverenees 3. 6.86 6.64 6.49 8.01 " 752 9.33 8.97 8.74
Pacific RiM 4uuvvvsivssrnnrissrerennannnnenees 417 7.66 7.38 7.18 9.14 8.74 8.48 10.89 10.38 10.07
OPEC vvvviveinurnernirnisnenesnerossssanss 5.56 7.06 7.06 7.06 791 791 791 8.86 8.86 8.86
Other Developing Countries .. ....... Crersaesinas 55 897 820 767 10.32 9.14 838 1.87 10.24 9.26
Total Developing Countries +..vvvvveneennnen. 19.60 30.55 29.28 2841 35.37 3351 3229 40.96 3845 36.93
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Oil Price Case Comparisons

Table C20. International Petroleum Supply and Disposition Summary (Continued),
" (Million Barrels per Day, Unless Otherwise Noted)

Projections
2010 2015 2020
Supply and Disposition 1997 Hi
. gh High High
ng:i? Reference | World Oll Lgv;': :{iﬂd Reference | World Ol Lg‘;{::’;d Reference | World Ol
Price Price - Price
Eurasla
Former SovietUnion ......ooovveeneiiininnnne 443 623 596 5.78 7.06 6.7 6.48 790 747 12
Eastem Europe......... eees 137 1.96 1.90 1.87 2.31 2.24 2.19 2.74 2,65 259
o China .oeeeennnnnenn 3.88 6.99 647 6.14 8.86 8.12 7.64 11.29 10.26 9.67
Total Eurasia......... 9.68 1517 1433 13.78 18.23 17.07 1631 21.92 20,38 19.48

Total Consumption ...eeveeveranraneeneaeceses 7296 10138 9558 91.79 11222 104.47 99.56 1244 114.71 109.09

Non-OPEC Production .........cccuvuetn Ceeenne 4394 8217 5493 56.37 52.84 865.46 57.26 52.76 55.60 57.40
Net Eurasia Exports 091 0.35 1.69 2.60 218 041 0.78 -5.56 -3.32 -1.97
OPEC Market Share 0.40 0.48 0.42 0.38 0.53 047 042 0.58 0.51 047

‘Average refiner acquisition cost of imported crude oil.

2Includes production of crude oil {including lease condensates), natural gas plant liquids, other hydrogen and hydrocarbons for refinery feedstocks, alcohol, liquids produced
from coal and other sources, and refinery gains.

30ECD Europe includes the unified Germany.

OECD = Organization for Economic Cooperation and Development - Australia, Austria, Belgium, Canada, Denmark, Finland, France, Genmany, Greece, Iceland, Ireland, Italy,
Japan, Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States (including
territories).

Pacific Rim = Hong Kong, Malaysia, Philippines, Singapore, South Korea, Taiwan, and Thailand.

OPEG = Organization of Petroleum Exporting Countries - Algeria, Gabon, Indonesta, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabla, the United Arab Emirates, and
Venezuela.

Eurasia = Albania, Bulgaria, China, Czech Republic, Hungary, Poland, Romania, Siovak Republic, the Former Soviet Union, and the Former Yugoslavia.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1997 data derived from: Energy Information Administration (E1A), Short-Term Energy Outlook, September 1998. Online hitp://www.eia.doe.gov/emeu/stec/pub/upd/
sep98/contents.htm! (October 15, 1998). Projections: EIA, AEOS9 National Energy Modeling System runs LWOP99.D100298B, AEOS9B.D100198A, and HWOPS9. D1002988B.
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Appendix D
Crude Oil Equivalency Summary

Table D1. Total Energy Supply and Disposition Summary
(Million Barrels per Day, Unless Otherwise Noted)

Reference Case énnv':;:
Supply, Disposition, and Prices 1 9;;_ 2020
1996 1997 2000 2005 2010 2015 2020 (percent)
Production
Crude Oiland Lease Condensate ......evvevvrnnness 647 6.45 6.29 5.82 559 534 4.96 -1.1%
Natural Gas PlantLiquids .........ccvvviinnnnnnnsns 1.23 1.22 1.20 1.32 1.4 1.57 1.64 1.3%
Dry Natural Gas ............ 9.10 9.20 9.34 10.47 11.54 12,68 1325 1.6%
07 10.72 11.02 11.61 11.80 12.24 1273 13.25 0.8%
NUCIEAr POWET +vvvverevreriorseressononeosonnes 3.39 3.17 3.32 3.18 279 211 1.80 24%
Renewable Energy1 3.21 322 3.21 3.36 3,51 3.67 384 0.8%
Other vovvvevnenenens 0.61 0.31 0.25 0.27 0.27 0.29 0.31 0.1%
] 7 veens 34.7_2 34.59 35.22 36.32 37.39 38.39 39.05 0.5%
Imports
o110 S 751 8.23 9.02 992 11.02 11.50 11.99 1.7%
Petroleum Products’ .vvvvvevvisireviinirinnne, 188 184 248 3.05 347 4.02 468 4.2%
Natural Gas ............ 1.4 144 1.67 1.88 229 243 257 25%
Other Imports® 027 0.25 0.35 0.33 0.33 0.34 0.35 1.5%
1 11.07 11.76 13.52 15.17 17.04 18.28 19.60 2.2%
Exporls
Petroletm® o vveeie e iees 0.96 0.99 0.96 0.97 1.00 0.95 0.94 -02%
Natural Gas ......... pereenenses sesesresierianes 0.07 0.08 0.09 0.10 0.1 0.13 0.15 3.1%
7 112 1.01 1.01 1.04 1.07 1.09 111 04%
Totalseseeeesnrseseessaseserescncasascncannass 215 210 2,06 211 218 217 221 0.3%
DISCrEPancy” «ovevseserorsscnsrnsnsnnannaanancens 047 0.16 0.01 -0.01 0.01 -0.05 -0.09 NA
Consumption
Petroleum Products® .....ovveererieriniirneninnns 16.97 17.24 18.35 19.49 20.89 21.82 2265 1.2%
Natural Gas ............ 10.64 10.67 10.91 12.23 13.60 14.95 15.62 1.7%
Coal suvirienirnirnnnas 9.7 9.96 10.68 10.93 11.27 11.72 12.24 0.9%
Nuclear Power .......... 3.39 317 3.32 3.18 279 21 1.80 24%
Renewable Energy‘ seesesnerisarrseras 3.21 3.2 3.21 3.36 3.52 3.68 3.85 0.8%
OEP vevverineerenenenenernennenss 0.18 0.16 022 0.18 0.18 0.18 0.18 0.7%
Total,seereeennnarnosnssasessssnsssosaasassnes 41 4442 46.69 49.37 5226 54.46 56.35 1.0%
NetImports - Petroleum ..vvvvevvnnrerneronsocnnss 843 907 1054 1199 1349 1456 1573 2.4%
Prices (1997 dollars per unit)
World O Price (doflars perbarrel® ............ e 21.01 18.55 1397 19.25 21.30 21.91 273 0.9%
Gas Wellhead Price (dollars per Mcf)!" ... 228 223 2.10 235 252 262 268 0.8%
Coal Minemouth Price (dollars perton) ............... 18.85 18.14 16.59 14.93 14.00 1321 1274 -1.5%
Average Electric Price (cents per kilowatthour) ......... 6.9 6.9 6.6 64 6.1 5.8 56 -0.9%

YIncludes grid connected electricity from hydroelectric; wood and wood waste; municipal solid waste; other biomass; wind; photovoltaic and solar thermal
sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components
of E85, but not the ethanol components of blends less than 85 percent. Excludes nonmarketed renewable energy.

?Includes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.

3includes Imports of crude oil for the Strategic Petroleum Reserve.
“Includes Imports of finished petroleum products, imports of unfinished oils, alcohols, ethers, and blending components.

SIncludes coal, coal coke (net), and electricity (net).
®Includes crude oil and petroleum products,

"Balancing item. Includes unaccounted for supply, losses, gains, and net storage withdraws.
%Includes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleurn based liquids for blending, such as ethanol.
“Includes net electricity Imports, methanol, and liquid hydrogen.

Average refiner acquisition cost for imported crude oil.

Represents lower 48 onshore and offshore supplies.
Mcf = Thousand cubic feet.
NJ/A = Not applicable.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1996 and 1997 may differ from published data due to intemal

conversion factors.

Sources: 1996 natural gas values: Energy Information Administration (EIA), Natural Gas Annual 1996, DOE/EIA-0131(96) (Washington, DC, September
1997), 1996 coal minemouth prices: EIA, Coal Industry Annual 1996, DOE/EIA-0584(96) (Washington, DC, November 1997). Other 1996 valuss: EIA,
Annual Energy Review 1997, DOE/EIA-0384(96) (Washington, DC, July 1998). 1997 natural gas values: EIA, Natural Gas Monthly, DOE/EIA-0130(98/06)
(Washington, DC, June 1998). 1997 coal minemouth price: Coal Industry Annual 1997, DOE/EIA-0584(97) (Washington, DC, November 1998). Coal
production and exports derived from: EIA, Monthly Energy Review, DOE/EIA-0035(98/08) (Washington, DC, August 1998). Other 1997 values: EIA, Annual
Energy Review 1997, DOE/EIA-0384(86) (Washington, DC, July 1998). Projections: EIA, AEO99 National Energy Modeling System run

AEOQ99B.D100198A.
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Crude Oil Equivalency Summary

Table D2. Total Energy Supply and Disposition Summary
(Mtoes per Year, Unless Otherwise Noted)

Reference Case Annual
Supply, Disposition, and Prices Growth
’ ’ ’ 1906 | 1997 | 2000 | 2005 | 2010 | 2015 | 2020 | 1997-2020
{percent)
Production
Crude Oil and Lease Condensate . ............. 345.05 344.10 . 335,59 310.22 298.19 284.64 264.76 -1.1%
Natural Gas Plant Liquids ................... 6551 64.88 64.12 7061 77.00 8369 8755 1.3%
DryNaturalGas ..........ooiiiininannnnnn 486.83 490.54 49946 55870 615.79 676.44 708.61 1.6%
Coal. e 573.30 587.94 620.94 635.03 652.98 679.21 708.68 0.8%
Nuclear POWer . .....oveeiieenneennraannns 181.56 169.16 17746 169.60 149.04 11271 96.48 -2.4%
Renewable Energy! .......coviiininianennn. 17166 17194 17182 179.19 187.52 19591 205.39 0.8%
L0} 110 32.36 16.69 13.30 14.29 14.27 15.62 16.40 -0.1%
Total civerecreneessnccncnncacacsacncana 1856.27 1845.24 1882.69 1937.63 1994.80 2048.22 2087.87 0.5%
Imports -
Crude Oil3 ..o 41098 450.04 493.39 54250 602.64 628.95 656.00 1.7%
Petroleum Products® ...........ccoiiiiinnn. 100.23 97.90 13230 16250 185.23 214.25 249.89 4.2%
NaturalGas .. ..cocvevireeiniennnneennnns 75.64 77.07 89.56 100.13 118.12 129.87 137.54 2.6%
OtherImpors® . ..ovvvvviinrneennennnss 1426 1349 1860 1763 1781 18.08 18.81 1.5%
B ] - | 601.11 638.51 733.86 82276 923.79 991.15 1062.25 2.2%
Exports o
Petroleum® . . ..ot 5142 5268 51.34 5162 5315 5080 50.36 -0.2%
NaturalGas ........cooeiiiiiiiiiiaan .., 3.91 4.04 4.73 5.35 5.99 6.71 8.13 3.1%
{07 | P §9.72 55141 5390 5572 5723 5814 59.40 0.3%
Total voviierncinnnnnnnnnannnnnannaessss 11505 11184 10996 11269 11637 11566 117.89 0.2%
DISCrepPanty’ ...eceevecerrrennncecocnnncnns 1722 <198 640 976 -9.31 -1239 -11.12 N/A
Consumption )
Petroleum Products® .........covveeveeennn. 908.07 919.56 981.49 1039.50 1114.47 1164.27 1211.60 1.2%
Natural Gas ....vvvievnnveevnvnenronnnrens 569.21 569.37 583.78 652.35 72543 797.32 835.81 1.7%
{07 | 519.24 53154 57396 587.29 606.33 63125 661.64 1.0%
NuclearPower .........ciiiiiiiiinnnnn.. . 18156 169.16 177.46 169.60 149.04 11271 96.48 -2.4%
Renewable Energy1 ........................ 171.67 17195 171.87 179.34 187.78 196.24 205.77 0.8%
(o1 o 9.80 835 11.63 9.87 9.86 9.55 9.82 0.7%
Total cevneiiiiiiii i PPN . 2359.55 2369.93 2500.18 2637.94 2792.91 2911.34 3021.12 1.1%
Net Imports - Petroleum .................... 459.79 49526 574.36 653.38 734.72 79240 855.53 2.4%
Prices (1997 dollars per unit)
Worid Oil Price (dollars per barrel)"’ ............ 21.01 18585 1397 1925 21.30 2191 2273 0.9%
Gas Wellhead Price (dollars perMc)*! .......... 228 223 210 235 252 262 268 0.8%
Coal Minemouth Price (dollars perton) .......... 18.85 18.14 1659 1493 1400 1321 1274 -1.5%
Average Electric Price (cents per kilowatt hour) . . . . 6.9 6.9 6.6 6.4 6.1 5.8 5.6 -0.9%

Yincludes grid connected electricity from hydroelectric; wood and wood waste; municipal solid waste; other biomass; wind; photovoltaic and solar thermal
sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components of
E85, but not the ethanol components of blends less than 85 percent. Excludes nonmarketed renewable energy.

2Includes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.

3includes imports of crude oil for the Strategic Petroleum Reserve.

“Includes imports of finished petroleum products, imports of unfinished oils, alcohols, ethers, and blending components.

Sincludes coal, coal coke (net), and electricity (net).

Sincludes crude oil and petroleum products.

Balancing item. Includes unaccounted for supply, losses, gains, and net storage withdraws.

®Includes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum based liquids for blending, such as ethanol.

®Includes net electricity imports, methanol, and liquid hydrogen.

Average refiner acquisition cost for imported crude oil.

"Represents lower 48 onshore and offshore supplies.

MTOE = Million tons of il equivalent.

Mecf = Thousand cubic feet.

Note: Totals may not equal sum of components due to independent rounding. Figures for 1996 and 1997 may differ from published data due to intemal
conversion factors.

Sources: 1996 natural gas values: Energy Information Administration (EIA), Natural Gas Annual 1996, DOE/EIA-0131(96) (Washington, DC, September 1997).
1996 coal minemouth prices: EIA, Coal Industry Annual 1996, DOE/EIA-0584(96) (Washington, DC, November 1997). Other 1996 values: EIA, Annual Energy
Review 1997, DOE/EIA-0384(96) (Washington, DC, July 1998). 1997 natural gas values: EIA, Natural Gas Monthly, DOE/EIA-0130(98/06) (Washington, DC,
June 1998). 1997 coal minemouth price: Coal Industry Annual 1997, DOE/EIA-0584(97) (Washington, DC, November 1998). Coal production and exports derived
from: EIA, Monthly Energy Review, DOE/EIA-0035(98/08) (Washington, DC, August 1998). Other 1997 values: EIA, Annual Energy Review 1997, DOE/EIA-
0384(96) (Washington, DC, July 1998). Projections: EIA, AEO99 National Energy Modeling System run AEO99B.D100198A. .

196 Energy Information Administration / Annual Energy Outlook 1999



Appendix E

Household Expenditures

Table E1. 1997 Average Household Expenditures for Energy by Household Characteristic
(1997 Dollars)
Fuels
Household Characteristics Total Natural Fuel Oil Motor
Total Home Electricity and
Energy Gas Kerosene Gasoline
Average U.S. Household ............. 2273.34 1205.77 782.81 347.93 75.03 1067.57
Households by Income Quintile
- 1438.48 932.56 581.55 298.72 52.28 505.92
2nd..oeiiiinninnnn Pesnvesonsnns 1882.65 1067.53 672.70 331.89 62.95 815.11
] (o 2401.35 1196.55 806.05 311.15 79.35 1204.80
L 2562.22 1302.42 865.52 352.12 84.79 1259.80
3 3113.69 1533.25 995.88 440.39 96.97 1580.44
Households by Census Division
NewEngland ........ccovvvevunnnn 2587.41 1530.44 790.66 339.90 399.87 1056.98
Middle Atlantic .............cvuun.. 2354.54 1524.45 752.52 533.77 238.16 830.09
SouthAtlantic ...........ovvvvennns 2320.25 1182.07 611.87 540.80 29.41 1138.18
EastNorthCentral . ............c.... 2220.65 1116.31 ° 683.88 375.56 56.87 1104.34
EastSouth Central ................. 2147.57 1169.28 955.17 174.86 39.25 978.29
WestNorthCentral ................. 2572.36 1287.53 1055.07 225.42 7.04 1284.84
West SouthCentral .. ,.............. 2412.75 1295.21 983.73 311.48 0.00 1117.55
Mountain . ovvvernevnnronsrnsensnns 2149,82 893.19 603.74 282,29 7.16 . 1256.63
Pacific v.vvvisererersenerivennnns 2036.54 921.66 649.05 255.49 17.12 1114.88
Source: Energy Inf fon, AEO99 National Energy Modeling System run AEO39B.D100198A.
Table E2. 2000 Average Household Expenditures for Energy by Household Characteristics
(1997 Dollars)
Fuels
Household Characteristics Total Natural Fuel Oil Motor
Total Home Electricity and
Energy Gas Kerosene Gasoline
Average U.S. Household ............. 2099.97 1146.98 754.19 332.40 60.39 952.98
Households by Income Quintile
- N 1338.43 884.80 560.81 281.84 42.16 453.62
1o Y 1741.45 1016.91 650.16 316.48 50.26 724.55
< T 2212.64 1138.17 778.34 296.35 63.48 1074.46
3 2365.95 1239.88 833.91 337.67 68.29 1126.07
] ¢ 2871.54 1459.42 955.93 424.79 78.70 1412.13
Households by Census Division
NewEngland ...........covvevensn 2362.86 1384.26 738.01 310.76 335.49 g978.60
MiddleAtlantic .........ovvvinennes 2208.32 1447.51 719.18 527.45 200.88 760.82
SouthAtlantic ..........ccvvenunnn. 2131.47 1126.25 594.07 509.86 22.33 1005.22
EastNorthCentral . .........0vvuvnns 2074.68 1069.56 649.66 376.23 43.67 1005.12
East SouthCentral ................. 1971.58 1114.02 924,12 158.87 31.03 857.56
WestNorthCentral ......oovvvvennnn 2422.31 1263.02 1043.51 214.14 5.37 1159.30
Woest South Central ,............tt. 2242.56 1218.99 947.73 271.26 0.00 1023.57
Mountail .o oveevnnnnnnvononnonnns 1884.30 878.59 586.01 287.67 4.91 1005.71
Pacific ...vvveeriinnnrnnrnnnnns 1898.02 893.86 609.13 271.21 13.51 1004.15

Source: Energy Information Administration, AEO99 National Energy Modeling System run AEO99B.D100198A.
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Household Expenditures

. Table E3. 2005 Average Household Expenditures for Energy by Household Characteristic

(1997 Dollars)

