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Preface

This report presents international energy projections through 2020, prepared by
the Energy Information Administration. The outlooks for major energy fuels
are discussed, along with electricity, transportation, and environmental issues.

The International Energy Outlook 1999 (IEO99) presents
an assessment by the Energy Information Administra-
tion (EIA) of the outlook for international energy mar-
kets through 2020. The report is an extension of EIA’s
Annual Energy Outlook 1999 (AEO99), which was pre-
pared using the National Energy Modeling System
(NEMS). U.S. projections appearing in IEQ99 are consis-
tent with those published in AEO99. IEO99 is provided
as a statistical service to energy managers and analysts,
both in government and in the private sector. The projec-
tions are used by international agencies, Federal and
State governments, trade associations, and other plan-
ners and decisionmakers. They are published pursuant
to the Department of Energy Organization Act of 1977
(Public Law 95-91), Section 205(c). The IEO99 projections
are based on U.S. and foreign government policies in
effect on October 1, 1998.

Projections in IEO99 are displayed according to six basic
country groupings (Figure 1). The industrialized region
includes projections for nine individual countries—the
United States, Canada, Mexico, Japan, France, Germany,
Italy, the Netherlands, and the United Kingdom—plus
the subgroups Other Europe and Australasia (the latter
defined as Australia, New Zealand, and the U.S. Terri-
tories). The developing countries are represented by
four separate regional subgroups: developing Asia,
Africa, Middle East, and Central and South America.
China and India are represented in developing Asia;
Brazil is represented in Central and South America; and
new to this year’s report, national-level projections are
provided for South Korea (represented in developing
Asia) and Turkey (represented in the Middle East).
The nations of Eastern Europe and the former Soviet
Union are considered as a separate country grouping
(EE/ZFSU).

The report begins with a review of world trends in
energy demand. The historical time frame begins with
data from 1970 and extends to 1996, providing readers
with a 26-year historical view of energy demand. The
IEO99 projections cover a 24-year period.

High economic growth and low economic growth cases
were developed to depict a set of alternative growth
paths for the energy forecast. The two alternative
growth cases consider different levels of future growth
in regional gross domestic product (GDP). The resulting

projections—and the uncertainty associated with
making international energy projections in general—are
discussed in the first chapter of the report. The status of
environmental issues, including global carbon emis-
sions, is reviewed. Comparisons of the IEO99 projec-
tions with other available international energy forecasts
are also included in the first chapter.

The next part of the report is organized by energy
source. Regional consumption projections for oil, natu-
ral gas, coal, nuclear power, and renewable energy
(hydroelectricity, geothermal, wind, solar, and other
renewables) are presented in the five fuel chapters,
along with areview of the current status of each fuel on a
worldwide basis. The third part of the report looks at
energy consumption in the end-use sectors, beginning
with a chapter on energy use for electricity generation.
New to this year’s Outlook are chapters on energy use in
the transportation sector and on environmental issues
related to energy consumption.

Appendix A contains summary tables of the IEO99 refer-
ence case projections for world energy consumption,
GDP, energy consumption by fuel, electricity consump-
tion, carbon emissions, nuclear generating capacity,
energy consumption measured in oil-equivalent units,
and regional population growth. The reference case pro-
jections of total foreign energy consumption and con-
sumption of natural gas, coal, and renewable energy
were prepared using EIA’s World Energy Projection
System (WEPS) model, as were projections of net elec-
tricity consumption and carbon emissions. Reference
case projections of foreign oil consumption were pre-
pared using the International Energy Module of the
National Energy Modeling System (NEMS). In addition,
the NEMS Coal Export Submodule (CES) was used to
derive flows in international coal trade, presented in the
coal chapter. Nuclear consumption projections for the ref-
erence case were derived from the International Nuclear
Model, PC Version (PC-INM). Nuclear capacity projec-
tions for the reference case were based on analysts’
knowledge of the nuclear programs in different
countries.

Appendixes B and C present projections for the high
and low economic growth cases, respectively. Nuclear
capacity projections for the high and low growth cases
were based on analysts’ knowledge of nuclear
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programs. Nuclear consumption projections for both
cases were derived from WEPS.

Appendix D contains summary tables of projections for
world oil production capacity and oil production in the
reference case and four alternative cases: high oil price,
low oil price, high non-OPEC supply, and low
non-OPEC supply. The projections were derived from
WEPS and from the “DESTINY” International Energy
Forecast Software. Appendix E presents regional fore-
casts of transportation energy use in the reference case,
derived from the WEPS model. Appendix F describes
the WEPS model, and Appendix G presents an evalua-
tion of the performance of past IEO forecasts for the
years 1990 and 1995.

The six basic country groupings used in this report
(Figure 1) are defined as follows:

eIndustrialized Countries (the industrialized coun-
tries contain 17 percent of the 1998 world popula-
tion): Australia, Austria, Belgium, Canada,
Denmark, Finland, France, Germany, Greece, Ice-
land, Ireland, Italy, Japan, Luxembourg, Mexico, the
Netherlands, New Zealand, Norway, Portugal,
Spain, Sweden, Switzerland, the United Kingdom,
and the United States.

Figure 1. Map of the Six Basic Country Groupings

eEastern Europe and the former Soviet Union
(EE/FSUV) (7 percent of the 1998 world population):

- Eastern Europe: Albania, Bosnia and Herzegovina,
Bulgaria, Croatia, Czech Republic, Hungary, Mace-
donia, Poland, Romania, Serbia and Montenegro,
Slovakia, and Slovenia.

- Former Soviet Union (FSU): The Baltic States of
Estonia, Latvia, and Lithuania, as well as Armenia,
Azerbaijan, Belarus, Georgia, Kazakhstan, Kyrgyz-
stan, Moldova, Russia, Tajikistan, Turkmenistan,
Ukraine, and Uzbekistan.

<Developing Asia (54 percent of the 1998 world pop-
ulation): Afghanistan, Bangladesh, Bhutan, Brunei,
Cambodia (Kampuchea), China, Fiji, French Polyne-
sia, Hong Kong, India, Indonesia, Kiribatia, Laos,
Malaysia, Macau, Maldives, Mongolia, Myanmar
(Burma), Nauru, Nepal, New Caledonia, Niue,
North Korea, Pakistan, Papua New Guinea, Philip-
pines, Samoa, Singapore, Solomon lIslands, South
Korea, Sri Lanka, Taiwan, Thailand, Tonga, Tuvalu,
Vanuatu, and Vietnam.

<Middle East (3 percent of the 1998 world popula-
tion): Bahrain, Cyprus, lran, lraq, Israel, Jordan,
Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, Syria,
Turkey, the United Arab Emirates, and Yemen.

Industrialized Countries

[

| WEEES

I Developing Asia

[ ] Middle East

[ ] Africa

[ Central and South America

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting.
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=Africa (12 percent of the 1998 world population):
Algeria, Angola, Benin, Botswana, Burkina Faso,
Burundi, Cameroon, Cape Verde, Central African
Republic, Chad, Comoros, Congo (Brazzaville),
Congo (Kinshasa), Dijibouti, Egypt, Equatorial
Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana,
Guinea, Guinea-Bissau, Ivory Coast, Kenya, Lesotho,
Liberia, Libya, Madagascar, Malawi, Mali, Maurita-
nia, Mauritius, Morocco, Mozambique, Namibia,
Niger, Nigeria, Reunion, Rwanda, Sao Tome and
Principe, Senegal, Seychelles, Sierra Leone, Somalia,
South Africa, St. Helena, Sudan, Swaziland, Tan-
zania, Togo, Tunisia, Uganda, Western Sahara,
Zambia, and Zimbabwve.

=Central and South America (6 percent of the 1998
world population): Antarctica, Antigua and
Barbuda, Argentina, Aruba, Bahama Islands, Barba-
dos, Belize, Bolivia, Brazil, British Virgin Islands,
Cayman Islands, Chile, Colombia, Costa Rica, Cuba,
Dominica, Dominican Republic, Ecuador, El Salva-
dor, Falkland Islands, French Guiana, Grenada,
Guadeloupe, Guatemala, Guyana, Haiti, Honduras,
Jamaica, Martinique, Montserrat, Netherlands
Antilles, Nicaragua, Panama Republic, Paraguay,
Peru, St. Kitts-Nevis, St. Lucia, St. Vincent/
Grenadines, Suriname, Trinidad and Tobago,
Uruguay, and Venezuela.

In addition, the following commonly used country
groupings are referenced in this report:

=G-7 Countries: United States, Japan, Canada, United
Kingdom, France, Germany, and Italy.

=Organization of Petroleum Exporting Countries
(OPEC): Algeria, Indonesia, Iran, Iraq, Kuwalit,
Libya, Nigeria, Qatar, Saudi Arabia, the United Arab
Emirates, and Venezuela.

=Pacific Rim Developing Countries: Hong Kong,
Indonesia, Malaysia, Philippines, Singapore, South
Korea, Taiwan, and Thailand.

ePersian Gulf: Bahrain, Iran, Iraq, Kuwait, Qatar,
Saudi Arabia, and the United Arab Emirates.

=Organization for Economic Cooperation and
Development (OECD): Australia, Austria, Belgium,
Canada, Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy,
Japan, Luxembourg, Mexico, the Netherlands, New
Zealand, Norway, Poland, Portugal, South Korea,
Spain, Sweden, Switzerland, Turkey, the United
Kingdom, and the United States.

<Annex | Countries (countries participating in the

Kyoto Protocol on Greenhouse Gas Emissions):
Australia, Austria, Belgium, Bulgaria, Canada,
Croatia, Czech Republic, Denmark, Estonia, Euro-
pean Community, Finland, France, Germany,
Greece, Hungary, Iceland, Ireland, Italy, Japan,
Latvia, Liechtenstein, Lithuania, Luxembourg,
Monaco, Netherlands, New Zealand, Norway,
Poland, Portugal, Romania, Russian Federation,
Slovakia, Slovenia, Spain, Sweden, Switzerland,
Ukraine, United Kingdom of Great Britain and
Northern Ireland, and the United States.!

Objectives of the IEO99 Projections

The projections in IEO99 are not statements of what will happen, but what might happen given the specific
assumptions and methodologies used. These projections provide an objective, policy-neutral reference case
that can be used to analyze international energy markets. As a policy-neutral data and analysis organization,
EIA does not propose, advocate, or speculate on future legislative and regulatory changes. The projections are
based on current U.S. and foreign government policies. Assuming current policies, even knowing that changes
will occur, will naturally result in projections that differ from the final data.

Models are abstractions of energy production and consumption activities, regulatory activities, and producer
and consumer behavior. The forecasts are highly dependent on the data, analytical methodologies, model
structures, and specific assumptions used in their development. Trends depicted in the analysis are indicative
of tendencies in the real world rather than representations of specific real-world outcomes. Even where trends
are stable and well understood, the projections are subject to uncertainty. Many events that shape energy mar-
kets are random and cannot be anticipated, and assumptions concerning future technology characteristics,
demographics, and resource availability cannot be known with any degree of certainty.

ITurkey and Belarus are Annex | nations that have not ratified the Framework Convention on Climate Change and did not commit to
quantifiable emissions targets under the Kyoto Protocol.
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Highlights

World energy consumption is projected to increase by 65 percent from 1996
to 2020. The current economic problems in Asia and Russia
have lowered projections relative to last year’s report.

In the reference case projections for this International
Energy Outlook 1999 (IEOQ99), world energy consumption
reaches 612 quadrillion British thermal units (Btu) by
2020 (Figure 2 and Table 1)—an increase of 65 percent
over the 24-year projection period. The IEO99 projection
for the world’s energy demand in 2020 is about 4 percent
(almost 30 quadrillion Btu) lower than last year’s projec-
tion. The downward revision is based on events in two
parts of the world: Asia and Russia. In Asia, the eco-
nomic crisis that began in early 1997 persisted through-
out 1998, as economic recession deepened in Japan, the
region’s largest economy. In Russia, a deteriorating
economy was propelled further downward by the
August 1998 devaluation of the ruble and the collapse of
the Russian banking system.

Growth in energy demand has been severely hampered
by the current international economic troubles. The cur-
tailed demand for oil and natural gas resulting from the
Asian economic recession and warmer than expected
winters in North America and Europe in 1998 resulted in
worldwide energy surpluses which have, in turn,
helped drive oil prices to 20-year lows. Uncertain finan-
cial markets have made it difficult to secure financial
backing for some projects. Exploration and develop-
ment expenditures for oil and gas were sharply cut back
in most parts of the world at the end of 1998. Russia’s
economic troubles have meant that investments that
would have been used to expand the country’s partici-
pation in international oil and natural gas markets have
been tabled for the near future.

Despite the current economic problems affecting the
countries outside the industrialized world, IEO99 still
projects that much of the growth in energy use will occur
in those countries over the next two decades. Energy
consumption in the developing world (defined as devel-
oping Asia, Africa, the Middle East, and Central and
South America) is expected to more than double over the
projection period, with highest growth rates expected in
developing Asia and Central and South America.
Indeed, energy use in the developing world is projected
to surpass that of the industrialized world by 6 percent
in 2020—some 16 quadrillion Btu—whereas in 1996
energy consumption in the developing countries was
about 40 percent lower than that in the industrialized
countries (Figure 3).

Figure 2. World Energy Consumption, 1970-2020
Quadrillion Btu
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Database and International Energy Annual 1996, DOE/
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EIA, World Energy Projection System (1999).
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Figure 3. World Energy Consumption by Region,
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

The projections for Eastern Europe and the former
Soviet Union (EE/FSU) have been lowered by about 13
percent relative to last year’s outlook, primarily because
of the expectation that economic recovery in the FSU
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Table 1. Energy Consumption and Carbon Emissions by Region, 1990-2020

Energy Consumption (Quadrillion Btu)

Carbon Emissions (Million Metric Tons)

Region 1990 | 1996 | 2010 | 2020 1990 | 1996 | 2010 | 2020
Industrialized . . . . . . . . 182.7 202.5 240.4 262.8 2,850 2,980 3,535 3,907
EEIFSU . . . . ... .. .. 73.6 52.4 61.0 69.8 1,290 842 935 1,024
Developing

Asia . ... 51.4 745 127.6 177.9 1,065 1,474 2,426 3,377
Middle East . . ... ... 13.1 17.3 27.0 34.7 229 283 434 555
Africa. . . . .. ... ... 9.2 11.1 155 18.9 178 198 270 325
Central and South America 13.7 17.7 32.6 47.7 174 206 418 629
Total . ... 87.4 120.6 202.8 279.2 1,646 2,161 3,547 4,886
TotalWorld . . . ... ... 343.8 3755 504.2 611.8 5,786 5,983 8,018 9,817

Sources: History: Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections: EIA, World Energy Projection System (1999).

will be delayed more than expected. Less than a year
ago, most forecasting sources were projecting positive
growth for Russia’s economy—the largest economy in
the FSU—and accelerating recovery in the years to
come; but at the end of 1998 it seemed likely that there
would be negative economic growth in 1999 with no
positive growth expected before 2001. In the IEO99 ref-
erence case, energy use in the FSU is projected to begin
recovering by 2005, but even at the end of the projection
period consumption remains below its 1990 level
(Figure 3).

In the industrialized countries, a major issue for the
development of energy markets appears to be the possi-
ble impact of the Kyoto Climate Change Protocol, which
would require reductions or limits to the growth of car-
bon emissions within the Annex | countries? between
2008 and 2012, resulting in a combined 4-percent reduc-
tion in emissions relative to 1990 levels. As of March 15,
1999, 83 countries had signed the Kyoto Protocol; how-
ever, none of the Annex | countries had ratified it by the
time the IEO99 was prepared for publication. Should the
Kyoto Protocol enter into force, it could have profound
effects on the use of energy in the industrialized world.

The IEO99 reference case projection suggests that the
industrialized world would account for about 30 percent
of the world’s increment in energy use between 1996 and
2010. If the Protocol’s emissions targets were achieved
solely by reducing fossil energy use, consumption of
fossil fuels in the industrialized countries would be
reduced by between 30 and 60 quadrillion Btu—equiva-
lent to between 15 and 30 million barrels of oil per day. It
is more likely, however, that fuel-switching opportuni-
ties will be used and that a more modest reduction in

total fossil fuel use will be required. Emissions trading
and other offsets (such as reforestation) that may be
allowed under the Protocol could further lower the need
for fossil fuel reductions; however, the specific mecha-
nisms for such offsets have not yet been established.

An offset that could provide an alternative to reducing
fossil fuel consumption is the concept of “joint imple-
mentation” under the Kyoto Protocol. Joint implementa-
tion is a mechanism by which emissions reduction
projects could be undertaken by private parties or gov-
ernments outside their own countries. The Kyoto Proto-
col proposes two parallel mechanisms to implement the
concept of joint implementation: Article 6, under which
projects undertaken in an Annex | country could gener-
ate emissions reduction units transferrable to another
Annex | country; and Article 12, the “clean development
mechanism,” under which projects undertaken in a non-
Annex | country could generate certified emissions
reductions transferrable to an Annex | country to meet
its emissions target.

World carbon emissions are expected to reach 8.0 billion
metric tons by 2010 and 9.8 billion metric tons in 2020
according to the IEO99 reference case projection (Figure
4), which does not take into account the potential impact
of the Kyoto Protocol. In this forecast, world carbon
emissions exceed their 1990 levels by 39 percent in 2010
and by 70 percent in 2020. Emissions in the indus-
trialized world grow by about 1.0 billion metric tons
between 1990 and 2020, with about half the growth
arising from an increase in the use of natural gas as coun-
tries continue to choose less carbon-intensive natural
gas over the more carbon-intensive coal for electricity
generation and industrial uses.

2The Annex | countries under the Framework Convention on Climate Change are Australia, Austria, Belgium, Bulgaria, Canada,
Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Latvia, Lithuania,
Luxembourg, the Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russia, Slovakia, Slovenia, Spain, Sweden, Switzerland,
the Ukraine, the United Kingdom, and the United States. Turkey and Belarus are also considered Annex | countries, but neither has agreed

to any limits on greenhouse gas emissions.

2
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Figure 4. World Carbon Emissions by Region,
1990-2020
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1996,
DOE/EIA-0219(96) (Washington, DC, February 1998). Projec-
tions: EIA, World Energy Projection System (1999).

In the developing countries, carbon emissions are pro-
jected to grow more quickly. Emissions from the devel-
oping countries were about 60 percent of those from the
industrialized countries in 1990, but by 2010 they will
surpass them. The rapid increase is expected to be
caused both by rapid economic growth, accompanied by
growing demand for energy, and by continued heavy
reliance on coal—the most carbon-intensive of the fossil
fuels—especially in developing Asia.

To achieve the emissions targets proposed under the
Kyoto Protocol, emissions in 2010 would have to be 24
percent lower than those currently projected for the
industrialized, Annex I countries (Table 2). In the United
States and Canada, meeting the targets would require
reductions of 30 and 27 percent, respectively, from 2010
projected emissions. In contrast, emissions in the
EE/FSU are so much lower now than they were in 1990
that it is doubtful they could be restored to those levels
by 2010.

If energy consumption in the countries of the FSU grows
as projected in the IEO99 reference case, carbon emis-
sions will remain about 33 percent below the levels
allowed under the Protocol (which requires no reduc-
tions from 1990 emissions levels in the transitional econ-
omies of the FSU). Even in Eastern Europe, where
countries are allowed to increase emissions in 2010 to 7
percent above their 1990 levels, emissions will still be
about 18 percent below the required targets. The Kyoto
targets for Bulgaria, Hungary, Poland, and Roma-
nia—which currently account for some 66 percent of all
emissions from Eastern European countries—were
recalculated in this year’s IEO to reflect Article 3.5 of the
Protocol, which allows the four countries to use base
years other than 1990. Bulgaria and Romania are using
1989 as a base year; Poland is using 1988; and Hungary is
using the average emissions for the years 1985 to 1987.
As a result, the Kyoto target for total carbon emissions
for Eastern Europe in 2010 is 320 million tons in IEO99,
up from 277 million metric tons in the International
Energy Outlook 1998 (IEQ98).

Table 2. Projected Effects of the Kyoto Protocol on Carbon Emissions in Annex | Countries, 2010

Carbon Emissions Change
(Million Metric Tons) From IEO99 Change
2010, 2010, Reference Change From IEO99
IEO99 Kyoto Case, 2010 From 1990 Reference
Reference Protocol (Million Emissions Case, 2010
Region and Country 1990 Case Target Metric Tons) (Percent) (Percent)
Annex | Industrialized Countries
United States . . . . . . . ... ... 1,346 1,790 1,252 -538 -7 -30
Canada . . . ... ... ... .... 126 162 118 -44 -6 -27
Western Europe. . . . . ... .. .. 936 1,021 862 -160 -8 -16
Japan . . . . ... 274 322 258 -64 -6 -20
Australasia . . . .. ... 90 113 97 -16 7 -14
Total Annex | Industrialized . . . 2,772 3,408 2,586 -822 -7 -24
Transitional (EE/FSU) °
Former Soviet Union . . . . . .. .. 991 666 990 324 0 49
Eastern Europe . . . . . .. ... L. 299 270 320 50 7 18
Total EE/FSU . . . . . . .. ... 1,290 935 1,309 374 1 40
Total . . . ... ... ... ... . 4,062 4,344 3,895 -449 -4 -10

2Annex | countries in the EE/FSU currently account for 83 of FSU carbon emissions, 94 percent of Eastern Europe’s carbon

emissions, and 86 percent of the total for the EE/FSU region.

Sources: 1990: Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections: EIA, World Energy Projection System (1999).
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The reduction in expected energy consumption for the
FSU region in this year’s projections could substantially
change the amount of effort required by the Annex I
countries as a whole to meet their Kyoto Protocol tar-
gets. In IEO98, energy demand in the FSU was expected
to recover to its 1990 level by the end of the projection
period. Carbon emissions were also expected to rise, but
they remained below the 1990 level because the recovery
featured increases in the use of less carbon-intensive nat-
ural gas rather than more carbon-intensive coal. As a
result, IEO98 projected that in 2010 credits available
from the FSU would contribute 199 million metric tons
to the total of 822 million metric tons that the industrial-
ized Annex | countries would need to eliminate from the
baseline projection to meet the Annex | targets. In this
year’s projection, however, the potential contribution in
2010 from the FSU has increased by 62 percent, to 324
million metric tons.

The economic collapse in Russia has meant reductions
from the IEO98 projections of FSU fossil fuel use in 2010:
21 percent for oil, 10 percent for natural gas, and 22 per-
cent for coal. IEOQ99 projects that, by 2010, the resulting
emissions from this lowered outlook for fossil fuel use in
the FSU reach only 666 million metric tons, nearly 16
percent less than projected in IEQ98. Because the transi-
tional Annex | countries currently account for about 86
percent of the EE/FSU region’s total emissions, much of
the projected emissions reduction could be used as trad-
able emissions units with the industrialized Annex |
countries as they attempt to meet Kyoto Protocol emis-
sions targets. Accordingly, with the higher level of cred-
its available from the EE/FSU, Annex | countries would
need to reduce emissions by 10 percent from the refer-
ence case projection to meet their Kyoto Protocol targets,
rather than by 16 percent as reported in IEOQ98. Indeed,
emissions are expected to grow by 7 percent between
1990 and 2010 in the industrialized Annex | countries
and the EE/FSU combined, because the 27-percent
decrease in emissions expected for the EE/FSU offsets
the 23-percent increase projected for the industrialized
Annex | countries.

Oil prices fell to historic low levels in 1998, with average
crude oil prices one-third lower than in 1997. The IEO99
reference case price projection traces slow recovery over
the next several years, as surplus oil supply is used to
meet slower demand growth than was projected in
IEO98. World oil prices are expected to reach $23 per
barrel (constant 1997 U.S. dollars) at the end of the pro-
jection period—about the same as in last year’s forecast
(Figure 5). For the near term, however, the IEO99 price
trajectory is substantially altered by the plummeting oil
prices in 1998 that were not anticipated in last year’s
report. The timing and magnitude of an expected
rebound in both oil demand and oil prices are the source
of much uncertainty. Nevertheless, short-term price

Figure 5. Comparison of 1998 and 1999 World Oil
Price Projections
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Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). IEO98: EIA,
International Energy Outlook 1998, DOE/EIA-0484(98) (Wash-
ington, DC, April 1998). IEO99: EIA, World Energy Projection
System (1999).

movements generally have not affected long-term price
projections 5 to 10 years out.

Despite relatively low prices in the near term, deepwater
exploration and development initiatives should con-
tinue to be developed at a slower pace, with offshore
West Africa emerging as a potential source of major oil
production. Technology and resource availability can
sustain large increments in oil production capabilities in
many parts of the world at prices ranging from $18 to
$22 per barrel, but the present low price environment
makes it likely that the pace of development in some
highly prospective areas—including especially the Cas-
pian Sea region—will be slowed.

By the middle of 1998, declining world oil prices caused
renewed efforts to lower oil production under the spon-
sorship of the Organization of Petroleum Exporting
Countries (OPEC). In both March and June, OPEC and
key non-OPEC producers Mexico and Norway agreed to
restrict their crude oil sales, and there were indications
from several other producers that they would cut back
production. Their efforts were not supported by Iraq,
which wanted to increase oil sales. As a result, oil pro-
duction management efforts had only modest success.
OPEC’s share of world oil supply is projected to increase
significantly over the forecast horizon, but competitive
forces are expected to remain strong enough to forestall
efforts to increase real oil prices substantially.

QOil is projected to remain the world’s dominant energy
source even as its share of world energy consumption
slips somewhat over the next two decades, falling from
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40 percent to 38 percent as countries switch to natural
gas and other types of fuel, particularly for electricity
generation in many industrialized and developing
countries. Oil consumption in the reference case is pro-
jected to reach 110 million barrels per day by 2020. In the
industrialized countries, most of the growth in oil use is
projected for the transportation sector, where competi-
tion from other fuels is limited. In the developing coun-
tries, oil use for transportation increases more rapidly
than in the industrialized countries, and substantial
growth is also expected for other uses of petroleum
fuels. Expanding industrial activity and power genera-
tion will be fueled in part with oil, especially in Asia,
where natural gas is less available than it is in North
America and Europe.

On the whole, natural gas is projected to be the fast-
est-growing primary energy source from 1996 to 2020.
Within the next decade, world natural gas consumption
is expected to surpass coal consumption (Figure 6). Gas
is becoming the fuel of choice for new electricity genera-
tion worldwide, primarily because combined-cycle gas
turbine plants tend to be less expensive to build than
other means of power generation. And in Central and
South America, gas-fired electricity generation capacity
is being built to diversify national power supplies that
have been based largely on hydropower, which can be
unreliable in times of drought. Moreover, among fossil
fuels, natural gas is the most likely to be in greater
demand in times of favorable supply and demand eco-
nomics and increasingly stringent environmental regu-
lation. Environmental benefits accrue from increased
gas use because of its clean burning characteristics and
low carbon content as compared with other fossil fuels.

Figure 6. World Energy Consumption by Fuel
Type, 1970-2020
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EIA, World Energy Projection System (1999).

Renewables

World coal use is also projected to increase, at an aver-
age annual rate of 1.6 percent per year on a short ton
basis over the projection period. Strongest growth in
demand is projected for the developing world, where
coal use more than doubles between 1996 and 2020. The
worldwide increase in coal use is attributable mainly to
increases in developing Asia—particularly in Chinaand
India. Indeed, IEOQ99 projects that China and India will
account for more than 90 percent of the worldwide
increment in coal consumption over the projection
horizon.

In the industrialized world coal demand remains nearly
flat through 2020, and in the EE/FSU it is expected to
decline by almost 30 percent. There have been major
declines in EE/FSU coal production and use since the
social and political upheaval of the late 1980s and early
1990s. As the region recovers, natural gas is expected to
be employed for many of the uses historically ascribed to
coal.

Nuclear power supplied 17 percent of the world’s elec-
tricity generation in 1997, and 10 countries met at least
40 percent of their total electricity demand with electric-
ity from nuclear power plants. Over the next two
decades, however, nuclear power declines in the IEO99
reference case. Only the developing nations and Japan
are projected to have net additions to nuclear power
capacity. In other regions, countries that are operating
older reactors and have other, more economical options
for new generating capacity are expected to let their
nuclear capacity fade as nuclear units are retired. Market
competition from natural gas, public concern about the
safety of nuclear reactor operations, and the problems
associated with the disposal of nuclear waste are affect-
ing nuclear power programs in many nations. On the
other hand, it is possible that ratification of the Kyoto
Protocol could change the outlook for nuclear power.
Nuclear power under a high capacity scenario could
reduce projected world carbon emissions by 6 percentin
2020, or an estimated 206 million metric tons.

Low fossil fuel prices in world energy markets continue
to diminish the potential for rapid development of
renewable energy sources worldwide. Again, however,
the Kyoto Protocol may provide an opportunity for
growth in renewable energy demand. In the IEO99 refer-
ence case, hydroelectricity and other renewable energy
sources maintain an 8-percent share of total energy con-
sumption throughout the projection period. Almost half
the total growth in the use of renewables is projected for
the developing world, where large-scale hydroelectric
projects boost the level of renewable consumption. In
1998, China and India pledged increases in large-scale
hydroelectric development. In China, hydroelectric pro-
jects currently under construction amount to some 32
gigawatts of installed generating capacity, and in India
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nearly 4 gigawatts of new hydroelectric capacity is
planned to be operating by 2002.

World net electricity consumption is expected to
increase from 12 trillion kilowatthours in 1996 to 22 tril-
lion kilowatthours in 2020. The economic troubles of
Southeast Asia and Russia are expected to slow the
growth in electricity demand over the next few years,
but electricity demand in the developing countries still
is projected to increase by a robust average of 4.4 percent
per year, and the strongest long-term growth is pro-
jected for the developing countries of Asia, as well as
Central and South America (Figure 7). Rapid population
growth, along with greater industrialization and more
widespread household electrification, will increase elec-
tricity use in those regions. In the industrialized coun-
tries, annual growth in net electricity consumption is
projected to average around 1.6 percent over the next
two decades, primarily because of the continuing spread
of electricity-using equipment.

A nation’s transportation system is generally an excel-
lent indicator of its level of economic development. In
many countries personal transportation still means
walking or bicycling, and domestic animals are still used
to move freight. Over the next two decades, fast-paced
growth of transportation infrastructure is expected in
the developing world. Developing Asia and Central and
South America are expected to account for 52 percent of
the increase in the world’s motor vehicle population
between 1996 and 2020 (Figure 8).

According to the IEO99 reference case projection, energy
use for transportation among the developing countries
is projected to grow at an average annual rate of 4.0 per-
cent—nearly triple the rate of growth in the industrial-
ized countries. Growth in the transportation sector in the
industrialized countries—where modern transportation
systems have been in place for many decades—is
expected to average only 1.4 percent per year. Even in
the most economically advanced countries, however,
transportation energy consumption per capita continues
to increase over the projection period, as rising per
capita incomes are accompanied by purchases of larger
personal vehicles and by increased travel for business
and vacations.

Figure 7. Projected Change in Net Electricity
Consumption by Region, 1996-2020
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International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). 2020: EIA, World Energy Projec-
tion System (1999).

Figure 8. Road Vehicle Populations by Region,
1996 and 2020
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World Energy Consumption

The IEO99 projections indicate substantial growth in world energy use,
including substantial increases for the developing economies of Asia and South America.
Resource availability is not expected to limit the growth of energy markets.

In 1998, expectations for economic growth and energy
market performance in many areas of the world were
dashed. The Asian economic crisis proved to be deeper
and more persistent than originally anticipated, and the
threat and reality of spillover effects grew through the
year. Oil prices crashed. Russia’s economy collapsed.
Economic and social problems intensified in energy-
exporting countries and in emerging economies of Asia
and South America. Deepening recession in Japan made
recovery more difficult in Asia and increased the pros-
pects for slower economic growth in Europe and North
America. The rate of worldwide economic expansion in
1998 fell by a third relative to that achieved through
most of the 1990s.

Growth in energy demand, the hallmark of recent mar-
ket performance, has been severely constrained by cur-
rent economic conditions. Shortage has been replaced by
surplus in the hardest hit countries. Fear of spillover
effects to other regions, as well as recession in Japan and
economic collapse in Russia, caused a range of capital-
intensive infrastructure development projects involving
power generation, pipeline transport, and liquefied
natural gas (LNG) supply to be scaled back or put on
hold. Uncertain financial markets have made it more dif-
ficult to gain financial backing for some projects. Explo-
ration and development expenditures for oil and gas
production were in sharp decline in most parts of the
world at the close of 1998. Russia’s devaluation and
apparent default on international debt were choking off
investments designed to maintain or expand its role
in international oil and gas markets. Given these devel-
opments, the near-term prospects for energy markets
have become more risky and uncertain; and to the extent
that energy investment is affected, so too are inter-
mediate and long-term prospects for energy supply and
demand.

In light of these developments, the International Energy
Outlook 1999 (IEO99) contains revisions to long-term
projections of growth in energy supply and demand
trends, relative to those presented in IEOQ98. The revi-
sions are relatively modest, however: a near-term pause
in energy demand growth; somewhat (6 percent) lower
levels of aggregate demand in the later years of the pro-
jection; and lower projected oil prices for the next few
years, followed by recovery to last year’s baseline by
2007.

The key themes associated with the IEO98 reference case
projections remain: substantial increases in energy
demand, based mostly on fossil fuels are in prospect; a
major component of growth in world energy demand
will be accounted for by developing economies of Asia
and South America; natural gas is increasingly the fuel
of choice for future electric power generation; oil
demand growth is an increasing function of trends in
transportation activity; and, over the projection period
of about two decades, resource availability does not
limit the development of energy markets.

Each issue of the IEO underscores important sources of
uncertainty that can dramatically change the future
course of events affecting trends in the composition,
cost, and level of energy use. Economic growth and
energy use are closely tied. Thus, assumptions about
alternate paths of economic growth can have significant
effects on expected energy requirements. The IEO99 ref-
erence case economic projection adopted for this out-
look depicts a recovery in Asia’s economic growth
beginning in 1999. With the exception of Indonesia,
countries currently in recession in Asia are assumed to
be back to baseline rates of growth within the next 3to 5
years. Japan, too, is expected to resume positive rates of
economic expansion by 2000. China and India are pro-
jected to sustain average growth rates in excess of 5 per-
cent between now and 2020.

The events of the past year demonstrate that economic
expansion can falter, with severe implications for energy
market developments. The reference case economic
growth assumptions may not be realized. Accordingly,
alternative growth cases are included in the projections.
More so than last year, the reference case projection
depends on the continued efficacious application of eco-
nomic policies designed to counter recession and foster
structural reforms within national economies. In various
countries, economic stress is leading to increased social
tensions. Changing political forces could upset policy
expectations in a variety of areas, causing reference case
expectations not to be realized. Those who are more pes-
simistic or who have different views of the political and
economic uncertainties in particular regions may have
less optimistic expectations for economic growth in
some of the regions covered in this review. The alterna-
tive growth cases presented here may provide useful
perspective to assist their analyses.
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IEO99 assumes that the reference case projections are the
most likely outlook at this point in time. Aggressive poli-
cies to counter recession in Asia and to forestall spillover
effects in Europe and the western hemisphere were
instituted in 1998 by the International Monetary Fund
(IMF), the World Bank, and banking institutions in
Europe and the Americas. Signs of economic turn-
around are now being reported for Korea, Thailand,
Malaysia, and the Philippines.

Additional uncertainty arises from the commitments
being made by developed countries under the Kyoto
Protocol of the Framework Convention on Climate
Change. If those commitments are realized, energy
demand could actually be reduced over the next decade.
Such a development could lower total world energy
consumption in 2010 by more than 10 percent relative to
the reference case projection presented here, equivalent
to 60 quadrillion Btu or 30 million barrels of oil per day.
The Protocol identifies stringent targets for reduced
greenhouse gas emissions in developed countries; how-
ever, neither policies nor technologies to achieve the tar-
gets have been identified for implementation, nor have
the countries ratified the agreement. Thus, the Kyoto
Protocol is viewed in this report as a factor heightening
uncertainties and the need for collateral analysis of the
IEO99 reference case rather than one that per se alters it.

Another key source of uncertainty for the long-term evo-
lution of energy markets relates to trends in energy
intensities—i.e., the manner in which energy require-
ments evolve relative to growing income levels. History
shows different trends in energy intensity for the devel-
oped and developing countries. In developed countries,
energy requirements have grown slowly relative to
increasing levels of economic activity. That historical
trend is projected to continue in the reference case, with
energy use rising at only about half the rate of economic
expansion.

In the developing countries, energy and economic
growth have tended to move in parallel. The process of
economic development is energy intensive, and rising
living standards enable broad access to electricity and
motorized means of transportation. The accompanying
widespread development of infrastructure causes
growth in energy-intensive industries such as steel and
cement. As economies continue to develop, however,
the rate of energy use tends to fall relative to economic
expansion. Consumer demands tend to evolve toward
increased use of services that are not energy intensive.

The reference case projection presented here assumes a
declining rate of energy intensity for developing coun-
tries over the projection period: by 2020, the relationship
between energy and economic growth in developing
countries is projected to be is similar to that in developed

countries. This is a key assumption. Although per capita
energy consumption is expected to rise over the next two
decades, the projected levels in 2020 are still low relative
to those currently prevailing in developed countries. If
energy growth rates do not decline substantially relative
to projected economic growth rates, the demand for
energy in the developing world, where more than
two-thirds of the world’s population resides, would be
substantially higher.

Other key assumptions underlying the IEQ99 reference
case projection involve the continuing evolution of
world oil markets. Current oil prices are near record low
levels. Although some analysts now argue that low oil
prices could persist for many years, the reference case
assumes a price recovery path that begins in 1999 and
returns to the levels projected in the IEO98 reference
case by about 2007. Expectations for long-term recovery
in demand growth and only a modest constriction on oil
supply, especially in mature producing areas, encour-
age this view. In addition, IEO99 assumes no change in
the influence of the Organization of Petroleum
Exporting Countries (OPEC) on oil markets. It is also
assumed that technology and government policies
worldwide will support a large expansion in oil supply
production capabilities.

Outlook for World Energy
Consumption

The prospects for world energy consumption in IEO99
are somewhat lowered from last year’s report. Indeed, in
this year’s projection, world energy consumption
reaches 612 quadrillion British thermal units (Btu) in
2020, almost 30 quadrillion Btu less than last year’s fore-
cast (Figure 9). The downward revision flows from
events in two parts of the world: the Asian economic cri-
sis—which began in the spring of 1997 and persisted
throughout 1998, aided and abetted by the worsening
economic situation in Japan—and the prolonged col-
lapse of the Russian economy.

The persistent recession in Japan—the world’s second
largest economy—has not shown signs of abating. In
October 1998, the Japanese Parliament passed a $517 bil-
lion package to bail out the country’s national banking
system and attempt to revive the economy [1]. The Japa-
nese government has estimated that the economy will
still shrink by 1.8 percent in the fiscal year ending March
31, 1999 [2]. While the Asian economic crisis does not
appear to have dramatically affected China’s economy
thus far, there are fears that the crisis could threaten its
program of economic reform, which is designed to
downsize state-owned enterprises in favor of more mar-
ket oriented activities serving both domestic and export
demands [3, p. 274].
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Figure 9. Projected World Energy Consumption in
IEO98 and IEO99, 2000-2020
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Sources: 1996: Energy Information Administration (EIA),
International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1998 and 1999).

Other Southeast Asian economies hit by the recession in
mid-1997 began to fare better toward the end of 1998.
Interest rates in the second half of 1998 fell sharply in
South Korea and more modestly in Thailand, two coun-
tries that were hit particularly hard by the economic cri-
sis. Both have adhered to the financial reforms
prescribed by the IMF, and it appears that they might
begin to see positive economic growth by the end of 1999
[4]. Some growth in exports is now evident, and an
inflow of new foreign investment has begun. In contrast,
the outlook for Indonesia is much less optimistic. By one
estimate, the Indonesian economy was expected to con-
tract by more than 13 percent in 1998, with no positive
growth expected before 2000 [4, p. 4].

The deteriorating Russian economy—the largest econ-
omy in the former Soviet Union (FSU)—has led to some
substantial downward revisions to the IEO99 projec-
tions. The lower expectations for energy growth are
caused by the August 1998 devaluation of the Russian
ruble, the defaults on public and private debt, the col-
lapse of the Russian banking system, the worsening
political situation for Boris Yeltsin and any potential suc-
cessor, and expected changes in monetary policy that
raise the possibility of hyperinflation. Less than one year
ago, most forecasting sources were projecting positive
growth in Russia’s GDP in 1998 and accelerating recov-
ery in the years to follow. In October, PlanEcon revised
its GDP forecast for Russia for 1999 from a positive 4.2
percent to a negative 5 percent, with no positive GDP
growth expected before 2001 [5, 6].

For the FSU region as a whole, IEO99 projects that GDP
will fall by an average of 2 percent per year between 1996
and 2000, with positive growth returning to the region
between 2000 and 2005, averaging about 3 percent per
year. As growth resumes, energy consumption in the
FSU region is expected to recover. Between 1996 and
2020, energy consumption growth is expected to aver-
age 1.0 percent per year. The projection for 2020 is about
10 quadrillion Btu lower than in IEO98—equivalent to
about 5 million barrels of oil per day.

Despite the downward revisions for expected energy
demand worldwide, the IEO99 reference case projects
that energy consumption in 2020 will increase by 236
qguadrillion Btu—or about 65 percent—relative to the
1996 level. More than half the increment is expected in
the developing countries, where strong economic
growth in the long term is expected to increase the
demand for energy over the projection period.

The predominant issue for the development of energy
markets in the industrialized countries appears to be the
potential impact of the Kyoto Protocol. As of March 15,
1999, 83 countries—including the United States—had
signed the Kyoto Protocol, which calls for “Annex 1”
countriesd to reduce or limit the growth of their carbon
emissions between 2008 and 2012. The Protocol remains
open for signature until March 15, 1999, but it will come
into force only when 55 Parties to the Framework Con-
vention, including Annex | countries that accounted for
at least 55 percent of the total carbon dioxide emissions
from that group in 1990, have “deposited their instru-
ments of ratification, acceptance, approval or accession”
[7]. As of March 15, 1999, only seven countries (Antigua
and Barbuda, El Salvador, Fiji, Maldives, Panama, Trini-
dad and Tobago, and Tuvalu—all non-Annex | coun-
tries) had ratified the Protocol.

None of the Annex | countries had ratified the Kyoto
Protocol by the time this report was prepared for publi-
cation. As a result, although the Protocol has the poten-
tial to change energy use dramatically in the
industrialized world, no adjustments have been made to
try to account for the impact of the Protocol. Nonethe-
less, the Protocol could retard the industrial world’s
energy demand growth. The IEO99 reference case pro-
jections suggest that industrialized countries can expect
to account for about 30 percent of the world’s increment
in energy use between 1996 and 2010. Were emissions
targets identified in the Protocol to be achieved by
reducing fossil energy usage, energy consumption over-
all would be reduced by between 30 and 60 quadrillion
Btu—equivalent to between 15 and 30 million barrels of

3Australia, Austria, Belgium, Bulgaria, Canada, Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hun-
gary, Iceland, Ireland, Italy, Japan, Latvia, Lithuania, Luxembourg, the Netherlands, New Zealand, Norway, Poland, Portugal, Romania,
Russia, Slovakia, Slovenia, Spain, Sweden, Switzerland, the Ukraine, the United Kingdom, and the United States. Turkey and Belarus are
also considered Annex | countries, but neither has agreed to any limits on greenhouse gas emissions.
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oil per day. On the other hand, with potential fuel-
switching opportunities, emissions trading, and other
offsets (such as reforestation) allowed under the Proto-
col, a more modest reduction in fossil fuel use is more
likely.

The strongest growth in energy consumption is
expected to occur outside the industrialized world,
which currently consumes about 40 percent more
energy than is consumed by the developing world (Fig-
ure 10). By the end of the projection period, energy use in
the developing countries (defined as developing Asia,
Africa, the Middle East, and Central and South America)
is expected to exceed that in the industrialized world.
Such large increments in energy use in the developing
world would have a dramatic effect on world energy
markets. The IEO99 projections assume substantial
financial investment in all phases of energy production,
distribution, and transmission. If the assumed levels of
investment are to be achieved, world government poli-
cies must continue to evolve to favor private-sector
incentives for trade and development.

Figure 10. Projected Energy Consumption in the
Industrialized and Developing Regions,
2000-2020
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Sources: 1996: Energy Information Administration (EIA),
International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1999).

Outlook by Energy Source

The IEO99 reference case, based on “business as usual”
assumptions, projects that every energy source except
nuclear power will grow over the 1996 to 2020 forecast
period (Figure 11), although renewable energy sources
are not expected to grow as fast over the next 24 years as
they have in the past. Worldwide, oil remains the
dominant source of energy throughout the projection
horizon, as it has since 1970. Oil’s key role in the trans-
portation sector—where it does not currently have any
serious competition from other energy sources—helps

to sustain its position among fuel sources. Oil use in the
electric power sector is projected to decline in relative
terms, but the fast-paced growth of personal transporta-
tion, especially in the developing world, will absorb any
losses in the electricity sector.

Figure 11. World Energy Consumption by Fuel
Type, 1970-2020
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Database, and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

Renewables

Natural gas is expected to be the fastest-growing pri-
mary energy source from 1996 to 2020. Worldwide con-
sumption of natural gas increases by 3.3 percent per year
(on a Btu basis) over the 24-year projection period,
nearly twice as fast as oil (1.8 percent per year) and coal
(1.7 percent per year). Gas is increasingly the fuel of
choice for new electric power generation, primarily
because combined-cycle gas turbine plants tend to be
less expensive to build and are more efficient than other
means of power generation. It is also a fuel of choice for
environmental reasons. Local air pollution can be less-
ened by shifting from coal to natural-gas-fired genera-
tion. On a Btu basis, carbon emissions from natural gas
combustion are less than half those for coal. Within the
next decade, natural gas use is expected to exceed coal
consumption, with the margin growing ever larger in
subsequent years.

Coal use worldwide is projected to increase by 2.4 billion
short tons, from 5.2 to 7.6 billion short tons, between
1996 and 2020. Strongest growth in demand is projected
for the developing world, where coal use increases by
3.0 percent per year over the projection period (Figure
12). The worldwide increase in coal use is attributable
mainly to increases in developing Asia—particularly,
China and India. Indeed, IEQ99 projects that China and
India alone will account for more than 90 percent of the
worldwide increment in coal consumption between
1996 and 2020. In the industrialized world, coal demand
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remains relatively flat through 2020, with average
annual growth of 0.4 percent. Further, in Eastern Europe
and the FSU (EE/FSU), coal consumption is projected to
decline by 1.5 percent per year. There have been major
declines in coal production and use in the EE/FSU since
the social and political upheaval of the late 1980s and
early 1990s. As the economies of the region recover, nat-
ural gas is expected to be used in place of those uses his-
torically ascribed to coal.

Figure 12. World Coal Consumption by Region,
1970-2020
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Database, and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

Nuclear power is the only primary energy source pro-
jected to decline over the forecast period. After peaking
at 2,390 billion kilowatthours worldwide in 2010,
nuclear energy use is projected to decline to 2,068 billion
kilowatthours in 2020. The worldwide decline is attrib-
uted to retirements of nuclear facilities in the industrial-
ized world and in the FSU, where countries are
operating older reactors and have other, more economi-
cal options for new generating capacity. In the develop-
ing world—especially developing Asia—increases in
nuclear power generation still are planned in China,
India, and South Korea. In addition, it is possible that
ratification of the Kyoto Protocol could modify the out-
look for nuclear power in the Annex | countries, where
the operating lives of nuclear facilities could potentially
be extended to constrain greenhouse gas emissions.

Hydroelectricity and other renewable resources main-
tain an 8-percent share of total energy consumption
throughout the projection period. The growth of renew-
able resources is expected to be restrained somewhat by
low fossil fuel prices, which discourage the develop-
ment of renewable energy sources. As with nuclear
power, ratification of the Kyoto Protocol could help
renewable energy gain market share if the signatory

countries used non-carbon-emitting energy sources to
reduce their reliance on fossil fuels and consequently,
reduce their greenhouse gas emissions. In Western
Europe there is increasing activity in renewable installa-
tions, involving particularly wind-generated electricity.
The German government announced in December 1998
that Germany’s renewable energy use expanded by 30
percent between 1996 and 1997, to 5 billion kilowatt-
hours [8]; however, this still represents only about 1 per-
cent of the nation’s total electricity consumption.

Outlook for Carbon Emissions

If energy consumption grows to levels projected in the
IEO99 reference case, annual carbon emissions will
reach 8.0 billion metric tons in 2010 and 9.8 billion metric
tons in 2020 (Figure 13). Thus, world carbon emissions
would exceed 1990 levels by almost 39 percent in 2010
and by 70 percent in 2020. Emissions are projected to rise
by 2.2 billion metric tons between 1990 and 2010 and by
another 1.8 billion metric tons between 2010 and 2020.
Between 1990 and 2020, emissions from the combustion
of coal are expected to account for 1.2 billion metric tons
of the total increase in worldwide emissions, natural gas
1.5 billion metric tons, and oil 1.3 billion metric tons.

Figure 13. World Carbon Emissions by Fuel Type,
1970-2020
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EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

The Kyoto Protocol, if ratified and implemented, may
well influence carbon emissions levels in the future.
Only 2 of the 67 countries that had signed the Kyoto Pro-
tocol as of December 1998, Fiji and Tuvalu, have actually
ratified it, and neither is required to reduce emissions
levels under the treaty. As a result, IEO99 reference case
projections have not been adjusted to account for
changes that might occur under the Protocol. A discus-
sion of how Kyoto-type scenarios might be achieved
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through fuel switching, reductions in fossil fuel con-
sumption, and various emissions trading strategies is
presented in the final chapter of this report, “Environ-
mental Issues and World Energy Use.”

