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Preface

This report presents international energy projections through 2035,
prepared by the U.S. Energy Information Administration, including outlooks
for major energy fuels and associated carbon dioxide emissions.

The International Energy Outlook 2010 (IEO2010) presents
an assessment by the U.S. Energy Information Adminis-
tration (EIA) of the outlook for international energy
markets through 2035. U.S. projections appearing in
IEO2010 are consistent with those published in EIA’s
Annual Energy Outlook 2010 (AEO2010) in April 2010.

The IEO2010 projections are based to the extent possible
on U.S. and foreign laws, regulations, and standards in
effect at the start of 2010. The potential impacts of pend-
ing or proposed legislation, regulations, and standards
are not reflected in the projections, nor are the impacts of
legislation for which the implementing mechanisms
have not yet been announced. In addition, mechanisms
whose implementation cannot be modeled given cur-
rent capabilities or whose impacts on the energy sector
are unclear are not included in IEO2010. For example,
the European Union’s Emissions Trading System,
which includes non-carbon dioxide emissions and non-
energy-related emissions, are not included in this
analysis.

IEO2010 focuses exclusively on marketed energy.
Non-marketed energy sources, which continue to play
an important role in some developing countries, are not
included in the estimates.

The IEO2010 consumption projections are grouped
according to Organization for Economic Cooperation
and Development membership. (OECD includes all
members of the organization as of March 1, 2010,
throughout all time series included in this report. Chile
became a member on May 7, 2010, but its membership is
not reflected in IEO2010.) There are three basic group-
ings of OECD countries: North America (United States,
Canada, and Mexico); OECD Europe; and OECD Asia
(Japan, South Korea, and Australia/New Zealand).
Non-OECD is divided into five separate regional sub-
groups: non-OECD Europe and Eurasia, non-OECD
Asia, Africa, Middle East, and Central and South Amer-
ica. Russia is represented in non-OECD Europe and Eur-
asia; China and India are represented in non-OECD
Asia; and Brazil is represented in Central and South
America. In some instances, the IEO2010 production
models have different regional aggregations to reflect
the important producer regions (for example, Middle
East OPEC is a key region in the projections of liquid
supplies). The complete regional definitions are listed in
Appendix M.

The report begins with a review of world trends in
energy demand and the major macroeconomic assump-
tions used in deriving the IEO2010 projections, which—

Objectives of the IEO2010 Projections

The projections in IEO2010 are not statements of what will happen, but what might happen given the specific
assumptions and methodologies used for any particular scenario. The Reference case projection is a busi-
ness-as-usual trend estimate, given known technology and technological and demographic trends. EIA explores the
impacts of alternative assumptions in other scenarios with different macroeconomic growth rates and world oil
prices. The IEO2010 cases generally assume that current laws and regulations are maintained throughout the projec-
tions. Thus, the projections provide policy-neutral baselines that can used to analyze international energy markets.

While energy markets are complex, energy models are simplified representations of energy production and con-
sumption, regulations, and producer and consumer behavior. Projections are highly dependent on the data, meth-
odologies, model structures, and assumptions used in their development. Behavioral characteristics are indicative
of real-world tendencies, rather than representations of specific outcomes.

Energy market projections are subject to much uncertainty. Many of the events that shape energy markets cannot be
fully anticipated. In addition, future developments in technologies, demographics, and resources cannot be foreseen
with certainty. Key uncertainties in the IEO2010 projections for economic growth and oil prices are addressed
through alternative cases.

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

U.S. Energy Information Administration / International Energy Outlook 2010 ix



for the first time—extend to 2035. In addition to Refer-
ence case projections, High Economic Growth and Low
Economic Growth cases were developed to consider the
effects of higher and lower growth paths for economic
activity than are assumed in the Reference case. IEO2010
also includes a High Oil Price case and, alternatively, a
Low Oil Price case. The resulting projections—and the
uncertainty associated with international energy projec-
tions in general—are discussed in Chapter 1, “World
Energy Demand and Economic Outlook.”

Projections for energy consumption and production by
fuel—liquids (primarily petroleum), natural gas, and
coal—are presented in Chapters 2, 3, and 4, along with
reviews of the current status of each fuel on a worldwide
basis. Chapter 5 discusses the projections for world elec-
tricity markets—including nuclear power, hydropower,
and other commercial renewable energy resources—
and presents forecasts of world installed generating
capacity. Chapter 6 provides a discussion of industrial
sector energy use. Chapter 7 includes a detailed look at
the world’s transportation energy use. Finally, Chapter 8
discusses the outlook for global energy-related carbon
dioxide emissions.

Appendix A contains summary tables for the IEO2010
Reference case projections of world energy consump-
tion, gross domestic product, energy consumption by
fuel, carbon dioxide emissions, and regional population
growth. Summary tables of projections for the High and
Low Economic Growth cases are provided in Appen-
dixes B and C, respectively, and projections for the High
and Low Oil Price cases are provided in Appendixes D
and E, respectively. Reference case projections of deliv-
ered energy consumption by end-use sector and region
are presented in Appendix F. Appendix G contains

summary tables of projections for world liquids produc-
tion in all cases. Appendix H contains summary tables of
Reference case projections for installed electric power
capacity by fuel and regional electricity generation.
Appendix I contains summary tables for projections of
world natural gas production in all cases. Appendix ]
includes a set of tables for each of the four Kaya Identity
components. In Appendix K, a set of comparisons of
projections from the International Energy Agency’s
World Energy Outlook 2009 with the IEO2010 projections
is presented. Comparisons of the IEO2010 and IEO2009
projections are also presented in Appendix K. Appendix
L describes the models used to generate the IEO2010
projections, and Appendix M defines the regional desig-
nations included in the report.

The IEO2010 projections of world energy consumption
were generated from EIA’s World Energy Projections
Plus (WEPS+) modeling system. WEPS+ is used to build
the Reference case energy projections, as well as alterna-
tive energy projections based on different assumptions
for GDP growth and fossil fuel prices. The IEO2010 pro-
jections of global natural gas production and trade were
generated from EIA’s International Natural Gas Model
(INGM), which estimates natural gas production,
demand, and international trade by combining esti-
mates of natural gas reserves, natural gas resources and
resource extraction costs, energy demand, and transpor-
tation costs and capacity in order to estimate future pro-
duction. The Generate World Oil Balance (GWOB)
application is used to create a “bottom up” projection of
world liquids supply—based on current production
capacity, planned future additions to capacity, resource
data, geopolitical factors, and oil prices—and to gener-
ate conventional crude oil production cases.

X U.S. Energy Information Administration / International Energy Outlook 2010



Highlights

World marketed energy consumption increases by 49 percent from 2007 to 2035
in the Reference case. Total energy demand in non-OECD countries increases
by 84 percent, compared with an increase of 14 percent in OECD countries.

In the IEO2010 Reference case, which does not include
prospective legislation or policies, world marketed
energy consumption grows by 49 percent from 2007 to
2035. Total world energy use rises from 495 quadrillion
British thermal units (Btu) in 2007 to 590 quadrillion Btu
in 2020 and 739 quadrillion Btu in 2035 (Figure 1).

The global economic recession that began in 2008 and
continued into 2009 has had a profound impact on world
energy demand in the near term. Total world marketed
energy consumption contracted by 1.2 percent in 2008
and by an estimated 2.2 percent in 2009, as manufactur-
ing and consumer demand for goods and services
declined. Although the recession appears to have ended,
the pace of recovery has been uneven so far, with China
and India leading and Japan and the European Union
member countries lagging. In the Reference case, as the
economic situation improves, most nations return to the
economic growth paths that were anticipated before the
recession began.

The most rapid growth in energy demand from 2007
to 2035 occurs in nations outside the Organization
for Economic Cooperation and Development! (non-
OECD nations). Total non-OECD energy consumption

Figure 1. World marketed energy consumption,
ENon-OECD
COOECD

2007-2035 (quadrillion Btu)
739
600 -
400 -
200 -

800 -
2007 2015 2020 2025 2030 2035

increases by 84 percent in the Reference case, compared
with a 14-percent increase in energy use among OECD
countries. Strong long-term growth in gross domestic
product (GDP) in the emerging economies of non-OECD
countries drives their growing energy demand. In all
non-OECD regions combined, economic activity—as
measured by GDP in purchasing power parity terms—
increases by 4.4 percent per year on average, compared
with an average of 2.0 percent per year for OECD
countries.

The IEO2010 Reference case projects increased world
consumption of marketed energy from all fuel sources
over the 2007-2035 projection period (Figure 2). Fossil
fuels are expected to continue supplying much of the
energy used worldwide. Although liquid fuels remain
the largest source of energy, the liquids share of world
marketed energy consumption falls from 35 percent in
2007 to 30 percent in 2035, as projected high world oil
prices lead many energy users to switch away from lig-
uid fuels when feasible. In the Reference case, the use of
liquids grows modestly or declines in all end-use sectors
except transportation, where in the absence of signifi-
cant technological advances liquids continue to provide
much of the energy consumed.

Figure 2. World marketed energy use by fuel type,
1990-2035 (quadrillion Btu)
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LCurrent OECD member countries (as of March 10, 2010) are the United States, Canada, Mexico, Austria, Belgium, Czech Republic, Den-
mark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, Poland, Portugal,
Slovakia, Spain, Sweden, Switzerland, Turkey, the United Kingdom, Japan, South Korea, Australia, and New Zealand. Chile became a

member on May 7, 2010, but its membership is not reflected in IEO2010.
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Average oil prices? increased strongly from 2003 to
mid-July 2008, when prices collapsed as a result of con-
cerns about the deepening recession. In 2009, oil prices
trended upward throughout the year, from about $42
per barrel in January to $74 per barrel in December. Oil
prices have been especially sensitive to demand expecta-
tions, with producers, consumers, and traders continu-
ally looking for an indication of possible recovery in
world economic growth and a likely corresponding
increase in o0il demand. On the supply side, OPEC’s
above-average compliance to agreed-upon production
targets increased the group’s spare capacity to roughly
5 million barrels per day in 2009. Further, many of the
non-OPEC projects that were delayed during the price
slump in the second half of 2008 have not yet been
revived.

After 2 years of declining demand, world liquids con-
sumption is expected to increase in 2010 and strengthen
thereafter as the world economies recover fully from the
effects of the recession. In the IEO2010 Reference case,
the price of light sweet crude oil in the United States (in
real 2008 dollars) rises from $79 per barrel in 2010 to $108
per barrel in 2020 and $133 per barrel in 2035.

World energy markets by fuel type
Liquid fuels

Liquids remain the world’s largest energy source
throughout the IEO2010 Reference case projection,
given their importance in the transportation and indus-
trial end-use sectors. World use of liquids and other
petroleum?® grows from 86.1 million barrels per day in
2007 to 92.1 million barrels per day in 2020, 103.9 million
barrels per day in 2030, and 110.6 million barrels per day
in 2035. On a global basis, liquids consumption remains
flat in the buildings sector, increases modestly in the
industrial sector, but declines in the electric power sector
as electricity generators react to rising world oil prices
by switching to alternative fuels whenever possible. In
the transportation sector, despite rising prices, use of
liquid fuels increases by an average of 1.3 percent per
year, or 45 percent overall from 2007 to 2035.

To meet the increase in world demand in the Reference
case, liquids production (including both conventional
and unconventional liquid supplies) increases by a total
of 25.8 million barrels per day from 2007 to 2035. The

Reference case assumes that OPEC countries will invest
in incremental production capacity in order to maintain
a share of approximately 40 percent of total world
liquids production through 2035, consistent with their
share over the past 15 years. Increasing volumes of con-
ventional liquids (crude oil and lease condensate, natu-
ral gas plant liquids, and refinery gain) from OPEC
producers contribute 11.5 million barrels per day to the
total increase in world liquids production, and conven-
tional supplies from non-OPEC countries add another
4.8 million barrels per day (Figure 3).

Unconventional resources (including oil sands, extra-
heavy oil, biofuels, coal-to-liquids, gas-to-liquids, and
shale 0il) from both OPEC and non-OPEC sources grow
on average by 4.9 percent per year over the projection
period. Sustained high oil prices allow unconventional
resources to become economically competitive, par-
ticularly when geopolitical or other “above ground”
constraints* limit access to prospective conventional
resources. World production of unconventional liquid
fuels, which totaled only 3.4 million barrels per day in
2007, increases to 12.9 million barrels per day and
accounts for 12 percent of total world liquids supply in
2035. Oil sands from Canada and biofuels, largely from
Brazil and the United States, are the largest components
of future unconventional production in the IEO2010
Reference case, providing a combined 70 percent of the
increment in total unconventional supply over the pro-
jection period.

Figure 3. World liquids production, 1990-2035
(million barrels per day)
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2The oil price reported in IEO2010 is for light sweet crude oil delivered to Cushing, Oklahoma. The price series is consistent with spot
prices for light sweet crude oil reported on the New York Mercantile Exchange (NYMEX). All oil prices are in real 2008 dollars per barrel,

unless otherwise noted.

Liquid fuels and other petroleum include petroleum-derived fuels and non-petroleum-derived liquid fuels, such as ethanol and
biodiesel, coal-to-liquids, and gas-to-liquids. Petroleum coke, which is a solid, is included. Also included are natural gas liquids, crude oil

consumed as a fuel, and liquid hydrogen.

“Above-ground” constraints refer to those nongeological factors that might affect supply, including: government policies that limit
access to resources; conflict; terrorist activity; lack of technological advances or access to technology; price constraints on the economical
development of resources; labor shortages; materials shortages; weather; environmental protection actions; and other short- and long-term

geopolitical considerations.
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Natural gas

Natural gas consumption worldwide increases by 44
percent in the Reference case, from 108 trillion cubic feet
in 2007 to 156 trillion cubic feet in 2035. In 2009, world
natural gas consumption declined by an estimated 1.1
percent, and natural gas use in the industrial sector fell
even more sharply, by 6.0 percent, as demand for manu-
factured goods declined during the recession. The
industrial sector currently consumes more natural gas
than any other end-use sector, and in the projection it
continues as the largest user through 2035, when 39 per-
cent of the world’s natural gas supply is consumed for
industrial purposes. Electricity generation is another
important use for natural gas throughout the projection,
and its share of the world’s total natural gas consump-
tion increases from 33 percent in 2007 to 36 percent in
2035.

In the near term, as world economies begin to recover
from the downturn, global demand for natural gas is
expected to rebound, with natural gas supplies from a
variety of sources keeping markets well supplied and
prices relatively low. The largest projected increase in
natural gas production is for the non-OECD region
(Figure 4), with the major increments coming from the
Middle East (an increase of 16 trillion cubic feet from
2007 to 2035), Africa (7 trillion cubic feet), and Russia
and the other countries of non-OECD Europe and Eur-
asia (6 trillion cubic feet).

Although the extent of the world’s tight gas, shale gas,
and coalbed methane resource base has not yet been
assessed fully, the IEO2010 Reference case projects a
substantial increase in those supplies—especially from
the United States but also from Canada and China. In the
United States, one of the keys to increasing natural gas
production has been advances in horizontal drilling and
hydraulic fracturing technologies, which have made it

Figure 4. Net change in world natural gas
production by region, 2007-2035 (trillion cubic feet)
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possible to exploit the country’s vast shale gas resources.
Rising estimates of shale gas resources have helped to
increase total U.S. natural gas reserves by almost 50 per-
cent over the past decade, and shale gas rises to 26 per-
cent of U.S. natural gas production in 2035 in the
IEO2010 Reference case. Tight gas, shale gas, and coal-
bed methane resources are even more important for the
future of domestic natural gas supplies in Canada and
China, where they account for 63 percent and 56 percent
of total domestic production, respectively, in 2035 in the
Reference case.

World natural gas trade, both by pipeline and by ship-
ment in the form of liquefied natural gas (LNG), is
poised to increase in the future. Most of the projected
increase in LNG supply comes from the Middle East and
Australia, where a number of new liquefaction projects
are expected to become operational within the next
decade. In the IEO2010 Reference case, world liquefac-
tion capacity increases 2.4-fold, from about 8 trillion
cubic feet in 2007 to 19 trillion cubic feet in 2035. In addi-
tion, new pipelines currently under construction or
planned will increase natural gas exports from Africa to
European markets and from Eurasia to China.

Coal

In the absence of national policies and/or binding inter-
national agreements that would limit or reduce green-
house gas emissions, world coal consumption is
projected to increase from 132 quadrillion Btu in 2007 to
206 quadrillion Btu in 2035, at an average annual rate of
1.6 percent. Much of the projected increase in coal use
occurs in non-OECD Asia, which accounts for 95 percent
of the total net increase in world coal use from 2007 to
2035 (Figure 5). Increasing demand for energy to fuel
electricity generation and industrial production in the
region is expected to be met in large part by coal. For
example, installed coal-fired generating capacity in

Figure 5. World coal consumption by region,
1990-2035 (quadrillion Btu)
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China more than doubles in the Reference case from
2007 to 2035, and coal use in China’s industrial sector
grows by 55 percent. The development of China’s elec-
tric power and industrial sectors will require not only
large-scale infrastructure investments but also substan-
tial investment in both coal mining and coal transporta-
tion infrastructure.

Electricity

World net electricity generation increases by 87 percent
in the Reference case, from 18.8 trillion kilowatthours in
2007 to 25.0 trillion kilowatthours in 2020 and 35.2
trillion kilowatthours in 2035. Although the recession
slowed the growth in electricity demand in 2008 and
2009, growth returns to pre-recession rates by 2015 in the
Reference case. In general, in OECD countries, where
electricity markets are well established and consump-
tion patterns are mature, the growth of electricity
demand is slower than in non-OECD countries, where a
large amount of potential demand remains unmet. In the
Reference case, total net generation in non-OECD coun-
tries increases by 3.3 percent per year on average, as
compared with 1.1 percent per year in OECD nations.

The rapid increase in world energy prices from 2003 to
2008, combined with concerns about the environmental
consequences of greenhouse gas emissions, has led to
renewed interest in alternatives to fossil fuels—particu-
larly, nuclear power and renewable resources. As a
result, long-term prospects continue to improve for
generation from both nuclear and renewable energy
sources—supported by government incentives and by
higher fossil fuel prices.

From 2007 to 2035, world renewable energy use for elec-
tricity generation grows by an average of 3.0 percent per
year (Figure 6), and the renewable share of world elec-
tricity generation increases from 18 percent in 2007 to
23 percent in 2035. Coal-fired generation increases by

Figure 6. World net electricity generation by fuel,
2007-2035 (trillion kilowatthours)
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an annual average of 2.3 percent in the Reference case,
making coal the second fastest-growing source for elec-
tricity generation in the projection. The outlook for coal
could be altered substantially, however, by any future
legislation that would reduce or limit the growth of
greenhouse gas emissions. Generation from natural
gas and nuclear power—which produce relatively low
levels of greenhouse gas emissions (natural gas) or none
(nuclear)—increase by 2.1 and 2.0 percent per year,
respectively, in the Reference case.

Much of the world increase in renewable electricity sup-
ply is fueled by hydropower and wind power. Of the 4.5
trillion kilowatthours of increased renewable generation
over the projection period, 2.4 trillion kilowatthours
(54 percent) is attributed to hydroelectric power and 1.2
trillion kilowatthours (26 percent) to wind. Except for
those two sources, most renewable generation technolo-
gies are not economically competitive with fossil fuels
over the projection period, outside a limited number of
niche markets. Typically, government incentives or poli-
cies provide the primary support for construction of
renewable generation facilities. Although they remain a
small part of total renewable generation, renewables
other than hydroelectricity and wind—including solar,
geothermal, biomass, waste, and tidal/wave/oceanic
energy—do increase at a rapid rate over the projection
period (Figure 7).

Electricity generation from nuclear power increases
from about 2.6 trillion kilowatthours in 2007 to a pro-
jected 3.6 trillion kilowatthours in 2020 and then to 4.5
trillion kilowatthours in 2035. Higher future prices for
fossil fuels make nuclear power economically competi-
tive with generation from coal, natural gas, and liquid
fuels, despite the relatively high capital costs of nuclear
power plants. Moreover, higher capacity utilization
rates have been reported for many existing nuclear

Figure 7. World renewable electricity generation
by energy source, excluding wind and hydropower,
2007-2035 (billion kilowatthours)
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facilities, and the projection anticipates that most of the
older nuclear power plants in OECD countries and
non-OECD Eurasia will be granted extensions to their
operating lives.

Around the world, nuclear generation is attracting new
interest as countries seek to increase the diversity of
their energy supplies, improve energy security, and pro-
vide a low-carbon alternative to fossil fuels. Still, there is
considerable uncertainty associated with nuclear power
projections. Issues that could slow the expansion of
nuclear power in the future include plant safety, radio-
active waste disposal, rising construction costs and
investment risk, and nuclear material proliferation con-
cerns. Those issues continue to raise public concern in
many countries and may hinder the development of
new nuclear power reactors. Nevertheless, the IEO2010
Reference case incorporates improved prospects for
world nuclear power. The projection for nuclear electric-
ity generation in 2030 is 9 percent higher than the projec-
tion published in last year’s IEO.

On aregional basis, the Reference case projects the stron-
gest growth in nuclear power for the countries of
non-OECD Asia, where nuclear power generation is
projected to grow at an average rate of 7.7 percent per
year from 2007 to 2035, including projected increases
averaging 8.4 percent per year in China and 9.5 percent
per year in India. Outside Asia, the largest projected
increase in installed nuclear capacity is in Central and
South America, with increases in nuclear power genera-
tion averaging 4.3 percent per year. Prospects for
nuclear generation in OECD Europe have undergone a
significant revision from last year’s outlook, because a
number of countries in the region are reversing policies
that require the retirement of nuclear power plants and
moratoria on new construction. In the IEO2010 Refer-
ence case, nuclear generation in OECD Europe increases
on average by 0.8 percent per year, as compared with the
small decline projected in IEO2009.

World delivered energy use
by sector

This section discusses delivered energy use, which does
not include losses associated with electricity generation
and transmission.

Industry

The industrial sector uses more energy globally than
any other end-use sector, currently consuming about
50 percent of the world’s total delivered energy. Energy
is consumed in the industrial sector by a diverse group
of industries—including manufacturing, agriculture,
mining, and construction—and for a wide range of

activities, such as processing and assembly, space condi-
tioning, and lighting. Worldwide, projected industrial
energy consumption grows from 184 quadrillion Btu in
2007 to 262 quadrillion Btu in 2035. The industrial sector
accounted for most of the reduction in energy use
during the recession, primarily as a result of substantial
cutbacks in manufacturing that had more pronounced
impacts on total fuel consumption than did the marginal
reductions in energy use in other sectors. In the Refer-
ence case, national economic growth rates and energy
consumption patterns return to historical trends.

Industrial energy demand varies across regions and
countries of the world, based on levels and mixes of eco-
nomic activity and technological development, among
other factors. Non-OECD economies account for about
95 percent of the world increase in industrial sector
energy consumption in the Reference case. Rapid eco-
nomic growth is projected for non-OECD countries,
accompanied by rapid growth in their combined total
industrial energy consumption, averaging 1.8 percent
per year from 2007 to 2035 (Figure 8). Because OECD
nations have been undergoing a transition from manu-
facturing economies to service economies in recent
decades, and have relatively slow projected growth in
economic output, industrial energy use in the OECD
region as a whole grows by an average of only 0.2 per-
cent per year from 2007 to 2035 (as compared with an
average increase of 0.9 percent per year in commercial
sector energy use).

A new addition to the energy analysis in IEO2010 is the
incorporation of historical time series and projections
for worldwide consumption of marketed industrial
renewable energy.® Renewable energy use (excluding
consumption of electricity generated from renewable

Figure 8. World delivered energy consumption
in the industrial sector, 2007-2035 (quadrillion Btu)
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51t is important to note that marketed (commercial) industrial renewable energy in the United States, including both historical data and
projections from the Annual Energy Outlook, has always been reported in the IEO. The incorporation of data series on industrial sector renew-
able energy use outside the United States means that all data series are now presented in the IEO on a consistent basis worldwide.
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energy sources) constitutes a substantial portion of the
world’s industrial sector energy consumption. In 2007,
the industrial sector consumed 13 quadrillion Btu of
non-electricity renewables, or about 7 percent of the sec-
tor’s total delivered energy use. From 2007 to 2035,
renewable energy use in the industrial sector worldwide
increases by an average of 1.8 percent per year, and the
renewable share of total delivered energy use in the
industrial sector increases to 8 percent in 2035. Biomass
for heat and power production currently provides the
vast majority of renewable energy consumed in the
industrial sector (90 percent), and it is expected to
remain the largest component of the industrial sector’s
renewable energy mix through the projection period.