Fuels
Household Characteristics - Total Natural Fuel Oil Motor
Total Home Electricity and
Energy _ Gas Kerosene Gasoline
Average U.S. Household . ............ 2230.70 1116.59 749.75 307.08 59.76 1114.12
Households by Income Quintile
-1 1391.15 858.27 558.24 258.29 41.74 532.88
-3 o 1837.35 991.37 650.21 291.86 49.31 845.98
Brd e 2365.92 1110.66 774.03 274.33 62.30 1255.26
{3 2525.59 1208.27 828.49 311.94 67.84 1317.32
L] 3071.36 1420.17 946.87 394.75 78.55 1651.19
Households by Census Division
NewEngland .........covvvvennntn 2498.17 1350.05 694.32 301.98 353.75 1148.12
MiddleAtlantic .................... 2279.26 1386.05 701.54 476.33 208.18 893.21
SouthAtlantic .. ..vvvevvniinennannnn 2231.31 1062.44 572.29 468.62 21.53 1168.87
EastNorthCentral .................. 2219.82 1032.27 638.09 352.71 41.47 1187.55
EastSouthCentral ................. 2105.87 1113.86 930.65 154.56 28.65 992,01
WestNorthCentral ................. 2550.52 1223.91 1015.12 203.94 4.85 1326.61
WestSouthCentral ..............0t 2393.21 1201.46 957.47 243.99 0.00 1191.75
Mountain ........oovviiiiiitt. 2117.67 933.08 637.49 291.32 4.27 1184.60
Pacific ...ovvviiiiiiiiiiiiiiiaa., 2060.07 868.40 601.39 254.68 12.32 1191.67
Source: Energy Information Administration, AEO99 National Energy Modeling System run AEO29B.D100198A.
Table E4. 2010 Average Household Expenditures for Energy by Household Characteristic
(1997 Dollars)
' Fuels
Household Characterlstics Total Natural Fuel Oll Motor
. Total Home Electricity and
Energy Gas Kerosene Gasoline
Average U.S. Household .............. 2269.85 1083.82 739.06 289.91 54.85 1186.03
Households by Income Quintile
I8t e 1400.13 831.32 550.27 242.76 38.30 568.81
2 1o 1861.50 962.47 642.78 274.85 44.84 899.03
<1 £ 2414.22 1078.38 761.70 259.95 66.72 1335.85
2 2578.45 1174.14 817.14 294.51 62.49 1404.31
= (o A 3141.51 1380.75 933.88 374.04 72.82 1760.76
Households by Census Division
NewEngland .............cccunn.. 2532.34 1311.59 670.41 297.72 343.45 1220.75
Middle Atlantic ........cco0iiinnn. 2299.16 1350.35 713.79 436.76 199.80 948.81
South Atlantic .......oovviivniennns 2254.86 1013.26 554.58 439.71 18.98 1241.59
EastNothCentral ........coouvnttt. 2262.77 995.36 623.77 335.90 35.68 1267.41
EastSouthCentral ................. 2158.29 1103.98 922.38 156.82 24.78 1054.31
WestNorthCentral ..............0ts 2549.78 1161.30 954.60 202.66 4.04 1388.48
West SouthCentral ............cuL.. 2424.20 1149.32 918.11" 231.20 0.00 1274.88
Mountain ......coivneennnncnnnes 2205.36 937.62 644.42 289.72 3.49 1267.74
Pacific .ovvveiiieniiiierniiannnan 2124.19 850.89 603.27 237.17 10.44 1273.30

Source: Energy Information Administration, AEO99 National Energy Modeling System run AEO99B.D100198A.
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Household Expenditures

Table E5. 2015 Average Household Expenditures for Energy by Household Characteristic

(1997 Dollars)
Fuels
Household Characteristics Total Natural Fuel Ol Motor
Total Home Electricity and
Energy Gas Kerosene Gasoline
Average U.S, Household ........c0000 2211.98 1048.78 722,28 276.98 49.52 1163.20
Households by Income Quintile
- 1 1363.49 803.79 538.00 231.21 34.58 559.70
41 Lo PPN 1810.96 930.42 628.11 261.91 40.40 880.54
3rd ,....enns eerreeesatseareaa, 2353.43 1043.32 743.34 248.84 51.13 1310.11
R it e 2516.91 1138.12 799.68 281.83 56.61 1378.79
] YU 3067.39 1338.23 913.98 358.37 65.88 1729.16
Households by Census Division .
NewEngland ..........covvuunennn 2485.41 1293.98 683.34 292.80 317.84 1191.43
Middle Atlantic ...........ce0unnn 2245.00 1324.18 722.30 415.46 186.42 920.82
South Atlantic ..................... 2176.85 966.86 527.97 421.46 17.43 1210.00
EastNorthCentral . .....oovvvnyennss 2195.43 954,14 598.21 323.04 32.89 1241.30
EastSouthCentral ................. 2121.27 1085.30 907.95 155.61 21.74 1035.96
WestNorthCentral ..........0000ene 2462.36 1120.94 919.52 197.85 3.57 1341.42
West SouthCentral ................. 2347.08 1088.50 863.67 224.83 0.00 1258.58
Mountain ,...covvveeninnrenneennn 2157.78 891.14 616.48 271.67 2.99 1266.64
Paclfic vovevrrriieniienerreanenns 2084.71 831.75 598.42 223.91 9.42 1252.95
Source: Energy Information Administration, AEO99 National Energy Modeling System run AEOS9B.D100198A.
Table E6. 2020 Average Household Expenditures for Energy by Household Characteristic
(1997 Dollars) :
Fuels
Household Characteristics Total ] Natural - FuelOll Motor
Total Home Electricity and
Energy Gas Kerosene Gasoline
Average U.S. Household ............. 2165.25 1023.72 710.02 269.29 44.40 1141.52
Households by Income Quintile
- 1335.61 783.62 528.59 223.98 31.05 - 551.99
-2 o 1771.80 908.09 617.82 254.05 36.22 863.71
< o Y 2303.69 1017.77 729.99 241.98 45.80 1285.92
L frreeeeaseenas 2465.89 1112.48 787.27 274.33 50.89 1353.41
5th .....o.tten trrssesseneanonans 3003.98 1307.63 898.87 349.74 59.02 1696.36
Households by Census Divislon .
NewEngland ..........coovvvennnn 242479 1267.37 683.61 293.12 290.64 1157.42
Middle Atlantic .........00vveiunnn. 2196.25 1307.05 731.10 404.30 171.65 889.20
South Atlantic v..vvvvrerinnrnnnees 211041 935.21 511.52 407.77 15.92 1175.20
EastNothCentral .............0utt 2140.68 927.13 584.70 312.13 30.30 1213.55
East SouthCentral ................. 2083.78 1061.07 887.77 154.15 19.15 1022.71
WestNorthCentral ................. 2376.25 1080.25 884.25 192.84 3.15 1296.01
West SouthCentral .........cv0vvtn 2309.48 1062.98 843.21 219.77 0.00 1246.50
Mountall oo vveevnrenennnnnnsoenans 2147.77 872.99 603.88 266.55 2.56 1274.78
Pacific c.vvervnninerinnnrinneanns 2051.54 819.64 590.36 220.67 8.62 1231.90

Source: Energy Information Administration, AEOS9 National Energy Modeling System run AEO99B.D100198A,
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Appendix F

Results from Side Cases

Table F1 Key Results for Residential Sector Technoldjy C;sés

2005 2010
Energy Consumption 1997 | 1939 | Reference High Avg;::)le 1999 | Reference High AvBaTlsatble
Tech. Case Technology Tech. Tech. Case Technology Tech.
Energy Consumption
(quadrillion Btu) .
Distillate Fue! ............. 0.94 0.81 0.79 0.74 0.70 0.79 0.73 0.67 0.61
Kerosene ................ 0.09 0.07 0.07 0.07 0.06 0.07 0.07 0.07 0.06
Liquefied Petroleum Gas .. ... 0.43 0.45 0.44 0.41 0.38 0.46 0.43 0.40 0.36
Petroleum Subtotal ....... 1.47 1.33 1.29 1.23 1.14 1.32 1.23 1.14 1.03
NaturalGas .............. 5.15 5.44 5.31 5.02 4.80 5.76 5.52 5.08 4.74
Coal .....ovviviivinnnannn 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Renewable Energy ......... 0.60 0.62 0.61 0.60 0.59 0.64 0.62 0.60 0.60
Electricity ................ 3.66 4.37 4.31 4.18 3.85 4.73 4.57 4.23 3.70
Delivered Energy ....... . 1092 11.82 11.57 11.05 10.44 12.50 12.00 1111 10.13
Electricity-Related Losses .... 8.07 9.03 8.89 8.57 7.95 9.42 9.11 8.43 7.37
Total ....... seresneeess 18.99 20.84 20.47 19.62 18.39 21.92 21.11 19.54 17.50
Delivered Energy . ‘
Consumption per Household |
(million Btu per Year)....... 107.80 10648  104.28 99.57 94.07 106.39 102.14 94.56 86.20
| |
|
I ' !
| |
. !
Table F2. Key Results for Commercial Sector Technology Cases
! 2005 ' 2010
Energy Consumption 1997 19§9 Reference High Av:::::le' 1999 | Reference High Avgﬁ::ﬂe
Tecrl. Case Technology Tech. . Tech. Case Technology Tech.
Energy Consumption
(quadrillion Btu) .
Distillate Fuel ............. 0.49 0.36 0.36 0.36 0.34 0.34 0.34 0.34 0.32
Residual Fue!l ............. 0.11 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Kerosene ................ 0.03 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03
Liquid Petroleum Gas ....... 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.09
Motor Gasoline ............ 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Petroleum Subtotal ....... 0.73 0.58 0.58 0.58 056 0.57 0.57 0.57 0.55
NaturalGas .............. 3.37 3.69 3.68 3.67 3.58 3.86 3.84 3.80 3.69
Coal ....coivvvninnnnnn 0.08 0.09 0.08 0.09 0.09 ° 0.10 0.10 0.10 0.10
Renewable Energy ......... 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00
Electricity ................ 3.44 4.00 3.97 3.92 3.69 432 4.26 4.17 3.82
Delivered Energy ....... .. 17563 8.36 8.32 8.27 7.93 8.85 8.77 8.64 8.16
Electricity Related Losses .... 7.59 8.26 8.19 8.10 7.62 8.60 8.48 8.31 761
Total c.vvvvnvnninnannnas 1522 16.62 16.51 16.37 15.55 17.45 17.24 16.95 15.77
Delivered Energy
Consumption per Square Foot
(thousand Btu peryear) .... 12649 126.18 125.55 124.70 119.63 127.39  126.18 124.40 117.47
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Results from Side Cases

Table F1. Key Results for Residential Sector Technology Cases (Continued)

2015 2020 Annual Growth 1997-2020 .

1999 | Reference |  High Best | 1909 |Reference | High Best | 1999 | Reference | High Best

Tech, Case Technology Avallable Tech Case Technology Available Tech Case Technology Avallable
* Tech. ) Tech. - Tech.
0.77 0.69 0.62 0.54 0.75 0.65 0.57 0.49 -1.0% -1.6% 2.1% -2.8%
0.07 0.07 0.06 0.06 0.07 0.07 0.06 0.05 -1.1% -1.4% -1.6% -2.3%
0.45 0.42 0.39 0.35 0.45 0.40 0.38 0.34 0.2% -0.3% -0.6% -1.0%
1.29 1.18 1.07 0.95 1.27 112 1.01 0.88 -0.6% -1.2% -1.6% 2.2%
6.16 577 5.20 4.68 6.52 5.94 - 5.28 4.45 1.0% 0.6% 0.1% -0.6%
0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 -0.5% -0.5% -0.5% -0.5%
0,66 0.64 0.61 0.61 0.68 0.65 0.62 0.62 0.6% 0.4% 0.2% 0.2%
5.18 4.93 4.47 3.78 5.64 5.31 473 3.89 1.9% 1.6% 11% 0.3%
13.34 12.57 11.40 10.07 14.17 13.08 11.69 9.89 1.1% 0.8% 0.3% -0.4%
9,80 9,34 8.46 7.15 10.37 9.77 8.70 7.15 1.1% 0.8% 0.3% -0.5%
23,14 21.91 19.86 17.22 24.54 22.85 20.39 17.04 1.1% 0.8% 0.3% -0.5%
107.64 101.38 91.99 81.20 108.96  100.58 89.94 76.09 0.0% -0.3% -0.8% -1.5%

Tech, = Technology.
Btu = British thermal units,
Note; Side cases were run without the fully integrated modeling system, so not all feedbacks are captured. The reference case ratio of electricity losses to electricity use
was used to compute electricity losses for the technology cases.
Source: Energy Information Administration, AEO99 National Energy Modeling System, runs RSFRZN.D100598A, AEQ99B.D100198A, RSHTEK.D100598A, and
RSBTEK.D100598A.

Table F2. Key Results for Commercial Sector Technology Cases (Continued)

2015 2020 Annual Growth 1997-2020
Best Best Best
1999 | Reference High 1999 | Reference High 1999 | Reference High
Tech. Case Technology Available Tech. Case Technology Available Tech. Case Technology Available
Tech. Tech. Tech.
0.33 0.33 0.33 0.31 0.32 0.32 0.31 0.30 -1.9% -1.9% -2.0% 2.2%
0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 -0.8% -0.8% -0.8% -0.8%
0,03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 -0.2% -0.2% -0.2% -0.2%
0,09 0,09 0.09 0.09 0.09 0.09 0.09 0.09 0.7% 0.7% 0.7% 0.7%
0,02 0.02 0,02 0.02 0.02 0.02 0.02 0.02 -0.3% -0.3% -0.3% -0.3%
0.57 0.56 0.56 0.54 0.55 0.55 0.54 0.53 " 1.2% -1.3% -1.3% -1.4%
4.00 3.97 3.91 3.79 4,04 4.00 3.93 3.80 0.8% 0.7% 0.7% 0.5%
0,10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.9% 0.9% 0.9% 0.9%
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.0% 1.0% 1.0% 1.0%
4.64 4,54 4.41 3.99 4.85 4,72 4.55 4.10 1.5% 1.4% 1.2% 0.8%
9,31 9.18 8.99 8.43 9.55 9.37 9.13 8.53 1.0% 0.9% 0.8% 0.5%
8.78 8,60 8.36 7.55 8.92 8.68 8.38 7.54 0.7% 0.6% 0.4% -0.0%
18.09 17.78 17.35 15.98 18.47 18.05 17.51 16.06 0.8% 0.7% 0.6% 0.2%
129,28 127.49 124.89 117.03 130.94  128.47 125.30 116.95 0.2% 0.1% -0.0% -0.3%

Tech, = Technology.
Btu = British thermal units,
Note; Side cases were run without the fully integrated modeling system, so not all feedbacks are captured. The reference case ratio of electricity losses to electricity use
was used to compute electricity losses for the technology cases.
Source: Energy Information Administration, AEO99 National Energy Modeling System, runs COMFZN.D100598A, AEO99B.D100198A, COMADV.D100598A, and
COMBEST,D100598A.
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Results from Side Cases

Table F3. Key Results for Industrial Technology Cases

2010 2015 2020
Consumption « {1997 1999 Reference High 1999 Reference High 1999 Reference High
. i Technology Case Technology | Technology Case Technology | Technology Case Technology
Energy Consumption
(quadrillion Btu) .
Distillate Fuel .....covennen. 113 1.35 1.35 1.29 143 142 1.31 148 148 182
Liquéfied Petroleum Gas ..... 214 246 245 233 259 258 241 270 269 248
Petrochemical Feedstocks ... 1.46 1.53 1.52 145 1.60 1.60 1.51 1.68 1.67 1.57
Residual Fuel .............. 0.28 0.34 0.33 031 0.36 0.35 0.32 037 0.36 0.31
Motor Gasoline ............. 0.21 0.26 0.26 0.25 0.28 0.28 0.26 0.30 0.29 0.27
Other Petroleum ............. 4.11 498 4.89 4.7 5.05 4.95 4.64 5.10 4.99 4.56

Petroleum Subtotal .......... 9.33 10.92 10.81 10.35 11.31 11.18 1045 11.63 11.49 10.51
Natural Gas .......ceuuenen 9.93 11.75 1143 11.17 12.38 12,02 11.68 12.88 12.52 11.97
Metallurgical Coal . ............ 0.79 0.67 0.63 0.64 0.62 0.58 0.58 0.58 0.53 0.52
SteamCoal....ccoveunnnnnn 156 173 1.67 157 1.79 173 1.54 1.85 1.80 1.54
Net Coal Coke Imports o ....... 0.02 0.23 0.20 0.07 0.28 0.24 0.05 031 0.27 0.08

Coal Subtotal ............. 2.36 263 2.51 229 2.69 255 217 273 260 2.14
Renewable Energy .......... 1.88 229 23 235 242 245 252 252 256 2.66
Electrcity ..occovvvevnnnnn. 3.52 4.22 413 3.90 448 437 3.98 4.68 4.57 4,05

Delivered Energy ......... 27.01 31.81 31.18 30.05 33.27 3257 30.70 3444 3373 31.32
Electricity Related Losses .... 7.78 8.41 8.22 7.76 848 8.27 753 8.62 8.40 744

Totalsevenrsorniennnnnse. 3479 40.22 39.41 37.81 4,75 40.84 38.22 43.06 4214 38.77

Delivered Energy Use per
Dollar of Output (thousand
Btu per 1987 dollar} ....... 6.78 6.07 5.95 5.74 5.84 5.72 5.39 5.62 5.50 511 ¢
Btu = British themal units.

Note: Side cases were run without the fully integrated modeling system, so not all potential f were captured. The refe case ratio of ity losses to icity use was used to compute electricity losses fot the

cases.

Source: Energy [nformation Administration, AEO98 Forecasting System runs INDLTECH.D100698A, AEOS9B.D100198A, and INDHTECH.D100698A.

Table F4. Key Resuits for Transportation Technology Cases
2010 2015 2020
Consumption and Indicators| 1997 1999 Reference High 1999 Reference High 1999 Reference High
Technology Case Technology | Technology Case Technology | Technology Case Technology
Energy Consumption

(quadrillion Btu)

Distillate Fuel.......... FRPPON 6.27 6.00 5.63 6.74 6.31 5.65 7.15 _6.58 5.60
JetFuel...ooviiiiiniiivannnens 5.18 5.10 5.10 587 5.69 5.56 6.60 6.27 5.90
MotorGasoline .....ovvvvnennnns 19.39 18.70 18.05 20.49 19.31 18.20 2158 19.94 18.37
Residuval Fuel ........... 1.02 1.02 1.01 1.16 1.16 1.14 1.31 1.30 1.28
Liquid Petroleum Gas..... 0.18 0.18 0.20 0.22 0.20 0.23 0.24 0.22 0.25
Cther Petroleum ... ...... vees 0.34 0.34 0.34 0.35 0.35 0.35 0.36 0.36 0.36

Petroleum Subtotal .............. 32.38 31.33 30.33 34.84 33.03 31.14 37.24 34.68 31.76
Pipeline Fuel Natural Gas 0.90 0.90 0.90 0.97 0.97 0.97 1.01 1.01 1.01
Compressed Natural Gas 1 0.25 0.26 0.29 0.30 0.31 0.34 0.33 0.34 0.37
Renewables (E85) ...ovvevcenen. 0.00 0.06 0.05 0.05 0.07 0.07 0.06 0.09 0.07 0.07
Methanol............ 0.08 0.08 0.07 0.1 0.10 0.09 0.13 0.11 0.10
Liquid Hydrogen ....... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electricity ........... 0.18 0.15 0.15 0.24 0.19 0.20 0.29 0.22 022

Delivered Energy X 33.85 2.7 31.79 36,53 34.65 32,79 39.09 36.44 33.54
Electricity Related Losses | 0.13 0.36 0.30 0.30 046 0.36 0.37 053 041 0.41

Total.......... cerersesecsees 2504 34.21 33.07 32,09 36.98 35.00 33.16 39.62 36,85 33.95
New Light-Duty Vehicle

(miles pergallon) .......ccvunens 240 232 254 275 233 26.1 29.0 233 265 302
Light-Duty Vehicles < 8500 pounds

(VMT) ceiiiiiiiiiiieneenen, 2301 2882 2887 2890 3089 3097 3104 3292 3303 3312

Tech=Technology.