In the industrialized world, carbon emissions are pro-
jected to increase from 2.9 to 3.9 billion metric tons
between 1990 and 2020, an increment of just over 1.0 bil-
lion metric tons (Figure 14). Emissions are expected to
grow less than primary energy use mainly because of
strong growth in the use of less carbon-intensive natural
gas relative to coal, which is more carbon-intensive.
About 52 percent of the total increase in emissions in the
industrialized countries is attributed to an increase in
the use of natural gas. Indeed, by the end of the projec-
tion period, emissions resulting from natural gas con-
sumption exceed those from coal for these countries,
reflecting the strong growth expected for natural gas rel-
ative to coal. Oil remains the dominant source of carbon
emissions in the industrialized countries throughout the
projection period, because of its role in transportation.

Figure 14. World Carbon Emissions in the
Industrialized and Developing Regions
by Fuel Type, 1990, 2010, and 2020
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ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1999).

Carbon emissions grow most quickly in the developing
countries. By 2010 their emissions are expected to sur-
pass those of the industrialized countries, whereas in
1990 developed countries’ emissions were nearly two
times those of the countries of the developing world
(Figure 15). By 2020, emissions in the developing coun-
tries are projected to exceed those of the industrialized
countries by nearly 1 billion metric tons (in the context of
a world total of 9.8 billion metric tons). The fast-paced
growth of emissions in the developing world is attrib-
uted to high rates of economic and energy growth, as
well as expectations for continued heavy dependence on
fossil fuels (particularly coal, the most carbon-intensive

of the fossil fuels) especially in developing Asia. Coal
use is expected to contribute about 44 percent of the 3.2
billion metric tons of emissions added in the developing
countries between 1990 and 2020.

Figure 15. World Carbon Emissions by Region,
1970-2020
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Database, and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

In the EE/FSU region, carbon emissions remain below
their 1990 levels throughout the projection period—a
result of the economic and political upheaval in the
region during the early 1990s. By 2010, emissions in the
EE/FSU are expected to be about 27 percent lower than
in 1990. Although some recovery in energy demand is
projected by the end of the forecast period, emissions
still are expected to reach only 1.0 billion metric tons by
2020, still about 21 percent lower than in 1990. The
region is expected to be able to take advantage of its
lower emissions levels if a worldwide carbon trading
system is developed in the future. Industrialized Annex
I countries may seek to buy emissions rights to meet
their obligations under the Kyoto Protocol. Procedures
for such a system have yet to be established among the
participating countries, but negotiations in the matter
continue.

Worldwide, carbon emissions per person increase from
about 1.1 metric tons per person in 1990 to 1.2 metric
tons per person in 2010 and 1.3 metric tons per person in
2020. Per capita emissions in the industrialized countries
remain much higher than those of the rest of the world
throughout the projection period, increasing from 3.2 to
3.8 metric tons per person between 1990 and 2020 in the
IEO99 reference case. Even in 2020, with a doubling of
per capita emissions, the developing world’s per capita
emissions (0.8 metric tons per person) remain little more
than one-fifth the level of the industrialized world.
With four-fifths of the world’s projected population
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attributed to the developing countries in 2020, however,
relatively small increments in per capita emissions
would have a much greater impact on overall emissions
than would larger increments in per capita emissions for
the industrialized world.

Within the industrialized countries, the United States
and Canada have the highest per capita emissions levels
throughout the projection period—reaching 6.1 and 5.1
metric tons per person, respectively, in 2020 (Figure
16)—although the growth rate of per capita emissions in
both countries is expected to remain fairly flat after 2000.
In contrast, per capita emissions in developing countries
such as China and India are projected to more than triple
between 1990 and 2020, reflecting fast-paced industrial-
ization based largely on fossil fuel consumption.

Figure 16. Carbon Emissions per Capita for
Selected Regions and Countries,

1990-2020
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1999).

The pace of increase in carbon emissions per capita is
even faster in the newly industrialized countries of
Southeast Asia. In South Korea, for instance, per capita
carbon emissions grew by 6.5 percent annually between
1970 and 1996, reaching 2.5 metric tons per person in
1996 (Figure 17). By 2020, per capita emissions in South
Korea are projected to grow to 4.4 metric tons per per-
son, matching the levels in Australasia and substantially
exceeding those in Japan (2.9 metric tons per person). Oil
remains by far the most widely used energy fuel in
South Korea, maintaining a 63-percent share of total
energy consumption over the next two decades. Were
per capita emissions in China and India to grow over the
projection period at the same rate as in South Korea over
the past 26 years, total worldwide emissions could
exceed current projections by 3.4 billion metric tons,
assuming a continuation of current fuel use patterns.

Figure 17. Carbon Emissions per Capita for
Selected Countries, 1970-2020
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database, and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

Alternative Growth Cases

IEO99 includes a high economic growth case and a low
economic growth case in addition to the reference case.
The reference case projections were derived by estab-
lishing a set of regional assumptions about economic
growth paths and energy elasticity (the relationship
between changes in energy consumption and changesin
GDP). The two alternative growth cases, based on alter-
native ideas about the possible paths of economic
growth, were formulated to provide users with a way to
guantify the range of uncertainty associated with the ref-
erence case.

For the high and low economic growth cases, different
assumptions were made about the range of possible eco-
nomic growth rates in developing and industrialized
nations, reflecting the greater uncertainty inherent in
attempts to forecast economic growth in developing
economies. The same pattern of change in energy inten-
sity relative to GDP (discussed below) was assumed for
the high and low growth cases as in the reference case.
For industrialized countries, increments of +1.0 and -1.0
percentage points, respectively, were added to the refer-
ence case growth rates to generate high and low growth
cases. For nonindustrialized countries and regions
(apart from China and the EE/FSU), increments of +1.5
and -1.5 percentage points were used to generate the
high and low growth cases.

China and the EE/FSU are special cases with regard to
prospects for future economic growth. China has experi-
enced high economic growth in the past several years,
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and the EE/FSU region has suffered a severe economic
downturn. In both regions, there is opportunity for sub-
stantial change in growth: China has the potential for a
larger decline in growth rate given its currently high
rate, and there are prospects for a substantial increase in
the rate of growth for the EE/FSU nations should their
current political and institutional problems be moder-
ated enough for the recovery of a considerable industrial
base. Reflecting these uncertainties, -3.0 percentage
points were added to China’s growth rate for the low
economic growth case and +1.5 for the high case; and
+3.0 percentage points were added to the EE/FSU
growth rate for the high economic growth case and -1.5
for the low case.

In the IEO99 reference case, total world energy con-
sumption is expected to reach 612 quadrillion Btu in
2020, with the industrialized countries consuming 263
qguadrillion Btu and the rest of the world 349 quadrillion
Btu. Under the assumptions of the high economic
growth case, total world energy consumption would be
747 quadrillion Btu in 2020, 136 quadrillion Btu higher
than in the reference case (Figure 18). In the low eco-
nomic growth case, worldwide energy consumption in
2020 would be 497 quadrillion Btu, 115 quadrillion Btu
less than in the reference case. Clearly, there is a substan-
tial range between the low and high economic growth
cases. The range between the cases for total world
energy consumption—251 quadrillion Btu—is more
than 40 percent of the total reference case consumption
projected for 2020.

Figure 18. World Energy Consumption in Three
Cases, 1970-2020
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database, and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

Trends in Energy Intensity

Another way to look at uncertainty in long-term energy
demand developments is in terms of the way energy
demand evolves relative to GDP over time. Economic
growth and energy demand are linked, but the strength
of that link varies among regions and stages of economic
development. In industrialized countries, history shows
the link to be relatively weak. That is, energy demand
growth lags behind economic growth. For every percent
increase in economic activity, energy demand increases
only about half a percent. In developing countries,
demand and economic growth have tended to be more
closely correlated, with energy demand growth tending
to track the rate of economic expansion.

The historical behavior of energy intensity in the FSU is
problematic. The EE/FSU economies have always main-
tained higher levels of energy intensity than either the
industrialized or developing nations (Figure 19). In the
FSU, however, energy consumption grew more slowly
than GDP until 1990, when the collapse of the Soviet
Union created a situation in which both income and
energy use were declining, but GDP fell more rapidly.
As a result, energy intensity began to rise.

Figure 19. World Energy Intensity by Region,
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database, and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

The stage of economic development and the standard of
living of individuals in each region strongly influence
the link between economic growth and energy demand.
Advanced economies with high living standards tend to
have relatively high energy use per capita, but they also
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tend to be economies where per capita energy use is
relatively stable or changes occur very slowly. Here
increases in energy use tend to correlate with employ-
ment and population growth. There is a high pene-
tration rate of modern appliances and motorized
transportation equipment in the industrialized coun-
tries. As a result, increments to personal income tend to
result in spending on goods and services that are not
energy intensive. To the extent that spending is directed
toward energy-consuming goods, it involves more often
than not purchases of new equipment to replace old cap-
ital stock. The new stock is often more efficient than the
equipment it replaces, resulting in a weaker link
between income and energy demand. In developing
countries, standards of living, while rising, tend to be
low relative to those in more advanced economies. As a
result, many energy-using devices are being widely
used for the first time, causing energy use to track more
closely with rising income levels.

Indeed, changing growth patterns of energy intensity
could have dramatic impacts on energy consumption in
the projection period, particularly among the develop-
ing countries. For instance, if energy intensities are
assumed to decrease (improve) in the developing coun-
tries according to a percentage that represents the single
greatest annual improvement observed between 1990
and 1996, energy consumption in the developing world
would be 174 quadrillion Btu in 2020—about 100 qua-
drillion Btu less than the reference case projection of 279
qguadrillion Btu. On the other hand, if energy intensities
in the developing world are assumed to increase
(worsen) by the highest annual rate of the 6-year period,
energy consumption in the developing countries climbs
to 926 quadrillion Btu in 2020—more than three times
the reference case projection.

Forecast Comparisons

Another way to illustrate the uncertainty associated
with the projections presented in the IEO99 is to com-
pare them with those derived by other forecasters. Four
organizations provide forecasts comparable to those in
IEO99. The International Energy Agency (IEA) provides
“business as usual” projections to the year 2020 in its
World Energy Outlook 1998. Standard & Poor’s DRI (DRI)
also provides energy consumption forecasts to 2020 in
its World Energy Service: World Outlook 1998. Petroleum
Economics, Ltd. (PEL) and Petroleum Industry Research
Associates (PIRA) publish energy forecasts for the
world, but only to the years 2015 and 2010, respectively.

All the forecasts for total world energy consumption are
similar (Table 3). Both IEA and DRI project growth of 2.0
percent per year between 1995 and 2020, and IEOQ99 pro-
jects 2.1-percent annual growth. The PEL and PIRA
growth rate projections are similar, but their projection

horizons are not the same as those for the other forecasts.
The PEL projections are for 1995 to 2015, and the PIRA
projections are for 1995 to 2010. For those periods, the
IEO99 reference case projects 2.1-percent annual growth
from 1995 to 2015 (compared with PEL’s projection of 2.0
percent) and 2.2-percent annual growth from 1995 to
2010 (the same as the PIRA projection).

In the projections that extend through 2020, almost all
the projected growth rates for the industrialized region
fall within the range defined by the IEO99 low and high
economic growth cases. One notable exception is the
IEA projection for North America. IEA expects energy
use in North America to increase by only 0.7 percent per
year between 1995 and 2020, whereas the IEO99 refer-
ence case projects growth of 1.3 percent per year. The
IEA suggests that the differences between its projections
for North America and the IEO99 projections may be
attributed, in part, to its expectations of higher oil and
natural gas prices [3, pp. 222-223].

Comparing projections from the PIRA series with those
from IEO99 over the 1995-2010 period, North America is
the only industrialized region for which there are sub-
stantial differences between IEO99 and an alternative
series. PIRA expects energy use in North America to
grow by 1.2 percent per year between 1995 and 2010,
whereas the IEO99 reference case projects 1.5-percent
annual growth. In the IEO99 low economic growth case,
North America’s energy consumption increased by 1.2
percent per year, exactly the same as the rate in the PIRA
series. Comparing IEO99 and PEL over the 1995-2015
period, the PEL growth rates for all industrialized
regions fall within the range defined by the IEO99 low
and high cases.

The FSU region provides severe challenges for those
developing long-term projections. Only one other fore-
cast, by PEL, provided projections for the FSU separated
from the Eastern European countries. Over the
1995-2015 period, IEO99 frames a wide range for pro-
jected growth in energy use in the region, ranging from
0.1 percent per year in the low economic growth case to
2.1 percent per year in the high economic growth case
(the 1995-2020 time frame presented in Table 3 provides
a range between 0.2 percent per year in the low growth
case and 2.4 percent per year in the high growth case).
Nevertheless, PEL projects even worse performance
than in the IEO99 low growth case, with no expected
growth between 1995 and 2015. For the entire EE/FSU
region, all the forecasts have energy consumption
growth rates that fall into the range defined by the IEO99
low and high economic growth cases, including compar-
isons of PEL and IEO99 cases over the 1995-2015 period
and of PIRA and IEO99 over the 1995-2010 period.

As might be expected given the continuing regional
economic recession, Asia is also a region where the
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Table 3. Comparison of Energy Consumption Growth Rates by Region

(Average Annual Percent Growth)

1995-2020 1995-2015 | 1995-2010
IEO99
Low High
Region Growth | Reference Growth IEO98 IEA DRI& PEL PIRAZ

Industrialized Countries. . . . 0.8 1.2 1.6 1.2 1.0 1.2 1.0 1.1
North America . . . . . . . .. 0.9 13 1.6 1.2 0.7 1.2 1.1 1.2
Western Europe . . . . . . .. 0.7 1.1 1.5 1.2 1.3 1.2 0.9 1.1
Pacific . . . . . ... .. ... 0.5 1.0 1.6 1.3 1.0 1.2 0.8 0.7
EE/FSU . . . . ... ... ... 0.5 11 2.4 1.7 1.7 1.2 0.4 0.6
Former Soviet Union. . . . . . 0.2 0.9 2.2 1.6 - - 0.0 -
Eastern Europe . . . . . . .. 1.1 1.7 2.8 1.8 - - 15 -

Developing Countries . . . . . 2.2 3.6 4.7 3.8 3.4 3.1 3.8 4.1
Asia . . ... ... ... ... 2.2 3.7 4.7 4.2 3.7 3.2 4.1 3.9
China. ... ......... 2.2 4.1 5.0 45 3.5 3.5 4.2 4.4
OtherAsia®. . . . ... ... 2.2 3.3 4.3 3.8 4.0 3.0 4.1 4.4
Middle East . . . .. .. ... 1.9 3.0 4.2 25 2.6 3.2 3.2 3.4
Africa. . . .. .. .. .. ... 1.3 2.3 3.2 25 2.6 25 2.6 3.3
Central and South America . . 2.7 4.3 5.8 3.8 2.9 3.1 3.6 3.6
TotalWorld . . .. ... .. 1.2 2.1 2.9 2.3 2.0 2.0 2.0 2.2

8Industrialized Pacific region includes only Japan.
Other Asia includes India and South Korea.

Sources: IEO99: Energy Information Administration (EIA), World Energy Projection System (1999). IEQ98: EIA, International
Energy Outlook 1998, DOE/EIA-0484(98) (Washington, DC, April 1998), Table Al, p. 133. IEA: International Energy Agency,
World Energy Outlook 1998 (Paris, France, November 1998), Business As Usual Case, pp. 412-463. DRI: Standard & Poor’s DRI,
World Energy Service: World Outlook (Lexington, MA, January 1998), p. 5. PEL: Petroleum Economics, Ltd., Oil and Energy Out-
look to 2015 (London, United Kingdom, December 1998), Table 1(i). PIRA: PIRA Energy Group, Retainer Client Seminar (New

York, NY, October 1998), Tables II-4, 1I-6, and 1I-7.

expectations for energy demand vary considerably. In
the IEO99 reference case and in the IEA ‘business as
usual’ case, energy demand in developing Asia is
expected to increase by 3.7 percent per year between
1995 and 2020. DRI projects a lower growth rate of 3.2
percent per year. PIRA projects a growth in energy use
of 3.9 percent per year between 1995 and 2010 (the IEO99
reference case projects the same growth rate over the
same time period), and PEL projects a growth rate of 4.1
percent per year between 1995 and 2015 (IEO99 is some-
what lower at 3.8 percent per year over the same period).
Other Asia includes countries hardest hit by the eco-
nomic troubles that began in 1997 and continued
throughout 1998, such as Thailand, Indonesia, Malaysia,
and South Korea. It is clear that there is still much debate
among analysts about the time frame needed for these
countries to regain momentum for economic expansion
and increased demand for energy.

Within Asia, there is more variation in expectations for
“other Asia” than for China. IEO99 and DRI tend to be
more conservative than the other forecasts. Between
1995 and 2020, IEO99 and DRI project energy demand
growth in other Asia of 3.3 percent and 3.0 percent per
year, respectively. IEA projects 4.0-percent annual

growth in other Asian energy use. Between 1995 and
2015, PEL expects energy use in other Asia to increase by
4.1 percent per year, compared with 3.4 percent per year
for the same period in the IEO99 reference case. Between
1995 and 2010, PIRA projects robust average annual
growth of 4.4 percent, compared with 3.6 percent in the
IEO99 reference case.

Of the remaining developing regions, the greatest varia-
tion in expected growth is seen for Central and South
America. IEOQ99 is more optimistic about growth in
energy use in the region than are any of the other fore-
cast series, projecting growth of 4.3 percent per year over
the 1995-2020 period, compared with 3.1 percent per
year (DRI) and 2.9 percent per year (IEA). Over the
1995-2010 period, IEO99 is substantially higher than
PIRA in terms of energy demand growth (4.5 and 3.6
percent per year, respectively); and over the 1995-2015
period, IEO99 projects a substantially higher growth
rate (4.4 percent per year) than does PEL (3.6 percent per
year).

A key reason for the differences among the various
forecasts is that they are based on different expectations
about future economic growth rates (Table 4). Expecta-
tions for economic growth are substantially alike among
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Table 4. Comparison of Economic Growth Rates by Region

(Average Annual Percent Growth)

1995-2020 1997-20102 | 1995-2010
IEO99
Low High
Region Growth | Reference | Growth | IEO98 IEA DRI PELbPcC PIRAP

Industrialized Countries 1.3 2.3 3.2 2.3 - 2.3 - 2.4
North America. . . . . . . .. 1.4 2.4 3.3 2.1 2.1 2.4 2.7 2.6
Western Europe. . . . . . .. 1.4 24 3.4 24 2.0 2.4 2.5 2.5
Pacific. . . . ... ... ... 0.9 1.9 2.9 2.3 1.8 1.9 1.7 1.4
EE/FSU. . . . . ... .. ... 1.4 2.9 5.7 3.7 3.3 3.5 - 3.3
Former Soviet Union . . . . . 0.5 2.0 4.8 3.6 - 3.1 1.4 -
Eastern Europe . . . . . . .. 2.7 4.1 7.0 4.4 - 4.1 3.2 -
Developing Countries 3.1 4.8 6.3 5.2 - 4.8 - 4.7
Asia. . .. ... ... .... 3.3 5.3 6.8 6.2 - 5.3 - 5.1
China .. .......... 3.8 6.7 8.1 7.9 55 6.7 7.8 6.1
Other Asia® . . .. ... .. 3.1 4.6 6.0 52 4245 46 4.3 3.9
MiddleEast . . . . . .. ... 2.6 4.1 5.5 3.8 2.7 4.1 3.6 3.6
Africa . . . .. .. ... ... 2.1 3.6 5.0 4.1 25 3.6 2.6 3.5
Central and South America . . 2.9 4.3 5.7 4.3 3.3 4.3 3.3 3.7
TotalWorld . . .. ... .. 1.7 2.9 4.0 3.1 3.1 2.9 2.9 3.5

8pEL growth rates are for the period 1997-2010, except for Africa, which is 1998-2005.

bIndustrialized Pacific region includes only Japan.
“North America includes only the United States.
d0ther Asia includes India and South Korea.

Sources: IEO99: Energy Information Administration (EIA), World Energy Projection System (1999). IEQ98: EIA, International
Energy Outlook 1998, DOE/EIA-0484(98) (Washington, DC, April 1998), Table Al, p. 133. IEA: International Energy Agency,
World Energy Outlook 1998 (Paris, France, November 1998), Business As Usual Case, p. 30. DRI: Standard & Poor’'s DRI, World
Economic Outlook, Fourth Quarter (Lexington, MA, November 1998), pp. A5-A6 and B5-B6. PEL: Petroleum Economics, Ltd., Oil
and Energy Outlook to 2015 (London, United Kingdom, December 1998). PIRA: PIRA Energy Group, Retainer Client Seminar (New York,

NY, October 1998), Tables II-1 and II-2.

estimates for the industrialized regions from most of the
forecasts. The IEA economic growth rates for North
America, Western Europe, and the Pacific are lower than
the corresponding IEO99 growth rate projections. The
PIRA and PEL forecasts have substantially the same eco-
nomic growth rates as IEO99 for the comparable time
frames.

Projected GDP growth rates over the 1995-2020 period
vary somewhat for the EE/FSU region, as might be
expected given the economic straits in which the FSU,
and specifically Russia, finds itself. While IEO99
assumes annual GDP growth of 2.9 percent for the
region, IEA projects a more optimistic 3.3 percent per
year. The projections in last year’s IEO were more opti-
mistic at 3.7 percent. Over the 1995-2010 period, PEL and
IEO99 are in relative agreement on the expectations for
economic growth in the FSU. PEL projects GDP growth
averaging 1.4 percent per year and IEQ99 1.3 percent per
year. The PEL projection for Eastern European countries
is more pessimistic than IEQ99. PEL projects growth of
3.2 percent per year between 1995 and 2010. Over that
same time period, IEO99 projects Eastern European
GDP growth at 4.5 percent.

Energy Information Administration/ International Energy Outlook 1999

Projections vary not only with respect to the levels of
energy demand and economic growth but also with
respect to the composition of energy input use (Table 5).
IEO99 expects continued strong growth in world natural
gas consumption, growing by 3.3 percent annually
between 1995 and 2020. This growth rate, which is the
same as the IEO98 projection, is the most optimistic of all
the forecasts. Growth rates for natural gas use among
the alternative projections range from 2.3 percent per
year (PEL) to 2.9 percent per year (PIRA).

In IEO99, projections for all energy sources except natu-
ral gas and nuclear power were revised downward from
last year’s report—a result of increased pessimism for
recovery of the economies of the FSU and a downward
revision based on the impact of the Southeast Asian eco-
nomic crisis. The decline projected in IEO98 for world
nuclear consumption was revised upward slightly, so
that nuclear energy is now projected to decline by 0.3
percent per year between 1995 and 2020 rather than 0.4
percent per year.

Given the relatively high growth rate of expected gas
use, IEO99 tends to have lower growth rates than the
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Table 5. Comparison of World Energy Consumption Growth Rates by Fuel

(Average Annual Percent Growth)

1995-2020 1995-2015 1995-2010
IEO99
Low High
Fuel Growth | Reference Growth IEO98 IEA DRI PEL PIRA
oil. ........... 1.0 1.8 2.6 2.1 1.9 2.0 1.9 2.0
Natural Gas. . . . . .. 25 3.3 4.2 3.3 2.6 2.7 2.3 29
Coal........... 0.6 1.7 2.5 2.2 2.1 2.1 2.2 2.2
Nuclear . . . . ... .. -0.8 -0.3 0.3 -0.4 0.0 0.72 0.5 0.5
Renewable/Other . . . . 1.2 2.0 2.8 2.1 2.5 - 2.0 2.1
Total . . . .. .. ... 1.2 2.1 29 2.3 2.0 2.0 2.0 2.2

8DRI reports nuclear and hydroelectric power together as “primary electricity.”

Sources: IEO99: Energy Information Administration (EIA), World Energy Projection System (1999). IEQ98: EIA, International
Energy Outlook 1998, DOE/EIA-0484(98) (Washington, DC, April 1998), Table Al, p. 133. IEA: International Energy Agency,
World Energy Outlook 1998 (Paris, France, November 1998), Business As Usual Case, pp. 412-463. DRI: Standard & Poor’s DRI,
World Energy Service: World Outlook (Lexington, MA, January 1998), p. 6. PEL: Petroleum Economics, Ltd., Long Term Oil and
Energy Outlook to 2015 (London, United Kingdom, February 1998). PIRA: PIRA Energy Group, Retainer Client Seminar (New

York, NY, October 1998), Tables 11-8, 11-9, and 1I-10.

alternative forecasters for the remaining fossil fuels. In
IEO99, oil use grows by 1.8 percent per year worldwide
between 1995 and 2020, whereas the range of average
annual growth rates among the other forecasters runs
from 1.9 percent (IEA) to 2.0 percent (DRI). Coal use in
IEO99 grows by 1.7 percent per year, but the DRI and
IEA forecasts project increases of 2.1 percent per year.
For both oil and coal, the alternative forecasts fall within
the range of projections defined by the IEO99 low and
high economic growth cases.

At first glance, it appears that the IEOQ99 projections of
growth in the use of non-fossil fuels (i.e., nuclear power
and hydroelectricity and other renewables) also are
lower than those in the other forecasts. However, DRI
produces a forecast only for combined nuclear and
hydroelectricity—as “primary electricity.” When the
IEO99 projections for the two non-fossil energy sources
are combined, they fall in the middle of the range of
growth rates expected between 1995 and 2020 by the
other forecasters, from 0.7 percent per year (DRI) to 1.2
percent per year (IEO99).
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World OIil Markets

A moderate view of future oil market developments
is reflected in IEOQ99. Sustained high levels of oil prices are not expected,
whereas continued expansion of the oil resource base is anticipated.

The crude oil market was wracked with turbulence dur-
ing 1998, as prices fell by one-third on average from 1997
levels. Even without adjusting for inflation, the world oil
price in 1998 was the lowest since 1973. The declining oil
prices were influenced by an unexpected slowdown in
the growth of energy demand worldwide—Iless than
any year since 1990—and by increases in oil supply, par-
ticularly in 1997. Although the increase in world oil pro-
duction in 1998 was smaller than in any year since 1993,
efforts to bolster prices by imposing further limits on
production were unsuccessful.

Oil consumption in 1998 was lower than anticipated
largely because the recession in Southeast Asia proved
to be more severe than expected early in the year. Signif-
icant reductions in gross domestic product (GDP) were
experienced in Korea, Thailand, and Malaysia. Depres-
sion and political turmoil struck Indonesia. Japan, the
region’s largest economy, moved from slow or no eco-
nomic growth to decline. Although the Chinese econ-
omy continued to grow, it was hampered by a reduction
in trade with neighboring countries. As a consequence, a
decade-long string of annual increases in oil demand
was broken, and Asian oil requirements fell by about
100,000 barrels per day in absolute terms [1] and by
more than 1 million barrels per day relative to expecta-
tions [2]. Production geared to the earlier expectations
created a supply glut, which was exacerbated by a mild
winter and lower weather-related demand as well as
Iraq’s return as a crude oil exporter.

By mid-1998, declining prices set in motion renewed
efforts to manage oil supplies under sponsorship of the
Organization of Petroleum Exporting Countries
(OPEC). Agreements were sought to restrict production
within OPEC, and initiatives were launched to gain
cooperation from non-OPEC producers. In both March
and June, OPEC (excluding Iraq) and key non-OPEC
producers Mexico and Norway announced plans to cut
oil production. In the remaining months of 1998, how-
ever, announced and realized production cuts were not
clearly synchronized, and production management
efforts had at best only modest success.

By the end of 1998, other constraints on oil supply
became increasingly evident. Stripper production in the
United States was in decline. Exploration and develop-
ment spending was being slashed. Rig utilization rates,

especially for onshore equipment, had fallen by 30 per-
cent. Announced spending plans worldwide were
reduced. Oil-producing countries faced severe fiscal
deficits, causing national oil companies to cut capital
spending. Private-sector restructuring entered a new
stage as mergers involving leading multinational oil
companies were announced or consummated. A prime
objective of the mergers was to rationalize corporate
operations, reducing employment needs and eliminat-
ing investment activities with low profit prospects.

How should these developments be factored into the
construction of an intermediate- and long-term oil mar-
ket outlook? One perspective might feature an expecta-
tion of continued low oil prices in 1999 and beyond,
sustained in part by expectations that economic recov-
ery in Asia will be slow in coming, increasing adverse
economic pressures in the rest of the world and causing
oil demand to remain flat or decline. This perspective
could be further sustained by a view that oil supply
development continues even in the context of low oil
prices because of technology being applied to highly
prospective frontier areas, or because resource-rich
OPEC producers—including especially Saudi Arabia—
are opening up their countries to high levels of explora-
tion and development activity.

While the risk that such a scenario might transpire is per-
haps greater now than a year ago, it is not this report’s
reference case. Oil prices in the International Energy Out-
look 1999 (IEO99) reference case are expected to recover
over the next several years as oil demand growth
resumes in Asia and is sustained over the next two
decades at high levels in developing countries through-
out the world. By 2005, oil prices are projected to be in
the range of the reference case track presented last year
in the International Energy Outlook 1998 (IEO98). Qil
demand is expected to reach 110 million barrels per day
by 2020, requiring an increment to world production
capability of 30 to 40 million barrels per day relative to
current capacity. OPEC producers are expected to be the
major beneficiaries of increased production require-
ments, but non-OPEC supply is expected to remain
highly competitive—with major increments to supply
coming from deepwater resources, especially in West
Africa.
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Some argue that recent and projected trends in growth
for oil production are not sustainable and that within a
decade or so we could face severe oil price escalation
(see box on page 22). Over the past 25 years, oil prices
have been highly volatile. In the future one can expect
volatile behavior to recur principally because of unfore-
seen political and economic circumstances. It is well rec-
ognized that tensions in the Middle East, for example,
could give rise to serious disruptions in normal oil pro-
duction and trading patterns. On the other hand, signifi-
cant excursions from the reference price trajectory are
not likely to be long sustained. High real prices deter
consumption and encourage the emergence of signifi-
cant competition from marginal but large sources of oil
and non-oil energy supplies. Persistently low prices
have the opposite effects. Limits to long-term oil price
escalation include substitution of other fuels (such as
natural gas) for oil, marginal sources of conventional oil
that become reserves when prices rise, and non-
conventional sources of oil that become reserves at still
higher prices. Advances in exploration and production
technologies are likely to bring down prices when such
additional oil resources become part of the reserve base.

Highlights of the IEO99 projection for the world oil mar-
ket are as follows:

=The reference case price projection traces slow recov-
ery over the next 3 to 4 years as growth in oil supply
slows and demand growth resumes. The reference
case rests on an assumption of economic recovery in
various Asian countries in 2000 and beyond.

=Despite relative low prices in the near term, deep-
water exploration and development initiatives are
generally expected to be sustained worldwide, with
offshore West Africa emerging as a major future
source of oil production. Technology and resource
availability can sustain large increments in oil pro-
duction capability at prices ranging between $18 and
$22 per barrel. The current price environment will,
however, slow the pace of development in some
highly prospective areas, including especially the
Caspian Basin region.

eEconomic development in Asia is crucial to
long-term growth in oil markets. The projected evo-
lution of oil demand will strengthen economic ties
between the Middle East and Asian markets.

=Though OPEC’s share of world oil supply is pro-
jected to increase significantly over the next two
decades, competitive forces are expected to remain
strong enough to forestall efforts to escalate real oil
prices significantly. The competitive forces operate
within OPEC, between OPEC and non-OPEC
sources of supply, and between oil and other sources
of energy (particularly natural gas).

=The uncertainties associated with the reference case
projections presented here are significant. For exam-
ple, although some signs of economic recovery in
Asia are evident at the beginning of 1999, Japan’s
turnaround is still awaited. China’s internal eco-
nomic reforms may be at risk. Adverse ripple effects
in South America seem to have gained some
strength. Recovery prospects for the former Soviet
Union have grown more dim. These and other eco-
nomic strains increase the risk of near-term political
and policy discontinuities that could lead to oil mar-
ket behavior quite different from that portrayed in
the IEO99 projections.

Growth in Oil Demand

Oil currently accounts for about 40 percent of world
commercial energy supplies. The reference case projec-
tion anticipates rising demand, by about 1.8 percent per
year, causing oil requirements to reach 110 million bar-
rels per day by 2020.

In 2020, oil is expected to represent 37 percent of total
energy supply. The decline in the energy share reflects
primarily a trend toward switching to natural gas and
other types of fuel particularly for power generation in
many industrialized and developing countries. Oil
demand in industrialized countries is projected to
increase at only about 1 percent per year over the next
two decades. Thus, the region that accounted for about
60 percent of oil demand in 1996 will account for only
about one-third of anticipated demand growth between
1996 and 2020. The other two-thirds of demand growth
(about 26 million barrels per day) is projected for devel-
oping countries. In Eastern Europe and the former
Soviet Union (EE/FSU), domestic production and oil
consumption have been in continuous decline since the
late 1980s. A gradual turnaround is expected beyond
2000, but overall recovery expectations have been scaled
back to less than 5 percent of the projected increase in
world demand.

In all regions of the world, the largest increases in oil
consumption are expected to result from oil’s use as
transportation fuel. After 2011, the use of oil used for
transportation is projected to top all other uses com-
bined (Figure 20). By 2020, transportation is expected to
account for 52 percent of world oil consumption, up
from a 44-percent share in 1996. The sources of growth in
end-use consumption differ greatly between industrial-
ized and nonindustrialized economies (Figure 21). In
industrialized countries, oil demand growth stems
almost exclusively from developments in transporta-
tion. In other areas, growing demand for petroleum
fuels in electricity generation, heating, manufacturing,
and other uses accounts for about one-third of the incre-
ment in oil consumption.
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Figure 20. Petroleum Use for Transportation and
Other Purposes, 1980-2020
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Sources: History: Derived from Energy Information Admin-
istration (EIA), Office of Energy Markets and End Use, Interna-
tional Statistics Database and International Energy Annual
1996, DOE/EIA-0219(96) (Washington, DC, February 1998).
Projections: EIA, World Energy Projection System (1999).

Figure 21. Projected Changes in Oil Consumption
by Region, 2000-2020
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Projection System (1999).

Trends in Industrialized Economies

By the mid-1980s, many industrialized nations had
reduced their reliance on oil in those applications where
practical alternatives were available, such as electric
utility and industrial boilers and home heating. The
United States led the way in this transformation. Euro-
pean countries are expected to continue moving away
from oil for nontransportation uses. Much of their pro-
spective power capacity development involves
increased reliance on natural gas at the expense of both
oil and coal.

More than half the growth in oil consumption in indus-
trialized countries (Figure 22) is projected to occur in the

United States, where per capita car ownership and travel
continue to rise. Western Europe represents about 20
percent of the growth in oil consumption, and Mexico
and industrialized Asia (Japan, Australia, and New Zea-
land) each account for about 10 percent of the growth in
industrialized oil consumption. A small amount of
growth is projected for Canada. The projected increase
in oil consumption in Japan is smaller in IEO99 than it
was in IEO98 as a result of less optimistic economic
assumptions in the current forecast.

Figure 22. Oil Demand in Industrialized Countries,
1970, 1996, and 2020
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Sources: 1970 and 1996: Energy Information Administration
(EIA), Office of Energy Markets and End Use, International
Statistics Database and International Energy Annual 1996,
DOE/EIA-0219(96) (Washington, DC, February 1998). Projec-
tions: EIA, World Energy Projection System (1999).

Trends in the EE/FSU and Developing Countries

Regional economics are expected to produce a
3.2-percent annual rise in oil consumption in newly
industrializing (developing) countries and a much
slower increase of about 0.8 percent per year in the
EE/FSU region. The developing world, which
accounted for less than one-third of the world’s oil con-
sumption in 1996, is expected to account for 44 percent
of the oil market by 2020. Almost 50 percent of the
growth in oil consumption in developing economies
occurs in developing Asia (Figure 23). Although expec-
tations for economic growth in developing Asia have
been adjusted downward in IEO99 to reflect the linger-
ing economic crisis, the reference case projection contin-
ues to reflect strong potential for sustained economic
growth. As aresult, oil consumption in developing Asia,
which accounted for 17 percent of world demand in
1996, expands to a 22-percent market share by 2020,
comparable to the U.S. level. Within developing Asia,
China, India, and South Korea are expected to more than
double their 1996 oil consumption.
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Are We Running Out of Qil?

Despite the optimism of the IEQ99 reference case with
respect to long-term oil supply potential, it is not
uncommon to find “gloom-and-doom” scenarios in
publications or on the internet predicting that the
world is imminently running out of oil. In this regard,
it is instructive to look at the estimates of ultimately
recoverable oil resources put together by “experts”
within government, industry, and academia. Such
efforts have been coordinated periodically by the U.S.
Geological Survey (USGS) of the U.S. Department of
Interior in its World Petroleum Assessment and Analysis.
The USGS estimates of ultimately recoverable oil have
been increasing since they were first made almost 50
years ago (see figure). This increasingly optimistic
view of conventional oil resources represents only the
beginning argument for why petroleum liquids are
likely to remain a viable fuel well past the middle of the
next century.

Estimates of the World Oil Resource Base,
1919-1994
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Source: U.S. Geological Survey, World Petroleum Assess-
ment and Analysis (Washington, DC, various years).

In the mid-1950s, geophysicist M. King Hubbert sug-
gested that any nonrenewable resource would follow a
two-phase life cycle—a rise from zero to a peak, fol-
lowed by a symmetric decline to zero. This is the clas-
sic, bell-shaped production cycle. In 1962, Hubbert
used his hypothesis to estimate that U.S. production
would peak in less than a decade. When domestic pro-
duction took a downturn after 1970, Hubbert’s views
became the standard by which oil depletion issues
were addressed. It soon became clear, however, that
the simple logistic form proposed by Hubbert might be
flawed. The declining side of the curve was not behav-
ing symmetrically to the ascending side, apparently
because the Hubbert methodology underestimated the
post-peak quantity of oil.

Petroleum engineer Paul J. Taylor has devised an alter-
native methodology for understanding the depletion
of the oil resource base. This methodology takes into
account not only the physical aspects of an oil reservoir
but also the consequences of economic, political, and
technological developments. Taylor contends that his-
tory demonstrates that when demand exceeds supply,
prices rise, technology improves, and production
ceases to follow a Hubbert curve (see figure).

Alternative Oil Production Paths, 1850-2025
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Source: P.J. Taylor, “Discussion of Modeling the U.S. Oil
Industry: How Much Oil Is Left?” Journal of Petroleum Tech-
nology, paper SPE 52600 (May 1997).

It is important to emphasize that not all oil fields are
equally receptive to economic or technological change.
The Taylor curve depicted in the figure shows an oil
production profile that will attain a secondary peak at
some point after 2025 and then begin another decline.
When all oil fields are being assessed, such a profile is
decidedly optimistic. Geologic structures and physical
limitations simply prevent certain oil fields from exhib-
iting anything but continual decline after a peak. On
the other hand, even these oil fields can be receptive to
economic or technological changes that ameliorate
their rate of decline.

The most recent (1994) USGS assessment of worldwide
oil resources estimated ultimate recoverable oil
resources in the range of 2.1 to 2.8 trillion barrels. Cur-
rently, cumulative production and estimated proved
reserves are both approximately 800 billion barrels,
implying undiscovered oil resources in the range of 0.5
to 1.2 trillion barrels—an assessment which pessimisti-
cally assumes that the economics and technology of
resource development and recovery will retain their
1994 regional attributes.

(continued on page 23)
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Are We Running Out of Qil? (Continued)

To see the restrictive effect of the USGS assumption,
one need only look at the recovery efficiency for con-
ventional oil. Whereas the average worldwide recov-
ery rate is less than 35 percent, technologies now being
applied in the North Sea and by many major U.S. pro-
ducers regularly provide recovery rates in excess of 50
percent. It is estimated that for every 1-percent increase
in average worldwide recovery efficiency, at least 50
billion barrels would be added to reserves. If 50 percent
recovery were to become the worldwide average, more
than 750 billion barrels of conventional oil would be
added to reserves [3].

In the area of economics, one can look at the recovery of
bitumen from the tar sands of western Canada. Canada
has cut the production costs for oil from tar sands to
less than $10 per barrel (although the capital invest-
ment remains substantial for putting in place the min-
ing and extraction infrastructure) [4]. The recoverable
bitumen from Canada and the heavy and extra-heavy
oil from Venezuela are estimated to be at least 1 trillion
barrels. An additional 15 trillion barrels of oil from
shale is estimated worldwide, more than one-third of
which is located in the United States. The technology to

extract oil from shale exists but remains prohibitively
expensive, particularly in the context of the IEO99 price
estimates. In the long run, however, as technology
development improves the economics of exploiting
such unconventional crude oil resources, the “uncon-
ventional” could eventually become conventional.

Bleak pictures painted of the world’s remaining oil
resource potential are based on current estimates of
proven reserves and their decline in a Hubbert-like
manner. When undiscovered oil, efficiency improve-
ments, and the exploitation of unconventional crude
oil resources are taken into account, it is difficult not to
be optimistic about the long-term prospects for oil as
viable energy source well into the future. Beyond that,
the future of liquid fuels may reside in the
gas-to-liquids conversion process that refines natural
gas into high-quality middle distillates such as diesel,
naphtha, kerosene, and jet fuel. Commercial demon-
strations of such technologies are expected to emerge
in the near future, and it is hoped that eventually they
will be profitable even in a world of $12-per-barrel oil

[5].

Figure 23. Oil Demand in Nonindustrialized
Regions, 1970, 1996, and 2020
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Sources: 1970 and 1996: Energy Information Administration
(EIA), Office of Energy Markets and End Use, International
Statistics Database and International Energy Annual 1996,
DOE/EIA-0219(96) (Washington, DC, February 1998). Projec-
tions: EIA, World Energy Projection System (1999).

China represents the largest growth area in developing
Asia, with an increase of 5.2 million barrels per day
between 1996 and 2020, slightly more than the combined
increase for India and South Korea. Strong economic
and population growth spur growth in oil consumption
in the three countries. In China incremental oil demand

is projected to come mostly from the transportation sec-
tor which is expected to grow at an annual average rate
of 6.7 percent (compared with 1-percent annual growth
in nontransportation uses). Demand for transportation
fuels, especially diesel fuel, rise as railway and highway
infrastructures are improved to allow for more personal
and commercial travel. Road travel in China currently is
limited by an underdeveloped roadway system and a
level of per capita car ownership that is the lowest in
Asia. Projected growth in oil demand is more evenly dis-
tributed between transportation and nontransportation
uses in India and South Korea. In fact, nontransportation
oil use, including consumption in the industrial, build-
ings, and electricity generation sectors, is projected to
increase at a slightly faster rate than oil use for transpor-
tation in both India and South Korea.

Oil demand in Central and South America doubles over
the forecast, but demand growth in the region is slightly
slower than in other developing economies. As in other
regions, transportation is the largest growth market in
Central and South America, accounting for 70 percent of
the projected increment in oil demand between 1996 and
2020. About 40 percent of the region’s growth in total oil
demand is expected in Brazil, which has the largest pop-
ulation and economy in the region. The reference case
projection assumes that current Brazilian economic dif-
ficulties will soon ease.
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Oil consumption patterns in the EE/FSU region are
expected to continue the decline of the 1990s, set off by
their transition to market economies. During the 1990s
oil consumption declined along with gross domestic
product in the EE/FSU nations, but it was forced even
lower as supplies in oil-producing countries were
exported to generate revenue. Consumption in the
region is projected to begin to recover by 2005. By 2020,
FSU consumption surpasses its 1996 levels—still only
about 60 percent of the pre-depression 1990 level. In
Eastern Europe oil consumption is projected to exceed
1996 levels by 2020, returning to levels of the early 1990s.
Virtually all the region’s growth in petroleum use
results from increased demand for transportation fuel,
as reliance on rail travel is replaced by highway travel.
Residual fuel or “mazut,” which is used heavily in
industrial boilers and power plants, is expected to be
replaced by inexpensive natural gas [6].

The Middle East and Africa account for 19 percent and 9
percent of the rise in oil demand within developing
countries, respectively. Oil use for transportation rises
rapidly in both regions. The transportation share of total
petroleum demand rises from 27 percent to 33 percentin
the Middle East and from 40 percent to 43 percent in
Africa. The expected increases in nontransportation oil
use in both regions are primarily for electricity
generation.

World Oil Price

The near-term price trajectory in the IEO99 reference
case is considerably different from that in IEQ98. The
plummeting oil prices of 1998 were not anticipated last
year, and the timing and magnitude of an expected
rebound in both oil demand and oil prices are the source
of much uncertainty. On the other hand, current price
movements have not much affected the IEO99 projec-
tions beyond 2005. Three possible long-term price paths
are shown in Figure 24. The reference case forecast
assumes rising real prices, at an annual rate of almost 6
percent from 1999 to 2007. After 2007, the IEQ99 refer-
ence case oil prices are similar to those in the IEO98 ref-
erence case.

It should be noted that, regardless of the IEO99 price sce-
nario, oil demand rises significantly over the projection
period. In the high and low world oil price cases, the
projected rise in oil consumption ranges from a low of 32
million barrels per day to as much as 46 million barrels
per day. There is now widespread agreement that
resources are not a key constraint on world oil demand
to 2020. Rather more important are the political, eco-
nomic, and environmental circumstances that could
shape developments in oil supply and demand.

Figure 24. World Qil Prices in Three Cases,
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Sources: History: Energy Information Administration (EIA),
Annual Energy Review 1997, DOE/EIA-0384(97) (Washing-
ton, DC, July 1998). Projections: EIA, Annual Energy Outlook
1999, DOE/EIA-0383(99) (Washington, DC, December 1998).

The Composition of World Ol

Supply

The IEO99 reference case projects an increase in world
oil supply of more than 35 million barrels per day over
the projection period. Gains in production are expected
for both OPEC and non-OPEC producers; however, only
about one-third of the production rise is expected to
come from non-OPEC areas. Over the past two decades,
the growth in non-OPEC oil supply has maintained
OPEC’s market share substantially under its historic
high of 52 percent in 1973. New exploration and produc-
tion technologies, aggressive cost-reduction programs
by industry, and attractive fiscal terms to producers by
governments all contribute to the outlook for continued
growth in non-OPEC oil production.

While the long-term outlook for non-OPEC supply
remains optimistic, the current low-price environment
has had a definite impact on exploration and develop-
ment activity. By October 1998, drilling activity in the
United States had fallen by one-fourth from its level a
year earlier. The decline in Canada was even sharper.
Only the Middle East region registered no decline in
activity during that period. In general, onshore drilling
has fallen more sharply than offshore. Offshore rig utili-
zation rates were generally sustained at levels better
than 80 percent of capacity on a worldwide basis [7].

The reference case projection anticipates that almost
two-thirds of the increase in demand over the next two
decades will be met by increases in production by mem-
bers of OPEC rather than by non-OPEC suppliers. OPEC
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production in 2020 is projected to be almost 24 million
barrels per day higher than it was in 1997 (Figure 25).
The IEO99 estimate of OPEC production capacity for
2005 is more than 4 million barrels per day greater than
that projected in IEOQ98, reflecting an unexpected shift
away from non-OPEC supply projects in the current
low-price environment to lower cost projects within
OPEC areas (see box on page 26). Some analysts suggest
that OPEC might pursue significant price escalation
through conservative capacity expansion decisions
rather than undertake ambitious production expansion
programs. The view in this outlook discounts such
suggestions.

Figure 25. World Oil Production in the Reference
Case by Region, 1970-2020
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Sources: 1970: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database. 1997: EIA, International Petroleum Statistics
Report, DOE/EIA-0520(98/11) (Washington, DC, November
1998). Projections: EIA, World Energy Projection System
(1999).

Expansion of OPEC Production Capacity

It is generally acknowledged that OPEC members with
large reserves and relatively low production capacity
expansion costs can accommodate sizable increases in
petroleum demand. In the IEO99 reference case, the pro-
duction call on OPEC producers grows at a robust
annual rate of 2.6 percent (Table 6 and Figure 26). OPEC
capacity utilization is expected to increase sharply after
2000, reaching 95 percent by 2010 and remaining there
for the duration of the projection period.

Iraq’s role in OPEC will be particularly interesting to
observe over the next half-dozen years. For the purposes
of the IEO99 reference case, Iraq is expected to expand its
oil production capacity to 2.8 million barrels per day by
the year 2000, coinciding with the United Nations Secu-
rity Council resolutions that allow Iraqi oil exports in
excess of $5.2 billion in the first half of 1999. In the refer-
ence case, Iragi oil exports are assumed to average

Table 6. OPEC Oil Production, 1990-2020
(Million Barrels per Day)

Reference High Low
Year Case Qil Price Oil Price
History
1990. . . . . .. 24.5 — —
1997 .. . ... .. 29.8 — —
Projections
2000. . .. ... 31.0 29.2 33.4
2005. . ... .. 37.6 34.0 42.0
2010. . . .. .. 41.5 36.6 48.9
2015. .. .. .. 46.7 40.4 56.3
2020. . . . . .. 53.5 46.7 65.0

Note: Includes the production of crude oil, natural gas plant
liquids, refinery gain, and other liquid fuels.

Sources: History: Energy Information Administration
(EIA), International Petroleum Statistics Report, DOE/EIA-
0520(98/11) (Washington, DC, November 1998), Table 1.4.
Projections: EIA, World Energy Projection System (1999).

between 1.8 and 2.0 million barrels per day through
2000. Iraq has indicated a desire to expand its produc-
tion capacity aggressively, to about 6 million barrels per
day, when U.N. sanctions are lifted and has held talks
with outside investors (including France, Russia, and
China) about exploration deals. Such a significant
increase in Iraqgi oil exports would more than offset any
price stimulus associated with current OPEC produc-
tion cutbacks and would most likely dampen the price
rebound assumed in the reference case.

Given the requirements for OPEC production capacity
expansion implied by the IEO99 estimates, much
attention has been focused on the oil development,

Figure 26. OPEC Oil Production in Three Oil Price
Cases, 1970-2020
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).
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The likely effects of the current low-price environment
on worldwide oil production potential are most dra-
matically shown by the projected increase in OPEC
market share over the next half-dozen years in the
IEO99 reference case. Following a small increase in
1999, limited by sluggish Asian demand and by antici-
pated increases in North Sea production, OPEC oil pro-
duction is projected to rise markedly in the first half of
the next decade. Projected OPEC production in 2005 is
almost 8 million barrels per day higher than the 1997
level, compared with an increase of less than 3 million
barrels per day for non-OPEC suppliers over the same
period (see figure). The OPEC market share rises from
just over 40 percent to almost 45 percent by 2005, as
opposed to the OPEC market share of about 40 percent
in 2005 that was projected in IEO98.