Transportation

Energy use in the transportation sector includes the
energy consumed in moving people and goods by road,
rail, air, water, and pipeline. The transportation sector is
second only to the industrial sector in terms of total
end-use energy consumption. Almost 30 percent of the
world’s total delivered energy is used for transportation,
most of it in the form of liquid fuels. The transportation
share of world total liquids consumption increases from
53 percent in 2007 to 61 percent in 2035 in the IEO2010
Reference case, accounting for 87 percent of the total
increase in world liquids consumption. Thus, under-
standing the development of transportation energy use
is the most important factor in assessing future trends in
demand for liquid fuels.

World oil prices reached historically high levels in 2008,
in part because of a strong increase in demand for trans-
portation fuels, particularly in emerging non-OECD
economies (Figure 9). Non-OECD energy use for trans-
portation increased by 4.5 percent in 2007 and 7.3 per-
cent in 2008, before the impact of the 2008-2009 global
economic recession resulted in a slowdown in

Figure 9. World delivered energy consumption
in the transportation sector, 2005-2035
(quadrillion Btu)
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transportation sector activity. Even in 2009, non-OECD
transportation energy use grew by an estimated 3.2 per-
cent, in part because many non-OECD countries (in par-
ticular, but not limited to, the oil-rich nations) provide
fuel subsidies to their citizens. With robust economic
recovery expected to continue in China, India, and other
non-OECD nations, growing demand for raw materials,
manufactured goods, and business and personal travel
is projected to support fast-paced growth in energy use
for transportation both in the short term and over the
long term. In the IEO2010 Reference case, non-OECD
transportation energy use grows by 2.6 percent per year
from 2007 to 2035.

In comparison with non-OECD economies, high oil
prices and economic recession had more profound
impacts on OECD economies. OECD energy use for
transportation declined by an estimated 1.3 percent in
2008, followed by a further decrease estimated at 2.0 per-
cent in 2009. Indications are that a return to growth in
transportation energy use in OECD nations will not
begin before late 2010, given the relatively slow recovery
from the global recession anticipated for many of the key
OECD nations. Moreover, the United States and some of
the other OECD countries have instituted a number of
new policy measures to increase the fuel efficiency of
their vehicle fleets, as well as fuel taxation regimes to
encourage fuel conservation. Thus, OECD transporta-
tion energy use, growing by only 0.3 percent per year
over the entire projection period, does not return to its
2007 level until after 2020.

In the long term, for both non-OECD and OECD econo-
mies, steadily increasing demand for personal travel is a
primary factor underlying projected increases in energy
demand for transportation. Increases in urbanization
and in personal incomes have contributed to increases in
air travel and motorization (more vehicles per capita) in
the growing economies. Increases in the transport of
goods are expected to result from continued economic
growth in both OECD and non-OECD economies. For
freight transportation, trucking is expected to lead the
growth in demand for transportation fuels. In addition,
as trade among countries increases, the volume of
freight transported by air and marine vessels is expected
to increase rapidly.

Residential and commercial buildings

The buildings sector—comprising residential and com-
mercial consumers—accounts for about one-fifth of the
world’s total delivered energy consumption. In the resi-
dential sector, energy use is defined as the energy con-
sumed by households, excluding transportation uses.
The type and amount of energy used by households
vary from country to country, depending on income
levels, natural resources, climate, and available energy
infrastructure. Typical households in OECD nations use
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more energy than those in non-OECD nations, in part
because higher income levels in OECD nations support
purchases of larger homes and more energy-using
equipment.

For residential buildings, the physical size of a structure
is one key indicator of the amount of energy used by its
occupants, although income level and a number of other
factors, such as weather, also can affect the amount of
energy consumed per household. Controlling for those
factors, larger homes generally require more energy to
provide heating, air conditioning, and lighting, and they
tend to include more energy-using appliances, such as
televisions and laundry equipment. Smaller structures
usually require less energy, because they contain less
space to be heated or cooled, produce less heat transfer
with the outdoor environment, and typically have fewer
occupants.

In the IEO2010 Reference case, world residential energy
use increases by 1.1 percent per year over the projection
period, from 50 quadrillion Btu in 2007 to 69 quadrillion
Btu in 2035. Much of the growth in residential energy
consumption occurs in non-OECD nations, where
robust economic growth improves standards of living
and fuels demand for residential energy. Non-OECD
residential energy consumption rises by 1.9 percent per
year, compared with the much slower rate of 0.4 percent
per year for OECD countries, where patterns of residen-
tial energy use already are well established, and slower
population growth and aging populations translate to
smaller increases in energy demand.

The commercial sector—often referred to as the services
sector or the services and institutional sector—consists
of businesses, institutions, and organizations that pro-
vide services. The sector encompasses many different
types of buildings and a wide range of activities and
energy-related services. Examples of service sector facil-
ities include schools, stores, correctional institutions,
restaurants, hotels, hospitals, museums, office build-
ings, banks, and sports arenas. Most commercial energy
use occurs in buildings or structures, supplying services
such as space heating, water heating, lighting, cooking,
and cooling. Energy consumed for services not associ-
ated with buildings, such as for traffic lights and city
water and sewer services, is also categorized as commer-
cial energy use. Economic trends and population growth
drive activity in the commercial sector and the resulting
energy use.

The need for services (health, education, financial, and
government) increases as populations grow. The degree
to which additional needs are met depends in large
measure on economic resources—whether from domes-
tic or foreign sources—and economic growth. Economic
growth also determines the degree to which additional
activities are offered and used in the commercial sector.

Higher levels of economic activity and disposable
income lead to increased demand for hotels and restau-
rants to meet business and leisure requirements; for
office and retail space to house and service new and
expanding businesses; and for cultural and leisure
space, such as theaters, galleries, and arenas.

OECD commercial energy use expands by 0.9 percent
per year in the IEO2010 Reference case. Slow expansion
of GDP and low or declining population growth in
many OECD nations contribute to slower anticipated
rates of increase in commercial energy demand. In addi-
tion, continued efficiency improvements moderate the
growth of energy demand over time, as energy-using
equipment is replaced with newer, more efficient stock.
Conversely, continued economic growth is expected to
include growth in business activity, with its associated
energy use, in areas such as retail and wholesale trade
and business, financial services, and leisure services.

In non-OECD nations, economic activity and commerce
increase rapidly over the 2007-2035 projection period,
fueling additional demand for energy in the service sec-
tors. Population growth also is expected to be more
rapid than in OECD countries, portending increases in
the need for education, health care, and social services
and the energy required to provide them. In addition, as
developing nations mature, they are expected to transi-
tion to more service-related enterprises, which will
increase demand for energy in the commercial sector.
The energy needed to fuel growth in commercial build-
ings will be substantial, with total delivered commercial
energy use among non-OECD nations projected to grow
by 2.7 percent per year from 2007 to 2035.

World carbon dioxide emissions

World energy-related carbon dioxide emissions rise
from 29.7 billion metric tons in 2007 to 33.8 billion metric
tons in 2020 and 42.4 billion metric tons in 2035—an
increase of 43 percent over the projection period. With
strong economic growth and continued heavy reliance
on fossil fuels expected for most non-OECD economies
under current policies, much of the projected increase in
carbon dioxide emissions occurs among the developing
non-OECD nations. In 2007, non-OECD emissions
exceeded OECD emissions by 17 percent; in 2035, they
are projected to be double OECD emissions (Figure 10).

A significant degree of uncertainty surrounds any long-
term projection of energy-related carbon dioxide emis-
sions. Major sources of uncertainty include estimates of
energy consumption in total and by fuel source. The
Kaya Identity provides an intuitive approach to the
interpretation of historical trends and future projec-
tions of carbon dioxide emissions. It is a mathematical
expression that is used to describe the relationship
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among the factors that influence trends in emissions:
carbon intensity of energy (the amount of energy-related
carbon dioxide emissions emitted per unit of energy
produced), energy intensity of the economy (energy
consumed per dollar of GDP), output per capita (GDP
per person), and population.

Of the four Kaya components, policymakers are most
actively concerned with the energy intensity of the

Figure 10. World energy-related carbon dioxide
emissions, 2007-2035 (billion metric tons)
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economy and carbon intensity of energy, which are
more readily affected by the policy levers available to
them for reducing greenhouse gas emissions. In the I[EO-
2010 Reference case, assuming no new climate policies,
worldwide increases in output per capita and relatively
moderate population growth overwhelm projected
improvements in energy intensity and carbon intensity
(Figure 11).

Figure 11. Impacts of four Kaya factors on world
carbon dioxide emissions, 1990-2035
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Chapter 1

World Energy Demand and Economic Outlook

In the IEO2010 projections, total world consumption of marketed energy
increases by 49 percent from 2007 to 2035. The largest projected
increase in energy demand is for non-OECD economies.

In the IEO2010 Reference case, world energy consump-
tion increases by 49 percent, or 1.4 percent per year, from
495 quadrillion Btu in 2007 to 739 quadrillion Btu in 2035
(Figure 12 and Table 1). The global economic recession
that began in 2008 and continued into 2009 had a pro-
found impact on world income (as measured by GDP)
and energy use. After expanding at an average annual
rate of 4.9 percent from 2003 to 2007, worldwide GDP
growth slowed to 3.0 percent in 2008 and contracted by
1.0 percent in 2009. Similarly, growth in world energy
use slowed to 1.2 percent in 2008 and then declined by
an estimated 2.2 percent in 2009.

Global economic recovery from the recession has been
uneven so far. Developing non-OECD Asian economies
have led the global recovery, and many are already out
of recession. While there are indications that the reces-
sion in the United States has ended, recovery in Europe
and Japan has lagged. The IEO2010 Reference case
assumes that, by 2015, most nations of the world will
have resumed their expected rates of long-term growth
before the recession. World GDP rises by an average of
3.2 percent per year from 2007 to 2035 in the Reference
case, with non-OECD economies averaging 4.4 percent
per year and OECD economies 2.0 percent per year.

Historically, OECD member countries® have account-
ed for the largest share of current world energy

consumption; however, in 2007—for the first time—
energy use among non-OECD nations exceeded that
among OECD nations (Figure 13). The discrepancy
between OECD and non-OECD energy use grows in the
future, given the more rapid growth in energy demand
expected for the emerging non-OECD economies.

In 2007, energy use in non-OECD nations was 1.5 per-
cent higher than that in OECD nations. In the IEO2010

Figure 12. World marketed energy consumption,
1990-2035 (quadrillion Btu)
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Table 1. World marketed energy consumption by country grouping, 2007-2035 (quadrillion Btu)

Average annual
percent change,

Region 2007 2015 2020 2025 2030 2035 2007-2035
OECD ......coiiiiiiannnn 245.7 246.0 254.2 263.2 271.4 280.7 0.5
North America . ............. 123.7 124.3 129.4 134.9 140.2 146.3 0.6
Europe.................... 82.3 82.0 83.0 85.0 86.5 88.2 0.2
Asia ...................... 39.7 39.7 41.8 43.3 44.8 46.3 0.5
Non-OECD ................. 249.5 297.5 336.3 3755 415.2 458.0 2.2
Europe and Eurasia. . ........ 51.5 52.4 54.2 56.2 57.8 60.2 0.6
Asia ........... ... ... ... 127.1 159.3 187.8 217.0 246.9 277.3 2.8
Middle East ................ 25.1 32.9 36.5 39.1 41.8 45.7 2.2
Africa..................... 17.8 20.8 22.5 24.6 26.5 29.0 1.8
Central and South America . . .. 28.0 32.1 35.5 38.7 42.2 45.7 1.8
TotalWorld................. 495.2 543.5 590.5 638.7 686.5 738.7 1.4

®For consistency, OECD includes all members of the organization as of March 1, 2010, throughout all the time series included in this
report. Chile became a member on May 7, 2010, but its membership is not reflected in IEO2010.
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Reference case, non-OECD economies consume 32 per-
cent more energy than OECD economies in 2020 and 63
percent more in 2035. OECD energy use grows slowly
over the projection period, averaging 0.5 percent per
year from 2007 to 2035, as compared with 2.2 percent per
year for the emerging non-OECD economies.

Two nations that were among the least affected by the
global recession were China and India, and they con-
tinue to lead the world’s economic growth and energy
demand growth in the Reference case. Since 1990,
energy consumption as a share of total world energy use
has increased significantly in both countries, and
together they accounted for about 10 percent of the
world’s total energy consumption in 1990 and 20 percent
in 2007. Strong economic growth in both countries con-
tinues over the projection period, with their combined
energy use more than doubling and accounting for 30
percent of total world energy consumption in 2035 in the

Figure 13. World marketed energy consumption:
OECD and Non-OECD, 1990-2035 (quadrillion Btu)
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Figure 14. Shares of world energy consumption
in the United States, China, and India, 1990-2035
(percent of world total)
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Reference case. In contrast, the U.S. share of world
energy consumption falls from 21 percent in 2007 to
about 16 percent in 2035 (Figure 14).

Energy use in non-OECD Asia (led by China and India)
shows the most robust growth of all the non-OECD
regions, rising by 118 percent from 2007 to 2035 (Figure
15). However, strong growth in energy use also is pro-
jected for much of the rest of the non-OECD regions.
With fast-paced growth in population and access to rich
resources, energy demand in the Middle East increases
by 82 percent over the projection period. In Central and
South America and Africa, energy consumption
increases by 63 percent. The slowest projected growth
among non-OECD regions is for non-OECD Europe and
Eurasia, which includes Russia and the other former
Soviet Republics. Growth in energy use for the region
totals 17 percent from 2007 to 2035, as its population
declines and substantial gains in energy efficiency are
achieved through the replacement of inefficient Soviet-
era capital equipment.

This chapter presents an overview of the IEO2010 out-
look for global marketed energy consumption by energy
source. It also includes discussions of the major assump-
tions that form the basis for the IEO2010 projections,
including macroeconomic assumptions for the key
OECD and non-OECD regions. As with any set of pro-
jections, there is significant uncertainty associated with
the IEO2010 energy projections. Two sets of sensitivity
cases, which vary some of the assumptions behind the
projections, are also examined in this chapter: the High
Economic Growth and Low Economic Growth cases and
the High Oil Price and Low Oil Price cases. The sensitiv-
ity cases are intended to illustrate alternative scenarios.
They are not intended to identify any bounds on un-
certainty, which can also be affected by policy and

Figure 15. Marketed energy use in Non-OECD
economies by region, 1990-2035
(percent of world total)
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technology developments in addition to world oil price
and economic growth paths.

Outlook for world energy
consumption by source

The use of all energy sources increases over the time
horizon of the IEO2010 Reference case (Figure 16). Given
expectations that world oil prices will remain relatively
high through most of the projection period, liquid fuels
and other petroleum” are the world’s slowest-growing
source of energy. Liquids consumption increases at an
average annual rate of 0.9 percent from 2007 to 2035,
whereas total energy demand increases by 1.4 percent
per year. Renewables are the fastest-growing source of
world energy, with consumption increasing by 2.6 per-
cent per year. Projected oil prices, as well as concern
about the environmental impacts of fossil fuel use and
strong government incentives for increasing the use of
renewable energy in many countries around the world,
improve the prospects for renewable energy sources
worldwide in the outlook.

Although liquid fuels are expected to remain the largest
source of energy, the liquids share of world marketed
energy consumption declines from 35 percent in 2007 to
30 percent in 2035. On a worldwide basis, the use of lig-
uids remains flat in the building sector and increases
modestly in the industrial sector. In the electric power
sector, the use of liquids declines as electricity genera-
tors react to steadily rising world oil prices by switching
to alternative fuels whenever possible. Liquids use in the
transportation sector, in contrast, continues to increase
despite the rising world oil prices in the Reference case.
World liquids consumption for transportation grows by

Figure 16. World marketed energy use by fuel type,
1990-2035 (quadrillion Btu)
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1.3 percent per year in the Reference case, and in the
absence of significant technological advances, liquids
continue to dominate the world’s transportation mar-
kets through 2035.

Natural gas remains an important fuel for electricity
generation worldwide. Electricity generation is less
expensive with natural gas than with oil as the primary
energy source, and natural-gas-fired generating plants
are less capital-intensive than plants that use coal,
nuclear, or most renewable energy sources. In the
IEO2010 Reference case, the world’s total natural gas
consumption increases by 1.3 percent per year on aver-
age, from 108 trillion cubic feet in 2007 to 156 trillion
cubic feet in 2035, and its use in the electric power sector
increases by 1.6 percent per year.

High world oil prices encourage consumers to turn to
natural gas in the near term, but as supplies of natural
gas become increasingly expensive to produce after
2020, the growth of natural gas use slows substantially.
Between 2007 and 2020, worldwide natural gas demand
increases by 1.8 percent per year, but between 2020 and
2035 the rate of growth is only 0.9 percent per year, as
consumers turn to alternative sources of generation—
notably, renewable energy sources, nuclear power, and,
in the absence of policies that would limit its use, coal.

World coal consumption increases by 1.6 percent per
year on average from 2007 to 2035, but most of the
growth in demand occurs after 2020. Worldwide coal
consumption increased by 35 percent between 2002 and
2007, largely because of the growth in China’s coal use.
Between 2007 and 2009, however, coal consumption
declined by 3 percent. Coal use was strongly affected by
the global recession, and consumption contracted
strongly in 2009, in large part because coal is widely
used in the production of heavy commodities (such as,
steel and pig iron), which were particularly hard hit in
the recession.

In the absence of policies or legislation that would limit
the growth of coal use, China and, to a lesser extent,
India and the other nations of non-OECD Asia consume
coal in place of more expensive fuels. China alone
accounts for 78 percent of the net increase in world coal
consumption, whereas India and the rest of non-OECD
Asia combined account for 17 percent of the world
increase (Figure 17).

Electricity is the world’s fastest-growing form of end-
use energy consumption in the Reference case, as it has
been for the past several decades. Net electricity genera-
tion worldwide rises by 2.3 percent per year on average
from 2007 to 2035, while total world energy demand

7In IEO2010, “liquid fuels and other petroleum” includes a full array of liquid product supplies, both conventional and unconventional.
Conventional liquids include crude oil and lease condensate, natural gas plant liquids, and refinery gain; unconventional liquids include
biofuels, gas-to-liquids, coal-to-liquids, and unconventional petroleum products (extra-heavy oils, oil shale, and bitumen) but do not
include compressed natural gas (CNG), liquefied natural gas (LNG), or hydrogen.
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grows by 1.4 percent per year. The strongest growth in
electricity generation is for non-OECD countries.
Non-OECD electricity generation increases by an aver-
age annual rate of 3.3 percent in the Reference case, as
rising standards of living increase demand for home
appliances and the expansion of commercial services,
including hospitals, office buildings, and shopping
malls. In OECD nations, where infrastructures are more
mature and population growth is relatively slow,
growth in generation is much slower, averaging 1.1 per-
cent per year from 2007 to 2035.

Coal provides the largest share of world electricity gen-
eration in the Reference case. It accounted for 42 percent
of total generation in 2007, and its share is largely
unchanged through 2035 (Figure 18). In contrast,
liquids, natural gas, and nuclear power all lose market
share of world generation over the course of the projec-
tion period, displaced by the strong growth projected for
renewable sources of generation. Renewable generation
is the world’s fastest-growing source of electric power in
the IEO2010 Reference case, rising at an average annual
rate of 3.0 percent over the projection period, as com-
pared with increases of 2.3 percent per year for coal, 2.1
percent per year for natural gas, and 2.0 percent per year
for nuclear power. With government policies and incen-
tives throughout the world supporting the rapid con-
struction of renewable generation facilities, the
renewable share of world generation increases from 18
percent in 2007 to 23 percent in 2035.

Worldwide, hydroelectricity and wind provide the
largest shares of the projected increase in total renew-
able generation, accounting for 54 percent and 26 per-
cent of the total increment, respectively. The relative mix
of fuels in the OECD and non-OECD regions, however,
differs dramatically. In OECD nations, the majority of

Figure 17. Coal consumption in selected world
regions, 1990-2035 (quadrillion Btu)
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economically  exploitable hydroelectric resources
already have been developed. With the exception of
Canada and Turkey, there are few large-scale hydroelec-
tric power projects planned for the future. Instead, most
renewable energy growth in OECD countries is
expected to come from nonhydroelectric sources, espe-
cially wind. Many OECD countries, particularly those in
Europe, have government policies (including feed-in
tariffs® tax incentives, and market-share quotas) that
encourage the construction of wind and other
nonhydroelectric renewable electricity facilities.

In non-OECD nations, hydroelectric power is the pre-
dominant source of renewable energy growth. Strong
increases in hydroelectric generation, primarily from
mid- to large-scale power plants, are expected in Brazil
and in non-OECD Asia (especially, China and India),
which in combination account for 83 percent of the total
increase in non-OECD hydroelectric generation over the
projection period. Growth rates for wind-powered elec-
tricity generation also are high in non-OECD countries.
The fastest-growing non-OECD regional market for
wind power is attributed to China, where total genera-
tion from wind power plants increases from 6 billion
kilowatthours in 2007 to 374 billion kilowatthours in
2035. Still, the total increase in China’s wind-powered
generation is less than half the increase in its hydroelec-
tric generation (Figure 19).

Electricity generation from nuclear power worldwide
increases from 2.6 trillion kilowatthours in 2007 to 4.5
trillion kilowatthours in 2035 in the IEO2010 Reference
case, as high fossil fuel prices and concerns about energy
security and greenhouse gas emissions support the
development of new nuclear generating capacity. World
average capacity utilization rates have continued to rise
over time, from about 65 percent in 1990 to about 80

Figure 18. World electricity generation by fuel,
2007-2035 (trillion kilowatthours)
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8A feed-in tariff is an incentive structure to encourage the adoption of renewable energy through government legislation. Under a
feed-in tariff structure, regional or national electric utilities are obligated to purchase renewable electricity at a higher rate than retail, in
order to allow renewable energy sources to overcome price disadvantages.
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percent today, with some increases still anticipated in
the future. In addition, most older plants now operating
in OECD countries and in non-OECD Eurasia probably
will be granted extensions to their operating licenses.

There is still considerable uncertainty about the future of
nuclear power, however, and a number of issues could
slow the development of new nuclear power plants.
Plant safety, radioactive waste disposal, and nuclear
material proliferation concerns, which continue to raise
public concerns in many countries, may hinder plans for
new installations, and high capital and maintenance
costs may keep some countries from expanding their
nuclear power programs.

Nearly 72 percent of the world expansion in installed
nuclear power capacity is expected in non-OECD coun-
tries (Figure 20). China, India, and Russia account for the
largest increment in world net installed nuclear power
between 2007 and 2035. In the Reference case, China
adds 66 gigawatts of nuclear capacity between 2007 and
2035, India 23 gigawatts, and Russia 25 gigawatts.
Within the OECD, every region increases its installed
nuclear capacity to some extent, except for Australia and
New Zealand, where existing policies that discourage
nuclear power are assumed to remain unchanged
through the end of the projection period.

In a change from past IEOs, OECD Europe sees an
increase in nuclear power capacity over the projection
period, as a number of European countries have
reassessed their nuclear stance in the past year. The gov-
ernments of several countries have announced changes
in their positions since 2009, including the Belgian gov-
ernment, which decided to delay its phaseout plans by
10 years; the German government, which has expressed
willingness to reconsider its nuclear phaseout policies;

Figure 19. Renewable electricity generation
in China by energy source, 2007-2035 (billion
kilowatthours)
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and the Italian government, which has formally ended
its anti-nuclear policies and announced plans for con-
structing a new reactor by 2020 [1]. There are also indica-
tions that several other European countries, including
Poland and Turkey, plan to begin new nuclear genera-
tion programs. In this year’s IEO, OECD Europe adds a
net 10 gigawatts of installed nuclear capacity between
2006 and 2030, as compared with a net loss of 11
gigawatts of nuclear capacity projected in IEO2009.

In the United States, Title XVII of the Energy Policy Act
of 2005 (EPACT2005, Public Law 109-58) authorizes the
U.S. Department of Energy to issue loan guarantees for
innovative technologies that “avoid, reduce, or seques-
ter greenhouse gases.” In addition, subsequent legisla-
tive provisions in the Consolidated Appropriation Act
of 2008 (Public Law 110-161) allocated $18.5 billion in
guarantees for nuclear power plants [2]. That legislation,
along with high fossil fuel prices, results in increases of
8.4 gigawatts of capacity at newly built U.S. nuclear
power plants between 2007 and 2035 and 4.0 gigawatts
from expansion projects at existing plants. All existing
U.S. nuclear units continue to operate through 2035 in
the Reference case, which assumes that the owners will
apply for and receive operating license renewals includ-
ing, in some cases, a second extension after they reach
60 years of operation.