Btu = British thermal units.
Vmt = Vehicla mZes traveled.

Nots: Side cases were run without the fully integrated modeling System, so not all potential feedbacks wers captured.
Source; Energy Information Administration, AE039 Forecasting System runs FZTECH.D100898A, AEO39B.D100198A, and HITECH.D100898A.
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Results from Side Cases

Table F5. Key Results for Integrated End-Use Technology Cases

2010 2015 2020
Consumption and Emissions | 1997 1999 |Reference| High 1999 |Reference| High 1999 |Reference| High
Tech. Case Tech. Tech. Case Tech. Tech. Case Tech.
Consumption by Sector
{quadrillion Btu)
Residential . ........oovvnnnnn 18.99 22.18 21.11 19.61 23.64 21.91 20.03 25.14 22.85 20.53
Commercial ..........c00vees 15.22 17.68 17.24 17.09 18.55 17.78 17.61 19.06 18.05 17.75
Industrial ..........0000ennns 34.79 40.54 39.41 38.25 42.21 40.84 38.90 437 4214 3943
Transportation ............... 25.04 34.12 33.07 32.07 36.80 35.00 33.26 38.70 36.85 34.16
Total ...ovevenvnennnnnen, 94.04 114.52 110.83 107.02 121.19 115.53 109.80 126.61 119.89 111.86
Energy Intensity (thousand Btu
per 1992 dollar of GDP) ....... 1294 11.58 11.21 10.82 11.22 10.70 10.17 10.84 10.27 9.59
Carbon Emissions by Sector
(milllon metric tons)
Residential ., ............ ... 28586 350.7 3325 308.1 385.1 354.3 326.9 416.8 375.0 3427
Commerclal vovvevvinenneess . 2366 289.9 281.7 278.6 3144 299.0 299.3 329.4 308.1 309.2
Industrial .....covvvveennnnnn, 482.1 570.1 549.4 527.4 600.9 574.5 541.5 626.1 594.5 549.6
Transportation ,..........c.u.. 475.3 646.0 626.3 607.1 696.2 662.3 628.5 732.8 697.3 646.4
Total ,..ovvvennrnnnnnnesnn 1479.6 1856.7 1789.9 1721.1 1996.5 1890.1 1796.3 2105.2 1974.9 1848.0
Carbon Emisslons by End-Use
Fuel (mllllon metric tons)
Petroleum .....ovveveeevenne 609.9 774.0 752.4 726.1 820.2 785.9 7417 854.2 817.7 754.2
NaturalGas ....ovveevocensne 275.4 321.7 3134 305.5 340.7 328.9 317.7 355.5 340.0 326.4
Coal.....oovvnnenerennnnnes 62.0 706 67.4 62.6 721 68.4 60.6 73.0 69.8 58.7
Other ..oovvvrevnnennnnnnnns 0.0 1.5 14 1.2 20 1.7 1.5 2.6 19 17
Electriclty ..o ovoevveeenvennen 532.4 688.8 655.4 625.6 761.4 705.1 674.9 820.0 745.5 7071
Total covevnvrnssansnnceess 14796 1856.7 1789.9 17211 1996.5 1880.1 1796.3 2105.2 1974.9 1848.0
Carbon Emisslons by Electric
Genetators (million metric tons)
Petroleum . .....ovvvvvnnenns 17.6 8.8 58 4.8 7.0 5.3 4.3 59 4.9 3.7
NaturalGas .....eovvvevesen 43.8 85.5 98.5 81.6 109.0 124.0 99.6 117.8 134.8 106.7
Coal vovverrinreonnnnnns ... 4710 584.5 551.1 539.3 645.5 575.9 571.0 696.3 605.8 596.6
Total ...... seessssseesssss 5324 688.8 655.4 625.6 761.4 705.1 674.9 820.0 745.5 707.1
Carbon Emisslons by Primary
Fuel (mllllon metric tons)
Petroleum ..........cconnenn, 627.5 782.7 758.1 730.9 827.3 7911 746.0 860.1 822.6 757.9
NaturalGas ...........c.0.. 319.1 417.3 411.9 387.1 449.7 452.9 417.2 473.2 474.8 4331
Coal ,...ovvvvernnnnnnnnnns 533.0 655.1 6185 601.9 717.5 644.4 631.6 769.3 675.6 655.3
Other «v.vvveerrronennnnnns 0.0 15 14 1.2 2.0 1.7 1.5 26 1.9 1.7

TOW oo ia70.6 18567 17899 17211 19965 18901 17963 21052 19749 18480

Btu = Bitish thermal units,

GDP = Gross domestic product.

Tech, = Technology

Note: Totals may not equal sum of components due to independent rounding.

Source: Energy Information Administration, AEO99 National Energy Modeling System runs LDELTEK.D100898A, AEO99B.D100198A, and HDELTEK.D100898A.
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Results from Side Cases

Table F6. Key Results for Nuclear Retirement Cases -
(Thousand Megawatts)

Projections
Net Summer Capability 1997 2010 2015 2020
Low |Reference| High Low | Reference | High Low |Reference | High
Nuclear Case Nuclear |Nuclear Case Nuclear | Nuclear Case Nuclear

Electric Generators

Capability (thousand megawatts) .
CoalSteam ..........ccevnnnn. 304.7 3086 308.9 3082 317.2 316.2 314.2 338.8 333.0 326.1

Other Fossil Steam . ............ 138.7 79.7 80.2 82.2 75.6 79.5 80.2 742 75.7 78.7
CombinedCycle ............... 164 1303 ©126.0 122.0 1813 175.9 1624 217.0 211.5 196.5
Combustion Turbine/Diesel ....... 782 1519 151.0 1456 1827 174.9 167.4 193.3 186.7 179.6
NuclearPower ................ 99.0 721 742 85.5 45.0 56.4 794 31.8 48.9 78.2
Pumped Storage .. ............. 19.6 215 21.5 215 215 21.5 21.5 215 21.5 21.5
FuelCells ................... .. 0.0 0.0 . 0.0 0.0 0.0 0.0 . .0.0 0.0 0.0 0.0
Renewable Sources ....... vee.. 879 92.1 921 92.1 93.9 93.9 935 97.0 96.7 95.8
Total ........... ersnessse.. 7445 8563 853.9 857.1 917.3 9184 918.6 973.6 974.0 976.3
Cumulative Planned Additions
< | N . 25 3041 30.1 30.1 30.2 30.2 30.2 30.2 30.2 30.2
Cumulative Unplanned Additions
CoalSteam..........covvunn.. 0.0 54 5.6 5.0 14.6 13.5 1.7 36.8 31.0 24.1
Other Fossil Steam ............. 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CombinedCycle ........c...... 0.0 1093 105.0 101.1 160.3 155.0 1414 196.0 190.5 175.5
Combustion Turbine/Diesel ....... 20.2 84.6 81.1 -78.1 116.6 108.2 100.9 128.4 120.2 113.7
Nuclear Power ................ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pumped Storage . .............. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FuelCells ........ccoiuian... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable Sources ............ 0.8 23 2.3 23 4.4 4.3 3.9 7.6 7.3 6.4
Total vvievinnveennennsenss. 21.0 2016 194.0 1864  295.9 281.0 257.8 368.8 348.9 319.7
Cumulative Total Additions ....... 235 2317 224.2 216.6 326.0 3111 288.0 399.0 379.0 349.8
Cumulative Retirement .......... 148 1109 105.7 95.5 1443 128.3 104.9 160.9 140.6 109.0
Generation by Fuel Type
(billion kilowatthours)
[0 - | 1796 2050 2046 2023 2168 2151 2109 2349 2298 2213
Petroleum ............. ... ..., a2 27 28 -26 26 26 24 26 24 22
NaturalGas .................. 299 925 . 919 879 1269 1213 1100 1415 1349 1237
NuclearPower ............... . 629 544 . 554 619 343 419 - 578 239 359 564
PumpedPower ................ 3 - - -1 -1 -1 -1 -1 -1 -1 -1
Renewable Sources ............ 389 389 388 388 401 401 398 422 420 414
Total .....5000000ne veseesse 3192- - 3934 -3934 3934 4207 4208 | 4208 4450 4450 4450

Carbon Emissions by Electric '
Generators (million metric tons)

Petroleum .............c.uaee 17.6 5.7 5.8 5.5 53 5.3 4.9 5.3 4.9 4.5
NaturalGas ........... N 438 986 | 985 942 1206 124.0 113.1 141.2 134.8 124.0
Coal ............ e 4710 5522 551.1 5445 5804 575.9 564.9 616.0 605.8 585.9

Total .....ovvveviiniee... . 5324 6564 655.4 6442 7153 705.1 6828 7625 745.5 7144

Natural Gas Prices to Electric .
Generators (1997 dollars per tcf) 2.76 3.16 3.15 3.13 3.31 3.24 3.13 3.39 3.31 3.16

Coal Prices to Electric Generators
(1997 dollars per shortton) ..... 26.05 21.67 21.66 21.62  20.04 20.03 19.93 18.75 18.77 18.72

tef = Thousand cubic feet.

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEO98. Net summer
capacity is used to be consistent with electric utility capacity estimates. Electric utility capacity is the most recent data available as of July 1, 1998. Therefore, capacity estimates
may differ from other Energy Information Administration sources. Side cases were run without the fully integrated modeling system, so not all potential feedbacks were captured.

Source: Energy Information Administration, AEO99 National Energy Modeling System runs LNUC99.D101698A, AEO99B.D100198A, and HNUC99.D101698A.
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Results from Side Cases

Table F7. Key Results for Electricity Demand Cases

2000 2010 2020 Anmia) Srouth
KeyIndicators - 1997 -
‘ Reference High Reference High Reference High Reference High
Case Demand Case Demand Case Demand Case Demand

Electricity Sales (billion kilowatthours) .... 3,130 3,333 3,355 3,843 4,116 4,345 4,935 1.4% 2.0%
Net Imports (billion kilowatthours) ........ 32 43 43 30 32 27 27 0.7% 0.7%
Electricity Prices

(1997 cents per kilowatthour) ......... . 69 6.6 6.6 6.1 6.5 56 62 -0.9% -05%
Generation by Fuel

(billion kllowatthours)

Coaliuuvvvrreriinnnnenrisnonensans 1,855 1,989 1,999 2,101 2,160 2,353 2,716 1.0% 1.7%

NaturalGas +oovuveereresrannannnns 509 548 558 1,140 1,364 1,582 1,807 5.1% 5.7%

Renewables..ovvuurierinnns vereens 430 423 423 445 448 483 505 0.5% 0.7%

Other .ovvvvvvrirnnnnnnnnns vereeens 725 m 781 597 603 398 415 -2.6% 24%

1L P 1.7 3,737 3,761 4,283 4574 4,816 5443 14% 1.9%
Generating Capaclty (gigawatts)

(0 | e 304.7 3054 3054 308.9 310.6 333.0 378.7 0.4% 0.9%

Combined-Cycle/Combustion Turbine ... 946 126.0 126.0 27170 317.6 398.2 462.7 6.4% 7.1%

RenewableS ,vvuvurrreisnarieersnns 87.9 8.7 89.7 921 925 9.7 100.0 0.4% 0.6%

Nuclear Power .............. vesanens 99.0 948 94.8 742 742 489 50.8 3.0% 2.9%

Cogenerators . .ooovvrerenreneenennes 51.8 54.6 54.7 56.8 56.8 59.1 59.1 0.6% 0.6%

Oer cvvvrvrnvrnvrarvarsesensanees 158.2 159.9 159.9 1017 99.2 97.2 836 2.1% 2.7%

Total vevneenrnnnniinineiienennes 796.3 830.5 830.6 910.7 950.9 1,033.0  1,1349 1.1% 1.6%
Energy Production
Coal (million shorttons) ............... 1,099 1,168 1,174 1,236 1,265 1,358 1,497 0.9% 1.3%
Natural Gas (trillion cubicfeet).......... 22 22,69 22.80 28.18 29.93 3244 3447 1.7% 2.0%
Carbon Emissions {million metric tons) ... 1,480 1,585 1,590 1,790 1,833 1,975 2,073 1.3% 1.5%
Prices to Electric Generators
(1997 dollars per million Btu)

[0 | teersenrarennen 1.27 1.19 1.20 1.06 1.07 0.93 0.93 -1.3% -1.3%

NaturalGas ...... treerernenesaacene 270 2.62 263 3.08 3.29 3.24 3.55 0..8% 12%

Btu = British thermal units.

Notes: Other Includes non-coal fossil steam, pumped storage, methane, propane and blast fumace gas. Coal Energy Production is production plus net imports.
Side cases were run without the fully Integrated modeling system, so not all potential feedbacks were captured.
Source: Energy Information Administration, AEO99 Forecasting System runs HDEMEL99.D100798A and AEO99B.D100198A.
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Results from Side Cases

Table F8. Key Results for Electricity Generation Sector Technology Cases _

(Thousand Megawatts) -
2000 2010 2020
Net Summer Capabliity 1997| Low |Reference| High | Low |Reference] High | Low |Reference| High
Fossil| Case |Fossil] Fossill Case |}Fossil|Fossil] Case |Fossil
Electric Generators
Capability
PulverizedCoal ........cevvniinnnraninnns 3042 3049 3049 3049 3153 3053 3027 353.3 3073 301.6
Coal Gasification Combined-Cycle ............ 0.5 0.5 0.5 0.5 0.5 3.5 10.3 0.5 25.8 88.8
Conventional Natural Gas Combined-Cycle . ..... 164 227 220 - 188 825 27.0 224 1549 27.0 224
Advanced Natural Gas Combined-Cycle ........ 0.0 44 5.1 9.2 19.0 99.1 1008 197 1845 159.8
Conventional Combustion Turbine ............. 782 97.6 96.8 96.8 136.7 116.9 103.1 1766 1234 103.2
Advanced Combustion Turbine ............... 0.0 13 2.1 4.2 37 34.1 43.6 37 63.3 78.8
FuelCells ....ciiiiiiiriiiiiiiiiainnennnn 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nuclear. . .covivriieii it iiiieirnnnnnes 99.0 948 94.8 948 813 742 742 582 48.9 419
OillandGasSteam ....covvviurnernrennnnes 138.7 1384 1384 1384 100.0 80.2 748 80.6 75.7 68.2
Renewable Sources ............ciiieilt. 1075 1113 1113 1113 1149 1137 1136 1242 1182 114.9
Total ..ociiiiiiiiiiiriiennsnsanasncnnns 7445 7759 775.9 779.0 854.0 853.9 8545 971.6 974.0 979.6
Cumulative Planned Additions
PulverizedCoal ........covvvenceennnnnnnn 0.1 0.9 0.9 0.9 14 14 1.4 14 1.4 1.4
Coal Gasification Combined-Cycle ............ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Conventional Natural Gas Combined-Cycle . ..... 07 20 20 20 5.3 5.3 5.3 5.3 5.3 5.3
Advanced Natural Gas Combined-Cycle ........ 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0
Conventional Cmbustion Turbine.............. 1.5 6.7 6.7 67 186 18.6 186 186 18.6 18.6
Advanced Combustion Turbine ............... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FuelCells . .vvienn it ei i iiennnnns 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nuclear . ..ovvire it iieininecesnnecnann 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
OillandGasSteam ........cccviieenvnennnn 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Renewable Sources ......cvvveveernnannnns 0.1 3.6 3.6 3.6 4.7 4.7 4.7 4.7 4.7 4.7
1 | 25 133 133 13.3 301 30.1 301 302 30.2 30.2
Cumulative Unplanned Additlons
PulerizedCoal .........coiiiiniiinnnennsn 0.0 0.0 0.0 00 126 2.6 08 517 5.7 0.9
Coal Gasification Comined-Cycle ............. 0.0 0.0 0.0 0.0 0.0 3.0 9.8 0.0 25.3 88.2
Conventional Natural Gas Combined-Cycle . ... .. 0.0 5.0 4.3 12 615 6.0 14. 1338 6.0 1.4
Advanced Natural Gas Combined-Cycle ....... . 00 4.4 5.1 92 19.0 99.1 109.8 197 1845 159.8
Conventional Combustion Turbine ............. 202 344 33.6 336 64.9 47.0 36.0 1107 56.8 37.3
Advanced Combustion Turbine ............... 0.0 1.3 21 4.2 37 34.1 43.6 3.7 63.3 78.8
FuelCells ....oviniiiiinerinnnneeancnnas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nuclear . ..coviieiiiiiii ittt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
OllandGasSteam ..vvveevnnnnererennnnnss 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable SoUMCeS . ..vveeirireinrennnnnnn 0.8 0.9 0.9 0.9 35 23 22 133 7.3 4.0
Total ....... fresrescatitsssirtesansenn 210 460 46.0 491 1651 194.0 2036 3329 3489 3704
Cumulative Total Additions ......cvccvununns 23.5 59.2 59.3 623 1953 2242 2337 3631 379.0 400.6
Cumulative Retirements .......ccoeeveeeenees 148 194 19.4 194 768 1057 1158 127.0 140.6 157.6
Cogenerators
Capabllity .
0 | 9.4 9.8 9.8 9.8 9.9 9.9 99 10.0 10.0 10.0
Petroleum ......oiiiiiiiiiiiiiniiieen, 14 14 14 1.4 1.5 1.5 1.5 1.5 1.5 15
NaturalGas .......coocviiinnniennnnnn. 334 349 34.8 349 362 36.2 362 377 37.7 37.7
Other GaseousFuels ...........ccvvunn... 0.6 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Renewables .............coiiiiiiinnn.. 6.9 75 75 75 8.2 8.2 8.2 8.8 8.8 8.8
Other ...oiiiiiiiii it iiircenrnaannn, 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
L7 | 51.8 54.7 54.6 54.7 567 56.8 567 59.1 59.1 59.0
Cumulative Additions ........cccvviiinnnn.. 202 23.1 23.0 231 25.1 251 251 274 27.4 274

Notes: Totals may not equal sum of components due to independent rounding. Net summer capability has been estimated for nonutility generators for AEO98. Net summer
capacily is used to be consistent with electric utility capacity estimates. Electric utility capacity is the most recent data available as of August 31, 1997. Therefore, capacity
estimates may differ from other Energy Information Administration sources.