The shift in expected market share toward OPEC pro-
ducers can be attributed largely to current low oil
prices. More than three-quarters of all OPEC reserves
can be produced at a cost (including exploration to
replace extracted reserves, development, and opera-
tion) of less than $5 per barrel, and virtually all the
remainder can be produced for less than $10 per barrel.
In contrast, significant portions of the non-OPEC
reserve base have production costs that exceed $11 per
barrel [8]. Much of the higher cost non-OPEC produc-
tion is in offshore areas, where deepwater exploration
costs alone are about $40 million per well, compared
with onshore exploration costs as low as $100,000 per
well [9]. It should be noted that the difference between
offshore and onshore exploration costs is considerably

The Effects of Low Oil Prices on Worldwide Production Potential

tempered by the fact that offshore finding rates are on
the average significantly higher than onshore rates.

While U.S. and Canadian onshore exploration has been
significantly curtailed by the current low price envi-
ronment, much of the optimism regarding worldwide
offshore activity is similarly showing a vulnerability to
low prices. Declines in rig counts designated for deep-
water exploration in the U.S. Texas Gulf, Canada, and

OPEC and Non-OPEC Oil Production, 1997, 2002,
and 2005
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tions: EIA, World Energy Projection System (1999).

(continued on page 27)

production, and operating costs of individual OPEC
producers. With Persian Gulf producers enjoying a
reserve- to-production ratio exceeding 80 years, sub-
stantial capacity expansion is obviously feasible.

Production costs in Persian Gulf OPEC nations are less
than $1.75 per barrel. The capital investment required to
increase production capacity by 1 barrel per day in Per-
sian Gulf OPEC nations is less than $5,500 [10].
Assuming the IEO99 low price trajectory, total develop-
ment and operating costs over the entire projection
period expressed as a percentage of gross oil revenues
are less than 20 percent. Thus, Persian Gulf OPEC pro-
ducers can expand capacity at a cost that is a relatively
small percentage of projected gross revenues.

For OPEC producers outside the Persian Gulf, the cost to
expand production capacity by 1 barrel per day is con-
siderably greater, exceeding $10,000 in some member
nations. However, even this group of producers can still

expect margins in excess of 35 percent on investments to
expand production capacity over the long term in even
the low price case [11]. Venezuela has the greatest poten-
tial for capacity expansion and has aggressive plans to
increase its production capacity to 4.6 million barrels per
day by 2005. It is unclear, however, whether the newly
elected regime will support the outside investment that
would be required for any substantial expansion of pro-
duction capacity. Tables D1-D10 in Appendix D show
the ranges of production potential for both OPEC and
non-OPEC producers.

The reference case projection implies aggressive efforts
by OPEC member nations to apply or attract investment
capital to implement a wide range of production capac-
ity expansion projects. If those projects were not under-
taken, world oil prices could escalate; however, the
combination of potential profitability and the threat of
competition from non-OPEC suppliers argues for the
pursuit of an aggressive expansion strategy.
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The Effects of Low Oil Prices on Worldwide Production Potential (Continued)

Mexico suggest that as much as 800,000 barrels per day
of offshore production in North America, originally
expected early in the next decade, could be delayed
beyond 2005. Similarly, Latin American deepwater
projects off Brazil and Colombia could account for an
additional 300,000 barrels per day in delays. The enor-
mous production potential in deepwater areas off the
coast of western Africa, originally expected to produce
more than 350,000 barrels per day by 2005, probably
will not begin producing until after 2007. Similarly,
Chinese, Thai, and Vietnamese interests in deepwater
projects in the South China Sea are expected to delay
more than 300,000 barrels per day of production until
late in the next decade. IEO98 projected production in
the Caspian Basin region in excess of 2 million barrels
per day by 2005, but significant delays in exploration
and pipeline construction activity have made it doubt-
ful that even 1.5 million barrels per day could be
realized.

Much of the production from non-OPEC sources is
light (high API gravity) and sweet (low sulfur) in com-
parison with OPEC Persian Gulf oil production. There-
fore, a shift toward a greater OPEC market share
implies an average barrel that is both heavier and more
sour. High-quality transportation fuels, the demand
for which increases substantially over the forecast
period, are more difficult to produce in significant vol-
umes from heavier and more sour crude oils. World-
wide refiners might find it necessary to add
downstream processing units for upgrading the
heavier, high-sulfur streams in order to produce trans-
portation fuels. The current low-price environment

could force a transition to more sophisticated refinery
configurations sooner, rather than later, in the forecast
period.

Beyond the year 2007, the IEO99 price trajectory is sim-
ilar to that in IEQ98. It is expected that the delayed
non-OPEC offshore projects will start producing sig-
nificant volumes by 2010. The OPEC market share is
projected to remain about level out to 2010 in the IEO99
reference case, increasing steadily thereafter to a share
of almost 49 percent in 2020 (see figure).

OPEC Oil Market Share in Three QOil Price Cases,
1990-2020

Percent
Low Qil Price
20 _/
e
407 _— High Oil Price
Reference
30 A
20 A
10 A
History Projections
0 T T T T T T T

1990 1995 2000 2005 2010 2015 2020

Sources: History: Energy Information Administration
(EIA), International Energy Annual 1996, DOE/EIA-0219(96)
(Washington, DC, February 1998). Projections: EIA, World
Energy Projection System (1999).

In IEO99, the non-Persian Gulf component of OPEC has
been bolstered somewhat over the IEO98 projections.
There is still considerable optimism regarding Nigerian
offshore production potential; however, such capacity is
not likely to be developed until the middle to late part of
the next decade. In addition, increased optimism regard-
ing Algerian, Indonesian, and Venezuelan output has
contributed to this reassessment. The non-Persian Gulf
component of OPEC production is expected to show
increases in output over the projection period that
would result in a reduction in the world’s dependence
on Persian Gulf oil of between 4 percent and 7 percent
from the IEO98 estimates.

Non-OPEC Supply

The growth in non-OPEC oil supplies played a sig-
nificant role in the erosion of OPEC’s market share
over the past two decades, as non-OPEC oil supply
became increasingly diverse. North America dominated
non-OPEC supply in the early 1970s, the North Sea and
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Mexico evolved as major producers into the 1980s, and
much of the new production in the 1990s has come from
the developing countries of Latin America and the
non-OPEC Middle East as well as China. In the IEO99
reference case, non-OPEC supply from proven reserves
is expected to increase steadily, from 44.1 million barrels
per day in 1997 to 56.3 million barrels per day in 2020
(Table 7).

There are several important differences between the
IEO99 production profiles and those published in
IEOQ98:

=Despite significantly lower oil prices in the near
term, the U.S. production decline is slightly less
severe in the IEO99 projections as a result of techno-
logical advances and increased offshore Texas Gulf
production.

=Decreased rig activity in the North Sea is expected to
delay peak production until after 2005; however,
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Table 7. Non-OPEC Oil Production, 1990-2020
(Million Barrels per Day)

Reference | High Oil Low Oil
Year Case Price Price

History

1990. . . . . .. 42.2 — —

1997. . . .. .. 44.1 — —
Projections

2000. . . .. .. 45.7 46.2 45.2

2005. . . . ... 47.0 47.9 457

2010. . . .. .. 51.7 53.1 49.6

2015. . . . . .. 54.8 56.6 52.3

2020. . . .. .. 56.3 58.1 53.5

Note: Includes the production of crude oil, natural gas plant
liquids, refinery gain, and other liquid fuels.

Sources: History: Energy Information Administration
(EIA), International Petroleum Statistics Report, DOE/EIA-
0520(98/11) (Washington, DC, November 1998), Table 1.4.
Projections: EIA, World Energy Projection System (1999).

peak production is expected to be more than 0.5 mil-
lion barrels per day greater in IEO99 as a result of
enhanced subsea technology.

=Resource development in the Caspian Basin region is
significantly delayed. Whereas IEO98 had Caspian
output rising to 2 million barrels per day before the
end of this century and increasing steadily thereafter,
IEO99 does not expect Caspian production levels to
reach 2 million barrels per day until 2004. Political
uncertainty still remains a potential barrier to the
development of the vast resources in the region.

=There is still considerable optimism about the pros-
pects for deepwater oil production worldwide, but
significant output from such projects is not antici-
pated to start coming on line until prices return to the
$18 to $20 per barrel range. Delays in some explora-
tion and production activities for deepwater projects
in the U.S. Texas Gulf, the North Sea, West Africa, the
South China Sea, Colombia, and the Caspian Basin
are expected in the face of the current low oil price
environment.

In the IEO99 forecast, North Sea production reaches a
peak in 2006, exceeding 8 million barrels per day. Pro-
duction from Norway, Western Europe’s largest pro-
ducer, is expected to peak at about 4.1 million barrels per
day in 2005 and then gradually decline to about 3.3 mil-
lion barrels per day by the end of the forecast with the
maturing of some of its larger and older fields. The
United Kingdom sector is expected to produce about 3.7
million barrels per day by the middle of the next decade,
followed by a decline to about 2.5 million barrels per day
by 2020.

Two non-OPEC Persian Gulf producers are expected to
increase output gradually into the beginning of the next

decade. Enhanced recovery techniques are expected to
increase current output in Oman by almost 200,000 bar-
rels per day, with only a modest production decline
anticipated beyond 2005. Current oil production in
Yemen could increase by at least 100,000 barrels per day
early in the next century, and those levels could be main-
tained throughout the forecast period. Syria is expected
to hold its production flat through most of the next
decade but then reduce it steadily thereafter.

Oil producers in the Far East are beginning to reap the
benefits of enhanced exploration and extraction technol-
ogies. India is expected to show a modest production
increase into the next decade and exhibit very little
decline in output thereafter. Deepwater fields offshore
from the Philippines are expected to produce in excess of
200,000 barrels per day by 2004. There has been much
optimism regarding the long-term production potential
for Vietnam, where output is projected to exceed 450,000
barrels per day by 2020. Australian production is
expected to peak at about 920,000 barrels per day by the
middle of the next decade, but enhanced extraction tech-
nologies temper the production declines somewhat after
2005. Malaysia’s output peaks at about 830,000 barrels
per day by the turn of the century and declines gradually
to about 650,000 barrels per day in 2020. Papua New
Guinea achieves production volumes approaching
200,000 barrels per day by the middle of the next decade,
followed by a steady decline over the remainder of the
projection period. Exploration and test-well activity
have indicated some production potential for Bangla-
desh and Mongolia, but significant output is not
expected until the turn of the century.

Oil producers in Central and South America have signif-
icant potential for increasing output over the next
decade. Within 5 years, both Brazil and Colombia are
expected to join the relatively short list of worldwide
producers whose output exceeds 1 million barrels per
day. Colombia’s output reaches almost 1.2 million bar-
rels per day early in the next decade and remains at that
level for the rest of the forecast. Brazil is viewed as hav-
ing vast untapped production potential and, given a
favorable climate for attracting foreign investment,
could exceed 1.6 million barrels per day by 2020. Argen-
tina is expected to raise its production levels by more
than 100,000 barrels per day early in the next decade and
could become a million barrel per day producer by 2005.
Former OPEC member Ecuador is expected to increase
its production capacity to allow additional output of
more than 150,000 barrels per day.

Several West African producers (Angola, Cameroon,
Chad, Congo, Gabon, lvory Coast) could eventually
reap the benefits of substantial offshore exploration
activity when the oil price environment becomes more
favorable. Angola is expected to more than double cur-
rent output and be able to hold production levels of at
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least 1.7 million barrels per day over the projection
period. The other West African producers are expected
to increase output modestly for the remainder of the
projection period. North African producers Tunisia and
Egypt produce from mainly mature fields, which are
likely to be in gradual decline after 2000. Sudan is
expected to produce almost 200,000 barrels per day early
in the next century. Other African producers with out-
put potential that will probably not be fully realized
before 2005 include Equatorial Guinea, Eritrea, Somalia,
and South Africa.

In North America, falling U.S. output is expected to be
more than offset by production increases in Canada and
Mexico. Canada’s projected output increases by more
than 200,000 barrels per day by the end of the decade,
mainly from Newfoundland’s Hibernia oil project,
which could produce 150,000 barrels per day at its peak,
some time near the turn of the century. Canada adds an
additional 600,000 barrels per day in output from a com-
bination of frontier area offshore projects and oil from
tar sands. Offshore discoveries in the Gulf of Mexico,
incremental Alaskan production from Cook Inlet, and
technological advances in extraction methods temper
the projected decline in U.S. production. Mexico is
expected to adopt energy policies that encourage the
efficient development of its vast resource base, with
expected production volumes approaching 4 million
barrels per day by 2010 and showing very little decline
for the remainder of the projection period.

Oil production in the FSU is expected to reach 7.6 million
barrels per day by 2005—1.9 million barrels per day less
than projected in IEO98 as a result of delays in the
startup of many Caspian Basin projects as well as a pes-
simistic outlook for investment interest in Russia. Opti-
mism remains high regarding long-term FSU
production potential, and output is expected to exceed
13 million barrels per day by 2020. Thus, by the end of
the forecast period, the FSU would be a net exporter of
more than 7.9 million barrels per day. Much of the FSU
export potential is in the resource-rich Caspian Sea
region. While China’s oil production is expected to
increase steadily to more than 3.6 million barrels per day
by 2015, it will find itself importing large volumes of
petroleum to meet burgeoning domestic demand.

The estimates for non-OPEC production potential pre-
sented in this outlook are based on such parameters as
numbers of exploration wells, finding rates,
reserve-to-production ratios, advances in both explora-
tion and extraction technologies, and the world oil price.
It should be noted that non-OPEC production potential
could be significantly greater if no constraints were
placed on the exploration and development of undis-
covered resources. For the purpose of the IEO98 refer-
ence case, low oil price, and high oil price assessments,

no more than 15 percent of the mean USGS estimate of
undiscovered oil was allowed to be developed over the
forecast period. Tables D1-D10 in Appendix D show the
ranges of production potential for both OPEC and
non-OPEC producers.

The expectation in the late 1980s and early 1990s was
that non-OPEC production in the longer term would
remain stagnant or gradually decline in response to
resource constraints. The relatively insignificant cost of
developing oil resources within OPEC countries (espe-
cially those in the Persian Gulf region) was considered
such an overwhelming advantage that non-OPEC pro-
duction potential was viewed with considerable pessi-
mism. In actuality, however, despite a relatively low oil
price environment, non-OPEC production has risen
every year since 1993, adding almost 4 million barrels
per day during that period. In the coming decade it is
expected that non-OPEC producers will continue to
increase output, producing an additional 7.5 million bar-
rels per day by 2010. Three factors are generally give
credit for the impressive resiliency of non-OPEC pro-
duction: development of new exploration and produc-
tion technologies, efforts by the oil industry to reduce
costs, and efforts by producer governments to promote
exploration and development by encouraging outside
investors with attractive fiscal terms. As has been the
case with so many other forecasters of oil market attrib-
utes, the Energy Information Administration has found
the estimation of future non-OPEC oil production to be
particularly unstable over the past decade (Figure 27).

Figure 27. IEO Projections of 2010 Non-OPEC Oil
Production, 1990-1999
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Sources: Energy Information Administration, International
Energy Outlook, DOE/EIA-0484 (Washington, DC, various
years).

Alternative Non-OPEC Supply Cases

The only variable affecting the estimates of non-OPEC
production potential in the alternative case described
above is the world oil price assumption. As a result, the
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range in non-OPEC supply is modest, varying by only
slightly more than 4.6 million barrels per day at the end
of the forecast period. In fact, improved technology and
better understanding of the underlying resource poten-
tial have been major factors sustaining non-OPEC sup-
ply in the recent past. To examine the effects of those
factors, two additional cases—the high and low
non-OPEC supply cases were developed for IEO99.
Figure 28 compares OPEC and non-OPEC production
estimates in the reference case with those in the two
alternative non-OPEC supply cases. The alternative
cases used reference case assumptions except for the
following departures.

High Non-OPEC Supply Case:

<Due to increased optimism regarding the offshore
production potential in the FSU, Latin America, West
Africa, and the South China Sea, undiscovered oil in
those regions is assumed to be 15 percent greater
than the estimates in the reference case.

Figure 28. OPEC and Non-OPEC Oil Production in
Three Cases, 1990-2020
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1999).

<One-third of the world’s (non-OPEC, non-U.S.)
undiscovered oil is considered economical to
develop over the forecast period.

=Technology improvements over the forecast period
are assumed to be transferrable worldwide.

<A reserve-to-production ratio of 15 years (slightly
less than the current non-OPEC ratio) is used as a
lower bound for production estimates.

Low Non-OPEC Supply Case:

<The amount of oil production from undiscovered
reserves in deepwater areas is assumed to be 25 per-
cent less than the reference case estimate as a result of
persistent low oil prices and the finding of more nat-
ural gas deposits than oil deposits.

=Only one-fifth of the undiscovered oil in non-OPEC
areas is considered economical to develop over the
forecast period.

=There are assumed to be no significant technology
improvements over the forecast period, and world-
wide oil recovery rates are assumed to average only
35 percent.

=Russia’s oil production is assumed to be one-third of
that estimated in the reference case.

The high non-OPEC supply case assumptions result in
1.5-percent annual growth in non-OPEC production
over the forecast period, as compared with a 1.1-percent
growth rate in the reference case. Non-OPEC oil produc-
tion reaches a peak of 62.1 million barrels per day in the
high case in 2020, compared with a peak of 56.3 million
barrels per day in the reference case. Figure 29 compares
peak production levels for six non-OPEC regions in the
reference, high, and low non-OPEC supply cases.

Figure 29. Non-OPEC Oil Production by Region in
Three Cases, 2020
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Source: Energy Information Administration, World Energy
Projection System (1999).
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In the reference case, OPEC production peaks at 53.5
million barrels per day, and the OPEC share of world-
wide production reaches almost 49 percent by 2020. In
the high non-OPEC supply case, OPEC production
peaks at 48.0 million barrels per day and never assumes
a market share above 44 percent. The low non-OPEC
supply case projects only modest 0.2-percent annual
growth in non-OPEC production over the forecast
period. Non-OPEC production peaks in 2015 at 46.7 mil-
lion barrels per day. OPEC production reaches 64 mil-
lion barrels per day in 2010, achieving a majority share of
the world market, and exceeds 58 percent of the world’s
total production in 2020.

Worldwide Petroleum Trade in the
Reference Case

In 1995, industrialized countries imported 15.8 million
barrels of oil per day from OPEC producers. Of that
total, 9.4 million barrels per day came from the Persian
Gulf region. Oil movements to industrialized countries
represented more than two-thirds of the total petroleum
exported by OPEC member nations and more than 60
percent of all Persian Gulf exports (Table 8). By the end
of the forecast period, OPEC exports to industrialized
countries are estimated to be almost 6 million barrels per
day higher than their 1995 level, and more than half the
increase is expected to come from the Persian Gulf
region.

Despite such a substantial increase, the projected share
of total petroleum exports in 2020 that goes to the indus-
trialized nations is considerably lower than their 1995
share, at slightly over 54 percent. Their share of all Per-
sian Gulf exports falls even more dramatically, to
around 33 percent. This significant shift in the balance of
OPEC export shares between the industrialized and
nonindustrialized nations is a direct result of the robust
economic growth anticipated for the developing nations
of the world, especially those of Asia. OPEC petroleum
exports to developing countries are expected to increase
by almost 20 million barrels per day over the forecast
period, with about half the increase going to the devel-
oping countries of Asia. China, alone, will most likely
import about 4.6 million barrels per day from OPEC by
2020, virtually all of which is expected to come from Per-
sian Gulf producers.

North America’s petroleum imports from the Persian
Gulf are expected to increase by almost 90 percent over
the forecast period (Figure 30). At the same time, more
than half of total North American imports in 2020 are
expected to be from Atlantic Basin producers and refin-
ers, with significant increases in crude oil imports antici-
pated from Latin American producers, including
Venezuela, Brazil, Colombia, and Mexico. West African
producers, including Nigeria and Angola, are also

expected to increase their export volumes to North
America. Caribbean Basin refiners are expected to
account for most of the increase in North American
imports of refined products.

With a moderate decline in North Sea production, West-
ern Europe is expected to import increasing amounts
from Persian Gulf producers and from OPEC member
nations in both northern and western Africa. Substantial
imports from the Caspian Basin are also expected.
Industrialized Asian nations are expected to increase
their already heavy dependency on Persian Gulf oil. The
developing countries of the Pacific Rim are expected to
more than double their total petroleum imports between
1995 and 2020.

Figure 30. Imports of Persian Gulf Oil by Importing
Region, 1995 and 2020
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Sources: 1995: Energy Information Administration (EIA),
Office of Energy Markets and End Use, Energy Markets and
Contingency Information Division. 2020: EIA, Office of Inte-
grated Analysis and Forecasting, WORLD Reference Model
(1999).

Worldwide crude oil distillation refining capacity was
78.3 million barrels per day at the beginning of 1997. To
meet the projected growth in international oil demand in
the reference case, worldwide refining capacity will
have to increase by more than 40 million barrels per day
by 2020. Substantial growth in distillation capacity is
expected in the Middle East, Central and South America,
and especially in the Asia Pacific region. Refiners in
North America and Europe, while making only modest
additions to their distillation capacity, are expected to
continue improving product quality and enhancing the
usefulness of the heavier portion of the barrel through
investment in downstream capacity. Likewise, future
investments by developing countries are also expected
to include more advanced configurations designed to
meet the anticipated increase in demand for lighter
products.
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Table 8. Worldwide Petroleum Trade in the Reference Case, 1995 and 2020

(Million Barrels per Day)

Importing Region

Industrialized

Nonindustrialized

North Western Pacific Rest of
Exporting Region America | Europe Asia Total Rim China World Total
1995
OPEC

PersianGulf . . . .. ... ... 1.8 3.4 4.2 9.4 4.1 0.4 15 6.0
North Africa. . . . ... ... .. 0.3 1.9 0.0 2.2 0.0 0.0 0.1 0.1
West Africa. . . . . .. ... .. 1.0 0.6 0.1 1.7 0.3 0.0 0.1 0.4
South America . . . . . .. ... 1.6 0.3 0.0 1.9 0.1 0.0 0.6 0.7
Asia. . . ... ... ... ..., 0.1 0.0 0.5 0.6 0.1 0.0 0.0 0.1
TotalOPEC . . . . . .. .. .. 4.8 6.2 4.8 15.8 4.6 0.4 2.3 7.3

Non-OPEC
NorthSea. . . .. ... ... .. 0.7 3.4 0.1 4.2 0.0 0.0 0.4 0.4
CaribbeanBasin . . . . . . ... 2.8 0.3 0.1 3.2 0.1 0.0 0.9 1.0
Former Soviet Union . . . . . . . 0.0 1.6 0.0 1.6 0.3 0.0 0.7 1.0
Other Non-OPEC. . . . . . . .. 0.6 0.2 1.1 1.9 0.1 0.2 0.4 0.7
Total Non-OPEC . . . . . . .. 4.1 5.5 1.3 10.9 0.5 0.2 2.4 3.1
Total Petroleum Imports . . . . . 8.9 11.7 6.1 26.7 5.1 0.6 4.7 10.4

2020
OPEC

PersianGulf . . . .. ... ... 3.4 35 5.6 12.5 9.9 4.6 10.2 24.7
North Africa. . . . ... ... .. 0.3 1.9 0.1 2.3 0.1 0.0 0.2 0.3
West Africa. . . . ... ... .. 1.7 0.9 0.3 2.9 0.1 0.0 0.1 0.2
South America . . . . . .. ... 2.8 0.7 0.1 3.6 0.1 0.0 0.6 0.7
Asia. . . .. ... ... ... 0.0 0.0 0.2 0.2 0.1 0.0 0.0 0.1
TotalOPEC . . . . . .. .. .. 8.2 7.0 6.3 215 10.3 4.6 11.1 26.0

Non-OPEC
NorthSea. . . .. ... ... .. 0.9 2.7 0.0 3.6 0.1 0.0 0.4 0.5
CaribbeanBasin . . . . . . ... 3.3 0.2 0.1 3.6 0.1 0.0 15 1.6
Former Soviet Union . . . . . . . 0.4 2.7 0.4 3.5 0.4 0.4 0.7 1.5
Other Non-OPEC. . . . . . . .. 2.4 0.9 0.2 3.5 0.1 0.2 0.4 0.7
Total Non-OPEC . . . . . . .. 7.0 6.5 0.7 14.2 0.7 0.6 3.0 4.3
Total Petroleum Imports . . . . . 15.2 135 7.0 35.7 11.0 5.2 141 30.3

Notes: Totals may not equal sum of components due to independent rounding.
Sources: 1995: Energy Information Administration (EIA), Energy Markets and Contingency Information Division. 2020: EIA,
Office of Integrated Analysis and Forecasting, WORLD Reference Model (1999).

Other Views of Prices and
Production

Several oil market analysis groups produce world oil
price and oil production projections. Table 9 compares
the IEO99 world oil price projections with similar fore-
casts from Standard and Poor’s DRI (DRI), the Interna-
tional Energy Agency (IEA), Petroleum Economics, Ltd.
(PEL), Petroleum Industry Research Association, Inc.

(PIRA), the Gas Research Institute (GRI), National
Resources Canada (NRCan), WEFA Energy (WEFA),
and BT Alex.Brown, Inc. (BTA).

The collection of forecasts includes a wide range of price
projections, particularly for 2000—doubtless because of
differing views about when the world oil price will
recover from the 10- to 20-year lows set in 1998. IEO99
and PEL expect world oil prices to remain low through
2000, at $13.11 and $14.31, respectively, in constant 1997
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Table 9. Comparison of World Oil Price Projections, 2000-2020
(1997 Dollars per Barrel)

Forecast 2000 2005 2010 2015 2020

IEO99

ReferenceCase . . . .. .. ... .. ... 13.11 19.25 21.30 21.91 22.73

HighPriceCase . . . . . .. ... .. ... 17.90 24.53 27.33 29.14 29.35

LowPriceCase. . . .. ... ... ..... 10.25 14.57 14.57 14.57 14.57
DRI (April1998) . . . . . ... ... ... .. 15.55 16.94 19.06 21.44 24.13
IEA (November 1998) . . . . . . . ... ... 20.27 20.27 20.27 29.81 29.81
PEL (December 1998). . . . . . . . . .. .. 14.31 13.42 12.03 10.12 -
PIRA (October 1998) . . . . . . ... .. .. 16.55 17.80 19.45 - -
WEFA (February 1998) . . . . . . .. .. .. 18.27 19.04 19.75 20.52 21.32
GRI (November1998) . . . . . . . ... ... 17.87 16.86 16.81 17.02 -
NRCan (April 1997) . . . . . . . ... . ... 20.76 20.76 20.76 20.76 20.76
BTA (January 1999) . . . . . . . ... .. .. 15.00 18.00 18.00 18.00 18.00

Notes: IEO99 projections are for average landed imports to the United States. DRI, GRI, WEFA, and BTA projections are for
composite refiner acquisition prices. PEL projections are for Brent crude oil. PIRA projections are for West Texas Intermediate
crude oil at Cushing.

Sources: I[EO99: Energy Information Administration, Annual Energy Outlook 1999, DOE/EIA-0383(99) (Washington, DC,
December 1998). DRI: DRI/McGraw-Hill, World Energy Service: U.S. Outlook (Lexington, MA, April 1998), p. 70. IEA: International
Energy Agency, World Energy Outlook 1998 (Paris, France, 1998), p. 84. PEL: Petroleum Economics, Ltd., Oil and Energy Outlook
to 2015 (London, United Kingdom, December 1998), p. 57. PIRA: PIRA Energy Group, Retainer Client Seminar (New York, NY,
October 1998), Table II-3. WEFA: WEFA Group, U.S. Energy Outlook 1998 (Eddystone, PA, February 1998), p. 4.15. GRI: Gas
Research Institute, 1999 Data Book of the GRI Baseline Projections of U.S. Energy Supply and Demand to 2015 (Washington, DC,
November 1998), p. SUM-21. NRCan: Natural Resources Canada, Canada’s Energy Outlook, 1996-2020, Annex C2 (Ottawa,
Ontario, Canada, April 1997). BTA: BT Alex.Brown, Inc., “World Oil Supply and Demand Estimates,” e-mail from Adam Sieminski

(January 27, 1999).

U.S. dollars per barrel. However, prices among the dif-
ferent series run into the $20s, with the highest being
$20.76 for NRCan in 2000. The NRCan price expectations
may be somewhat dated in comparison with the other
forecasts, because they were published in April 1997,
before the economic crisis hit Southeast Asia. On the
other hand, the IEA prices for 2000 are also on the high
side ($20.27 per barrel in 2000), and they were developed
after the Asian recession began.

The IEA price projections are generally higher than the
other forecasts throughout the projection period. IEO99
also tends to be on the high end of the price ranges. The
oil price projections for 2005 vary from $13.42 constant
1997 U.S. dollars per barrel (PEL) to $20.76 (NRCan),
with IEOQ99 at $19.25. In 2010, IEO99 has the highest
world oil price of any of the forecasters at $21.30, com-
pared with the low-end price from PEL of $12.03.

PEL (after 2000) and IEA (after 2010) may be considered
outliers among the collection of forecasts. PEL’s price
projections fall below the IEO99 low price case in every
year between 2005 and 2015, when the PEL forecast
ends. Similarly, after 2010, IEA price expectations
exceed the IEO99 high oil price case. In 2015, the last year
for which prices projections are available from both of
these forecasters, the range between highest price (IEA
at $29.81 per barrel) and lowest price (PEL at $10.12 per

barrel) is almost $20. Omitting the IEA and PEL price
series, the range of prices among the remaining forecast-
ers is much smaller for the 2005-2020 period. In 2015, for
example, the prices among the remaining forecasters
range from GRI's low of $17.02 per barrel to IEO99’s
high of $21.91, a difference of $4.89. When PEL and IEA
are included, the range is far greater at $19.69 (the differ-
ence between $10.12 per barrel for PEL and $29.81 for
IEA).

The spread of world oil price projections grows after
2000, demonstrating the increasing uncertainty as the
time horizon expands. Aside from PEL and IEA, all the
forecasts fall within the bands defined by the IEO99 high
and low price trajectories, with only two exceptions. In
2000, price projections for both NRCan (at $20.76 per
barrel) and WEFA (at $18.27 per barrel) are higher than
the IEO99 high case price ($17.90 per barrel).

The price forecasts are influenced by differing views of
the projected composition of world oil production. Two
factors are of particular importance: (1) expansion of
OPEC oil production and (2) the timing of a recovery in
EE/FSU oil production. All the forecasters agree that
recovery in EE/FSU oil production will be fairly slow
(Table 10). The share of EE/FSU oil production does not
exceed 12 percent over the entire projection period in
any forecast included here. DRI is least optimistic about
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Table 10. Comparison of World Oil Production Forecasts

Percent of World Total

Million Barrels per Day

Rest of Rest of
Forecast OPEC EE/FSU World OPEC EE/FSU World
History
1996 . . . ... 39 10 50 28.3 7.3 36.2
Projections
2000
IEOC99 . . . . . . ... ..... 40 10 50 31.0 7.6 38.0
DRI®. . .. ... ... 41 8 50 31.0 6.2 37.8
PEL . .. ............ 40 10 50 30.3 7.5 375
PIRA. . . ... ... ...... 37 9 53 28.8 7.1 41.3
BTA . . . .. ... .. ..... 41 10 49 31.0 7.4 36.8
2005
IEOC99 . . . . . ... ... ... 44 9 46 37.6 7.9 39.0
DRI . . ... ... ....... 38 8 54 31.7 6.7 45.2
PEL . .............. 40 11 49 334 8.8 40.6
PIRA. . . .. ... ... ..., 38 10 52 32.6 8.5 44.8
BTA . . . ... . ... ..... 45 11 45 37.9 8.9 37.8
2010
IEOC99 . . . . . .. ... .... 45 11 44 41.5 10.5 41.2
DRI . . . ... ... ... ... 39 7 54 36.2 7.0 50.1
IEAb ............... 47 11 42 43.8 10.2 38.7
PEL . .............. 43 12 45 394 10.8 41.1
PIRA. . . ... ... ...... 40 11 49 37.8 10.5 46.5
BTA . . . . .. .. ... ... 47 11 42 44.4 10.5 39.0
2015
IEOC99 . . . . . .. ... .... 46 12 42 46.7 12.5 42.3
DRI . . ... ... ....... 41 7 52 42.5 7.3 53.2
BTA . . . . . ... ... ... 49 12 40 50.4 12.2 41.0
2020
IEOC99 . . . . . .. ... .... 49 12 39 535 13.6 42.7
DRI . . ... ... ....... 42 7 51 47.5 7.5 58.2
17 55 10 35 49.0 9.4 315
BTA . . . . ... ... ..... 50 12 38 57.1 14.1 435

n the DRI projections, EE/FSU includes only the former Soviet Union.

In the IEA projections, OPEC includes only Middle East OPEC.

Note: Percentages may not add to 100 due to independent rounding.

Sources: IEO99: Energy Information Administration, World Energy Projection System (1999) and “DESTINY” International
Energy Forecast Software (Dallas, TX: Petroconsultants, 1999). DRI: DRI/McGraw-Hill, World Energy Service: Oil Market Outlook
1998 (Lexington, MA, October 1998). IEA: International Energy Agency, World Energy Outlook 1998 (Paris, France, November
1998), p. 101 and p. 117. PEL: Petroleum Economics, Ltd., Oil and Energy Outlook to 2015 (London, United Kingdom, December
1998), Table 7. PIRA: PIRA Energy Group, Retainer Client Seminar (New York, NY, October 1998). BTA: BTA Alex.Brown, fax

from Adam Sieminski (December 11, 1998).

recovery in this region, and its projection for the
EE/FSU share of world oil production never exceeds 8
percent. Indeed, DRI's forecast of Russia’s share of
world oil production (oil production estimates for the
entire region are not available from DRI) falls to 7 per-
cent after 2005 and remains there through 2020. PEL is
the most optimistic about EE/FSU oil production, pro-
jecting an increase from 10 percent of world production

in 2000 to 12 percent in 2010. IEO99 and BTA expect the
EE/FSU share to increase to 12 percent by 2015, where it
remains through 2020.

The forecasts that provide projections through 2020
(IEO99, DRI, BTA, and IEA) expect OPEC to provide an
increment of between 20 and 30 million barrels per day
between 1996 and 2020. There is more variation in
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expectations among these four forecast services for the
“other,” non-OPEC suppliers. Only DRI expects other
suppliers to provide a larger increment of oil over the
1996-2020 time period than the OPEC suppliers. In con-
trast, IEA expects production from other suppliers to
decrease by about 5 million barrels per day over the pro-
jection period. IEA expects the “other” share of world oil
production to fall to 35 percent by 2020, while OPEC’s
share of world oil production grows to 55 percent. (The
IEA estimate for the OPEC share is actually understated,
because IEA does not publish oil production forecasts
for the entire OPEC but only for “Middle East” OPEC.
With non-Persian Gulf OPEC members supplying about
35 percent of OPEC’s current production, it can be
assumed that the total OPEC share of world oil produc-
tion in the IEA forecast is even higher in 2020 than the 55
percent shown in Table 10.) IEO99 and BTA similarly
project that “other” non-OPEC supply will increase by
around 7 million barrels per day by 2020.
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Natural Gas

Natural gas is the fastest growing primary energy source in the IEO99 forecast.
Because it is a cleaner fuel than oil or coal and not as controversial as nuclear power,
gas is expected to be the fuel of choice for many countries in the future.

Prospects for natural gas demand worldwide remain
bright, despite the impact of the Asian economic reces-
sion on near-term development. Natural gas consump-
tion in the International Energy Outlook 1999 (IEO99) is
somewhat increased from last year’s outlook, and the
fuel remains the fastest growing primary energy source
in the forecast period. Worldwide gas use more than
doubles in the reference case projection, reaching 174
trillion cubic feet in 2020 from 82 trillion cubic feet in
1996 (Figure 31). Strongest growth is projected in the
developing countries of Central and South America and
Asia, but large incremental increases in demand are pro-
jected for industrialized countries as well.

Figure 31. World Natural Gas Consumption,
1970-2020
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

In the industrialized countries, where gas markets are
most mature, gas use is projected to grow by 2.2 percent
over the 24-year projection period, more than twice as
fast as the projected growth rate for oil consumption.
Many industrialized countries view natural gas as a way
to reduce greenhouse gas emissions and, as a result, are
expected to expand their use of gas. Because natural gas
is a cleaner fossil fuel than oil or coal and is not as contro-
versial as nuclear power, it is expected to be the fuel of
choice for many industrialized countries in the future.

Developing countries are also interested in the environ-
mental benefits of using natural gas, but often they are
more intent on using natural gas to diversify fuel mix. In
particular, countries of Central and South America are
expanding gas-fired electricity generation capacity at a
rapid pace in an effort to diversify electricity sources.
Heavy dependence on the non-emitting hydroelectric
resources in the region has led to problems in maintain-
ing the electricity supply in times of drought. Hydro-
electricity and other renewable resources accounted for
77 percent of the energy consumed for electricity genera-
tion in Central and South America in 1996; by 2020 the
share is projected to fall to 53 percent because of
expanded natural gas use.

In developing Asia, the news regarding gas markets has
been mixed, an obvious result of the economic crisis that
began in 1997 and continued throughout 1998. Various
projects have been delayed or scaled back. In Thailand,
for example, the state power company reduced expected
investment in gas projects by 30 percent for the
1998-2006 period. Activity in Indonesia has been hit
even harder. On the other hand, there is fresh optimism
that China will build a liquefied natural gas (LNG)
regasification project in Guangdong, and there has been
movement in the development of LNG projects in
India—such as Enron’s finalized agreement to purchase
LNG from Oman for its Dabhol power project.

Other major developments in natural gas markets in
1998 include:

=Several important pipelines were either completed
or under construction in Central and South America
in 1998. The first Uruguay-Argentina pipeline con-
nection became operational. Progress was also made
on the Bolivia-to-Brazil line, as well as on two Argen-
tina-to-Brazil lines, Gas Atacama and Norandino.
Negotiations are underway to get another pipeline
connection between Argentina and Brazil via a
planned 1,900-mile Mercosur pipeline.

=Progress on the Camisea gas fields in Peru stumbled
somewhat at the end of 1998, with Shell and Mobil
withdrawing from the project. As a result, tenders
for field development were re-offered. It is still
likely, however, that development of the vast 11 to 20
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trillion cubic feet of estimated natural gas reserves in
the Camisea fields will occur in the near future.

=Growth of Western Europe’s gas infrastructure con-
tinued apace in 1998. Two major offshore pipeline
systems, the Interconnector—running from England
to Belgium—and the NorFra—running from Nor-
way'’s North Sea fields to France—began operating.
Onshore construction on several major lines was
completed: the Artere des Hauts-de-France, France’s
largest on-land gas pipeline; the trans-Belgium
VTN-RTR pipeline; and Germany’s Wedel line,
which runs across western Germany. Altogether,
these pipelines represent a $2.7 billion investment in
European gas infrastructure.

=Nigeria has taken steps toward reducing the amount
of natural gas flared during oil production—which
currently accounts for about three-fourths of all gas
produced by the country. In 1997, the first phase of
the three-phase Escravos project was completed. The
$550 million project provides 165 million cubic feet of
natural gas per day for domestic consumption. The
second phase of the project will provide the first gas
to Ghana as part of the West African Gas Pipeline;
the third phase may be used to supply gas for the
Chevron-Sasol gas-to-liquids project. By 2004, Nige-
ria expects to virtually eliminate gas flaring.

The Russian government, which owned 40 percent of
Gazprom—the Russian state gas company that con-
trols over 95 percent of natural gas production—and
is the largest earner of foreign exchange for Russia,
agreed to sell part of its stake to foreign investors. On
December 21, 1998, Russia’s Interfax news agency
announced that Ruhrgas, Gazprom’s biggest export
customer, had won a bid for 2.5 percent of Gazprom
for $660 million [1].

Reserves

As of January 1, 1999, proven world natural gas
reserves,* as reported by Oil & Gas Journal, were esti-
mated at 5,145 trillion cubic feet, 58 trillion cubic feet
higher than the estimate for 1998. Most of the increase in
reserves is attributed to the developing countries, with a
small increase in reserves of the industrialized regions
and virtually no change in the reserves of Eastern
Europe and the former Soviet Union (EE/FSU). In the
industrialized regions, the decrease of 12 trillion cubic
feet between 1998 and 1999 in Western Europe’s natural
gas reserves was offset by the doubling of Australia’s
reserves (from 19 to 45 trillion cubic feet) in industrial-
ized Asia. In the developing countries, reserves in Cen-
tral and South America declined by 3 trillion cubic feet

between 1998 and 1999, but in every other region of the
developing world, reserves increased. Proven reserve
estimates increased by 13 trillion cubic feet for Africa, by
16 trillion cubic feet for Asia, and by 24 trillion cubic feet
for the Middle East.

About 72 percent of the world’s natural gas reserves are
located in the FSU and countries of the Middle East. Rus-
sia and Iran alone account for almost one-half of the
world’s gas reserves (Table 11). In the industrialized
world, reserves have remained fairly stable over the past
20 years. Reserves of the industrialized countries
declined every year between 1993 and 1998, but in 1999
they increased by 10 trillion cubic feet because of the
addition of 24 trillion cubic feet in Australia’s proven
reserves (Figure 32). Reserves in the EE/FSU and the
developing world have, in contrast, more than doubled
over the past 24 years, although since 1994 reserves in
the EE/FSU have remained flat.

Table 11. World Natural Gas Reserves by Country
as of January 1, 1999

Reserves Percent of
(Trillion World
Country Cubic Feet) Total
World . .. ... ... .. 5,145 100.0
Top 20 Countries . . . . . 4,579 89.0
Russian Federation. . . . 1,700 33.0
Iran . . . ... .. .... 812 15.8
Qatar . . . .. ... ... 300 5.8
United Arab Emirates. . . 212 4.1
Saudi Arabia . . . . . .. 204 4.0
United States . . . . . . . 167 3.3
Venezuela . .. ... .. 143 2.8
Algeria . . . . .. .. .. 130 25
Nigeria . . . . ... ... 124 2.4
Iraq . . . ... ... ... 110 2.1
Turkmenistan. . . . . . . 101 2.0
Malaysia . . . ... ... 82 1.6
Indonesia. . . . ... .. 72 1.4
Uzbekistan . . . ... .. 66 1.3
Kazakhstan. . . . . . .. 65 1.3
Canada. ... ... ... 64 1.2
Mexico . . .. ... ... 63 1.2
Netherlands. . . . . . .. 63 1.2
Kuwait . . ... ... .. 52 1.0
China. .......... 48 0.9
RestofWorld . . . . . .. 566 11.0

Source: “Worldwide Look at Reserves and Production,” Oil
& Gas Journal, Vol. 96, No. 52 (December 28, 1998), pp.
38-39.

4proven reserves are estimated quantities that analyses of geological and engineering data demonstrate with reasonable certainty to be
recoverable in future years from known reservoirs under existing economic and operating conditions. However, significant reserves in the
probable category are included in “reserves” estimates for various countries, including those of the former Soviet Union.
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Figure 32. World Natural Gas Reserves by Region,
1975-1999
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Sources: 1975-1993: “Worldwide Oil and Gas at a Glance,”
International Petroleum Encyclopedia (Tulsa, OK: PennWell
Publishing, various issues). 1994-1999: Oil & Gas Journal
(various issues).

Worldwide, natural gas reserves are more widespread
geographically than oil reserves. Outside the EE/FSU
and the Middle East, reserves are fairly evenly distrib-
uted, except for industrialized Asia (Figure 33). More-
over, despite high rates of increase in gas consumption,
particularly over the past decade, most regional
reserves-to-production ratios have remained high.
Worldwide, the reserves-to-production ratio is esti-
mated at 64.1 years [2, p. 20]. Central and South America
has a reserves-to-production ration of about 72.7 years,
the FSU about 86.2 years, and the Middle East and Africa
both more than 100 years.

Figure 33. World Natural Gas Reserves by Region
as of January 1, 1999
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Source: Oil & Gas Journal, Vol. 96, No. 52 (December 28,
1998), pp. 38-39.

Regional Activity
North America

IEO99 projects considerable growth in natural gas mar-
kets in North America over the forecast period, with
consumption increasing at an average annual rate of 1.7
percent per year. Consumption in the United States and
Canada is expected to increase at rates of 1.6 and 1.7 per-
cent per year, respectively, and consumption in Mexico
is projected to increase by 3.8 percent per year. A signifi-
cant portion of the growth in all three countries is
expected to fuel electric power generation. The Cana-
dian Gas Association projects that natural gas consump-
tion for electric power generation in Canada will more
than double between 1997 and 2010. The Energy Infor-
mation Administration (EIA), in its Annual Energy Out-
look 1999 (AEO99) [3], forecasts that natural gas
consumption for electric power generation in the United
States will also more than double over the same period,
and the Comission Reguladora De Energia (CRE)
expects overall Mexican natural gas demand to more
than double, with approximately half the gas used to
generate electricity.

Trade among the North American countries, especially
between the United States and Canada, is projected to
increase considerably. According to the AEO99 forecast,
natural gas imports from Canada increase by 72 percent
between 1996 and 2020, rising from 2.9 to 5.0 trillion
cubic feet. Imports from Canada have until recently been
constrained by pipeline capacity, and the expected
increase in imports between 1996 and 2001—over 20 per-
cent—is made possible by considerable new pipeline
capacity coming on line during the period. While most
of the new capacity provides access to supplies from
Western Canada, where most of Canada’s approxi-
mately 65 trillion cubic feet of reserves are located, new
capacity is also expected to provide access to Sable
Island supplies in the offshore Atlantic. Gas fields with
more than 3 trillion cubic feet of total reserves are
located in the Sable Island area, and considerably more
reserves are thought to lie in this offshore Atlantic
region.

Several projects are currently proposed to increase
import capacity from Canada into the United States, and
although it is unlikely that all of the proposed projects
will be built, EIA assumes that some combination of
those projects will add approximately 2 billion cubic feet
per day of pipeline capacity to access supplies in west-
ern Canadian and 0.4 billion cubic feet per day to access
Sable Island supplies. Major projects include the Alli-
ance project, which would bring gas from British
Columbia to Chicago; the Northern Border expansion,
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which would extend the current system (which enters
the United States at the Montana border) to Indiana and
possibly to the Michigan-Canada border; and the
Maritimes and Northeast project, which would move
supplies from Sable Island into the Northeast United
States [4].

Mexico serves predominantly as an export market for
U.S. natural gas. Exports from the United States to Mex-
ico are projected in AEO99 to grow more than sixfold
between 1996 and 2020, from 0.03 to 0.19 trillion cubic
feet per year. Although Mexico is rich in natural gas
resources, most are located in southeastern Mexico, far
from the primary consuming areas in the north and cen-
tral regions of the country, and Mexico lacks the infra-
structure to move the gas from the southern producing
regions to the north. Consequently, it will likely be more
expedient, at least for the near term, to satisfy increasing
demand at least in part with imports from the United
States.

Several projects have been proposed to increase capacity
to flow gas from the United States to Mexico in anticipa-
tion of the increased demand for industrial use and elec-
tric power generation in northern Mexico. If completed,
the proposed projects would more than double the cur-
rent U.S. export capacity to Mexico. Export capacity
from Mexico to the United States has not increased over
the past several years, and no new projects have been
proposed. The only indication of increased exports from
Mexico to the United States is Pemex’s intention to
export part of any increased production from the Burgos
Basin in northeastern Mexico to the United States.
Because of the favorable location of the Burgos Basin,
Pemex plans to spend $5.5 billion over the next 15 years
to increase Burgos production from 500 million cubic
feet per day to 1,400 million cubic feet per day in 2001.

Mexico is making rapid progress with its plans to privat-
ize natural gas distribution. The effort began in May
1995 with legislation that opened natural gas transmis-
sion, distribution, and storage to private investment and
allowed private companies to import and export natural
gas. Considerable expansion of the existing infrastruc-
ture is needed both to provide gas to fuel electricity gen-
eration and to provide access to the residential market,
and much of the expansion will be accomplished by the
private sector. Several distributorships have already
been privatized, and Hector Olea, president of the
Comision Reguladora de Energia, has indicated that 80
of the largest municipalities in Mexico will have residen-
tial gas service within 2 years. Four years ago, when the
current administration came into power, only 10 to 15
cities had natural gas service [5].

Western Europe

In Western Europe, the IEO99 reference case projects
increases in natural gas demand of 2.9 percent per year
over the 24-year projection period, as compared with
growth of 1.7 percent per year in North America and 2.2
percent per year in industrialized Asia. Total natural gas
consumption in Western Europe is projected to reach 27
trillion cubic feet by 2020 (Figure 34). The fastest
regional growth is expected in “other Europe,” where
countries with less mature but rapidly expanding infra-
structure, such as Greece, Spain, and Portugal, are
included in the IEO99 forecast.

Figure 34. Natural Gas Consumption in Western
Europe, 1970-2020
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

Several factors favor increased reliance on natural gas in
Europe. Most important is access to abundant low-cost
reserves. Although little new productive capability is
available within continental Europe, abundant reserves
are available for import from the North Sea, North
Africa, and the FSU. Great strides continue to be made to
install infrastructure to tap these reserves (see box on
page 41). In 1998, new pipeline links to the United King-
dom and Norwegian North Sea production became
operational. One link—the UK-Belgium Inter-
connector—is designed to allow gas to flow to continen-
tal Europe or toward the United Kingdom, depending
on short-run weather-related needs. These new links
add to existing capability to bring natural gas into
Europe not only from the North Sea but also from
Russia, Algeria, and Libya. Supplementing these de-
velopments are a variety of interconnections within
continental Europe that allow gas to flow throughout
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Europe’s New Natural Gas Pipelines

Five major European pipelines began operating com-
mercially in October 1998, representing some $2.7 bil-
lion in investment [6]:

eNorFra, commissioned in August 1998, is the
world’s longest subsea pipeline. The $1 billion
NorFrais the first direct link between Norway and
France that does not cross a third country. The
pipeline is 521 miles long and has a capacity of 530
billion cubic feet per year, all of which is under
contract. NorFra is expected to provide up to
one-third of the gas requirements projected by
Gaz de France. Any excess capacity will be pro-
vided to Spain and Italy after 2000.