Delivered energy consumption
by end-use sector

Understanding patterns in the consumption of energy
delivered to end users’ is important to the development
of projections for global energy use. Outside the trans-
portation sector, which at present is dominated by liquid
fuels, the mix of energy use in the residential, commer-
cial, and industrial sectors varies widely by region,

Figure 20. World nuclear generating capacity
by region, 2007 and 2035 (gigawatts)
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9Delivered energy consumption in the end-use sectors consists of primary energy consumption and electricity retail sales excluding elec-

trical system energy losses.
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depending on a combination of regional factors, such as
the availability of energy resources, levels of economic
development, and political, social, and demographic
factors.

Residential sector

Energy use in the residential sector, which accounted for
about 14 percent of world delivered energy consump-
tion in 2007, is defined as the energy consumed by
households, excluding transportation uses. Residential
energy use grows at an average rate of 1.1 percent per
year from 2007 to 2035. The type and amount of energy
used by households vary from country to country,
depending on income levels, natural resources, climate,
and available energy infrastructure. In general, typical
households in OECD nations use more energy than
those in non-OECD nations, in part because higher
income levels allow OECD households to have larger
homes and purchase more energy-using equipment. In
the United States, for example, GDP per capita in 2007
was $43,076 (in real 2005 dollars per person), and resi-
dential energy use per capita was estimated at 37.2 mil-
lion Btu. In contrast, China’s per-capita income in 2007,
at $5,162, was only about one-eighth the U.S. level, and
its residential energy use per capita, at 4.0 million Btu,
was about one-ninth the U.S. level.

For residential buildings, the physical size of a structure
is one key indicator of the amount of energy used by its
occupants, although income level and a number of other
factors, such as weather, can also affect the amount of
energy consumed per household. Controlling for those
factors, larger homes generally require more energy to
provide heating, air conditioning, and lighting, and they
tend to include more energy-using appliances, such as
televisions and laundry equipment. Smaller structures
usually require less energy, because they contain less
space to be heated or cooled, produce less heat transfer
with the outdoor environment, and typically have fewer
occupants. For instance, residential energy consumption
is lower in China, where the average residence currently
has an estimated 300 square feet of living space or less
per person, than in the United States, where the average
residence has an estimated 680 square feet of living
space per person [3].

Although the IEO2010 projections account for marketed
energy use only, households in many non-OECD coun-
tries still rely heavily on traditional, non-marketed
energy sources, including wood and waste, for heating
and cooking. Much of Africa remains unconnected to
power grids, and the International Energy Agency esti-
mates that more than 70 percent of the sub-Saharan Afri-
can population does not have access to electricity [4].
About 37 percent of the world population—largely in
India and Africa—still relies on animal dung, fuelwood,
and agricultural residues for cooking fuel. Some areas of

China and India also rely heavily on fuelwood, wood
waste, and charcoal for cooking. As incomes rise in the
developing world over the course of the projection,
households replace the use of traditional fuels with mar-
keted ones, such as propane and electricity, as they
become more widely accessible.

Commercial sector

The commercial sector—often referred to as the service
sector or the services and institutional sector—consists
of businesses, institutions, and organizations that pro-
vide services. The sector, which accounted for 7 percent
of total delivered energy consumption in 2007, encom-
passes many different types of buildings and a wide
range of activities and energy-related services. Commer-
cial sector energy use grows by an average of 1.5 percent
per year from 2007 to 2035. Examples of commercial-
sector facilities include schools, stores, correctional insti-
tutions, restaurants, hotels, hospitals, museums, office
buildings, banks, and sports arenas. Most commercial
energy use occurs in buildings or structures, supplying
services such as space heating, water heating, lighting,
cooking, and cooling. Energy consumed for services not
associated with buildings, such as for traffic lights and
city water and sewer services, is also categorized as com-
mercial energy use.

Economic trends and population growth drive commer-
cial-sector activity and the resulting energy use. The
need for services (health, education, financial, and gov-
ernment) increases as populations increase. The degree
to which additional needs are met depends in large mea-
sure on economic resources—whether from domestic or
foreign sources—and economic growth.

Economic growth also determines the degree to which
additional activities are offered and used in the commer-
cial sector. Higher levels of economic activity and dis-
posable income lead to increased demand for hotels and
restaurants to meet business and leisure requirements;
for office and retail space to house and service new and
expanding businesses; and for cultural and leisure space
such as theaters, galleries, and arenas. In the commercial
sector, energy intensity—or energy use per dollar of
income as measured by GDP—in non-OECD countries
is much lower than in OECD countries. Non-OECD
commercial energy intensity in 2007, at 281 Btu per dol-
lar of GDP, was only about half the OECD level (522 Btu
per dollar of GDP).

In the future, slower expansion of GDP and low or
declining population growth in many OECD nations
contribute to slower anticipated rates of increase in com-
mercial energy demand. In addition, continued effi-
ciency improvements moderate the growth of energy
demand over time, as energy-using equipment is
replaced with newer, more efficient stock. Conversely,
continued economic growth is expected to include
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growth in business activity, with its associated energy
use, in areas such as retail and wholesale trade and busi-
ness, financial services, and leisure services. The United
States is the largest consumer of commercial delivered
energy in the OECD and remains in that position
throughout the projection, accounting for about 45 per-
cent of the OECD total in 2035.

In non-OECD nations, economic activity and commerce
increase rapidly, fueling additional demand for energy
in the service sectors. Population growth also is more
rapid than in OECD countries, portending increases in
the need for education, health care, and social services
and the energy required to provide them. In addition, as
developing nations mature, they transition to more ser-
vice-related enterprises, increasing demand for energy
in the commercial sector. The energy needed to fuel
growth in commercial buildings will be substantial, with
total delivered commercial energy use among non-
OECD nations growing by 2.7 percent per year from
2007 to 2035.

Industrial sector

Energy is consumed in the industrial sector by a diverse
group of industries—including manufacturing, agricul-
ture, mining, and construction—and for a wide range of
activities, such as processing and assembly, space condi-
tioning, and lighting. The industrial sector comprised 51
percent of global delivered energy use in 2007 and
grows by an average annual 1.3 percent over the projec-
tion. Industrial energy demand varies across regions
and countries of the world, based on the level and mix of
economic activity and technological development,
among other factors. Industrial energy use also includes
natural gas and petroleum products used as feedstocks
to produce non-energy products, such as plastics and
fertilizer. In aggregate, the industrial sector uses more
energy than any other end-use sector, consuming about
one-half of the world’s total delivered energy.

OECD economies generally have more energy-efficient
industrial operations and a mix of industrial output that
is more heavily weighted toward non-energy-intensive
sectors than the mix in non-OECD countries. As a result,
the ratio of industrial energy consumption to total GDP
tends to be higher in non-OECD economies than in
OECD economies. On average, industrial energy inten-
sity (the consumption of energy consumed in the indus-
trial sector per dollar of economic output) in non-OECD
countries is double that in OECD countries.

Transportation sector

Energy use in the transportation sector includes the
energy consumed in moving people and goods by road,
rail, air, water, and pipeline. The transportation sector
accounted for 27 percent of total world delivered energy
consumption in 2007, and transportation energy use

increases by 1.3 percent per year from 2007 to 2035. The
road transport component includes light-duty vehicles,
such as automobiles, sport utility vehicles, minivans,
small trucks, and motorbikes, as well as heavy-duty
vehicles, such as large trucks used for moving freight
and buses used for passenger travel. Growth rates for
economic activity and population are the key factors for
transportation energy demand. Economic growth spurs
increases in industrial output, which requires the move-
ment of raw materials to manufacturing sites, as well as
the movement of manufactured goods to end users.

For both non-OECD and OECD economies, steadily
increasing demand for personal travel is a primary fac-
tor underlying projected increases in energy demand for
transportation. Increases in urbanization and in per-
sonal incomes have contributed to increases in air travel
and motorization (more vehicles per capita) in the grow-
ing economies. Increases in the transport of goods result
from continued economic growth in both OECD and
non-OECD economies. For freight transportation, truck-
ing leads the growth in demand for transportation fuels.
In addition, as trade among countries increases, the vol-
ume of freight transported by air and marine vessels
increases rapidly.

World economic outlook

Economic growth is among the most important factors
to be considered in projecting changes in world energy
consumption. In IEO2010, assumptions about regional
economic growth—measured in terms of real GDP in
2005 U.S. dollars at purchasing power parity rates—
underlie the projections of regional energy demand.
Starting in 2008, the world experienced its worst reces-
sion of the past 60 years [5]. Although it appears that
recovery has begun, its strength and timing are not
entirely clear. The emerging economies of Asia (led by
China and India) appear to be recovering quickly. The
advanced economies, particularly the European coun-
tries and Japan, are improving much more slowly and
have had concerns about a return to recession in the
short term [6].

Substantial stimulus packages in the United States and
China, as well as in a number of other countries around
the world, are widely credited with averting another
Great Depression [7]. China’s $586 billion stimulus
package has been used largely to fund infrastructure
projects (including railways, roads, airports, urban
power grids, and irrigation projects) and also for social
programs, both domestically and abroad [8]. Many
non-OECD Asian economies that are trading partners
with China also have benefited from their ties with
China. The emerging Asian economies—particularly
those strongly dependent on exports for revenues—saw
profound decreases in economic activity in 2008 and into
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2009, as demand for goods among OECD economies
declined sharply. The recovery in China has bolstered
their recovery.

From 2007 to 2035, growth in world real GDP (on a pur-
chasing power parity basis) averages 3.2 percent per
year in the Reference case (Table 2). In the long term, the
ability to produce goods and services (the supply side)
determines the growth potential of each country’s econ-
omy. Growth potential is influenced by population
growth, labor force participation rates, capital accumu-
lation, and productivity improvements. In addition, for
the developing economies, progress in building human
and physical capital infrastructures, establishing credi-
ble regulatory mechanisms to govern markets, and
ensuring political stability also are important determi-
nants of medium- to long-term growth potential.

Annual growth in world GDP over the 28-year projec-
tion period in IEO2010 (3.23 percent per year) is about
the same as the rate recorded over the past 30 years (3.25
percent per year). Growth in the more mature industrial-
ized economies of the OECD is expected to be slower,
and growth in the emerging non-OECD economies is
projected to be higher, than in the past. The combined
GDP of OECD countries, which increased by an annual
average of 2.9 percent from 1977 to 2007, averages 2.0
percent per year from 2007 to 2035. In contrast, the com-
bined GDP of non-OECD countries, which increased by
an annual average of 3.7 percent from 1977 to 2007, aver-
ages 4.4 percent per year growth from 2007 to 2035,
based in a large part on the strong growth projected for
China and India. With non-OECD economies account-
ing for an increasing share of world GDP, their more

rapid economic growth rates offset the slower growth
rates for OECD economies in the Reference case (Figure
21).

OECD economies

In the IEO2010 Reference case, overall OECD economic
growth averages 2.0 percent per year and U.S. GDP
growth averages 2.4 percent per year from 2007 to 2035.
The U.S. recession, which began in December 2007, is the
longest of the 10 recessions the United States has experi-
enced since 1947, with four quarters of negative growth.
It was also the country’s deepest recession since 1957.10
In 2009, U.S. GDP declined by 2.4 percent, and in 2010 it
is expected to increase at a considerably slower rate than

Figure 21. OECD and Non-OECD total
gross domestic product, 1990-2035
(trillion 2005 U.S. dollars)
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Table 2. World gross domestic product by country grouping, 2007-2035 (billion 2005 dollars, purchasing

power parity)

Average annual
percent change,

Region 2007 2015 2020 2025 2030 2035 2007-2035
OECD .......ciiiiiiiannnn 36,361 40,819 46,146 51,492 57,260 63,480 2.0
North America .............. 15,662 18,081 21,023 24,072 27,445 31,142 25
Europe.................... 14,849 16,208 18,035 19,864 21,771 23,807 1.7
Asia ......... ... . 5,850 6,530 7,089 7,557 8,044 8,531 14
Non-OECD ................. 26,769 40,301 51,286 63,247 76,179 90,179 4.4
Europe and Eurasia. . ........ 3,481 4,193 4,940 5,731 6,557 7,440 2.7
Asia ...... ... .. 14,323 24,055 31,832 40,307 49,366 59,023 5.2
MiddleEast . ............... 2,261 3,071 3,742 4,473 5,336 6,328 3.7
Africa..................... 2,638 3,639 4,406 5,221 6,102 7,094 3.6
Central and South America . . .. 4,066 5,343 6,366 7,516 8,818 10,294 3.4
Total World................. 63,130 81,120 97,433 114,740 133,439 153,658 3.2

Source: IHS Global Insight and EIA.

10The National Bureau of Economic Research defines a recession as “a significant decline in economic activity spread across the econ-
omy, lasting more than a few months, normally visible in real GDP, real income, employment, industrial production, and wholesale-retail
sales.” However, the shorthand version of a recession is often given as two consecutive quarters of negative growth in GDP. In December
2008, the National Bureau of Economic Research declared that the United States had entered a recession in December 2007.

16 U.S. Energy Information Administration / International Energy Outlook 2010



the annual average of 2.9 percent over the past two
decades [9]. The U.S. economic recovery is expected to
intensify in 2011, with employment recovering more
slowly. As a result, real GDP returns to its 2007 pre-
recessionary level by 2011, but employment rates do not
return to 2007 levels until 2019.

Canada was also affected substantially by the world
recession, with GDP contracting by 2.3 percent in 2009.
The strong trade ties between Canada and the United
States mean that weak U.S. economic growth, coupled
with a relatively strong (by historical standards) Cana-
dian dollar, helped lead Canada into economic recession
[10]. Like many countries in the industrialized world,
Canada instituted a substantial 2-year stimulus spend-
ing program in early 2009—about $30 billion or 1.9 per-
cent of GDP—for infrastructure improvements, income
tax reductions, and housing construction incentives,
among other programs [11].

The Canadian economy showed signs of recovery at the
end of 2009, with 5.0-percent GDP growth in the fourth
quarter. In 2010, the government announced plans to
phase out stimulus spending by March 2011 and,
through budget austerity measures, to cut Canada’s $54
billion deficit in half within 2 years [12]. In the long term,
as U.S. consumer demand returns and export markets
improve, economic growth in Canada returns to its
potential. In the JEO2010 Reference case, Canada’s GDP
grows by an average of 2.1 percent per year from 2007 to
2035.

Mexico was the Western Hemisphere’s hardest-hit econ-
omy in the 2008-2009 recession [13]. Not only did it suf-
fer when worldwide commodity exports collapsed, but
the impact of the recession was compounded by the
outbreak of HIN1 “swine flu” in 2009. Mexico’s high
reliance on the United States as a market for its manufac-
turing exports suggests that its economic recovery will
be dependent on the U.S. recovery. About 80 percent of
Mexico’s exports are sent to the United States. Rising
world oil prices and recovery of the U.S. economy are
expected to support Mexico’s return to trend growth,
with GDP increasing by an average of 3.5 percent per
year from 2007 to 2035.

In 2009, GDP in the economies of OECD Europe con-
tracted by 3.9 percent—much more sharply than the
0.2-percent decline anticipated in last year’s IEO. In
2010, economic growth in OECD Europe is expected to
average only 1.0 percent. Several economies in the
region, notably those of Greece, Spain, Portugal, and Ire-
land, are currently carrying very high debt levels [14]. In
Greece, for instance, the high current account deficit,
which surpassed 12 percent of total GDP and triggered a
debt crisis, led the country nearly to default. However, a
rescue package assembled jointly by the European
Union, the International Monetary Fund, and the

European Central Bank was implemented in May 2010
to prevent default and stop the crisis from spreading to
other economies of the European Union [15]. Greece
accounts for less than 3 percent of the European Union’s
total GDP, but signs of structural problems in the econo-
mies of Spain, Portugal, Ireland, and to a lesser extent
Italy may weigh heavily on the economic recovery of
OECD Europe as a whole [16]. In the IEO2010 Reference
case, total GDP in OECD Europe does not recover to its
2007 level until 2012. Economic growth in the region
averages 1.7 percent per year from 2007 to 2035, below
the increase of 2.0 percent per year for the OECD as a
whole.

Japan was among the OECD economies hardest hit by
the global economic downturn. Beginning in the second
quarter of 2008, its GDP declined in four consecutive
quarters. The International Monetary Fund estimates
that, on an annualized basis, Japan’s GDP contracted by
more than 10 percent per year in the fourth quarter of
2008 and the first quarter of 2009 [17]. Although the Jap-
anese banking sector was relatively insulated from the
global financial crisis that began in 2007 and worsened
in 2008, demand for Japanese goods declined precipi-
tously as some of Japan’s largest customers fell into
recession [18]. In the past, Japan has relied on exports to
generate about one-third of its GDP growth, and the
decrease in exports strongly affected its economy.

Although improving exports and government incentive
programs (which have stimulated domestic consumer
demand) should allow Japan’s GDP growth rate to
improve in 2010, the pace of recovery is likely to be tied
to those of its major customers in the United States and
OECD Europe [19]. In the long term, Japan’s aging labor
force and declining population are likely to result in sub-
stantially slower economic growth over the projection
period, averaging 1.4 percent per year from 2009 to 2020
and 0.3 percent per year from 2020 to 2035.

More robust economic growth occurs in the rest of
OECD Asia. In South Korea, GDP growth averages 2.9
percent per year from 2007 to 2035. The global recession
led to profound declines in Korea’s exports and domes-
tic demand in 2008 and into 2009 [20]. In response to the
deepening economic crisis, the Bank of Korea cut its
interest rate six times between October 2008 and Febru-
ary 2009, to 2.0 percent, where it remained into 2010 [21].
In addition, the South Korean government introduced
stimulus packages worth about $44 billion (50 trillion
won) into the economy to stimulate domestic demand.
South Korea’s economy began to recover in the second
half of 2009, recording double-digit growth rates in the
second and third quarters, as exports to China increased
sharply and the effects of the stimulus funds were felt
[22]. A return to world demand for Korean goods will
support the South Korean economic recovery in the near
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term. In the long term, however, its growth tapers off as
the growth of its labor force slows.

GDP growth in Australia/New Zealand averages 2.6
percent per year from 2007 to 2035 in the IEO2010 Refer-
ence case. To address GDP growth that slowed mark-
edly in Australia and declined in New Zealand as a
result of the global recession, the Reserve Bank of Aus-
tralia and the Reserve Bank of New Zealand eased mon-
etary policies substantially in 2008-2009, helping to
cushion the impact of the global economic downturn
[23]. Australia’s recovery is already well underway,
with GDP growth expected to return to pre-crisis trend
levels of about 3.0 percent per year in 2010. In fact, Aus-
tralia was the first “Group of 20” nation to begin tighten-
ing monetary policy and increasing interest rates in
October 2009. Interest rates have increased periodically
since that time, reaching 4.0 percent in 2010. In compari-
son with Australia, New Zealand’s economic recovery
has been tepid, and interest rates remained at record low
levels of 2.5 percent through the first quarter of 2010
with assurances that monetary policy would begin to be
tightened by mid-year [24]. Long-term prospects in both
countries are relatively healthy, given their consistent
track records of fiscal prudence and structural reforms
aimed at maintaining competitive product markets and
flexible labor markets.

Non-OECD economies

Overall non-OECD economic growth averages 4.4 per-
cent per year in the IEO2010 Reference case from 2007 to
2035. Economic growth in non-OECD Europe and Eur-
asia as a whole averages 2.7 percent per year. After sev-
eral years of strong regional economic growth (the
region’s GDP grew by an average of 6.7 percent per year
from 2000 to 2008), GDP in non-OECD Europe and Eur-
asia contracted by 7.3 percent in 2009. The region has a
fairly diverse set of economies, and while some suffered
deep recessions in 2008-2009, others saw economic
growth slow but remain positive.

Those nations reliant on commodity exports tended to
fare worse than their neighbors in the recent recession.
For example, in Russia—the region’s largest economy—
GDP declined by 8.0 percent in 2009; Ukraine’s GDP
declined by 15.0 percent; and Kazakhstan’s GDP
declined by a more modest 1.1 percent. In contrast to the
sharp economic declines among the energy-exporting
nations of non-OECD Europe and Eurasia, other smaller
regional economies with strong domestic demand were
affected only slightly by the global economic downturn.
For instance, both Albania and Uzbekistan recorded
GDP growth of more than 4 percent in 2009.

Beginning in late 2007, it became more difficult for banks
and other entities in non-OECD Europe and Eurasia—
particularly, Russia, Kazakhstan, and Ukraine—to gain

access to foreign loans [25]. The impact was softened
somewhat by higher world market prices for commod-
ity exports, but with the subsequent collapse of com-
modity prices and worsening global economic situation,
the region’s economic growth declined sharply. In the
mid- to long term, a return to high world oil prices stim-
ulates investment outlays, especially in the energy sec-
tor of the Caspian region. Given the volatility of energy
market prices, however, it is unlikely that the economies
of non-OECD Europe and Eurasia will be able to sustain
their recent growth rates until they have achieved more
broad-based diversification from energy production
and exports.

Much of the growth in world economic activity between
2007 and 2035 occurs among the nations of non-OECD
Asia, where regional GDP growth averages 5.2 percent
per year. China, non-OECD Asia’s largest economy,
continues playing a major role in both the supply and
demand sides of the global economy. IEO2010 projects
an average annual growth rate of approximately 5.8 per-
cent for China’s economy from 2007 to 2035—the high-
est among all the world’s economies.

Non-OECD Asia is leading the recovery from the
2008-2009 global economic recession. The substantial
Chinese stimulus, considerable loosening of lending
terms, and tax breaks for new cars and appliances have
translated to a 17-percent increase in retail sales (the
largest increase in more than 20 years) and an 18-percent
increase in industrial production [26]. It now appears
that China posted a 9-percent increase in GDP in 2009,
and that it is on its way to returning to double-digit
growth in 2010. One caveat is that the government is
attempting to remove stimulus spending and tighten
lending terms in order to eliminate incentives for
overinvestment and to control price inflation in the short
term [27]. Many non-OECD Asian economies that are
trade partners with China have also benefited from their
ties with China. Although these emerging Asian econo-
mies—particularly those strongly dependent on exports
for revenues—experienced profound decreases in eco-
nomic activity in 2008 and into 2009 as demand for
goods among OECD economies sharply declined, the
recovery in China has bolstered their recovery.

Structural issues that have implications for economic
growth in China in the mid- to long term include the
pace of reform affecting inefficient state-owned compa-
nies and a banking system that is carrying a significant
amount of nonperforming loans. Development of
domestic capital markets continues in the IEO2010 Ref-
erence case, providing macroeconomic stability and
ensuring that China’s large domestic savings are used
more efficiently.

India’s economy is not as dependent on export revenues
as are the economies of China and some of the other
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non-OECD Asian countries. About 75 percent of India’s
population still depends on farming for income [28]. As
a result, India was affected far less by the global eco-
nomic downturn than were many other nations of the
world. India’s GDP grew by about 6.0 percent in 2008
and 2009 and is expected to grow by 7.5 percent in 2010.
Its GDP growth is expected to return to pre-recession
trends over the next year or so, with positive prospects
for the economy in the mid-term, as it continues to pri-
vatize state enterprises and increasingly adopts free
market policies. Accelerating structural reforms—
including ending regulatory impediments to the consol-
idation of labor-intensive industries, labor market and
bankruptcy reforms, and agricultural and trade liberal-
ization—remain essential for stimulating potential
growth and reducing poverty in India over the mid- to
long term. In the IEO2010 Reference case, GDP growth
in India averages 5.0 percent per year from 2007 to 2035.

Outside China and India, recovery from the global
recession in the countries of non-OECD Asia is likely to
vary. Those economies that are export-dependent
(including Hong Kong, Indonesia, Singapore, and Tai-
wan) weakened substantially in 2009, as demand in the
United States, Europe, and Asia declined and industrial
production contracted by about 25 percent [29]. For the
export-dependent nations, China’s strong economic
rebound is likely to support recovery in the near term.
For nations where domestic demand remains healthy
(including Vietnam and the Philippines), the impact of
the global recession was less severe, although their
growth did slow in 2009 [30]. Overall, long-term eco-
nomic activity in the nations of non-OECD Asia remains
robust. From 2007 to 2035, national economic growth
rates for the region—excluding China and India—aver-
age 4.3 percent per year, as labor force growth rates
decline and economies mature.