Source: Energy Information Administration, AEO99 National Energy Modeling System runs LTECEL.D100398A, AEO99A.D100198A, and HTECEL.D100798A.
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Results from Side Cases

Table F9. Key Results for Competitive Pricing Case

Competitive Pricing
Key Indicators and Consumption
1996 1997 2000 2005 2010 2015 2020
Electricity Sales by Sector
(bllllion kilowatthours)
Residential ,.....coveviiniennsnnansnsecenss 1082 1072 1178 1279 1356 1448 1556
Commercial .....vvviiiiirinroniersonennnns 981 1008 1083 1173 1261 1333 1379
Industrial .o ovveeeennnen i 1030 1033 1059 1132 1215 1274 1329
Transportalion ........ovvvenivernscenansnns 17 17 18 31 44 55 65
Total voveeevrrescassnssascncsonssscsccas 3111 3130 3338 3614 3876 4109 4329
End-Use Prices (1997 cents per kwh)
Residential ......ccvvevrrenereneenecnnnnse- 85 8.5 7.8 74 74 74 72
Commerclal ......ovvviiiieiiiiiiniiieenans 77 7.6 71 6.6 6.3 6.2 6.1
Industrial ..o vvvrrrrrsnnnrrrierncnnariinanss 4.6 4.6 45 4.3 4.0 4.0 4.0
Transportation .......cccvvvierniiinrnnnnn. 5.5 56 53 5.0 4.9 48 47
All Sectors AVerage c..oveessvscesscescsnns 6.9 6.9 6.5 6.1 6.0 5.9 58
Generatlon by Fuel Type
(blllion kilowathours)
07T | 1745 1796 1931 1982 2063 2162 2319
Potroleum . ..ovvvvernrenvesnnsasnenannnenas 72 82 101 35 25 27 22
NaturalGas ...vvovevevonersvassssasssananss 278 299 342 676 940 1197 1319
Nuclear Power ......ovvuiveviiossssnsssnsnnns 675 629 659 630 554 419 359
Pumped Storage .. ..veeerrriiinieerierennans -2 -3 -1 -1 -1 -1 -1
Renewable Sourcas ........ocvvveneveniennnn 379 389 375 381 389 401 416
Total oovvevesncrsocencsosssnsensonansnns 3147 3192 3408 3703 3970 4204 4433
Capabliity
(Thousand Megawatts)
CoalSteam ....ovvvvrvrncesnsnrrsnanencnes 304.7 304.7 305.4 305.2 308.9 316.6 336.0
OtherFossilSteam .......coviiiveininnnnns 137.8 138.7 1384 1025 86.1 785 61.4
CombinedCycle .....ovvvvvvneeennneecnsnens 154 164 273 90.3 133.6 1716 200.6
Combustion Turbine/Diesel .......ccovveevrnne. . 701 78.1 98.9 144.9 154.3 163.8 172.5
NuclearPower ..........ccoviiiiveninnnnnns 100.7 99.0 94.8 87.4 742 56.4 48.9
PumpedStorage .......ooeviiveeerneeennnnn. 19.6 19.6 215 21.5 215 21.5 21.5
FuelCells .....oovviivnnnniiiiiniienenenn. 0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable SOUrces .......vevveeeesnncnnnses 87.7 87.9 89.7 91.1 923 93.9 96.0
Total coverversesscsreensoscasvenscnsaaass 736 744.4 776.1 842.8 871.0 902.3 937.0
Cumulative Planned Additions
1 7 | 1.7 25 13.3 29.8 301 30.2 30.2
Cumulative Unplanned Additions
CoalSteam.....ccvvvvriiriinueenrnnnneeeonns 0 0.0 0.0 1.5 5.8 14.1 34.0
Other FossilSteam . ...oovvesveenernnnneannss 0 0.0 0.0 0.0 0.0 0.0 0.0
CombiedCyele .......cviiiiiinniiiiiieannns 0 0.0 9.6 69.3 112.6 150.6 179.7
Combustion Turbine/Diesel ......cvovuevueennn. 13.3 20.1 35.7 722 81.8 91.8 100.5
NuclearPOWEr .....c.vvvvvrnrervrncossncenss 0 0.0 0.0 0.0 0.0 0.0 0.0
Pumped Storage . .......coviviininrniinnnn. 0 0.0 0.0 0.0 0.0 0.0 0.0
FUelCells ..uvuvrrvrirenennsenseanosnaannns 0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable SOUICES +vvvevirsvrrvvrersrosnnns 0.8 0.8 0.9 14 24 43 6.7
Total vevveevesssnacessaassancssesassanne 141 21.0 46.2 1443 202.7 260.8 320.8
Cumulative Total Additions .......ccc00eenvannns 15.8 234 59.4 174.2 2328 290.9 351.0
Cumulative Retirements ..... hsesseieasiiaanas 127 14.8 19.4 68.3 98.4 124.2 149.5
Total Carbon Emissions by Electric Generators
{million metric tons peryear) ......ooeeveenns 513.2 532.4 589.5 616.9 661.0 708.3 741.6
Natural Gas Prices to Electric Generators
(1997 dollars per thousand cubic foot) ........ 2,76 2,76 2,68 3.03 3.17 3.22 3.27
Coal Prices to Electric Generators
(1997 dollars per shortton) .....cceveeeacene 26.96 26.16 24.48 23.24 21.70 20.19 19.00
Note: Totals may not equal sum of components due to independent rounding.
Source: Energy Information Administration, AEO99 National Energy Modeling System run COMPETE.D1003398A.
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Results from Side Cases

Table F10. Key Results for Renewable Portfolio Standard Cases

Key Indicators 1997 2000 2010 2020
Reference | 5.5% RPS | Reference | 5.5% RPS | Reference | 5.5% RPS
Electricity Sales ,
(billion kilowatthours) ............ - 3,130 - 3,333 3,333 3,843 3,827 4,345 4,336
Electricity Prices '
(1997 cents per kilowatthour) ...... 6.9 6.58 6.58 6.14 6.25 5.63 5.64

Generation by Fuel
(billion kilowatthours)

Coal ..o iiiiiiiiiiiiiiin, 1,855 1,989 1,990 2,101 2,069 2,353 2,258
Natural Gas ......c.ccevennennn. 509 548 547 1,140 1,035 1,582 1,527
Ol eieii e i 92 110 110 35 33 3 30
Conventional Hydropower ......... 357 327 327 328 328 328 328
Geothermal . ..ooevveenrnnennns 16 15 15 18 29 23 34
Municipal SolidWaste . ........... 16 26 26 29 29 31 31
Wood and Other Biomass ......... 37 49 49 62 129 91 179
SolarThermal .................. 1 1 1 1 1 1
Solar Photovoltaic . . ............. 0 0 0 1 1 2 2
Wind.....ooiiii i, 3 6 6 51 8 52
({7 634 668 667 562 561 367 366
Total couivrveecnraneensenoes. 3,520 3,738 3,737 4,284 4,267 4,817 4,807
Generating Capacity
(gigawatts)
L0 - | 314 315 315 319 317 343 332
Natural GasandOil ............. 268 301 301 395 381 513 509
Conventional Hydropower . ........ 79 79 79 79 79 79 79
Geothermal ........covveevnnnnn 3 4 3 4 5 4 5
Municipal SolidWaste . ........... 4 4 4 4 4 5 5
Wood and Other Biomass ......... : 7 8 8 9 19 13 26
SolarThermal .................. 0 0 0 0 0 1 1
Solar Photovoltaic . . ... ......... 0 0 0 0 0 1 1
Wind...oviiii it 2 3 3 3 19 4 19
Other ..cvvviiiiiiiiiieninnnnn 119 117 117 97 97 71 71

L | 796 831 831 M 921 1033 1,047

Energy Production

Coal {million shorttons) .......... 1,099 1,168 1,168 1,236 1,224 1,358 1,322
Natural Gas .
. (trillion cubicfeet) ............. 18.9 19.3 19.3 23.8 23.0 27.4 27.1

Carbon Emissions
{million metrictons) .......... 532 589 589 655 635 745 ‘ 720

Prices to Generators
(1997 dollars per million btu) ‘
Coal ...t it it 1.27 1.19 1.19 1.06 1.07 0.93 0.94
NaturalGas ...........c.c.c..e. 2.70 2.62 2.63 3.08 2.97 3.24 3.12

Source: Energy Information Administration, AEO99 National Energy Modeling System runs AEO99B.D100198A and RPS99.D100698B.
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Results from Side Cases

Table F11. Key Results for High Renewable Energy Case

2010 ) 2020
Capacity and Generation 1997 Reference High Reference High
- - Renewables Renewables
Capacity (Glgawatts)
Net Summer Capability
¢
Electric Generators !
Conventional Hydropower .........co00u0. 77.60 78.51 78.51 78.51 78.51
Geothermal ........covevrvvnennnnennn. 3.00 3.16 3.77 3.52 4.93
Municipal SolidWaste ................... 341 4.01 4.01 4.27 4.27
Wood and OtherBiomass .........ceeeuss 1.66 2.33 5.14 5.61 14.51
SolarThermal .......ccvvniveeeenvennns 0.35 0.44 0.45 0.52 0.53
Solar Photovoltaic ......cccveevernran... 0.01 0.30 0.31 0.64 0.65
Wind voovvrninnnnnennnnn. e 1.88 3.39 10.42 3.61 22,03
Total sovveevensecoorensonseosaneess 8792 92.14 102.59 96.68 125.43 )
Cogenerators
Conventional Hydropower ............... 0.93 0.93 0.93 0.93 0.93
Municipal SolidWaste .. ................. 0.46 0.48 0.48 0.49 0.49
Wood and Other Biomass ...... PN 5.45 6.77 6.78 7.39 7.39
Total vovvrvvernsncervascessnsannnee 6.85 8.19 8.19 8.81 8.81
Generation
(bllllon kilowatthours)
Electric Generators
Coal,isvverrivensnnnns Cereeen e 1,796 2,046 2,001 2,298 2,089
Petroleum ..... sesrseesasseasusennaens 82 28 31 24 25
Natural Gas ....oovvvvvvnvrnnrnnsoasnns 299 919 900 1,349 1,409
Total FOssil! v.veeeerverenoecnnnneess 2177 2,992 2,932 3,672 3,523
Conventional Hydropower ................ ~ 850.62 323.42 323.44 323.58 323.59
Geothermal .........ccvveven.n- heseens 156.67 17.86 22.47 22.99 33.69
Municipal Solid Waste ............ yeerean 14.30 26.49 26.50 28.34 28.35
Wood and OtherBiomass ..........cc.... 4.21 11.97 31.59 34.89 g7.22
SolarThermal ......ovvvvvivvrnrsnnnnns 0.90 1.19 1.21 1.44 1.49
Solar Photovoltaic ......ccovvveernennn.. 0.00 0.71 0.72 1.56 1.59
Wind ..ovvrrriiieriinnsenesnrnnssnnss 341 7.69 34.16 8.44 78.74
Total Renewable .....00eneeevcanasse. 38911 389.33 440.09 421.24 564.68
Cogenerators
Coal...... Pessseessasasansssannasanns 60 55 55 54 54
Petroleum ......cccevrevennercncencans 10 7 7 7 7
Natural Gas .....oovvererencnonnrnoenss 210 221 221 233 232
Total FOSSH' .vvvveverenesesnoscannae 280 283 283 294 294
Convenlional Hydropower ................ 6.16 4.90 4.90 4.90 4.90
Municipal SolidWaste ............00uuun. 1.80 232 2.32 234 234
Wood and Other Biomass ................ 32,69 49.59 49.59 55.82 55.78
Total Renewables .. .ccovvsnernesssses  40.65 56.82 56.82 63.06 63.02

'Total of ltems presented,
Source: Energy Information Administration, AEO99 Forecasting System runs AEO99B.D100198A and HIRENEW.D100398B.
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Results from Side Cases

Table F12. Key Results for Oil and Gas Technological Progress Cases
(Quadrillion Btu per Year, Unless Otherwise Noted)

. Projections
2005 2010 - 2020
Supply, Disposition, and Prices 1997 Slow Rapld Slow Rapld Slow Rapld
Technology |Reference| Technology | Technology |Reference] Technology | Technology- [Reference| Technology
Progress Progress Progress Progress Progress Progress
Total Energy Supply and Disposition
Production
Crude Oil and Lease Condensate .......... 1365 11.99 12.31 12.60 11.24 11.83 . 1240 9.65 10.51 11.09
Natural Gas Plant Liquids ............... 257 275 280 283 297 3.06 312 324 347 3.69
DryNatural Gas...ooevvevnnnnnanennnsn 1946 21.75 2217 22.38 2369 2444 24.93 26.11 28.12 29.96
L N ’ 2329 25.31 25.20 25.14 26.30 2591 2575 - 29.38 28.12 2714
Nuclear POWEr «..vevvereeniiieriannnen 6.7 6.73 6.73 6.73 591 591 591 3.98 3.83 3.75
Renewable Energy .....covvvvvnvnnnnn. 6.82 FAD FAY FAL 745 744 744 8.25 8.15 8.09
10111 0.66 0.56 0.57 057 0.58 0.57 0.57 0.65 0.65 0.65
Total cevenrennnennnnnnnnnncninnnns 73.18 76.21 76.89 77.36 7815 79.16 80.11 81.26 82.85 84.38
Imports |
CrudeOil' ..vvreiieneeiiiecnannaens 17.85 21.84 2153 21.19 2449 2391 23.35 26.90 26.03 2546
Petroleum Products .o evvevnennennnnnn . 388 6.58 6.45 642 747 7.35 7.24 10.18 9.92 9.64
Natural Gas ....ooveenenniiieniennones 3.05 4.04 397 3.96 4.76 4.69 471 567 546 5.19
Otherlmporis.......covevevvennnnnnne. 0.52 0.70 0.70 0.70 0.7 071 0.71 0.75 0.75 0.75
Total coeeniiiiiiinriiiiieaiiiieen, 2532 33.16 3265 3228 3743 36.66 36.01 43.50 4215 41.03
Exports
Petroletim .....covviiviiiiiinennnnne, 209 2,03 2,05 2,06 2.09 211 214 1.95 2,00 2.02
Natural Gas ..oveveeenernennenennennes 0.16 0.21 0.21 - 021 0.24 0.24 0.24 0.32 0.32 0.32
(07 2.14 221 221 221 227 227 227 236 2.36 2.36
Total ceevniiiiiieiiiiiiiiciennenn, 439 445 447 448 4.60 462 4.65 463 468 470
DiSCTEPANCY seesessassnsenssccccssssns 0.06 <0.36 -0.39 -0.35 045 037 -0.42 <0.50 -0.44 047
Consumption
Petroleum Products ...ovvvvnnnnennnnnen 36.49 41.31 4125 41.23 4428 4422 44.16 48.12 48.08 48.02
Natural Gas ...covevieneenneiernnnens 2259 2554 25.89 26.07 28.11 28.79 29.30 31.38 3317 34.73
L N 21.09 2346 2331 2327 24.38 24.06 2384 2750 26.26 25.23
Nuclear POWer . ..ooovvvvunniiennnnens 6.7 6.73 6.73 6.73 591 591 591 398 383 375
Renewable Energy .......coeveevennnen 6.82 712 7.42 71 746 745 745 8.26 8.17 8.11
01 0.33 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39
L 9404 10455 104.68 104.81 11053 11083 111.05 11963  119.89 120,23
Netimports - Petroleum ....ovvevvennens 19.65 26.38 2593 25.56 29.87 29,16 2845 35.12 33.95 33.08
Prices (1997 dollars per unit)
World Oil Price (dollars perbarel) ......... 18.55 19.25 19.25 19.25 21.30 2130 - 21.30 2273 273 273
Gas Wellhead Price {dollars per Mcf) ....... 223 253 235 225 2.85 252 229 299 ' 268 223
Coal Minemouth Price (dollars perton) . ..... 18.04 14.97 14.93 1494 14.06 14.00 13.85 12.66 12.74 12.67
Avg. Electricity Price (cents per Kwh) ....... 69 64 64 63 6.2 6.1 6.1 57 5.6 55
Natural Gas Supply and Disposition
Production (frillion cublc feet)
Dry Gas Production .......vvivennnnnne 18.93 21.16 2157 217 23.05 2377 2425 2540 27.35 29.15
Supplemental Natural Gas .............. 0.11 011 011 0.1 0.06 0.06 0.06 0.06 0.06 . 0.06
Net Imports (trillion cubic feef) .......... 283 375 368 366 442 435 437 524 5.02 476
Total Supply (trillion cubie feet) ......... 21.88 2502 25.36 2555 2753 28.18 28.68 30.69 3244 3397
Consumption by Sector (trillion cublc feet) )
Residential......covviieniiiiiniiniane, 5.00 512 5.16 5.19 5.28 536 543 5.66 5.77 592
COmMErCial ..vuvveeivnnrnssnnensenns 327 355 3.58 3.60 368 373 377 382 3.88 3.96
Industrial ......ooiviiernnniiennnnine, 8.40 8.96 9.04 9.09 9.32 9.46 959 10.09 10.24 10.45
Electric Generators .......covevevenannss 3.32 477 492 4.99 6.38 669 6.91 791 9.16 10.11
Leaseand PlantFuel ............ceues 1.24 1.49 1.50 1.51 1.61 1.65 1.67 1.83 1.93 2.00
Pipeline Fuel ......ooveviiniiiininnin, 0.71 0.80 0.82 0.82 0.85 0.87 0.90 091 0.98 1.06
Transportation .....coovvivnenninennnns 0.01 0.18 0.18 0.18 025 025 0.25 0.33 0.33 0.34
L 21.98 24.86 2519 2537 2736 28.02 2852 30.55 3230 33.83
Discrepancy (trillion cublc feet).......... -0.09 0.16 0.17 0.18 0.17 0.16 0.16 0.14 0.14 0.14
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Table F12. Key Results for Oil and Gas Technological Progress Cases (Continued)
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
2005 2010 2020
Supply, Disposiltion, and Prices 1997 Slow Rapld Slow Rapld Slow Rapld
Tech. |Reference} Tech. Tech. | Reference] Tech. Tech. |Reference| Tech.
Progress Progress | Progress; Progress| Progress Progress
Crude Oil Supply
Lower 48 Average Wellhead Price
(1997 dollars per barrel) .......... 16.25 18.87 18.80 18.74 20.99 20.80 20.66 21.79 2173 21.48
Production (mlllion barrels per day)
U.S. Total..... sessessncsesssnnas 6.45 5.66 5.82 5.95 5.31 5.59 5.86 4.56 4.96 5.24
Lower480Onshore ............... 3.75 3.07 3.1 3.13 3.00 3.07 3.13 3.08 3.28 3.40
Conventional v vvsvvvsnvevnrrnan. 3.17 2.64 2.66 2.68 249 254 2.58 247 2.57 2.62
Enhanced Olf Recovery .......... 058 043 045 045 _ 050 0.53 0.55 0.62 071 . 078
Lower48Offshore ............... 1.40 1.69 1.73 1.78 1.65 1.74 1.83 111 1.19 1.18
Alaska ....vvveevererianecannns 1.29 0.91 - 0.97 1.04 0.67 0.78 0.90 0.37 0.49 0.66
Lower 48 End of Year Reserves
(billlonbarrels) e cveveveresscenns 18.27 14.25 14.44 14.67 13.44 13.80 14.21 12,92 13.70 14.14
Natural Gas Supply
Lower 48 Average Wellhead Price
(1997 dollars ser MCT) verernnnn.. 2,23 2,53 235 2,25 2.85 2.52 2.29 2.99 2,68 2,23
Production (trillion cublc feet)
US.Total..oovvevencnnannonsanes 1893 21.16 21.57 21.77 23.05 23.77 24.25 25.40 27.35 29.15
Lower480nshore ........cc..... 12.88 14.06 14.31 14.24 15.89 16.36 16.78 18.05 20.24 2257
Associated-Dissolved ............ 177 1.32 1.32 1.33 1.18 1.19 1.20 117 1.21 1.24
Non-Associated ................ 1.1 12,74 12.99 12.92 14.71 15.18 15.58 16.88 19.04 21.34
Conventional . .....oovevneenns 7.42 917 9.01 8.76 10.29 10.27 9.87 12,12 12.32 11.81
Unconventional ................ 3.68 3.57 3.97 4,16 4.42 4.90 5.71 4.76 6.72 9.52
Lower48Offshore ............... 5.61 6.44 6.61 6.88 6.48 6.73 6.79 6.61 6.38 5.84
Assoclated-Dissolved ............ 0.79 0.91 0.92 0.92 0.91 0.93 0.95 0.79 0.81 0.80
Non-Assoclated ................ 4,81 5.53 5.69 5.96 5.57 5.80 5.84 5.82 5.57 5.03
Alaska ...vvvreerrrcrnrencnennn 0.43 0.65 0.65 0.65 0.68 0.68 0.68 0.73 0.73 0.73
U.S. End of Year Reserves
(trilllon cublcfeet) c.ovvvvevecenes 158.12 157.63 166.77 174.19 165.15 174.29 189.68 149.29 172.03 210.84
Supplemental Gas Supplies
(trillfon cublcfeet) .vvovvvenrnnnns 0.12 0.11 0.11 0.11 0.05 0.05 0.05 0.05 0.05 0.05
Total Lower 48 Wells Completed
(thousands) ....eveveveccvnnans 27.02 26.00 27.00 26.86 32.02 31.54 31.25 31.11 35.62 38.21

Tech = Technology.
Kwh = Kilowatthour,
Btu = British thermal unit.
Mcf = Thousand cublc feet.
N/A = Not applicable. ,
Note; Totals may not equal sum of components due to independent rounding. Figures for 1997 may ditfer from published data due to intemal conversion factors.
Sources: Energy Information Administration, AEOS9 National Energy Modeling System runs LTECOG.D100298A, AEO99B.D100198A, and HTECOG.D100298A.
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Table F13. Key Results for Reduced Sulfur Gasoline Cases.