=Artere des Hauts-de-France, Gaz de France’s $185
million, on-land extension of the NorFra pipe-
line—with a diameter of 44 inches, the largest
high-pressure pipeline ever laid in France—was
also commissioned in August 1998. The pipeline,
which runs from the Norwegian gas landfall near
Dunkirk via the NorFra underwater pipeline to
just north of Paris [7], is 115 miles long and has a
capacity of 530 billion cubic feet per year, all of
which has been contracted.

=The UK-Belgium Interconnector, commissioned
in September 1998, runs from Bacton in the United
Kingdom to Zeebrugge, Belgium. The pipeline,
constructed at a cost of $745 million, has a capacity
of 706 billion cubic feet per year, as well as a
reverse flow capacity of 300 billion cubic feet per
year (see Table 12 for committed capacity).

eDistrigas’s new VTN-RTR transit network runs
across Belgium. The 180-mile, $355 million pipe-
line was commissioned in September 1998. It has a
capacity of 706 billion cubic feet per year, of which
530 billion cubic feet is under contract.

=Wingas’s Wedal pipeline, commissioned in Octo-
ber 1998, runs from Bielefield to Aachen, nearly
200 miles across western Germany. It cost $370
million to construct, with a capacity of 388 billion
cubic feet per year.

the continent. Norwegian, Russian, and Algerian gas
can now be delivered to Italy, Spain, Austria, and
Germany.

Various Eastern European and Balkan countries are
gaining increasing access to larger and more diversified
sources of gas. Strengthening European Union institu-
tions are further contributing to growing natural gas
use. In 1997, the European Union announced its natural
gas directive, which is designed to enhance competition
in natural gas markets. The directive seeks to free up

access to pipeline transmission to enable more open
dealing between natural gas consumers and suppliers.
As a consequence, established pipeline companies are
developing more diversified relationships with their
customers and suppliers and unbundling, to varying
degrees, the provision of transportation from other nat-
ural gas services. At this point, the process of regulating
reform is incomplete and uneven across the region, but
growing market opportunities combined with institu-
tional pressure for change are causing revisions in estab-
lished regulatory frameworks and methods of doing
business.

The United Kingdom’s Interconnector pipeline, be-
tween Bacton, England, and Zeebrugge, Belgium, was
completed on schedule. Gas began to flow through the
Interconnector on October 1, 1998 (Table 12). The line
was originally estimated to cost $762 million, but actual
costs were 10 percent under budget. With a glut of new
gas supplies available to European countries following a
mild winter, natural gas prices fell substantially in
Europe in 1998. As a result, it is likely that the
Interconnector will be used to ship gas to the United
Kingdom should there be a surplus of continental gas
over the 1999 winter season [8]. This is an interesting
reversal from the situation in 1997, when the
Interconnector was expected to help alleviate Britain’s
gas supply bubble.

The Interconnector links the United Kingdom’s gas
transmission system with continental gas grids. It has
the capability of exporting up to 706 billion cubic feet per
year of natural gas to European customers. The line can
be reversed to import 300 billion cubic feet per year into
the United Kingdom, and increased compression capac-
ity would make it possible for Britain to import even
more.

Gas-fired electricity generation has grown rapidly in the
United Kingdom in recent years. Indeed, between 1996
and 1997, natural gas generation grew by almost
one-third, replacing coal- and oil-fired plants that were
taken out of service or retired [9, p. 264]. In IEQ99, total
natural gas consumption is projected to nearly double
between 1996 and 2020, and gas use for electricity gener-
ation increases fourfold over that same time period
(Figure 35).

Although the British government approved the con-
struction of five additional gas-fired power plants
between May and December 1997, a moratorium on new
gas plant construction was issued in December in
response to concerns over what the so-called “dash for
gas” was doing to the British coal industry [9, p. 264].
The government has also noted that it is concerned that
the rush to increase gas-fired generation at the expense
of coal would lead to an over-dependence on a single
energy source, stifling market competition.
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Table 12. Announced Gas Sales Through the Interconnector as of October 1998

Contract Size Supply Length of Contract

Contract Arrangement (Billion Cubic Feet per Year) Destination (Years)
ConocotoWingas. . . . . .. .. ... ... 35 Germany 10
BGplctoWingas . . .. ........... 70 Germany 10
BPtoRuhrgas. . . . .. ... .. ... ... 35 Germany 15
Centricato Thyssengas . . . . . . ... ... 18 Germany 7
Mobil to Norsk Hydro . . . . . . . .. .. .. 28 Netherlands 15
CentricatoElsta. . . . . . .. ... ... .. 35 Netherlands
Centricato EnTrade/Delta. . . . . . . . . .. 25 Netherlands 8
Conocoto Gasunie®. . . . .. ... ... .. 35 Netherlands 8.5

AStarts on April 1, 1999.

Note: Table excludes supply of at least 109 billion cubic feet per year by Elf from its share of the UK Elgin/Franklin field to a down-

stream Elf/Gaz de France co-venture yet to be established.

Source: “UK Interconnector Ushers in New Era for European Gas,” World Gas Intelligence, Vol. 37, No. 41 (October 13, 1998).

Figure 35. Natural Gas Consumption in the United
Kingdom, 1996-2020

4 Trillion Cubic Feet

Ml Electricity Generation [l Other

1996 2000 2010 2015 2020

Sources: 1996: Energy Information Administration (EIA),
International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1999).

2005

A shift toward gas is still expected, despite the release of
a government white paper which concluded that the
comparative costs of new gas-fired stations versus
coal-fired power plants did not justify the scale and
speed of the dash for gas. Gas-fired projects that already
have full government consent may proceed. Officials
indicate that, as a result, 9,000 megawatts of such gener-
ating capacity can be built in the next 3 years, adding an
extra 584 billion cubic feet per year of gas demand in the
United Kingdom by 2002 [10]. This increment would
allow the gas share of power generation in the United
Kingdom to grow to 48 percent and reduce the coal
share to 20 percent, as compared with the 1997 mix of 27
percent for gas and 38 percent for coal.

In France, natural gas consumption is expected to grow
from 1.3 trillion cubic feet in 1996 to 3.0 trillion cubic
feet in 2020 according to the IEQ99 reference case

projections. The bulk of gas use is currently in the resi-
dential and industrial sectors, and it is expected to
remain there throughout the projection period, notwith-
standing the growth in natural gas use for electricity
generation [9, p. 116]. Natural gas penetration into the
electric utility sector is expected to increase the current
gas share from less than 1 percent to more than 9 percent
by 2020. The main fuel for power generation in France is
nuclear power, which is projected to maintain its domi-
nant share in the coming decades.

Two major gas pipelines to serve France were completed
in 1998. First, the NorFra pipeline began operating in
October 1998, bringing gas from Norway’s Draupner E
platform (in the Norwegian North Sea) to Loon-Plage (in
the western harbor of Dunkirk, France). The 520-mile
pipeline cost nearly $1 billion to complete (including
costs for converting the platform, installing the pipeline,
and installing the receiving facilities at Dunkirk). The
line is owned by a consortium of Statoil, Norsk Hydro,
Shell, Esso, EIf, Saga, Conoco, Total, Neste, Mobil, and
Agip. It is the world’s longest subsea pipeline and will
supply France with some 530 billion cubic feet of gas per
year by 2005. Spare capacity from the NorFra will be
used to ship Norwegian gas to Italy beginning in 2000
[11]. Gaz de France is building a new transit pipeline
across France named the “Marches du Nord-Est” for the
Norway-Italy gas transmission. Norway signed a
25-year contract with Italy in 1997 for the supply of 212
billion cubic feet of natural gas per year beginning in
2000.

The second major pipeline project completed in France
was the 115-mile Artere des Hauts-de-France pipeline,
which links the NorFra terminal at Dunkirk to the
French pipeline system near the Gournay-sur-Aronde
storage facility in Oise, north of Paris. Costing about
$178 million, it is the largest high-pressure pipeline in
France. The existing French pipeline system now allows

42 Energy Information Administration/ International Energy Outlook 1999



gas to transit from Norway to Spain, as well as accom-
modating imports from the Netherlands and Russia
transiting through Germany, Austria, and Belgium [2, p.
28; 12, p. 1V.16].

Gas consumption in Germany is expected to grow from
3.7 to 7.5 trillion cubic feet between 1996 and 2020 in the
IEO99 reference case. Since Germany'’s reunification in
1989, natural gas use has grown fairly quickly, as West
Germany developed East Germany’s gas infrastructure
and converted brown coal district heating plants to run
ongas [9, p. 149].

The new German government of Social Democrats
(SPD) and Greens took office in October 1998 and stated
its intent to dismantle the country’s nuclear power
industry by 2002 [13]. The new government is interested
in increasing Germany’s reliance on renewable energy
sources, although wind power and hydroelectricity pro-
vided only 0.5 percent of Germany’s 1997 primary
energy requirements. Gas-fired capacity may increase as
well, inasmuch as it will be difficult for the country to
absorb the entire 30-percent nuclear share of electricity
generation by 2002. On the other hand, the government
has also proposed higher fossil fuel taxes for both elec-
tricity generation and the energy market at large, includ-
ing a new tax on electricity generated from fossil fuels at
2 pfennigs per kilowatthour ($3.57 per million Btu).
Taxes on natural gas would increase from 0.36 pfennigs
per kilowatthour to 0.68 pfennigs per kilowatthour
($1.10 per million Btu). The SPD and Greens have
announced that the revenues raised by the higher
energy taxes will be used to fund job creation programs.
The government had not released a timetable for imple-
menting the new tax scheme at the time this report was
prepared for publication.

One of the fastest-growing markets for gas in Western
Europe is Spain (Figure 36). Natural gas demand has
grown strongly in this country since the commission of
the Maghreb-Europe pipeline from Algeria in 1996.
According to the International Energy Agency, natural
gas consumption expanded by 28 percent between 1996
and 1997 [12, p. 111.300]. Spain has announced plans to
install 10 gigawatts of combined-cycle gas turbine elec-
tric power plants (scaled back from an original 14
gigawatts, because the country already has excess gener-
ating capacity) [14].

In September 1998, Spain enacted its new Hydrocarbons
Law, which will liberalize the country’s gas markets by
2013 [15]. The Hydrocarbons Law expands on three nat-
ural gas decrees issued by Spain’s Ministry of Industry
and Energy over the past 2 years [16]. It supplies
third-party access to the existing Spanish gas infrastruc-
ture, allowing all electricity generators, industrial users,
and cogeneration plants of more than 876 million cubic
feet per year to negotiate for access to LNG terminals,

storage facilities, high-pressure pipelines that belong to
the national gas grid, and international gas connectors.
The new law will allow industrial users of more than 530
million cubic feet per year to switch from supplier
Enagas beginning in 2000; by 2003 it will allow indus-
trial users of more than 144 million cubic feet per year to
switch suppliers. Only the United Kingdom has a more
liberalized gas market in Europe.

Another European country that is only now beginning
to develop its natural gas infrastructure is Portugal. The
country began consuming natural gas in 1997, when gas
supplied by Algeria through the Maghreb-Europe pipe-
line became available for import through Spain. Now,
Transgas-Sociedade Portuguesa de Gas Natural has pro-
posed the construction of an LNG terminal in Peniche,
Setubal, or Sines [17]. No timetable has been set for a
decision on the location of the LNG terminal, but
Transgas has a 22-year supply agreement with Nigerian
LNG for 12.4 billion cubic feet per year, beginning in
1999. Abu Dhabi and Trinidad are also considered
potential LNG suppliers.

Eastern Europe and the Former Soviet Union

Although 1996 saw a reversal of the downward trend in
natural gas markets in much of the EE/FSU region, mar-
kets in 1997 once again moved into decline. All but the
Eastern European countries Poland and Slovakia
showed decreases in consumption. Overall consump-
tion in the FSU, which accounted for 22.4 percent of the
world’s total consumption of natural gas in 1997, fell by
6.4 percent from 1996 levels [2].

Several FSU countries, including Turkmenistan,
Ukraine, and Kazakhstan, are projecting GDP gains for
1998 and show evidence of being on the road to eco-
nomic recovery. Russia, however, is in a state of finan-
cial, economic, and political turmoil. Inflation is
increasing dramatically, and efforts to maintain a stable
ruble have been abandoned as of August 17, 1998. The
crisis is due in part to spillover effects of the East Asian
economic crisis, which has curtailed the availability and
raised the cost of foreign borrowing, and in part to the
sharp decline in oil and gas prices. Russia, the world’s
largest exporter of natural gas and second largest
exporter of oil, depends heavily on oil and gas export
revenues.

Gazprom, the Russian state gas company, controls more
than 95 percent of Russia’s natural gas production and is
its largest taxpayer and hard currency earner. Because it
has had difficulty making its tax payments due to non-
payment for supplies received by many of its customers,
both domestic and foreign, Gazprom has resorted to cur-
tailment of supplies in some instances and to barter in
other instances in attempts to step up reduction in debts
owed to the company. Bulk foodstuffs and participation
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Figure 36. Spain’s Natural Gas Pipeline Infrastructure, 1998
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in the development of the portion of the Yamal-Europe
pipeline crossing Belarus have been offered by Belarus
in exchange for natural gas supplies. Food, steel pipes,
and oil and gas equipment have been provided by
Ukraine to clear debts owed for natural gas. Goods and
services, along with participation in the construction of
the section of the Yamal-Europe pipeline that will pass
through Poland, have been pledged to Gazprom by
Poland to satisfy debts. Moldova has agreed to give

Gazprom a 50-percent stake in its gas distribution net-
work to clear part of its debt. Construction services have
been agreed upon by Bulgaria to pay for part of the natu-
ral gas supplies it receives. The Russian government has
prevented Gazprom from curtailing supplies to domes-
tic users, and in August 1998 Gazprom agreed to begin
making payments to reduce its tax debt in exchange for
government pressure on domestic debtors to pay their
gas bills.
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The Russian government, which holds 40 percent of
Gazprom stock, in August offered to sell 5 percent of its
stake. Initially, the instability of Russian financial mar-
kets made the purchase unattractive to investors, and
there were no takers. The government subsequently
agreed to sell shares in blocks of 2.5 percent. Potential
bidders included the German utility Ruhrgas, Royal
Dutch/Shell, and lItaly’s Eni. Interfax news agency
announced on December 21, 1998, that Ruhrgas—cur-
rently Gazprom’s biggest export customer—had won
the Gazprom stake for $660 million, $9 million above the
Russian government’s minimum requirement [1].
Gazprom itself has the option of selling another 7 per-
cent of its own shares to foreign investors but is waiting
for an upturn of the stock market to do so [18].

Russia is not alone among the FSU countries in being
plagued by nonpayment for gas supplies. Uzbekistan
cut off exports to Kazakhstan in 1996 for nonpayment,
and Kazakhstan in return agreed to pay off its debt with
Kazakh goods and with services such as transporting
Uzbek products through Kazakhstan to other markets
[19]. Turkmenistan, once the second largest gas pro-
ducer in the FSU, dropped its output by more than 50
percentin 1997 as a result of curtailment of gas deliveries
to countries, such as Ukraine, that were behind in pay-
ments. Turkmenistan’s natural gas exports declined by
70 percent from 1996 levels, and it has fallen in position
to fourth place in production in the FSU, behind Russia,
Uzbekistan, and Ukraine. In February 1998, Turk-
menistan entered into an agreement with Ukraine to
supply gas through 2005, with barter for goods such as
food and oil and gas supplies accounting for up to 60
percent of the payment [20].

Considerable restructuring of the natural gas industry is
also underway in EE/FSU nations. In June 1998, an
agreement was signed to break Gazprom into separate
production, transmission, and distribution units; to
allow greater access by independent producers to the
pipeline system at the same rates as Gazprom’s market-
ing unit; and to revise pipeline tariffs. The measures are
to be introduced by July 1999 [21]. In August 1998 the
Ukrainian government approved a plan to break up
Urgazprom into three separate companies dealing with
the production, transportation, and sale of natural gas
[20]. In Aczerbaijan, there is talk of restructuring
Azerigas as part of Azerbaijan’s goal to reduce imports
significantly and become self-sufficient in natural gas.

Foreign investment will be a critical component in the
development of the natural gas industry in many of
the EE/FSU countries. In addition to augmenting
existing infrastructure, most countries need also to
refurbish aging pipes and rehabilitate existing storage

and production facilities. Shell is exploring a possible
joint venture with Romgas, the Romanian state gas com-
pany, to rejuvenate gas fields where production has
declined, to expand the gas distribution network, and to
increase gas storage capacity. As a result, Romania
would be able to increase revenues for the transport of
Russian gas to markets in the Balkans and Eastern
Europe, and to reduce its dependence on Gazprom for
its own internal consumption needs [22].

Ukraine also hopes to reduce its dependence on natural
gas imports by developing more of its own resources
with the help of foreign investment. EuroGas, Inc., has
agreed to develop coalbed methane resources in eastern
and southwestern Ukraine; British Petroleum (BP) is
looking into a joint venture to develop Ukrainian gas
reserves; and Royal Dutch/Shell is evaluating the mod-
ernization of the country’s pipeline infrastructure [20].
In Azerbaijan, legislation has been proposed to include
foreign investment in the revamping of the country’s
natural gas industry.

Significant foreign investment has been made in the
Yamal-Europe pipeline, which is Russia’s primary infra-
structure expansion project. Exports to Europe in the
next decade are expected to increase significantly with
the development of this project. Critics of the project,
such as the World Bank, maintain that it is not economi-
cally sound in light of cheaper gas supplies available
elsewhere, but Russia has too much invested to date to
entertain thoughts of not proceeding. Other efforts
include a feasibility study that Exxon and Japan Explo-
ration Company are undertaking on a pipeline to move
Russian gas from the Sakhalin | pipeline to Tokyo and
the Blue Stream export pipeline, which would carry Rus-
sian supplies under the Black Sea to Turkey. Although
the Yamal project is by far the most significant of the
projects proposed or underway, the Blue Stream project
could have considerable impact.

In spite of some uncertainty regarding future develop-
ments in the region, IEO99 anticipates an eventual rever-
sal of the overall downward trend in EE/FSU natural
gas markets. Although consumption in the FSU is pro-
jected to remain level between 1996 and 2000, steady
growth is expected after 2000, resulting in overall
growth of 2.0 percent per year from 1996 to 2020 (Figure
37). Much higher growth is projected for Eastern
Europe, where consumption is projected to grow
steadily from 1996 and more than triple by 2020. The
considerable foreign investment interest seen in devel-
oping the natural gas infrastructure of these countries
will be a significant factor in increasing future consump-
tion potential and export capabilities.
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Figure 37. Natural Gas Consumption in the EE/FSU
Region, 1996-2020
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International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1999).

Central and South America

Development of the natural gas markets in Central and
South America remained strong throughout 1998. Much
progress was made in installing the infrastructure
needed to develop the region’s natural gas industry.
Several pipelines connecting Argentina and Uruguay,
Brazil, and Chile were completed, as well as a number of
gas-fired electricity generation plants. In the IEO99 ref-
erence case, gas use increases by 7.6 percent per year in
the region between 1996 and 2020, increasing nearly six-
fold over the projection period (Figure 38). Indeed, the
gas share of total energy consumption increases from 18
percent in 1996 to almost 38 percent by 2020, supplying
fuel for electricity generation as well as industrial, resi-
dential, and commercial consumers.

In Argentina, total natural gas consumption has
increased by nearly 81 percent over the past decade [23,
p. 37]. At the same time, the liberalization of energy mar-
kets in South America as a whole has given Argentinaan
opportunity to supply growing gas demand in Brazil,
Chile, and Uruguay. Several major pipelines are now
operating or are under construction to integrate this
broader market framework.

There are two major pipelines under construction from
Argentina to Brazil. The 273-mile Parana-Uruguayana
pipeline has a capacity of 88.3 cubic feet per day and will
provide gas to a 500-megawatt thermal unit in
Uruguayana by the end of 1998. The Gasoducto
Mercosur will extend for 3,100 miles along the Santa
Cruz de la Sierra-San Jorge Pablo pipeline.

Two major pipelines are already operating between
Argentina and Chile: the 31-mile, 70.6 million cubic feet

Figure 38. Natural Gas Consumption in Central
and South America, 1996-2020
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Projection System (1999).

per day San Sebastian-Baudurria and the 283-mile, 177
million cubic feet per day Gas Andes pipeline, which
extends from Mendoza, Argentina, to Santiago, Chile.
There are future plans to increase capacity in the San
Sebastian-Baudurria pipeline to 177 million cubic feet
per day by the end of 1999.

There are also several pipelines under construction
between Argentina and Chile. The Atacama pipeline is
currently under construction and is expected to be used
to fuel gas-fired electricity generators in Chile. It extends
for 584 miles from northern Argentina to northern Chile
and is being built by a consortium of Endesa, CMS, and
YPF. The Norandino Pipeline also connects Argentina to
Chile and is expected to compete with Atacama.
Norandino is 544 miles long and will link the cities of
Salta, Argentina, and Tocopilla, Chile. It is being built by
a consortium of Tractabel, Edelnor, Electroandina, and
Techint. Finally, there are plans to build the 329-mile, 35
million cubic feet per day Gas Pacifico pipeline, which
would extend from the Province of Nequén, Argentina,
to Concepcién, Chile.

Argentina is also in the process of establishing the infra-
structure needed to supply Uruguay with natural gas. In
October 1998, the first Argentina-to-Uruguay natural
gas pipeline was inaugurated at a cement plant of the
Ancap oil company in Paysandu [24]. The 12-mile gas
duct starts near the city of Colon in Argentina’s Entre
Rios province and leads to Paysandu. The $10 million
(US) pipeline will provide gas mainly for the cement
plant and, in the future, for residential use in the north-
ern provinces of Uruguay. Several other projects are
planned to link Uruguay and Argentina. The first is the
130-mile, $130 million Buenos Aires-to-Montevideo gas
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line (being developed by Pan-Am and British Gas), on
which construction will begin early in 1999. Another is
the Entre Rios-to-Casablanca line, which Ancap plans to
build with a state-owned Uruguayan electricity com-
pany for a planned electric power plant in Casablanca.
In addition, the 292-mile, 88 million cubic feet per day
Parana-Paysandu pipeline is being constructed by
Uruguay’s UTE and ANCAP.

In Brazil, total demand for natural gas grew by 10.2 per-
centin 1997, driven by higher consumption in the indus-
trial and power generation sectors, which increased
their demand for natural gas by 12.1 percent and 7.8 per-
cent, respectively [23, pp. 64-65]. Most of the develop-
ments in Brazil’s gas supplies focus on international
contracts that bring gas from Argentina and Bolivia
through several pipelines. In 1998, construction of the
1,973-mile, 285 million cubic feet per day Bolivia-
to-Brazil pipeline began. The first portion of the Bolivia-
to-Brazil pipeline—which will ultimately transport gas
from the Rio Grande Natural Gas Plant located south-
east of Santa Cruz de la Sierra, Bolivia, to Guarema,
Brazil—was completed at the end of 1998, and Bolivian
gas sales to Brazil are scheduled to begin in the first
quarter of 1999 [25, 26]. The second portion, which will
extend the line from Guarema to Porto Alegre in Brazil’s
Rio Grande do Sul state, is expected to be in place by the
end of 1999 [27].

In southern Brazil, authorities are trying to accelerate the
construction of another pipeline that will connect gas
reserves from Parana, Argentina, to Uruguayana, Brazil
[23, pp. 64-65]. Natural gas from this pipeline will be
used for a 450-megawatt gas-fired electric power plant
being developed by AES Energy. In addition, state-
owned energy company Petroleo Brasileiro (Petrobras)
continues to develop its Natural Gas Project of Urucu,
which will allow the distribution system to transport gas
to Porto Velho for additional gas-fired electricity genera-
tion units.

There is movement to bring LNG to Brazil. In November
1998, Petrobras and Royal Dutch/Shell Group formed a
joint venture to develop a regasification terminal about
20 miles south of Recife at Suape port in Pernambuco
state. It will be South American’s first LNG regasifica-
tion terminal [28]. The $200 million terminal is sched-
uled for completion by 2003 with an annual capacity of
1.5 million metric tons. Shell and Petrobras are looking
to Trinidad and Tobago and Nigeria LNG projects for
potential supplies.

Much of the increase in Brazil’s natural gas consumption
will be used to fuel gas-fired electricity generation.
According to the Sao Paulo state government, gas
demand for power generation is expected to grow from
virtually nothing at the present to more than 500 million
cubic feet per day by 2003, accounting for all of the

“more than 1 billion cubic feet per day in shipments
slated to reach Sao Paulo” [29]. Many plants are either
under construction or in the planning stages. AES Corp
recently began constructing a 600-megawatt gas-fired
plant at Uruguaiana in Brazil’s Rio Grande do Sul state
[30]. The $250 million plant should be completed by the
end of 2000, using gas imported from Argentina through
a 273-mile pipeline currently under construction. Con-
struction of a $400 million, 800-megawatt gas-fired plant
near Sao Paulo, Brazil, by Entergy Power Group will
begin in 2000, with completion scheduled for mid-2002
[30]. Entergy is also discussing plans for a second plant
in the state of Rio de Janeiro. Brazil’s Coelba is planning
to build a 240-megawatt gas-fired plant in either Bahia
or Rio Grande do Norte for an estimated $100 million.
The company will determine where the plant will be
built, based on the package of subsidies and fiscal incen-
tives each state government is willing to offer.

In Peru, the Camisea and Aguaytia natural gas fields
represent important potential sources of natural gas in
South America [23, pp. 182-183]. In June 1996, Shell
Exploration and Mobil Corporation signed a contract to
develop the Camisea gas fields discovered by Shell in
the 1980s. Estimates are that the Camisea fields contain
between 11 and 20 trillion cubic feet of natural gas,
which could supply Peru’s needs for more than 100
years.

In addition, several nearby natural gas finds announced
in 1998 strengthen the area’s potential as a long-term
source of natural gas from Peru. Unfortunately, the
Camisea fields are remotely located—some 800 miles
south of Lima—and the lack of a well-developed natural
gas infrastructure has delayed the development of the
reserves. Plans were to have Camisea in full production
by 2010, but Shell and Mobil removed themselves from
developing the estimated $3 billion project on July 15,
1998, saying they could not commit to phase 2 of the pro-
ject under the government’s terms. The two companies
were asking the Peruvian government to increase the
gas price to $2.45 per million Btu, which the government
declined to do [31]. Peru now plans to tender a
three-stage project for Camisea in early 1999 [32]. The
tenders will include developing the Camisea fields; con-
structing processing facilities; building a pipeline from
the fields to the coast; and organizing the gas distribu-
tion system. The Peruvian government expects to see
gas deliveries to Lima begin in 2003 [33].

Development of the Camisea and Aguaytia fields has
the potential of making Peru a net energy exporter by
the beginning of 2000 [23, pp. 182-183]. The completion
of the 155-megawatt gas-fired Aguaytia power plant in
May 1998 means that Peru is now generating 7 percent of
its electricity with gas. The power plant was built by
Maple Companies of Dallas, Texas and PanEnergy at a
cost of about $254 million.
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In Chile, the competition between the two Argen-
tina-to-Chile pipeline projects, Gas Atacama (controlled
by the U.S. CMS Energy and Chile’s Endesa) and
Norandino (controlled mostly by Belgium’s Tractebel)
continued in 1998. Gas Atacama has already secured 212
million cubic feet per day in contracts of its 300 million
cubic feet per day capacity, mostly with its subsidiary,
Nopel [34]. The state-run Chuquicamata copper mine is
among the new customers it now hopes to pick up.

Power company Electroandina plans to bring its first
two 400-megawatt gas-fired units into operation over
the next 18 months. Along with Gas Atacama’s
710-megawatt Nopel plant and a transmission line from
Argentina being built by the Gener electricity company,
a serious oversupply of electricity could develop in
northern Chile’s 1,200-megawatt grid.

Asia

Natural gas markets in Asia had mixed reactions to the
Southeast Asian economic downturn that began in the
spring of 1997. Many planned gas projects have been
delayed or scaled back, most notably projects in hard-hit
Thailand and Indonesia, although signs of gas demand
growth are evident in China and India. In the IEO99 ref-
erence case, natural gas consumption in all of Asia is
expected to maintain a healthy growth rate of 5.9 percent
per year over the 24-year projection period. Gas use
more than triples, reaching 34 trillion cubic feet in 2020,
from the 1996 level of 9 trillion cubic feet (Figure 39).

Figure 39. Natural Gas Consumption in Asia by
Region, 1970-2020
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Industrialized Asia

Natural gas use in the countries of industrialized Asia
rises from 3.3 trillion cubic feet in 1996 to 5.5 trillion

cubic feet in 2020. The bulk of the increment is attributed
to increases in gas demand in Japan, most of it in the
form of LNG. Japan is the world’s largest importer of
LNG. In 1997, the country imported 58 percent of the
world’s LNG, some 47 million metric tons [2, p. 28]. In
the short term, Japan’s demand for LNG is expected to
be dampened by the country’s economic recession; how-
ever, several long-term plans to import LNG continued
in 1998 (see box on page 49). Japan’s Osaka Gas signed
an agreement with Oman LNG Company for the supply
of 0.7 million metric tons per year of LNG over a 25 year
period beginning at the end of 2000 [35]. Last year Osaka
imported 5.3 million metric tons of LNG.

There are substantial natural gas reserves in Australia.
Not surprisingly, 98 percent of the industrialized Asian
gas production can be attributed to this country [46].
Australia exports about one-third of the natural gas pro-
duced in the form of LNG. Most of Australia’s LNG is
exported to Japan, but the United States, Turkey, and
Spain have also imported LNG from Australia in recent
years.

Australia has plans to expand its LNG production,
including proposals to develop the Gorgon LNG
resources for export to China’s Guangdong province, as
well as a plan to build a domestic LNG plant in Western
Australia to supply gas to the West Kimberley region for
power generation in remote towns such as Broome and
Derby and in remote mining locations [44, 45]. Both pro-
jects are still in the planning stages. China has said it is
committed to building an LNG demonstration project in
Guangdong, but it has not committed to purchasing
LNG from Australia, which would be necessary to jus-
tify construction of the Gorgon project.

Developing Asia

Although some of the major emerging markets of devel-
oping Asia—including South Korea, Thailand, and
Indonesia—are still in economic recession, natural gas
developments in China and India seemed to be moving
forward strongly at the end of 1998. China is poised to
bring LNG to its southeastern Guangdong province and
is discussing plans to pipe natural gas from Russia.
Indeed, IEO99 projects China’s natural gas use to grow
14-fold from 1996 to 2020. Prospects for gas use in India
are also optimistic in the IEOQ99 forecast. In 1998, after
several years of indecision, India’s Petronet secured sev-
eral supply contracts for LNG for its two LNG
regasification projects, and Enron arranged LNG sup-
plies for its Dabhol power plant.

China is becoming increasingly interested in pursuing
the development of a natural gas infrastructure as it
becomes more and more dependent on crude oil imports
and as pollution problems resulting from heavy reliance
on coal use worsen. Beijing is studying plans for several
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The Status of Worldwide Liquefied Natural Gas

Low world oil prices, combined with reduced demand
for natural gas to fuel electric power generation in the
industrial sectors of key LNG consumers Japan and
South Korea, has adversely affected LNG producers
and threatened economic prospects for industry devel-
opment. Both Japan and South Korea have had to cut
back on the amount of LNG they planned to import.
With many LNG contract prices gauged to world oil
prices, LNG producers must reevaluate the economic
feasibility of continuing with plans to build or expand
LNG facilities.

Despite these problems, LNG exporters have, in many
cases, continued to develop and expand their plants
and have been able to attract new customers for their
product. In particular, in the last quarter 1998 several
LNG supply agreements were made for gas-fired pro-
jects in India, and China now appears ready to begin
development of its first LNG regasification facility in
Guangdong province.

The Asian recession has led to several delays and cut-
backs in LNG supplies for Japan and South Korea.
Korean Gas Company and Japan’s Osaka Gas
requested in 1998 that Pertamina allow them to tempo-
rarily reduce their LNG offtake [36]. Under long-term
contract, Korea Gas had committed to purchasing 5.2
million metric tons of LNG per year and Osaka Gas 3.0
million metric tons per year. Even though both con-
tracts contained take-or-pay clauses, Pertamina agreed
to temporary reductions, provided both firms buy the
shortfalls once demand begins to grow again. Similar
arrangements were made with Petronas of Malaysia
[37].

Pertamina was especially hard hit because of its high
dependence on Japanese and South Korean LNG cus-
tomers. The Indonesian state oil and gas company esti-
mated that its LNG exports would decrease by more
than 4 percent in 1998 because of reduced demand in
Japan and South Korea [36]. In 1998, Pertamina’s total
LNG exports declined from 523 to 501 shipments.

Dependence on South Korea and Japan in LNG mar-
kets has posed difficulties for industry expansion pro-
grams. The debt of Qatar’s RasGas—still planned for
completion in 1999—was downgraded in December
1998 by the U.S. ratings agency, Moody’s Investors Ser-
vice [38]. Moody’s cited its fear of a “damaging gas
demand slowdown in the project’s biggest buyer coun-
try, Korea.” The agency is also concerned that the pri-
vatization of Korea’s natural gas industry might
adversely affect the demand for LNG, and that sus-
tained low world oil prices to which LNG prices are
tied might make it unprofitable to operate RasGas.

Japanese LNG buyers announced that they expected to
take between 5 and 10 percent less LNG than their
annual contracted volumes of about 54 million metric
tons in 1999 [37]. The three largest Japanese utili-
ties—Tokyo Electric (Tepco), Tokyo Gas, and Osaka
Gas—currently are negotiating with Malaysia’s
Petronas, Indonesia’s Pertamina, and other suppliers
to determine how large their volume reductions for
1999 might be. Although Japan actually increased its
imports between 1997 and 1998, the number of LNG
cargoes it contracted with Pertamina was reduced by
four.

Several planned LNG facilities are facing delays,
including Australia’s Darwin Il and Gorgon projects
and Indonesia’s Tangguh, all of which were expected
to begin operating in 2003 [39]. Russia’s 6.0 million
metric ton per year Sakhalin Il, Yemen’s 5.2 million
metric ton facility, and Canada’s 3.5 million metric ton
Pac-Rim LNG may also be delayed from their original
construction timetables.

Still, in the midst of the problems associated with the
traditional Asian LNG markets, new markets are
resulting in several new supply opportunities for LNG
producers. India is proving to be a particularly good
outlet for LNG exports, and the country completed
several LNG supply agreements at the end of 1998.
Oman LNG signed a 20-year supply and purchase
agreement with Enron to supply 1.6 million metric tons
of LNG to Enron’s Dabhol power plant in the western
Indian state of Maharastra [40]—the first LNG contract
to be signed in India and the first LNG contract in Asia
signed with an independent power project. In fact,
with the Dabhol purchase, capacity on the Oman LNG
project, which is scheduled to begin delivery in April
2000, was completely sold out, although the majority of
the LNG is slated to go to South Korea’s Kogas (4.1 of
the total 6.4 million metric tons per year) and Japan’s
Osaka Gas (0.7 million metric tons) [41].

Qatar’s Ras Laffan (RasGas) signed a 7.5 million metric
ton per year supply contract with India’s Petronet in
December 1998 [37]. In September, RasGas won the
Petronet tender to supply 5 million metric tons of LNG
to India’s Dahej, Gujarat, and 2.5 million metric tons to
Cochin, Kerala [42]. In addition, India’s West Bengal
state is reported to have begun lobbying Petronet for a
new LNG facility at Haldia.

The Yemen LNG project was scheduled to begin oper-
ating in 2001, but that completion date is likely to be
delayed [42]. In May 1998, BG UK Holdings Ltd. (a sub-
sidiary of British Gas International) and the Yemen

(continued on page 50)
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LNG Company announced an agreement for Yemen
LNG to supply 2.65 million metric tons of LNG per
year (with the possibility of an increase to 5.3 million
metric tons per year) for a 25-year period [43]. BG will
use the LNG for its planned LNG terminal at Pipavav
in India’s Gujarat state. Deliveries are expected to
begin some time between mid-2002 and mid-2003 [42].
Yemen LNG is also actively seeking customers in Tai-
wan, Turkey, and Lebanon, as well as Japan and South
Korea.

In Australia, two projects may boost the country’s LNG
industry. One is a proposal submitted to the Western
Australian government in November 1998 by Wood-
side Energy Ltd. and Energy Equity Corporation to
build an LNG plant that would serve remote towns
and mining sites in Western Australia [44]. The plant
would provide natural gas to the West Kimberley
region and would be used for electric power genera-
tion in towns such as Broome, Derby, and Halls Creek,
as well as in remote mining sites [42]. The $70 million
facility would be constructed at Port Hedland. Gas for
the project would be supplied from Woodside’s North
West Shelf fields.

The second potential Australian project is the Gorgon
LNG facility. Originally scheduled for completion in
2003, the project has been delayed largely because of
problems in identifying enough potential customers
[39, 45]. In October 1998, however, China and Australia
announced intentions to build China’s first LNG facil-
ity to serve southern China’s Guangdong province
[45]. The proposed demonstration project would
involve an initial supply of 3 million tons of LNG and
make it economically possible for Australia to move
forward with its Gorgon project.

Nigeria LNG Ltd. is expected to complete its two-train
Bonny Island LNG plant and begin deliveries in Octo-
ber 1999 [42]. Expansion of the facility would raise the
LNG output from 5.9 million metric tons per year to 8.7
million metric tons per year. Long-term contracts for
Bonny Island LNG have already been established with
Italy’s ENEL, Spain’s Enegas, Turkey’s Botas, and Gaz
de France. The consortium members, however, are cur-
rently considering expanding Bonny Island by about
45 percent within the next 4 years.

natural gas pipeline projects with Russia. Gazprom
Board Chairman Rem Vyakhirev stated that Russia
planned to supply China with between 1.1 and 1.3 bil-
lion cubic feet of natural gas per year from Western Sibe-
ria [47]. The timetable for construction has not been
announced.

In October 1998, China and Australia announced inten-
tions to build China’s first LNG facility to serve southern
China’s Guangdong province [45]. The proposed dem-
onstration project would involve an initial supply of 3
million metric tons of LNG and make it economically
possible for Australia to move forward with its Gorgon
project. The experimental LNG project at Guangdong
would be built near Shenzhen just north of Hong Kong.
It would cost an estimated $600 million and is expected
to be completed by 2005 [48]. A detailed plan of the pro-
jectis to be submitted in April 1999. An estimated 80 per-
cent of the first 3 million tons of LNG are to be used for
electricity generation. After 2 to 3 years, however,
another 2 million tons of capacity would be added for
residential and industrial use. There are additional pro-
posals for two other terminals: one in Fujian province
(north of Guangdong) and one in Shanghai. When com-
pleted in 2010, the three plants would require up to 15
million tons of LNG.

In India, Enron arranged the supply of 1.2 million tons
per year of LNG for a 20-year period from Oman LNG

[49]. Supplies are expected to begin in 2001 with the
completion of the 1,624-megawatt phase 2 of the com-
pany’s Dabhol power plant in the western Indian state of
Maharashtra (Dabhol’s 826-megawatt phase 1 will be
fueled initially on naphtha or distillate, but the entire
project will use natural gas once phase 2 is completed).
Construction of the LNG import terminal along with
regasification facilities at Dabhol began at the end of
1998 [50].

When completed and operating at full capacity, the
Dabhol project will need 2 million tons of LNG per year.
Beyond the supplies already secured from Oman LNG,
additional supply may come from Qatar, where Enron
has proposed its own LNG liquefaction plant to be com-
missioned in 1999 near the existing Qatargas and
RasGas plants.

There are also plans to build two regasification terminals
in India. The joint venture Petronet (set up by Indian
state firms GAIL, ONGC, IOC, and BPCL) is developing
one 5 million ton per year LNG terminal at Dahej (in the
western state of Gujarat) and a 2.5 million ton per year
LNG terminal at Cochin (in the southern province of
Kerala) [51]. Both terminals will import LNG from Mobil
Corporation and Qatar’s RasGas. Although final details
of the supply agreement must be worked out, RasGas is
expected to supply India with 7.5 million tons of LNG
per year over a 20-year period [52]. First deliveries of the
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LNG are expected to begin in 2002. Petronet is also con-
sidering constructing a third terminal at Mangalore, and
India’s Foreign Investment Board approved a proposal
to construct an LNG terminal in Kakinada on the eastern
coast in September 1998 [39]. British Gas International
and the Yemen LNG Company signed a memorandum
of understanding to begin the Pipavav LNG project in
Guijarat with initial deliveries planned by mid-2003.

The success of these LNG projects will have an impact
on the development of natural gas projects throughout
India. Plans to develop a 1,900-megawatt gas-fired
Kayamkulam stage-1l project in the southern Indian
state of Kerala will be carried out only if an LNG supply
can be secured [53]. The success of negotiations with the
Mobil and RasGas consortium of Qatar makes it more
likely that the Kayamkulam stage-11 will be constructed.
The first 115-megawatt unit of the 350-megawatt
Kayamkulam stage-I project of National Thermal Power
Corporation—to be fueled by naphtha—began trial runs
in November 1998.

The economic troubles of Southeast Asia have had a
dampening affect on natural gas development in South
Korea. The state-owned gas importer and supplier,
Korean Gas Corporation (Kogas), recently revised
downward its projections of LNG imports from 14.16 to
12.96 million metric tons in 1999 [54]. Most of the reduc-
tions are attributed to the electric power sector. Korean
Electric Power Company (Kepco), the country’s electric
power company, has informed Kogas it would like to
reduce its planned LNG purchases for the period of 1999
to 2003 by 30 percent. As a result, Kogas has negotiated
delivery delays under existing contracts and has scaled
back spot market purchases.

Because Kogas is committed to purchase LNG under a
number of medium- to long-term take-or-pay contracts,
there is pressure to speed expansion of the country’s gas
transmission infrastructure so that the gas can be redi-
rected from electricity generation to residential, com-
mercial, and industrial uses (Figure 40). Kogas has
existing contracts with Brunei, Malaysia, and Indonesia,
as well as two new 25-year contracts of 4 million metric
tons each with Qatar’s Ras Laffan and Oman’s LNG pro-
ject, which are scheduled to begin in 1999 and 2000,
respectively.

Natural gas from Myanmar’s (formerly Burma) Yadana
field started flowing to Thailand for the first time on July
30, 1998, on a trial basis—one month behind the original
schedule [55]. The pipeline from the offshore field in the
Gulf of Martaban to Thailand becomes the second
cross-border pipeline in Asia after the Malay-
sia-Singapore line. In October, Thailand had to postpone
commercial gas deliveries until April 1999, some 8
months behind the original schedule [56]. The Petro-
leum Authority of Thailand (PTT) was supposed to

begin receiving Yadana gas in July 1998. However, com-
pletion of the entire 1,800 megawatt Ratchaburi plant
will be between 8 and 9 months behind original sched-
ules. PTT is trying to avoid the heavy contractual penal-
ties under its 30-year take-or-pay contract with the
Yadana consortium. Since July 30, PTT has only been
able to take delivery of 5 million cubic feet per day of the
65 million cubic feet per day initial rate stipulated in the
Yadana supply contract. Under the contract, PTT was
committed to gradually raising its imports of Yadana
gas to 525 million cubic feet per day 15 months after pro-
duction began in July 1998. PTT has wanted to pay only
for the amount of gas it actually receives. It was bound
by the contract to also pay for undelivered gas at the end
of the year.

Indeed, Thailand has had to scale back many of the pro-
jects it had undertaken prior to the economic recession
that has followed the floating and then collapse of the
national currency, the baht, in July 1997. The project
delays are, in part, attributed to lowered gas demand
than expected before the recession, but project develop-
ment is also hindered by constraints on public finance
imposed by agreements made with the International
Monetary Fund for foreign currency loans to support

Figure 40. South Korea’s Natural Gas Pipeline
Infrastructure, 1998

F— Existing Pipelines

Pipelines Planned
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Sea of Japan

Source: International Energy Agency, Natural Gas Informa-
tion 1997 (Paris, France, 1998), p. IV.31.
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Thailand’s external accounts. As a result, funding for gas
infrastructure construction has been reduced substan-
tially. PTT reduced planned expenditures by about 30
percent to $2.23 billion (U.S.) for 12 projects to be devel-
oped between 1998 and 2006 [57] (Table 13).

PTT has decided to postpone indefinitely a planned
trunk line that was to run from Unocal’s Erawan gas
field in the Gulf of Thailand to Ratchaburi [58]. The
trunk line was to become the third in the Gulf of Thai-
land and was intended to bring natural gas from new
fields, particularly those in the Malaysia-Thailand Joint
Development Area, an offshore area in the southern
Gulf jointly administered by Malaysia and Thailand.
Other projects dropped include the Pailin to Songkhla
and Songkhla to Yala projects, as well as the Surat Thani
to Krabi and South Bangkok projects.

Middle East

Natural gas reserves in the Middle East are second only
to those in the FSU region. As of January 1, 1999, Middle
East reserves accounted for 1,750 trillion cubic feet [59].
Middle Eastern gas use is expected to grow by 2.9 per-
cent annually over the 24-year projection period,
increasing from 5.4 trillion cubic feet in 1996 to 10.9 tril-
lion cubic feet in 2020 (Figure 41). Gas is presently
exported as LNG through projects in Abu Dhabi, Qatar,
and Oman, but several pipeline projects have been pro-
posed or are under development to supply gas to Asian
countries such as India and Pakistan, as well as to West-
ern European countries using Turkey as a transit.

Almost one-half of the Middle East’s gas reserves (812
trillion cubic feet) are in Iran, where many natural gas
projects moved ahead in 1998. In August, the National

Figure 41. Natural Gas Consumption in the Middle
East, 1996-2020
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Sources: 1996: Energy Information Administration (EIA),
International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1999).

Iranian Oil Company announced that 43 oil and gas pro-
jects worth over $5 billion would be opened to interna-
tional firms on a “buyback” basis [60].> More than 70
companies responded to the buyback offers.

A $2 billion project to develop Iran’s South Pars gas and
condensate field was proposed by a consortium of
France’s Total, Malaysia’s Petronas, and Russia’s
Gazprom in 1997, but the project was opposed by the
United States as a violation of the Iran-Libya Sanctions
Act, which imposes sanctions against companies that
invest more than $20 million in energy ventures in the
two countries [61]. In May 1998, the United States agreed

Table 13. Petroleum Authority of Thailand Natural Gas Pipeline Plan, 1998-2006

Project

| Scheduled Completion Date

Cost (Million Baht)

From Pailin Field (offshore) . . . . . . .. ... .. ... ...
JDA to Erawan
Midline compressor with platform and extension pipe
Rayong to Bang Pakong
RatchaburitoWang Noi. . . . . . ... ... ... ......
Ratchaburi-Wang Noi to South Bangkok power plant. . . . . .
Joining Benjamas Field and Tantawan Field . . . . . . . . ..
From Parallel Pipeline to Thap Sa Kae power plant
FromJDAto Songkhla . . . . .. ... ... ... ......
From Songkhla to Yala (Thai-Malaysian border) . . . . . . ..
From Khanom gas separation plant to Surat Thani. . . . . . .
From Surat Thani plantto Krabiplant. . . . .. .. .. .. ..

1999-2000 2,460
End of 2003 24,740
End of 2000 8,222
End of 2000 9,331
May 2000 10,660
Construction delayed indefinitely 4,190
Mid-1999 535
End of 2006 9,172
End of 2000 5,729
End of 2000 2,830
End of 2002 2,508
End of 2004 6,239

Source: “Thai Planning Bolstered by More Gas Reserves,” Financial Times: Asia Gas Report, No. 15 (August 1998), p. 25; and
“Economic Woes, Sagging Demand Slow Thai Gas Pipeline Projects,” Oil & Gas Journal, Vol. 96, No. 46 (November 16, 1998), pp.

27-34.

5Because of Iran’s constitutional ban on foreign companies owning any of its oil and gas reserves, the companies would finance the
energy projects and receive resulting repayment for their investment with oil and gas production.
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to waive the U.S. sanctions, and gas production from the
project is expected to begin in June 2001, providing 2 bil-
lion cubic feet per day to Iran’s domestic gas pipeline
network [62].

Turkey has one of the fastest developing gas markets in
the world. Its natural gas use has more than doubled
over the past 6 years, from 122 billion cubic feet in 1990
to 277 billion cubic feet in 1996 [63]. The country has
spent the past decade securing gas suppliers. In 1987, the
former Soviet Union began providing natural gas
through a pipeline completed in that year and running
from the Bulgarian border to Istanbul and then to
Ankara [64, p. 269]. In 1993, both Algeria and Qatar
began supplying the country with LNG. And in 1996
Turkey signed a contract with Iran for the construction
of a gas pipeline from Iran and about 88 billion cubic feet
of natural gas per year beginning in 1999.

In October 1998, Turkey signed a 30-year preliminary
agreement to buy natural gas from Turkmenistan by
way of a 1,050-mile trans-Caspian pipeline [65]. Royal
Dutch/Shell and Enron Corporation are preparing feasi-
bility studies for exporting Turkmen gas to Turkey
either through Iran or through the Caspian Sea, then
crossing Azerbaijan and Georgia. The U.S. Government
is opposed to a route through Iran.