From 2003 to 2008, rising oil production and prices
helped boost economic growth in the oil-exporting
countries of the Middle East, many of which also bene-
fited from spillover effects on trade, tourism, and finan-
cial flows from the region’s oil exports [31]. The sharp
decline in world oil prices at the end of 2008 and into
2009, combined with OPEC-imposed production cuts,
declining demand for other exports, and reduced capital
inflows, slowed economic growth to its lowest rate since
1994. Stimulus funding from Saudi Arabia, the United
Arab Emirates, and other countries in the region helped
to keep GDP from falling lower. With strengthening oil
prices and rebounding demand for the region’s export
commodities, prospects for economic growth remain
favorable. The Middle East’s reliance on oil and natural
gas revenues continues for much of the projection
period.

The impact of the global recession on the economies of
Africa varied across the continent. In the countries of

Southern Africa, GDP declined by 1.9 percent in 2009.
South Africa—the region’s largest economy—experi-
enced its first recession since 1992, and the impact
spread to neighboring countries [32]. Western Africa’s
economic growth slowed but remained positive, as
Nigeria—the second largest economy in sub-Saharan
Africa after South Africa—saw increases in agricultural
output that offset declines in industrial output and oil
production. Northern African nations benefited from
strong domestic demand and high agricultural output
from Algeria and Morocco. Eastern African nations
experienced robust economic growth in 2009, largely
because of strong economic performance in Ethiopia
and the member countries of the East African Commu-
nity (Kenya, Uganda, Rwanda, Burundi, and Tanzania).

In the IEO2010 Reference case, Africa’s combined econ-
omy grows at an average annual rate of 3.6 percent from
2007 to 2035, supported by the expansion of exports and
robust domestic demand in many of the continent’s
national economies. Nevertheless, both economic and
political factors—such as low savings and investment
rates, lack of strong economic and political institutions,
limited quantity and quality of infrastructure and
human capital, negative perceptions on the part of inter-
national investors, protracted civil unrest and political
disturbances, and the impact of disease—present formi-
dable obstacles to growth in a number of African
countries.

As in Africa, the impact of the global economic down-
turn on the nations of Central and South America varied
across the region. Brazil—the region’s largest econ-
omy—is already well along the path of recovery after
experiencing a relatively short and mild recession in
2009. Its recovery is supported by domestic and foreign
investment, along with strengthening domestic con-
sumption [33]. Other countries—including Argentina,
Bolivia, Ecuador, and Venezuela—are expected to
recover much more slowly.

Investment in the countries of Central and South Amer-
ica is constrained by adverse economic circumstances,
and revenues from commodities exports are not
expected to provide the level of government revenue
that they had from 2003 to 2008. The proximity of the
region to the United States and the trade relationships of
its national economies with the U.S. economy suggest
that the region’s recovery will be linked, in part, to the
pace of the U.S. recovery. Even so, the long-term pros-
pects for Central and South America remain positive.
Most countries in the region have flexible exchange
rates, positive trade balances, and relatively low fiscal
deficits and public debts. Regional inflation is lower
than it was in the mid-1990s, and a relatively young
labor force supports the region’s economic growth pros-
pects over the next 30 years. Economic growth in Central
and South America averages 3.4 percent per year from

U.S. Energy Information Administration / International Energy Outlook 2010 19



2007 to 2035 in the Reference case, as the region benefits
from the expected recovery in world economic growth
after 2010, and foreign capital flows are revived.

Sensitivity analyses in IEO2010
Alternative Economic Growth cases

Expectations for the future rates of economic growth are
a major source of uncertainty in the IEO2010 projections.
To illustrate the uncertainties associated with economic
growth trends, IEO2010 includes a High Economic
Growth case and a Low Economic Growth case in addi-
tion to the Reference case. The two alternative growth
cases use different assumptions about future economic
growth paths, while maintaining the same relationships
between changes in GDP and changes in energy con-
sumption that are used in the Reference case. The alter-
native growth cases maintain the oil price path of the
IEO2010 Reference case.

In the High Economic Growth case, 0.5 percentage point
is added to the annual growth rate assumed for each
country or country grouping in the Reference case. In the
Low Economic Growth case, 0.5 percentage point is sub-
tracted from the Reference case annual growth rates.
The IEO2010 Reference case shows total world energy
consumption reaching 739 quadrillion Btu in 2035—281
quadrillion Btu in OECD countries and 458 quadrillion
Btu in non-OECD countries. In the High Growth case,
world energy use in 2035 totals 810 quadrillion Btu—71
quadrillion Btu (about 35 million barrels oil equivalent
per day) higher than in the Reference case. In the Low
Growth case, total world energy use in 2035 is 60 qua-
drillion Btu (30 million barrels o0il equivalent per day)
lower than in the Reference case. Thus, the projections
for 2035 in the High and Low Economic Growth cases
span a range of uncertainty equal to 134 quadrillion Btu
(Figure 22).

Figure 22. World marketed energy consumption
in three Economic Growth cases, 1990-2035
(quadrillion Btu)
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Alternative Oil Price cases

Assumptions about world oil prices are another impor-
tant factor that underscores the considerable uncertainty
in long-term energy market projections. The effects of
different assumptions about future oil prices are illus-
trated in IEO2010 by two alternative oil price cases. In
the High Oil Price case, world oil prices (in real 2008 dol-
lars) climb from $59 per barrel in 2009 to $210 per barrel
in 2035; in the Low Oil Price case, they decline to $52 per
barrel in 2015 and remain approximately at that real
level through 2035. In comparison, world oil prices rise
to $133 per barrel in 2035 in the Reference case (Figure
23). These three oil price cases are the same as those used
in EIA’s Annual Energy Outlook 2010.

Although the difference in world oil prices between the
High and Low Oil Price cases is considerable, the projec-
tions for total world energy consumption in 2035 do not
vary substantially among the cases. The projections for
total world energy use in 2035 in the High and Low Oil
Price cases are separated by 33 quadrillion Btu (Figure
24), as compared with the difference of 134 quadrillion
Btubetween the High and Low Economic Growth cases.

The most substantial impacts of the high and low oil
price assumptions are on the mix of energy fuels con-
sumed in each region—particularly, fossil fuels (Figure
25). In the High Oil Price case, total world liquids con-
sumption in 2030 is about 31 quadrillion Btu lower
(about 15 million barrels per day oil equivalent), coal
consumption in 2035 is 7 quadrillion Btu higher, natural
gas consumption is 5 quadrillion Btu higher, and renew-
able energy use is 2 quadrillion Btu higher than pro-
jected in the Reference case. The difference in nuclear
power consumption between the two cases is small.

In the IEO2010 Reference case, world oil prices begin to
rise after 2009 and reach $133 per barrel by 2035. As a
result, liquids consumption is curtailed in countries that

Figure 23. World oil prices in three Oil Price cases,
1990-2035 (2007 dollars per barrel)
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have other fuel options available—especially in the elec-
tric power sector, where coal and other fuels can be sub-
stituted. Worldwide use of liquids for -electricity
generation, which falls by 1.5 quadrillion Btu from 2007
to 2035 in the Reference case, increases by 1.7 quadrillion
Btu in the Low Qil Price case, as non-OECD countries
retain their oil-fired generating capacity in the lower
price environment.

In the Low Oil Price case, consumers increase their use
of liquids for transportation, and there is less incentive
for movement away from liquids to other energy
sources in sectors where fuel substitution is fairly easy to
achieve (for example, electricity). Total liquids con-
sumption in 2035 is 25 quadrillion Btu (12 million barrels
per day) higher in the Low Oil Price case than in the Ref-
erence case, reflecting increased demand in all the
end-use sectors. In the Low Qil Price case, the industrial
sector shows the largest increase in liquids consumption

Figure 24. World marketed energy consumption
in three Oil Price cases, 2007-2035 (quadrillion Btu)
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Figure 25. World marketed energy consumption
by fuel in three Oil Price cases, 2035 (quadrillion

Btu)
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(14 quadrillion Btu or 7 million barrels per day) in 2035
relative to the Reference case (Figure 26), followed by
the transportation sector (7 quadrillion Btu or 3 million
barrels per day) and the electric power sector (3 quadril-
lion Btu or 2 million barrels per day).
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Chapter 2

Liquid Fuels

World liquids consumption in the IEO2010 Reference case increases from 86.1 million barrels
per day in 2007 to 110.6 million barrels per day in 2035. Unconventional liquids,
at 12.9 million barrels per day, make up 12 percent of total liquids production in 2035.

Overview

Consumption of liquid fuels and other petroleum!
increases from 86.1 million barrels per day in 2007 to
110.6 million barrels per day in 2035 in the IEO2010 Ref-
erence case. Although world liquids consumption actu-
ally declined in 2008 (to 85.8 million barrels per day) and
again in 2009 (to an estimated 84.1 million barrels per
day) as the global economic recession deepened, it is
expected to recover in 2010 and beyond as economic
growth resumes. In the long term, world liquids con-
sumption increases despite world oil prices that remain
above $90 per barrel (in real 2008 dollars) after 2014 and
rise to more than $130 per barrel by 2035. More than 80
percent of the increase in total liquids consumption is
projected for the nations of non-OECD Asia and the
Middle East, where EIA expects strong economic
growth (Figure 27). The transportation sector accounts
for the largest increment in total liquids demand, mak-
ing up nearly 80 percent of the world increase.

To satisfy the increase in world liquids demand in
the Reference case, liquids production increases by 26

Figure 27. World liquids consumption by region
and country group, 2007 and 2035 (million barrels
per day)
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million barrels per day from 2007 to 2035, including the
production of both conventional liquid supplies (crude
oil and lease condensate, natural gas plant liquids, and
refinery gain) and unconventional supplies (biofuels, oil
sands, extra-heavy oil, coal-to-liquids, gas-to-liquids,
and shale oil) (Figure 28 and Table 3). In the Reference
case, sustained high world oil prices allow for the eco-
nomical development of unconventional resources and
the use of enhanced oil recovery technologies to increase
production of conventional resources. High world oil
prices also incentivize the development of additional
conventional resources through technically difficult,
high-risk, and very expensive projects, including wells
in ultra-deep water and the Arctic.

The most significant non-OPEC contributors to produc-
tion growth are Russia, the United States, Brazil, and
Canada. Total non-OPEC liquids production in 2035 is
nearly 13 million barrels per day higher than in 2007,
representing 51 percent of the total world increase
(Figure 29). OPEC producers!? are assumed to restrict
investment in incremental production capacity in the
Reference case, below the levels justified by high prices.

Figure 28. World liquid fuels production in three
cases, 2007 and 2035 (million barrels per day)
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N Liquid fuels and other petroleum include petroleum-derived fuels and non-petroleum-derived liquid fuels, such as ethanol and
biodiesel, coal-to-liquids, and gas-to-liquids. Petroleum coke, which is a solid, is included. Also included are natural gas liquids, crude oil

consumed as a fuel, and liquid hydrogen.

Indonesia officially suspended its membership in OPEC on January 1, 2009. In this chapter, all references to OPEC exclude Indonesia.
In addition, all time series have been updated to reflect country groupings as of January 1, 2009, so that Indonesia’s liquids production is ex-

cluded from the OPEC totals for 1980 through 2035.
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Table 3. World liquid fuels production in the Reference case, 2007-2035 (million barrels per day)

Average annual
percent change,

Source 2007 2015 2020 2025 2030 2035 2007-2035
OPEC
Conventional liquids? ... .... 33.8 36.4 37.5 39.7 42.3 45.3 1.0
Extra-heavyoil ............ 0.6 0.8 1.1 1.2 1.3 1.4 3.1
Bitumen.................. 0.0 0.0 0.0 0.0 0.0 0.0 —
Coal-to-liquids. . .. ......... 0.0 0.0 0.0 0.0 0.0 0.0 —
Gas-to-liquids . ............ 0.0 0.2 0.2 0.3 0.3 0.3 15.4
Shaleoil ................. 0.0 0.0 0.0 0.0 0.0 0.0 —
Biofuels.................. 0.0 0.0 0.0 0.0 0.0 0.0 —
OPECtotal.............. 34.4 37.4 38.8 41.2 43.9 47.0 1.1
Non-OPEC
Conventional liquids® . ...... 47.7 46.2 47.0 48.8 50.8 52.5 0.3
Extra-heavyoil ............ 0.0 0.0 0.0 0.1 0.1 0.1 —
Bitumen.................. 1.4 24 2.9 3.5 4.2 5.2 4.8
Coal-to-liquids. . .. ......... 0.2 0.3 0.5 0.8 1.1 1.4 7.9
Gas-to-liquids . ............ 0.0 0.1 0.1 0.1 0.1 0.1 —
Shaleoil ................. 0.0 0.0 0.0 0.1 0.2 0.4 15.6
Biofuels.................. 1.2 2.4 2.8 3.2 3.5 41 4.6
Non-OPEC total® . ........ 50.4 51.3 53.3 56.5 60.0 63.6 0.8
World
Conventional liquids? ... .... 81.4 82.6 84.5 88.5 93.1 97.7 0.7
Extra-heavyoil ............ 0.6 0.8 1.1 1.2 1.4 1.5 3.3
Bitumen.................. 1.4 2.4 29 3.5 4.2 5.2 4.8
Coal-to-liquids. ... ......... 0.2 0.3 0.5 0.8 1.1 1.4 7.9
Gas-to-liquids . ............ 0.1 0.3 0.3 0.3 0.4 0.4 7.3
Shaleoil ................. 0.0 0.0 0.0 0.1 0.2 0.4 15.6
Biofuels.................. 1.2 2.4 2.8 3.2 3.5 41 4.6
World total . ............. 84.8 88.7 92.1 97.6 103.9 110.6 1.0

Includes conventional crude oil and lease condensate, natural gas plant liquids (NGPL), and refinery gain.
®Includes some U.S. petroleum product stock withdrawals, domestic sources of blending components, other hydrocarbons, and
ethers.

As a result, OPEC provides roughly 40 percent of the Figure 29. World total liquids production,
world’s total liquids supply over the 2007-2035 period. 1990-2035 (million barrels per day)

80 -
Unconventional resources from both OPEC and non- History Projections

OPEC sources become increasingly competitive in the
IEO2010 Reference case. Production of unconventional
petroleum liquids, such as Canada’s oil sands and 60 - Non-OPEC
Venezuela’s extra-heavy oil, is limited somewhat by

environmental concerns and investment restrictions.

Production of nonpetroleum unconventional liquids, 40 - /
such as biofuels, coal-to-liquids, and gas-to-liquids

(GTL), is spurred by sustained high prices in the Refer- _/J_ OPEC

ence and High Oil Price cases (Figure 30); however, their 20 -
development also depends on country-specific pro-
grams or mandates. World production of unconven-
tional liquids, which in 2007 totaled only 3.4 million 0
barrels per day, increases in the Reference case to 12.9 1990 2000 2007 2015 2025 2035
million barrels per day in 2035, when it accounts for

12 percent of total world liquids production.
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World liquids consumption

World liquids consumption in the IEO2010 Reference
case increases from 86.1 million barrels per day (174 qua-
drillion Btu) in 2007 to 110.6 million barrels per day (223
quadrillion Btu) in 2035. World GDP is a key driver,
growing by 3.4 percent per year from 2007 to 2020 and
3.1 percent per year from 2020 to 2035. Developing
non-OECD nations, particularly in Asia, the Middle
East, and Central and South America, are expected to
have strong economic growth accompanied by increas-
ing demand for liquids in the transportation and indus-
trial sectors.

Rising prices for liquids increase the cost-competitive-
ness of non-liquid fuels, leading many users of liquids
outside the transportation sector to switch to substitute
sources of energy. As a result, the transportation share of
total liquid fuels consumption increases, accounting for
77 percent of the overall increase in liquids consumed
over the projection period across all sectors (Figure 31).
In 2035, the transportation sector consumes 61 percent of
total liquids supplied.

Strong expansion of liquids use is projected for non-
OECD countries, fueled by a return to robust economic
growth, burgeoning industrial activity, and rapidly
expanding transportation use. The largest increase in
regional non-OECD consumption between 2007 and
2035 is projected for non-OECD Asia, at 15.5 million
barrels per day. Within non-OECD Asia, the largest
increases in demand come from China (9.4 million bar-
rels per day) and India (1.8 million barrels per day), with
the increase from China being the largest for any single
country worldwide. Large consumption increases are
also expected in the Middle East (4.6 million barrels per

Figure 30. World production of unconventional
liquid fuels in three cases, 2007 and 2035
(million barrels per day)
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day), and Central and South America (2.0 million barrels
per day) (see Figure 27).

Liquids consumption in OECD regions generally grows
more slowly over the next 25 years, reflecting slowly
growing or declining populations and relatively slow
economic growth as compared with non-OECD nations.
In addition, growth in demand for liquids in many
OECD countries is slowed by government policies and
legislation aimed at improving the efficiency of personal
motor vehicles. This includes increased automobile effi-
ciency standards and government incentives introduced
in many nations during the recession, such as the U.S.
“cash for clunkers” program, designed to encourage
consumers to trade in older, less efficient cars for newer
ones that are more fuel-efficient. In Japan and OECD
Europe, liquids consumption declines by average
annual rates of 0.7 percent (0.9 million barrels per day)
and 0.4 percent (1.6 million barrels per day), respec-
tively, from 2007 to 2035.

The different growth trends for the non-OECD and
OECD regions mean that, by 2025, non-OECD regions
consume more liquids than OECD regions. Despite sig-
nificant country-level consumption growth, China still
consumes less liquid fuel than the United States in 2035.

World oil prices

The impacts of world oil prices on energy demand
are a considerable source of uncertainty in the IEO2010
projections. In addition to the Reference case, High Oil
Price and Low Oil Price cases illustrate the range of that
uncertainty, although they do not span the complete
range of possible price paths. In the Reference case, the
world oil price’3 increases from $59 per barrel in 2009 to
$70 per barrel in 2010 and then rises to $95 per barrel in

Figure 31. World liquids consumption by sector,
2007-2035 (million barrels per day)
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13The oil price reported in IEO2010 is for light sweet crude oil delivered to Cushing, Oklahoma. The price series is consistent with spot
prices for light sweet crude oil reported on the New York Mercantile Exchange (NYMEX). All oil prices are in real 2008 dollars per barrel,

unless otherwise noted.
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2015 and $133 per barrel in 2035 ($224 per barrel in nomi-
nal terms) (Figure 32 and Table 4). In the High Oil Price
case, the world oil price increases to $210 per barrel in
2035 ($289 per barrel in nominal terms). In the Low Oil
Price case, the world oil price falls to $51 per barrel in
2035 ($72 per barrel in nominal terms). The three world
oil price paths in IEO2010 are consistent with those in
EIA’s Annual Energy Outlook 2010 [1].

The IEO2010 projections for total world liquids con-
sumption in 2035 range from 90 million barrels per day
in the High Oil Price case to 120 million barrels per day
in the Low Qil Price case. This range indicates the sub-
stantial uncertainty in the oil market projections.

The three price cases are distinct scenarios, each reflect-
ing alternative assumptions about the sources and costs
of world oil supplies. The Reference case reflects an
assumed decision by OPEC members to maintain the
organization’s aggregate production at approximately
40 percent of world liquids supply. To retain that share
of world liquids supply, OPEC would have to increase
production by 12.6 million barrels per day from 2007 to
2035, or about one-half of the projected total increase in
world liquids supply. Non-OPEC conventional sup-
plies—including production from high-cost projects and
from countries with unattractive fiscal or political
regimes—account for an increase of 4.8 million barrels
per day over the projection, and non-OPEC production
of unconventional liquid fuels supplies the remaining
8.4 million barrels per day of the increase.

The High Oil Price case assumes that several non-OPEC
producers further restrict access to, or increase taxes on,
production from prospective areas, and that the OPEC
members reduce their production substantially below
current levels. Oil prices rise above the Reference case
levels, dampening demand for liquid fuels and enabling

Figure 32. World oil prices in three cases,
1980-2035 (2008 dollars per barrel)
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increased production from those high-cost conventional
and unconventional non-OPEC oil resources that still
are accessible and attractive for exploration and
development.

The Low Oil Price case assumes greater access to, and
more attractive fiscal regimes in, several prospective
non-OPEC areas—including Russia and the Caspian
region—as well as increased production from OPEC
members. Under those conditions, oil prices fall below
the Reference case levels, leading to increased demand
for liquid fuels and dampening production of conven-
tional and unconventional resources from non-OPEC
producers that currently have attractive fiscal regimes
but relatively mature or depleted resource bases.

Recent market trends

In 2009, world oil prices responded primarily to demand
expectations, with producers, consumers, and traders
continuing to look for any indication as to when the
world’s economy would recover, what shape the recov-
ery would take, and how strong the corresponding
increase in oil demand would be. Despite record levels
of floating storage, gradual reductions in OPEC compli-
ance to pledged production cuts, and even moderate
reductions in factor input costs, oil prices rose through-
out the year as each month brought hope that there
would be some clear signal of an economic turnaround.

In addition, 2009 was an eventful year for the supply fac-
tors that drive long-term pricing. Over the course of the
year, OPEC demonstrated greater dedication to sup-
porting prices than it has historically, maintaining an
average 70-percent compliance rate from February
through June before falling to 60 percent later in the year
[2]. Above-average compliance increased the group’s
spare capacity to 5.0 million barrels per day in December
2009. It also helped prices rise to a range of $70 to $80 per
barrel, which several members of OPEC, including
Saudi Arabia, Venezuela, and Algeria, have identified
publicly as a desirable price level [3].

Table 4. World oil prices in four cases, 2008-2035
(2008 dollars per barrel)

IEO2010 IEO2009

Low Oil High Oil Reference
Year Reference Price Price case
2008 100 100 100 101
2015 95 52 145 113
2020 108 52 186 118
2025 115 52 196 125
2030 124 52 204 134
2035 133 51 210 —
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Since June 2009, Iraq—the only OPEC member not cur-
rently assigned a quota—has held two bid rounds. The
sum of the targeted production increase from the
awarded fields is about 9.5 million barrels per day, or
almost four times the country’s current production.
Although most industry analysts do not expect Iraq to
achieve the production targets in full, especially not in
the near to mid-term, the likely increase still could cause
changes in OPEC’s quota allocation and long-term pro-
duction decisions.

The year also held significant challenges and surprises
for non-OPEC supply, some with potentially long-
lasting implications. Although prices rose throughout
2009, many of the supply projects delayed during the
price slump that started in 2008 have not been revived.
Given the time needed for project development, there is
a lag between the time of investment decision and the
eventual arrival of the projects in the market. Conse-
quently, mid-term supply growth may be constrained if
delayed projects are not restarted in the short term.

A related trend that began in 2008 and continued in 2009
was the decline in costs for materials, labor, and equip-
ment (“factor inputs”) necessary to develop supply pro-
jects. The decline may have encouraged delays in some
projects as investors waited to secure contracts at the
lowest possible cost; however, the trend appears to have
bottomed out at the end of 2009 after only a slight overall
reduction in costs [4]. Before the recent reduction in pro-
duction costs, an industry research group estimated that
costs had approximately doubled since 2000 [5]. Higher
costs serve to raise the breakeven oil price at which a
project would be considered economical, thus affecting
decisions as to which supply projects are likely to move
forward in the future.

Also starting in 2008 and continuing into 2009 was a cri-
sis in the global credit market, which made it difficult to
finance some exploration and production projects. It will
take several years to realize the full effect of limits on
credit availability for oil supply projects, because the
projects stalled by the lack of financing, particularly
exploration projects, would not have brought supply to
the market for years. In addition, the recent credit crisis
may also have lead to an overall and possibly lasting
change in risk appetite on the part of both lenders and
investors. Ironically, while credit terms were being
tightened and financial risk was being trimmed, ongo-
ing exploration efforts in Africa resulted in a wave of
discoveries and new hope for unexplored and under-
explored non-OPEC frontiers (see box on page 28). It
remains unknown whether those exploration efforts will
continue to bear fruit, and whether future efforts will be
hampered by credit conditions. At present these are
important uncertainties to be considered in the projec-
tions of future oil supply and demand balance.

World liquids production

In the IEO2010 Reference case, world liquids production
in 2035 exceeds the 2007 level by 26 million barrels per
day. Increases in production are expected for both OPEC
and non-OPEC producers. Overall, 51 percent of the
total increase is expected to come from non-OPEC areas,
including 33 percent from non-OPEC unconventional
liquids production alone. OPEC produces 47 million
barrels per day in 2035 in the Reference case, and
non-OPEC producers provide 64 million barrels per

day.