2004 2010
Demand, Prices, and Imports 1997 AR:"?:r:-“aII\ Automakers’ ::VT:I:I\ Automakers’
! ’ P Reference g National Low| Reference g National Low,
Reduced Reduced
R . - . Sulfur Sulfur
Sulfur Sulfur
Assumed Gasoline Content by Area i
(parts per million) : - - -
Califomia Reformulated Gasoling® ............... 40 40 40 40. 40 40 40
Federal Reformulated Gasoline Areas®............ 340 150 150 40 150 40 40
23 Eastern States and East Texas® .............. 340 340 150 40 340 ‘ 40 40
AllOther Areas .......coceeeverncnarosnncnes 340 340 - 300 ; 40 340 300 40
Percentage of Total Gasoline Demand
by Sulfur Content :
340 PPM AVEFAZE? «envreenieernereenrnaenaans 89% 66% 66%
lessthan 300 PPM ... vvveiinrinnncnenrenenenn 24% 24%
lessthan 150 PPM oot eeinninnnsenarens 23% 65% 23%
lessthan40ppm ............. N 11% 1% 11% 100% 11% 76% 100%
National Average Gasoline Price )
(1997 dollars pergallon) .......... ereessienns 1.214 1.201 1.214 1.284 1.288 1.337 1.356
Consumer Expenditures for Gasoline
(billions 1997 dollars) .........cceovieniennnnn 148.7 169.8 171.6 181.5 197.6 205.2 208.1
Net Gasoline and Blending Components Imports .
(] »T ) Y 359 806 744 717 1193 1122 784
Net Crude Oil Imports (Mbed) . . oo vveveeennnnnanns 8,118 9,677 10,033 10,474 10,959 11,125 11,193
Import Share of Product Supplied (percentage) ...... 0.49 0.57 0.57 0.58 0.60 0.61 0.61

'California requires a 40 parts per million (ppm) flat limit, or 30 ppm annual average with an 80 ppm cap.

2Required areas: Baltimore, Chicago, Houston, Los Angeles, Milwaukee, New York City, Philadelphia, San Diego, Sacramento, and Washington, DC, and the entire states
of Connecticut, Delaware, New Jersey, Massachusetts, and Rhode Island. Plus opt-in areas in Arizona, Kentucky, Maine, Missouri, Maryland, New Hampshire, New York,
Texas, and Virginia. '

3Includes Alabama, Florida, Georgia, Illinois, Indiana, Kentucky, Louisiana, Maine, Maryland, Michigan, Mississippi, Missouri, New Hampshire, New York, North Carolina,
Ohio, Pennsylvania, South Carolina, Tennessee, Vermont, Virginia, West Virginia, and Wisconsin.

*The cumrent average sulfur content is 340 parts per million (ppm) though 1000 ppm is the maximum allowed.

mbed = thousand barmels per day.

DC = District of Columbia. - :

APINPRA = American Petroleum Institute and National Petrochemical and Refiners Association.

Note: Side cases were run without the fully integrated modeling system, so not all potential feedbacks were captured.

Source: Energy Information Administration, AEO99 National Energy Modeling System runs AEO99B.D100198A, TRLAPI.D101698A, and TRLAAMA.D101698A.
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Table F14. Key Results for Coal Mining Cost Cases
2000 2010 2020

Prices, Productivity,and Wages | 1997 | Low |Reference| High | Low |Reference| High | Low |Reference High
Cost Case Cost Cost Case Cost Cost Case Cost

Minemouth Price

(1997 dollars per shortton) ....... 18.14 16.31 16.59 1682 1256 14.00 15.00 1042 12.74 14.94
Delivered Price to Electric Generators

(1997 dollars per million Btu) ...... 127 1.8 1.19 1.21 0.99 1.06 1.14 0.82 0.93 1.07
Labor Productivity

(short tons per miner per hour) ... .. 6.04 6.99 6.85 6.73 10.66 8.96 799 14.14 10.18 7.99
Labor Productivity

(average annual growth from 1997) N/A 5.0 4.3 37 . 45 3.1 22 3.8 23 1.2

Average Coal Miner Wage
(1997 dollars perhour) .......... 19.01 18.73 19.01 1930 17.81 19.01 2028 16.94 19.01 21.32

Average Coal Miner Wage
{average annual growth from 1997) N/A -0.5 0.0 0.5 -0.5 0.0 0.5 -0.5 0.0 0.5

N/A = Not Applicable,
Note: Side cases were run without the fully integrated modeling system, so not all potential feedbacks are captured.

Source: Energy Information Administration, AEO99 National Energy Modeling System runs LLCST99.D100598B, AEO99.D100198A, and HLCST99.D1005988.
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Appendix G

Major Assumpti‘ons for the Forecasts

The National E}lergy Modeliﬂg System

The projections in the Annual Energy Outlook 1999
(AEO099) are generated with the National Energy
Modeling System (NEMS), developed and main-
tained by the Office of Integrated Analysis and Fore-
casting of the Energy Information Administration
(EIA). In addition to its use in the development of
the AEO projections, NEMS is also used in analyti-
cal studies for the U.S. Congress and other offices
within the Department of Energy. The AEO fore-
casts are also used by analysts and planners in other
government agencies and outside organizations.

The projections in NEMS are developed with the use
of a market-based approach to energy analysis. For
“each fuel and consuming sector, NEMS balances the
energy supply and demand, accounting for the
economic competition between the various energy
fuels and sources. The time horizon of NEMS is the
midterm period, approximately 20 years in the
future. In order to represent the regional differences
in energy markets, the component models of NEMS
function at the regional level: the 9 Census divisions
for the end-use demand models; production regions
specific to oil, gas, and coal supply and distribution;
the North American Electric Reliability Council
regions and subregions for electricity; and aggrega-
tions of the Petroleum Administration for Defense
Districts for refineries.

NEMS is organized and implemented as a modular
system. The modules represent each of the fuel
supply markets, conversion sectors, and end-use
consumption sectors of the energy system. NEMS
also includes macroeconomic and international
modules. The primary flows of information between
each of these modules are the delivered prices of
energy to the end user and the quantities consumed
by product, region, and sector. The delivered prices
of fuel encompass all the activities necessary to
produce, import, and transport fuels to the end user.
The information flows also include other data on
such areas as economic activity, domestic produc-
tion activity, and international petroleum supply

availability.

The integrating module controls the execution of
each of the component modules. To facilitate modu-
larity, the components do not pass information to

each other directly but communicate through a
central data file. This modular design provides the
capability to execute modules individually, thus
allowing decentralized development of the system
and independent analysis and testing of individual
modules. This modularity allows the use of the
methodology and level of detail most appropriate for
each energy sector. NEMS calls each supply, conver-
sion, and end-use demand module in sequence until
the delivered prices of energy and the quantities
demanded have converged within tolerance, thus
achieving an economic equilibrium of supply and
demand in the consuming sectors. Solution is
reached annually through the midterm horizon.
Other variables are also evaluated for convergence,
such as petroleum product imports, crude oil
imports, and several macroeconomic indicators.

Each NEMS component also represents the impact
and cost of legislation and environmental regula-
tions that affect that sector and reports key emis-
sions. NEMS represents current legislation and
environmental regulations as of July 1, 1998, such
as the Clean Air Act Amendments of 1990
(CAAA90), the Ozone Transport Rule (OTR), and
the costs of compliance with other regulations.

In general, the AEO99 projections were prepared by
using the most current data available as of July 31,
1998. At that time, most 1997 data were available,
but only partial 1998 data were available. Carbon
emissions were calculated by using carbon coeffi-
cients from the EIA report, Emissions of Greenhouse
Gases in the United States 1997, published in
October 1998 [1].

Historical numbers are presented for comparison
only and may be estimates. Source documents
should be consulted for the official data values.
Some definitional adjustments were made to EIA
data for the forecasts. For example, the transporta-
tion demand sector in AEO99 includes electricity
used by railroads, which is included in the commer-
cial sector in EIA’s consumption data publications.
Also, the State Energy Data Report classifies energy
consumed by independent power producers, exempt
wholesale generators, and cogenerators as indus-
trial consumption, whereas AEO99 includes
cogeneration in the industrial sector and other
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nonutility generators in the electricity sector. Foot-
notes in the appendix tables of this report indicate
the definitions and sources of all historical data.

The AEO99 projections for 1998 and 1999 incorpo-
rate short-term projections from the September up-
date of EIA’s Short-Term Energy Outlook (STEO),
Third Quarter 1998 [2], published in July 1998. For
short-term energy projections, readers are referred

to the monthly updates of the STEQ.

Component modules

The component modules of NEMS represent the
individual supply, demand, and conversion sectors
of domestic energy markets and also include inter-
national and macroeconomic modules. In general,
the modules interact through values representing
the prices of energy delivered to the consuming
sectors and the quantities of end-use energy
consumption,

Macroeconomic Activity Module

The Macroeconomic Activity Module provides a set
of essential macroeconomic drivers to the energy
modules and a macroeconomic feedback mechanism
within NEMS. Key macroeconomic variables in-
clude Gross Domestic Product (GDP), interest rates,
disposable income, and employment. Industrial
drivers are calculated for 35 industrial sectors. This
module is a kernel regression representation of the

DRI/McGraw-Hill U.S. Macroeconomic Model of the
U.S. Economy.

International Module

The International Module represents the world oil
markets, calculating the average world oil price and
computing supply curves for 5 categories of
imported crude oil for the Petroleum Market Module
of NEMS, in response to changes in U.S. import
requirements. International petroleum product
supply curves, including curves for oxygenates, are
also calculated.

Household Expenditures Module

The Household Expenditures Module provides esti-
mates of average household direct expenditures for
energy used in the home and in private motor
vehicle transportation. The. forecasts of expendi-
tures reflect the projections from NEMS for the resi-
dential and transportation sectors. The projected

household energy expenditures incorporate the
changes in residential energy prices and motor
gasoline price determined in NEMS, as well as the
changes in the efficiency of energy use for resi-
dential end-uses and in light-duty vehicle fuel
efficiency. Average expenditures estimates are pro-
vided for households by income group and Census
division.

Residential and Commercial Demand
Modules

The Residential Demand Module forecasts con-
sumption of residential sector energy by housing
type and end use, subject to delivered energy prices,
availability of renewable sources of energy, and
housing starts. The Commercial Demand Module
forecasts consumption of commercial sector energy
by building types and nonbuilding uses of energy
and by category of end use, subject to delivered
prices of energy, availability of renewable sources of
energy, and macroeconomic variables representing
interest rates and floorspace construction. Both
modules estimate the equipment stock for the major
end-use services, Incorporating assessments of
advanced technologies, including representations of
renewable energy technologies and effects of both
building shell and appliance standards.

Industrial Demand Module

The Industrial Demand Module forecasts the con-
sumption of energy for heat and power and for feed-
stocks and raw materials in each of 16 industry
groups, subject to the delivered prices of energy and
macroeconomic variables representing employment
and the value of output for each industry. The
industries are classified into three groups—energy-
intensive, non-energy-intensive, and nonmanu-
facturing. Of the 8 energy-intensive industries, 7
are modeled in the Industrial Demand Module with
components for boiler/steam/cogeneration, build-
ings, and process/assembly use of energy. A repre-
sentation of cogeneration and a recycling component
are also included. The use of energy for petroleum
refining is modeled in the Petroleum Market
Module, and the projected consumption is included
in the industrial totals.

Transportation Demand Module

The Transportation Demand Module forecasts con-
sumption of transportation sector fuels, including
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petroleum products, electricity, methanol, ethanol,
compressed natural gas, and hydrogen by transpor-
tation mode, vehicle vintage, and size class, subject
to delivered prices of energy fuels and macro-
economic variables representing disposable per-
sonal income, GDP, population, interest rates, and
the value of output for industries in the freight
sector. Fleet vehicles are represented separately to
allow analysis of CAAA90 and other legislative
proposals, and the module includes a component to
explicitly assess the penetration of alternatively-
fueled vehicles. s

Electricity Market Module

The Electricity Market Module represents genera-
tion, transmission, and pricing of electricity, subject
to delivered prices for coal, petroleum products, and
natural gas; costs of generation by centralized
renewables; macroeconomic’ variables for costs of
capital and domestic investment; and electricity
load shapes and demand. There are three primary
submodules—capacity planning, fuel dispatching,
and finance and pricing. Nonutility generation and
transmission and trade are represented in the
planning and dispatching submodules. The level-
ized fuel cost of uranium fuel for nuclear generation
is directly incorporatéed into the Electricity Market
Module. All CAAA90 and OTR compliance options
are explicitly represented in the capacity expansion
and dispatch decisions. Both new generating
technologies and renewable technologies compete
directly in these decisions.

Renewable Fuels Module

The Renewable Fuels Module includes submodules
that provide explicit representation of the supply of
biomass (including wood and energy crops), munici-
pal solid waste (including landfill gas), wind energy,
solar thermal electric and photovoltaic energy, and
geothermal energy. It contains natural resource

supply estimates and provides cost and performance
criteria to the Electricity Market Module. The
Electricity Market Module represents market
penetration of renewable technologies used for
centralized electricity generation, and the end-use
demand modules incorporate market penetration of
selected off-grid electric and nonmarketed non-
electric renewables.

Oil and Gas Supply Module

The Oil and Gas Supply Module represents domestic
crude oil and natural gas supply within an inte-
grated framework that captures the interrelation-
ships betw‘evenr the various sources of supply:
onshore, offshore, and Alaska by both conventional
and nonconventional techniques, including en-
hanced oil recovery and unconventional gas re-
covery from tight gas formations, shale, and
coalbeds. This framework analyzes cash flow and
profitability to compute investment and drilling in
each of the supply sources, subject to the prices for
crude oil and natural gas, the domestic recoverable

resource base, and technology. Oil and gas produc-
tion functions are computed at a level of 12 supply

regions, including 3 offshore and 3 Alaskan regions.
This module also represents foreign sources of natu-
ral gas, including pipeline imports and exports with
Canada and Mexico and liquefied natural gas im-
ports and exports. Crude oil production quantities
are input to the Petroleum Market Module in NEMS
for conversion and blending into refined petroleum
products. Supply curves for natural gas are input to
the Natural Gas Transmission and Distribution
Module for use in determining prices and quantities.

Natural Gas Transmission and Distribution
Module '

The Natural Gas Transmission and Distribution
Module represents the transmission, distribution,
and pricing of natural gas, subject to end-use
demand for natural gas and the availability of
domestic natural gas and natural gas traded on the
international market. The module tracks the flows
of natural gas in an aggregate, domestic pipeline
network, connecting the domestic and foreign
supply regions with 12 demand regions. This capa-
bility allows the analysis of impacts of regional
capacity constraints in the interstate natural gas
pipeline network.and the identification of pipeline
and storage capacity expansion requirements. Peak
and off-peak periods are represented for natural gas
transmission, and core and noncore markets are
represented at the burner tip. Key components of
pipeline and distributor tariffs are included in the
pricing algorithms.
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Petroleum Market Module

The Petroleum Market Module forecasts prices of
petroleum products, crude oil and product import
activity, and domestic refinery operations, including
fuel consumption, subject to the demand for petro-
leum products, availability and price of imported
petroleum, and domestic production of crude oil,
natural gas liquids, and alcohol fuels. The module
represents refining activities for three regions—
Petroleum Administration for Defense District
(PADD) 1, PADD 5, and an aggregate of PADDs 2, 3,
and 4. The module uses the same crude oil types as
the International Module, It explicitly models the
requirements of CAAA90 and the costs of new auto-
motive fuels, such as oxygenated and reformulated
gasoline, and includes oxygenate production and
blending for reformulated gasoline. Costs include
capacity expansion for refinery processing units.
End-use prices are based on the marginal costs of
production, plus markups representing product
distribution costs, State and Federal taxes, and
environmental costs.

Coal Market Module

The Coal Market Module simulates mining, trans-
portation, and pricing of coal, subject to the end-use
demand for coal differentiated by physical charac-
teristics, such as the heat and sulfur content. The
coal supply curves include a response to fuel costs,
labor productivity, and factor input costs. Twelve
coal types are represented, differentiated by coal

rank, sulfur content, and mining process. Produc-
tion and distribution are computed for 11 supply
and 13 demand regions, using imputed coal trans-
portation costs and trends in factor input costs. The
Coal Market Module also forecasts the require-
ments for U.S. coal exports and imports. The inter-
national coal market component of the module
computes trade in 4 types of coal for 16 export and 20
import regions. Both the domestic and international
coal markets are simulated in a linear program.

Major assumptions for the
Annual Energy Outlook 1999

Table G1 provides a summary of the cases used to
derive the AEO99 forecasts. For each case, the table
gives the name used in this report, a brief descrip-
tion of the major assumptions underlying the projec-

tions, a designation of the mode in which the case
was run in the NEMS model (either fully integrated,

partially integrated, or standalone), and a reference
to the pages in the body of the report and in this
appendix where the case is discussed.

Assumptions on world oil markets and domestic
macroeconomic activity are primary drivers to the
forecasts presented in AE099. These assumptions
are presented in the “Market Trends” section. The
following section describes the key regulatory, pro-
grammatic, and resource assumptions that factor
into the projections. More detailed assumptions for
each sector will be available via the EIA Home Page
on the Internet and on the EIA CD-ROM, along with
regional results and other details of the projections.

Buildings sector assumptions

The buildings sector includes both residential and
commercial structures. Both the National Appliance
Energy Conservation Act of 1987 (NAECA), the
Energy Policy Act of 1992 (EPACT), and the Climate
Change Action Plan (CCAP) contain provisions
which impact future buildings sector energy use.
The provisions with the most significant effect are
minimum equipment efficiency standards. These
standards require that new heating, cooling, and
other specified energy-using equipment meet mini-
mum energy efficiency levels which change over
time. The manufacture of equipment that does not
meet the standards is prohibited.