Oman LNG announced that construction of a $2 billion
plant at Qalhat will begin at the end of 1999, with two
trains each with a capacity of 3.3 million tons per year
[35]. In addition to a contract to supply Osaka Gas with
0.7 million tons of LNG per year for a 25-year period,
Oman secured a 4.1 million ton per year gas supply
agreement with Korea Gas Corporation (Kogas), with
deliveries scheduled to begin in April 2000, and signed
an agreement to supply 1.2 million tons per year to
Enron’s Dabhol Power Project in western India, with
options to increase the amount to 1.6 million tons per
year [66]. Earlier plans to supply Thailand with LNG
were canceled when Thailand’s projections for energy
demand fell as a result of the Southeast Asian economic
recession.

Abu Dhabi is attempting to expand its gas production
for use in electricity generation and for use in injection in
its oil fields to increase oil recovery. CMS Energy was
chosen to build Abu Dhabi’s first privately owned elec-
tric power plant, the $770 million Al Taweelah A2 [64, p.
295]. Construction on the gas-fired project is scheduled
to begin early in 1999, and it should be fully operational
by August 2001. The emirate exports gas through its Das
Island LNG project, mostly to Japanese customers,
which account for over 5 million tons of LNG per year in
contracts [64, p. 17]. There were plans to increase the Das
Island capacity by some 200 billion cubic feet, but the
Asian economic crisis makes it unlikely that the plans
will go ahead in the short term.

Africa

Natural gas consumption in Africa is projected to rise
from 1.8 trillion cubic feet in 1996 to 3.3 trillion cubic feet
in 2020, an increase of 2.7 percent per year (Figure 42).
Almost 92 percent of the continent’s gas reserves are
contained in only four countries: Algeria, Nigeria, Libya,
and Egypt.

Figure 42. Natural Gas Consumption in Africa,
1996-2020
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Sources: 1996: Energy Information Administration (EIA),
International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1999).

Algeria has the largest natural gas reserves in Africa,
with an estimated 131 trillion cubic feet. Most of the gas
produced in the country is exported to Europe through
two existing pipelines: the Transmed—which runs from
Algeria’s Hassi R’Mel field through Tunisia to
Italy—and the Maghreb-Europe—which also runs from
the Hassi R’Mel field through Morocco to Spain’s Seville
and to Portugal. In addition to Italy and Tunisia, Algeria
is able to supply natural gas to Slovenia through the
Transmed pipeline [64, p. 126].

Algeria also has a substantial number of LNG export
contracts worldwide. It currently supplies France, Bel-
gium, Spain, Italy, Turkey, Greece, and the United States
with varying amounts of LNG. LNG plants at Arzew,
Bethioua, and Skikda have all been renovated, increas-
ing capacity at the three plants from 1.1 to 1.2 trillion
cubic feet per year.

Nigeria has an estimated 35 percent of Africa’s natural
gas proven reserves, about 120 trillion cubic feet [67]. At
present, about 75 percent of the natural gas Nigeria pro-
duces (during oil production) is flared [64, p. 126]; how-
ever, several projects are underway to reduce the
amount of flared gas, including schemes to increase
domestic gas use, pipe gas to surrounding countries,
export LNG to Europe and Turkey, and develop a
gas-to-liquids project. The elimination of gas flaring in
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Nigeria would have reduced its total carbon emissions
by half, or by about 13 million metric tons, in 1996.

Royal Dutch/Shell’s Shell Nigeria Limited plans to dou-
ble the domestic use of natural gas within the next 5
years in Nigeria. The company plans to invest $38.7 mil-
lion in local gas projects, including 68 miles of gas distri-
bution pipelines. Shell recently signed to supply 80
million cubic feet of gas per day to Global Energy &
Refining Nigeria.

Nigeria completed the first phase of its three-phase
Escravos project in 1997. The $550 million project gath-
ers and processes 165 million cubic feet of natural gas
per day, all of which is consumed in Nigeria. The second
phase will be for the export of 120 million cubic feet of
gas per day to the West African Gas Pipeline (WAG). By
the time the final phase—which is expected to capture
another 300 million cubic feet per day—is completed,
Nigeria will have almost entirely eliminated gas flaring.

Nigeria’s Bonny LNG project is expected to go on line in
2000, and 20-year supply contracts have already been
signed with Gaz de France (14 billion cubic feet per
year), Spain’s Enagas (56 billion cubic feet per year), and
Turkey’s Botas (42 billion cubic feet per year). The $4.5
billion project consists of two liquefaction trains, export
infrastructure, and a gas transmission system with a
capacity of 254 billion cubic feet [64, p. 126].

The proposed WAG project moved a step closer to
becoming a reality in 1998 as Chevron and the
state-owned Nigeria National Petroleum Corporation
signed a 20-year, 14.6 billion cubic feet per year contract
to supply gas to a power plant in Ghana [68]. Construc-
tion on the $200 million, 220-megawatt power plant is
expected to begin early in 1999. The 625-mile WAG line
is not expected to be completed before 2001, and until
that time, the power plant in Ghana will be fueled with
crude oil supplied by Chevron.

Chevron and South Africa’s Sasol are working to
develop a gas-to-liquids facility that would use some of
the gas from the Escravos project’s final phase. The plant
would convert natural gas into middle distillates such as
jet fuel, diesel, and kerosene, and into intermediate
feedstocks. Chevron and Sasol estimate that they could
use 200 million cubic feet of feedstock gas per day to pro-
duce 20,000 barrels of diesel and other middle distillates
per day. The project is still in the planning stages, how-
ever, and no time frame has been released.

References

1. NewsEdge Corporation, “Germany’s Firm Wins
Auction To Buy Gazprom Shares,” web site www.
newspage.com (December 21, 1998).

10.

11.

12.

13.

14.

15.

16.

17.

18.

British Petroleum Company, BP Statistical Review of
World Energy 1998 (London, UK, June 1998), p. 20.

Energy Information Administration, Annual Energy
Outlook 1999, DOE/EIA-0383(99) (Washington, DC,
December 1998).

For information about specific projects, see Energy
Information Administration, “Natural Gas Pipeline
and System Expansions,” Natural Gas Monthly,
DOE/EIA-0130(97/04) (Washington, DC, April
1997).

Phillips Business Information, “Mexico Generating
Interest,” Energy Markets (January 1999), p. 16.

“Winners and Losers From Europe’s New
$2.7-Billion Pipeline Networks,” World Gas Intelli-
gence, Vol. 10, No. 20 (October 30, 1998), p. 6.

Gaz de France, “Construction of the Hauts-de-
France Gas Trunk Line Begins” (press release, July
29, 1997), web site www.gazdefrance.com.

. “Eyes on UK Gas Imports,” Financial Times: Interna-

tional Gas Report, Vol. 359 (October 30, 1998), pp.
14-15.

. Standard & Poor’s Platt’s, World Energy Service: Euro-

pean Outlook (Lexington, MA, June 1998), p. 264.

“UK Confirms Stance Against Gas-Fired Power,”
World Gas Intelligence, Vol. 10, No. 20 (October 30,
1998), p. 5.

“Norway Signs Its First Italian Gas Deal,” World Gas
Intelligence, Vol. 8, No. 2 (January 24, 1997), p. 1.

International Energy Agency, Natural Gas Informa-
tion 1997 (Paris, France, 1998), p. IV.16.

“Gas Sector Set To Gain, As German Government
Turns Against Nuclear,” World Gas Intelligence, Vol.
10, No. 20 (October 30, 1998), p. 4.

“Gas ‘Key’ to lberian Energy Future,” Financial
Times: International Gas Report, VVol. 355-356 (Septem-
ber 4, 1998), pp. 7-8.

“Key Spanish Accord Under Scrutiny,” Financial
Times: International Gas Report, VVol. 359 (October 30,
1998), pp. 8-9.

“Spain Leads the Way in Continental Gas Libera-
tion,” World Gas Intelligence, Vol. 9, No. 16 (March 30,
1998), p. 6.

“LNG Terminal Options Go In,” Financial Times:
International Gas Report, Vol. 359 (October 30, 1998),
p. 21.

“Ruhrgas Still Gazprom Stake Frontrunner,” Finan-
cial Times: International Gas Report, VVol. 361 (Novem-
ber 27, 1998), p. 4.

54 Energy Information Administration/ International Energy Outlook 1999



19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Energy Information Administration, Country Analy-
sis Briefs: Uzbekistan, web site www.eia.doe.gov/
emeu/cabs/uzbek.html (December 1997).

Energy Information Administration, Country Analy-
sis Briefs: Ukraine, web site www.eia.doe.gov/
emeu/cabs/ukraine.html (September 1998).

Energy Information Administration, Country Analy-
sis Briefs: Russia, web site www.eia.doe.gov/
emeu/cabs/russia.html (September 1998).

D. Brower, “Needing a Good Privatization,” Petro-
leum Economist, VVol. 65, No. 9 (September 1998), pp.
30-31.

Standard & Poor’s DRI, Latin American Outlook 1998
(Lexington, MA, 1998), p. 37.

NewsEdge Corporation, “Uruguay, Argentina Inau-
gurate First Gas Pipeline,” web site www.newspage.
com (October 26, 1998).

“Bolivians Find Roadblock on the Way to Brazil,”
World Gas Intelligence, Vol. 9, No. 18 (September 30,
1998), p. 10.

“Exports to Argentina To End,” Financial Times:
International Gas Report, VVol. 364 (January 8, 1999), p.
33.

“Bolivia-Brazil Gas Pipeline: Investment Opportu-
nities,” web site www.brazil-in-action.gov.br (July
22,1998).

“Shell, Petrobras Sign LNG Deal,” The Oil Daily, Vol.
48, No. 216 (November 10, 1998), p. 7.

“Sao Paulo Gas Demand To Soar; Amount Depends
on Comgas Sale,” Latin American Energy Alert, VVol. 5,
No. 21 (September 21, 1998), p. 9.

“Boom in Gas-Fired Projects,” Financial Times: Inter-
national Gas Report, Vol. 359 (October 30, 1998), pp.
36-37.

“Peru To Retender Camisea Early Next Year,” World
Gas Intelligence, VVol. 9, No. 14 (July 30, 1998), p. 1.

“Peru Opens Data Room; Begins Setting Terms for
Camisea Project,” Latin American Energy Alert, VVol. 5,
No. 21 (September 21, 1998), p. 7.6.

“Peru Eyes Delaying Camisea,” The Oil Daily, Vol.
48, No. 217 (November 12, 1998), p. 8.

“Gas Atacama Holds Open Season in Bid To Sew Up
Northern Market,” Latin American Energy Alert, VVol.
5, No. 21 (September 21, 1998), p. 6.

“Oman LNG Seals Osaka Deal,” Financial Times:
International Gas Report, Vol. 359 (October 30, 1998),
p. 24.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

“Outlook for Indonesian LNG Exports Dismal,”
web site www.pertamina.com/vol3_6.htmI#LNG
(November 3, 1998).

“Stagnant Japanese LNG Demand Will Extend Into
1999, May Worsen,” World Gas Intelligence, Vol. 9,
No. 23 (December 18, 1998), pp. 3-4.

“Moody’s Downgrades Qatar’s RasGas,” Financial
Times: International Gas Report, VVol. 362-363 (Decem-
ber 11, 1998), p. 9.

Energy Information Administration, “Liquefied
Natural Gas (LNG) Fact Sheet” (Washington, DC,
October 1998), web site www.eia.doe.gov/emeu/
cabs/Ing.html.

“OLNG Clinches Indian ‘First’,” Financial Times:
International Gas Report, Vol. 362-363 (December 11,
1998), p. 23.

“Oman LNG Sold Out, May Now Win Race Into
India,” World Gas Intelligence, VVol. 9, No. 23 (Decem-
ber 18, 1998), p. 2.

“LNG Production, Supply Deals Proliferate,” Oil &
Gas Journal, Vol. 96, No. 51 (December 21, 1998), pp.
36-37.

British Gas, “MOU Signed Between Yemen LNG
and BG for Pipavav Project,” press release (May 5,
1998), web site www.bgplc.com/press/pr-046.html.

Woodside Petroleum, “Woodside and Energy
Equity Propose Domestic LNG Plant,” press release
(November 17, 1998), web site www.woodside.
com.au.

Dow Jones, “China/First LNG Project - 2: Slated for
Guangdong by 2005,” press release (October 30,
1998).

International Energy Agency, World Energy Outlook
1998 (Paris, France, November 1998), p. 243.

NewsEdge Corporation, “Russia To Supply Large
Volume of Gas to China,” web site www.
newspage.com (November 19, 1998).

“ASIA—China, Too, Finally Opens Door To LNG,”
World Gas Intelligence, VVol. 9, No. 22 (November 13,
1998), p. 1.

“Enron Signs Agreement with Oman LNG,” Finan-
cial Times: Asia Gas Report, VVol. 17 (October 1998), pp.
14-15.

“Dabhol LNG Work To Start,” Financial Times: Inter-
national Gas Report, VVol. 355-356 (September 4, 1998),
p. 21.

“GdF To Partner Petronet,” Financial Times: Interna-
tional Gas Report, Vol. 359 (October 30, 1998), pp.
26-27.

Energy Information Administration/ International Energy Outlook 1999 55



52. “Petronet Selects Mobil and RasGas for LNG Supply
in India,” Alexander’s Gas & Oil Connections, Vol. 3,
No. 25 (October 27, 1998), web site www.
gasandoil.com.

53. “NTPC Project Moves Ahead,” Financial Times: Inter-
national Gas Report, VVol. 358 (October 16, 1998), p. 24.

54.“South Korea’s Uncertainties,” Financial Times: Asia
Gas Report, Vol. 16 (September 1998), pp. 2-5.

55. “Burma’s Yadana Gas Flows to Thailand,” Financial
Times: Asia Gas Report, Vol. 15 (August 1998), pp.
22-24.

56. “Thai Burma Gas Woes Deepen,” Financial Times:
International Gas Report, Vol. 358 (October 16, 1998),

pp. 6-7.

57.“Thai Planning Bolstered by More Gas Reserves,”
Financial Times: Asia Gas Report, Vol. 15 (August
1998), pp. 24-25.

58. “PTT Ponders Its Options,” Financial Times: Asia Gas
Report, Vol. 17 (October 1998), p. 7.

59. “Worldwide Look at Reserves and Production,” Oil
& Gas Journal, Vol. 96, No. 52 (December 28, 1998),
pp. 38-39.

60. “lIran Opens Foreign Oil and Gas Tender,” Alexan-
der’s Gas & Oil Connections, VVol. 3, No. 23 (September
28, 1998), web site www.gasandoil.com.

61. “Is ILSA a Whip or a Whim?” Alexander’s Gas & QOil
Connections, Vol. 3, No. 13 (April 24, 1998), web site
www.gasandoil.com.

62. “lran’s Flagship Gas Scheme Makes Stuttering Prog-
ress,” World Gas Intelligence, Vol. 9, No. 12 (June 26,
1998), p. 2.

63. Energy Information Administration, International
Energy Annual 1996, DOE/EIA-0219(96) (Washing-
ton, DC, February 1998).

64. Standard & Poor’s DRI, World Energy Service:
Africa/Middle East Outlook (Lexington, MA, April
1998).

65. “Turks/Turkmens Set Gas Accord,” Financial Times:
International Gas Report, Vol. 360 (November 13,
1998), p. 9.

66. “Mideast’s First Private Power Plant Awarded,
Oman May Be Next,” World Gas Intelligence, Vol. 10,
No. 20 (October 30, 1998), p. 10.

67. “Shell Plans Gas Expansion,” Financial Times: Inter-
national Gas Report, VVol. 355-356 (September 4, 1998),
p. 19.

68. “Ghana Deal Raises Prospects for West African Gas
Line,” World Gas Intelligence, VVol. 10, No. 20 (October
30, 1998), p. 3.

56 Energy Information Administration/ International Energy Outlook 1999



Coal

Coal’s share of world energy consumption falls slightly in the IEO99 forecast.
Coal continues to dominate many national fuel markets in developing Asia,
but it is projected to lose market share to natural gas in some other areas of the world.

Historically, trends in coal consumption have varied
considerably by region. Despite declines in some
regions, world coal consumption has increased from 84
quadrillion British thermal units (Btu) in 1985 to 93 qua-
drillion Btu in 1996. Regions that have seen increases in
coal consumption include the United States, Japan, and
developing Asia. Declines have occurred in Western
Europe, Eastern Europe, and the countries of the former
Soviet Union. In Western Europe, coal consumption
declined by 30 percent (on a Btu basis) between 1985 and
1996, displaced in considerable measure by growing use
of natural gas and, in France, by nuclear power. The
countries of Eastern Europe and former Soviet Union
(EE/FSU) saw an even sharper decline in coal use dur-
ing the period (a 39-percent decline), primarily the result
of reduced economic activity.

Although coal has lost market share to petroleum prod-
ucts, natural gas, and nuclear power, it continues to be a
key source of energy, especially for electric power gener-
ation. In 1996, coal accounted for 25 percent of the
world’s primary energy consumption (down from 27
percent in 1985) and 38 percent of the energy consumed
worldwide for electricity generation (Figure 43).

Figure 43. Coal Share of World Energy
Consumption by Sector, 1996 and 2020
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Office of Energy Markets and End Use, International Energy
Annual 1996, DOE/EIA-0219(96) (Washington, DC, February
1998). Projections: EIA, World Energy Projection System
(1999).

In the International Energy Outlook 1999 (IEO99) forecast,
coal’s share of total energy consumption falls only
slightly, from 25 percent in 1996 to 23 percent in 2020. Its
historical share is nearly maintained, because large
increases in energy use are projected for the developing
countries of Asia, where coal continues to dominate
many national fuel markets. Together, two of the key
countries in the region, China and India (Figure 44), are
projected to account for 33 percent of the world’s total
increase in energy consumption over the forecast period
and 90 percent of the world’s total increase in coal use
(on a Btu basis).

Figure 44. Coal Share of Regional Energy
Consumption, 1970-2020
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

With the exception of China, coal for electricity genera-
tion will account for virtually all the projected growth in
coal consumption worldwide. In the non-electricity sec-
tors, other energy sources—primarily, natural gas and
electricity—are expected to gain market share. In China,
however, coal continues to be the primary fuel in a rap-
idly growing industrial sector, in view of the nation’s
abundant coal reserves and limited access to alternative
sources of energy. Consumption of coking coal is pro-
jected to decline slightly in most regions of the world as
a result of technological advances in steelmaking,
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increasing output from electric arc furnaces, and contin-
uing substitution of other materials for steel in end-use
applications.

Because the Kyoto Protocol is not currently a legally
binding agreement, the IEO99 projections do not reflect
the commitments made by the signatory countries to
reduce or moderate their emissions of greenhouse gases.
If their commitments do become legally binding, how-
ever, it is likely that the coal outlook for the industrial-
ized countries will differ substantially from the IEO99
projections (see box below). In IEO99, coal consumption
in the industrialized countries is projected to increase by
12 percent over the forecast period, rising from 35.8 qua-
drillion Btu in 1996 to 40.0 quadrillion Btu in 2020.

The recent Asian financial crisis has a direct impact on
the IEO99 projections. The crisis has led to a substantial
devaluation of currencies in many of the countries of
developing Asia, as well as in the industrialized coun-
tries that depend on export markets in the region. As a
result, many projects to build coal-fired power plants in
Asia have been delayed or canceled, and patterns of
international coal trade have changed significantly.

Highlights of the IEO99 projections for coal are as
follows:

=World coal consumption is projected to increase by
2.4 billion tons, from 5.2 billion tons in 1996 to 7.6 bil-
lion tons in 2020 (Figure 45).6 World coal consump-
tion in 2020 could be as high as 9.2 billion tons or as

In astudy completed in October 1998, the Energy Infor-
mation Administration (EIA) projected that for the
United States to meet its Kyoto emissions target,
annual U.S. coal consumption would need to be
reduced by as little as 20 percent or by as much as 80
percent (on a tonnage basis) by 2010, relative to a refer-
ence case forecast without the Kyoto carbon emissions
constraints [1, Table B16]. In the study’s reference case,
U.S. coal consumption was projected to rise from 896
million short tons in 1996 to 1,181 million short tons in
2010.

The largest reduction in coal consumption was pro-
jected in a case that assumed the United States would
be required to reduce its carbon emissions to 7 percent
below the 1990 level through fuel switching, increased
penetration of energy-efficient technologies, and
reductions in overall energy use. Other cases modeled
in the study assumed that the United States would
meet its Kyoto emissions target through a combination
of actions such as fuel switching, emissions trading,
joint implementation, reforestation, and reductions in
emissions of other greenhouse gases.

As a result of higher projected delivered energy prices
in the carbon reduction cases for the EIA’s 1998 study,
both the overall intensity of energy (units of energy
consumed per dollar of gross domestic product) and
the levels of economic activity were lower, leading to
reductions in total energy consumption. Consumption
levels for both coal and petroleum products were
lower in the carbon reduction cases than in the refer-
ence case, whereas projected consumption levels for
natural gas, renewable energy, and nuclear power
were higher.

Impacts of the Kyoto Protocol on the U.S. and Japanese Energy Markets

However severe the case, coal was the major “swing
fuel” for making adjustments relative to Kyoto targets.
In the least severe case completed for the EIA study,
U.S. carbon emissions from the combustion of fossil
fuels were permitted to be 24 percent above the 1990
level in 2010—still a reduction from the study’s refer-
ence case, in which U.S. carbon emissions in 2010 were
projected to be 33 percent higher than in 1990.

In mid-1998, the Advisory Committee for Energy—an
advisory body to Japan’s Ministry of International
Trade and Industry (MITI)—released a forecast show-
ing how Japan could meet its Kyoto emissions target
[2]. Their study concluded that coal consumption in
Japan would need to be 14 percent lower (on a tonnage
basis) in 2010 than in a business-as-usual case. Interest-
ingly, their Kyoto scenario indicated that only the sup-
ply of renewable energy would be higher. The
committee projected that the supply of petroleum
products, natural gas, liquefied petroleum gas (LPG),
and coal would all be lower in 2010 than in their busi-
ness-as-usual case, with nuclear and hydropower
remaining the same.

Much of the projected reduction in carbon emissions in
the Japanese study was based on assumed increases in
energy efficiency and shifts away from energy-inten-
sive activities. A Kyoto study completed by the WEFA
Energy Group in 1998 projected that Japan’s steam coal
consumption would have to be 28 percent lower (on a
Btu basis) in 2010 than it would be in a reference case
forecast with no restraints on carbon emissions if
Japan’s commitments under the Kyoto Protocol were
to be met [3].

6Throughout this chapter, tons refers to short tons (2,000 pounds).
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Figure 45. World Coal Consumption in Three
Cases, 1970-2020
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

low as 5.7 billion tons, based on alternative assump-
tions about economic growth rates.”

=Coal use in developing Asia alone is projected to
increase by 2.4 billion tons. China and India, taken
together, are projected to account for 33 percent of
the total increase in energy consumption worldwide
between 1996 and 2020 and 90 percent of the world’s
total projected increase in coal use, on a Btu basis.

=China is projected to add more than 220 gigawatts of
new coal-fired generating capacity by 2020 and India
approximately 60 gigawatts.

=Coal’s share of the world’s total primary energy con-
sumption is expected to decline from 25 percent in
1996 to 23 percent in 2020. The coal share of energy
consumed worldwide for electricity generation also
declines, from 38 percent in 1996 to 34 percent in
2020.

=World coal trade is projected to increase from 530
million tons in 1997 to 659 million tons in 2020,
accounting for approximately 9 to 10 percent of total
world coal consumption over the period. Steam coal
(including coal for pulverized coal injection at blast
furnaces) accounts for most of the projected increase
in world coal trade.

Environmental Issues

In future years, coal will face tough challenges, particu-
larly in the environmental area. Increased concern about
the harmful environmental impacts associated with coal
use has taken a toll on coal demand throughout industri-
alized areas. Coal combustion produces several air pol-
lutants that adversely affect ground-level air quality.

One of the most significant pollutants from coal is sulfur
dioxide, which has been linked to acid rain. Many of the
industrialized countries have implemented policies or
regulations to limit sulfur dioxide emissions. Such poli-
cies typically require electricity producers to switch to
lower sulfur fuels or invest in technologies (primarily
flue gas desulfurization (FGD) equipment) that reduce
the amounts of sulfur dioxide emitted. China, the
world’s largest emitter of sulfur dioxide, has been suc-
cessful in reducing ambient sulfur dioxide levels in
major urban areas in recent years but has been unable to
restrain the growth of sulfur emissions overall (see box
on page 60).

A recent study completed by the International Energy
Agency reported that most of the coal-fired capacity in
Southeast Asian countries is not fitted with FGD equip-
ment, primarily because of cost but also because most
plants in the region currently use low-sulfur coal [4]. The
study concludes that public concern over pollution in
Southeast Asia is likely to increase as living standards
rise, but at present the emphasis is on increasing electric-
ity generation to satisfy demand and ensure economic
growth.

In late 1998, approximately 5,000 villagers in southern
Thailand staged a protest against plans for three new
coal-fired power plants in the region [5]. Although the
plants are being designed to burn imported low-sulfur
coal, residents living nearby were under the impression
that locally produced, high-sulfur lignite was to be used.
Many people living in close proximity to the Mae Moe
lignite-fired plant in northern Thailand have suffered
serious respiratory problems attributed to high levels of
sulfur dioxide emissions.

In addition to sulfur dioxide, increased restrictions on
emissions of nitrogen oxides, particulates, and carbon
dioxide are likely, especially in the industrialized coun-
tries. Although the potential magnitudes and costs of
additional environmental restrictions for coal are uncer-
tain, it seems likely that costs for coal-fired generation
will increase. The costs of natural-gas-fired generation

7In the IEO99 reference case, world gross domestic product (GDP) is projected to increase at a rate of 2.9 percent per year between 1996
and 2020. In the low and high economic growth cases, world economic growth rates are assumed to be 1.3 percent lower and 1.2 percent
higher, respectively, than in the reference case. By region, the dispersion in economic growth rates across the cases is less symmetrical than
for the world as a whole, resulting in slightly asymmetrical variations in the projections of world coal consumption. In the low and high eco-
nomic growth cases, the expected economic growth rates for China are 3.0 percent lower and 1.5 percent higher, respectively, than in the ref-

erence case.
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China: Emissions of Sulfur Dioxide and Particulates

Sulfur dioxide (SO,) and particulates are considered by
many environmental experts in China to be the ambi-
ent air pollutants of gravest concern. In 1995, SO, emis-
sions in China were estimated at 20.8 million tons, and
particulate emissions totaled 23.3 million tons (see fig-
ure). By comparison, SO, emissions in the United States
were estimated at 18.6 million tons in 19952 and partic-
ulate emissions totaled 3.3 million tons [6]. Coal is esti-
mated to be the source of approximately 90 percent of
China’s SO, emissions and 70 percent of its particulate
emissions [7].

Emissions of Sulfur Dioxide and Particulates in
China, 1985-1995
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Source: National Environmental Protection Agency
(NEPA), Peoples Republic of China, China Environmental
Yearbook (various issues).

Although China’s SO, emissions are similar to those in
the United States, the direct use of coal in China in the
industrial and residential sectors within or in close
proximity to urban areas has created serious health
problems inits major cities. As recently as 1996, five cit-
ies in China (Beijing, Shenyang, Xi’an, Shanghai, and
Guangzhou) were ranked among the world’s ten worst
for air pollution [8, p. VIII-3].

Mortality data for China indicate that 17 percent of the
deaths in China’s urban areas are due to acute and
chronic respiratory illnesses [8, p. VIII-3]. This is sub-
stantially higher than the 7-percent share estimated for
urban areas in the United States. According to a World
Bank study completed in 1997, an estimated 178,000
people in China’s major cities suffer early deaths each
year because of ambient pollution levels in excess of
China’s standards [9, p. 19].

In China, SO, emissions originate from a wide range of
industrial sources, including power plants, which
account for approximately one-third of China’s total
sulfur emissions, and the production of chemicals,
building materials, and metals, which, taken together,
account for an additional 20 percent of total sulfur
emissions [8, p. VII1-2].°> The consumption of coal for
residential heating and cooking also accounts for about
20 percent of total SO, emissions. The widespread dis-
persion of point sources in China makes it more com-
plicated than in other countries to reduce emissions
through stack emission controls. In most countries, a
relatively small humber of centralized power plants
account for the majority of total SO, emissions. At pres-
ent, very little of China’s manufacturing or generating
plants are fitted with FGD equipment.

Particulate emissions originate primarily from the
same sources that emit sulfur dioxide. The key indus-
trial source of particulates is the building materials sec-
tor, accounting for almost 25 percent of total emissions,
followed by power plants (approximately 20 percent)
and ferrous metals (approximately 8 percent) [8, p.
VI11-3]. The nonindustrial sectors, primarily residen-
tial, account for more than 25 percent of China’s total
emissions of particulates.

To date most efforts at reducing emissions in China
have focused on the control of particulates, primarily
those associated with such noncombustion processes
as grinding, crushing, and sorting. Between 1986 and
1995, the average concentration of particulates in
China’s top ten populous cities declined from 636
micrograms per cubic meter (ug/m3) to 300 pg/ms3 (see
figure). During the same period, the share of total par-
ticulate emissions originating from noncombustion
sources fell from 50 percent to 30 percent [8, Table
VII-2].

Improvements in ambient SO, levels have been rela-
tively steady but less impressive than those for
particulates. Between 1986 and 1995, the average
annual SO, concentration for the ten most populous cit-
ies in China declined from 149 pg/m3to 91 pg/ms3. The
most recent levels, however, continue to exceed the 50
pug/m3 guideline for sulfur dioxide set forth by the
World Health Organization.

The Chinese government recognizes the need to
reduce pollution further, particularly in urban areas.

(continued on page 61)

aAccording to the U.S. Environmental Protection Agency, 87 percent of U.S. sulfur dioxide emissions in 1995 resulted from the
combustion of energy fuels in the electricity generation, industrial, commercial, and residential sectors. The remaining portion
originated from industrial processes (9 percent) and the use of fuels for transportation (4 percent).

bBased on data collected for 1993.
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Ambient Air Quality for China’s Ten Most
Populous Cities, 1985-1995
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Source: National Environmental Protection Agency
(NEPA), Peoples Republic of China, China Environmental
Yearbook (various issues).

China: Emissions of Sulfur Dioxide and Particulates (Continued)

Many new laws and regulations to protect the environ-
ment have been promulgated in recent years, and vari-
ous programs to control pollution, such as emission
fees and pollution trading schemes, have been tested.
A recently enacted program to reduce pollution levels
in Beijing requires that all boilers using high-sulfur
coal switch to a cleaner fuel such as natural gas or
low-sulfur coal, and that building sites be walled off to
contain fugitive dust from construction activities [10].
Additional means for reducing air pollution, both on-
going and under consideration, include: (1) encour-
aging investments in coal preparation facilities
(noncombustible materials in coal contribute to in-
creased emissions of particulates); (2) encouraging
retrofits of electrostatic precipitators at existing coal-
fired power plants; (3) encouraging industrial facilities
to locate away from urban areas; (4) implementing
additional government policies to encourage invest-
ments in less energy-intensive industries; and (5)
encouraging households to switch from the use of raw
coal for heating and cooking to cleaner burning fuels
such as natural gas or coal briquettes [8, p. VI1II-3; 9, pp.
50-51].

are not likely to be affected as much. For nuclear and
hydropower, which compete with coal for baseload
power generation, the future is unclear. Proposals have
been put forth in several of the developed countries to
phase out nuclear capacity in full or in large measure. In
other countries, it has become difficult to site new capac-
ity because of unfavorable public reaction. The siting of
new large hydroelectric dams is also becoming more dif-
ficult because of increased environmental scrutiny. In
addition, suitable sites for new large hydropower pro-
jects are limited.

By far the most significant emerging issue for coal is the
potential for a binding international agreement to
reduce emissions of carbon dioxide and other green-
house gases. On a Btu basis, the combustion of coal pro-
duces more carbon dioxide than that of natural gas or of
most petroleum products [11, Table B1]. Carbon dioxide
emissions per unit of energy obtained from coal are
nearly 80 percent higher than from natural gas and
approximately 20 percent higher than from residual fuel
oil—the petroleum product most widely used for elec-
tricity generation. In the IEO99 forecast, carbon emis-
sions are projected to rise between 1990 and 2010 in
many countries, including increases of 33 percent for the
United States, 17 percent for Japan, and 9 percent for
Western Europe (Figure 46). On the other hand, carbon
emissions for the former Soviet Union are projected to be
33 percent lower in 2010, and emissions in Eastern

Europe are projected to be 10 percent lower. Ratification
of the Kyoto Protocol could have a substantial adverse
impact on coal, particularly in the United States, which
relies heavily on coal to meet its energy needs and faces
relatively severe cutbacks in carbon emissions from
those currently projected for 2010 (Figures 46 and 47).

In the IEO99 forecast, coal continues to be the second
largest source of carbon emissions, accounting for

Figure 46. Projected Cumulative Growth in World
Carbon Emissions by Region, 1990-2010
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Source: Energy Information Administration, World Energy
Projection System (1999).
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Figure 47. Coal Share of Total Carbon Emissions
by Region, 1996 and 2010

Developing Asia

Eastern Europe

Australasia

United States

Japan

Former Soviet Union

Canada

Western Europe
Other Developing Countries
Mexico

39%
Total World 36%

0 20 40 60 80 100
Percent

Sources: 1996: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Energy
Annual 1996, DOE/EIA-0219(96) (Washington, DC, February
1998). 2010: EIA, World Energy Projection System (1999).

36 percent of the world total in 2020. Oil, at 39 percent
in 2020, remains the largest source of carbon emissions,
and natural gas accounts for almost all the remaining
portion. By country, the world’s dominant coal consum-
ers—the United States and China—were also the top
two contributors to world carbon emissions in 1996, at
24 percent and 13 percent of the world total, respectively
(Figure 48). By 2020, however, the U.S. share of world
carbon emissions is projected to decline to 20 percent,
while China’s share increases to 21 percent. The substan-
tial increase in carbon emissions in China over the
period is attributable to expectations of strong economic
growth and the country’s continuing reliance on coal as
its primary source of energy.

Reserves

Total recoverable reserves of coal around the world are
estimated at 1,088 billion tons—enough to last another
210 years at current production levels (Figure 49).8
Although coal deposits are widely distributed, 60 per-
cent of the world’s recoverable reserves are located in
three regions: the United States (25 percent); FSU (23
percent); and China (12 percent). Another four coun-
tries—Australia, India, Germany, and South Africa—
account for an additional 29 percent. In 1996, these seven
regions accounted for 81 percent of total world coal pro-
duction [12, Table 2.5].

Quiality and geological characteristics of coal deposits
are other important parameters for coal reserves. Coal is
a much more heterogeneous source of energy than is oil
or natural gas, and its quality varies significantly from
one region to the next and even within an individual

Figure 48. Regional Shares of World Carbon
Emissions, 1996 and 2020
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Sources: 1996: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Energy
Annual 1996, DOE/EIA-0219(96) (Washington, DC, February
1998). 2020: EIA, World Energy Projection System (1999).

coal seam. For example, Australia, the United States, and
Canada are endowed with substantial reserves of pre-
mium coals that can be used to manufacture coke.
Together, these three countries supplied 85 percent of
the coking coal traded worldwide in 1997 (see Table 15,
below).

At the other end of the spectrum are reserves of low-Btu
lignite or “brown coal.” Coal of this type is not traded to
any significant extent in world markets, because of its
relatively low heat content (which raises transportation
costs on a Btu basis) and other problems related to

Figure 49. World Recoverable Coal Reserves
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Note: Data represent recoverable coal reserves as of
January 1, 1997.

Source: Energy Information Administration (EIA), Office of
Energy Markets and End Use, International Energy Annual
1997, DOE/EIA-0219(97) (Washington, DC, March 1999),
Table 8.2.

8Recoverable reserves are those guantities of coal which geological and engineering information indicates with reasonable certainty can
be extracted in the future under existing economic and operating conditions.
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transport and storage. In 1996, lignite accounted for 19
percent of total world coal production (on a tonnage
basis) [12, Tables 2.5 and 5.4]. The top three producers
were Germany (206 million tons), Russia (106 million
tons), and the United States (88 million tons). As a
group, these countries accounted for 41 percent of the
world’s total lignite production in 1996. On a Btu basis,
lignite deposits show considerable variation. Estimates
by the International Energy Agency for coal produced in
1996 show that the average heat content of lignite from
major producers in countries of the Organization for
Economic Cooperation and Development (OECD) var-
ied from a low of 4.3 million Btu per ton in Greece to a
high of 12.3 million Btu per ton in Canada [13, pp.
11.19-11.22].

Regional Consumption

Asia

The large increases in coal consumption projected for
China and India are based on an outlook for strong eco-
nomic growth (6.5 percent per year in China and 5.1 per-
cent per year in India) and the expectation that much of
the increased demand for energy will be met by coal,
particularly in the industrial and electricity sectors (Fig-
ure 50). The IEO99 forecast assumes no significant
changes in environmental policies in the two countries.
It also assumes that necessary investments in the coun-
tries’ mines, transportation, industrial facilities, and
power plants will be made.

Figure 50. World Coal Consumption by Region,
1980, 1996, and 2020

: Billion Short Tons

EN1980 EN1996 EN2020

Industrialized EE/FSU China and Other
Countries India Developing
Countries

Sources: 1980 and 1996: Energy Information Administration
(EIA), Office of Energy Markets and End Use, International
Statistics Database and International Energy Annual 1996,
DOE/EIA-0219(96) (Washington, DC, February 1998). 2020:
EIA, World Energy Projection System (1999).

Coal remains the primary source of energy in China’s
industrial sector, primarily because China has limited
reserves of oil and natural gas. In the non-electricity sec-
tors, most of the increase in oil use comes from rising
demand for energy for transportation. Growth in the
consumption of natural gas comes primarily from
increased use for space heating in the residential and
commercial sectors. A substantial portion of the increase
in China’s demand for both natural gas and oil is pro-
jected to be satisfied by imports.

In the electricity sector in China, coal use is projected to
grow by 4.0 percent a year, from 8.9 quadrillion Btu in
1996 to 22.9 quadrillion Btu in 2020. In comparison, coal
consumption by electricity generators in the United
States is projected to rise by 1.1 percent annually, from
18.0 quadrillion Btu in 1996 to 23.5 quadrillion Btu in
2020. One of the key implications of the substantial rise
in electricity coal demand in China is that large financial
investments in new coal-fired power plants and in the
associated transmission and distribution systems will be
needed. The projected growth in coal demand implies
that China will need approximately 375 gigawatts of
coal-fired capacity in 2020.° In 1996, China had approxi-
mately 154 gigawatts of fossil-fuel-fired (coal, oil, and
gas) generating capacity [12, Table 6.4].

In China, 62 percent of the total increase in coal demand
is projected to occur in the non-electricity sectors, for
steam and direct heat for industrial applications (pri-
marily in the chemical, cement, and pulp and paper
industries) and for the manufacture of coal coke for
input to the steelmaking process. Strong growth in steel
demand is expected in China as infrastructure and capi-
tal equipment markets expand.

In India, projected growth in coal demand occurs pri-
marily in the electricity sector. Between 1996 and 2020,
coal use for electricity generation in India is projected to
rise by 3.0 percent per year, from 4.4 quadrillion Btu in
1996 to 8.9 quadrillion Btu in 2020. This growth implies
that India will need approximately 130 gigawatts of
coal-fired capacity in 2020.1° In 1996, India’s total fos-
sil-fuel-fired generating capacity amounted to 70
gigawatts [12, Table 6.4].

In the remaining areas of developing Asia, a substantial
rise in coal consumption is expected over the forecast
period, based on projected strong growth in coal-fired
electricity generation in South Korea, Taiwan, and the
member countries of the Association of Southeast Asian
Nations (primarily Indonesia, Malaysia, the Philippines,
Thailand, and Vietnam). In the electricity sector, coal use
in the other developing countries of Asia (including

9Based on a 10-percent improvement in the average heat rate (or conversion efficiency) and a rise in the average capacity factor from

approximately 55 percent in 1996 to 65 percent by 2020.

10Based on a 10-percent improvement in the average heat rate (or conversion efficiency) and a rise in the average capacity factor from

approximately 50 percent in 1996 to 60 percent by 2020.
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South Korea) is projected to rise by 3.7 percent per year,
from 2.4 quadrillion Btu in 1996 to 5.7 quadrillion Btu in
2020.

With the exception of South Korea, electric utilities in the
countries of developing Asia are expected to add little in
the way of new coal-fired generating capacity over the
forecast period [14]. Rather, most of the new coal-fired
plants are to be built by independent power producers
(IPPs). While much of the planned new IPP capacity was
seen as a relatively sure bet a couple of years ago, the
recent financial crisis has caused delays and cancella-
tions of many of the projects planned or under construc-
tion [15].

The primary problems affecting IPP projects in the
region relate to the sharp devaluation of currencies and
the current economic crisis, which has caused a slow-
down in the growth of both economic output and energy
demand. Currency devaluations in the region have
proved to be problematic for IPP projects primarily
because of pressure being placed on them to accept
lower prices for their electricity than were originally
agreed to in their long-term contracts with electricity
distributors (typically national utilities) [16, 17, 18, 19].
Because most of the costs of IPP projects in the region are
based in U.S. dollars, the acceptance of lower prices by
project owners would mean lower or negative returns
on project investments. On the other hand, the electricity
distributors are not in a position to raise rates to end-use
consumers of electricity, because national governments
in the region typically have control over end-use prices
and are unwilling to grant requests for increases, given
the current economic crisis. Reduced expectations for
future growth in electricity demand also mean that less
new generating capacity will be needed than previously
expected, delaying or eliminating the need for some of
the planned IPP projects.

The profitability of the power plants owned and oper-
ated by state-owned utilities in the region also has been
adversely affected, because capital, operating, and
maintenance costs incurred by the utilities have gener-
ally risen by substantial amounts since the onset of the
regional economic crisis. Three main factors contribute
to the cost increases: (1) payments for imported fuels
usually are denominated in U.S. dollars and, thus, have
increased with recent devaluations in Asian currencies;
(2) equipment, much of which is imported, is denomi-
nated in U.S. dollars; and (3) interest payments have
increased because of a recent downgrading of bonds
issued by utilities in the region.

In Japan, coal consumption is projected to increase at a
much slower pace than in the other countries of Asia. In

the electricity sector, coal use is projected to rise at a rate
of only 1.1 percent per year, from 1.4 quadrillion Btu in
1996 to 1.8 quadrillion Btu in 2020. The projected
increase implies that Japan will need to build less than 10
gigawatts of new coal-fired generating capacity between
1996 and 2020. This is substantially different from the
most recent outlook provided by Japan’s Ministry of
International Trade and Industry, which projects the
need for 24 gigawatts of new coal-fired capacity between
1997 and 2008 [20]. The IEO99 projections show slightly
slower growth in Japan’s overall electricity demand and
stronger growth in natural-gas-fired electricity
generation.

Western Europe

In Western Europe, environmental concerns play an
important role in the competition among coal, natural
gas, and nuclear power. Recently, other fuels—particu-
larly natural gas—have been gaining an increasing eco-
nomic advantage over coal. Coal consumption in
Western Europe has declined by 35 percent over the past
7 years, falling from 927 million tons in 1989 to 600 mil-
lion tons in 1996. The decline was slightly smaller on a
Btu basis, at 28 percent, reflecting the fact that much of
the decline was accounted for by reduced consumption
of low-Btu lignite in Germany. The decline in coal con-
sumption is expected to continue over the forecast
period, but at a slower rate.

Between 1989 and 1996, German lignite production
declined by 247 million tons [12, Table 5.4]. The sharp
decline in German lignite production followed the con-
version from lignite-based town gas!! to natural gas in
the eastern states of Germany after reunification in 1990,
as well as substitution of natural gas and other fuels for
lignite in home heating [13, p. 11.201; 21]. A second factor
was the collapse of industrial output in the eastern
states. Reduced economic activity in eastern Germany
contributed to an 8.5-percent decline in total energy con-
sumption in Germany between 1988 and 1994. In the
IEO99 forecast, further declines in lignite production in
Germany are projected to be small in view of the com-
petitiveness of German lignite with other imported fuels
and planned investments to refurbish or replace existing
lignite-fired plants using best available combustion and
pollution control technologies. A new 900-megawatt lig-
nite plant to be built in the Rheinland area of Germany is
expected to be the most up-to-date lignite-based power
station in the world when it is completed in 2002, boast-
ing a 43-percent conversion efficiency [13, p. 1.189].

The recent trend in the consumption of hard coal in
Western Europe is closely correlated with the trend in

1l«Town gas” (or “coal gas™), a substitute for natural gas, is produced synthetically by the chemical reduction of coal at a coal gasification

facility.
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the production of hard coal.12 Following the closure of
the last remaining coal mines in Belgium in 1992 and
Portugal in 1994, only four member States of the Euro-
pean Union—the United Kingdom, Germany, Spain,
and France—continue to produce hard coal [22]. Since
1989, all four of these countries have seen their output of
hard coal decline. In Germany, Spain, and France, recent
agreements between the governments, mining compa-
nies, and labor unions on future coal production subsi-
dies indicate that further declines in output are
forthcoming. In the United Kingdom, production subsi-
dies have been phased out, forcing coal producers into
direct competition with North Sea gas and international
coal.

In the United Kingdom, hard coal production declined
from 111 million tons in 1989 to 56 million tons in 1996
[12, Tables 5.2 and 5.3]. Most of the decline resulted from
privatization in the electricity sector, which led to a
rapid increase in gas-fired generation at the expense of
coal [13, Table 3.3; 23, Table 3.3]. Substantial improve-
ments have been made in the country’s mining opera-
tions in recent years, with average labor productivity
rising from less than 1,000 tons per miner-year in 1989 to
2,600 tons per miner-year in 1996 [13, Table 6.5a].

Despite productivity improvements and domestic pro-
duction costs that are approaching parity with imported
coal, British coal producers continue to face an uncertain
future [24, p. 33]. Many coal contracts between produc-
ers and utilities negotiated before the privatization of
the coal industry in 1994 expired at the end of March
1998122, p. 21; 24]. In late 1997, initial negotiations on the
renewal of the contracts indicated a strong preference
among British utilities to switch from coal to natural gas.
The potential negative impacts on the British coal indus-
try and mining jobs prompted the issuance of a tempo-
rary moratorium on the construction of new gas-fired
generating plants by the British government [25, 26]. In
addition, Britain’s energy minister requested an analysis
of the nation’s power industry to evaluate how the
issues of fuel diversity and security of supply should be
considered in the approval process for new power pro-
jects. In 1996, electricity producers in the United King-
dom consumed 60 million tons of coal, representing 77
percent of the country’s total coal consumption [27].

The study—the Energy Review White Paper—was com-
pleted by the United Kingdom’s Department of Trade
and Industry in October 1998 [24]. The report considered
issues related not only to the diversity and security of
energy supply but also to the design, operation, and
structure of the electricity market. One of the key

findings of the review was compelling evidence that dis-
tortions in the country’s wholesale electricity market
(the electricity pool) are encouraging the displacement
of generation from existing plants with generation from
new gas-fired plants. The distortions were attributed to
several factors, including the following: (1) the bidding
process for the wholesale market allows small genera-
tors (e.g., new gas-fired plants) to bid a low price for
their generation, thus assuring that their plants will be
fully dispatched while receiving the price submitted by
the highest bidder (typically large generators with
coal-fired capacity) for each time period during the day;
and (2) inadequate competition, particularly in the
coal-fired generation sector, has led to prices in the
wholesale market that are higher than necessary. In
response to the study’s findings, the British government
has initiated a program of reforms in the electricity mar-
ket intended to create a more competitive environ-
ment—one in which existing coal-fired capacity will be
able to compete more effectively with generation from
new gas-fired plants.

Coal subsidies continue to support high-cost production
of hard coal in Germany, Spain,3 and France. For 1996,
the European Commission authorized coal industry
subsidies of $6,947 million in Germany, $1,116 million in
Spain, and $863 million in France [22, pp. 34-36].14 In
each country, the average subsidy per ton of coal pro-
duced exceeds the average value of imported coal (Table
14), and all three are currently taking steps to reduce
subsidy payments, acknowledging that some losses in
coal production are inevitable.

Germany’s hard coal production, which is highly subsi-
dized, declined from 88 million tons in 1989 to 58 million
tons in 1996 [12, Tables 5.2 and 5.3]. In March 1997, the
federal government, the mining industry, and the
unions reached an agreement on the future structure of
subsidies to the German hard coal industry. Subsidies to
the industry are to be reduced from DM10.5 billion in
1996 to DM5.5 billion by 2005, resulting in an estimated
decline in production to 33 million tons [13, pp.
1.193-1.194]. The agreement calls for the closure of 8 to 9
of Germany’s 19 hard coal mines, resulting in an esti-
mated decline in employment from 55,000 miners in
1996 to about 36,000 in 2005. In the IEO99 reference case,
increased imports of coal are expected to compensate for
a portion of the expected decline in output from indige-
nous mines.

In Spain, hard coal production declined from 29 million
tons in 1989 to 20 million tons in 1996 [12, Tables 5.2
and 5.3]. In 1997, an agreement reached between the

12Internationally, the term “hard coal” is used to describe anthracite and bituminous coal. In data published by the International Energy
Agency, coal of subbituminous rank is classified as hard coal for some countries and as brown coal (with lignite) for others. In data series
published by the Energy Information Administration, subbituminous coal production is included in the bituminous category.

Bn Spain, subsidies support the production of both hard coal and subbituminous coal.