The Reference case assumes that OPEC producers will
choose to maintain their market share of world liquids
supply and will invest in incremental production capac-
ity so that their liquids production represents approxi-
mately 40 percent of total global liquids production
throughout the projection. Increasing volumes of con-
ventional liquids (crude oil and lease condensate, natu-
ral gas plant liquids [NGPL], and refinery gain) from
OPEC members contribute 10.3 million barrels per day
to the total increase in world liquids production from
2007 to 2035, and conventional liquids supplied from
non-OPEC nations contribute 4.8 million barrels per
day.

Unconventional liquids production increases by about 5
percent annually on average over the projection period,
because sustained high oil prices make unconventional
liquids more competitive, and above-ground factors
limit the production of economically competitive con-
ventional liquids. Unconventional fuels account for 37
percent (9.5 million barrels per day) of the increase in
total liquids production in the Reference case, and 8.4
million barrels per day of the increase in unconventional
supply comes from non-OPEC sources. High oil prices,
improvements in exploration and extraction technolo-
gies, emphasis on recovery efficiency, and the emer-
gence and continued growth of unconventional resource
production are the primary factors supporting the
growth of non-OPEC liquids production in the IEO2010
Reference case.

Liquids production modeling approach

The IEO2010 projections are based on a two-stage ana-
lytical approach. Projections of liquids production
before 2015 are based largely on a project-by-project
assessment of production volumes and associated
scheduling timelines, with consideration given to the
decline rates of active projects, planned exploration and
development activity, and country-specific geopolitical
situations and fiscal regimes. There are often lengthy
delays between the point at which supply projects are
announced and when they begin producing. The exten-
sive and detailed information available about such pro-
jects, including project scheduling and the investment
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Is offshore West Africa the world’s next frontier for oil?

The development of non-OPEC oil supply centers has
grown and diversified widely over time. North Amer-
ica dominated non-OPEC supply in the early 1970s, the
North Sea and Mexico evolved as major sources in the
1980s, and much of the new production in the 1990s
and into the 2000s came from developing countries in
Central and South America, the non-OPEC Middle
East, and China. Now industry has shifted its attention
to offshore resources along Africa’s western coast, sug-
gesting that Africa may become an important non-
OPEC oil-producing region within a decade.

Between 2007 and 2009, oil discoveries off the West
African coast resulted in a flurry of exploration and
production activity, with a number of companies
showing active interest in obtaining exploration
blocks. In June 2007, the Jubilee field was discovered by
the United Kingdom’s Tullow Oil in the deep coastal
waters of Ghana.? Initial estimates suggest that the
Jubilee field contains approximately 490 million bar-
rels of proven reserves and may have as much as 1.8
billion barrels of potential reserves.? Work on the Jubi-
lee field began in 2009. Initial production is expected to
begin at the end of 2010, increasing to 120,000 barrels
per day in 2011.

The discovery of Jubilee spurred interest in oil explora-
tion along the coast of several other West African
nations, notably, Coéte d’Ivoire, Liberia, and Sierra
Leone. In September 2009, Anadarko Petroleum dis-
covered oil off the coast of Sierra Leone at the Venus-B1
exploratory well—the first deepwater discovery in the
Sierra Leone-Liberian Basin. Although its commercial
viability has not yet been confirmed, the discovery
serves to frame a “new oil frontier” area of the West
African coast, extending from Ghana to Sierra Leone,
with significant resource potential.

A 2010 assessment by the U.S. Geological Survey
(USGS) of two West African provinces, the Senegal
Province and the Gulf of Guinea Province, estimated
mean undiscovered resources of 2.4 billion barrels and
4.1 billion barrels, respectively.d This represents a sig-
nificant increase in the undiscovered potential of the

economist.com (subscription site).

tion site).

bloomberg.com/apps/news?sid=aigcwbvWOSCE&pid=20601087.

two provinces since the 2000 USGS World Petroleum
Assessment. In 2000, the Senegal Province was esti-
mated to hold a mere 157 million barrels of oil. The
Gulf of Guinea Province estimate has grown from 1.0

billion barrels of oil resource in 2000 to 4.1 billion bar-
rels in 2010.

While the potential resource base offshore West Africa
appears to be ample, there are other important consid-
erations that may deter the region’s oil development.
Investment climates vary among countries, and there
are risks that must be evaluated before foreign compa-
nies commit to investing in oil production. Foreign
investors attempt to limit their risks, including but not
limited to political, economic, operational, and
geopolitical risks.

Many West African nations have only recently recov-
ered from civil war or other periods of political insta-
bility, and they may still be dealing with inexperienced
governments, potentially suffering from corruption
and mismanagement. Companies can be dissuaded
from investing if they believe that business operations
might be hampered by government interference. For
example, the recent dispute between Kosmos Energy
and the government of Ghana concerning the pro-
posed sale of Kosmos’s stake in the Jubilee field to
ExxonMobil signaled potential problems for compa-
nies operating in offshore Ghana.¢ Although the dis-
pute was resolved—at least temporarily—when
Kosmos agreed to remain a partner until the field
begins first production, the issue over transfer of assets
could have negative impacts on future international
investment.

Because this is the first time that oil production has
been a consideration for many West African countries,
they may have little or no legislation concerning
hydrocarbon resources. Cote d’Ivoire introduced a
new Oil and Gas Development Code in 1996 in an
attempt to increase foreign direct investment, and the
Ghanaian government is scheduled to draft legislation
establishing an independent regulator to manage oil
revenues before production begins at the Jubilee field

(continued on page 29)

a“Ghana: “World-class” Jubilee Oilfield Larger Than Expected,” Petroleum Economist (January 27, 2009), web site www.petroleum-

b Africa: Jubilee Field: Ghana’s Oil Industry Takes Off,” iStockAnalyst.com (April 5, 2010), web site www.istockanalyst.com/arti-
cle/viewiStockNews/articleid /4006121; and “Exxon’s Ghana Move Raises Hopes, Tensions,” Petroleum Intelligence Weekly, Vol. 48, No.
42 (October 19, 2009), pp. 2-3, web site www.energyintel.com/publicationhomepage.asp (subscription site).

¢J. Collin, “Andarko: West Africa Find Opens New Frontier,” Oil Daily (September 17, 2009), web site www.energyintel.com (subscrip-

dyu.s. Geological Survey, World Petroleum Resources Project, “ Assessment of Undiscovered Oil and Gas Resources of Four West Africa
Geologic Provinces,” Fact Sheet 2010-3006 (February 2010), web site http://pubs.usgs.gov/fs/2010/3006/pdf/FS10-3006.pdf.
¢E. Gismatullin and T. Patel, “Tullow Says Kosmos to Stay in Ghana Until Production Starts” (April 22, 2010), web site www.
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later this year.f The legislation aims to create an inde-
pendent regulatory body and revenue management
procedures to avoid the mismanagement and corrup-
tion that have arisen elsewhere on the continent. It
remains to be seen how Sierra Leone and Liberia, both
still recovering from recent civil wars, will manage this
task.

ihsglobalinsight.com (subscription site).

Is offshore West Africa the world’s next frontier for oil? (continued)

fC. Hunter, IHS Global Insight, “Ghana: Oil & Gas: Government Policy,” Energy Country Profiles (April 5, 2010), web site www.

The coast of West Africa represents a new frontier for
the petroleum industry, but how and when the
resources will be brought to market remains uncertain.
Although there has been healthy exploratory activity,
production from the region is still in its infancy.

and development plans of companies and countries,
make it possible to take a detailed approach to modeling
mid-term supply.

Although some projects are publicized more than 7 to 10
years before their first production, others can come on
line within 3 years. For that reason, project-by-project
analyses are unlikely to provide a complete representa-
tion of company or country production plans and
achievable production volumes beyond 3 years into the
future. Instead, production decisions made after the
mid-term, or 2015, are assumed to be based predomi-
nantly on resource availability and the resulting eco-
nomic viability of production.

In view of the residual effects of previous government
policies and the unavoidable lag time between changes
in policy and any potential production changes, how-
ever, most country-level changes in production trends
are noticeable only in 2020 and beyond. Geopolitical and
other “above-ground” constraints'# are not assumed to
disappear entirely after 2015, however. Longstanding
above-ground factors for which there are no indications
of significant future changes—for instance, the govern-
ment-imposed investment conditions currently in place
in Iran, or OPEC adherence to production quotas—are
expected to continue affecting world supplies long after
2015. Even if above-ground constraints were relaxed, the
expansion of production capacity could be delayed,
depending on the technical difficulty and typical devel-
opment schedule of the projects likely to be developed in
a particular country.

For some resource-rich countries it is assumed that cur-
rent political barriers to production increases will not
continue after 2015. For instance, both Mexico and Vene-
zuela currently have laws that restrict foreign owner-
ship of hydrocarbon resources. Their resource policies
have discouraged investment—both foreign and
domestic—and hindered their ability to increase or even
maintain historical production levels. In the Reference

case, both Mexico and Venezuela ease restrictions at
some point after 2015, allowing some additional foreign
involvement in their oil sectors that facilitates increases
in liquids production, including from deepwater pros-
pects in Mexico and extra-heavy oils in Venezuela’s
Orinoco belt.

Iraq is another resource-rich country where currently
there are significant impediments to investment in the
upstream hydrocarbon sector. Liquids production in
Iraq dropped substantially after the U.S.-led invasion in
2003. From 2002 to 2003 production declined from 2.0
million barrels per day to 1.3 million barrels per day, and
since then it has achieved only inconsistent and slow
growth. Although Iraq’s production levels are not
expected to increase substantially in the near term, it is
assumed that political and legal uncertainty subsides,
and that renewed investment and development activity
ensue, resulting in significant growth in production
from 2015 to 2035.

Non-OPEC production

The return to sustained high oil prices projected in the
IEO2010 Reference case encourages producers in
non-OPEC nations to continue investment in conven-
tional liquids production capacity and increase invest-
ment in enhanced oil recovery (EOR) projects and
unconventional liquids production. Non-OPEC produc-
tion increases steadily in the projection, from 50 million
barrels per day in 2007 to 64 million barrels per day in
2035, as high prices attract investment in areas previ-
ously considered uneconomical, and fears of supply
restrictions encourage some net consuming nations to
expand unconventional liquids production from domes-
tic resources, such as coal and crops.

Despite the maturity of most non-OPEC producing bas-
ins, conventional liquids production in the Reference
case increases from 48 million barrels per day in 2007 to
52 million barrels per day in 2035. The overall increase
results primarily from production increases in four

144 Above-ground” constraints refer to those nongeological factors that could affect supply, including but not limited to government pol-
icies that limit access to resources; conflict; terrorist activity; lack of technological advances or access to technology; price constraints on the
economic development of resources; labor shortages; materials shortages; weather; environmental protection actions; and short- and

long-term geopolitical considerations.
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countries: Brazil, Russia, Kazakhstan, and the United
States (Figure 33). Among non-OPEC producers, the
near absence of prospects for new, large conventional
petroleum liquids projects, along with declines in pro-
duction from existing conventional fields, results in
heavy investment in the development of smaller fields.
Producers are expected to concentrate their efforts on
more efficient exploitation of fields already in produc-
tion, either through the use of more advanced technol-
ogy for primary recovery efforts or through EOR. Those
efforts are expected to allow most established non-
OPEC producers to maintain or slow production
declines but not to raise production volumes.

In the Reference case, unconventional liquids produc-
tion from non-OPEC suppliers rises to 6 million barrels
per day in 2020 and 11 million barrels per day in 2035. In
the High Oil Price case, non-OPEC unconventional lig-
uids production rises to 17 million barrels per day in
2035, as significantly higher prices encourage the devel-
opment of alternative fuel sources to the limits imposed
by expected environmental protection measures and
industry expansion in general. In contrast, in the Low
QOil Price case, fewer unconventional resources become
economically competitive, and non-OPEC production of
unconventional liquids rises to only 7 million barrels per
day in 2035.

Major areas of decline in non-OPEC liquids
production

In the IEO2010 Reference case, Mexico and the North Sea
are the only non-OPEC production areas that lose more
than 1 million barrels of liquids production per day from
2007 to 2035. The most significant decline in non-OPEC
liquids production is for OECD Europe, with a decrease
from 5.4 million barrels per day in 2007 to 2.9 million
barrels per day in 2035. Most of that decline is in North
Sea production, which includes offshore operations by

Figure 33. Non-OPEC conventional liquids
production by region, 2007 and 2035
(million barrels per day)
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Norway, the United Kingdom, the Netherlands, and
Germany. Over time, fewer and fewer prospects capable
of compensating for declines in existing fields have been
discovered. The drop in North Sea liquids production
does not vary significantly in the High and Low Oil Price
cases, both because it is based on depletion of resources
and because all the countries currently producing lig-
uids from North Sea operations are expected to continue
encouraging investment and providing open access to
development.

In Mexico, liquids production sinks to approximately 1.4
million barrels per day in 2025 before slowly rebound-
ing to 1.6 million barrels per day in 2035, still 1.9 million
barrels per day below 2007 volumes. The rebound after
2025 depends entirely on the development of potential
resources in the deepwater Gulf of Mexico, which must
begin some years in advance of any increase in produc-
tion levels. The outlook for Mexico’s liquids production
is markedly different from the IEO projection just 3 years
ago, in which production did not fall below 2.9 million
barrels per day and a long-term recovery began in 2013.
The difference between the projections is a result of
declines at Cantarell that were more severe than
expected, along with diminished expectations for
Chicontepec production and more pessimistic assump-
tions about the level of future investment, both foreign
and domestic, in Mexico’s deepwater production.

Although the shortage of investment in Mexico is
expected to lead to a mid-term decline, Mexico has
potential resources to support a long-term recovery in
total production, primarily in the Gulf of Mexico. The
extent and timing of a recovery will depend in part on
the level of economic access granted to foreign investors
and operators. Mexico’s national oil company, PEMEX,
currently does not have the technical capability or finan-
cial means to develop potential deepwater projects in
the Gulf of Mexico.

Major areas of growth in non-OPEC liquids
production

The largest increase in non-OPEC total liquids produc-
tion is expected for Brazil, with projected growth of 4.9
million barrels per day by 2035 from its 2007 level of 2.3
million barrels per day. Of that increase, 3.6 million bar-
rels per day is attributed to conventional liquids produc-
tion. The strong growth in Brazil's conventional
production results in part from short- and mid-term
increases at producing fields for which expansions are
either planned or in progress. It also results in part from
recent and expected discoveries in the Campos and
Santos basins, including the massive Tupi and related
Guara and lara discoveries, which both add to produc-
tion in the mid- and long term and suggest the presence
of other large fields in the same formation [6]. The vast
size of the sub-salt potential in Brazil, as well as national
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economic strategy and industrialization goals, have led
Brazil to pursue new petroleum legislation [7]. The legis-
lative change most pertinent to production potential is
the requirement that the state oil company, Petrobras, be
the sole operator and a minimum 30-percent equity
holder for all sub-salt fields.

Although Petrobras has repeatedly proven itself a leader
in deepwater development and is known to have the
technical capabilities to develop sub-salt prospects, it is
not expected to have the resources (financial, labor, etc.)
to develop its domestic plays completely on its own. The
different JEO2010 price cases assume different invest-
ment terms offered by Brazil to foreign investors and
hence different rates of sub-salt development. The High
Oil Price case assumes tighter terms of access to conven-
tional resources, resulting in average annual growth of
2.2 percent and conventional production that reaches 3.5
million barrels per day in 2035. In comparison, the Low
QOil Price case assumes open terms of access to conven-
tional resources, resulting in average annual growth of
4.6 percent and conventional production of 6.6 million
barrels per day in 2035.

In addition to the growth in conventional liquids pro-
duction, Brazil’s ethanol production also increases, from
0.3 million barrels per day in 2007 to 1.6 million barrels
per day in 2035 in the Reference case. This growth is a
result of steady increases in yields and the expansion of
crop production. Brazil’s major ethanol production is
derived from sugar cane, currently the highest-yielding
and cheapest feedstock for ethanol. Brazil also has a
large amount of land available for sugar cane produc-
tion in the form of previously cleared, underutilized
pasture land. The country’s domestic consumption is
not expected to rise as fast as its expansion of ethanol
production, making Brazil a net ethanol exporter over
the course of the projection. Thus, its production
depends largely on other countries” policies and
demand for ethanol.

In the High Oil Price case, Brazil’s ethanol production
totals 2.0 million barrels per day in 2035, reflecting
higher demand for ethanol both at home and abroad. In
the Low Oil Price case, which assumes reduced domes-
tic and international demand for ethanol, Brazil’s etha-
nol production totals 1.2 million barrels per day in 2035.
Even in the Low Oil Price case, however, there is only a
small drop in Brazil’s domestic ethanol consumption,
because of the country’s mandatory minimum E25
blend and the fact that ethanol makes up a nearly
50-percent share of the country’s domestic gasoline
market [8].

The second-largest contributor to future increases in
non-OPEC total liquids production is the United States.
U.S. conventional liquids production grows from 8.0
million barrels per day in 2007 to 9.2 million barrels per

day in 2035 in the Reference case, as rising world oil
prices spur both onshore and offshore drilling. In the
short term, the vast majority of the increase in crude oil
production comes from deepwater offshore fields.
Fields that started producing in 2009, or that are
expected to start producing in the next few years,
include Great White, Norman, Tahiti, Gomez, Cascade,
and Chinook. All are in water depths greater than 2,600
feet, and most are in the U.S. Central Gulf of Mexico.
Production from those fields, combined with increased
production from fields that started producing in 2007
and 2008, contributes to the near-term growth in U.S.
offshore production. Production from other recently dis-
covered and yet-to-be discovered fields offsets produc-
tion declines in older fields, resulting in a net increase in
liquids production through 2035.

U.S. lower 48 onshore production of crude oil continues
to grow through 2035, primarily as a result of increased
application of EOR techniques. In 2035, EOR accounts
for 37 percent of total onshore production. The rate of
growth in domestic crude oil production depends
largely on assumptions about world oil prices and
improvements in technology, because remaining
onshore resources typically require more costly second-
ary or tertiary recovery techniques. In a future world
where carbon dioxide emissions may be captured for
sequestration, increased carbon dioxide supply could
spur additional EOR activities.

U.S. unconventional liquids production becomes more
significant as world oil prices rise, with domestic pro-
duction of biofuels increasing from 0.46 million barrels
per day in 2007 to 1.6 million barrels per day in 2035 in
the Reference case. Although advances in coal liquefac-
tion technology have made it commercially available in
other countries, including South Africa, China, and Ger-
many, the technical and financial risks of building what
would be essentially a first-of-a-kind facility in the
United States have discouraged significant investment
thus far. In addition, the possibility of new legislation
aimed at reducing U.S. greenhouse gas emissions cre-
ates further uncertainty for future investment in CTL.
With ongoing improvement in oil shale technology,
commercial production starts in 2023 and increases rap-
idly to 1.7 percent of total U.S. liquids supply in 2035.
However, oil shale development suffers from environ-
mental, technical, and financial uncertainties similar to
those for CTL.

Canada’s production of conventional liquids declines
slowly in the Reference case, by a total of just under 0.5
million barrels per day from 2007 to 2035. However,
increased production of unconventional petroleum lig-
uids from oil sands more than offsets the decline in con-
ventional production. As a result, Canada’s total liquids
production doubles in the projection, from 3.4 million
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barrels per day in 2007 to 6.8 million barrels per day in
2035.

Russia and Kazakhstan are the other key players in
non-OPEC production growth. However, non-OECD
Europe and Eurasia is a region prone to territorial dis-
putes, transportation blockages, contractual changes,
and political intervention. For example, Russia’s pro-
duction is expected to decline in the mid-term, with
recent trends indicating that tax policies which previ-
ously caused companies to operate at a net financial loss
may soon be reinstated, creating a large disincentive for
potential private investment in resource development

[9].

After declining to 9.4 million barrels per day in 2016,
Russia’s liquids production begins a slow increase to 9.8
million barrels per day in 2020 in the Reference case, as
uncertainty about tax regimes lessens. In addition, the
annual increases in the world oil price assumed in the
IEO2010 Reference case spur liquids development and
allow Russia’s production to reach 12.8 million barrels
per day in 2035. Although exploration in eastern Siberia
is expected during the projection period, Arctic explora-
tion is not. In the High and Low Oil Price cases, which
assume different levels of economic access granted to
investors in the long term, Russia’s total liquids produc-
tion in 2035 ranges from 8.6 to 15.7 million barrels per
day, respectively.

Mid-term growth in Kazakhstan’s production depends
predominantly on the resources of the Kashagan and
Tengiz oil fields, as well as the ability of investors to
transport production from those projects to the world
market. Although known and potential resources are
sufficient to support the growth of liquids production in
Kazakhstan, they could be undermined by a lack of easy
export routes. Currently, exports are limited to six
routes: the CPC pipeline, Atyrau-Samara pipeline, and
railway shipments can transport a total of 0.8 million
barrels per day to Russia; another pipeline can move 0.2
million barrels per day to China, and two barge routes
allow shipments of about 0.1 million barrels per day to
Azerbaijan and Iran.

Kazakhstan’s export potential is strongly affected by its
geographical position. Attaining the production levels
projected in the Reference case depends not only on
resource availability and production but also on the con-
struction of export routes—a task requiring regional
cooperation that has not been easy to achieve in the past.
A number of possible projects to expand Kazakhstan’s
capacity for liquids exports have been proposed over the
past several years. The most likely expansions in the
near term are capacity increases in the pipelines to Rus-
sia and China [10].

In addition to the problem of transportation capacity,
Kazakhstan has previously reopened legal contracts
with private foreign investors, forcing renegotiation of
investment returns and making companies reluctant to
increase their investment in the country’s energy sector.
Because of the varying degrees of resource access and
investment terms, Kazakhstan’s total liquids production
in 2035 ranges from 2.2 million barrels per day in the
High Oil Price case to 3.7 million barrels per day in the
Low Oil Price case.

OPEC production

Total liquids production from OPEC nations increases
from the 2007 level of 34.4 million barrels per day at an
average annual rate of 1.0 percent, resulting in the pro-
duction of 47.0 million barrels of liquids per day in 2035,
of which 34.3 million barrels per day originates in the
Middle East (Figure 34). OPEC decisions on investment
in additional production capacity are the primary differ-
ence between the three price cases in IEO2010. The Low
Oil Price case assumes that OPEC members will increase
investment either through their own national oil compa-
nies or by allowing greater economic access to foreign
investors, depending on the country. It also assumes
that OPEC members will expand production capacity in
an attempt to maximize government revenue through
increased production. OPEC production in the Low Oil
Price case increases by 27.1 million barrels per day from
2007 to 2035, to 61.5 million barrels per day or approxi-
mately 50 percent of total world liquids production in
2035.

In the High Oil Price case, OPEC member countries
maintain record high prices by restricting production
targets to a smaller share of world total liquids produc-
tion each year. As a result, OPEC production accounts
for less than 35 percent of the world total in 2035. Volu-
metric reductions are concentrated in the mid-term,

Figure 34. OPEC conventional liquids production
by region, 2007 and 2035 (million barrels per day)
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with liquids production falling by 2.4 million barrels per
day from 2007 to 2015 and gaining 1.0 million barrels per
day from 2015 to 2035.

Throughout the projection period, Saudi Arabia remains
the largest liquids producer in OPEC, with total produc-
tion increasing from 10.3 million barrels per day in 2007
to 15.1 million barrels per day in 2035, as prices stabilize
at historically high levels and world consumption con-
tinues to grow. Thirty percent of the increase (1.4 million
barrels per day) is expected to be NGPL production
related to expansion of natural gas production. The total
production increase equates to an average annual
growth rate of 1.4 percent, based on the assumption that
Saudi Arabia will continue with its current plan to main-
tain spare production capacity at levels between 1.5 and
2.0 million barrels per day.

Iraq increases its liquids production by 3.9 percent per
year in the IEO2010 Reference case, the largest annual
average growth in total liquids production among all
OPEC members. The projection assumes that political,
legislative, logistical, investment, and security uncer-
tainties in Iraq will be resolved in the long term, and that
OPEC constraints and resource availability will be the
factors with the strongest influence on Iraq’s willingness
and ability to increase production (see box on page 34).