Residential assumptions. The NAECA minimum
standards [3] for the major types of equipment in the
residential sector are:

* Central air conditioners and heat pumps—a 10.0
minimum seasonal energy efficiency ratio for
1992

- Room air conditioners—an 8.7 energy efficiency
ratio in 1990, increasing to 9.7 in 2001

* Gas/oil furnaces—a 0.78 annual fuel utilization
efficiency in 1992

* Refrigerators—a standard of 976 kilowatthours
per year in 1990, decreasing to 691 kilowatt-
hours per year in 1993 and to 483 kilowatthours
per year in 2002 '

+ Electric water heaters—a 0.88 energy factor in
1990

+ Natural gas water heaters—a 0.54 energy factor
in 1990.
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Table G1. Summary of the AEO99 cases

Integration | Reference | Reference in
Case name Description mode intext | Appendix G
Reference . Baseline economic growth, world oil price, and Fully
technology assumptions integrated
Low Economic Growth Gross domestic product grows at an average annual rate  Fully p. 45
. of 1.5 percent, compared to the reference case growth of integrated
2.1 percent.
High Economic Growth Gross domestic product grows at an average annual rate  Fully p. 45
‘ of 2.6 percent, compared to the reference case growth of integrated
‘ 2.1 percent. ‘
Low World Qil Price World oil prices are $14.57 per barrel in 2020, compared Partially p. 46
to $22.73 per barrel in the reference case. integrated
High World Oil Price World oil prices are $29.35 per barrel in 2020, compared Partially p. 46
to $22.73 per barrel in the reference case. integrated
Residential: Future equipment purchases based on equipment Standalone p. 57 p. 220
1999 Technology available in 1999. Building shell efficiencies fixed at 1999
' levels.
Residential: Earlier availability, lower costs, and higher efficiencies Standalone p. 57 p. 220
High Technology assumed for more advanced equipment.
Residential: ‘ Future equipment purchases and new building shells Standalone p.57 p. 220
Best Available based on most efficient technologies available. Existing
Technology building shell efficiencies increase by 30 percent from
1993 values by 2020.
Commercial: Future equipment purchases based on equipment Standalone p. 58 p. 221
1999 Technology available in 1999. Building shell efficiencies fixed at 1999
levels.
Commercial: Earlier availability, lower costs, and higher efficiencies Standalone p. 58 p. 221
High Technology assumed for more advanced equipment.
Commercial: Future equipment purchases based on most efficient Standalone p. 58 p. 221
Best Available technologies available. Building shell efficiencies increase
Technology by 50 percent from reference values by 2020. A
Industrial: Efficiency of plant and equipment fixed at 1999 levels. Standalone p. 59 p. 222
1999 Technology
Industrial: Earlier availability, lower costs, and higher efficiencies’ Standalone p. 59 p. 222
High Technology assumed for more advanced equipment.
Transportation: Efficiencies for new equipment in all modes of travel are  Standalone p. 59 p. 223
1999 Technology fixed at 1999 levels.
Transportation: Reduced costs and improved efficiencies are assumed Standalone p. 59 p. 223
High Technology for advanced technologies.’
Consumption: Combination of the residential, commercial, industrial, Fully p. 40
1999 Technology and transportation 1999 technology cases and electricity  integrated
. low fossil technology case.
Consumptioh: Combination of the residential,, commercial, industrial, Fully p. 40
High Technology and transportation high technology cases and electricity  integrated
high fossil technology case.
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Table G1. Summary of the AE0O99 cases (continued)

Integration | Reference | Reference in
Case name Description mode intext | Appendix G

Electricity: Higher capital investments are assumed after 30 to 40 Partially p. 65 p. 225
Low Nuclear years of operation. integrated
Electricity: No capital investments are required for license renewal.  Partially p. 65 p. 225
High Nuclear integrated
Electricity: Electricity demand increases at an annual rate of 2.0 Partially p. 65 p. 225
High Demand percent, compared to 1.4 percent in the reference case.  integrated
Electricity: Low New generating technologies are assumed not to improve Fully p. 66 p. 225
Fossil Technology over time from 1997. integrated
Electricity: High Costs and efficiencies for advanced fossil-fired generating Fully p- 66 p. 225
Fossil Technology technologies are assumed to improve from reference integrated

case values.
Electricity: Competitive pricing is phased in over 10 years in all Fully p.28 p. 226
Competitive Pricing regions of the country. integrated
Electricity: 5.5-Percent Nonhydroelectric renewable generation increases to 5.5  Fully p.23 p. 226
Renewable Portfolio percent of total generation for the period 2010-2015. integrated
Standard
Renewables: Lower costs and higher efficiencies are assumed for new Fully p. 68 p. 227
High Renewables renewable generating technologies integrated
Oil and Gas: Cost, finding rate, and success rate parameters adjusted  Fully p.74 p. 228
Slow Technology for slower improvement. integrated
Oil and Gas: Cost, finding rate, and success rate parameters adjusted  Fully p. 74 p. 228
Rapid Technology for more rapid improvement. integrated
Oil and Gas: Starting in 2004, sulfur levels of all gasoline in the United  Standalone p. 29 p. 230
Automakers' National  States meet a 40 ppm annual average standard. ’
Low-Sulfur Gasoline
Oil and Gas: Starting in 2004, gasoline in Federal reformulated Standalone p. 29 p. 230
API/INPRA Regional gasoline areas, in 23 States, and in East Texas meets a
Reduced-Sulfur 150 ppm annual average standard. California gasoline
Gasoline continues to meet the current 40 ppm standard, and

gasoline in all other areas of the country meets a 300

ppm standard. In 2010, the areas that were using 150

ppm gasoline are assumed to switch to 40 ppm gasoline.
Coal: Productivity increases at an annual rate of 3.8 percent, Partially p. 80 p. 230
Low Mining Cost compared to the reference case growth of 2.3 percent. integrated

Real wages decrease by 0.5 percent annually, compared

to constant real wages in the reference case.
Coal: Productivity increases at an annual rate of 1.2 percent, Partially p. 80 p. 230
High Mining Cost compared to the reference case growth of 2.3 percent. integrated

Real wages increase by 0.5 percent annually, compared

to constant real wages in the reference case.
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Improvements to existing building shells are based
on both energy prices and assumed annual
efficiency increases. New building shell efficiencies
relative to existing construction vary by main heat-
ing fuel and assumed annual increases. The effects
of shell improvements are modeled differentially for
heating and cooling. For space heating, existing and
new shells improve by 15 percent and 26 percent,
respectively, by 2020 relative to the 1993 stock aver-
age. For space cooling, the corresponding increases
are 13 percent and 25 percent for existing and new
buildings. Building codes relevant to CCAP are
represented by an increase in the shell integrity of
new construction over time. ‘

Other CCAP programs which could have a major
impact on residential energy consumption are the
Environmental Protection Agency’s (EPA) Green
Programs. These programs, which are cooperative
efforts between the EPA and home builders and
energy appliance manufacturers, encourage the
development and production of highly energy-
efficient housing and equipment. At fully funded
levels, residential CCAP programs are estimated by
program sponsors to reduce carbon emissions by
approximately 28 million metric tons by the year
2010. For the reference case, carbon reductions are
estimated to.be 11.5 million metric tons, primarily
because of differences in the estimated penetration
of energy-saving technologies.

In addition to the AEO99 reference case, three cases
using only the residential module of NEMS were

developed to examine the effects of equipment and

building shell efficiencies on residential sector
energy use:

* The 1999 technology case assumes that all future
equipment purchases are based only on the
range of equipment available in 1999. Building
shell efficiencies are assumed to be fixed at 1999
levels.

* The best available technology case assumes that
all future equipment purchases are made from a
menu of technologies that includes only the most
efficient models available in a particular year,
regardless of cost. Existing building shell effi-
ciencies are assumed to increase by 30 percent
over 1993 levels by 2020.

.+ The high technology case assumes earlier avail-

ability, lower costs, and higher efficiencies for
more advanced equipment [4].

Commercial assumptions. Minimum equipment
efficiency standards for the commercial sector are

mandated in the EPACT legislation [5]. Minimum
standards for representative equipment types are:

* Central air-conditioning heat pumps—a 9.7
seasonal energy efficiency rating (January 1994)

* Gas-fired forced-air furnaces—a 0.8 annual fuel
utilization efficiency standard (January 1994)

* Fluorescent lamps—a 75.0 lumens per watt
lighting efficacy standard for 4-foot F40T12
lamps (November 1995) and a 80.0 lumens per
watt efficiency standard for 8-foot F96T12 lamps

May 1994).

Improvements to existing building shells are based
on assumed annual efficiency increases. New build-
ing shell efficiencies relative to existing construction
vary for each of the 11 building types. The effects of
shell improvements are modeled differentially for
heating and cooling. For space heating, existing and
new shells improve by 4 percent and 6 percent,
respectively, by 2020 relative to the 1995 averages.

The CCAP programs recognized in the AF099 ref-

erence case include the expansion of the EPA Green
Lights and Energy Star Buildings programs and
improvements to building shells from advanced
insulation methods and technologies. The EPA
green programs are designed to facilitate cost-
effective retrofitting of equipment by providing
participants with information and analysis as well
as participation recognition. Retrofitting behavior is
captured in the commercial module via discount
parameters for controlling cost-based equipment
retrofit decisions for various market segments. To
model programs such as Green Lights, which target
particular end uses, the AEO99 version of the
commercial module includes end-use-specific
segmentation of discount rates. At fully funded
levels, commercial CCAP programs are estimated
by program sponsors to reduce carbon emissions by
approximately 25 million metric tons by the year
2010. For the reference case, carbon reductions are
estimated to be 13.0 million metric tons in 2010,
primarily because of differences in the estimated
penetration of energy-saving technologies.
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The definition of the commercial sector for AEO99 is
based on data from the 1995 Commercial Buildings
Energy Consumption Survey (CBECS) [6]. Parking
garages and commercial buildings on multibuilding
manufacturing sites were included in earlier
CBECS, but eliminated from the target building
population for the 1995 CBECS. In addition, the
data provided by any CBECS are estimates based on
reported data from representatives of a randomly
chosen subset of the entire population of commercial
buildings. As a result, the estimates always differ
from the true population values and vary from
survey to survey. Differences between the estimated
values and the actual population value errors are
both nonsampling errors that would be expected to
occur in all possible samples and sampling errors
that occur because the survey estimate is calculated
from a randomly chosen subset of the entire
population [7].

Due to the change in the target population and the
variability caused by the nonsampling and sampling
errors, the estimates of commercial floorspace for
the 1995 CBECS are lower than estimates found in
previous CBECS. For example, the 1995 CBECS
reports 13 percent less commercial floorspace in the
United States than the 1992 CBECS reported. The
most notable effect on AEO99 projections is seen in
commercial energy intensity. Commercial energy
use per square foot reported in AEO99 is
significantly higher than in previous AEOs, not
because energy consumption is higher, but because
the 1995 floorspace estimates are lower. The
variability between CBECS surveys also results in
different estimates of the amount of each major fuel
used to provide end-use services such as space
heating, lighting, etc., affecting the AF099
projections for fuel consumption within each end
use. For example, the 1995 CBECS end-use
intensities report more fuel used for heating and

less for cooling than the end-use intensities based on
the 1992 CBECS.

In addition to the AEO99 reference case, three cases
using only the commercial module of NEMS were
developed to examine the effects of equipment and
building shell efficiencies on commercial sector
energy use:

* The 1999 technology case assumes that all future
equipment purchases are based only on the

range of equipment available in 1999. Building
shell efficiencies are assumed to be fixed at 1999
levels.

« The high technology case assumes earlier
availability, lower costs, and/or higher efficien-
cies for more advanced equipment than the
reference case [8]. Building shell efficiencies are
assumed to improve at a rate that is 50 percent
faster than the rate of improvement in the
reference case.

» The best available technology case assumes that
all future equipment purchases are made from a
menu of technologies that includes only the most
efficient models available in a particular year in
the high technology case, regardless of cost.
Building shell efficiencies are assumed to
improve at a 50 percent faster rate than in the
reference case.

Industrial sector assumptions

The manufacturing portion of the industrial sector
has been recalibrated to be consistent with the data
in EIA’s Manufacturing Consumption of Energy
1994 [9]. Compared to the building sector, there are
relatively few regulations which target industrial
sector energy use. The electric motor standards in
EPACT require a 10-percent increase in efficiency
above 1992 efficiency levels for motors sold after
1999 [10]. These standards have been incorporated
into the Industrial Demand Module through the
analysis of efficiencies for new industrial processes.
These standards are expected to lead to significant
improvements in efficiency since it has been
estimated. that electric motors account for about 60
percent of industrial process electricity use.

Climate Change Action Plan. Several programs
included in the CCAP target the industrial sector.
Note that the potential impacts of the Climate Wise
Program are also included in the CCAP impacts.
The intent of these programs is to reduce green-
house gas emissions by lowering industrial energy
consumption. For their annual update, the program
offices estimated that full implementation of these
programs would reduce industrial electricity con-
sumption by 20 billion kilowatthours and non-
electric consumption by 193 trillion Btu by 2000.
However, since the energy savings associated with
the voluntary programs in the CCAP are, to a large
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extent, already contained in the AEO99 baseline,
total CCAP energy savings were reduced. Conse-
quently, CCAP is assumed to reduce electricity
consumption by 9 billion kilowatthours and non-
electric energy consumption by 48 trillion Btu. The
non-electric’ energy is assumed to be 85 percent
natural gas, based on the fuel shares for nonboiler,
nonfeedstock industrial energy use.

For 2010, the ‘program offices estimated electricity

savings of 79 billion kilowatthours and fossil fuel
savings of 359 ftrillion Btu. For the reason cited
above, these estimates for AEO99 were revised to 41
billion kilowatthours for electricity and 90 trillion
Btu for fossil fuels. In this situation; carbon emis-
sions would be reduced by about 7 mllhon metric
tons (1 percent) in 2010.

High technology and 1999 technology cases. The
high technology case assumes earlier availability,
lower costs, and higher efficiency for more advanced
equipment [11]. Changes in aggregate energy inten-
sity result both from changing equipment and
production efficiency and from changing composi-
tion of industrial output. Since the composition of
industrial output remains the same as in the ref-
erence case, aggregate intensity falls by only 1.4
percent annually, even though the intensity decline
for some individual industries doubles. In the ref-
erence case, aggregate intensity falls by 1.0 percent
annually between 1997 and 2020.

The 1999 technology case holds the energy efficiency
of plant and equipment constant at the 1999 level
over the forecast.

Both cases were run with only the Industrial
Demand Module rather than as a fully integrated
NEMS run. Consequently, no potential feedback
effects from energy market interactions were
captured.

Transportation sector assumptions

The transportation sector accounts for the two-
thirds of the Nation’s oil use and has been subject to
regulations for many years. The Corporate Average
Fuel Economy (CAFE) standards, which mandate
average miles-per-gallon standards for manufac-
turers, continue to be widely debated. The pro-
jections appearing in this report assume that there
will be no further increase in the CAFE standards
from the current 27.5 miles per gallon standard for

automobiles and 20.7 miles per gallon for light
trucks and sport utility vehicles. This assumption is
consistent with the overall policy that only current
legislation is assumed.

EPACT requires that centrally-fueled automobile
fleet operators—Federal, State, and local govern-
ments, and fuel providers (e.g., gas and electric
utilities)—purchase a minimum fractlon of alter-
native-fuel vehicles [12]. Federal fleet purchases of
alternative-fuel vehicles must reach 50 percent of
their total vehicle purchases by 1998 and 75 percent
by 1999. Purchases of alternative-fuel vehicles by
State governments must realize 25 percent of total
purchases by 1999 and 75 percent by 2001. Private
fuel-provider companies are required to purchase 50
percéht alternative-fuel vehicles in 1998, increasing
to 90 percent by 2000. Fuel provider exemptions for
electric utilities are assumed to follow the electric
utility provisions beginning in 1998 at 30 percent
and reaching 90 percent by 2001. It is assumed that
the municipal and private business fleet mandates

begin in 2002 at 20 percent and scale up to 70 per-
cent by 2005.

In addition to these requirements, the State of
California has delayed the Low Emission Vehicle
Program, which now requires that 10 percent of all
new vehicles sold by 2003 meet the “zero emissions
requirements.” At present, only electric-dedicated
vehicles meet these requirements. Originally,
Massachusetts and New York adopted this program.,
The projections currently assume that California,
Massachusetts, and New York have formally
delayed the Low Emission Vehicle Program to 2003,
based on the recent court decision to overturn the
original 1998 starting date.

The projections assume that these regulations
represent minimum requirements for alternative-
fuel vehicle sales; consumers are allowed to pur-
chase more of these vehicles, should vehicle cost,
fuel efficiency, range, and performance character-
istics make them desirable.

Projections for both personal travel [13] and freight
travel [14] are based on the assumption that modal
shares, for example, personal automobile travel ver-
sus mass transit, remain stable over the forecast
and track recent historical patterns. Important. fac-
tors affecting the forecast of vehicle-miles traveled
are personal disposable income per capita; the ratio
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of miles driven by females to males in the total
driving population, which increases from 56 percent

in 1990 to 100 percent by 2010; and the aging of the
population, which will slow the growth in vehicle-
miles traveled. These projections incorporate recent
data which indicate that retirees are driving far

more than retirees of a decade ago.

Climate Change Action Plan. There are four CCAP
programs that focus on transportation energy use:
(1) reform Federal subsidy for employer-provided
parking; (2) adopt a transportation system efficiency
strategy; (8) promote telecommuting; and (4) de-
velop fuel economy labels for tires. The combined
assumed effect of the Federal subsidy, system ef-
ficiency, and telecommuting policies in the AEO99
reference case is a 1.6-percent reduction in vehicle-
miles traveled (270 trillion Btu) by 2010, with a net
carbon reduction of 6.5 million metric tons. The fuel
economy tire labeling program improved new fuel
efficiency by 4 percent among vehicles that switched
to low rolling resistance tires, and resulted in a
reduction in fuel consumption of 1 trillion Btu by
2010 and a carbon reduction of 19,000 metric tons.

1999 technology case. The 1999 technology case
assumes that new fuel efficiency levels are held
constant at 1999 levels through the forecast horizon
for all modes of travel.

High technology case. The high technology case
assumes the cost and performance criteria from the
efficiency case in the U.S. Department of Energy
(DOE) interlaboratory study, Scenarios of -U.S.
Carbon Reductions for air, freight, marine, and rail
travel. Light-duty alternative-fuel vehicle charac-
teristics originate from the DOE Office of Energy
Efficiency and Renewable Energy, and conventional
light-duty vehicle fuel-saving technology character-
istics are from the American Council for an Energy-
Efficient Economy [15]. The case includes new
technologies including a high-efficiency advanced
light-duty direct injection diesel vehicle with
attributes similar to gasoline engines; electric and
electric hybrid (gasoline and diesel) vehicles with
higher efficiencies, lower costs, and earlier introduc-
tion dates than in the reference case, and fuel cell
gasoline light-duty vehicles. In the freight sector,
the case assumes technologies including advanced
drag reduction, reduced weight, and engines such as
the advanced turbocompound diesel engines and the

lean burn diesel LE-55 engine all with shorter mar-
ket penetration periods and lower cost-effectiveness

criteria—from a range of $8 to $10.50 to a range of

$5 to $7 per million Btu of the fuel type. The case
also assumes increasing load factors and an increase

in efficiency of 18 percent above the 1997 level for
aircraft.

Both cases were run with only the Transportation
Demand Module rather than as a fully integrated
NEMS run. Consequently, no potential macro-
economic feedback on travel demand was captured,
nor were changes in fuel prices.

Electricity assumptions

Characteristics of generating technologies. The costs
and performance of new generating technologies are
important factors in determining the future mix of
capacity. There are 26 fossil, renewable, and nuclear
generating technologies included in these projec-
tions. Technologies represented include those
currently available as well as those that are
assumed to be commercially available within the
horizon of the forecast. Capital cost estimates and
operational characteristics, such as efficiency of
electricity production, are used for decisionmaking
where it is assumed that the selection of new plants
to be built is based on least cost subject to environ-
mental constraints. The incremental costs associ-
ated with each option are evaluated and used as the
basis for selecting plants to be built. Details about
each of the generating plant options are described in
the detailed assumptions, which are available via
the EIA Home Page on the Internet and on the ETA
CD-ROM. ‘

Regulation of electricity markets. It is assumed that
electricity producers comply with CAAA90, which
mandates a limit of 8.95 million short tons of sulfur
dioxide emissions by 2010. Utilities are assumed to
comply with the limits on sulfur emissions by retro-
fitting units with flue gas desulfurization (FGD)
equipment, transferring or purchasing sulfur emis-
sion allowances, operating high-sulfur coal units at
a lower capacity utilization rate, or switching to low-
sulfur fuels. The costs for FGD equipment average
approximately $192 per kilowatt, in 1997 dollars,
although the costs vary widely across the regions. It
is also assumed that the market for trading emis-
sion allowances is allowed to operate without regu-
lation and that the States do not further regulate
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the selection of coal to be used. Utilities are also
assumed to comply with the NOx emission .caps
established by the OTR.