141n 1ocal currencies, coal subsidies in 1996 were DM10.5 billion in Germany, Ptal41.4 billion in Spain, and FF4.4 billion in France.
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Table 14. Western European Coal Industry Subsidies, Production, and Import Prices, 1996

Coal Industry Average Subsidy Average Price per
Subsidies Hard Coal per Ton of Coal Ton of Coal
(Million 1996 Production Produced Imported
Country Dollars) (Million Tons) (1996 Dollars) (1996 Dollars)
Germany. . . . .. .. .. .. .. 6,947 57.9 $120 $43
Spain. . . ... ... 1,116 225 $50 $43
France . . . ... ......... 863 8.0 $108 $48

Sources: Coal Production Subsidies:

Directorate-General XVII—Energy, European Commission, The Market for Solid Fuels in

the Community and the Outlook for 1997, web site www.europa.eu.int (Brussels, Belgium, June 6, 1997); and U.S. Federal
Reserve Bank, “Foreign Exchange Rates (Annual),” web site www.bogfrb.fed.us (January 4, 1999). Production: Energy Informa-
tion Administration, International Energy Annual 1996, DOE/EIA-0219(96) (Washington, DC, February 1997). Average Price of

Coal Imports: International Energy Agency, Coal Information 1997 (Paris, France, September 1998).

government, labor unions, and the electricity sector
allows subsidized coal production to continue in Spain
through 2005, with output set to decline gradually to 15
million tons per year [13, pp. 1.195-1.196]. In the electric-
ity sector, the share of domestic coal that must be used in
power generation will be reduced from the current level
of about 40 percent to 15 percent. Spain’s coal mine labor
force will be reduced from 24,000 in 1996 to approxi-
mately 18,000 by 2005 through retirement and voluntary
separations.

In France, production of hard coal declined from 14 mil-
lion tons in 1989 to 8 million tons in 1996 [12, Tables 5.2
and 5.3]. A modernization, rationalization, and restruc-
turing plan submitted by the French government to the
European Commission at the end of 1994 foresees the
closure of all coal mines in France by 2005 [22, p. 36]. The
coal industry restructuring plan was based on a “Coal
Agreement” reached between France’s state-run coal
company, Charbonnages de France, and the coal trade
unions. Over the forecast period, consumption of hard
coal in Spain and France is expected to decline roughly
in accordance with the reductions in indigenous coal
production, as other fuels—primarily natural gas,
nuclear, and renewable energy—are expected to com-
pensate for most of the reduction in domestic coal

supply.

Coal use in other major coal-consuming countries in
Western Europe is projected either to decline or to
remain close to current levels. In the Scandinavian coun-
tries (Denmark, Finland, Norway, and Sweden), envi-
ronmental concerns and competition from natural gas
are expected to reduce coal use there over the forecast
period. The government of Denmark has stated that its
goal is to reduce the amount of coal use in the country’s
energy mix to 2 percent by 2030 [28]. In 1996, coal
accounted for 39 percent of the country’s total primary
energy supply [13, p. 11.172].

Italy’s coal consumption is projected to remain relatively
constant in the IEO99 forecast. Factors in favor of
increased coal use in Italy include: (1) a National Energy

Plan which states that coal is underutilized in the coun-
try’s energy mix; and (2) recent capital investments
(environmental and coal-handling equipment) at two of
the country’s multifuel-fired generating plants so as to
better accommodate the use of coal [13, p. 111.125; 27, sec.
11.8]. On the other hand, Italy has a strong environmen-
tal lobby and a strong oil and gas lobby, and current and
planned investments in gas pipeline infrastructure
promise to increase the supply of natural gas to Italy
substantially over the forecast period [27, sec. 11.8; 29].

Partly offsetting the declines in coal consumption else-
where in Europe is a projected increase in consumption
of indigenous lignite for electricity generation in Greece.
Under an agreement reached by the countries of the
European Union in June 1998, Greece committed to
capping its emissions of greenhouse gases by 2010 at 25
percent above their 1990 level [30]—much less severe
than the emissions target for the European Union as a
whole, which must reduce its emissions to 8 percent
below those in 1990 by 2010 [31].

Eastern Europe and the Former Soviet Union

In the EE/FSU countries, the process of economic
reform continues as the transition to a market-oriented
economy replaces centrally planned economic systems.
The dislocations associated with institutional changes in
the region have contributed substantially to declines in
both coal production and consumption. Coal consump-
tion in the EE/FSU region has fallen by 562 million tons
since 1988, reaching 885 million tons in 1996 [12, Table
1.4]. In the future, total energy consumption in the
EE/FSU is expected to rise, primarily as the result of
increasing production and consumption of natural gas.
In the forecast, coal’s share of total EE/FSU energy con-
sumption declines from 25 percent in 1996 to 13 percent
in 2020, and the natural gas share increases from 41 per-
cent in 1996 to 55 percent in 2020.

The three main coal-producing countries of the
FSU—Russia, the Ukraine, and Kazakhstan—are facing
similar problems. All three countries have developed
national programs for restructuring and privatizing
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their coal industries, but they have been struggling with
related technical and social problems. Of the three,
Kazakhstan has shown the most rapid progress, as many
of the country’s mines have been purchased and are now
operated by international energy companies [32].

In Russia and the Ukraine, efforts have been aimed pri-
marily at shutting down inefficient mines and transfer-
ring associated support activities—such as housing,
kindergartens, and health and recreation facilities—to
local municipalities. The closure of inefficient mines in
both countries has been slow, however, leading to
delays in the scheduled disbursement of money, via
loans, from the World Bank. In both countries,
coal-mining regions continue to wield considerable
political clout, putting pressure on the leadership via
strikes and their ability to influence election results [33,
34]. In late 1998, Prime Minister Yevgeniy Primakov
announced that privatization procedures in Russia’s
coal industry should be suspended [35]. He indicated
that “public stability [in the country] depends on the sit-
uation in the coal industry,” and that privatization
efforts have not led to the expected improvements in
productivity. To date, the World Bank has provided
$900 million in loan assistance to the Russian coal indus-
try and $150 million to the Ukraine [34, 36, 37, 38]. The
Bank plans to disburse an additional $400 million and
$150 million to the Russian and Ukrainian coal indus-
tries, respectively, when specific conditions of progress
are met.

The transfer of support activities from mining associa-
tions to local municipalities has also been problematic.
Most of the planned transfers in Russia and the Ukraine
have already occurred, but the municipalities do not
have sufficient funding [39]. Thus, the quality of health
care and other services in mining communities has dete-
riorated considerably. Even efficient mines in Russia
and the Ukraine are not without problems. Payment
arrears of large customers have been making it nearly
impossible for mines to pay workers and purchase
needed mining supplies and equipment [40].

Poland is the key coal producer and consumer in Eastern
Europe. In 1996, coal consumption in Poland totaled 179
million tons, 43 percent of Eastern Europe’s total coal
consumption for the year [12, Table 1.4]. Poland’s hard
coal industry produced 150 million tons in 1996, and lig-
nite producers contributed an additional 69 million tons
[12, Tables 5.2, 5.3, and 5.4]. In other Eastern European
countries, coal consumption is dominated by the use of
low-Btu subbituminous coal and lignite produced from
local reserves. In 1996, the region’s other important
coal-consuming countries were the Czech Republic (17
percent of the region’s total coal use), Romania (12 per-
cent), Serbia (10 percent), Bulgaria (8 percent), and Hun-
gary (5 percent). Eastern Europe relies heavily on local

production, with seaborne imports of coal to the region
totaling only 6 million tons in 1997 [41].

At present, Poland’s hard coal industry is operating at a
loss [42]. Over the past several years, a number of coal
industry restructuring plans have been put forth for the
purpose of transforming Poland’s hard coal industry to
a position of positive earnings, eliminating the need for
government subsidies. The most recent plan was
announced by Poland’s Ministry of the Economy in
April 1998. It calls for the closure of 24 of the country’s 50
unprofitable mines over the next 4 years, reducing the
total number of mines in Poland from 65 in 1998 to 41 by
2002. In addition, the restructuring plan aims to reduce
the number of miners by nearly one-half, from 245,000 in
1998 to 138,000 by 2002 [43]. The government hopes to
achieve most of the planned reduction in force through
normal retirements and voluntary separations. All min-
ers leaving the industry before retirement age (either
voluntarily or involuntarily) under the restructuring
program will receive financial compensation packages
and assistance in either moving to a new job or establish-
ing a business.

The Polish government projects that sales of hard coal
from domestic mines will decline from 100 million tons
in 1998 to 88 million tons by 2010 and to 77 million tons
by 2020. The World Bank has indicated its willingness to
loan the Polish government up to $1 billion over a 3-year
period to help cover the costs of the restructuring pro-
gram, including economic assistance for miners leaving
the industry [44]. The program assumes full liberaliza-
tion of coal pricing and complete liberalization of trade
in coal by the year 2000.

North America

In North America, coal consumption is concentrated in
the United States, which, at 983 million tons, accounted
for 93 percent of the regional total in 1996. By 2020, U.S.
coal consumption is projected to rise to 1,275 million
tons. With its substantial supplies of coal reserves, the
United States has come to rely heavily on coal for elec-
tricity generation and continues to do so over the fore-
cast. Coal provided 52 percent of total U.S. electricity
generation in 1996 and is projected to provide 49 percent
in 2020 [45]. To a large extent, EIA’s projections of
declines in both minemouth coal prices and coal trans-
portation rates are the basis for the expectation that coal
will continue to compete as a fuel for U.S. power genera-
tion. In Canada and Mexico (the other countries of North
America), coal consumption is projected to rise from 74
million tons in 1996 to 92 million tons in 2020.

Canada’s increased use of coal in the IEO99 forecast
results primarily from the expected retirement of some
of the country’s older nuclear units after 2010, and
the subsequent need to replace that generation [46].
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Between 2010 and 2020, Canada’s nuclear generation
is projected to decline by 22 percent. In addition, a

temporary decrease in Canada’s nuclear generation
results in some increase in coal consumption early in the
forecast. During the summer of 1997, Ontario Hydro
shut down 7 of its 19 nuclear reactors for major over-
hauls after the discovery of widespread safety and per-
formance problems [47]. Of the 7 units shut down, 4 are
located at the utility’s Pickering station and 3 at its Bruce
station [48, pp. 3-4]. Their combined capacity is 3.6
gigawatts.

As in other parts of the world, natural gas is expected to
be the fuel of choice for most new generating capacity in
Mexico. In 1996, Mexico consumed 14 million tons of
coal. Two coal-fired generating plants, operated by the
state-owned utility Comision Federal de Electricidad
(CFE), consume approximately 10 million tons of coal
annually [49], most of which originates from domestic
mines.

Currently, CFE has plans to switch its dual-fired
Petacalco plant, located on Mexico’s Pacific coast, from
oil to coal [50]. The plant has burned fuel oil since its
startup in 1995, but CFE wants to switch most, if not all,
of the plant’s six generating units to coal by sometime in
1999. The utility estimates that the 2.1-gigawatt plant
will require more than 5 million tons of imported coal
annually. A coal import facility adjacent to the plant,
with an annual throughput capacity of more than 9 mil-
lion tons, will serve both the power plant and a nearby
integrated steel mill [51].

Africa

In Africa, coal production and consumption are concen-
trated almost entirely in South Africa. In 1996, South
Africa produced 227 million tons of coal, 71 percent of
which was routed to domestic markets and the remain-
der to exports [12, Table 2.5]. South Africa ranks third in
the world in coal exports, behind Australia and the
United States, and is projected to maintain that position
over the forecast. South Africa holds the distinction of
being the world’s largest producer of coal-based syn-
thetic liquid fuels. In 1996, almost one-fifth of the coal
consumed in South Africa (on a Btu basis) was used to
produce coal-based synthetic oil, which in turn
accounted for more than one-fourth of all liquid fuels
consumed in South Africa during the year [13, 52].

For Africa as a whole, coal consumption is projected to
increase by 48 million tons between 1996 and 2020, pri-
marily to meet increased demand for electricity. Con-
tributing to the increase in electricity demand is South
Africa’s commitment to an aggressive electrification
program, which aims to increase the percentage of
households connected to the electricity grid from 44 per-
cent at the end of 1995 to 75 percent by 2000 [52, 53].

There are also substantial opportunities for trade in
electricity and natural gas between South Africa and
neighboring countries. New power transmission lines
have been completed or are planned to facilitate flows of
electricity between South Africa, Mozambique, Zimba-
bwe, Swaziland, and Namibia [52]. Such international
connections could open new markets for underutilized
or idle coal-fired power plants in South Africa.

Elsewhere in Africa, the completion of four additional
coal-fired units at Morocco’s Jorf Lasfar plant near Casa-
blanca should increase coal consumption there from
about 2 million tons in 1996 to more than 5 million tons
[54, 55]. When all units are completed, the plant is
expected to account for approximately one-third of
Morocco’s total power generation.

Central and South America

Coal has not been an important source of energy in Cen-
tral and South America, accounting for less than 6 per-
cent of the region’s total energy consumption since 1970.
In the electricity sector, hydroelectric power currently
meets much of the region’s electricity demand. Over the
forecast period, both hydropower and natural gas are
projected to fuel much of the projected increase in elec-
tricity generation.

In 1996, Brazil accounted for 67 percent of South Amer-
ica’s total coal demand (on a Btu basis), with Colombia,
Chile, and Argentina accounting for much of the
remaining portion. In Brazil, the steel industry accounts
for almost two-thirds of the country’s total coal con-
sumption, relying on imports of coking coal to produce
coke for use in its blast furnaces [13, p. I11.13]. In the fore-
cast, increased use of coal for steelmaking (both coking
coal and coal for pulverized coal injection) accounts for
much of the projected increase in Brazil’s coal consump-
tion [56]. New power projects in Colombia and Brazil
account for most of the remaining growth in coal con-
sumption projected for South America [57].

In Central America, petroleum products and hydro-
power are the key sources of primary energy consump-
tion (accounting for 70 and 24 percent of the total,
respectively, in 1996) [58]. The only coal consumption in
the region is a small quantity used in Panama for indus-
trial purposes [56, p. 65]. Coal use in the region is set to
increase somewhat, however, with the completion of a
120-megawatt coal-fired generating plant in Guatemala
in 1999 [59, 60]. The plant, being built by a consortium of
U.S. and Guatemalan companies, will be the first
coal-fired power plant in Central America.

Middle East

Turkey accounts for most of the coal consumed in the
Middle East. In 1996, a total of 72 million tons of coal was
consumed in Turkey, most of it low-Btu, locally
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produced lignite (approximately 7.3 million Btu per ton)
[12, Tables 2.5 and 5.4; 13, p. 11.21]. Over the forecast
period, Turkey’s coal consumption (both lignite and
hard coal) increases by 22 million tons, primarily to fuel
additional coal-fired generating capacity.

Israel and Iran accounted for most of the remaining 8
million tons of coal consumed in the Middle East in 1996
[12, Table 1.4]. Over the forecast, Israel’s coal consump-
tion is projected to rise by approximately 5 million tons
with the completion of two new coal-fired generating
plants between 1999 and 2005 [13, pp. I11.125 and 111.133;
61]. Israel’s state-owned utility, Israel Electric Corpora-
tion, estimates that coal-fired plants will meet approxi-
mately 60 percent of the country’s electricity needs in the
post-2000 period [62]. In Iran, approximately 1 million
tons of coal consumption has been met historically by
indigenous suppliers [12, Table 2.5]. In addition, Iran’s
National Steel Corporation imports approximately 0.5
million tons of coking coal annually [63, 64].

Trade

Overview

The amount of coal traded in international markets is
small in comparison with total world consumption. In
1997, world imports of coal amounted to 530 million
tons (Table 15 and Figure 51), representing 10 percent of
total consumption. By 2020, coal imports are projected to
rise to 659 million tons, accounting for a 9-percent share

Figure 51. World Coal Trade, 1985, 1997, and 2020
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Sources: 1985: Energy Information Administration (EIA),
Annual Prospects for World Coal Trade 1987, DOE/EIA-
0363(87) (Washington, DC, May 1987). 1997: International
Energy Agency, Coal Information 1997 (Paris, France, Sep-
tember 1998); Financial Times Energy Press, International
Coal Report, Coal Year 1998 (London, UK, May 1998); and
EIA, Quarterly Coal Report, October-December 1997, DOE/
EIA-0121(97/4Q) (Washington, DC, May 1998). 2020: EIA,
National Energy Modeling System, run IE099.D012099B.

of world coal consumption. Although coal trade has
made up a relatively constant share of world coal con-
sumption over time and should continue to do so in
future years, the geographical composition of trade is
shifting.

In recent years, international coal trade has been charac-
terized by relatively stable demand for coal imports in
Western Europe and expanding demand in Asia (Figure
52). Rising production costs in the indigenous coal
industries in Western Europe, combined with continu-
ing pressure to reduce industry subsidies, have led to
substantial declines in production there, creating the
potential for significant increases in coal imports; how-
ever, slow economic growth in recent years and
increased electricity generation from natural gas,
nuclear, and hydropower have curtailed the growth in
coal imports. Conversely, growth in coal demand in
Japan, South Korea, and Taiwan in recent years has con-
tributed to a substantial rise in Asian coal imports.

Figure 52. Production and Imports of Hard Coal by
Region, 1985, 1990, and 1997
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Sources: Energy Information Administration, Office of
Energy Markets and End Use, International Statistics Data-
base.

The recent worldwide financial crisis has introduced
some changes and uncertainties in international coal
markets, affecting trade patterns and prices from late
1997 to the present. In international markets, coal prices
are negotiated in U.S. dollars. Thus, as a result of recent
currency devaluations against the dollar, coal producers
in countries such as Australia and South Africa have
been able to lower their export prices substantially while
continuing to receive the same or higher prices in local
currencies [19, 48, 65].15 Their coal sales have conse-
quently increased, primarily at the expense of other

15Between May 1996 and August 1998, the Australian dollar lost 26 percent of its value compared with the U.S. dollar. Similarly, between
January 1996 and August 1998, the South African rand lost 42 percent of its value [66].
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Table 15. World Coal Flows by Importing and Exporting Regions, Reference Case, 1997, 2010, and 2020
(Million Short Tons)

Importers
Steama Coking P Total

Exporters Europec| Asia |America ‘|'ota| d Europec| Asia |America ‘|'ota| d Europec| Asia |America Total 9

1997
Australia . . . . . .. 8.6 71.2 1.2 81.1 158 67.4 4.6 923 244 1386 5.8 173.4
United States . . . . . 13.2 6.1 122 314 313 78 130 522 445 139 252 83.5
South Africa. . . . . . 38.3 17.6 1.3 633 03 3.0 2.2 6.3 38.6 20.6 3.5 69.6
Former Soviet Union . 5.4 2.4 0.0 115 4.0 3.2 0.0 6.3 9.4 5.6 0.0 17.8
Poland . . . ... .. 17.2 0.0 0.0 179 34 0.0 0.4 52 206 0.0 0.4 231
Canada . . ... ... 1.4 4.4 0.8 55 6.2 23.4 3.2 347 76 27.8 4.0 40.2
China. .. ...... 1.4 26.5 0.0 289 0.1 6.8 1.0 4.8 15 33.2 1.0 33.7
South America . . . . 27.0 0.0 7.8 308 0.8 0.2 0.1 22 278 0.2 7.9 33.0
Indonesia® . . . . .. 6.5 29.5 2.0 488 21 4.2 0.2 66 86 33.7 2.2 55.3
Total. . . ... ... 119.0 157.7 253 319.1 639 115.9 24.8 2104 1829 273.7 50.1 529.6

2010
Australia . . . .. .. 8.0 117.4 11 16.4 26.2 75.8 8.3 110.3 34.2 193.1 9.4 236.7
United States . . . . . 13.5 9.3 6.3 29.1 291 25 16.9 48.6 427 11.8 233 77.7
South Africa. . . . . . 48.8 24.9 2.2 76.0 0.0 51 0.0 51 488 30.0 2.2 81.0
Former Soviet Union . 7.7 2.8 0.0 105 33 2.2 0.0 55 11.0 5.0 0.0 16.0
Poland . . ... ... 8.0 0.0 0.0 80 36 0.0 0.0 3.6 117 0.0 0.0 11.7
Canada . . ... ... 2.9 4.8 0.1 78 0.9 30.0 4.7 356 3.8 34.8 4.8 43.4
China. .. ...... 0.0 37.0 0.0 370 00 6.1 0.0 6.1 0.0 43.1 0.0 43.1
South America . . . . 33.9 00 161 50.0 0.0 0.0 0.0 0.0 339 00 161 50.0
Indonesia® . . .. .. 7.3 52.0 0.0 593 0.0 0.0 0.0 00 73 52.0 0.0 59.3
Total. . . . ... .. 130.2 2482 258 4042 632 1217 299 2148 1933 3699 557 618.9

2020
Australia . . . . . .. 6.4 1305 0.3 137.2 256 79.1 103 1150 320 209.7 105 252.2
United States . . . . . 8.9 9.7 7.4 259 288 32 195 515 376 129  26.9 77.5
South Africa. . . . . . 36.2 37.3 2.5 76.0 0.0 4.6 0.0 46 36.2 41.9 2.5 80.6
Former Soviet Union . 7.7 3.9 0.0 11.6 3.3 2.2 0.0 55 11.0 6.1 0.0 17.1
Poland . . . ... .. 55 0.0 0.0 55 34 0.0 0.0 34 89 0.0 0.0 8.9
Canada . . ... ... 1.8 7.0 0.1 8.9 1.3 315 5.0 378 31 38.5 51 46.7
China. .. ...... 0.0 42.6 0.0 426 00 6.6 0.0 66 0.0 49.2 0.0 49.2
South America . . . . 39.5 00 181 575 00 0.0 0.0 0.0 395 00 181 57.5
Indonesia® . . . . .. 4.2 65.2 0.0 69.4 0.0 0.0 0.0 00 42 65.2 0.0 69.4
Total. . . . . . ... 110.2 296.1 283 4346 624 1273 348 2245 172.6 4234  63.1 659.1

8Reported data are consistent with data published by the International Energy Agency (IEA). The standard IEA definition for “steam coal”
includes coal used for pulverized coal injection (PCI) at steel mills; however, some PCI coal is reported by the IEA as “coking coal.”

bincludes primarily coal consumed to produce coal coke. According to the IEA, a minor exception for 1997 trade data is the classification of
9.6 million tons of coal imported to Japan for PCI at blast furnaces as coking coal. Similarly, the IEA reports that some exports of coal from
Australia, South Africa, Indonesia, and Colombia to be used for PCI at steel mills is classified as coking coal, consistent with data reported by
importing countries and industry terminology and practice.

CCoal flows to Europe include shipments to the Middle East and Africa.

dFor 1997, total world coal flows include a balancing item used by the International Energy Agency to reconcile discrepancies between
reported exports and imports. The 1997 balancing items by coal type were 17.1 million tons (steam coal), 5.8 million tons (coking coal), and
22.9 million tons (total).

®For 1997, coal exports from Indonesia include shipments from other countries not modeled for the forecast period. The 1997
non-Indonesian exports by coal type were 6.8 million tons (steam coal), 3.6 million tons (coking coal), and 10.4 million tons (total).

Notes: Data exclude non-seaborne shipments of coal to Europe and Asia. Totals may not equal sum of components due to independent
rounding. The sum of the columns may not equal the total, because the total includes a balancing item between importers’ and exporters’
data.

Sources: 1997: International Energy Agency, Coal Information 1997 (Paris, France, September 1998); Energy Information Administration,
Quarterly Coal Report, October-December 1997, DOE/EIA-0121(97/4Q) (Washington, DC, May 1998); and International Coal Report, Coal
Year 1998 (London, United Kingdom: Financial Times Energy Press, May 1998). Projections: Energy Information Administration, National
Energy Modeling System, run IE099.D012099B.

70 Energy Information Administration/ International Energy Outlook 1999



exporting countries, and lower prices have been paid by
coal importers. At present, it is not clear how long the
current problems in financial markets will persist.
Clearly, a reversal in the Australian and South African
currencies from the current downward trend would
lead to an increase in coal export prices.

Asia

Despite recent setbacks, Asia’s demand for imported
coal remains poised for additional increases over the
forecast period, based on strong growth in electricity
demand in the region and the need for additional
coal-fired generating capacity. Continuing the recent
historical trend, Japan, South Korea, and Taiwan are

projected to account for much of the regional growth in
coal imports over the forecast period.

Japan continues to be the world’s leading importer of
coal and is projected to account for 27 percent of total
world imports in 2020 [67], the same share as in 1997 [13,
Table 4.2]. In 1997, Japan produced 5 million tons of coal
for domestic consumption and imported 143 million
tons. The closure of Japan’s Miike mine in March 1997
leaves the country with only about 3.5 million tons of
production capacity at two remaining coal mines [68].
Production at those mines is expected to end when the
government eliminates industry subsidies in 2001, leav-
ing all of Japan’s coal requirements to be met by imports
[13, p. 1.180; 69].

As the leading importer of coal, Japan has been influen-
tial in the international coal market. Historically, con-
tract negotiations between Japan’s steel mills and coking
coal suppliers in Australia and Canada established a
benchmark price for coal that was used later in the year
as the basis for setting contract prices for steam coal used
at Japanese utilities [70]. Other Asian markets also
tended to follow the Japanese price in settling contracts.

Japan’s influence, however, has declined somewhat
over the past several years, and the benchmark pricing
system that was so influential in setting contract prices
was abandoned by Japan’s steel mills in 1996. What
seems to be occurring in the Asian coal markets is a shift
away from contract purchases to the spot market. Liber-
alization of the Japanese electricity market is placing
increased cost-cutting pressure on utilities, making
them less inclined to accept some benchmark price nego-
tiated by any of the other individual utilities. The shift to
more competitive coal markets in Asia implies that coal
producers in Australia and other exporting countries
will be under increased pressure to reduce mining costs
in order to maintain current rates of return. It also means
that less competitive suppliers, such as the United
States, will find it difficult to increase or maintain coal
export sales to the region.

China and India, which import relatively small quanti-
ties of coal at present, are expected to account for much
of the remaining increase in Asian imports. Imports by
China and India have the potential to be even higher
than the projected amount, but it is assumed in the fore-
cast that domestic coal will be given first priority in
meeting the large projected increase (2.3 billion tons) in
coal demand.

During the 1980s, Australia became the leading coal
exporter in the world, primarily by meeting increased
demand for steam coal in Asia. Some growth in exports
of coking coal also occurred, however, as countries such
as Japan began using some of Australia’s semi-soft or
weak coking coals in their coke oven blends. As a result,
imports of hard coking coals from other countries,
including the United States, were displaced. Australia’s
share of total world coal trade, which increased from 17
percent in 1980 to 33 percent in 1997, is projected to reach
38 percent in 2020 [71]. Australia should continue as the
major exporter to Asia, continuing to meet approxi-
mately one-half of the region’s total coal import
demand.

Europe

Coal imports to Europe are projected to decline slightly
over the forecast period. Most of the decline occurs in the
countries of Western Europe, where strong environmen-
tal lobbies and competition from natural gas are
expected gradually to reduce the reliance on coal for
electricity generation. Coking coal consumption in
Western Europe is also expected to decline over the fore-
cast period. Improvements in the steelmaking process
will continue to reduce the amount of coal required for
steel production, and strict environmental standards are
expected to result in the closure of some of the region’s
older coke batteries.

With the exception of Germany, coal imports to Western
Europe are not expected to increase to compensate for
reductions in indigenous coal production. Rather,
increased use of natural gas, renewable energy, and
nuclear power (primarily in France) is expected to fill the
gap in energy supply left by the continuing declines in
the region’s indigenous coal production. Declines in coal
imports by Western European countries in the IEO99
forecast are partially offset by small increases projected
for Turkey, Romania, Morocco, Israel, and Croatia.

In 1997, the leading suppliers of imported coal to Europe
were the United States (24 percent), South Africa (21 per-
cent), and South America (15 percent). Over the forecast
period, low-cost coal from South America is projected to
meet an increasing share of European coal import
demand, displacing some coal from such higher cost
suppliers as the United States and Poland.
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The Americas

Compared with European and Asian coal markets,
imports of coal to North and South America are rela-
tively small, amounting to only 50 million tons in 1997
(Table 15). Brazil imported 34 percent of the 1997 total,
followed by Canada (30 percent) and the United States
(15 percent) [13, p. 1.128]. Almost all (91 percent) of the
imports to Brazil were coking coal [13, p. 111.13].

Over the forecast period, coal imports to the Americas
increase by 13 million tons, with most of the additional
tonnage going to Brazil and Mexico, both of which are
expected to import additional amounts of coal for use at
integrated steel plants [56, 72, 73]. Coal imports to the
Brazilian steel industry are projected to rise substan-
tially as the result of strong growth in domestic steel
demand and a continuing switch from charcoal to coal
coke. In addition to coking coal, Mexico is projected to
import additional quantities of steam coal for electricity
generation. Additional imports of coal to the Americas
are projected to be met primarily by producers in
Colombia, Venezuela, and Australia.

Coking Coal

Historically, coking coal has dominated world coal
trade, but its share has steadily declined, from 55 percent
in 1980 to 40 percent in 1997 [74]. In the forecast, its share
of world coal trade continues to shrink, falling to 34 per-
cent by 2020. In absolute terms, despite a projected
decline in imports by the industrialized countries, total
world coking coal trade is projected to show a slight
increase over the forecast period as the result of
increased demand for steel in the developing countries.
Increased imports of coking coal are projected for South
Korea, Taiwan, India, Brazil, and Mexico, where expan-
sions in blast-furnace-based steel production are
expected.

Factors that contribute to the decline in coking coal
imports in the industrialized countries are continuing
increases in steel production from electric arc furnaces
(which do not use coal coke as an input) and technologi-
cal improvements at blast furnaces, including greater
use of pulverized coal injection equipment and higher
average injection rates per ton of hot metal produced.
One ton of pulverized coal (categorized as steam coal)
used in steel production displaces approximately 1.4
tons of coking coal [75, 76]. In 1996, the direct use of pul-
verized coal at blast furnaces accounted for 13 percent of
the coal consumed for steelmaking in Japan and the
European Union [13, Tables 3.9 and 3.10; 27].
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Nuclear Power

Nuclear electricity generation remains flat in the IEO99 reference case,
representing a declining share of the world’s total electricity consumption.
Net reductions in nuclear capacity are projected for most industrialized nations.

In 1997, a total of 2,276 billion kilowatthours of electric-
ity was generated from nuclear power worldwide, pro-
viding 17 percent of the world’s electricity generation.
Among the countries with operating nuclear power
plants, national dependence on nuclear power for elec-
tricity varies greatly (Figure 53). Ten countries met at
least 40 percent of their total electricity demand with
generation from nuclear reactors.

The prospects for nuclear power to maintain a signifi-
cant share of worldwide electricity generation are uncer-
tain, despite projected growth of 2.5 percent per year in
total electricity demand through 2020. Over the long

Figure 53. Nuclear Shares of National Electricity
Generation, 1997
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term, of the regions shown in Figure 53, only the devel-
oping nations and Japan are projected to have net addi-
tions to nuclear power capacity. In other regions,
countries that are operating older reactors and have
other, more economical options for new generating
capacity are expected to let their nuclear capacity fade as
current nuclear units are retired.

In the IEO99 reference case, worldwide nuclear capacity
is projected to increase from 352 gigawatts in 1997 to 356
gigawatts in 2010. After 2010 it begins to decline, reach-
ing 311 gigawatts in 2020. Aggressive plans to expand
nuclear capacity, mainly in the Far East, drive the
near-term increase. Plant retirements in the United
States and other countries exceed new additions, con-
tributing to the decline later in the forecast (Figure 54).
Developing Asian countries are projected to add 30.6
gigawatts by 2020, but the industrialized nations overall
lose 69.9 gigawatts. Nuclear generation in the reference
case remains flat over the forecast period, representing a
declining share of electricity consumption.

Three nuclear capacity scenarios were developed for
IEO99, to provide a range of outcomes reflecting the
uncertainty surrounding future investment in nuclear
technology (Figure 55 and Table 16). The reference case
reflects a continuation of present trends; the low and

Figure 54. World Nuclear Capacity by Region,
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Figure 55. World Nuclear Capacity in Three Cases,

1970-2020
Gigawatts
High Growth Case
400
300 A
Reference Case
200 -
Low Growth Case
100
History Projections
0 T T T T T T T T T T

1970 1980 1990 2000 2010 2020

Sources: History: International Atomic Energy Agency,
Nuclear Power Reactors in the World 1997 (Vienna, Austria,
April 1998). Projections: Based on detailed assessments of
country-specific nuclear power programs.

high cases present more pessimistic and optimistic
views of the future of the nuclear power industry. For
the United States, the reference case assumes that the
current trend of early reactor retirements will continue if
the economics do not justify continued operation, result-
ing in the retirement of almost one-quarter of current
units before their licenses expire. Six units are projected
toreceive license renewals for an additional 20 years, but
the remainder are assumed to retire at the end of their
current licenses. For foreign nuclear projections, the ref-
erence case takes into account announced schedules for
completion of units under construction and any
announced retirement dates. Also considered are politi-
cal environments, national energy plans, construction
management experience, and financial conditions. Com-
plete country-by-country listings of the projections for
the reference, low, and high nuclear cases are provided
in Appendixes A, B, and C.

The low growth case projects a more significant decline
in nuclear capacity orders, along with additional retire-
ments of existing units. In the United States, reactors are
assumed to face higher aging-related expenses, leading
to more early retirements. The forecast for worldwide
capacity in 2020 is 178 gigawatts, a 49-percent decline
from current capacity. The high growth case reflects a
slight revival for the nuclear power industry, with net
capacity growth of 1 percent annually over the forecast
period. In the United States, the high growth case
assumes that aging effects will be limited, causing more
reactors to seek license renewals. The high growth pro-
jections generally are based on assumptions that con-
struction times for new units will be shorter, and that
provisions will be made to extend the operating lives of
existing units beyond current retirement dates. IEO99
does not address the Kyoto Protocol agreement;

however, if there are limits on carbon emissions in the
future and, in particular, fees associated with carbon
emissions, the relative economics of operating nuclear
power plants could improve (see box on page 78).

Nuclear generation in the reference case remains fairly
flat, with a declining share of the world’s electricity con-
sumption (Figure 56). Some key developments affecting
the nuclear power industry in 1998 include:

ePlants continue to be retired early in North Amer-
ica. 1998 began with the announcement by Common-
wealth Edison that the two Zion units in lIllinois
would be shut down permanently [4]. Later in the
year, Millstone 1 was retired in Connecticut [5].
Owners cited high costs as making the units noncom-
petitive. Canada brought its Bruce 3 and 4 units off
line, completing the shutdown of eight older units as
part of a plan to focus on improving management at
newer nuclear facilities.

=Competition in the U.S. electric industry leads to
sales of nuclear plants. In the first deal of its kind,
GPU Incorporated sold its Three Mile Island 1 unit to
the U.S.-British joint venture AmerGen Energy Com-
pany [6]. Later in the year, Entergy Corporation out-
bid AmerGen to buy Boston Edison’s Pilgrim nuclear
station [7]. Boston Edison has been selling off all its
generating units under the Massachusetts State plan
to open the electricity generation market to competi-
tion. Both AmerGen and Entergy own and operate
multiple nuclear stations, and they plan to use their
experience to lower operating costs at the newly
acquired sites. Industry experts expect this trend to
continue, with owners of single-unit plants selling
their plants, leading to a consolidation of the nuclear
industry.

Figure 56. World Nuclear and Total Electricity
Consumption, 1996-2020
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Table 16. Historical and Projected Operable Nuclear Capacities by Region, 1996-2020

(Net Gigawatts)
Region | 1996° | 129977 | 2000 | 2005 | 2010 | 2015 2020

Reference Case
Industrialized . . . . . .. 283.4 283.6 278.2 269.5 260.6 233.8 213.7
United States. . . . . . . 100.8 99.0 94.8 87.4 74.2 56.4 48.9
Other North America . . . 16.2 13.3 12.5 11.6 11.6 11.6 9.3
Japan. . . . . ... ... 42.4 43.9 43.7 44.5 54.3 53.4 53.6
France . . .. ... ... 59.9 62.9 63.1 62.9 64.3 64.3 61.5
United Kingdom . . . . . 12.9 13.0 13.0 13.0 11.9 11.6 10.6
Other Western Europe . . 51.2 51.5 51.2 50.2 44.4 36.5 29.9
EE/FSU . . ... ... .. 46.3 46.3 48.3 49.1 48.2 49.4 40.8
Eastern Europe. . . . . . 9.8 9.8 10.7 12.7 11.5 10.9 10.5
Russia . .. ....... 19.8 19.8 22.7 21.1 21.5 21.7 19.3
Ukraine. . . . ... ... 13.8 13.8 12.1 12.1 12.1 14.0 9.5
OtherFSU . . . ... .. 2.8 2.8 2.8 3.1 3.1 2.7 1.6
Developing . .. ... .. 21.4 22.0 25.5 36.0 47.0 54.2 56.4
China. .. ........ 2.2 2.2 2.2 6.7 11.5 14.7 18.8
South Korea . . . . ... 9.1 9.8 13.0 13.9 14.9 16.2 15.0
Other. .. ... ..... 10.1 10.1 10.3 15.3 20.5 23.3 22.7
TotalWorld . . . . .. .. 351.1 351.9 352.0 354.6 355.8 337.4 311.0

Low Growth Case
Industrialized . . . . . .. 283.4 283.6 276.4 264.3 232.1 165.1 125.0
United States. . . . . . . 100.8 99.0 94.8 86.6 72.1 45.0 31.8
Other North America . . . 16.2 13.3 11.6 11.6 11.6 7.6 3.3
Japan. . . ... .. ... 42.4 43.9 43.7 43.8 39.6 30.2 28.1
France . . ... ... .. 59.9 62.9 62.9 62.9 62.9 55.7 51.1
United Kingdom . . . . . 12.9 13.0 12.7 12.3 11.4 8.1 6.6
Other Western Europe . . 51.2 51.5 50.7 47.1 34.5 18.5 4.1
EE/FSU . . ... ... .. 46.3 46.3 44.6 44.9 42.8 35.7 20.8
Eastern Europe. . . . . . 9.8 9.8 9.8 9.9 10.6 9.1 5.8
Russia . . .. ... ... 19.8 19.8 20.8 20.1 17.4 14.1 8.4
Ukraine. . . .. ... .. 13.8 13.8 11.2 12.1 13.7 11.4 6.7
OtherFSU . . . .. ... 2.8 2.8 2.8 2.7 1.2 1.2 0.0
Developing . . ... ... 214 22.0 234 32.1 37.6 355 31.9
China. . ... ...... 2.2 2.2 2.2 6.7 8.7 8.7 8.7
South Korea . . . .. .. 9.1 9.8 11.4 12.3 11.8 12.5 10.7
Other. . ... ...... 10.1 10.1 9.8 13.0 17.1 14.3 12.5
TotalWorld . . . ... .. 351.1 351.9 344.4 341.3 312.5 236.4 177.8

High Growth Case
Industrialized . . . . . .. 283.4 283.6 279.5 278.1 281.2 277.2 282.7
United States. . . . . . . 100.8 99.0 95.5 93.2 85.5 79.4 78.2
Other North America . . . 16.2 13.3 12.5 11.6 11.6 11.6 13.3
Japan. . . . . ... ... 42.4 43.9 43.7 45.3 54.8 58.4 65.8
France . . . . ... ... 59.9 62.9 63.1 63.1 64.3 67.2 71.6
United Kingdom . . . . . 12.9 13.0 13.0 13.0 12.6 121 11.9
Other Western Europe . . 51.2 51.5 51.8 51.9 52.4 48.5 42.0
EE/FSU . . ... ... .. 46.3 46.3 50.1 52.6 56.8 63.9 70.2
Eastern Europe. . . . . . 9.8 9.8 11.6 12.7 13.4 13.4 12.1
Russia . . . ... .. .. 19.8 19.8 22.7 23.6 24.6 28.8 33.3
Ukraine. . . . ... ... 13.8 13.8 13.1 13.1 15.0 16.4 17.8
OtherFSU . . . ... .. 2.8 2.8 2.8 3.2 3.8 5.3 6.9
Developing . . . ... .. 21.4 22.0 26.2 39.9 56.2 72.8 89.3
China. .. ........ 2.2 2.2 2.2 6.7 11.5 17.2 24.6
South Korea . . . . ... 9.1 9.8 13.0 14.9 16.8 19.6 21.9
Other. .. ... ..... 10.1 10.1 11.0 18.3 27.9 36.0 42.8
TotalWorld . . . ... .. 351.1 351.9 355.7 370.6 394.2 413.9 442.2

°Status as of December 31, 1996.
*Status as of December 31, 1997. Data are preliminary and may not match other EIA sources.
Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
Sources: United States: Energy Information Administration, Annual Energy Outlook 1999, DOE/EIA-0383(99) (Washington, DC, Decem-
ber 1998). Foreign: Based on detailed assessments of country-specific nuclear power programs.
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Nuclear Power and the Kyoto Protocol

In December 1997, parties from the 1992 Framework
Convention on Climate Change, meeting in Kyoto,
Japan, agreed to a new set of commitments for reduc-
ing greenhouse gas emissions. In another meeting in
Buenos Aires in November 1998 a 2-year Plan of Action
was adopted to establish deadlines for finalizing
details of the Kyoto Protocol agreement. To become
legally binding, the Protocol must be signed and rati-
fied by at least 55 countries, including developed coun-
tries accounting for at least 55 percent of the 1990
carbon dioxide emissions from all the developed
nations. If the Protocol is ratified, it will require signifi-
cant shifts in energy use among the participants,
because energy use is a major source of greenhouse gas
emissions. Other possible options to reach the target
emissions levels include emissions trading between
countries (which is not yet well defined) and forestry
activities that create emission absorbing sinks. It may
also be possible for one country to receive credits for
projects that reduce emissions in other countries. Over-
all, the final targets still are quite aggressive, and sig-
nificant shifts in fuel usage are likely to be required in
most countries.

The Protocol targets several greenhouse gases, the
most important of which is carbon dioxide. The use of
fossil fuels in electricity generation is a key source of
carbon emissions, whereas generation from nuclear
power and renewable technologies is essentially car-
bon-free. The use of nuclear power as a means to meet
emissions goals was not specifically mentioned in the
Kyoto talks; however, it could be argued that contin-
ued or increased use of nuclear technology will make it
easier to meet the targets. Most renewable technologies
are still relatively expensive and cannot consistently
provide large amounts of energy. In contrast, nuclear
technology is well developed, and many countries
already have significant experience in building and
operating plants. Thus, nuclear power may be a more
attractive option for meeting short-term goals. Build-
ing new nuclear capacity is generally more expensive
than building new coal- or gas-fired plants; but if car-
bon restrictions are enacted, the costs of carbon emis-
sions from fossil-fueled generation will have to be
considered, and nuclear expansion may be economi-
cally justifiable.

In the United States, nuclear power accounted for 19
percent of the Nation’s total electricity production in
1996, reducing total 1996 carbon emissions by an esti-
mated 5 to 12 percent.2 The Energy Information
Administration (EIA) report on the impacts of the
Kyoto Protocol analyzed several carbon reduction

cases for the United States, examining various options
for meeting the emissions target [1]. Whereas in the ref-
erence case for the EI1A study (no carbon restrictions) 52
percent of nuclear capacity was projected to be retired
between 1996 and 2020, the carbon reduction cases pro-
jected the retirement of at most 38 percent of current
U.S. nuclear capacity; and in the most restrictive case,
which assumed that no international trading of per-
mits would be allowed, only 7 percent was projected to
be retired. Retirements were determined on the basis of
plant economics. A penalty was applied to the cost of
fossil fuels relative to their level of emissions in the car-
bon reduction cases, which made coal- and gas-fired
generation more expensive. Under these conditions,
nuclear power was more economical to operate, and
life extensions were projected for more units.

In the EIA analysis of the Kyoto Protocol impacts, only
life extension of existing nuclear plants was allowed
(with no new nuclear capacity), except in one sensitiv-
ity case. In that case, assuming a domestic carbon emis-
sions reduction target of 3 percent below 1990 levels, it
was assumed that new nuclear capacity could be built
at about 8 percent below current estimates for the first
plants of a new technology. The resulting projections
showed about 40 gigawatts of new nuclear capacity
being built after 2015, along with a lower carbon price
(by 17 percent) and lower electricity prices (by 4 per-
cent) in 2020 than in the same case with no new nuclear
capacity being built. For new nuclear capacity to be
able to penetrate the market, however, investment in
the first few plants would be needed, with a likelihood
that not all the capital costs of the investment would be
recovered.

Nuclear power currently accounts for about 17 percent
of the world’s electricity production and 6 percent of
total energy production. One recent study has esti-
mated that world carbon emissions would grow by 5 to
25 percent if all nuclear units were shut down and
replaced with fossil-fuel generation [2]. A study by the
Nuclear Energy Agency (NEA) developed three poten-
tial paths of nuclear power development over the next
50 years, analyzed the feasibility of each scenario, and
then determined the impacts of the different scenarios
on carbon emissions [3]. The three nuclear scenarios
varied significantly, from a complete phaseout of
nuclear power (virtually no worldwide generation by
2040) to steady growth in nuclear development, with
the nuclear share of world electricity generation reach-
ing 35 percent in 2050. The third scenario assumed
short-term stagnation, with nuclear units being retired

(continued on page 79)

“This calculation assumes that the 675 billion kilowatthours of electricity generated by nuclear plants would have been replaced by

some combination of conventional coal- and gas-fired technologies.
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Nuclear Power and the Kyoto Protocol (Continued)

even earlier than under the phaseout scenario, fol-
lowed by revival that would spark development
matching that in the steady growth case by 2050. All
three scenarios are possible, although the growth sce-
narios would present challenges to the nuclear indus-
try related to the assumed rate of new construction.

The NEA'’s steady growth case resulted in a projected
nuclear construction rate of 25 to 35 gigawatts per year
worldwide. The revival scenario was even higher in
the later years, reaching 55 to 75 gigawatts per year
from 2045 to 2050. Estimates of carbon emissions
reductions were calculated, assuming that a mix of fos-
sil-fueled power plants emitting, on average, 360
grams of carbon per megawatthour of electricity gener-
ated were avoided by operating nuclear capacity. Cur-
rent worldwide nuclear capacity represents avoidance
of around 1.8 billion metric tons of carbon equivalent
per year. The NEA steady growth scenario projected an
increase, reaching annual avoided emissions of 6.3 bil-
lion metric tons by 2050. Cumulative avoided emis-
sions through 2050 ranged from 55 billion metric tons
in the phaseout scenario to 200 billion metric tons in the
steady growth case.

For IEO99, a forecast of carbon emissions was devel-
oped for the high growth nuclear forecast, which
assumed more nuclear license renewals and more con-
struction of new nuclear plants. All other assumptions
about economic growth, energy consumption, and
electricity demand were unchanged from the reference
case. The calculation of carbon emissions assumed that
the additional consumption of nuclear energy in the
high growth case would directly replace coal use in the
electricity sector. In the reference case, worldwide car-
bon emissions from electricity generation reach 3,271
million metric tons by 2020; the high growth case
would reduce emissions by 206 million metric tons (6
percent). The largest reduction in carbon emissions
would be in the EE/FSU region, which also would
have the largest increase in nuclear capacity in the high
growth case relative to the reference case forecast.

The nuclear industry still must face the current chal-
lenges of high construction costs and public concern
about safety and nuclear waste storage. In the long run,
however, expansion of nuclear power could be a par-
tial solution for some regions to meet strict carbon
emission limits without cutting energy growth.

<Nuclear utilities in the United States plan to extend
plant operating lives. Two utilities provided the U.S.
Nuclear Regulatory Commission with applications
for 20-year extensions of the operating lives of
nuclear power plants. Baltimore Gas and Electric
was the first applicant, requesting license renewal for
its Calvert Cliffs plant [8]. Duke Power also submit-
ted an application for its Oconee plant [9].

<The nuclear waste storage issue remains unre-
solved in the United States. The U.S. Department of
Energy (DOE) was required to begin accepting
high-level radioactive waste from utilities on Febru-
ary 1, 1998; however, no permanent facility is avail-
able for high-level waste storage. DOE has stated
that it will not accept waste until a storage facility is
completed, and most utilities filed lawsuits against
DOE requesting that waste transfers begin immedi-
ately. After several legal rounds, the U.S. Circuit
Court of Appeals ruled that DOE need not begin col-
lecting waste until it opens a safe site. The court also
said that operators could seek compensation for the
delay. The ruling was later upheld by the U.S.
Supreme Court after both sides filed appeals [10].
Yankee Atomic Electric Company, owner of three
retired nuclear units, has been granted summary
judgment in its cases against DOE, ruling that the
only question to be decided at trial is how much to
award in damages (a total of $268 million has been
requested for the three units) [11].

eIndia and Pakistan test nuclear weapons. In May
and June 1998, first India and then, in response, Paki-
stan detonated nuclear weapons. The United States
automatically imposed economic sanctions against
both countries, which were eased later in the year
[12]. Both countries have declared moratoria on fur-
ther nuclear testing and have committed to move
toward adherence to the Comprehensive Test Ban
Treaty by September 1999. It is uncertain whether the
tests and reactions to them will affect future nuclear
power investment in India and Pakistan.

=Trade sanctions between the United States and
China are lifted. The U.S. government removed
restrictions on exports of nuclear technology to
China [13]. For the first time since 1989, U.S. nuclear
vendors will be able to compete for the substantial
business available building new nuclear reactors in
China. The Chinese have already made significant
progress in developing a nuclear infrastructure,
which includes nuclear designs from Canada,
France, and Russia.

New German government promises complete
nuclear phaseout. A new coalition of the Social Dem-
ocratic Party and the Green Party elected in Germany
included in its platform a vow to remove from ser-
vice all nuclear plants, with no compensation to the
operators [14]. No timetable has been suggested.
Nuclear operators insist that the newer units can be
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run safely for 40 years, and that early shutdown
would not be economically justified. It is difficult to
gauge how successful the phaseout will be, given
that it is driven mainly by politics rather than eco-
nomics. The IEO99 low growth case assumes a com-
plete phaseout by 2020. The reference case assumes
that some older units will be removed from service
after 2000, but that newer units will be allowed to run
for 35 to 40 years.

=Swedish utility successfully fights government-
imposed shutdown. The Swedish government voted
in 1980 to phase out nuclear power; however, it has
not yet retired a single unit. In 1997 the government
chose the Barsebaeck plant as the first to be shut
down, with the first unit scheduled to close by July 1,
1998. Sydkraft fought the decision in court, which
ruled that it would be unlawful to force closure until
a judicial review of the government’s phaseout pro-
gram is conducted [15].