In addition to political and legislative uncertainty,
import and export infrastructure are also expected to
limit production growth in Iraq to 0.5 million barrels per
day from 2007 to 2015. If the country is able to achieve
long-term political and economic stability and expand
the capacity of import and export routes as projected in
the Reference case, investment in production capacity
could rise by an average of 5.2 percent annually from
2015 and 2030 before slowing to a more modest 3.8 per-
cent per year from 2030 to 2035. The fact that Iraq has the
resources necessary to support such growth in the long
run, yet produced only 2.1 million barrels per day in
2007, illustrates the significant impacts that the political
environment and other above-ground constraints can
have on production projections.

Qatar has the second-highest average annual growth
rate in total liquids production among OPEC nations
from 2007 to 2035 in the Reference case, at 3.3 percent,
with total volumes increasing from 1.2 million barrels
per day in 2007 to 2.5 million barrels per day in 2035.
About one-half of the increase consists of crude oil and
lease condensate production; production of NGPLs con-
tributes another 0.4 million barrels per day; and GTL
projects add just over 0.2 million barrels per day. Despite
the current negative outlook for many previously
announced GTL projects around the world, the return
and persistence of historically high oil prices in the Ref-
erence case supports the operation of Qatar’s Pearl facil-
ity (0.1 million barrels per day capacity) and expansion

of its Oryx facility (adding another 0.1 million barrels
per day).

Total liquids production in Iran is expected to be
restricted by political rather than resource-related fac-
tors. The political factors include the effectiveness of the
national oil company’s operations, the ability of the gov-
ernment and foreign investors to agree on contractual
terms, and continuing financial sanctions. In the IEO-
2010 Reference case, Iran’s oil production declines from
2007 through 2035 because of both financial and political
constraints on the development of new oil and natural
gas prospects. In addition, the projections anticipate that
natural gas demand for domestic electric power and
heat production will limit the amount of natural gas
available for improving oil recovery through natural gas
reinjection. Political factors and investment constraints
affect Iran’s liquids production so severely that produc-
tion in 2035 varies by 2.7 million barrels per day across
the IEO2010 projections, from 2.6 million barrels per day
in the High Oil Price case to 5.3 million barrels per day in
the Low Oil Price case.

In the OPEC nations of Western Africa, total liquids pro-
duction increases from 4.1 million barrels per day in
2007 to 5.1 million barrels per day in 2035 in the Refer-
ence case. Angola expands production to 2.5 million bar-
rels per day in 2020—almost entirely by increasing
crude oil and condensate production from offshore pro-
jects—before entering a slow but steady resource-driven
decline in the long term. Nigeria’s liquids production is
likely to be hampered in the short term by conflict and
infrastructure difficulties; in the long term, however, a
higher level of known resources enables Nigeria’'s
liquids production to grow at an average annual rate of
0.9 percent, from 2.4 million barrels per day in 2007 to a
total of 3.0 million barrels per day in 2035.

Recent history suggests that Venezuela’s national gov-
ernment reacts to high oil prices by tightening invest-
ment terms for foreign direct investment and limiting
access to its reserves. As a result, in the Reference case,
with prices rising in real terms through 2035, further
mandated changes in contractual terms, along with
threats of actions to recapture upside returns from
potential investors, are likely to hinder Venezuela’s pro-
duction potential in the short term and discourage
investment in and development of additional projects in
the long term. The trend will be particularly evident in
the mature conventional oil basins, with conventional
production declining by 1.1 million barrels per day over
the period from 2007 levels of 2.1 million barrels per day.
However, development of several extra-heavy oil pro-
jects in the Orinoco belt offsets some of the decline in
conventional liquids production.

Ecuador rejoined OPEC in October 2007, after having
suspended its membership in 1999. Ecuador is a
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New Iraqgi oil production: How much; how fast?

Iraq holds a considerable portion of the world’s con-
ventional oil reserves, but has been unable to increase
oil production substantially in recent years due to con-
flict and geopolitical constraints. As violence in Iraq
has lessened, there has been a concerted effort to
increase the country’s oil production, both to bolster
government revenues and to support wider economic
development. Recently, Iraq offered prequalified for-
eign oil companies two opportunities to bid on desig-
nated fields under specific terms of investment. The
success of the bidding rounds and the level of interest
from foreign companies have raised hopes that oil
production could increase substantially over a short
period of time, with some Iraqi government officials
stating that the country could increase its production to
12 million barrels per day by 2017.2 Although Iraq has
the reserves to support such growth, it will need to
overcome numerous challenges in order to raise pro-
duction to even a fraction of that goal.

Iraq has an estimated 115 billion barrels of proven
conventional oil reserves, the third largest in the
world after Saudi Arabia (260 billion barrels) and Iran
(138 billion barrels).® However, Iragi oil production
was significantly affected not only by the U.S.-led
invasion in 2003 and subsequent armed conflict, but

restrictions on investment resulting from United
Nations sanctions imposed during the Saddam
Hussein regime before the invasion. Oil production
capacity has not increased substantially since the
recent abatement of hostilities, and Iraq’s current total
production is about 2.5 million barrels per day—still
below the peak annual average of 2.9 million barrels
per day in 1989.

Between June 2009 and January 2010, Iraq awarded
development service contracts for 10 oil projects to for-
eign companies, the majority of which were consortia
formed to share the responsibility, risk, and, ulti-
mately, returns on each of the projects. Originally, the
Iragi Ministry of Oil had expected the development of
the fields up for bidding to raise Iraq’s production
capacity to 6 million barrels per day, in line with the
Ministry’s strategic goal.© However, heavy competi-
tion and high expectations for the fields led bidding
companies to propose production levels that were sig-
nificantly higher than expected. As a result, rather than
raising the country’s total production to 6 million bar-
rels per day, the proposed production from all
awarded fields suggests that Iraq’s total production
could increase to 12 million barrels per day in 2017 (see
table below).

also by neglect of the oil industry infrastructure and (continued on page 35)
Results of Iraq bidding rounds, 2010
Plateau Planned
production Remuneration Plateau Current production
target fee production production increase
Consortium (million barrels (dollars per target duration (million barrels (million barrels
Field operator per day) barrel) (years) per day) per day)
First bid round
Rumaila . ................ BP 2.85 2.00 7 1.00 1.85
West Qurna (Phase 1) ... ... ExxonMobil 2.33 1.90 7 0.27 2.06
Zubair........... ... Eni 1.20 2.00 7 0.21 1.00
Second bid round
Majnoon . ................ Royal Dutch Shell 1.80 1.39 10 0.06 1.75
Halfaya.................. CNPC (PetroChina) 0.54 1.40 13 0.00 0.53
Qaiyarah................. Sonangol 0.12 5.00 9 0.00 0.12
West Qurna (Phase 2) ... ... Lukoil 1.80 1.15 13 — 1.80
CBIMEN 0 00 0ooon0no00n0nonc Petronas 0.23 1.49 13 — 0.23
BRI wcoooconoacoanaacac Gazprom 0.17 5.50 7 — 0.17
Najmah.................. Sonangol 0.11 6.00 9 = 0.11
el coc0000000000000000000000000000000000000000000000000000000000000000000000000 1.54 9.61

Source: IHS Global Insight, Energy Country Profiles, “Iraq: Oil & Gas Upstream” (last updated March 31, 2010), web site www.ihsglobalinsight.

com (subscription site).

a[HS Global Insight, “Country Summary—Iraq” (updated April 30, 2010), web site www.ihsglobalinsight.com (subscription site).
b“Worldwide Look at Reserves and Production,” Oil & Gas Journal, Vol. 107, No. 47 (December 21, 2009), pp- 20-21, web site www.ogj.

com (subscription site).

IHS Global Insight, “Country Summary Upstream—Iraq” (updated March 31, 2010), web site http:/ /myinsight.ihsglobalinsight.com

(subscription site).
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EIA analysis suggests that, even in a stable political
and security climate, it would be extremely difficult to
raise production by nearly 10 million barrels per day
over such a short period. The two recent historical
examples of massive production capacity expansion
are those of Russia, where production increased by 3.8
million barrels per day over a 10-year period, and
Saudi Arabia, where production increased by 2.0 mil-
lion barrels per day over a 5-year period. The proposed
pace and scale of Iraq’s planned production expansion
defy historical precedents and ignore a long list of
logistical and political impediments.

The IEO2010 Reference case expects significant delays
in current production plans because of limitations on
Iraq’s service sector; import difficulties; likely con-
straints on the number of operating rigs and skilled
personnel available; and limitations on the export
infrastructure, with current pipelines able to only sup-
port marginal increases in flows. There are also secu-
rity threats from current and past conflicts, with
pipelines still at risk of being attacked, field surfaces
populated with unexploded ordinances, and land

New Iraqi oil production: How much; how fast? (continued)

mines that must be cleared. Finally, there is legislative
uncertainty, particularly related to the Kurdistan
region. The prospects for long-term growth, however,
are bright.

The uncertainty associated with the evolution of Iraq’s
upstream oil sector is reflected in the range of projec-
tions for liquids production in 2035. In the Reference
case, the political and security situation in Iraq stabi-
lizes, and a few of the operating companies overcome,
in some measure, the obstacles they face. In this case,
Iraq’s total liquids production rises to 2.8 million
barrels per day in 2017 and 6.1 million barrels per day
in 2035. In the IEO2010 Low Oil Price case, Iraq’s total
liquids production reaches 8.3 million barrels per day
by 2035, reflecting greater success in addressing the
considerable difficulties facing oil industry expansion.
In the High Oil Price case, liquids production reaches
only 4.2 million barrels per day in 2035, because com-
panies to a great extent are unable to reduce the diffi-
culties they face in their attempts to increase
production.

relatively small oil producer in comparison with other
OPEC members, producing 0.5 million barrels per day
of oil in 2007. Liquids production in Ecuador declines
through 2015 in the Reference case, as uncertainties
associated with the country’s Hydrocarbons Law make
foreign companies reluctant to investment in Ecuador’s
oil sector [11]. After 2015, although investment in the
country’s oil sector continues to be hindered by high
investment risk, development of its ITT heavy oil field in
the Amazon helps to stabilize its production. Conse-
quently, liquids production in Ecuador rebounds to just
under 0.5 million barrels per day in 2025 and remains
fairly flat through 2035.

Unconventional liquids production

Unconventional liquids play an increasingly important
role in meeting demand for liquid fuels over the course
of the IEO2010 projections. In the Reference case, 11.6
percent of world liquids supply in 2035 comes from
unconventional sources, including 1.7 million barrels
per day from OPEC and 11.2 million from non-OPEC
sources. Although the volume and composition of
unconventional production vary between the IEO2010
Low and High Oil Price cases (from 17.9 million barrels
per day in the High Price case to 10.5 million barrels per
day in the Low Price case), the geographic origin of each
unconventional liquid type is relatively constant across
the cases, usually being limited to countries where pro-
jects are underway or advertised.

OPEC unconventional production

OPEC’s unconventional production consists predomi-
nantly of extra-heavy oil production in Venezuela (from
the Orinoco belt) and GTL production in Qatar. In the
Reference case, Venezuela’s extra-heavy oil production
rises from 0.6 million barrels per day in 2007 to 1.4 mil-
lion barrels per day in 2035, and Qatar’s GTL production
increases from a negligible amount in 2007 to 0.2 million
barrels per day in 2035. Although the resources to sup-
port production at those levels abound in the two coun-
tries, large investments will be required to bring them to
market, and the timing of such investment is uncertain.

There are four major projects currently operating in Ven-
ezuela’s Orinoco belt, but they have been suffering from
poor maintenance and lack of investment. Venezuela’s
ability to increase its extra-heavy oil production will
depend on the level of foreign investment and expertise
it is able to attract for extraction and upgrading projects.
In the Reference case, only two Orinoco belt projects are
developed over the course of the projection period: the
Junin 4 (operated by a consortium of Chinese compa-
nies) and Junin 6 (operated by a consortium Russian
companies). The two projects add 0.4 million barrels per
day of production capacity each.

In the Low Oil Price case, Venezuela improves contract
terms and stabilizes its investment climate to attract
more foreign investment in the development of Orinoco
resources, including Junin 2 and the Carabobo area,
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which contribute 0.2 and 1.2 million barrels per day,
respectively. In addition, several other development
projects are undertaken in the long term. In contrast, in
the High Oil Price case, Venezuela restricts access to its
resources and thus discourages the development of even
the Junin 4 and 6 projects. The collapse of bilateral devel-
opment agreements means that investment in the
extra-heavy oils of the Orinoco belt is limited to Vene-
zuela’s state oil company, Petréleos de Venezuela S.A.
(PDVSA), resulting in a gradual decline in production to
0.4 million barrels per day in 2035, only one-third the
amount projected in the Reference case.

Non-OPEC unconventional production

Outside OPEC, unconventional liquids production
comes from a much more diverse group of countries and
resource types. As a whole, non-OPEC unconventional
liquids production increases by 8.4 million barrels per
day from 2.8 million barrels per day in 2007 to 11.2 mil-
lion barrels per day in 2035, with 69 percent coming
from OECD countries. By volume, the countries making
the largest contribution to the increase in non-OPEC
unconventional liquids are Canada (an increase of 3.8
million barrels per day), the United States (1.8 million
barrels per day), Brazil (1.3 million barrels per day), and
China (0.8 million barrels per day).

In each of the three cases, Canada’s bitumen (oil sands)
production makes up more than 30 percent of total
non-OPEC unconventional production, ranging from
3.2 million barrels per day in the Low Oil Price case to 6.9
million barrels per day in the High Oil Price case. Bitu-
men production in the High Oil Price case ramps up
quickly in the short to mid-term then begins to slow in
the long term, following closely the assumed world oil
price path in High Price case. In the Low Oil Price case,
production growth stagnates because the price is too
low for new projects to be economical. Over time, reduc-
tions in the cost of technology lead to an overall increase
in production.

Biofuels production in the Reference case increases from
1.2 million barrels per day in 2007 to 4.0 million barrels
per day in 2035, or an average annual growth rate of 4.6
percent. The largest increase in biofuels production over
the projection period comes from Brazil, where produc-
tion grows by 1.3 million barrels per day from 2007 to
2035. Strong growth in biofuels consumption is pro-
jected for the United States, where production of
biofuels increases by 1.1 million barrels per day, from 0.5
million barrels per day in 2007 to 1.6 million barrels per
day in 2035. The growth in U.S. biofuels production is
supported by the Energy Independence and Security
Act of 2007, which mandates increased use of biofuels.

Government policies are the main drivers of biofuels
production. Biofuels are used as a means to reduce

greenhouse gas emissions, promote energy security, and
support local economic development. To achieve those
goals, many countries set mandates for the amount of
biofuels to be used and give tax credits to biofuel pro-
ducers. The United States, for example, mandates 36 bil-
lion gallons of biofuels by 2022 under the Energy
Independence and Security Act of 2007. The European
Union mandates that biofuels must make up 10 percent
of the liquid fuels market by 2020, according to the Euro-
pean Union Biofuels Directive [12]. Canadian producers
receive payments or operating grants based on output,
and the Chinese government has a flexible subsidy
scheme with payments based on plant profitability [13].
The Canadian and Chinese tax credits are designed to
expire over time as the cost of production falls and oil
prices rise.

Despite the wide range of biofuels incentive programs,
some recent studies suggest that biofuels may not be as
effective in reducing greenhouse gas emissions as previ-
ously thought. As a result, many countries have relaxed
or postponed renewal of their mandates. For example,
Germany reduced its biofuels quota for 2009 from 6.25
percent to 5.25 percent [14]. The global economic reces-
sion has also dampened investment in biofuels develop-
ment. In light of those developments, world biofuels
production in 2030 is 40 percent lower in the IEO2010
Reference case than was projected in the IEO2009 Refer-
ence case.

As in the Reference case, biofuels become more competi-
tive with conventional oil products in both the High and
Low Oil Price cases; however, the level of competitive-
ness depends on the oil price assumption. In the Low
Price case, only the cheapest and most cost-effective
feedstocks and production technologies are competitive
with gasoline and diesel fuels. In the High Price case
more feedstocks and production processes are competi-
tive. Total biofuel production in 2035 is 2.9 million bar-
rels in the Low Oil Price case and 6.0 million barrels in
the High Oil Price case. The growth of biofuel produc-
tion slows in all cases from 2007 to 2015, as the current
generation of crops reach their economic potential, then
accelerates after 2016 with the advent of new technolo-
gies that use cellulosic feedstocks.

China is the primary coal-to-liquids producer in all the
IEO2010 cases, with 2035 production levels ranging
from 0.2 million barrels per day (or 56 percent of the
world total) in the Low Oil Price case to 2.0 million bar-
rels per day (60 percent of the world total) in the High
Oil Price case. Other major producers are the United
States and South Africa, which produce about 0.2 and
0.3 million barrels per day, respectively, in the Reference
case, 0.9 and 0.3 million barrels per day in the High Oil
Price case, and less than 0.1 million barrels per day each
in the Low Oil Price case.
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The unconventional liquid product that consistently
contributes the least to total unconventional production
in each of the IEO2010 cases is GTL. In the Reference and
Low Qil Price cases, GTL production is limited primarily
to Qatar, although South Africa and Nigeria also pro-
duce small volumes. In the High Oil Price case, the
United States rapidly becomes the world’s largest GTL
producer, accounting for 0.5 million barrels per day of
the world’s total of 0.8 million barrels per day in 2035.
(For a discussion of GTL prospects in the United States,
see EIA’s Annual Energy Outlook 2010, pages 39-40.)

World oil reserves

As of January 1, 2010, proved world oil reserves, as
reported by the Oil & Gas Journal, were estimated at
1,354 billion barrels—12 billion barrels (about 1 percent)
higher than the estimate for 2009 [15]. According to the
Oil & Gas Journal, 56 percent of the world’s proved oil
reserves are located in the Middle East (Figure 35). Just
under 80 percent of the world’s proved reserves are con-
centrated in eight countries, of which only Canada (with
oil sands included) and Russia are not OPEC members
(Table 5).

Proved reserves of crude oil are the estimated quantities
that geological and engineering data indicate can be
recovered in future years from known reservoirs,
assuming existing technology and current economic and
operating conditions. Companies whose stocks are pub-
licly traded on U.S. stock markets are required by the
U.S. Securities and Exchange Commission (SEC) to
report their holdings of domestic and international
proved reserves, following specific guidelines. In
December 2008, the SEC released revisions to its
reserves reporting requirements in an attempt to pro-
vide investors with a more complete picture of the
reserves held by reporting companies by recognizing

Figure 35. World proved oil reserves by geographic
region as of January 1, 2010 (billion barrels)
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the technologies and reserve quantification methods
that have evolved over time. Country-level estimates of
proved reserves from the Oil and Gas Journal are devel-
oped from the data reported to the SEC, from foreign
government reports, and from international geologic
assessments. The estimates are not always updated
annually.

Whereas proved reserves include only those estimated
quantities of crude oil from known reservoirs, they are
only a subset of the entire potential oil resource base.
Resource base estimates include estimated quantities of
both discovered and undiscovered liquids that have the
potential to be classified as reserves at some time in the
future. The resource base may include oil that currently
is not technically recoverable, but could become recov-
erable in the future as technologies advance.

Readers may notice that, in some cases in the IEO2010
projections, country-level volumes for cumulative pro-
duction through 2035 exceed the estimates of proved
reserves. This does not imply that resources and the
physical limits of production have not been considered
in the development of production forecasts, or that the
projections assume a rapid decline in production imme-
diately after the end of the projection period as reserves
are depleted. EIA considers resource availability in all
long-term country-level projections, the aggregation of

Table 5. World oil reserves by country as of
January 1, 2010 (billion barrels)

Percent of
Country Oil reserves world total
Saudi Arabia.......... 259.9 19.20
Canada.............. 175.2 12.94
ran................. 137.6 10.16
raq................. 115.0 8.50
Kuwait. . ............. 101.5 7.50
Venezuela ........... 99.4 7.34
United Arab Emirates . . . 97.8 7.22
Russia............... 60.0 4.43
Libya................ 44.3 3.27
Nigeria .............. 37.2 2.75
Kazakhstan........... 30.0 2.22
Qatar ............... 25.4 1.88
China ............... 20.4 1.51
United States ......... 19.2 1.42
Brazil................ 12.8 0.95
Algeria .............. 12.2 0.90
Mexico .............. 10.4 0.77
Angola .............. 9.5 0.70
Azerbaijan. . .......... 7.0 0.52
Norway.............. 6.7 0.49
Restof World . .. ...... 72.2 5.33
World Total .......... 1,353.7 100.00

Source: Oil & Gas Journal.
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which gives the total world production projection.
However, proved reserves are not an appropriate mea-
sure for judging total resource availability in the long
run. For example, despite continued production, global
reserves have not declined historically due to explora-
tion, discovery, and reserve replacement.

In order to construct realistic and plausible projections
for liquids production, and especially for petroleum lig-
uids production, underlying analysis must both con-
sider production beyond the intended end of the
projection period and base production projections on
the physical realities and limitations of production. The
importance of approaching an assessment of liquids
production in this way is illustrated by the recent history
of U.S. reserve estimates. Whereas the United States
reported 22.5 billion barrels of proved reserves in 1998,
proved reserves of 19.1 billion barrels were reported in
2009—a decrease of only 3.4 billion barrels despite the
cumulative 24.2 billion barrels of liquids supplied from
U.S. reserves between 1998 and 2009.

Proved reserves cannot provide an accurate assessment
of the physical limits on future production, but rather
are intended to provide insight as to company- or coun-
try- level development plans in the very near term. In
fact, because of the particularly rigid requirements for
the classification of resources as proved reserves, even
the cumulative production levels from individual devel-
opment projects may exceed the initial estimates of
proved reserves.

EIA attempts to address the lack of applicability of
proved reserves estimates to long-term production pro-
jections by developing a production methodology based
on the true physical limits of production, initially-in-
place volumes, and technologically limited recovery fac-
tors. By basing long-term production assessments on
resources rather than reserves, EIA is able to present
projections that are physically achievable and can be
supported beyond the 2035 projection horizon in IEO-
2010. The realization of such production levels depends
on future growth in world demand, taking into consid-
eration such above-ground limitations on production as
profitability and specific national regulations, among
others.
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Chapter 3
Natural Gas

In the IEO2010 Reference case, natural gas consumption in non-OECD countries grows
about three times as fast as in OECD countries. Non-OECD production increases
account for 89 percent of the growth in world production from 2007 to 2035.

Overview

Total natural gas consumption worldwide increases
44 percent in the IEO2010 Reference case, from 108 tril-
lion cubic feet in 2007 to 156 trillion cubic feet in 2035
(Figure 36). Demand for natural gas slowed in 2008 as
the global economic recession began to affect world
energy markets, and in 2009 world consumption of nat-
ural gas contracted by an estimated 1.1 percent. The
impact of the recession on natural gas use was especially
evident in the industrial sector—the end-use sector with
the highest level of natural gas consumption—where
demand for natural gas declined by an estimated 6 per-
cent from 2008 to 2009.

As world economies begin to recover from the economic
downturn, global demand for natural gas rebounds.
Nonetheless, natural gas supplies from a variety of
sources help keep markets well supplied and prices rela-
tively low. In the Reference case, natural gas consump-
tion expands by an average of 1.8 percent per year from
2007 to 2020. From 2020 to 2035, the growth in consump-
tion of natural gas slows to an average of 0.9 percent per
year, as prices rise and increasingly expensive natural
gas resources are brought to market.

Natural gas remains a key energy source for industrial
uses and for electricity generation throughout the pro-
jection. The industrial sector accounted for approxi-
mately 40 percent of total world natural gas use in 2007,

B Non-OECD
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and it maintains that share through 2035. Because natu-
ral gas produces less carbon dioxide when it is burned
than does either coal or petroleum, governments imple-
menting national or regional policies to reduce green-
house gas emissions may encourage its use to displace
other fossil fuels. In the electric power sector, for exam-
ple, natural gas is often an attractive choice for new gen-
erating plants because of its relative fuel efficiency, low
emissions, quick construction timelines, and low capital
costs. Electricity generation in the Reference case
becomes an increasingly important part of the world’s
natural gas consumption, accounting for 36 percent of
the world total in 2035, up from 33 percent in 2007.

Natural gas consumption in non-OECD countries grows
approximately three times as fast as consumption in
OECD countries in the Reference case, with increases
averaging 1.9 percent per year for non-OECD countries
and 0.6 percent per year for OECD countries from 2007
to 2035. As a result, non-OECD countries account for 78
percent of the total world increment in natural gas con-
sumption over the projection period, and the non-OECD
share of total world natural gas consumption increases
from 50 percent in 2007 to 59 percent in 2035.