The reference case assunieé a transition to competi-
tive pricing in California, New York, the New
England States, the Mid-Atlantic States, and the
Mid-America Interconnected Network (Illinois, plus
parts of Missouri and Wisconsin). Although other
States are allowing consumers to choose their
electricity suppliers, the regional configuration
assumed in the reference case prevents the repre-
sentation of competitive markets in the regions
where most States have not moved to competitive
pricing. Nevertheless, the reference case assumes
that, in California, electricity prices will remain con-
stant at nominal 1997 levels between 1999 and 2001
for commercial and industrial customers, whereas
residential customers will see a 10-percent reduc-
tion from 1997 prices in 1999; that there will be a
transition from regulated to competitive prices
between 2002 and 2007; and that the market will be
fully competitive by 2008. Similarly, in the other
regions for which competitive pricing is assumed,
the transition period is assumed to be from 1999
through 2007, with fully competitive pricing of elec-
tricity beginning in 2008. The transition period
reflects the time needed for the establishment of
competitive market institutions and recovery of
stranded costs as permitted by regulators. The ref-
erence case assumes that competitive prices in these
regions will be the marginal cost of generation.

Competitive cost of capital. To capture the increased
risks that new power plant operators are expected to
face in a competitive market, the cost of capital for
the generation sector is assumed to be 100 basis
points higher than that for the transmission and dis-
tribution sector. In addition, it is assumed that the
capital invested in a new plant must be recovered
over a 20-year plant life rather than the traditional
30-year life.

Energy efficiency and demand-side management.
Improvements in energy. efficiency induced by
growing energy prices, new appliance standards,
and utility demand-side management programs
are represented in the end-use demand models.
Appliance choice decisions. are a function of the
relative costs and performance characteristics of a
menu of technology options. Utilities have reported

plans to spend more than $2.2 billion per year by
2000. ‘

Representation of utility Climate Challenge par-
tictpation agreements. As a result of the Climate
Challenge Program, many utilities have announced
efforts to voluntarily reduce their greenhouse gas
emissions between now and 2000. These efforts
cover a wide variety of programs, including increas-
ing demand-side management (DSM) investments,
repowering (fuel-switching) fossil plants, restarting
nuclear plants that have been out-of-service, plant-
ing trees, and purchasing emission offsets from
international sources.

To the degree possible, each one of the participation
agreements was examined to determine whether
the commitments made were addressed in the
normal reference case assumptions or whether they
were addressable in NEMS. Programs like tree
planting and emission offset purchasing are not
addressable in NEMS. With regard to the other
programs, they are, for the most part, captured in
NEMS. For example, utilities annually report to
EIA their plans (over the next 10 years) to bring a
plant back on line, repower a plant, life extend a
plant, cancel a previously planned plant, build a
new plant, or switch fuel at a plant. These data are
inputs to NEMS. Thus, programs that would affect
these areas are reflected in NEMS input data.
However, because many of the agreements do not
identify the specific plants where action is planned,
it is not possible to determine which of the specified
actions, together with their greenhouse gas emis-
sions savings, should be attributed to the Climate
Challenge Program and which are the result of
normal business operations.

Nuclear power. There are no nuclear units actively
under construction in the United States, and AEO99
does not assume any new units becoming opera-
tional in the forecast period.

It is assumed that nuclear power plants will operate
until some major capital expenditure is required to
repair the effects of aging. The decision to either
incur the costs of repairing the unit or retire the unit
is based on the relative economics of the alterna-
tives. In the reference case, it is first assumed that a
retrofit costing $150 per kilowatt will be required
after 30 years of operation to operate the plant for

224 Energy Information Administration / Annual Energy Outlook 1999



Major Assumptions for the Forecasts

another 10 years. Plants that have already incurred
a major expenditure (such as a steam generator

replacement) are assumed not to need additional
retrofits and to run for 40 years. For other units, the
capital investment is assumed to be recovered over
10 years, and an annual payment is calculated. If
the combined operating costs and capital payment
costs are cheaper than building new capacity, then
the plant is run through its license period. If it is not
economical, the plant is retired at 30 years.

It is also assumed that nuclear licenses will be
renewed if it is economical to continue running the
plant. A more extensive capital investment ($250
per kilowatt) is assumed to be required to operate a
nuclear unit for 20 years past its current license
expiration date. If this investment, recovered over
20 years, is less expensive than building new
capacity, the unit is assumed to continue operating.
Otherwise, it will be retired when it reaches the
expiration date on its license. For both of these
investment decisions, adjustments are made for new
units to capture the improvements in their designs
compared with older units.

Two side cases were developed with different
assumptions regarding the capital investments,
which changes the retirement decisions. In the low
nuclear case, the adjustments for the new plants
were removed, making these units face higher
capital investments. The high nuclear case assumes
that fewer units need major repairs during the first
40 years of operation, and that no capital expendi-
tures required for license renewal.

The average nuclear capacity factor in 1997 was 71
percent, a drop from 1996 due to several units being

down for extended outages. The capacity factor is
expected to increase throughout the forecast, to as
high as 85 percent in 2020. Capacity factor assump-
tions are developed at the unit level, and improve-
ments or decrements are forecast based on the age of

the reactor.

Fossil-steam retirement assumptions. Fossil steam
plants are retired when it is no longer economical to
run them. Each year the model determines whether
the market price of electricity is sufficient to support
the continued operation of existing plants. If the
revenue the plants receive is not sufficient to cover
their forward costs (mainly fuel and operations and
maintenance costs) the plant will be retired.

International learning. For AEQ99, capital costs for
all new electricity generating technologies—fossil,
nuclear, and renewable—decrease in response to
foreign as well as domestic experience, to the extent
the new plants reflect technologies and firms also
competing inside the United States. International
learning effects include 1,553 megawatts advanced
coal, 2,330 megawatts advanced combined cycle, 360
megawatts advanced combustion turbine, 110
megawatts geothermal, 1,250 megawatts wind, 115
megawatts grid-connected photovoltaics, and 57
megawatts biomass integrated combined -cycle
capacity in operation, under construction, or under
contract for construction outside the United States.

High electricity demand case. The high electricity
demand case, which is a standalone case, assumes
that the demand for electricity grows by 2.0 percent
annually between 1997 and 2020, compared with 1.4
percent in the reference case. No attempt was made
to determine the changes necessary in the end-use
sectors needed to result in the stronger demand
growth. The high electricity demand case is a
partially integrated run, i.e., the Macroeconomic
Activity, Petroleum Marketing, International
Energy, and end-use demand modules use the ref-
erence case values and are not effected by the higher
electricity demand growth. Conversely, the Oil and
Gas, Natural Gas Transmission and Distribution,
Coal Market, and Renewable Fuels Modules are
allowed to interact with the Electricity Market
Module in the high electricity demand case.

High and low fossil technology cases. The high and

low fossil technology cases are standalone, partially
integrated cases. These cases use cost estimates for

fossil-fuel-based technologies provided by the DOE
Office of Fossil Energy. In the high fossil case,
capital costs for coal gasification combined-cycle
units and molten carbonate fuel cells are assumed to
be lower than the reference case, and the costs for
advanced combustion turbine and advanced
combined-cycle units are higher than those in the
reference case. In the low fossil case, capital costs
and heat rates for advanced generating technologies
remain fixed over the forecast period.

In both the high and low fossil technology cases,
generating technologies other than those for which
capital costs were provided by DOE’s Office of Fossil
Energy are assumed to use the same technological
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optimism and learning factors as the reference case.
Details about annual capital costs, operating and
maintenance costs, plant efficiencies, and tech-
nological optimism and learning factors are de-
scribed in the detailed assumptions which will be
available via the Internet (ftp:/ftp.eia.doe.gov/

pub/forecasting/ae099/ae099asu.pdf) and on the EIA
CD-ROM.

Competitive pricing case. The competitive pricing
case assumes that all regions of the country move
toward competitive pricing, as discussed in the
“Issues in Focus” section of this report. Competitive
pricing for most regions is phased in over 10 years
(1999-2008) by computing a weighted average of the
traditional average-cost-based price and a linearly
increasing fraction of the prices based on marginal
costs. Prices in two regions, CNV and MAIN, in
which the sole or the preponderance of the States
have legislatively enacted restructuring plans, are
adjusted to reflect the price caps embodied in the
State plans. Reserve margins are set endogenously
so that the full costs of new capacity will be
recovered. In the competitive pricing -case,
customers using certain end-use services, including
commercial heating, cooling, and hot water heating
and industrial shift work, are able to respond to
spot, or “time-of-use,” prices through changes in
their demand for electricity. This is represented as a
transfer of demand from peak, high-usage periods to
off-peak, lower-usage periods. All other. assump-
tions, including improvements in operations and
maintenance efficiency are identical to those in the
reference case. ' ‘

Renewable portfolio standard case. A case was run
in which a minimum level of nonhydroelectric
renewable generation was required. The minimum
percentage of renewable generation (defined as
generation from wind, biomass, geothermal, solar
thermal, photovoltaic, and landfill gases divided by
total sales multiplied by 100) increased from 2
percent to 5.5 percent over the period 2000 to 2010,
stays at 5.5 percent through 2015, and.then is
sunset,

Renewable fuels assumptions

Energy Policy Act of 1992. Under EPACT, the
Renewable Fuels Module (RFM) provides a renew-
able electricity production credit of 1.5 cents per
kilowatthour for electricity produced by wind,

applied to plants becoming operational between
January 1, 1994, and December 81, 1999, and con-
tinuing for 10 years [16]. EPACT and the RFM also
include a 10 percent investment tax credit for solar
and geothermal technologies that generate electric
power [17].

Supplemental Additions. AEO99 includes 2,897
megawatts of assumed new generating capacity
using renewable resources, including 2,290 mega-
watts of planned new capacity not reported among
EIA data collections and 607 megawatts assumed by
EIA to be built for reasons not incorporated in the
NEMS, such as for investment, testing, for dis-
tributed applications, or in response to State man-
dates. Total supplementals include 288 megawatts
biomass, 168 megawatts geothermal, 134 mega-
watts landfill gas, 627 megawatts solar photo-
voltaic, 162 megawatts solar thermal, and 1,518
megawatts wind.

Renewable resources. Although conventional hydro-
electricity is the largest source of renewable energy
in U.S. electricity markets today, the lack of avail-
able new sites, environmental and other restric-
tions, and costs are assumed to nearly halt the
expansion of U.S. hydroelectric power. Solar, wind,
and geothermal resources are theoretically very
large, but economically accessible resources are
much less available.

Solar energy (direct normal insolation) for thermal
applications is considered economically amenable
only in drier regions, west of the Mississippi River;
photovoltaics, however, can be considered in all
regions, although conditions are also superior in the
West. Wind energy resource potential, while large,
is constrained by wind quality differences, distance
from markets, alternative land uses, and environ-
mental objections. The geographic distribution of
available wind resources is based on work by the
Pacific Northwest Laboratory [I18], enumerating
winds among average annual wind-speed classes.
Geothermal energy is limited geographically to
regions in the western United States with hydro-
thermal resources of hot water and steam. Although
the potential for biomass is large, transportation
costs limit the amount of the resource that is
economically productive, because biomass fuels
have a low thermal conversion factor (Btu content
per weight of fuel). Municipal solid waste resources
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are limited by the amount of the waste that is
managed by other methods, such as recycling or
landfills, and by the impact of waste minimization
as a strategy for addressing the waste problem.

For AEQY9, EIA incorporates in NEMS recognition
of higher costs (proxies for supply elasticities) for
uses of biomass and wind resources as generating
capacity consumes more of the available resources.
Costs increase in response to (1) increasing costs as
natural resource quality declines, such as from wind
turbulence, more difficult land access, or declining
land quality, (2) increasing costs of local and
regional transmission network improvements, and
(3) market conditions increasing costs of alternative
land uses, including for crops, recreation, or envi-
ronmental or cultural preferences. Although the

effects generally apply only with very large capacity

increases not experienced in AEO99, some wind
costs in California are increased this year in
response to these factors.

High renewables case. For the high renewables case,
EIA incorporates approximations of the DOE Office
of Energy Efficiency and Renewable Energy’s
August 1997, draft technology characterizations of
lower capital and operating costs and higher
efficiencies (capacity factors) for new renewable
energy generating technologies than used in the ref-
erence case [19]. EIA also assumes that the yields
for energy crops grown on pasture and crop land are
nearly 20 percent higher than in the reference case.
In addition, for the high renewables case, EIA
assumes that additional capacity effects of State
RPS programs included in the reference case will
extend beyond 2010, by 2020 adding 97 megawatts
of additional supplemental capacity. The additions
include 39 megawatts wind, 20 megawatts biomass,
17 megawatts solar photovoltaics, 12 megawatts
solar thermal, 8 megawatts municipal solid waste
(landfill gas), and 2 megawatts geothermal generat-
ing capacity. All other technologies and other NEMS
modeling characteristics remain unchanged.

Non-electric renewable energy. The forecast for wood
consumption in the residential sector is based on the

Residential Energy Consumption Survey [20]
(RECS) and data from the Characteristics of New
Housing: 1993, published by the Bureau of the
Census [21]. The RECS data provide a benchmark
for Btu of wood use in 1993. The Census data are

used to develop the forecasts of new housing units
utilizing wood. Wood consumption is then computed
by multiplying the number of homes that use wood
for main and secondary space heating by the
amount of wood used. Ground source (geothermal)
heat pump consumption is also based on the latest
RECS and Census data; however, the measure of
geothermal energy consumption is represented by
the amount of primary energy displaced by using a
geothermal heat pump in place of an electric resis-
tance furnace. Solar thermal consumption for water
heating is also represented by displaced primary
energy relative to an electric water heater.

Exogenous projections of active and passive solar
technologies and geothermal heat pumps in the
commercial sector are based on projections from the
National Renewable Energy Laboratory [22]. Indus-
trial use of renewable energy is primarily the use of
wood and wood byproducts in the paper and lumber
industries as well as a small amount of hydropower
for electricity generation.

Oil and gas supply assumptions

Domestic oil and gas technically recoverable re-
sources. The assumed resource levels are based on
estimates of the technically recoverable resource
base from the U.S. Geological Survey (USGS) and
the Minerals Management Service (MMS) of the
Department of the Interior with supplemental
adjustments to the USGS nonconventional

resources by Advanced Resources International
(ARI), an independent consulting firm [23].

Technological improvements affecting recovery and
costs. Productivity improvements are simulated by
assuming that drilling, success rates, and finding
rates will improve and the effective cost of supply
activities will be reduced. The increase in recovery is
due to the development and deployment of new tech-
nologies, such as three-dimensional seismology and
horizontal drilling and completion techniques.

Drilling, operating, and lease equipment costs are
expected to decline due to technological progress, at
econometrically estimated rates that vary some-

what by cost and fuel categories, ranging from
roughly 0.3 to 2.0 percent. These technological
impacts work against increases in costs associated
with drilling to greater depths, higher drilling activ-
ity levels, and rig availability. Exploratory success
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rates are assumed to improve by 0.5 percent per
year, and finding rates are expected to improve by
1.0 to 6.0 percent per year because of technological
progress.

Rapid and slow technology cases. Two alternative
cases were created to assess the sensitivity of the
projections to changes in the assumed rates of prog-
ress in oil and natural gas supply technologies. To
create these cases, conventional oil and natural gas
reference case parameters for the effects of tech-
nological progress on finding rates, drilling, lease
equipment and operating costs, and success rates
were adjusted plus or minus 50 percent. A number of
key exploration and production technologies were
assumed to penetrate at alternate rates with vary-
ing degrees of effectiveness in the rapid and slow
technology cases.

All other parameters in the model were kept at the
reference case values, including technology parame-
ters for other modules, parameters affecting foreign
oil supply, and assumptions about imports and
exports of liquefied natural gas (LNG) and natural
gas trade between the United States and Canada
and Mexico. Specific detail by region and fuel
category is presented in the supplementary tables to
the Annual Energy Outlook 1999, which will be
available in December 1998 on EIA’s FTP
site  (ftp://ftp.eia.doe.gov/publ/forecasting/AEO99/
AEQ99tables). .

Climate Change Action Plan (CCAP). The CCAP
includes a program promoting the capture of meth-
ane from coal mining activities to reduce carbon
emissions. The methane would be marketed as part
of the domestic natural gas supply. This program
began in 1995. The AEQ99 assumption is that it
reaches a 2010 production level of 29 billion cubic
feet and a level of 35 billion cubic feet by 2020.

Leasing and drilling restrictions. The projections of
crude oil and natural gas supply assume that
.current restrictions on leasing and drilling will
continue to be enforced throughout the forecast
period. At present, drilling is prohibited along the
entire East Coast, the west coast of Florida, and the
West Coast except for the area off Southern Cali-
fornia. In Alaska, drilling is prohibited in a number
of areas, including the Arctic National Wildlife
Refuge. The projections also assume that coastal

drilling activities will be reduced in response to the
restrictions of CAAA90, which requires that off-
shore drilling sites within 25 miles of the coast, with
the exception of areas off Texas, Louisiana,
Mississippi, and Alabama, meet the same clean air
requirements as onshore drilling sites.

Gas supply from Alaska and LNG imports. The
Alaska Natural Gas Transportation System is
assumed to come on line no earlier than 2005 and
only after the U.S.-Canada border price reaches
$3.89, in 1997 dollars per thousand cubic feet.
The liquefied natural gas facilities at Everett,
Massachusetts, and Lake Charles, Louisiana (the
only ones currently in operation) have an operating
capacity of 311 billion cubic feet. The facilities at
Cove Point, Maryland, and Elba Island, Georgia, are
assumed to reopen when economically justified, but
not before 1999. Should these facilities reopen, total
liquefied natural gas operating capacity would
increase to 794 billion cubic feet.

Natural gas transmission and distribution assump-
tions. It is assumed that industry restructuring is
fully in place in the transmission segment of the
industry and making considerable inroads in the
distribution segment.

Transportation rates for pipeline services are calcu-
lated with the assumption that the costs of new
pipeline capacity will be rolled into the existing rate
base. While cost of service forms the basis for pricing
these services, an adjustment is made to the result-
ing tariff based on the utilization of the pipeline to
reflect a more market-based approach.

In determining interstate pipeline tariffs, capital
expenditures for refurbishment over and above that
included in operations and maintenance costs are
not considered, nor are potential future expendi-
tures for pipeline safety. (Refurbishment costs in-
clude any expenditures for repair or replacement of
existing pipe.) Reductions in operations and main-

tenance costs and total administrative and general
costs as a result of efficiency improvements are
accounted for on the basis of historical trends.

Distribution markups to core customers (not includ-
ing electricity generators) change over the forecast
in response to changes in consumption levels, cost of
capital, and assumed industry efficiency improve-
ments. It is assumed that, independent of changes
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in costs related to the cost of capital and consump-
tion levels, distributor costs for firm service custom-
ers will decline by 1 percent per year through 2015.