Regional Activity
Developing Asia

Countries in developing Asia currently operating
nuclear power plants include China, South Korea, Tai-
wan, India, and Pakistan, and all expect some growth in
the future. At the end of 1997, the five countries had 18.6
gigawatts of nuclear capacity on line. By 2020, nuclear
capacity in the region is projected to be between 30.0 and
76.9 gigawatts, including at least one nuclear unit in
North Korea, and—in the high growth case—new pro-
grams in Indonesia, Thailand, the Philippines, and
Vietnam.

The current Asian economic crisis may cause financing
concerns in the short term and, possibly, delay orders of
nuclear plants. Recovery is expected for the region’s
national economies over the next several years, how-
ever, along with a return to baseline projections for
long-term economic and energy demand growth. South
Korea, currently the largest operator of nuclear power in
the region, with 12 operable units totaling 9.8 gigawatts,
is projected to have between 10.7 and 21.9 gigawatts on
line by 2020. China’s expected growth is even more
striking: by 2020 China is projected to have at least 8.7
gigawatts of nuclear capacity operating, four times the
current capacity; and in the high nuclear growth case,
China’s nuclear capacity is projected to reach 11 times its
current level.

Several new units were completed in South Korea dur-
ing 1997 and early 1998. Wolsong 2, a 650-megawatt
pressurized heavy water reactor (PHWR), began com-
mercial operation in July 1997, and a third unit at the site
was completed a year later [16]. The fourth and final unit
at the Wolsong site should be brought on line during

1999. The Wolsong units were built and designed by
Atomic Energy of Canada Limited (AECL), but all
remaining units under construction are of the desig-
nated Korean standardized design. The third unit at the
Ulchin site, a pressurized light-water reactor (PWR) of
standard design, entered service in 1998 [17].

The dramatic fall in the Asian stock market toward the
end of 1997, and the resulting economic crisis in South
Korea in particular, could reduce the likelihood of
investment in new nuclear construction. The Korean
government’s Long-term Power Development Plan was
delayed by 8 months as a result of the economic crisis,
and forecasts of electricity demand growth were scaled
back. As a result, the schedule for new power plants was
pushed back to accommodate slower growth [18]. A fur-
ther problem in developing new nuclear power plantsin
South Korea could be siting. In late 1998, the president of
Korea Electric Power Corporation (Kepco) decided to
reopen the site selection process—disregarding a list of
potential sites prepared by his predecessor [19]. Nuclear
proponents argue that this will make it more difficult to
find new sites, but Kepco claims the decision was made
to include the communities in the process, making it
more democratic.

China also has ambitious plans to build additional
nuclear power plants to meet rapid growth in electricity
demand. Construction is underway for the next two
units at the Qinshan site, 600-megawatt PWRs of a Chi-
nese design. Two additional units to be constructed at
the site will be 700-megawatt PHWRs supplied by
AECL. Construction has also begun on two PWRs of
French design at Lingao. Russia and China finally
signed a contract for two 1,000-megawatt units based on
a modernized Russian design [20]. The project, which
has been under discussion for several years, was
delayed when China changed the proposed location.
The units will be built in Jiangsu Province, on China’s
northeastern seaboard, where there is a pressing
demand for electricity.

In Taiwan, two 1,350-megawatt advanced boiling water
reactors (ABWRs) are under construction at the
Lungmen power station. Currently, there are no plans
for any further nuclear investment in Taiwan, and there
is strong opposition to nuclear power from the public.
The Taiwan state utility has stated, however, that
increasing nuclear energy would be the most effective
method to reduce carbon dioxide emission without sac-
rificing economic development [21]. Government offi-
cials have said that no new nuclear plants will be built
before 2020.

Other Developing Countries

Other developing countries that currently operate
nuclear power plants include Argentina, Brazil, and
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South Africa. Countries with the potential to have
nuclear programs in place by 2020 include Cuba, Iran,
Egypt, and Turkey. Argentina’s two nuclear units pro-
vided 11 percent of the country’s electricity in 1997.
Brazil’s one nuclear unit supplied just 1 percent of total
electricity generation. South Africa has two nuclear
units currently operable, which provided 7 percent of
the country’s electricity generation in 1997. No new
nuclear units are planned in South Africa. Argentina has
one unit under construction, and Brazil has two units in
the construction pipeline. Given the uncertainties, there
is a wide range of possible capacity outcomes (1.9t0 12.4
gigawatts) between now and 2020.

Most of the other developing countries do not have the
capital for large nuclear programs, and it is likely that
they would need financial and technical assistance
before undertaking nuclear power construction. Suc-
cessful completion of Cuba’s Juragua station will
require international assistance. Russia has agreed to
complete two units for Iran, at the Bushehr site, where
construction was started in the 1970s.

A Turkish utility is in the process of evaluating three
bids from suppliers for Turkey’s first nuclear station.
Bids were received from Nuclear Power International
(Siemens design), AECL, and Westinghouse. Turkey has
twice previously requested bids but has yet to follow
through with an order. While the new generating capac-
ity is needed in Turkey, the political parties have not
shown much support for nuclear projects [22].

Industrialized Asia

In the industrialized countries of Asia, only Japan has a
well-established nuclear program, with 54 units totaling
43.8 gigawatts of operable capacity at the end of 1997.
Japan’s nuclear share of electricity in 1997 was 34 per-
cent. A 1,315-megawatt boiling water reactor (BWR) was
brought on line at the Kashiwazaki Kariwa site during
1997, this is the seventh and final unit planned for the
site. In March 1998, Japan’s first nuclear unit—Tokai 1, a
159-megawatt gas-cooled reactor—was permanently
shut down [23].

Japan has ambitious plans for further nuclear expansion,
mainly to help achieve energy independence; however,
the uncertainties surrounding the financial market in
Asia, as well as increases in public opposition to nuclear
power in Japan will affect new construction decisions. In
the IEO99 reference case, Japan’s nuclear capacity is pro-
jected to increase by 9.7 gigawatts between 1997 and
2020. The capacity forecasts for 2020 range from 28.1
gigawatts in the low nuclear growth case to 65.8
gigawatts in the high growth case. The current expan-
sion plan includes 10 units assumed to be completed by
2010 in the reference case. After 2010, the reference case
assumes that the current level of nuclear capacity will be

maintained through 2020 either by the operation of
existing units past 40 years or by replacing retired units
with new nuclear capacity. The low growth case
assumes that all construction plans will be deferred, and
that no new construction will be completed by 2020.

Japan’s nuclear power future is uncertain not only
because of the economic crisis. After decades of public
acceptance of nuclear power, public opinion has begun
to turn, apparently as a result of a recent series of acci-
dents and coverups. A fire and explosion at the
Tokai-mura reprocessing plant, although resulting in
negligible impacts on and off site, was a significant
event. Power Reactor and Fuel Development Corpora-
tion (PNC) officials allegedly tried to cover up elements
of the incident, leading to criminal charges and investi-
gations, and negative publicity in Japan. Concern with
PNC started after the 1995 Monju reactor sodium leak,
when company officials were alleged to have altered
video footage showing the damage from that event. A
final event in 1998—a low-level radiation leak at PNC’s
Fugen Advanced Thermal Reactor, which went unre-
ported for more than 24 hours—further eroded public
confidence in the company [24]. Government plans still
call for future development of nuclear power, especially
as ameans to cut greenhouse gas emissions, but whether
the plans can be completed without strong public sup-
port remains to be seen.

Western Europe

Western Europe relies heavily on nuclear power to sat-
isfy its electricity demand. In 1997, nuclear generation
from Western European countries represented 37 per-
cent of worldwide nuclear generation. In France and
Belgium, 77 and 57 percent, respectively, of the national
demand for electricity was supplied from nuclear power
plants. Overall, however, the trend in Western Europe is
away from nuclear power builds, and most countries in
the region have frozen all nuclear construction plans. In
the reference case, only France is projected to bring one
new nuclear unit on line between 1997 and 2020. Eight
other West European countries are projected to have net
decreases in total nuclear capacity as a result of plant
retirements.

In France, Chooz-B2, a 1,455-megawatt PWR of a new
French design, was connected to the electricity grid in
April 1997. Another unit of the same design, Civaux 1,
was brought on line just before the end of 1997 [25].
After the completion of one more unit, no further units
are planned for construction in France. In the Nether-
lands, the 55-megawatt Dodewaard plant was shut
down permanently in March 1997. The small BWR had
operated well for 28 years, but it could not compete eco-
nomically with other generating units [26]. Finland may
become the next European country to order a new
nuclear unit. Two nuclear utilities in Finland have
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undertaken environmental impact assessments for addi-
tional nuclear units at their respective sites [27]—an
essential prerequisite under Finnish law before any new
development can be considered. Two units at the
Loviisa site recently received approval for increases in
output, as well as 10-year extensions of their operating
licenses.

Both the Swedish and German governments have voted
for eventual phaseout of all nuclear power capacity. The
Swedish governmentis in the midst of trying to force the
first closure at Sydkraft’s Barsebaeck plant. The utility is
pursuing a number of legal actions to save the reactor
from forced closure; however, it is also negotiating with
the government on various compensation plans in
return for the shutdown of the plant.

The new German government has also called for a
phased shutdown of all 19 German nuclear stations,
which currently provide more than 30 percent of the
country’s electricity [28]. The new coalition partners, the
Social Demaocratic Party (SPD) and the environmentalist
Green Party, disagree on the progress of the phaseout,
with the SPD suggesting it will occur over several
decades and the Greens originally demanding that all
stations be shut down within 5 years. The coalition
agreement does set a deadline of 1 year to complete talks
with the nuclear industry on future energy policy, after
which legislation will be put in place to close plants
without compensation. The German power industry has
threatened to sue the government for damages if plants
are shut down without their consent [29].

North America

The three nations of North America—the United States,
Canada, and Mexico—all have nuclear power programs.
The U.S. program is by far the largest in the region. In
1997, the nuclear share of electricity generation in the
United States was 18 percent; in Canada it was 14 per-
cent; and Mexico’s two units supplied 7 percent of the
country’s electricity. Total nuclear capacity in the region
is expected to decline over the forecast in all cases, as
existing units age and are removed from service. By
2020, U.S. nuclear capacity is projected to decrease by 51
percent from the 1997 level in the reference case, due to
retirements and the lack of new orders. In Canada, with
no new orders projected in the reference case, capacity
decreases by 4.0 gigawatts by 2020. Projected capacity in
the region in 2020 ranges between 35.1 and 96.5 giga-
watts under the different retirement assumptions of the
low and high nuclear growth cases.

Ontario Hydro (OH), the operating utility for the major-
ity of the nuclear units in Canada, has begun an exten-
sive program to improve the performance of its nuclear
plants. As part of the plan, OH shut down seven of the
oldest units—three at the Pickering A site (where a

fourth unit has been dormant since 1996) and four units
at Bruce A. Five of the seven were off line by the end of
1997, and the remaining two were shut down in the
spring of 1998. The units may be refurbished and
brought back on line eventually. The first priority for the
utility, however, is to improve performance at the units
that remain operable. OH has budgeted $3.5 billion
(Canadian) for fossil fuel and purchased power to make
up for the planned 5-year shutdown of the older units
[30].

The deregulation of the electricity industry in the United
States is affecting the Nation’s commercial nuclear
industry in several different ways: some units have been
shut down prematurely; others have been sold; and still
others are expected to continue operating beyond cur-
rent retirement dates. Several units were retired during
1997 and 1998. In August 1997 both the Maine Yankee
and Big Rock Point reactors were shut down perma-
nently [31, 32]. In 1998, Commonwealth Edison perma-
nently closed its two Zion units, and the Millstone 1 unit
was retired in Connecticut. The two utilities applying for
license renewal are Baltimore Gas and Electric and Duke
Power, for the Calvert Cliffs and Oconee plants, respec-
tively. A decision from the Nuclear Regulatory Commis-
sion is not likely for 3 to 5 years, after an extensive
review of technological and environmental issues.

Low-cost nuclear units are competitive with other tech-
nologies, and reductions in costs may be possible
through improved management. In the first deal of its
kind, GPU Incorporated sold its Three Mile Island 1 unit
to the U.S.-British joint venture AmerGen Energy Com-
pany. AmerGen was created to buy U.S. plants that may
be struggling and improve operations so that they
become competitive and commercially successful in the
restructured market. It is a partnership between British
Energy (operators of 15 nuclear reactors in the United
Kingdom’s deregulated electricity market) and PECO
Energy, operators of the Peach Bottom and Limerick sta-
tions in Pennsylvania.

Eastern Europe and the Former Soviet Union

There were 69 nuclear units operating in the EE/FSU
region during 1997, producing 250.7 billion kilowatt-
hours of electricity; 75 percent of the electricity from
nuclear plants in the region was generated in the FSU.
Reliance on nuclear power varies in this region, with
Lithuania supplying 82 percent of its electricity from
nuclear power, Russia 14 percent, and Kazakhstan less
than 1 percent. Several countries in the region have
ambitious plans for additional nuclear capacity, but
there are many challenges that are likely to limit new
nuclear builds. With the potential for future projects
uncertain, the region’s nuclear capacity is projected to
decline by 5.5 gigawatts between 1997 and 2020. The low
and high growth cases forecast a range of outcomes,
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from a loss of 25.5 gigawatts to a gain of 23.9 gigawatts in
total nuclear capacity by 2020.

Romania’s first full year of operation of the Cernavoda
nuclear station produced 10 percent of total national
electricity production in 1997, and the reactor, a Cana-
dian-designed PHWR, achieved a capacity factor of 87
percent [33]. Construction of Mochovce 1 in Slovakia
was near completion in 1998. Several teams of interna-
tional experts planned to inspect the reactor before
startup to review safety improvements. The project was
completed by Czech and Russian engineers, with lim-
ited German and French involvement [34]. The
upgraded design attempted to incorporate all essential
safety modifications recommended by the International
Atomic Energy Agency. Kazakhstan has completed fea-
sibility studies for a plant in the southern part of the
country and was expected to make a decision by
yearend 1998 on whether to build the three-unit nuclear
station [35]. The proposed plant would be designed and
constructed with Russian help. Kazakhstan is consider-
ing nuclear power expansion because it has substantial
uranium reserves, and the main alternative, coal, is very
expensive.

Russia is in the midst of an economic crisis, causing
potential investors to leave the market and delaying new
nuclear construction, which is dependent on private
financing. A further concern is that the utilities have
been unable to pay workers for several months, driving
morale down and causing threats of worker strikes.
Additionally, reactor maintenance and repairs have
been delayed because of a lack of funds, causing ongo-
ing concerns over reactor safety. Safety of older reactors
is also a concern in the Ukraine, where debate continues
regarding when the final operating unit at the
Chernobyl site will be permanently closed. An agree-
ment was made by the Ukraine to close the station by
2000 in exchange for financing to complete two new
nuclear reactors currently under construction. The
financing has not come through as promised, however,
and Ukraine officials have threatened to keep the
Chernobyl unit running until the new reactors are com-
pleted and able to replace the power currently provided
by the older unit.
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Hydroelectricity and Other Renewable Sources

Renewable energy use is projected to increase by 62 percent
between 1996 and 2020. Almost half the increase is expected in the
developing world, where large-scale hydroelectric projects still are being undertaken.

Low prices for oil and natural gas in world energy matr-
kets continued to diminish the potential for rapid devel-
opment of renewable energy sources worldwide. Oil
prices hit 20-year lows in 1998, in part because the Asian
economic crisis resulted in lower worldwide demand.
Even production cut agreements by some major oil pro-
ducers, such as Saudi Arabia, Mexico, and Venezuela,
failed to provide measurable price recovery during
1998.

On the positive side, the Kyoto Climate Change Protocol
proposals to cut greenhouse gas emissions levels may
provide an opportunity for growth in demand for
renewable energy. Several European Union member
countries have pledged to increase the use of renew-
ables, and the European Union itself has pledged to
increase installed wind capacity on the continent to 10
gigawatts by 2010 [1]. Overall, however, the Interna-
tional Energy Agency projects that some 853 gigawatts
of total installed electricity generating capacity will be
required by European members of the Organization of
Economic Cooperation and Development by 2010 [2].
Denmark’s Energy 2000 program set a goal of 1.5
gigawatts of installed wind capacity by 2005, and 1.1
gigawatts had been brought on line by the end of 1997 [3,
p. 23]. Germany’s Enquete Commission on “Preventa-
tive Measures to Protect the Earth’s Atmosphere” identi-
fied 29 measures to help the country reduce carbon
emissions by 25 to 30 percent below their 1987 level,
including the promotion of wind energy and photo-
voltaics [4].

Further, there are signs that some large energy compa-
nies, such as Enron Corporation, Royal Dutch/Shell,
and British Petroleum (BP), are expanding their interest
in renewables. In 1997 Enron Corporation acquired the
American wind power developer, Zond Corporation,
and German wind turbine manufacturer, Tacke
Windtechnik GmbH. BP announced plans to increase its
solar technology sales to $1 billion within 10 years,
including plans to invest $6.5 million (U.S.) in its solar
photovoltaic cell production plant in Madrid, Spain, in
an effort to double production of solar photovoltaic cells
[5]. BP also pledged to reduce the company’s green-
house gas emissions by 10 percent relative to 1990 levels.
Royal Dutch/Shell announced a similar objective to be
achieved by 2002 [6].

In the International Energy Outlook 1999 (IEQ99), the out-
look for hydroelectricity and other renewable resources
remains similar to that published in IEO98. Worldwide,
hydroelectric and other renewable energy use is pro-
jected to increase by 62 percent over the forecast period,
growing from 31 quadrillion Btu in 1996 to nearly 50
quadrillion Btu in 2020. Almost half the total growth is
projected for the developing world, where large-scale
hydroelectric projects boost the level of renewable
energy consumption (Figure 57).

Figure 57. World Consumption of Hydroelectricity
and Other Renewables by Region,
1970-2020
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

In the IEO99 reference case, projections of hydroelectric-
ity and other renewables include only on-grid
renewables. While noncommercial fuels from plant and
animal sources remain an important source of energy,
especially in the developing world, comprehensive data
on the use of noncommercial fuels are not available and,
as a result, are not included in the projections. Similarly,
dispersed renewables (renewable energy consumed on
the site of its production, such as solar panels used for
water heating) are not included in the projections,
because there are few extensive sources of international
data on their use.
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Major developments affecting the renewables market in
1998 include:

<China and India pledged increases in large-scale
hydroelectric development in 1998. China completed
its 3.3-gigawatt Ertan hydroelectric station, which
began operating in August 1998. Hydroelectric pro-
jects currently under construction in China amount
to some 32 gigawatts of installed generating capac-
ity. In India, 12 large-scale projects—adding up to 3.7
gigawatts of installed hydroelectric capacity—have
been given government approval. All the projects are
slated for completion by 2002 [7].

=In the United States, the California Energy Commis-
sion established a financial support program for
renewable energy resources, which will be funded
by a small tax per kilowatthour of electricity sold to
ratepayers of the State’s utilities. The tax, to be levied
between 1998 and 2002, should provide renewable
projects with some $162 million in financial
incentives.

*Wind development in Western Europe remains
strong, and the region accounted for 75 percent of the
world’s increment of wind capacity installed in 1997.
In 1997, Germany’s installed wind capacity reached
2,082 megawatts, surpassing that of the United States
for the first time. Spain doubled its installed wind
capacity in 1997, reaching 421 megawatts, and Den-
mark’s installed wind capacity reached 1,147 mega-
watts at the end of 1997.

Regional Activity
North America

In North America, renewable energy use is projected to
expand by 34 percent between 1996 and 2020, reaching a
combined total of 15 quadrillion Btu for the United
States, Canada, and Mexico (Figure 58). Over the fore-
cast horizon, the renewables share of energy used for
electricity generation holds steady for the region at 26
percent.

In the United States, much of the growth in renewable
energy use for electricity generation is expected to be in
the form of municipal solid waste (MSW), wind, and
biomass [8]. The increased use of MSW is attributed
mostly to the recovery and use of landfill gas (methane).
The projected increase in biomass should be divided
between industrial cogeneration and gasification com-
bined-cycle units owned by electricity generators.

The U.S. Department of Interior (DOI) has been working
to decommission many hydroelectric dams in the coun-
try and to restore rivers to pre-dam states. As part of this
effort, the Federal Energy Regulatory Commission
(FERC) in 1997 ordered the removal of the 160-year old

Figure 58. Consumption of Hydroelectricity and
Other Renewable Energy in North
America, 1996-2020

0 Quadrillion Btu

Bl Mexico
Il Canada
| mmUnited States

1996 2000 2005 2010 2015 2020

Sources: 1996: Energy Information Administration (EIA),
International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1999).

Edwards Dam spanning the Kennebec River in Augusta,
Maine [9]. Edwards Manufacturing Company—which
receives 97 percent of the dam'’s revenues—and the State
of Maine submitted a plan for removing the dam [10].
This was the first time that FERC used its dam-removal
authority [11, 12].

DOI also announced an agreement to remove the
12-megawatt Elwha dam near Port Angeles, Washing-
ton, but the removal was delayed indefinitely when the
U.S. Congress withheld $22 million needed to finance
the project [9]. Although some small dams have been
removed successfully—such as the 8-foot Jackson Street
Dam used to divert water for irrigation in Medford, Ore-
gon, and Roy’s Dam on the San Geronimo Creek outside
San Francisco, California—efforts to dismantle many of
the larger dams slated for removal have been delayed by
Congressional action, including four Lower Snake River
dams and a partially built EIk Creek dam in Oregon [13].

The installation of wind capacity in the United States has
slowed in recent years, but there are signs that wind
power production may increase substantially over the
next several years. In 1997, the United States added 11
megawatts of wind capacity, but because of the
phaseout of older projects, total installed capacity fell to
1,743 megawatts by the end of the year [14, p. 158]. There
are, however, plans to add some 800 megawatts of new
projects by the end of 1999 throughout the country (Fig-
ure 59). There are commercial wind projects under con-
struction or planned for completion in Minnesota, lowa,
California, Colorado, Kansas, Nebraska, New Mexico,
New York, Oregon, Texas, Washington, Wisconsin, and
Wyoming [15]. Further, a 112.5-megawatt project in
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lowa—which will be the largest single wind farm in the
world—is scheduled to begin operating by June 1999.

According to Assembly Bill 1890, the California Energy
Commission (CEC) established a program to be funded
by a small tax on every kilowatthour of electricity sold to
ratepayers of Pacific Gas & Electric, Southern California
Edison, and San Diego Gas & Electric from 1998 to 2002.
The program will support the renewable energy indus-
try as the State makes the transition to a fully restruc-
tured electricity market in which customers can choose
among power suppliers [16]. The tax will raise an esti-
mated $540 million for renewables, of which $162 mil-
lion will be allocated to funding incentives for new
wind, geothermal, landfill gas, biomass, digester gas,
and small hydroelectric projects. The remaining funds
will be used to support existing and emerging renew-
able electricity generating technologies.

On July 9, 1998, the CEC announced that some 56 pro-
posed projects (representing 600 megawatts of new
renewable energy projects) would have the opportunity
to receive financial incentives funds of up to 1.5 cents per
kilowatthour of electricity generated in the first 5 years
of a project’s operation [17]. The projects represent 300
megawatts of wind energy, 157 megawatts of geother-
mal energy, 70 megawatts of landfill gas, 12 megawatts
of biomass, and 1 megawatt each of digester gas and
small hydropower.

Although there are still plans to add some large-scale
hydroelectric power in Canada, the country has begun
to focus on developing its wind resources and some
small-scale hydroelectric projects. These alternatives to
large-scale hydroelectric facilities are gaining favor
because they are considered more environmentally
friendly and less controversial.

A small-scale hydroelectric initiative that began in New-
foundland in 1992 has had mixed success. Two of the
four projects proposed under the initiative—the 15-
megawatt Star Lake project and the Rattle Brook
project—were commissioned at the end of 1998. In
September 1998, however, the province suspended
development of the other two projects (the 12-megawatt
Northwest River project and the 7-megawatt Southwest
River project) pending a comprehensive review of the
Canadian province’s energy policy [18].

Small hydro development is being reassessed in light of
environmental concerns. Another consideration is that
Newfoundland plans to develop more than 3.2
gigawatts of large hydro capacity on the Churchill River.
Newfoundland & Labrador Hydro plans to construct a
new dam and 2.2-gigawatt power project at Gull Island
on the Churchill River [19], at an expected cost of about
$2.1 billion (U.S.). Several additional hydroelectric
projects have been proposed, including the $1.4 billion,
800-megawatt Muskrat Falls development and a

Figure 59. Grid-Connected Wind Power Plants in the United States as of December 31, 1997
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1-gigawatt expansion of the 5,428-megawatt Churchill
Falls project.

Several wind energy projects currently are being devel-
oped in Canada. The first phase of Hydro Québec’s larg-
est wind farm—the 100-megawatt Le Nordais project on
Québec Province’s Gaspé Peninsula—began operating
in September 1998 [20]. Seventy-six turbines are now
operating, and the remaining 57 are expected to be on
line by the end of 1999. When completed, the $103 mil-
lion (U.S.) project—which is running about 3 years
behind schedule—will provide enough power to serve
16,000 homes. In southwest Alberta, the Peigan Nation
completed the installation of four 1-megawatt turbines
in October 1998 in the first phase of a planned $129 mil-
lion (U.S.), 101-megawatt grid-connected wind farm
[21]. Initially, the project will be used to supply the
Peigan Reservation’s 3,000 residents. Excess supply will
be sold to the provincial Alberta Power Pool.

Another Alberta wind power project was completed by
Calgary’s Vision Quest Windelectric in November 1997
[22]. The company is marketing its “Greenmax” pro-
gram to sell emissions-free electricity to residential and
commercial customers. Vision Quest installed two
600-kilowatt turbines in southern Alberta—one near
Pincher Creek and one near Hill Spring [23]. The com-
pany expects to triple its output with additional wind
facilities scheduled for completion by mid-1999 [24].

In October 1996, Hydro-Québec announced that it
would purchase 10 megawatts of wind power per year
over 10 years. In 1997, as part of its 5-year strategic plan,
the provincial utility set a target to purchase 20 mega-
watts of renewable power per year for a 10-year period
[25]. In March 1998, a parliamentary commission raised
that to 30 megawatts per year. Hydro-Québec is reluc-
tant to commit beyond this level because of concerns
about the costs of using wind. The utility estimates that
it presently produces power for an average 3 cents per
kilowatthour, but the cost of producing wind-generated
power has been estimated at twice that amount.

Western Europe

Renewable energy use in Western Europe is projected to
grow by almost 70 percent over the 1996 to 2020 forecast
period in the IEOQ99 reference case. By 2020, 7.6 quadril-
lion Btu of renewable energy is expected to be consumed
for the generation of electricity, representing almost
one-fourth of all energy consumed for electricity genera-
tion. In 1996, the renewable share of electricity genera-
tion in Western Europe was 19 percent. Many countries
in the region—including the United Kingdom and Den-
mark—have set goals for increasing the penetration of
renewables in the electric power sector.

Much of the focus on renewables in Western Europe
is from individual countries interested in reducing

greenhouse gas emissions to levels pledged under the
Kyoto Protocol. Although most of the region’s hydro-
electric resources have already been developed, there is
substantial activity in developing alternative renewable
energy sources, especially wind power. The European
Union announced its intention to invest $11 billion to
install 10,000 megawatts of new wind capacity by 2010
[1]. In 1997, Germany’s installed wind capacity reached
2,082 megawatts, surpassing that of the United States for
the first time; Spain doubled its installed capacity reach-
ing 421 megawatts in a one year period; and Denmark’s
installed capacity reached 1,146 megawatts, doubling
over the past 2.5 years and within 400 megawatts of the
country’s target of 1,500 megawatts of wind capacity to
be installed by 2005 [3, p. 16; 14, pp. 57, 134]. In fact,
Western Europe accounted for 75 percent of the world
increment of total installed wind capacity in 1997.

The success of Germany’s wind program can be attrib-
uted largely to government programs. In January 1991,
the country’s Electricity Feed Law (EFL) became effec-
tive [14, p. 60]. The EFL requires that electric utilities
purchase renewable generated electricity from inde-
pendent power producers at a minimum price of 90 per-
cent of their average electricity rate. In 1999, this will
amount to about 10 cents per kilowatthour for wind and
solar power, 8.9 cents for small hydroelectric power
plants and biomass, and 7.2 cents for large-scale hydro-
electric plants [26].

While Germany has not as a nation set wind installation
targets, the country has pledged to reduce carbon diox-
ide emissions by 25 percent in 2005 relative to 1987 lev-
els. Various government actions, such as the EFL and the
“250 MW Wind Program,” have provided financial
incentives to encourage the development of wind gener-
ation in Germany. The 250 MW Wind Program provides
operators with a subsidy of 3.3 cents or 4.5 cents per
kilowatthour, depending on whether the energy is fed
into the grid or used by the owner of the wind turbine.
Moreover, the states of Lower Saxony and Schleswig-
Holstein have published specific wind energy targets.
Lower Saxony expects to install 1,000 megawatts of
wind energy by 2000 and Schleswig-Holstein 1,200
megawatts by 2010 [14, p. 56]

Germany'’s largest wind power plant began operating in
Denkendorf, Bavaria in September 1998 [27]. The $2.2
million project is constructed with rotors with 1.5 mega-
watts of installed capacity. The wind farm is expected to
generate enough energy to supply the needs of 1,000
households.

The United Kingdom is another European country in
which renewable energy sources may enjoy fast-paced
growth over the next several years (Figure 60). The gov-
ernment has established a target of generating 10 per-
cent of the country’s electricity with renewable energy
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by 2010 [28]. The development of renewables is sup-
ported through Renewables Obligations programs, in
which the government pays a premium price for elec-
tricity generated from approved renewable energy pro-
jects for the duration of each project’s contract [29].

Figure 60. Consumption of Hydroelectricity and
Other Renewable Energy in Selected
Countries of Western Europe, 1970-2020
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Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1999).

The United Kingdom’s Non-Fossil Fuel Obligation
(NFFO) was created by the Electricity Act of 1989, the
legislation behind the privatization of the country’s elec-
tricity industry. NFFO is a premium price market
enablement mechanism intended to encourage the
development of electricity generated from renewable
resources. Similar schemes have been set up for Scotland
(the Scottish Renewables Obligation—SRO) and North-
ern Ireland (the Northern Ireland NFFO—NI-NFFO).

The difference between the premium price paid for
renewable electricity generation and the market price of
electricity is financed by the Fossil Fuel Levy, paid by
licensed electricity suppliers and passed on to consum-
ers. It is anticipated that prices paid under the
Renewables Obligations will converge with market
prices under successive Orders, until renewables are
able to compete with conventional generation without
financial assistance. Beginning in 1990, the United King-
dom issued four NFFOs, two SROs, and two NI-NFFOs.
A fifth NFFO and a third SRO were issued in 1998, and
in November 1998 the Energy and Industry Ministry
announced that 261 projects had been awarded, totaling
1,177 megawatts of installed capacity. Most of the pro-
jects are for landfill gas, but municipal and industrial
waste, wind, and small-scale hydroelectric projects were
also approved [30].

Because hydroelectric and other renewable resources in
Italy are well established relative to those in other West-
ern European countries, the IEO99 reference case pro-
jects growth of only about 1.0 percent per year between
1996 and 2020. Italy ranks fourth in terms of renewables
consumption in Europe; only Norway, Sweden, and
France consume more renewable energy [31, pp. 190 and
194]. The bulk of Italy’s renewable energy use is in the
form of hydroelectricity and, to a much smaller extent,
geothermal power [14, p. 79]. Over the past several
decades, it has become increasingly difficult to find new
sources for hydroelectric power plants and new geother-
mal resources. The Italian government has begun to look
at ways to develop its wind energy resources, but com-
mitments so far have been modest. In Italy’s 1998
National Energy Plan, the government set a target to
install 300 megawatts of wind energy by 2000—only a
fraction of the country’s present 66,000 megawatts of
total installed generating capacity [14, p. 82].

Spain has experienced fast-paced growth in wind
energy installations in recent years. Almost 100 mega-
watts of wind capacity was installed in the country in
1996, doubling to 421 megawatts in 1997, with 477 wind
turbines installed at 14 wind farms [13, p. 134]. Although
the pace of installation slowed, nearly 150 megawatts
were added in 1998 [32]. Spanish regional wind energy
programs have established targets for wind power
increments that may add as much as 8,000 megawatts of
installed capacity by 2012 [13, p. 134].

Several additional wind projects were either planned or
under construction in Western Europe in 1998. In Nor-
way, energy producer Norsk Miljo Energi Sor (NMES)
announced plans to construct the country’s largest wind
project, a 300-megawatt wind plant in the northern part
of the country [33]. NMES also has plans to construct a
second 300-megawatt wind facility in Vest-Agder. In
Sweden, the 220-kilowatt Svante turbine located off the
Coast of Nogersund began operating in 1998 [3, p. 135].
Work on the second generation of large wind turbines
was begun in 1993 at the Naesudden site, where a
3-megawatt plant is being constructed. Sydkraft
announced plans to build a 7.2-megawatt wind project
on the island of Gipson, outside Landskrona, for an esti-
mated $7.7 million.

Asia

The economic downturn in southeast Asia will no doubt
have some negative impact on near-term development
of renewable projects; however, long-term projects
begun before the crisis, such as China’s Three Gorges
Dam, have continued for the most part on schedule.
Developing Asia remains one place where large-scale
hydroelectric projects are still being pursued, despite

the controversy that usually surrounds them. China
has announced plans to construct more than 20
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hydroelectric projects between 1998 and 2020, both to
generate much-needed electricity and to control flood-
ing. A substantial number of the projects will have
installed capacities exceeding 3.3 gigawatts.

Developing Asia
China

The flood damage that devastated China in 1998 is esti-
mated to total over $36 billion (U.S.) with more than
3,000 deaths and 5 million homes destroyed [34]. The
Yangtze River valley was hit with eight flood crests over
a 2-month period, and the flooding has strengthened
desires to protect the population with hydroelectric
dams along the river. By 2010, China plans to have
installed flood control dams with more than 100
gigawatts of hydroelectric power, providing an esti-
mated 30 percent of the country’s electricity [35].

China currently has 19 operable hydroelectric projects
with installed capacities greater than 1 gigawatt. Hydro-
electric power projects now under construction will
have an estimated total generating capacity of 32
gigawatts. Other proposals for large-scale hydroelectric
projects in China include one 12-gigawatt project and
one 5.2-gigawatt project on the Jinsha River (a tributary
of the Yangtze River); one 3.3-gigawatt project on the
Dadu River (also a tributary of the Yangtze); and more
than 20 other power projects planned for the Yalong
River, the largest of which—the Jinping Hydroelectric
Power Station—has a proposed capacity of 3.6 gigawatts
[36, 37].

The State Power Corporation of China (SPC) has
announced that the country will focus on developing
large-scale hydroelectric projects [35]. In September, the
SPC announced plans to invest $7.23 billion to construct
five hydroelectric projects by 2010 [38], including the
1.5-gigawatt Gongboxia project, the 3.72-gigawatt
Laxiwa project, the 5.4-gigawatt Longtan project, the
4.2-gigawatt Xiaowan project, and the 1.5-gigawatt
Sanbanxi project.

Construction on the world’s largest hydroelectric pro-
ject, the 18.2-gigawatt Three Gorges Dam, entered Phase
2 of a three-phase process in 1998 [39]. Although con-
struction on the dam was temporarily suspended in
August because of the extensive flooding along the
Yangtze, Phase 2 is still scheduled for completion in
2003, when the dam will start generating electricity.
Phase 3 should end in 2009 with the beginning of full
power generation. About $3.7 billion has already been
spent on construction of Three Gorges Dam, including
temporary diversion of the Yangtze and draining of the
building site so that construction of the dam can con-
tinue. Upon completion, the project will extend 1.4 miles
across the Yangtze and will be 607 feet tall, creating a
370-mile-long reservoir, which will allow shipping

through the central Yangtze to increase from 10 million
to 50 million tons annually. The official Chinese estimate
for the cost of the entire project is $25 billion.

Three Gorges Dam has been the subject of much contro-
versy. Critics say that water pollution along the Yangtze
will double as the dam traps more than 50 kinds of pol-
lutants from mining operations, factories, and human
settlements that used to be washed out to sea by the
strong currents of the river [39]. Some believe that the
heavy silt in the river will deposit at the upstream end of
the dam and clog the major river channels of Chongqing.
An estimated 1.1 million to 1.9 million people will have
to be resettled before the reservoir is created; around
1,300 archaeological sites will have to be moved or
flooded; and the habitats of several endangered species
and rare plants will be jeopardized. In 1996, the U.S.
Export-Import Bank declined to grant guarantees for
U.S. companies hoping to work on Three Gorges Dam,
citing the potential environmental problems; however,
Export-Import banks in Canada and Germany have sup-
ported financing efforts for companies based in those
countries, such as General Electric-Canada and Siemens.

There are many additional large-scale hydroelectric pro-
jects underway or planned in China. In 1998, China
began trial operations of its largest generating unit to
date—the first of six generators at the $3.4 billion Ertan
hydroelectric power plant [40]. Located at Panzhihua
City on the Yalong River, a tributary of the Yangtze’s
upper reaches, Ertan is Asia’s second tallest dam. The
project is expected to help ease the electricity shortage in
Sichuan province, as well as to stem flooding from the
upper reaches of the Yangtze. The second generator at
the Ertan dam in southwestern Sichuan province started
operating in November 1998. Ertan’s six generating
units, each with a capacity of 550 megawatts, should be
completed by the end of 1999, making the 3,300 mega-
watt power plant China’s largest electricity supplier.
Construction on the project began in 1991. The project,
unlike Three Gorges, has benefitted from support from
the World Bank. Since May 1, 1998, the dam has held
back about 40 percent of the Yalong’s flood waters to
ease the water flow on the middle and lower reaches of
the Yangtze.

The Tianshenggiao power station in Guangxi Zhuang
Autonomous Region in southern China was scheduled
to begin generating power by the end of 1998 [35]. Con-
struction is also underway on a pumped-storage station
in Tibet at Yamzho Yumco Lake. The Tibetan station is
being constructed at an elevation of 12,000 to 15,000 feet,
the highest project in the world. In 1997, China
announced plans to build a hydroelectric project along
Tibet’s Brahmapoutre river, near the Yalutsan moun-
tain, which could generate a proposed 40 gigawatthours
per year, double the amount projected for the Three
Gorges Dam [41].
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Until recently, China had developed little of its renew-
able energy resources beyond its hydroelectric power.
By 1995, China had installed only 14 wind power farms
with a combined capacity of 50 megawatts. Further,
installed photovoltaic, geothermal, and ocean tidal
power stations provided only 6, 32, and 11 megawatts of
capacity, respectively [42].

At the start of 1996, more than 72 million people in rural
areas still were not connected to the national electricity
grid. Electricity demand for this part of the population is
expected to be satisfied by developing new energy tech-
nologies, because grid expansion is too slow and expen-
sive. More than 140,000 mini wind turbine units (60 to
200 watts) operate in China, of which more than 110,000
are located in Inner Mongolia. The annual production of
mini wind turbines exceeds 21,000 units in the region.
Chinese government forecasters estimate that the total
installed capacity of mini wind turbines will be 30 mega-
watts in 2000 and 140 megawatts in 2020, with total
power generation of 90 and 450 gigawatthours, respec-
tively. In appropriate areas, decentralized wind power
stations over 10 megawatts will be built and hybrid
wind/diesel or wind/solar systems will be developed.

By the end of 1998, 71 Chinese wind turbines with capac-
ities of 500 to 600 kilowatts were expected to be installed
[43]. Chinais building four wind farms with a combined
190 megawatts capacity, which should be completed by
mid-1999 [44]. The largest of the plants is a 100- mega-
watt farm to be built in Huitengxile, in the northern
province of Inner Mongolia. Other projects include a
50-megawatt facility at Zhangbein in northern China’s
Hebei province; a 20-megawatt facility at Pingtan in
southeast China’s Fujian province; and a 20-megawatt
facility at Chonming Island in Shanghai, east China. The
projects are being funded with loans of between $65 and
$120 million from the World Bank and a $10 million
grant from the Global Environmental Facility.

The 20-megawatt facility at Shanghai’s Chonming
Island is being installed as part of the local government’s
plans to develop wind power in the city to reduce reli-
ance on coal-fired electricity [45]. The farm, being built
at Dongwangsha, will consist of 34 wind turbines.
Energy demand in Shanghai has grown rapidly, as the
city’s economy has grown by 10 percent annually in
recent years and authorities are running out of suitable
sites for new thermal power stations. Shanghai is
expected to have 12,000 megawatts of thermal generat-
ing capacity by 2000.

China also has plans to develop more of its geothermal
heat resources to generate power [46]. The country plans
to build medium-sized geothermal power stations in the
southwestern part of China. The stations are to be devel-
oped in Tibet and western parts of Yunnan and Sichuan
provinces by 2020. Priority is to be given to geothermal

resources with reservoir temperatures above 200 de-
grees centigrade in Tibet’s Yangbajing.

India

Similarly to China, India has begun focusing on large-
scale hydroelectric projects to ease electricity shortages
in the country. So far, 12 large-scale projects have been
approved, all to be completed by 2002 [7]. The projects
are expected to add a combined 3.7 gigawatts of
installed hydroelectric capacity. In addition, 5.81 giga-
watts of capacity are to be added by new state-sector
projects and 350 megawatts by the private sector.

National Hydroelectric Power Corporation will con-
struct five projects in Himachal Pradesh State and one
each in Manipur and Sikkim. The Central Electricity
Authority has been asked to give technical and eco-
nomic approval to two 800-megawatt projects in
Himachal: Parbaht Stage 2 and Kol Dam. India’s Energy
Development Company Ltd. expects to commission its
9-megawatt Harangi Dam in April 1999. This facility is
expected to generate about 36 million kilowatthours of
electricity per year. In the northern states of Jammu and
Kasmir, construction began in October 1998 on a
450-megawatt hydroelectric project on the Chinab River
[47]. When completed, the facility is expected to provide
2,600 megawatthours of power per year.

The Indian government has begun a policy to promote
development of hydroelectric power. The government
plans to introduce a tariff subsidy to support the devel-
opment of hydroelectric power in an effort to improve
the nation’s energy mix [47]. At present, 78 percent of
India’s electricity is fueled by coal and 13 percent by
hydroelectricity and other renewables, with natural gas,
oil, and nuclear contributing the remainder. The tariff is
expected to raise an estimated $714 million annually.
Other policy decisions provide that hydroelectric facili-
ties with installed capacity up to 250 megawatts will not
require technical or economic approval from the Central
Electricity Authority, which at present scrutinizes every
proposed project that exceeds 100 megawatts.

In 1992, at the start of the eighth Five-Year Plan, India’s
installed capacity of small-scale hydroelectric projects
was 93 megawatts. By the beginning of 1997, there were
216 such projects installed, with a combined capacity of
155 megawatts. Work is in progress on 208 projects that
will provide 230 megawatts of installed capacity. India’s
federal Ministry of Non-conventional Energy Sources
(MNES) is promoting small-scale hydroelectric projects
of up to 3 megawatts to develop remote rural areas.
MNES conducted a nationwide survey and identified
the potential for development of a combined 2,040
megawatts in 25 states and outlying islands [48]. Sites
with a potential of about 600 megawatts have been
offered by states for commercial development.
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To further accelerate the exploitation of the small
hydropower potential and to promote their commercial-
ization, MNES has charted out several measures. Some
of the main objectives and activities being undertaken
during the ninth Five-Year Plan are small hydro
resource assessment; encouragement to commercial
small hydro projects; renovation and modernization of
old small hydro projects; special incentive packages for
northeastern states to exploit small hydro potential,
upgrading of water mills; and intensification of indus-
try-based research and development.

Although the development of wind power in India was
among the world’s largest in 1995 and 1996, the market
stagnated in 1997, mostly because the Asian economic
slowdown made it difficult to secure financing for new
development [1]. Further, India’s wind project have per-
formed badly for a number of reasons, including a vast
overestimation of wind resources in certain areas, poor
project design and operation, and problems with the
utility grid. To improve the record of wind projects, the
Indian government plans to offer tax credits for electric-
ity generated from wind projects, rather than merely
offering the incentives to companies investing in their
construction. A number of wind projects currently are
under construction in India. Lagerwey Windturbine of
the Netherlands is supplying 80 wind turbines for a
20-megawatt wind project in Puthlur, approximately
190 miles south of Hyderabad [49]. In June 1998,
Lagerwey commissioned a 20-megawatt Indian facility
located in the state of Tamil Nadu.

Other Developing Asia

Several hydroelectric power projects were introduced in
countries of developing Asia other than India and China
in 1998. In Myanmar (formerly Burma), the country’s
second largest hydroelectric project will be built, the
280-megawatt Paung Laung plant [50]. Upon comple-
tion (scheduled for 2002), the facility will raise
Myanmar’s generating capacity by 30 percent [51].

Indonesia completed its largest hydroelectric plant in
April 1998, the 1,000-megawatt Cirata plant in West Java
[52]. The plant was constructed with $852 million in
funding from the World Bank and Australia. Unfortu-
nately, the country’s economic problems mean that the
new capacity is not needed. The connection of the Cirata
plant to the Java-Bali grid will bring total excess capacity
to 9,300 megawatts. Java-Bali’s generating capacity is
estimated at 15,000 megawatts, but peak load demand is
only about 9,500 megawatts.

Despite lingering economic and political problems in
Indonesia, Solarex—the business unit of Amoco/Enron
Solar—expects to complete its $25 million solar rural
electrification project [53]. The project, initiated in June
1998 in Jakarta, involves installing 36,400 solar systems

throughout Indonesia. By the end of September 1998,
more than 21,000 units had been installed, with the
remaining 15,400 units scheduled to become operational
by the end of 1999. Currently only 31 percent of all
households in Indonesia have access to the national
power grid, and the aim of the Solarex project is to bring
electricity to those people who live in areas where
national grid expansions are not expected within the
next5 years.

Construction on the $220 million Houay Ho hydroelec-
tric project in Laos is nearly complete; however, the con-
tinuing economic troubles in Thailand—the largest
expected purchaser of Houay Ho’s output—make the
facility’s future somewhat uncertain. In September 1998,
Thailand’s state power company, the Electricity Gener-
ating Authority of Thailand (EGAT), agreed to a slight
adjustment in the established tariff pricing structure for
its power purchase from Houay Ho [54]. EGAT agreed
to raise the ratio of U.S. dollars in the tariff payment
from 50 percent at present to 55 percent. The Houay Ho
consortium of owners wanted EGAT to pay for the elec-
tricity in U.S. dollars exclusively because of the weak-
ened Thai currency, the baht. The 30-year power sales to
EGAT are contracted to begin in September 1999.

Industrial Asia

The three countries that comprise industrial Asia—Aus-
tralia, Japan, and New Zealand—have different levels of
renewable energy penetration. In New Zealand, more
than 80 percent of electricity generation is attributed to
hydroelectricity and other renewables. Both Japan and
Australia generate about 9 percent of their electricity
with renewables. In Australia, virtually all renewable
energy is in the form of hydroelectricity. Of the 14.8 bil-
lion kilowatthours of renewable energy consumed in
Australia in 1996, only 0.03 billion kilowatthours was
contributed by geothermal, wind, and solar. In contrast,
Japan consumed 3.4 billion kilowatthours of electricity
generated from geothermal, wind, and solar energy.

All three countries have begun construction on renew-
able projects other than hydroelectricity. In New Zea-
land, Tararua Wind Power finally began construction
work on the country’s first large wind farm, a
31.7-megawatt project located near Palmerston North,
North Island. The project has been in planning stages
since the end of 1995. Initially, it will consist of 48
660-kilowatt turbines, although the company could
expand the project to 67 megawatts in the future. So far,
the only other wind farm operating in New Zealand is a
3.5-megawatt facility that was completed in 1996 [55].

Growing interest in wind power in New Zealand has
also resulted in a proposal by Shell International
Renewables to develop offshore wind farms [56]. Shell
believes that its expertise in offshore oil projects could be
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applied to the development of offshore wind. There are
also hopes that offshore wind power would stop com-
plaints about potential noise pollution, which have hin-
dered wind power development in New Zealand.
Opposition by residents of Makara, New Zealand, to a
planned wind project because of noise concerns forced
the Electricity Corporation of New Zealand to scale back
the project.

There has also been some growth in Australia’s wind
power installations. The country’s largest wind farm—
the Crookwell plant in New South Wales—was commis-
sioned at the end of August 1998 [57]. The 4.8-megawatt
facility consists of eight 600-kilowatt turbines. Electricity
generated from the plant will be sold to Great Southern
Energy under a 20-year contract and marketed to cus-
tomers who will pay a premium price for the “green”
energy.

According to the International Energy Agency, at the
end of 1996 Japan’s installed wind capacity totaled 14
megawatts—Iess than 2 percent of Asia’s 891 megawatts
of total installed wind power capacity. Currently, the
Japanese trading company, Tomen, is installing Japan’s
largest wind farm in Tomamae, Hokkaido, in northern
Japan. The 20-megawatt facility will more than double
the installed wind capacity in Japan. It will consist of 20
wind power generators, each with a capacity of 1,000
kilowatts [58]. The $33 million project is expected to
begin operating in October 1999. Electricity will be sold
to Hokkaido Electric Power Company at an average cost
of 8.5 cents per kilowatthour for a 17-year period, repre-
senting the first long-term commercial contract that a
Japanese electric power company has signed for
wind-generated electricity.

Central and South America

Many countries of Central and South America rely
heavily on hydroelectricity for electricity generation. In
Brazil—which accounts for about 40 percent of the
region’s total installed capacity—86 percent of the 59
gigawatts of total installed capacity in 1996 consisted of
hydropower. Hydroelectric dams also account for 50
percent or more of the total installed generating capacity
in Chile, Colombia, Paraguay, Peru, and Venezuela.

Although many of the region’s hydroelectric resources
have been developed, there are still plans to add sub-
stantial capacity over the forecast period, despite efforts
in many Central and South American countries to diver-
sify the fuel mix for electricity. Because dependence on
hydropower can lead to brownouts and blackouts dur-
ing times of drought, Brazil has been attempting to con-
struct a natural gas infrastructure to bring gas from
Bolivia and Argentina to fuel new gas-fired capacity.
Standard & Poor’s DRI has estimated that the natural
gas share of total generating capacity in Brazil will climb

from 1 percent in 1995 to 21 percent by 2020, almost
entirely at the expense of hydropower [59, pp. 62-63].