The major projected increase in natural gas production is
expected to occur in non-OECD regions, with the largest
increments coming from the Middle East (an increase of
16 trillion cubic feet between 2007 and 2035), Africa (7
trillion cubic feet), and Russia and the other countries of
non-OECD Europe and Eurasia (6 trillion cubic feet)
(Figure 37). Over the projection period, Iran and Qatar
alone increase their natural gas production by a com-
bined 12 trillion cubic feet, nearly one-fourth of the total
increment in world gas production. A significant share
of the increase is expected to come from a single offshore
field, which is called North Field on the Qatari side and
South Pars on the Iranian side.

Although the extent of the world’s tight gas, shale gas,
and coalbed methane resource base has not yet been
assessed fully, the IEO2010 Reference case projects a
substantial increase in those supplies—especially in the
United States, but also in Canada and China. In the
United States, one of the keys to increasing natural gas
production has been advances in horizontal drilling
and hydraulic fracturing technologies, which have
made it possible to develop the country’s vast shale gas
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resources, and have helped to increase total U.S. natural
gas resources by almost 50 percent over the past decade.
Shale gas accounts for 26 percent of U.S. natural gas pro-
duction in 2035. Tight gas, shale gas, and coalbed meth-
ane resources are even more important for the future of
domestic natural gas supplies in Canada and China,
where they account for 63 percent and 56 percent of total
domestic production, respectively, in 2035 in the Refer-
ence case.

Liquefied natural gas (LNG) accounts for a growing
share of world natural gas trade in the Reference case.
World natural gas liquefaction capacity increases 2.4-
fold, from about 8 trillion cubic feet in 2007 to 19 trillion
cubic feet in 2035. Most of the increase in liquefaction
capacity is in the Middle East and Australia, where a
multitude of new liquefaction projects are expected to be
developed, many of which will become operational
within the next decade. Utilization of liquefaction capac-
ity is expected to remain high during the entire projec-
tion period. Given the capital-intensive nature of
liquefaction projects, long-term contracts requiring the
purchase of high volumes (or high “takes”) are often
used to ensure high utilization rates and acceptable
returns on investments.

Despite the growing importance of LNG, long-distance
pipelines remain an important component of world gas
trade. As indigenous natural gas production in OECD
Europe declines, its import demand increases, driving
much of the global growth in pipeline traded gas. The
other major factor in the growth of piped gas is rising
natural gas demand in Asia, particularly China.

World natural gas consumption

OECD natural gas consumption

Natural gas consumption in North America increases by
0.7 percent per year in the JEO2010 Reference case, from

Figure 37. Change in world natural gas production
by region, 2007-2035 (trillion cubic feet)
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28.3 trillion cubic feet in 2007 to 34.6 trillion cubic feet in
2035, accounting for 59 percent of the total increase for
OECD countries and 13 percent of the total increase for
the world over the projection period. U.S. consumption
increases by 0.3 percent per year on average (Figure 38),
considerably less than the annual increases in Canada
(1.4 percent) and Mexico (3.0 percent). Mexico accounts
for almost 50 percent of the growth in North America’s
natural gas consumption, the United States about 30 per-
cent, and Canada about 20 percent.

In the United States, natural gas use declines initially
(from 2007 through 2015) as a result of slow growth in
electricity demand, completion of coal-fired plants cur-
rently under construction, and additions of new renew-
able capacity. U.S. natural gas consumption falls to 21.7
trillion cubic feet in 2015 before the decline reverses,
then returns to 2007 levels shortly before 2025. Most of
the growth is provided by demand increases of 0.6
trillion cubic feet for electricity generation and 0.7
trillion cubic feet for use in commercial buildings.

In Mexico, the strong growth in natural gas consump-
tion is concentrated almost exclusively in the electricity
generation and industrial sectors, where consumption
grows by 2.0 and 1.1 trillion cubic feet, respectively,
from 2007 to 2035. In Canada, 59 percent of the growth in
natural gas demand is for industrial uses (including
significant amounts of natural gas used for the mining of
Canada’s vast oil sands deposits) and 24 percent is for
electricity generation.

Natural gas consumption in OECD Europe grows by 0.5
percent per year on average, from 19.2 trillion cubic feet
in 2007 to 21.9 trillion cubic feet in 2035 (Figure 39),
primarily as a result of increasing demand in the electric
power sector. Natural gas accounts for about one-fourth
of the region’s total energy consumption over the projec-
tion period, with the coal and liquids shares declining

Figure 38. Natural gas consumption in North
America by country, 2007-2035 (trillion cubic feet)
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from their earlier levels. Many governments in OECD
Europe have made commitments to reduce greenhouse
gas emissions and promote development of “clean
energy.” Because natural gas is less carbon-intensive
than either coal or petroleum, it is a more environmen-
tally attractive option and thus is likely to remain an
important fuel for Europe’s electric power sector devel-
opment in the long term.

Natural gas consumption in OECD Asia grows on aver-
age by 0.8 percent per year from 2007 to 2035, with
Japan, South Korea, and Australia/New Zealand each
adding less than 1 trillion cubic feet of natural gas con-
sumption over the period (Figure 40). Total natural gas
consumption for the region as a whole increases from
6.3 trillion cubic feet in 2007 to 8.0 trillion cubic feet in
2035.

Japan’s natural gas consumption grows modestly, by an
average of 0.2 percent per year, from 3.7 trillion cubic
feet in 2007 to 4.0 trillion cubic feet by 2035. A declining
population and aging labor force limit the country’s nat-
ural gas demand in the long term. Moreover, new
nuclear generation capacity projected for Japan limits
the need for additional natural-gas-fired generation
after 2015.

South Korea’s demand for natural gas grows by 1.4 per-
cent per year from 2007 to 2035, led by strong growth in
the electric power sector. The share of the country’s nat-
ural gas consumption used for electricity generation
increases from 39 percent in 2007 to 48 percent in 2035.
As deregulation in the electric power sector moves for-
ward, South Korea'’s electricity producers will be able to
contract directly with global LNG suppliers, stimulating
further growth in natural gas demand for the electric
power sector. In the buildings sector, where natural gas
consumption has grown robustly over the past two

Figure 39. Natural gas consumption in OECD
Europe by end-use sector, 2007-2035
(trillion cubic feet)
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decades with the development of South Korea’s national
natural gas transmission grid, consumption growth
slows somewhat. Still, natural gas use in the buildings
sector increases by approximately 126 billion cubic feet
from 2007 to 2035, making up about one-fifth of the
country’s total increase in natural gas use of 596 billion
cubic feet in the IEO2010 Reference case.

In Australia/New Zealand, the industrial sector is the
predominant consumer of natural gas, accounting for
about 60 percent of the region’s total natural gas con-
sumption in 2007. This remains the case throughout the
projection. Natural gas use in the electric power sector
grows modestly, from 0.3 trillion cubic feet in 2007 to 0.6
trillion cubic feet in 2035, as Australia—in its efforts to
reduce carbon dioxide emissions—gradually increases
the share of natural gas in its power generation mix to
diversify away from its more carbon-intensive coal-fired
generation.

Non-OECD natural gas consumption

The countries of non-OECD Europe and Eurasia rely on
natural gas for more than 50 percent of their primary
energy needs—a larger share than for any other country
grouping in the IEO2010 Reference case. Russia is the
world’s second-largest consumer of natural gas after the
United States, with demand totaling 16.7 trillion cubic
feet in 2007 and representing 55 percent of Russia’s total
energy consumption. In the Reference case, Russia’s nat-
ural gas consumption grow at a modest average rate of
0.2 percent per year from 2007 to 2035. As the country
makes progress in liberalizing domestic natural gas
prices to approach parity with international market val-
ues, increasing fuel costs for natural-gas-fired plants are
likely to make them less competitive with other baseload
generation. Furthermore, expected efficiency improve-
ments and other demand-side management measures

Figure 40. Natural gas consumption in OECD Asia
by country and end-use sector, 2007 and 2035
(trillion cubic feet)
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will limit growth in natural gas demand over the long
term.

In the countries of non-OECD Europe and Eurasia other
than Russia, natural gas consumption grows by 0.6 per-
cent annually over the projection period, from 9.1 trillion
cubic feet in 2007 to 10.9 trillion cubic feet in 2035 (Figure
41). Natural gas is the largest component of the coun-
tries” primary energy consumption, representing more
than 45 percent of the total throughout the projection
period. The industrial sector remains the region’s largest
consumer of natural gas, with a share of approximately
40 percent of total gas consumption throughout the pro-
jection period. In the long term, rising prices for both
domestically produced and imported natural gas are
likely to moderate the region’s growth in natural gas
demand.

Among all regions of the world, the fastest growth in
natural gas consumption is projected for non-OECD
Asia, which accounts for 35 percent of the total incre-
ment in natural gas use in the Reference case and nearly
doubles its share of total world natural gas consumption
from about 10 percent in 2007 to 18 percent in 2035.
Natural gas use in non-OECD Asia increases by an aver-
age of 3.5 percent annually over the projection period,
from 10.5 trillion cubic feet in 2007 to 27.5 trillion cubic
feet in 2035 (Figure 42).

India and China lead the growth in natural gas demand
in non-OECD Asia. In both India and China, natural gas
currently is a minor part of the overall energy mix,
accounting for only 7 percent and 3 percent, respec-
tively, of total energy consumption in 2007. Those shares
nearly double in the projection, however, to 12 percent
in India and 6 percent in China, adding a combined 10.2
trillion cubic feet of natural gas consumption between
2007 and 2035. In the rest of the countries of non-OECD
Asia, natural gas consumption increases by a total of 6.7
trillion cubic feet from 2007 to 2035.

Figure 41. Natural gas consumption in Non-OECD
Europe and Eurasia, 2007-2035 (trillion cubic feet)
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China’s central government is promoting natural gas as
a preferred energy source. It has set an ambitious target
of increasing the share of natural gas in its overall energy
mix to 10 percent by 2020 [1]. In the IEO2010 Reference
case, China’s natural gas consumption grows at an aver-
age rate of 5.0 percent annually over the forecast
period—the highest growth rate worldwide—to a total
0f 9.7 trillion cubic feet in 2035. Nevertheless, China does
not achieve its targeted natural gas share, as coal contin-
ues to fulfill the country’s largest share of energy
demand. Natural gas provides 5 percent of China’s
energy supply in 2020 in the Reference case.

In the other countries of non-OECD Asia, natural gas
already is a large component of the energy mix, repre-
senting 23 percent of their combined total energy con-
sumption in 2007. In the Reference case, their natural gas
consumption doubles from 6.6 trillion cubic feet in 2007
to 13.3 trillion cubic feet in 2035. Several countries in the
region are building LNG receiving terminals and will
join the league of LNG importers in the next few years.
Indonesia, in response to strong growth in domestic
demand, has established policies to prioritize domestic
consumption of natural gas over exports [2].

In the Middle East and Africa, natural gas consumption
has grown substantially in recent years, stimulated by
increased economic activity, large investments in new
infrastructure, and domestic price subsidies. Despite
significant growth in natural gas production over the
past decade, several countries in the Middle East have
experienced domestic supply shortfalls resulting from
rapidly growing demand in the electric power and
industrial sectors. As a result, some of those countries
have established policies assigning priority to domestic
natural gas use over exportation. Also in development
are various approaches to phasing out price subsidies in
order to align domestic natural gas prices with export
prices.

Figure 42. Natural gas consumption in Non-OECD
Asia by country, 2007-2035 (trillion cubic feet)
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In the Middle East, natural gas consumption nearly
doubles between 2007 and 2035, growing at an average
annual rate of 2.4 percent over the forecast period. The
region’s industrial and electric power sectors remain the
most important natural gas consumers, with shares of
approximately 50 percent and 40 percent of total use,
respectively, in 2035. Growth in industrial consumption
is driven by the petrochemical industry, primarily in
Saudi Arabia, Iran, Qatar, and UAE. Natural gas use in
the region’s electric power sector nearly doubles from
2007 to 2035 with an overall increase of 3.9 trillion cubic
feet. Several countries in the region have opted to import
natural gas in the form of LNG. Kuwait started import-
ing LNG in 2009, and Dubai plans to begin in 2010.

In Africa, the electric power sector drives the increase in
natural gas demand over the projection period, as
Africa’s total natural gas consumption increases from
3.1 trillion cubic feet in 2007 to 6.8 trillion cubic feet in
2035. In West Africa, Nigeria is taking measures to end
natural gas flaring and to prioritize domestic natural gas
use over exportation in order to support growing con-
sumption in the electric power sector. Similarly, in
Egypt, the government announced a moratorium on
new export contracts until 2010. In order to continue
development of its natural gas reserves, however, Egypt
will need to maintain investment from international oil
and gas companies developing those reserves. Toward
that end, domestic natural gas prices will have to be
competitive with international prices.

In Central and South America, natural gas use increases
at a rate that is second only to the rate of increase in
nuclear energy use. However, nuclear electricity genera-
tion is growing from a very small base and remains a
minor part of the region’s total energy consumption.
Natural gas demand increases on average by 2.3 percent
per year, from 4.6 trillion cubic feet in 2007 to 8.6 trillion
cubic feet in 2035.

Although parts of Central and South America have
well-developed natural gas pipeline infrastructure, sup-
ply disruptions and political disagreements in recent
years have raised concerns about security of supply and
have prompted several countries to look to imported
LNG as a long-term supply solution. Brazil is develop-
ing its own domestic resources and also imports large
quantities of natural gas from Bolivia via pipeline. It has
not been able to meet its burgeoning demand, however,
and in 2008 it inaugurated an LNG import terminal [3].
Argentina also commenced LNG imports in 2008 [4].
Chile, faced with disruptions of natural gas supply from
Argentina as a result of Argentina’s own natural gas
supply shortages, commissioned its first LNG receiving
terminal in July 2009 and has another terminal under
construction [5]. Also, a proposed new regasification ter-
minal in Uruguay could be operational as early as 2012

[6].

World natural gas production

In order to meet the demand growth projected in the
IEO2010 Reference case, the world’s natural gas produc-
ers will need to increase supplies by almost 50 trillion
cubic feet between 2007 and 2035. Much of the increase
in supply is expected to come from non-OECD coun-
tries, which in the Reference case account for 89 percent
of the total increase in world natural gas production
from 2007 to 2035. Non-OECD natural gas production
grows by an average of 1.8 percent per year in the Refer-
ence case, from 67 trillion cubic feet in 2007 to 111 trillion
cubic feet in 2035 (Table 6), while OECD production
grows by only 0.4 percent per year, from 40 trillion cubic
feet to 45 trillion cubic feet.

OECD natural gas production

Natural gas production in OECD nations increases by
5.3 trillion cubic feet from 2007 to 2035 in the Reference
case (Figure 43). The largest increases are in the United
States (4.2 trillion cubic feet) and Australia/ New Zea-
land (2.8 trillion cubic feet). The production increases
projected for the two regions are offset in part by pro-
duction declines in OECD Europe, where smaller
increases in tight gas, shale gas, and coalbed methane
production are insufficient to offset declines in conven-
tional natural gas production.

North America’s natural gas production grows by 18
percent over the projection period. The United States,
which is by far the largest producer in North America,
accounts for more than 85 percent of the total production
growth, with an increase from 19.2 trillion cubic feet in
2007 to 23.4 trillion cubic feet in 2035.

One of the keys to U.S. production growth is advance-
ment in production technologies, such as horizontal
drilling and hydraulic fracturing. Advances made to
date have allowed for the exploitation of vast shale gas

Figure 43. OECD natural gas production
by country, 1990-2035 (trillion cubic feet)
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resources, which are found in most U.S. production
regions but concentrated mainly in the eastern and Gulf
Coast States. Rising estimates of shale gas resources
have been the primary factor in increasing U.S. techni-
cally recoverable natural gas resources by almost 50 per-
cent over the past decade.

U.S. production from shale gas formations is expected to
increase more than fivefold between 2007 and 2035,
more than offsetting a decline in conventional natural
gas production. Increases in Alaskan production and
offshore production in the lower 48 States also contrib-
ute to the growth. Favorable economic conditions are
expected to support the completion of an Alaska pipe-
line, which in the Reference case begins transporting
natural gas to the lower 48 States in 2023. In 2035, shale
gas accounts for 26 percent of total U.S. natural gas pro-
duction, lower 48 offshore production accounts for 19
percent, and Alaska and coalbed methane resources
account for 8 percent each. The remaining 39 percent
comes from other associated and nonassociated lower 48
onshore resources.

Canada’s natural gas production declines from 6.3
trillion cubic feet in 2007 to 5.5 trillion cubic feet in 2020

in the Reference case, followed by production increases
as the exploitation of shale gas, tight gas, and coalbed
methane resources reverses the decline in overall pro-
duction. Canada’s natural gas production totals 6.7
trillion cubic feet in 2035. Mexico’s natural gas produc-
tion remains fairly flat, growing only from 1.8 trillion
cubic feet in 2007 to 2.1 trillion cubic feet in 2035. The
country faces substantial difficulties in attracting the
investment and technology improvements needed to
increase production.

In OECD Europe, production from tight gas, shale gas,
and coalbed methane resources is not expected to arrest
the ongoing decline in total production as it has in
the United States in recent years (Figure 44). Those
resources are estimated to be smaller in Europe than in
North America, and their development faces substantial
hurdles in terms of cost, infrastructure, regulation, and
public acceptance. In the Reference case, natural gas pro-
duction in OECD Europe declines at an average annual
rate of 0.9 percent over the projection period, from 10.2
trillion cubic feet in 2007 to 8.0 trillion cubic feet in 2035.

Both Japan and South Korea have limited natural gas
resources and, consequently, very limited current and

Table 6. World natural gas production by region and country in the Reference case, 2007-2035

(trillion cubic feet)

History Projections Average annual
percent change,
Region/country 2007 2008 2015 2020 2025 2030 2035 2007-2035
OECD North America
United States® ... .................. 19.2 20.3 19.4 20.1 21.4 22.5 23.4 0.7
Canada ......... ... .. 6.3 6.0 5.6 5.5 5.8 6.4 6.7 0.2
Europe........... .. ... .. . ... 10.2 10.7 9.6 9.0 8.6 8.3 8.0 -0.9
Australia/New Zealand .............. 1.7 1.7 3.5 3.7 3.9 4.1 4.5 3.5
OtherOECD ........... ... ... ..... 2.0 2.0 21 2.3 2.2 2.2 2.2 0.3
Total OECD............ccvvuvnnt. 39.5 40.8 40.2 40.5 41.9 43.5 44.8 0.4
Non-OECD
Russia ........... .. ... .. ... . .... 23.1 23.4 23.0 24.3 25.3 26.5 27.3 0.6
Europe and Central Asia . .. .......... 7.3 7.8 9.2 9.5 9.6 9.5 9.5 0.9
Iran ... . . 4.0 41 6.4 8.0 8.7 9.0 8.7 2.9
Qatar . ... 2.2 2.7 6.4 7.4 8.2 9.2 9.5 5.3
Other Middle East .................. 6.4 6.7 8.1 9.2 9.7 9.6 10.2 1.7
North Africa . ... .......... .. ... .... 5.3 5.4 8.2 9.0 9.7 9.9 9.8 2.2
Other Africa . ...................... 1.6 1.7 3.1 3.7 4.0 4.2 4.2 3.6
China........... . ... . ... .. ..... 24 2.7 2.9 3.0 3.4 4.5 5.6 3.0
OtherAsia........................ 9.6 9.9 12.9 14.2 14.9 15.3 154 1.7
Central and South America . .......... 5.2 5.3 6.6 8.7 9.4 10.0 10.5 2.5
Total Non-OECD ................. 67.0 69.7 86.8 97.0 103.0 107.7 110.6 1.8
Total World. ............ ..ot 106.6 110.5 126.9 1375 144.8 1511 1554 1.4
Discrepancyb ....................... 1.9 0.7 -2.3 -1.1 0.1 -0.9 0.9

4Includes supplemental production, less any forecast discrepancy.
PBalancing item. Differences between global production and consumption totals result from independent rounding and differences
in conversion factors derived from heat contents of natural gas that is produced and consumed regionally.
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future production. Both countries receive the vast major-
ity of their natural gas supplies in the form of imported
LNG. In 2007, natural gas production in Japan and South
Korea accounted for only 5 percent and 1 percent of their
natural gas consumption, respectively. Although the
presence of substantial deposits of methane hydrates in
both Japan and South Korea has been confirmed, and
both countries are investigating how those resources
could be safely and economically developed, the
IEO2010 Reference case does not include methane
hydrate resources in its estimates of natural gas
resources, and the development of hydrates on a com-
mercial scale is not anticipated during the projection
period.

Natural gas production in the Australia/New Zealand
region grows from 1.7 trillion cubic feet in 2007 to 4.5
trillion cubic feet in 2035 in the Reference case, at an
average rate of 3.5 percent per year—the strongest
growth in natural gas production among OECD regions.
In 2007, the Northwest Shelf area of Australia’s Carnar-
von Basin accounted for around 56 percent of total pro-
duction in the Australia/New Zealand region [7], with
much of the production used as feedstock at the North-
west Shelf LNG liquefaction facility. Other areas and
basins in Australia provided another 35 percent of the
region’s total production in 2007. New Zealand’s natural
gas production accounted for around 9 percent of the
2007 regional total.

Coalbed methane, from the Bowen-Surat Basin in east-
ern Australia, accounted for between 5 percent and 7
percent of total production in Australia in 2007 [8], and
its share is certain to grow in the future. The Cooper
Basin has also been a source of natural gas supply since
1969, but its production is in decline. Coalbed methane
production from the Bowen-Surat Basin is expected to
offset declines from the Cooper Basin in the future, pro-
viding natural gas supplies to satisfy the area’s demand
growth and to feed proposed LNG export projects.

Figure 44. OECD Europe natural gas production,
1990-2035 (trillion cubic feet)
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Non-OECD natural gas production

Middle East production

Four major natural gas producers in the Middle East—
Qatar, Iran, Saudi Arabia, and the United Arab
Emirates—together accounted for 84 percent of the natu-
ral gas produced in the Middle East in 2007. With more
than 40 percent of the world’s proved natural gas
reserves, the Middle East accounts for the largest
increase in regional natural gas production from 2007 to
2035 (Figure 45) and for nearly one-third of the total
increment in world natural gas production in the Refer-
ence case.

In the IEO2010 Reference case, the strongest growth
among Middle East producers from 2007 to 2035 comes
from Qatar, where natural gas production increases by
7.2 trillion cubic feet, followed by Iran (4.8 trillion cubic
feet of new production) and Saudi Arabia (2.2 trillion
cubic feet). Although Iraq is the region’s fastest-growing
supplier of natural gas, at 11.6 percent per year over the
projection, it is a relatively minor contributor to regional
gas supplies. In 2035, Iraq’s natural gas production totals
only 1.1 trillion cubic feet, or about 4 percent of the
Middle East total.

Iran has the world’s second-largest reserves of natural
gas, after Russia, and currently is the Middle East’s
largest natural gas producer. Iran is also the Middle
East’s largest user of reinjected natural gas for enhanced
oil recovery operations. In 2007, Iran reinjected more
than 1 trillion cubic feet of natural gas, or 16 percent of its
gross production. In 2009, Iran began enhanced oil
recovery operations at the Agha-Jari oil field, where it
plans to raise oil production by 60,000 barrels per day by
injecting 1.3 trillion cubic feet of natural gas annually,
more than doubling the 2007 reinjected volumes [9]. In
2020, Iran is estimated to need between 3.7 trillion and
7.3 trillion cubic feet of natural gas per year for

Figure 45. Middle East natural gas production,
1990-2035 (trillion cubic feet)
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reinjection [10]. The higher estimate is close to the pro-
jected total for Iran’s marketed natural gas production in
2020. The actual figure for reinjection use, whatever it
turns out to be, will have a significant impact on Iran’s
future marketed natural gas production.

Natural gas production in Saudi Arabia grows at an
average annual rate of 2.2 percent, from 2.6 trillion cubic
feet in 2007 to 4.8 trillion cubic feet in 2035. The Saudi
national oil company, Saudi Aramco, has made several
natural gas finds in the Persian Gulf that are not associ-
ated with oil fields. Three fields, the Karan, Arabiyah
and Hasbah, are expected to begin producing in the next
5 years, adding at least 1.3 trillion cubic feet of produc-
tion when fully operational. Both Arabiyah and Hasbah
are offshore, and both are also sour natural gas fields,
making them relatively expensive to produce, with an
estimated cost of $3.50 to $5.50 per million Btu [11]. The
IEO2010 Reference case assumes that Saudi Arabia’s
policy of reserving natural gas production for domestic
use persists throughout the projection period, and that
no natural gas is exported. Thus, in the long term, pro-
duction is more dependent on domestic demand growth
and domestic prices than on resource availability.