The vehicle natural gas (VNG) sector is divided into
fleet and non-fleet vehicles. The distributor tariffs
for natural gas to fleet vehicles are based on histori-
cal differences between end-use and citygate prices
from EIA’s Natural Gas Annual plus Federal and
State VNG taxes. The price to non-fleet vehicles is
based on the industrial sector firm price plus an
assumed $3 (1987 dollars) dispensing charge plus
taxes. Federal taxes are set and held at $0.49 in
1994 nominal dollars per thousand cubic feet.

CCAP initiatives to increase the natural gas share of
total energy use through Federal regulatory reform
(Action 23) are reflected in the methodology for the
pricing of pipeline services. Provisions of the CCAP
to expand the Natural Gas Star program (Action 32)
are assumed to recover 35 billion cubic feet of natu-
ral gas per year by the year 2000 that otherwise
might be lost to fugitive emissions. This is phased in
by recovering 21 and 28 billion cubic feet per year in
1998 and 1999, respectively. The full 35 billion cubic
feet is recovered from 2000 through the end of the
forecast period.

Petroleum market assumptions

The petroleum refining and marketing industry is
assumed to incur large environmental costs to com-
ply with CAAA90 and other regulations. Invest-
ments related to reducing emissions at refineries
are represented as an average annualized expendi-
ture. Costs identified by the National Petroleum
Council [24] are allocated among the prices of lique-
fied petroleum gases, gasoline, distillate, and jet
fuel, assuming they are recovered in the prices of
light products. The lighter products, such as
gasoline and distillate, are assumed to bear a
greater amount of these costs because demand for
these products is less price-responsive than for the
heavier products.

Petroleum product prices also include additional
costs resulting from requirements for new fuels,
including oxygenated and reformulated gasolines
and low-sulfur diesel. These additional costs are
determined in the representation of refinery
operations by incorporating specifications and
demands for these fuels. Demands for traditional,

reformulated, and oxygenated gasolines are dis-
aggregated from composite gasoline consumption
based on their 1997 market shares in each Census
Division. The expected oxygenated gasoline market
shares assume continued wintertime participation
of carbon monoxide nonattainment areas and state-
wide participation in Minnesota. Oxygenated gaso-
line represents about 3 percent of gasoline demand
in the forecast.

Reformulated gasoline (RFG) is assumed to con-
tinue to be consumed in the 10 serious ozone non-
attainment areas required by CAAA90 and in areas
in 18 States and the District of Columbia that volun-
tarily opted into the program [25]. An additional 63
million barrels per day of demand is assumed to
reflect the June 1999 addition of St. Louis, Missouri,
to the RFG program. Reformulated gasoline pro-
jections also reflect a statewide requirement in
California. Phoenix, Arizona, which by State law
may use either Federal RFG or California RFG, is
assumed to use Federal RFG. RFG is assumed to
account for about 33 percent of annual gasoline sales
throughout the AEO99 forecast, which reflects the
1997 market share with adjustments for the opt-in
of St. Louis in June 1999.

Reformulated gasoline reflects the “Complex Model”
definition as required by the EPA and the tighter
Phase 2 requirements beginning in 2000. AEO99
projections also reflect California’s statewide
requirement for severely reformulated gasoline first
required in 1996. Throughout the forecast, tradi-
tional gasoline is blended according to 1990 baseline
specifications, to reflect CAAA90 “antidumping”
requirements aimed at preventing traditional gaso-
line from becoming more polluting.

AEQ099 assumes that State taxes on gasoline, diesel,
jet fuel, M85, and E85 increase with inflation, as
they have tended to in the past. Federal taxes which
have increased sporadically in the past are assumed
to stay at 1997 nominal levels (a decline in real
terms).

AEQOY99 reflects the extension of the tax credit for
blending corn-based ethanol with gasoline included
in the Federal Highway Bill of 1998. The bill extends
the tax credit through 2007 but reduces the current
credit of 54 cents per gallon by 1 cent per gallon in
2001, 2003, and 2005. AEO99 assumes that the tax
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credit will be extended beyond 2007 through 2020 at
the nominal level of 51 cents per gallon (a decline in
real terms).

AEQOY99 assumes that refining capacity expansion
may occur on the east and west coasts, as well as the
Gulf Coast.

Automakers’national low-sulfur gasoline. The alter-
native case reflects the American Automobile
Manufacturers Association/Association of Inter-
national Automobile Manufacturers (automakers)
petition to the EPA to reduce the average allowable
sulfur content of gasoline in the United States to 40
ppm, which is equivalent to the current standard in
the State of California. The reduced sulfur standard
is assumed to be enforced in 2004 as it is associated
with requirements for technology for lower emis-
sions “Tier 2” vehicles, which are required for model
year 2004. Sensitivities to gasoline supply and
prices are explored.

API/NPRA regional reduced-sulfur gasoline. The
alternative case reflects a proposal by the American
Petroleum Institute/National Petrochemical and
Refiners Association for a reduced-sulfur gasoline
program beginning in 2004. The proposal is a
regional plan in which all gasoline in Federal re-
formulated gasoline areas and in 23 States and East
Texas must meet an annual average of 150 ppm.
Gasoline in California would continue to meet
statewide gasoline requirements, which include a 40,
ppm annual average sulfur limit, while gasoline in
all other parts of the country would have an annual
average of 300 ppm. The “second step” of the
proposal includes further reduction of sulfur in 2010
for gasoline in areas that require year-round NOx
control gasoline. The actual sulfur level and
participants would be determined by an EPA study
in 2006. The alternative case assumes 40 ppm
gasoline requirements beginning in 2010 for the
areas with the 150 ppm limit in 2004. Sensitivities
to gasoline supply and prices are explored.

Coal market assumptions

Productivity. Technological advances in the coal
industry, such as improvements in coal haulage sys-
tems at under'grqund mines, contribute to increases
in productivity, as measured in average tons of coal
per miner per hour. Productivity improvements are
assumed to continue but to decline in magnitude

over the forecast horizon. Different rates of improve-
ment are assumed by region and by mine type,
surface and deep. On a national basis, labor produc-
tivity is assumed to improve on average at a rate of
2.3 percent per year, de’clining from an annual rate
of 6.2 percent in 1997 to approximately 1 3 percent
over the 2010 to 2020 period.

In two alternative mining cost cases that were run
to examine the impacts of different labor productiv-
ity and labor cost assumptions, the annual growth
rates for productivity were increased and decreased
by region and mine type, based on historical varia-
tions in labor productivity. The high and low mining
cost cases were developed by adjusting the AEO99
reference case productivity path by 1 standard
deviation, although productivity growth rates were
adjusted gradually (with full variation from the
reference case phased in by 2000). The resulting
national average productivities attained in 2020 (in
short tons per hour) were 14.14 in the low mining
cost case and 7.99 in the hzgh mining cost case,
compared with 10 18 in the reference case.

In the reference case, labor wage rates for coal mine
production workers are assumed to remain constant
in real terms over the forecast period. In the alterna-
tive low and high mining cost cases, wages were
assumed to decline and increase by 0.5 percent per
year in real terms, respectively.

With the exception of the electricity generation
sector, the mining cost cases were run without
allowing demands to shift in response to changing
prices. If demands also had been allowed to shift in
the energy end-use sectors; the price changes would
be smaller, since minemouth prices vary with the
levels of production required to meet demand.
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Appendix H . .
Conversion Factors

Table H1. Heat Rates
Approximate
Fuel Units Heat Content
Coal'
Production .................... million Btu per short ton 21.287
Consumption .................. million Btu per short ton 20.856
CokePlants .................. million Btu per short ton 26.800
Industrial ........coveen...... million Btu per short ton 22,105
Residential and Commercial ..... million Btu per short ton 23.011
Electric Utilities .. .. ............ million Btu per short ton 20.525
Imports .............coiin... million Btu per short ton 25.000
Exports ....oiiiiiiiiiiiiina., million Btu per short ton 26.174
CoalCoke ......vveevvirnrnnnns million Btu per short ton 24.800
Crude Oil
Production .................... million Btu per barrel 5.800
Imports ....ooiiiiiiiiniiinn., million Btu per barrel 5.948
Petroleum Products
Consumption® . ..........ceunnn. million Btu per barre! -5.362
Motor Gasoline? ............... million Btu per barrel 5.206
Jet Fuel (Kerosene) ............ . million Btu per barrel 5.670
Distillate Fuel Oil .............. ' million Btu per barrel 5.825
Residual Fuel Ol .............. . million Btu per barrel 6.287
Liquefied Petroleum Gas ........ million Btu per barrel 3.625
Kerosene ........coovviiennn million Btu per barre! 5.670
Petrochemical Feedstocks . ...... million Btu per barrel’ 5.630
Unfinished Qils ................ million Btu per barrel 5.800
Imports? ........iiiiiinnin... million Btu per barrel -5.493
Exports? .......ciiiiiiiaanan., million Btu per barrel -5.769
Natural Gas Plant Liquids
Production® ..........ovivennn. million Btu per barrel -3.885
Natural Gas .
Production, Dry ................ Btu per cubic foot 1,028
Consumption .................. Btu per cubic foot 1,028
Non-electric Utilities ............ Btu per cubic foot 1,029
Electric Utilities .. .............. ' Btu per cubic foot 1,022
Imports . .......coviiiiiiiaaa. Btu per cubic foot 1,022
Exports .....ooviiiiiiiiniin.. Btu per cubic foot 1,022
Electricity Consumption ......... Btu per kilowatthour 3,412

Conversion factors vary from year to year. 1996 values are reported.
2Conversion factors vary from year to year. 2000 values are reported.
Source: Energy Information Administration, AEO99 National Energy Modeling System run AEO99B.D100198A.
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Table H2. Metric Conversion Factors

muitiplied Conversion
United States Unit by Factor equals Metric Unit
Mass
Pounds (Ib) X 0.453 592 37 = kilograms (kg)
Short Tons (2000 Ib) X 0.907 1847 = metric tons (f)
Length X 1.609 344 = kilometers (km)
Miles
Energy A
British Thermal Unit (Btu) X 1055.056" = joules(J)
Quadrillion Btu X 25.2 = million tons of oil
equivalent (Mtoe)
Kilowatthours (kWh) X 3.6 = megajoules(MJ)
Volume
Barrels of Oil (bbl) X 0.158 987 3 = cubic meters (m°)
Cubic Feet (ft’) X 0.028 316 85 = cubic meters (m°)
U.S. Gallons (gal) X 3.785412 = liters (L)
Area
Square feet (ft%) X 0.092 903 04 = square meters (m?)-

Note; Spaces have been inserted after every third digit to the right of the decimal for ease of reading.

2The Btu used in this table is the International Table Btu adopted by the Fifth Intemational Conference on Properties of
Steam, London, 1956.

Source: Energy Information Administration (EIA), Annual Energy Review 1997, DOE/EIA-0384(97)(Washington DC,
July 1998), Table B1 and EIA, Intemational Energy Outlook 1998, DOE/EIA-0484 (98) (Washington, DC, April 1998).

Table H3. Metric Prefixes

Unit
Multiple Prefix Symbol

10° kilo k
108 mega M
10° giga G
10* tera T
10' peta P
10" exa E

Source: Energy Information Administration,
Annual Energy Review 1997, DOE/EIA-
0384(97)(Washington, DC, July 1998), Table B2,
and EIA, Statistics and Methods Group.
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NESHAPs and, 14
nitrogen oxide emissions and, 12, 13, 86
ozone transport rule and, 12, 13, 86
sulfur reduction study by, 29
Ethanol tax credit, 11, 229-230
Ethyl tertiary butyl ether (ETBE), 11

F

Federal Energy Regulatory Commission (FERC), 3
function of, 10
natural gas transportation and, 11, 21

Federal Highway Bill of 1998, 11

“Flex fuel” vehicles, 56

Fossil steam plants, 225

Framework Convention on Climate Change, 10,
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Gas Research Institute (GRI) forecasts, 88-97
Gasoline. See also specific entries under Oil
processing costs for, 78
program to reduce sulfur in, 230
sulfur content in, 29—-30
Gasoline prices, 55
Geothermal, 5, 6, 67, 68, 226, 227
Geothermal heat pumps, 227
Green Lights program, 220
Green Programs, 220
Greenhouse gas emissions, 30-81. See also specific
emissions
Gross domestic product (GDP)
growth projections for, 44, 45, 49
long-term trends for, 45

H

Hazardous air pollutants (HAPs), 14

Heating, 51, 53

Household expenditures, 197-199

Household Expenditures Module (NEMS), 215
Hydroelectric generation, 5, 67, 226

I

Impacts of the Kyoto Protocol on U.S. Energy
Markets and Economic Activity, 33
Industrial Demand Module (NEMS), 215
Industrial sector
AEQY99 assumptions for, 221-222
carbon emissions from, 38, 84
electricity prices in, 27
energy consumption in; 53-54
energy efficiency in, 59
forecast comparisons on growth in, 89
petroleum consumption in, 78
projections for, 3
Integrated coal gasification combined cycle {GCC)
technology, 66
Intergovernmental Panel on Climate Change
Ipco), so '
International Energy Outlook 1998 (EIA), 32
International Module (NEMS), 215
Interstate Natural Gas Association of America
(INGAA), 22
Iraq, 2, 19

Kyoto Protocol, 2
carbon emissions and, 30-37

description of, 31-32
EIA analysis of, 33-37

L
Legislation/regulations. See also specific legislation
Climate Change Action Plan and, 10-11
electricity industry restructuring and, 14-15
ethanol tax credit and, 11
hazardous air pollutant standards and, 14
Low-Emission Vehicle Program and, 12
mercury emissions data collection and, 13
National Ambient Air Quality Particulate
Standard and, 13-14
natural gas transportation services and, 11
Outer Continental Shelf and, 11
overview of, 10 ’
Ozone Transport Rule and, 12-13
renewable technologies and, 16
Tier 2 vehicle standards and, 11-12
Liquefied natural gas (LNG)
AEOQ assumptions for, 228
imports of, 71
for Pacific Rim markets, 71
Low Emission Vehicle Program (LEVP), 12, 56

M

Macroeconomic Activity Module (NEMS), 215

Manufacturing Consumption of Energy 1994 (EIA),
3, 221

Marine Protection, Research, and Sanctuaries Act
of 1972, 11

Mercury emissions, 13

Methane, 228

Mitigating Greenhouse Gas Emissions: Voluntary
Reporting 1996 (EIA), 10, 31

Montreal Protocol on Substances that Deplete the
Ozone Layer (1987), 30

Municipal solid waste, 5, 6, 67, 226, 227

N

National Ambient Air Quality Standards (NAAQS)
attainment of, 11
particulate standards and, 13-14
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National Appliance Energy Conservation Act of
1987, 10, 40, 52, 217, 220
National emissions standards for hazardous air
pollutants (NESHAPs), 14
National Energy Modeling System (NEMS)
component modules of, 215-217
projections in, 45, 214215
National Low Emissions Vehicle (NLEV), 11, 56,
222 '
National Petroleum Council (NPC), 22
Natural gas consumption
carbon emissions and, 39, 85
in commercial sector, 52
electricity generation from, 5, 62, 63, 72
growth in, 20-22
import projections for, 6, 71
in industrial sector, 53
pipeline capacity and, 21, 22, 72
projections for, 3, 4, 72
in residential sector, 51
Natural gas industry
AEQ assumptions for, 227-229
drilling projections for, 70
forecast comparisons on, 92-93
regulation of transportation in, 11
Natural gas prices
to electricity suppliers, 62
projections for, 3, 69, 73
Natural gas production
projections for, 6, 71, 75
reserve additions and, 70, 74
Natural Gas Star program, 229
Natural Gas Supply Association (NGSA), 22
Natural Gas Transmission and Distribution
Module (NEMS), 216
Nitrogen oxide emissions, 2, 5, 12—13, 64, 86
Non-OPEC oil, 2-3, 1920, 47
Notice of proposed rulemaking (NOPR), 12-13
Nuclear generation
AEO assumptions for, 224225
plant retirement and, 5, 64, 65
projections for, 5, 36, 37, 64, 65

0)
0il and Gas Supply Module (NEMS), 216
0il consumption
economic developments in Asia and, 2, 19, 20
imports and, 5-6, 77
in commercial sector, 52
in industrial sector, 53

projections for, 2, 3, 4, 36
in residential sector, 51
in transportation sector, 55
Oil imports
declining supply and, 76
projections for, 5-6, 48, 77
Oil industry
AEQ assumptions for, 227228
drilling activity in, 70
forecast comparisons on, 94-95
refining capacity and, 77
Oil prices
case comparisons, 168-194
forecast comparisons on, 88
projections for, 2, 46, 69
01l production
Asian economic decline and, 19-20
non-OPEC, 2-3, 19-20, 47
OPEC, 2, 19, 46
projections for, 5-6, 70, 75, 76
reserve additions and, 70, 74
Oil supply
import growth and, 76
projections for, 46, 47
Omnibus Budget Reconciliation Act of 1993, 10
Organization of Petroleum Exporting Countries
(OPEC)
imports from, 48
oil production projections for, 2, 46, 47
production by, 19
Outer Continental Shelf Deep Water Royalty Relief
Act of 1995, 10 ‘
Outer continental shelf (OCS), 11
Ozone emissions, 12—13
Ozone Transport Assessment Group (OTAQG), 12
Ozone transport rule (OTR), 12-13, 64, 86

P

Petroleum. See also specific entries under Oil
AEOQ assumptions for, 229-230
* carbon emissions and, 38, 85
consumption patterns for, 78
forecast comparisons on, 94-95
imports of, 77
processing costs for, 78
refining capacity and, 77
Petroleum Market Module (NEMS), 217

Q

Qualifying industrial customer scheme (QUICS),
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Reference case forecast, 112-139
Refining operations, 48, 77
Reformulated gasoline (RFQ), 229-230
Regulations. See Legislation/regulations
Renewable energy. See also specific types of
renewable energy
AEO assumptions for, 226227
electricity generation from, 5, 36, 67, 68
regulation of, 15-16
Renewable energy consumption, 4
Renewable energy production, 6, 36
Renewable Fuels Module (NEMS), 216, 226

Renewable portfolio standard (RPS)
explanation of, 15-16, 22-23, 68
impact of, 23—24
Residential and Commercial Demand Modules
(NEMS), 215
Residential Energy Consumption Survey (RECS),
227
Residential sector
AEQ099 assumptions for, 217, 220
carbon emissions from, 38, 84

efficient technologies in, 57
electricity prices in, 27

" electricity sales in, 60
energy consumption in, 50, 51
forecast comparisons on growth in, 89
investment costs in, 58
projections for, 3

S

Scenarios of U.S. Carbon Reductions (DOE), 223
Short-Term Energy Outlook (STEO) (EIA), 215
Side case results, 200-213
Solar energy, 5, 67, 68, 226, 227
State Energy Data Report, 214
Sulfur
in coal, 83
in gasoline, 29-30, 230
Sulfur emissions, 79, 86

T

Tax Payer Relief Act of 1997, 10
Technological advances '
carbon emissions and, 39—41
electricity generation and, 66
energy demand and, 57-59
natural gas market share and, 75.
oil and gas revenue additions and, 74
renewable generation and, 68
Tier 1 emission standards, 11
Tier 2 emission standards, 11-12, 29
Transportation Demand Module (NEMS), 215-216,
223

Transportation sector
AE099 assumptions for, 222223
carbon emissions from, 38, 84
energy consumption in, 50, 55—-56
energy efficiency in, 55, 56, 59
forecast comparisons on growth in, 90
petroleum consumption in, 78
projections for, 3

U

U.S. Nuclear Regulatory Commission, 64
\Y%

Vehicle emission standards, 11-12, 229-230
Vehicle natural gas (VNG), 56, 229

W

WEFA Group forecasts, 88-97
Wind energy, 5, 67, 68, 226227
Wood consumption, 227

Z

Zero emission vehicles (ZEVs), 12
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