Brazil still has more hydroelectric projects under con-
struction or planned for future installation than any
other country in the Central and South America region.
In September 1997, the final turbine was installed in the
3.0-gigawatt Xingd hydroelectric power facility on the
Sao Francisco River at Piranhas [60]. The $3.1 billion pro-
ject accounts for 25 percent of the installed capacity in
northeast Brazil. Other large hydroelectric facilities cur-
rently under construction in Brazil include the
1.45-gigawatt Itd hydroelectric plant, which is scheduled
for completion in mid-2000, and the 1.14-gigawatt
Machadinho hydroelectric plant, which is scheduled for
completion in 2003; both facilities are located on the
Uruguay River. Construction on the $1 billion, 950-
megawatt Lajeado dam near Palmas, Brazil, began in
May 1998, and it should become operational by the end
of 2003. Finally, there are also plans to expand the
12.6-gigawatt Itaipu project held jointly between Brazil
and Paraguay [61]. The facility is to be expanded by
1,400 megawatts at a cost of about $200 million.

In Argentina, plans to add three 155-megawatt turbines,
in addition to the expansion completed in 1998, will
bring the Yacyreta hydroelectric plant to 3.1 gigawatts
capacity [59, pp. 32-34]. The additional capacity is to be
used to generate exports for Brazil and an agreement to
construct a 291-mile transmission line for this purpose
was finalized in 1998.

In Chile, construction began on the $500 million Ralco
hydroelectric project on the BioBio River in 1998 [62].
The Spanish electric company, Endesa, had planned to
bring the 570-megawatt project into operation by 2002,
but work was suspended in October 1998 when the com-
pany was unable to reach an agreement with the indige-
nous Pehuenche people who must be relocated if the
project is to be completed. Ralco has also been the sub-
ject of protest from environmental groups because of its
potential environmental damage, as well as the issue of
displacing the Pehuenche [63].

Peru has recently had a surge in hydroelectric projects
[64]. Two plants were completed in the northwestern
part of the country in 1997—the 12-megawatt Curumuy
and the 34-megawatt Gallito Ciego. Six other projects are
currently under construction (Figure 61). All the projects
are relatively small, with installed capacities ranging
between 16 and 142 megawatts.

In 1998, a number of renewable energy projects beyond
hydroelectricity were begun. In Argentina, the World
Bank issued a solicitation for a rural renewable energy
program as part of its “Renewable Energy in Rural Mar-
ket Project” [65]. The project, which is attempting to pro-
vide solar electricity to more than 100,000 households,
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Figure 61. Hydroelectric Plants in Peru Completed
and Under Construction, 1998
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(October 1998).

also has several initiatives that include other renewable
energy sources. One initiative envisions the installation
of renewable energy power systems (solar, wind, or
hydro) with capacities ranging from 3 kilowatts to 10
kilowatts, along with diesel generators to provide elec-
tricity to some 5,900 households that are less decentral-
ized than those slated for solar systems. A second
element will cover the installation of 2,900 small renew-
able systems to generate power for public facilities, such
as schools and police stations. And in a third element,
two pilot community wind systems will be installed.
The program is expected to cost $187 million. Of that
amount, $46 million will be provided by a World Bank
loan, $14 million will come from a grant from the Bank’s
Global Environmental Facility, and the remainder will
come from provincial governments and other sources.

In a disappointment to environmentalists, Argentine
President Carlos Menem signed a decree in 1998 annul-
ling key parts of a bill that would have provided a tax
incentive to wind and solar power developers [66]. The
proposed legislation would have given wind and solar
energy generators 1 cent for each kilowatthour of elec-
tric power generated from their projects [67].

There are several alternative renewable energy projects
under way in Costa Rica. The country recently built a
20-megawatt wind farm at Guanacasta and is studying
the effects of the wind farm on the national grid [67]. In
addition, the Inter-American Development Bank suc-
cessfully completed financing for a 27.5-megawatt geo-
thermal plant, the first private-sector energy project in
Costa Rica to be built on the basis of a build-own-
transfer contract resulting from a private bid [68].

Eastern Europe and the Former Soviet Union

Development of renewable resources in Eastern Europe
and the former Soviet Union (EE/FSU) remains limited
primarily to expansion or refurbishment of existing
hydroelectric units, especially in the FSU, where eco-
nomic troubles have persisted since the Soviet collapse
of the early 1990s, worsening even more with the deval-
uation of the ruble in the summer of 1998. In the IEO99
reference case, energy generated from hydroelectricity
and other renewable resources grows by only 1.1 per-
cent per year between 1996 and 2020, rising modestly
from 2.2 to 2.9 quadrillion Btu (Figure 62).

The economies of the countries of Eastern Europe have
fared much better than those of the FSU. As a result, the
prospects for renewables are somewhat better. Regional
gross domestic product returned to positive growth in
1994, averaging 4.8 percent annually until 1997, when
growth fell to 3.3 percent [69, p. 37]. Much of the in-
creased energy use in Eastern Europe is expected to be in
the form of natural gas use to displace coal and nuclear
generation, but systematic growth of hydroelectricity
is also expected in countries such as Slovenia and

Figure 62. Consumption of Hydroelectricity and
Other Renewable Energy in Eastern
Europe and the Former Soviet Union,
1996-2020
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Sources: 1996: Energy Information Administration (EIA),
International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1999).
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the former Yugoslavian Republics of Croatia, Ser-
bia-Montenegro, and Macedonia, where undeveloped
hydropower potential still exists [69, pp. 41, 47, 49].
Renewable energy use in Eastern Europe grows by 4.9
percent per year over the projection period, tripling to
2.0 quadrillion Btu in 2020 (Figure 62).

Several hydroelectric projects are being started in
Macedonia. In May 1998, the World Bank approved a
$35 million loan for the country’s power company,
Elektrostopanstvo Na Makedonija (ESM), which will be
used for three electric power sector projects [70]. The
most important is a $26 million upgrade of six hydro-
electric facilities: Vrutok, Raven, Vrben, Tikves, Spilje,
and Globocica. The others involve upgrades to the dis-
patch center of the national power system ($5.5 million)
and repair of ESM’s electricity distribution system
(%$3.5 million). Macedonia has also secured an $80 mil-
lion loan from China for the new Kozjak hydroelectric
plant, which was scheduled for completion in December
1998 [71]. This is the largest single investment in south-
eastern Europe to be supported by Chinese financial
institutions.

The Yugoslav Republic of Montenegro also has plans to
begin a number of hydroelectric projects. The country
has plans to restart construction on the 450-megawatt
Buk Bijela hydroelectric facility, which was begun in the
early 1970s but suspended in 1974 [72]. The project
would be a joint venture between Montenegro’s
Elektroprivreda Crne Gore/Montenegro and the
Bosnian Srpska Republic’s Elektroprivreda Rebublike
Srpske. The plant, when completed, could supply 1,100
gigawatthours of electricity per year, with 400
gigawatthours going to Montenegro and the rest to
Srpska. Montenegro also has plans to construct four or
five hydroelectric plants on the Moraca River [73]. Final
tenders for work on the 195-megawatt Andrijevo,
55.5-megawatt Raslovici, 55.5-megawatt Milunovici,
and 55.5-megawatt Zlatica hydroelectric projects were
to be issued by the end of 1998, with construction sched-
uled to begin in mid-1999.

In Slovenia, a number of projects are underway to mod-
ernize existing hydroelectric facilities. For the Drava
hydroelectric power project, $35 million is being spent to
refurbish and expand the facility [74]. Similarly, $21 mil-
lion is being spent to rehabilitate the Soca hydroelectric
power plant. There are also plans to construct two addi-
tional hydroelectric plants on the Soca River [75]. The
41-megawatt Doblar 2 and 20-megawatt Plave 2 should
be completed by 2001, at an expected cost of $111 mil-
lion. They are being designed as peak-demand plants to
support the two existing stations on the Soca.

Mini-hydroelectric power stations are being developed
in Bosnia and Herzegovina to replace infrastructure
damaged during the Bosnian War. A 2-megawatt

hydroelectric plant in Modrac that began operating in
September 1998 [76] was the third mini-hydro plant
completed since the Dayton Peace Accord came into
effect. The $1.9 million project was financed by
Elektroprivreda Bosne | Hercegovine and Sarajevo’s
Vodorivreda Bosne | Hercegovine.

Development of renewable energy resources beyond
hydroelectricity remains small in Eastern Europe. A
German registered company, Baltic Energy GmbH, has
presented a planning application to Estonian authorities
seeking to build 17 1.5-megawatt wind power stations
on the island of Saaremaa, Estonia’s largest offshore
island [77]. The project, which caries an estimated cost of
$25 million, aims to supply 30 percent of the island’s
total annual electricity requirement. Baltic Energy hopes
to arrange financing for 75 percent of the costs. The com-
pany is interested in undertaking the investment in
cooperation with local investors and has invited a num-
ber of Estonian banks and energy enterprises to take a
25-percent capital holding in the venture.

Africa and the Middle East

In Africa and the Middle East, only hydroelectric power
has contributed to any significant development of
grid-connected renewable energy sources. In many Afri-
can countries, hydroelectricity’s share of total installed
electric capacity is quite high. For instance, in the Congo
(Kinshasa), Ethiopia, Ivory Cost, Mozambique, and
Zambia virtually all on-grid electricity generation comes
from hydropower. In 1996, 0.6 quadrillion Btu of hydro-
electricity and other renewables were consumed in
Africa, and by 2020 that amount is projected to grow to
1.2 quadrillion Btu (Figure 63).

Figure 63. Consumption of Hydroelectricity and
Other Renewable Energy in Africa and
the Middle East, 1996-2020
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Sources: 1996: Energy Information Administration (EIA),
International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1999).
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In the IEO99 reference case, renewable energy use in the
Middle East is projected to grow from 0.6 quadrillion
Btu to 1.5 quadrillion Btu over the projection period. In
this region, only Turkey has a sizable amount of hydro-
electric capacity, with about half the country’s electricity
needs being met by hydropower. Although Turkey has
been aggressively developing its natural-gas-fired gen-
eration, numerous hydroelectric projects are currently
under development—including the $32 billion Greater
Anatolia Dam Project (GAP), which is projected to
increase electricity generation by one-third by 2010 [78].
When completed, the GAP project will consist of 21
dams, 19 hydroelectric plants, and a network of tunnels
and irrigation canals [79]. An expected 27,000 giga-
watthours should be generated once the project is
completed.

The Turkish Ministry of Energy and Natural Resources
has plans to install a total of 113 hydroelectric units to
meet the country’s growing demand for electric-
ity—along with 33 lignite-fired projects, 27 gas-fired, 12
coal-fired, and 2 nuclear. The total investment needed to
finance these electricity projects has been estimated at
between $35 and $50 billion over the next decade [79].
Further, according to Turkish Energy Minister Cumhur
Ersumer, in June 1998 the country had reached agree-
ment with companies in the United States, Canada, Rus-
sia, Austria, and France for the construction of 21
turnkey hydroelectric power dams. The Netherlands
has also proposed developing 5 turnkey hydroelectric
facilities on the Firat, Isparta, Antalya, Aras, and Dicle
rivers.

Several announcements were made in 1998 regarding
the development of Ethiopia’s hydroelectric resources.
In 1996, the country had only 372 megawatts of hydro-
power capacity, despite substantial hydroelectric poten-
tial [31]. In March, the country announced that work on
seven hydropower dams was expected to be completed
over the next 5 years, bringing total hydroelectric capac-
ity to 713 megawatts [80]. The 72-megawatt Tisabay
hydropower dam—Ilocated at the source of the Blue
Nile—has already been completed, and a second 73-
megawatt unit (Tisabay 1) is expected to be operational
in 2000. The 73-megawatt Finchaa IV unit in the west is
expected to be completed by 2001, as is the 103-
megawatt Gilgel-Gibe unit, which was financed with a
$300 million World Bank loan.

Studies of hydroelectric potential on Ethiopia’s Tekeze,
Gojeb, and Tisabay rivers suggest that the rivers could
supply 523 megawatts of generating capacity [80].
Tenders are expected for work on the 203-megawatt
Tekeze dam project—which will be the biggest in
Ethiopia—and a 154-megawatt hydropower plant at the
Gojeb dam. Two Norwegian companies, Nor-Plan and

NorConsult, are to draw up a hydropower generation
study for the Ethiopian Electric Light & Power Corpora-
tion. The 6-month study will examine the hydroelectric
potential of the Genalle, Baro, and Geba river basins.

Ethiopia also made some advances in geothermal instal-
lation in 1998. A 35-megawatt geothermal plant in the
country’s Rift Valley became operational in September
[81], more than doubling the installed geothermal and
other renewable energy capacity in Ethiopia, from 30
megawatts in 1996.

Although the penetration of renewable sources to
grid-connected systems in Africa remains small, there
are a number of projects aimed at bringing dispersed
renewables to rural parts of the country. For instance, in
October 1998, Shell International Renewables Ltd. and
South Africa’s state utility, Eskom, announced plans to
invest $30 million in the development of solar power in
rural South Africa over the next 3 years [82]. The 50-50
venture will provide standalone solar power units to as
many as 50,000 homes currently without electricity, at a
cost of about $8 per month—about the same amount
consumers in South Africa currently spend on less effec-
tive, unsustainable fuels [83]. The power units are capa-
ble of fueling three low-voltage lamps and a small
television or radio for 4 hours per day and will cost
about $800 to manufacture and install. Shell has esti-
mated that it might take as long as 9 years to recover the
$30 million investment, but that the project could supply
some 2.5 megawatts of power to regions that are cur-
rently not able to access the nation’s electric power grid.
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Electricity

Electricity continues to be the most rapidly growing form of energy consumption
in the IEO99 projections. The strongest long-term growth
In electricity consumption is projected for the developing countries of Asia.

Long-term growth in electricity consumption is expect-
ed to be strongest in the developing economies of Asia,
followed by Central and South America (Figure 64). In
the reference case for the International Energy Outlook
1999 (IEQ99), the projected growth rates for electricity
consumption in the developing Asian nations average
nearly 5 percent per year from 1996 to 2020 (Table 17).
Electricity consumption growth in Central and South
America is projected to exceed 4 percent between 1996
and 2020. The projected increases in electricity use are
based on expectations of rapid population and economic
growth, greater industrialization, and more widespread
household electrification. Developing nations are
expected to account for 43 percent of the world’s total
electricity consumption in 2020, compared with only 28
percent in 1996. With much of the world population
today still having only limited access to electricity, a sig-
nificant portion of the future growth in electricity use
will result from the connection of more of the population
to the electricity grid.

Figure 64. World Electricity Consumption by
Region, 1996 and 2020

Billion Kilowatthours
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Sources: 1996: Energy Information Administration (EIA),
International Energy Annual 1996, DOE/EIA-0219(96) (Wash-
ington, DC, February 1998). Projections: EIA, World Energy
Projection System (1999).

In future years, electricity will continue to be the most
rapidly growing form of energy consumption, rising
from 12 trillion kilowatthours in 1996 to almost 22 tril-
lion kilowatthours in 2020 in the IEO99 reference case.
Although demand for electricity, like other forms of

energy, has been affected by recent global economic and
financial problems, an economic turnaround is expected
in a year or two, accompanied by a resumption of earlier
trends in demand growth.

Collapsing financial markets and falling currencies can
affect energy demand in several ways. For countries that
are net importers of energy, a debased currency means
that more of the currency must be expended on energy
imports, as well as on other goods and services. If a
country’s financial markets fail, economic growth and
energy demand growth may be slowed as investments
in development projects (including energy projects)
become more risky and capital formation becomes more
difficult. Corrective measures, such as raising domestic
interest rates in order to restore stability to currency val-
ues and financial markets, may at the same time reduce
economic growth, slow the growth of long-term invest-
ment, and depress aggregate energy demand.

The countries most immediately affected by the eco-
nomic crisis that originated in Asia in mid-1997—
Thailand, Malaysia, South Korea, Indonesia, and the
Philippines—have undertaken various economic poli-
cies to restore economic growth, and there have been
some positive signs that their economies are beginning
to turn around. China and India have also been affected
by the crisis, although not nearly as much. The IEO99
projections of electricity demand growth for these
regions are substantially lower than last year’s projec-
tions out to the year 2000, but less so out to 2005 and
hardly at all for 2020.

Annual growth in electricity consumption for the indus-
trialized economies is expected to average 1.6 percent
between 1996 and 2020, with continuing penetration of
electric equipment in the end-use sectors counterbal-
anced by slowing population growth and higher energy
efficiencies. Economic growth in the industrial econo-
mies has also been affected by the Asian crisis, largely
through a slowdown in exports to Asian markets. In
1998, as a result of growing concerns that Asian eco-
nomic problems had begun to affect the industrial
world, several central banks reduced interest rates and
eased monetary policies.

Japan, the largest economy in Asia and second largest in
the world, continues to be a significant source of
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(Billion Kilowatthours)

Table 17. World Net Electricity Consumption by Region, 1990-2020

History Projections
Average Annual
Percent Change,
Region 1990 1996 2000 2005 2010 2015 2020 1996-2020

Industrialized Countries 6,248 7,194 7,529 8,298 9,001 9,749 10,485 1.6
United States. . . . . . . .. 2,713 3,243 3,333 3,585 3,843 4,113 4,345 1.2
EE/FSU . . . . ... .. ... 1,908 1,535 1,396 1,536 1,673 1,813 1,965 1.0
Developing Countries 2,274 3,324 3,895 5,033 6,282 7,695 9,422 4.4
Developing Asia . . . . . .. 1,268 2,002 2,350 3,105 3,937 4,918 6,122 4.8
China . ........... 551 925 1,107 1,520 2,030 2,672 3,486 5.7
India. . ........... 257 378 493 644 802 981 1,192 4.9
SouthKorea. . . . .. ... 95 181 190 237 285 335 387 3.2
Other Developing Asia . . . 365 519 560 704 819 930 1056 3.0
Central and South America. . 449 604 735 950 1,182 1,421 1,728 4.5
TotalWorld . . .. ... ... 10,431 12,0563 12,821 14,868 16,956 19,257 21,872 2.5

Note: EE/FSU = Eastern Europe and the former Soviet Union.

Sources: History: Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washing-

ton, DC, February 1998). Projections:

uncertainty. Its real GDP fell by 2.9 percent in 1998,
according to WEFA Energy [1]. The Japanese govern-
ment has, however, undertaken a $500 billion spending
initiative aimed at reviving the economy. The Japanese
central government’s expansionary fiscal policies in the
past have generally proven inadequate to the task of
restoring economic growth, and little improvement is
expected for Japan’s economy in the near term.

In Russia, economic developments have grown more
discouraging. Although difficulties in the Russian econ-
omy were heightened by events in Asia, the Russian
government’s persistent inability to undertake mean-
ingful—and much needed—domestic economic reform
continues to be the main roadblock to economic recov-
ery. A moratorium on servicing government debt and
the Russian government’s recent plan to make good on
payments on past-due salaries and pensions through
printing money suggest that the Russian economy is
likely to worsen further before getting better.

Downward pressure on financial markets and curren-
cies in Central and South America was another fallout of
the Asian economic crisis; however, not all of the
region’s current economic problems can be attributed to
events in Asia. Brazil, for instance, has found itself in
need of a $42 billion credit from the International Mone-
tary Fund, largely because of its huge government bud-
get deficit [2]. The credit was needed both to keep the
Brazilian financial system solvent and to stem a run on
the Brazilian currency.

For the developing nations of Africa and the Middle
East, both economic growth and electricity consumption
growth are expected to fall midway between those
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EIA, World Energy Projection System (1999).

projected for the industrialized economies and the
developing economies of Asia and Central and South
America. Rising electricity demand in the Middle East
will be linked more strongly with rapid population
growth than with increases in per capita electricity
usage. The outlook for Africa is similar, but the growth
in electricity demand is expected to be slightly higher as
access to electricity grids becomes more widespread.
Both the Middle East and Africa depend strongly on
extractive industries for economic growth. In both
regions, economic growth and electricity consumption
growth will be shaped by developments in the supplies
of and demand for raw materials and petroleum.

Highlights of recent electricity developments around
the world are as follows:

<The world’s recent economic difficulties—which
started in Asia but then moved to South America,
Russia, and finally the western industrial econo-
mies—continue to restrain the near-term prospects
for global economic growth. Again, in the near term,
the electricity consumption growth forecast has been
revised downward, particularly for Southeast Asian
nations. Over the past year, several Southeast Asian
nations have canceled or postponed a number of
electricity projects. The effects of the crisis have been
most immediately felt in Thailand, Indonesia,
Malaysia, the Philippines, and South Korea, where
project cancellations or delays have been most
evident.

=Electricity pools have emerged in all corners of the
globe: from Australia to Alberta; from South Amer-
ica to South Africa; from the United States to the
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United Kingdom. Pools have in general improved
the management of system capacity and reduced
electricity prices; however, the possibility of
short-term increases in price volatility has grown,
with price spikes appearing during periods of heavy
demand.

=Electricity trade accounts for a relatively small share
of overall electricity supply. The strengthening of
pool and system interconnections should increase
such trade substantially over the forecast period.
Such developments are underway in Central and
South America, the Indian subcontinent, Europe,
North America, parts of Asia, and Southern Africa.

=To date, in dollar terms, the privatization of electric-
ity supply in the United Kingdom has been the larg-
est transaction involving state-owned energy assets.
Over the next year or two, Brazil will sell off a large
part of its electricity industry, as well as its
state-owned petroleum company. Once Brazil’s elec-
tricity privatization plan is completed, one estimate
expects the Brazilian national government and state
governments to raise more than $60 billion from the
asset sales [3]. Thus far, Brazil’s privatization has
also attracted billions of dollars in foreign invest-
ment, particularly from the United States.

=Some headway has been made toward the eventual
ratification of the Kyoto accords. As of March 15,
1999, 83 countries, including the United States, had
signed the Kyoto Protocol [4]. Adherence to the
Kyoto Protocol’s agreed-upon greenhouse gas
reductions would alter both the forecast for future
electricity fuel mixes and the electricity demand fore-
cast itself, however, the IEO99 projections do not
reflect the possible ratification of the Protocol.

=Both South Korea and Thailand currently are under-
taking greater market reform in their electricity sec-
tors. In Thailand the electricity sector is being
deregulated to allow independent and small power
producers to sell electricity to Electricity Generating
Authority of Thailand (EGAT). Thailand is also
undertaking a partial privatization of EGAT. The
Korean Electric Power Corporation, South Korea’s
state-run electricity monopoly, is slated to be privat-
ized in 2002 [5].

Primary Fuel Use for Electricity
Generation

Natural Gas

Natural gas is increasingly becoming the fuel of choice
for new electricity projects around the globe (Table 18).
Over the 1996-2020 projection period, natural gas is

expected to gain share in North American electricity
generation markets relative to coal and nuclear power.
South America is expected to increase natural gas con-
sumption to supplement its large base of hydroelectric-
ity generation. Western Europe is moving from nuclear
to greater reliance on gas. Eastern Europe is expected to
move from coal to gas. And a major share of capacity
expansion in Asia and the Middle East will rely on natu-
ral gas.

Overall, natural gas is expected to account for 25 percent
of world electricity fuels market in 2020, as compared
with 16 percent in 1996 (Figure 65). Favoring natural gas
are increased confidence in the availability of future
supplies, significant improvements in gas turbine tech-
nology, the relatively smaller negative effects of
gas-fired generation on air quality than those of other
fossil fuels, and the increasing availability of imported
liquefied natural gas (LNG). Although -currently
accounting for only 5 percent of world gas consumption,
LNG exports have grown by 38 percent since 1992 [6].
Algeria, Indonesia, and Malaysia are the largest export-
ers of LNG, and Japan, South Korea, and France are the
largest importers [7].

Pipeline trade in natural gas, currently almost triple the
volume of LNG trade, is also growing rapidly. In recent
years, exports of natural gas from Canada to the United
States, from Norway and Russia to Western Europe, and
from Algeria to Italy and Spain have led the increase.
Upon the completion of a number of pipeline projects
under construction or now being planned in South
America, Argentina and Bolivia will become major
exporters of natural gas and Chile and Brazil will
become major importers.

Figure 65. Fuel Shares of World Electricity
Generation, 1996-2020
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EIA, World Energy Projection System (1999).
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Table 18. World Energy Consumption for Electricity Generation by Region and Fuel, 1996-2020

(Quasrillion Btu)

Region and Fuel | 1996 2000 | 2005 | 2010 | 2015 2020
Industrialized . . . . . . . ... ... ... 77.9 83.2 89.5 93.9 98.7 102.4
Oil . ... . 5.2 5.8 5.3 5.2 55 5.7
NaturalGas . . .. ... .. ... .... 7.7 9.7 13.8 16.2 20.5 23.2
Coal . . ... ... ... ... ... 28.0 29.8 30.5 31.3 32.3 33.2
Nuclear. . . . . .. ... ... .. .... 19.8 20.0 19.6 19.2 17.0 15.5
Renewables . . . . . ... ... .. ... 17.2 17.8 20.3 219 23.3 24.8
EE/FSU . . . . . . . . . . ... ... 24.4 23.8 26.1 27.4 28.9 30.8
Oil ... 2.7 2.8 2.8 3.0 3.1 3.2
NaturalGas . . . ... ... ... .... 9.6 9.7 11.3 12.7 14.2 16.1
Coal . . ... .. ... ... ... . ... 6.4 5.9 5.9 53 4.4 3.9
Nuclear. . . . . .. ... .. ... .... 2.8 2.8 2.9 3.0 3.1 2.7
Renewables . . . . . ... ... ..... 2.9 2.7 3.1 3.4 4.1 4.9
Developing . . . . . ... .. ... .. .. 41.1 46.4 58.2 69.8 81.4 93.8
Oil ... ... 5.3 5.9 7.0 8.2 9.4 10.7
NaturalGas . . ... ... ... ..... 5.2 6.3 8.8 11.8 14.8 18.3
Coal . ... .. ... ... ... ... 18.5 20.3 25.1 30.3 35.5 41.2
Nuclear. . . . . .. ... ... ... ... 1.5 1.7 2.4 3.0 35 3.6
Renewables . . . . . ... ... .. ... 10.6 12.2 14.9 16.5 18.2 20.0
TotalWorld . . . . ... ... ....... 143.4 153.4 173.8 191.1 209.0 227.0
Oil ... ... . .. 13.3 14.5 15.1 16.4 18.0 19.6
NaturalGas . . ... ... ... ..... 225 25.6 33.9 40.8 49.6 57.7
Coal . ... ... ... . ... ... ... 52.8 56.0 61.5 66.9 72.2 78.3
Nuclear. . . . . .. ... .. ... .... 24.1 24.5 24.9 25.2 23.6 21.7
Renewables . . . . ... ... ...... 30.7 32.7 38.3 41.9 45.6 49.7

Note: EE/FSU = Eastern Europe and the former Soviet Union.

Sources: 1996: Derived from Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96)
(Washington, DC, February 1998). Projections: EIA, World Energy Projection System (1999).

Nuclear Power

The nuclear share of the world electricity market is
expected to drop sharply in the forecast, to 10 percentin
2020 from 17 percent in 1996. Nuclear power has lost its
luster largely as a result of past cost overruns in building
nuclear facilities, the high costs of decommissioning and
spent fuel retirement, and growing environmental con-
cerns. Both Sweden and Germany are committed to
gradual phaseouts of nuclear power, and other industri-
alized nations are expected to reduce reliance on
nuclear. In the United States, for instance, where nuclear
power provided 20 percent of total electricity produc-
tion in 1996, its share of the generation market is
expected to fall to 8 percent by 2020. Only France and
Japan are expected to continue to rely on nuclear power
to the extent that they have in the past.

Coal

In the future, as in the past, coal is expected to dominate
electricity fuel markets, although its share is projected to
decline slightly, to about 35 percent in 2020 from 37

percent in 1996. China is expected to have the highest
growth in electricity-related coal demand at more than 4
percent annually. In 2020, China is projected to account
for nearly one-third of the world’s coal consumption for
electricity generation, up from 17 percent in 1996. China
has been the leading consumer of coal since 1982, fol-
lowed by the United States. India’s coal consumption is
also expected to grow strongly, along with its consump-
tion of natural gas. In the United States, coal use in the
electricity sector is projected to increase by about 1 per-
cent per year between 1996 and 2020.

For the nations of Western Europe, coal consumption is
expected to decline. Western European countries are
relying on increasingly available natural gas supplies for
future growth in electricity production. The elimination
of subsidies in the United Kingdom was largely respon-
sible for a 50-percent drop in the nation’s coal produc-
tion between 1989 and 1997 and a greatly reduced role
for coal in electricity generation. In recent years both
coal production and consumption have also dropped off
sharply in Eastern Europe and the former Soviet Union
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(EE/FSU), and further declines in coal consumption by
electric utilities in the EE/FSU region are expected. In
large measure, coal’s lost share of the EE/FSU electricity
market will be taken over by natural gas.

Hydroelectric and Other Renewables

The use of renewable energy sources (primarily hydro-
power) for electricity generation is expected to remain
stable over the forecast period, accounting for 22 percent
of total electricity supply in 2020, compared with 21 per-
centin 1996. For the world to maintain its present degree
of reliance on hydroelectric power will require substan-
tial capacity expansion, most of which is expected to
occur in China and other Asian nations.

Currently, no other region is as dependent on hydroelec-
tric power as is South America. Although the region
accounts for only 5 percent of the world’s total electricity
generation, it accounts for 18 percent of the generation
from hydropower. South America is expected to
increase its output of renewable-based electricity from
5.4 quadrillion Btu in 1996 to 7.7 quadrillion Btu in 2020,
but increasing use of natural gas is also expected to
reduce the region’s reliance on hydropower for electric-
ity generation.

Among the developing countries of Asia, China and
India account for more than two-thirds of renew-
able-based electricity generation. China’s growth in
renewables will be strongly influenced by additional
capacity associated with the gradual completion of the
18.2-gigawatt Three Gorges Dam and other large
hydropower projects. The Three Gorges Dam project is
scheduled to be fully operational by 2009. Although
India currently produces far less hydroelectricity than
China, renewables still accounted for 13 percent of
India’s electricity generation capacity in 1996 and are
expected to account for more than 18 percent of its
capacity in 2020.

Regional Highlights
Asia
China

Overall, China is expected to add more to its electricity
generation capacity than any other nation—more than
twice the projected new capacity additions in the United
States between 1996 and 2020. China is far and away the
largest economy in developing Asia, accounting for
roughly one-third of the region’s economic activity.
China has also had the region’s fastest rate of economic
growth in recent years. Although its growth has slowed,
the Chinese economy appears to have weathered the
worst effects of the Asian financial crisis.

China’s current 250,000 megawatts of installed electric-
ity generation capacity is second only to that of the

United States [12]. Electricity consumption in China is
expected to grow at a 5.7-percent annualized rate over
the 1996-2020 period. Despite substantial recent growth
in electricity supply, per capita consumption of electric-
ity is currently one-sixteenth of that in the United States,
and 10 percent of China’s population has no access to the
grid. Thus, future development will entail substantial
additional investment in power supply.

Chinahas the world’s second largest coal reserves and is
both the world’s largest producer and consumer of coal.
For the most part, however, the reserves lie in the inte-
rior region of the country, far away from coastal eco-
nomic activity. China currently is promoting the
building of minemouth electricity plants rather than
constructing additional rail lines to transport coal to
eastern regions [13]. China’s reliance on coal for electric-
ity generation is expected to remain stable at roughly
three-fourths of the total (Figure 66).

Figure 66. Fuel Shares of Electricity Generation in
China, 1996 and 2020
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Sources: 1996: Derived from Energy Information Adminis-
tration (EIA), International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). 2020: EIA,
World Energy Projection System (1999).

After coal, renewables account for the second largest
share of China’s electricity generation market, having a
17-percent overall share in 1996. From 1996 to 2010
hydroelectric capacity is expected to double and its
share of China’s total electricity generation is expected
to increase, largely as a result of completion of the Three
Gorges Dam and other large-scale hydropower projects.
By the time it becomes fully operational in 2009, Three
Gorges Dam will have an installed capacity of 18.2
gigawatts. After 2010, growth in renewable energy is
expected to moderate, and its share of the electricity
market is expected to fall.

Although nuclear power currently accounts for only a
small share of China’s electricity generation (under 1
percent in 1996), its share is expected to be nearly 4
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percent by 2020. The United States has recently removed
export barriers to Chinese purchases of reactors from
U.S. manufacturers [14, p. 62]. Companies from France,
Japan, the United States, and the United Kingdom cur-
rently are planning or carrying out nuclear power con-
struction projects in China.

Foreign investment has played a critical role in financing
the expansion of China’s electric power infrastructure
and is expected to be even more important in the future.
Between 1979 and 1996, foreign investment accounted
for 10 percent of China’s total investment in electricity
generation: approximately $13 billion in foreign funds
helped finance the construction of 87 Chinese power
plants with a capacity of 58,000 megawatts [15]. For the
1996-2000 period, China expects foreign investment to
supply 20 percent of its electric power investment capi-
tal [15]. To increase their access to overseas capital, sev-
eral of China’s electricity companies have recently
acquired listings on the New York Stock Exchange and
stock exchanges in London and Hong Kong.

During the late 1980s China implemented electricity
reforms aimed at reducing government’s managerial
role in electricity supply [16]. In 1987 the government
allowed for a “fuel cost rider” enabling generation com-
panies to pass on higher fuel input costs to consumers.
In 1998, electricity prices for rural areas were deregu-
lated. These and other reforms were aimed at increasing
the attractiveness of investments in China’s electricity
sector. For example, in awarding a contract for the
financing of the 700-megawatt coal-fired Laiban B
power project, rather than negotiating an allowable rate
of return, China’s government chose to auction off the
project to the bidders offering the lowest price per kilo-
watt of capacity. Before the Laiban B deal, foreign inves-
tors had often criticized China’s allowable rates of
return on electricity investment as being too low [17].

India

Second only to China among developing countries in
terms of population and economic activity, India is
expected to increase its consumption of electricity at a
4.9-percent average annual rate from 1996 through 2020.
India’s heavy reliance on coal for electricity generation is
expected to lessen somewhat over the next 25 years. By
2020, coal’s share of the market is expected to decline to
62 percent from 79 percent in 1996 (Figure 67). Natural
gas will largely make up for coal’s lost share, accounting
for 14 percent of the electricity fuels market in 2020, com-
pared with 5 percent in 1996. India’s use of nuclear and
hydropower for electricity generation is also projected
to increase in the forecast.

As in China, foreign investment is key to the financing of
India’s power sector expansion. The Indian government
opened up the power sector to private investment in

1991 with the passage of an amendment to the 1948
Electricity Supply Act allowing for the construction of
independent power projects. In December 1996, the
Indian central government announced a new policy for
electricity development [18]. Called the “Common Mini-
mum National Plan for Power,” the policy intends to
restructure and corporatize the state electricity boards,
to allow them greater autonomy, and to allow them to
operate along commercial lines. The plan also attempts
to facilitate the approval process for private power pro-
jects selected for competitive bidding by the central gov-
ernment. In June 1998, the central government further
eased its rules on foreign investment in the power sector.
Automatic approval is to be given to projects in excess of
15 billion rubees (about $355 million) involving 100 per-
cent foreign equity.

The removal of subsidies flowing from urban electricity
consumers to rural users has been a serious issue as
India has undertaken electricity reform. The subsidies
have been substantial, and in some regions their
removal would lead to sizable increases in rural electric-
ity rates. The Indian government’s Electricity Regula-
tory Commission issued an ordinance in 1998 directed at
rationalizing electricity tariffs and subsidy policies.
Under the order, the state regulatory entities would
have the authority to remove rural subsidies [19].

Figure 67. Fuel Shares of Electricity Generation in
India, 1996 and 2020
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Sources: 1996: Derived from Energy Information Adminis-
tration (EIA), International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). 2020: EIA,
World Energy Projection System (1999).

Other Developing Asia

Other developing Asian nations are also expected to
have rapid growth in electricity consumption over the
coming years. Although in the near term many other
Asian economies have slipped into recession—some for
the first time in recent memory—their previous eco-
nomic growth rates are expected to be reestablished over
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the next few years. Electricity consumption for the col-
lective region is expected to grow at a 3-percent average
annual rate between 1996 and 2020.

Coal plays a much smaller role in the electricity indus-
tries of other developing nations of Asia than it does
in China and India. In 1996, the region as a whole
depended on coal for 31 percent of generation,
renewables for 21 percent, and oil for 20 percent. No
other world region outside the Middle East currently
depends so heavily on oil as a source of electricity gener-
ation. By 2020, however, oil is projected to account for
only 16 percent of the electricity fuels market in the other
developing Asia region. Renewables will also decline in
importance, with a projected 16-percent share in 2020.

For the most part, natural gas is expected to supplant oil
and renewables in the region’s electricity generation
mix, increasing from 21 percent of the electricity fuels
market in 1996 to 33 percent in 2020. In the near term, the
most rapid growth will be in the use of imported LNG.

Foreign investors have played a role in funding many
ongoing power projects in developing Asia; however,
the Asian economic crisis has had a variety of negative
effects on a number of projects. First, the reduced rate of
economic growth has slowed electricity consumption,
undermining the need for capacity expansion. Second,
the crisis has also produced a sharp drop in currency
values, effectively raising the costs of imported fuels.
Third, many of the foreign investments are to be paid
back in foreign currencies against which many of the
region’s currencies have been depreciated. In total, an
estimated 11 gigawatts of new capacity has been post-
poned or canceled [20]. Further, with the severe drop in
the value of regional currencies, electricity prices have
been raised extensively in order to meet financing
obligations.

Nowhere has the crisis been more pronounced than in
Indonesia. In addition to slowing the near-term pro-
jected growth of electricity demand, the crisis has
brought about a major devaluation of the nation’s cur-
rency, the rupiah. Many of the power contracts signed
by the state-owned power company, Perusahaan Listrik
Negara (PLN), with independent power producers were
completed when the Indonesian currency was at its
pre-crisis exchange value of around 2,300 rupiahs to the
dollar. Currently, a dollar trades for 7,500 rupiahs, mak-
ing many contracts unsustainable. The PLN has been
trying both to renegotiate the contracts and to raise
domestic electricity prices.

Thailand has had more success in the renegotiation of its
electricity contracts with private developers, and most
private power agreements have been successfully rene-
gotiated. In Malaysia, however, the 2,400-megawatt
Bakun hydroelectric power project has been temporarily

tabled until the central government agrees to sponsor
the project, and the 1,500-megawatt Penang project
remains delayed [20]. The Bakun hydroelectric power
project was scheduled to be completed in 2002.

Japan

Japan’s annual growth in electricity consumption is
expected to average 1 to 2 percent over the projection
period, reflecting the nation’s advanced level of eco-
nomic development and slow population growth. Cur-
rently, Japan produces one-third of its electricity with
nuclear power, second only to France among the nations
of the Organization for Economic Cooperation and
Development (OECD). Japan is expected to continue
construction of nuclear power plants, slightly increasing
its reliance on nuclear power from 33 percent of its total
electricity needs in 1996 to 34 percent in 2020 (Figure 68).
On the other hand, growing public opposition to nuclear
power could intensify in future years and, perhaps,
reverse the nation’s commitment to the nuclear power
option. Japan’s dependence on natural gas for electricity
generation is also expected to grow slightly in the fore-
cast, mostly in the form of LNG. Japan is by far the
world’s largest importer of LNG, most of which comes
from Indonesia and Malaysia.

Figure 68. Fuel Shares of Electricity Generation in
Japan, 1996 and 2020
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Sources: 1996: Derived from Energy Information Adminis-
tration (EIA), International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). 2020: EIA,
World Energy Projection System (1999).

Electricity prices in Japan are among the highest in the
world. Asaresult, in April 1995, Japan amended its Elec-
tricity Business Act. The goals Japan sought to achieve
via the amendment included forcing open access in gen-
eration and allowing nontraditional suppliers to engage
in direct sales. Before the amendment, any sales by non-
traditional suppliers required approval from one of
Japan’s 10 traditional generation companies. The
amendment also allowed for tariff reform, giving
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electricity suppliers more discretion over setting prices.
Wholesale wheeling was also introduced. The amend-
ment also included a regulatory reform initiative, adopt-
ing a performance-based model of price regulation that
first appeared in the United Kingdom after its utility
reform. Japan’s reforms were furthered in 1998, when
the Ministry of Trade and Industry allowed industrial
companies (i.e., nonutilities) to sell electricity directly to
large consumers.

In the near term, Japan’s inability to extricate itself from
its current economic difficulties has cast some doubt on
the future of the Japanese economy and when it will
return to its earlier growth trend. In the fall of 1998, the
Japanese parliament passed a $500 billion reform pack-
age that is intended to recapitalize the Japanese banking
industry. To date, there have been few signs of economic
recovery in Japan.

Central and South America

For the forecast period, after developing Asia, Central
and South America is projected to realize the fastest
growth in electricity consumption. In the very near term,
however, Central and South America is expected to be
the most dynamic of all developing regions in terms
of electricity consumption growth. In the IEO99 ref-
erence case, the region’s electricity use is expected to
average 4.5-percent growth per year between 1996
and 2020. Brazil, which accounts for about half the re-
gion’s economic activity and population, is expected to
see electricity consumption growth of nearly 5 percent
annually.

Currently, roughly 30 percent of the population in Cen-
tral and South America has no access to the grid, and per
capita electricity consumption for the region is roughly
12 percent of that in the United States. By 2020, however,
per capita electricity consumption in Central and South
America is expected to nearly double.

Central and South America is projected to rely increas-
ingly on natural gas as a fuel for electricity generation
(Figure 69), with the gas share of the electricity market
growing from 10 percent in 1996 to 34 percent in 2020.
Currently, oil, coal, and nuclear together account for 14
percent of the region’s electricity generation. That share
is expected to remain relatively stable over the forecast
period.

The growth in natural gas use for electricity generation
will depend on the completion of several major pipeline
projects linking producing countries, such as Argentina
and Bolivia, with consuming countries, such as Chile
and Brazil. Once those projects are completed, a regional
natural gas pipeline will be in operation in South Amer-
ica. In addition, a continent-wide market for electricity is
also evolving in South America. Currently, Argentina,
Brazil, Venezuela, Chile, and Ecuador are completing a
unified electricity transmission system. The grid is being

established in part to help diminish hydroelectricity
shortages during droughts, which have been fairly seri-
ous in recent years [21].

Figure 69. Fuel Shares of Electricity Generation in
Central and South America, 1996 and
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Sources: 1996: Derived from Energy Information Adminis-
tration (EIA), International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). 2020: EIA,
World Energy Projection System (1999).

Uruguay, in an attempt to establish itself as a hub of
regional electricity trade, is promoting a number of
transmission and generation projects that would con-
nect Argentina with Brazil through Uruguay [22]. In
1997, the governments of Argentina and Brazil signed a
letter of understanding that allows for less government
interference in electricity trade between the two coun-
tries [23]. Foreign companies are playing a growing role
in providing electricity to the continent. Enron won the
bid to construct an interconnection between Argentina
and Brazil that will allow for the export of 1,000 mega-
watts of power from Argentina to Brazil. In 1997,
National Grid of the United Kingdom announced plans
to build a transmission line between the Argentine coast
and the Andes at a cost of $250 million. Venezuela also
intends to sell surplus electricity to Brazil [24], and Ven-
ezuela’s Edelca has proposed the construction of a 2,600-
mile line linking the two countries [25].

The InterAndes electricity transmission line, when com-
pleted, will allow exports of electricity from Argentina
to Santiago, Chile. The transmission line, being financed
by Chilgener, Chile’s second largest electricity genera-
tor, will run 700 miles at a cost of $575 million. Chilgener
will also build two 350-megawatt combined-cycle gas
plants in Salta, Argentina, to provide the power. Santi-
ago suffers from serious air pollution resulting in part
from oil- and coal-fired electricity generation.

There is also a regional electricity grid evolving in Cen-
tral America, although at a hesitant pace. In December
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1995, the presidents of Costa Rica, El Salvador, Guate-
mala, Honduras, Nicaragua, and Panama endorsed a
proposal to construct a $350 million, 930-mile high-vol-
tage transmission line (SIEPAC) connecting Guatemala,
Honduras, and Panama [26]. The transmission line is
being financed by the Inter-American Development
Bank, the government of Spain, and a Spanish utility.
Although the grid is scheduled to be completed in 2003
or 2004, the parties involved have proceeded cautiously
thus far in light of criticism from the World Bank [26].

Brazil is currently in the process of privatizing and
deregulating its electricity industry. Privatization of
electricity in Brazil has been taking place in the context
of a concerted effort at overall economic reform. Privat-
ization-related sales of the nation’s electricity assets will
be among the world’s largest energy-related financial
transactions in 1997, 1998, and 1999. By late 1997,
roughly $60 billion in Brazilian electricity assets had
been slated for privatization [3]. The privatizations have
attracted billions of dollars in foreign investment, most
of which came from U.S. companies.

Western Europe

Western Europe is projected to average roughly
2-percent annual growth in electricity consumption
from 1996 to 2020—higher than the rate for the United
States, Canada, or Japan—based in part on the expecta-
tion that current measures aimed at unifying the region
both financially and economically will improve its
long-term prospects for growth. Most of the increase is
expected to be met by gas-fired generation. For more
than two decades, Western Europe has been reducing its
reliance on coal and oil as electricity generation fuels.
They accounted for 40 percent and 22 percent of the
region’s generation market, respectively, in 1970 but
only 26 percent and 8 percent in 1996. By 2020, coal’s
share of the market is expected to slip to 16 percent, and
oil’s share is expected to remain at 8 percent (Figure 70).

Only France is expected to retain a high degree of reli-
ance on nuclear power, at 71 percent of electricity con-
sumption in 2020 (compared with 80 percent in 1996).
Other West European nations are expected to reduce
their reliance on nuclear power [14, p. 56]. Germany, for
instance, has announced plans for a complete phaseout
of nuclear power, which currently supplies about 32 per-
cent of its electricity generation. In the United Kingdom,
reliance on nuclear power is expected to fall from 34 per-
cent of the power market in 1996 to 19 percent in 2020.
Sweden has long planned to phase out nuclear power
but has delayed implementation several times.

Europe currently is undergoing a transition to a
continent-wide wholesale market in electricity. A 1996
directive by the European Community requires all

signatories to open their domestic electricity markets to
new suppliers starting in February 1999.16 In the initial
implementation period (during 1999), 25 percent of each
participating nation’s electricity market is to be opened
to competition. In 2006, signatory countries will be
required to open up one-third of their electricity markets
to new suppliers. Although the definition of competitive
access is still being debated, the anticipated onset of
competition has led to some transnational acquisitions
by European electricity companies eager to engage in
cross-border trade.

Western Europe has also seen some moves toward the
introduction of consumer choice in the retail electricity
market. The Nordic nations implemented fully competi-
tive supply markets at the retail level in 1996, and today
households in Finland, Norway, and Sweden are
allowed to choose their electricity suppliers. The
recently privatized electricity industry in the United
Kingdom moved one step closer to full competition in
1998. In September, London residents became eligible to
nominate their preferred electricity suppliers. In June
1999, virtually all households in England and Wales are
scheduled to have the option of choosing a preferred
electricity supplier.

Figure 70. Fuel Shares of Electricity Generation in
Western Europe, 1996 and 2020
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Sources: 1996: Derived from Energy Information Adminis-
tration (EIA), International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). 2020: EIA,
World Energy Projection System (1999).

Nuclear Renewables

Eastern Europe and the Former Soviet Union

In November 1998, the Russian government announced
that it would be unable to pay the interest on debts to its
international creditors for 1998 and 1999. Economic
growth, which began to head in a positive direction in
1997 for the firsttime in 7 years, turned negative again in
1998. Several years of political instability, compounded

16Greece and Ireland were allowed to delay compliance with the directive for 2 years.
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most recently by financial insolvency, raise severe doubt
about the prospects for recovery. However, most of the
Eastern European nations maintained positive economic
growth rates in 1997, and their projected growth rates in
IEOQ99 are changed little from last year.

The FSU and much of Eastern Europe suffer from an
antiquated electricity supply infrastructure. Future
investment will be directed in large part to upgrading
the industry to the standards of industrialized nations.
Coal accounted for 26 percent of electricity generation in
Eastern Europe and the FSU in 1996. By 2020, in contrast,
coal’s share is expected to fall to 12 percent, largely being
replaced by hydropower and Russian natural gas (Fig-
ure 71). Reliance on nuclear power in Eastern Europe is
also expected to fall steadily over the forecast period.

Figure 71. Fuel Shares of Electricity Generation in
Eastern Europe and the Former Soviet

Union, 1996 and 2020
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Sources: 1996: Derived from Energy Information Adminis-
tration (EIA), International Energy Annual 1996, DOE/
EIA-0219(96) (Washington, DC, February 1998). 2020: EIA,
World Energy Projection System (1999).

North America
United States

Electricity consumption in the United States is projected
toincrease at an average rate of 1.2 percent per year from
1996 to 2020—one of the smallest increases expected
among the industrial economies. Demand growth in the
United States has slowed considerably since the 1960s,
when electricity consumption was rising at a rate of 7
percent per year. Saturation of households with elec-
tronic appliances and efficiency improvements in such
appliances over time are responsible for the slower
growth in total electricity consumption [27].

The United States is expected to significantly reduce its
reliance on nuclear power as a source of electricity
generation over the forecast period. Nuclear power,
which accounted for 20 percent of total U.S. electricity

generation in 1996, is expected to drop to 8 percent by
2020. Coal’s share of the U.S. electricity fuels market is
expected to hold steady at roughly 50 percent (Figure
72), and the 20-percent share of renewables in 1996 is
also expected to remain stable. Natural gas and, to a
much smaller extent, coal will largely supplant nuclear
power in the United States. No new nuclear power
plants have come on line in the United States since 1996,
and none is 