Non-OECD Europe and Eurasia production

After the Middle East, the world’s second-largest
regional increase in natural gas production is expected
in non-OECD Europe and Eurasia, which includes
Russia, Central Asia, and non-OECD Europe. In the Ref-
erence case, natural gas production in the region as a
whole increases from 30.4 trillion cubic feet in 2007 to
36.8 trillion cubic feet in 2035 (Figure 46). Russia remains
the dominant natural gas producer, accounting for more
than 70 percent of the region’s production throughout
the projection.

In 2007, Russia produced 23.1 trillion cubic feet of natu-
ral gas. Preliminary EIA data for 2008 show a 1.4-percent

Figure 46. Non-OECD Europe and Eurasia natural
gas production, 1992-2035 (trillion cubic feet)
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increase in natural gas production over 2007, to 23.4 tril-
lion cubic feet. Early estimates for 2009, however, indi-
cate a decline of 12.4 percent (2 to 3 trillion cubic feet) in
Russia’s natural gas production from the 2008 total [12].
The production decline was due not to a lack of
resources or production capacity, but rather to the global
economic downturn and the resultant decline in natural
gas demand in Russia and in its gas export markets,
especially those in Europe. Russia’s exports to Europe
were down by 24.5 percent in 2009, and its total natural
gas exports were down by almost 9 percent, offset in part
by new LNG exports from Sakhalin II to Asian markets
[13]. In the IEO2010 Reference case, Russia’s natural gas
production largely recovers by 2015. Nevertheless, the
long-term outlook remains less optimistic than it was in
IEO2009, mainly as a result of lower projections for natu-
ral gas demand in Russia and Europe in IEO2010.

The recent natural gas supply-demand balances in
Europe and North America, and their implications for
the future, are affecting investment and future produc-
tion plans in Russia. Official development plans for the
giant Shtokman field in Russia’s Arctic offshore had
called for first pipeline natural gas and LNG to begin to
flow in 2014. In early 2010, however, those plans were
revised, pushing the official target date for first pipeline
flows back to 2016 and for first LNG flows back to 2017
[14]. It had been widely believed that the pipeline flows
from the Shtokman field would be used to fill the second
pipe of the Nord Stream export pipeline to Germany and
beyond. With Russian pipeline exports to Europe down
so severely in 2009, however, many doubt the need for
the additional export capacity that the second pipeline
would provide. Furthermore, North America had been
the intended market for LNG exports from the
Shtokman field, but recent declines in expectations of
future U.S. demand for natural gas imports have led
many to conclude that North America will be relatively
self-sufficient in natural gas production for some time to
come and will not need large volumes of imported LNG.

Despite the uncertain future of natural gas import
demand in Europe and North America, Russia must
still invest in new fields if it is to realize its goal of
increasing exports to Asia. Moreover, it will require such
investments simply to maintain total natural gas pro-
duction levels, because production at its three largest
fields (Yamburg, Urengoy, and Medvezh'ye) is in
decline [15]. Accordingly, investment is proceeding at
the Bovanenkovo field on Russia’s northern Yamal Pen-
insula and at the Chayandinskoye field in eastern Sibe-
ria, among other projects. The Bovanenkovo field is
currently scheduled to start production in the third
quarter of 2012, ramping up production from an initial
0.3 trillion cubic feet per year to an eventual level of
almost 5 trillion cubic feet per year [16]. Output from the
Bovanenkovo field is aimed mainly at Western markets,
while production from the smaller and more easterly
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Chayandinskoye field is aimed at Asian markets. Pro-
duction from Chayandinskoye could eventually reach a
peak of slightly more than 1 trillion cubic feet per year.
Initial production is currently planned for 2016, but the
actual start date is dependent on the agreements and
infrastructure that must be in place before the natural
gas can be exported to Asia [17].

Natural gas production in Central Asia (which includes
the former Soviet Republics) grows by 1.0 percent per
year on average, from 6.1 trillion cubic feet in 2007 to 8.2
trillion cubic feet in 2035. Much of the growth is
expected to come from Turkmenistan, which already is a
major producer accounting for 40 percent of the region’s
total production in 2007. Turkmenistan is just beginning
to develop its recently assessed giant Yolotan field. It
will be developed in several phases, with each of the
initial four phases adding around 0.4 trillion cubic feet of
annual natural gas production and the first production
expected in 2010 or 2011 [18]. Initial natural gas produc-
tion from the Yolotan field will probably be exported by
pipeline to China, with further expansion of Turkmen
and Central Asian production dependent on securing
markets and transit routes to reach those markets. Also
contributing to Central Asia’s projected production
growth is Azerbaijan, which has been planning to bring
on line the second phase of natural gas production at its
Shah Deniz field. Upon reaching peak production, Shah
Deniz will add around 0.7 trillion cubic feet to the coun-
try’s annual production.

Africa production

Substantial growth in natural gas production is also pro-
jected for Africa, where production increases from 6.8
trillion cubic feet in 2007 to 12.7 trillion cubic feet in 2020
and 14.0 trillion cubic feet in 2035 (Figure 47). In 2007, 77
percent of Africa’s natural gas was produced in North
Africa, mainly in Algeria, Egypt, and Libya. West Africa
accounted for another 20 percent of the 2007 total, and

Figure 47. Africa natural gas production, 1990-2035
(trillion cubic feet)
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the rest of Africa accounted for 3 percent. Remaining
resources are more promising in West Africa than in
North Africa, which has been producing large volumes
of natural gas over a much longer period. Indeed, faster
production growth is projected for West Africa, with an
average annual rate of 4.0 percent, versus 2.2 percent for
North Africa.

Nigeria is the predominant natural gas producer in West
Africa, although recent production increases in the
region have also come from Equatorial Guinea, which
brought an LNG liquefaction facility on line in 2007.
Angola also is expected to add to West Africa’s produc-
tion in the near term, with its first LNG liquefaction facil-
ity, currently under construction, expected to come on
line in 2012 [19]. Still, because security concerns and
uncertainty over terms of access in Nigeria limit produc-
tion growth in West Africa, North Africa remains the
continent’s leading region for natural gas production
over the course of the projection.

Non-OECD Asia production

Non-OECD Asia’s natural gas production increases by
8.9 trillion cubic feet from 2007 to 2035 in the Reference
case, with China accounting for 35 percent of the growth
and India 24 percent (Figure 48). Another 30 percent of
the growth is attributed to the Asian LNG-exporting
countries, including traditional exporters Indonesia,
Malaysia, and Brunei, as well as Papua New Guinea,
which appears poised to become a significant LNG
exporter within the next 5 to 10 years.

From 2007 to 2035, China has the largest projected
increase in natural gas production in non-OECD Asia,
from 2.4 trillion cubic feet in 2007 to 5.6 trillion cubic feet
in 2035, for an average annual increase of 3.0 percent
(Figure 49). Increases in natural gas supplies that are eas-
ily accessible account for most of the total production
growth between 2007 and 2020. After 2020, continued

Figure 48. Non-OECD Asia natural gas production,
1990-2035 (trillion cubic feet)
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growth in natural gas production in China comes from
more expensive tight gas, shale gas, and coalbed meth-
ane resources, which in 2035 provide more than three
times as much production as the same three resource
types in OECD Europe.

The outlook for unconventional natural gas production
is more positive in China than in OECD Europe first and
foremost because China’s geology suggests a greater
unconventional resource potential than in Europe. Fur-
ther, although natural gas production from conven-
tional resources in China, as in Europe, cannot keep up
with domestic demand, China’s government strongly
supports unconventional gas development, and public
resistance is likely to be less of an impediment in China
than in OECD Europe. The outlook for unconventional
natural gas production is also more positive in China
than in the rest of the non-OECD countries, because
China is unique among non-OECD nations in having
both significant unconventional gas potential and insuf-
ficient conventional natural gas resources to satisfy
growing demand through 2035.

Natural gas production in India grows at an average
annual rate of 4.0 percent over the projection period, the
fastest growth in non-OECD Asia. Most of the growth in
India’s natural gas production is expected in the near
term, averaging 11.7 percent per year as total production
grows from 1.1 trillion cubic feet in 2007 to 2.7 trillion
cubic feet in 2015. The increase is due mainly to a single
development. Production from the Dhirubhai-6 block in
the Krishna Godavari Basin (KG-D6 block) began in
April 2009 and reached an annual production rate of
around 0.8 trillion cubic feet by mid-January 2010 [20].
Natural gas production from the KG-D6 block is ready
to flow at its plateau rate of just over 1 trillion cubic feet
per year as soon as the government-designated custom-
ers are ready to receive it. From 2015 to 2035, India’s
natural gas production grows much more slowly, by an

Figure 49. China natural gas production, 1990-2035
(trillion cubic feet)
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average of 1.0 percent per year, as production from older
fields declines.

Natural gas production in the LNG-exporting countries
of non-OECD Asia grows at an average annual rate of
only 1.6 percent. Indonesia, Malaysia, and Brunei cur-
rently export LNG, and Papua New Guinea is on the
verge of becoming another regional LNG exporter in the
near term. In 2007, Malaysia and Indonesia together
accounted for more than 90 percent of total production
from the four countries. In the future, however, signifi-
cant production growth is expected for Papua New
Guinea, where several proposed LNG export projects, if
built according to plan, will require more than 0.7 tril-
lion cubic feet per year of new natural gas production
[21]. Both Malaysia and Indonesia, on the other hand,
face declining production from many older fields and
must make substantial investments to maintain current
production levels. In the short term, Indonesia’s natural
gas production rises somewhat as the new Tangguh
LNG export project, which came on line in the second
half of 2009, ramps up to full production in 2010 [22].

Central and South America production

Natural gas production in Central and South America
doubles between 2007 and 2035 (Figure 50). The fastest
growth is projected for Brazil, averaging 7.4 percent per
year. The majority of Brazil’s current natural gas pro-
duction comes from fields located offshore of the Rio de
Janeiro and Espirito Santo states in the Campos and
Espirito Santo basins, respectively. In addition, numer-
ous recent discoveries of oil and natural gas in the
subsalt Santos basin to the southwest of the Campos
basin are expected to increase the country’s natural gas
production potential. The Merluza and Lagosta fields, a
pair of smaller natural gas and condensate fields in the
Santos basin, currently are producing and sending
natural gas and liquids to shore via a pipeline that is
more than 100 miles long [23]. By 2015, another pipeline,

Figure 50. Central and South America natural gas
production, 1990-2035 (trillion cubic feet)
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stretching almost 100 miles, is planned to connect the
Mexilhao field, a large non-associated natural gas field,
to shore.

Other large Brazilian fields in the Santos Basin lie even
farther from shore, and because of a lack of current infra-
structure to bridge the distances, much of the initial nat-
ural gas production associated with oil extraction at the
fields is likely to be reinjected. The Tambat gas field and
the Urugud and Tupi oil fields have significant natural
gas resources, and in the longer term there are plans to
connect the three fields to shore with two separate pipe-
lines, each stretching more than 100 miles and connect-
ing to shore via the Mexilhdo pipeline [24].

Another proposed option is to produce and liquefy
Brazil’s natural gas at sea, on floating platforms, from
which the LNG could then be loaded onto ships for
transport to existing LNG regasification terminals on the
country’s coast. Although several international oil com-
panies currently are pursuing floating LNG liquefaction
facilities, no such facilities have yet been developed or
deployed. Petrobras, the owner and operator of most of
Brazil's fields, has experience in the operation of floating
production, storage, and offloading facilities for oil,
which could help it in deploying a floating LNG plant.
However, Petrobras does not possess LNG liquefaction
technology of its own and would have to partner with
another company for the project.

World natural gas trade

World natural gas trade grows in the IEO2010 Reference
case as OECD demand for non-OECD supplies contin-
ues to increase. Net natural gas imports by OECD coun-
tries increase at an average annual rate of 1.2 percent
from 2007 to 2035. Most of the growth in OECD imports
occurs in Europe, where net import demand increases
from 9.0 trillion cubic feet in 2007 to 14.1 trillion cubic
feet in 2035, to make up for falling domestic production.
In North America, netimport demand increases from 0.9
trillion cubic feet in 2007 to 2.6 trillion cubic feet in 2035,
mostly because of Mexico’s increasing need for imports
to meet growing domestic demand.

Demand and import growth in Japan and South Korea,
on the other hand, is relatively flat. Paired with strong
growth in natural gas exports from Australia, this
implies that as a region, OECD Asia’s net demand for
imports declines over the projection period, from 4.4 tril-
lion cubic feet in 2007 to 3.4 trillion cubic feet in 2035. The
declines in net import demand in OECD Asia, however,
are overshadowed by increases in demand in the other
OECD regions.

Net exports of natural gas from non-OECD countries
grow from 12.3 trillion cubic feet in 2007 to 18.9 trillion
cubic feet in 2035. Most of the growth occurs in the near

term, as new LNG export projects in the Middle East and
Africa and new natural gas pipelines from Africa to
Europe come on line. Non-OECD Asia, with regional net
exports of 1.5 trillion cubic feet of natural gas in 2007,
becomes a net importer of natural gas by 2015, as
China’s imports grow rapidly with the completion of
multiple LNG and pipeline import facilities.

OECD natural gas trade

North America’s net imports of natural gas increase sig-
nificantly in the Reference case, growing at an average
annual rate of 3.9 percent from 2007 to 2035. The growth
is attributable primarily to Mexico’s growing depend-
ence on imports, as its domestic production fails to keep
pace with consumption growth. With Mexico’s net
imports growing from 0.5 trillion cubic feet in 2007 to 3.4
trillion cubic feet in 2035 (Figure 51), more than
two-thirds of the increase is met by LNG, and the
remainder is met by pipeline imports from the United
States. There are two LNG facilities currently opera-
tional in Mexico, at Altamira on the east coast and in Baja
California on the west coast. Another west coast termi-
nal is under construction at Manzanillo, and several
additional terminals are at various stages of the plan-
ning process and are expected to come on line by the end
of the decade.

The rapid growth of shale gas production expected in
the United States lessens the need for U.S. imports, and
the IEO2010 Reference case projects that net natural gas
imports will decrease from 16 percent of total supply in
2007 to 6 percent in 2035. Several new LNG import facili-
ties coming on line provide a significant increase in U.S.
LNG import capacity. Competition for supplies in the
world market, however, limits the amount of LNG that
reaches U.S. markets, and U.S. LNG imports in 2035 are
expected to be within 100 billion cubic feet of those
received in 2007. Although U.S. LNG imports increase
in the early years of the projections as additional

Figure 51. OECD North America net natural gas
trade, 2007-2035 (trillion cubic feet)
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liquefaction capacity comes on line, they peak at 1.5 tril-
lion cubic feet in 2020, then decline through 2035 as the
world market absorbs the additional supplies.

The continuing decline in Canada’s pipeline exports is
tempered by increases in production of tight gas, shale
gas, and coalbed methane, along with LNG imports that
allow Canada to continue exporting pipeline gas to the
United States. Currently, Canada has one LNG import
facility in operation at St. Johns, New Brunswick, and at
least five others that are either approved or in the plan-
ning stages. LNG could play a significant role in Can-
ada’s natural gas markets by the end of the projection
period, depending on the rate at which natural gas sup-
plies can increase. The expected growth in LNG imports,
particularly for Mexico and Canada, means that North
America as a whole moves from a relatively self-
contained natural gas market to one that is a growing
participant in, and increasingly influenced by, the global
natural gas market.

Natural gas trade involving OECD Europe has recently
experienced some major shifts. In 2009, natural gas
demand was down approximately 8 percent from 2008.
At the same time, imports of LNG were up 27 percent
[25], and imports of Russian pipeline gas were down
almost 25 percent [26]. Continental Europe’s long-term
natural gas contracts have some flexibility in terms of
volumes, but the prices generally are linked to lagged
prices for oil products. Thus, despite the drop in
demand following the global economic recession, most
natural gas prices remained high, with the extremely
high oil prices from 2008 continuing to figure into con-
tract natural gas prices until the second half of 2009.

The recession and long-expected increases in global sup-
plies of LNG combined to push European spot prices for
natural gas well below those of long-term oil-linked
prices, spurring those consumers who could access LNG
on the spot market to increase their LNG purchases. In
Europe in 2009, oil-linked prices were, at times, twice as
high as LNG spot prices [27]. Volume flexibility in
long-term contracts was inadequate to deal with the
drop in demand and the increased LNG supplies. As a
result, European consumers accepted less natural gas
than contractual minimums and may have failed to take
as much as $2.8 billion worth of natural gas under
take-or-pay contracts [28].

Contributing to abundant European supplies in 2009
were additional LNG imports from Qatar, which
brought three new liquefaction trains online, and new
regasification facilities in the United Kingdom and Italy.
Continued growth is expected for natural gas imports,
as global LNG supplies continue to expand rapidly over

the next few years and as the Medgaz pipeline from
Algeria begins exporting gas to Spain in 2010 [29]. Fur-
thermore, the Nord Stream pipeline from Russia and the
Galsi pipeline from Algeria could push additional natu-
ral gas supplies into OECD Europe as soon as 2012 and
2014, respectively, according to planned start dates. In
the IEO2010 Reference case, net natural gas imports to
OECD Europe grow on average by 1.6 percent per year
from 2007 to 2035.

In OECD Asia, Japan and South Korea continue to be
almost entirely dependent on LNG imports for natural
gas supplies (Figure 52). The two countries continue to
be major players in LNG markets (with Japan represent-
ing 41 percent of global LNG imports in 2007 and South
Korea 14 percent) despite consuming relatively small
amounts of natural gas on a global scale (representing 3
and 1 percent, respectively, of world consumption in
2007).

Japanese and South Korean companies are also influen-
tial in LNG markets as foundation customers'® for
greenfield Pacific liquefaction projects. For example,
Japanese and South Korean companies have signed firm
contracts for significant shares of the output from Rus-
sia’s Sakhalin liquefaction project, which came on line in
2009, as well as from Australia’s Pluto project, which is
near completion, and Australia’s Gorgon LNG project,
which is just starting construction in 2010 [30]. In addi-
tion, Japanese and South Korean companies have signed
either firm contracts or preliminary agreements with
several projects that have not yet made final investment
decisions, including the Wheatstone and Fisherman’s
Landing projects in Australia; an ExxonMobil-led pro-
ject in Papua New Guinea; and the Kitimat project in
Canada. Japanese and South Korean companies have

Figure 52. OECD Asia net natural gas trade,
2007-2035 (trillion cubic feet)
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15 A “foundation customer” is a company with a good credit rating that has signed an agreement to buy a certain amount of natural gas
from a new LNG project at a certain price. By signing contracts with foundation customers, a company trying to develop a new LNG project
is able to show that the project is financially viable and thus is able to obtain financing more readily and move forward with the project.
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also taken small equity stakes in several of the projects,
and Japan’s Inpex is leading the Ichthys project in Aus-
tralia, with a final investment decision expected in early
2011 [31].

In 2007, Australia exported 0.7 trillion cubic feet of natu-
ral gas from its two operating LNG liquefaction facili-
ties—North West Shelf LNG, which draws gas from the
Carnarvon Basin off Australia’s northwest coast, and
Darwin LNG, which draws gas from the Bonaparte
Basin north of the Carnarvon Basin. Australia is one of
the most active areas for future LNG development. Its
exports of natural gas more than double by 2015, to 1.8
trillion cubic feet, in the Reference case and continue to
grow throughout the projection period. Australia has
two new liquefaction projects under construction in
2010, Pluto and Gorgon, both drawing gas from fields in
the Carnarvon Basin. There are also at least four separate
liquefaction projects in eastern Australia that aim to
reach final investment decisions in 2010. All are plan-
ning to use coalbed methane from the Bowen-Surat
Basin as supply, and most are planning to produce first
gas around 2014 or 2015 [32].

Two additional liquefaction projects based off Austra-
lia’s northwest coast aim for final investment decisions
in 2010 or 2011. The Wheatstone project would be the
fourth independent liquefaction project to draw gas
from the Carnarvon Basin, and Ichthys LNG would be
the first project to draw gas from the Browse Basin,
which lies between the Carnarvon and Bonaparte Basins
[33]. Several of the Australian LNG projects have plans
to expand, and at least seven other separate liquefaction
projects have been proposed and plan to make final
investment decisions at some point after 2011. Not all of
the proposed projects and expansions are assumed to go
forward in the IEO2010 Reference case, because some of
them appear to be competing for the same reserves to
supply their facilities.

Figure 53. Non-OECD Europe and Eurasia
net natural gas trade, 2007-2035 (trillion cubic feet)
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Russia’s net exports of natural gas grow from 6.3 trillion
cubic feet in 2007 to 9.7 trillion cubic feet in 2035 in the
reference case (Figure 53). Despite the recent dramatic
declines in demand for Russian natural gas in Europe,
construction of the first pipe of the new Nord Stream
pipeline is moving forward. Construction on the Rus-
sian onshore sections began in 2009, and construction on
the offshore portions of the first line is set to begin in
April 2010, with first natural gas exports planned for the
end of 2011. When complete, the first line will carry 1.0
trillion cubic feet of natural gas per year from Russia,
across the Baltic Sea to Germany, bypassing eastern
European transit states with which Russia has had pric-
ing and payment disputes in the past. Russia has several
other proposed export pipeline projects, including plans
for a second parallel pipe on the Nord Stream pipeline
by the end of 2012 and for the South Stream pipeline,
which would carry natural gas across the Black Sea,
bypassing Ukraine on its way to European markets [34].

A pipeline explosion in April 2009 forced Turkmenistan
to discontinue all natural gas exports to Russia [35].
With demand in Russia and Europe down, Russia did
not need the contracted volumes, and flows were not
resumed at any point in 2009 while Russia tried to nego-
tiate better contract prices and lower contract volumes.
As a result, natural gas exports from Turkmenistan to
Russia totaled only about 0.4 trillion cubic feet in
2009, just one-quarter of the approximately 1.6 trillion
cubic feet traded in 2008 [36]. Historically, Russia has
accounted for more than 85 percent of Turkmenistan’s
total natural gas exports. Turkmenistan was estimated
to have been losing $1 billion per month during the halt
in Russian imports [37]. The remaining 12 to 13 percent
of Turkmen natural gas exports in 2007 and 2008 was
delivered to Iran [38].

Turkmenistan has been pursuing alternative export
markets and routes, with developments moving quickly
since the cut-off of Russian imports in April 2009. In July
2009, Turkmenistan and Iran agreed to increase Iranian
contractual natural gas volumes from 0.3 trillion cubic
feet to 0.5 trillion cubic feet and to build a new
cross-border pipeline. It may take some time to reach full
contractual volumes, however, as actual flows have
never reached the previous contractual levels since
exports began in 1997 [39]. An existing pipeline runs
from the Korpedzhe field in Turkmenistan to the town
of Kurt Kui in northeastern Iran. The first phase of the
new pipeline, completed in December 2009, can carry 0.2
trillion cubic feet per year from Turkmenistan’s sizable
Dauletabad field to a natural gas processing plant just
inside Iran’s northern border. In the second phase, with
construction scheduled to begin in 2010 and completion
expected 1 to 2 years later, the pipeline will be extended
to reach more of the Iranian market.
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In late 2009, Turkmenistan completed the first line of a
two-line pipeline to China, which runs from the
Bagtyyarlyk, Saman-Depe, and Altyn Asyr natural gas
fields in Turkmenistan through Uzbekistan and
Kazakhstan, before connecting with China’s second
West-East pipeline in Xinjiang province [40]. The first
line has a capacity of 0.7 trillion cubic feet per year, but
initial flows are likely to be much lower, because the
West-East pipeline that will link it to more of China’s
demand centers will not be complete until 2012. By that
time, the second line of the Central Asia-China pipeline
should be complete, bringing total cross-border capacity
to 1.4 trillion cubic feet per year [41]. Additional export
volumes are expected to come from Turkmenistan’s
giant South Yolotan-Osman field and could also come
from fields in Kazakhstan.

In 2005, China had no imports of natural gas and none of
the infrastructure necessary to accommodate imports
(Figure 54). In 2007, China’s net imports amounted to
just 1.8 percent of its total natural gas consumption, with
85 percent of those imports coming from a single coun-
try, Australia. At the time, China had just one operating
import facility, China National Offshore Oil Corpora-
tion’s LNG regasification terminal in Guangdong prov-
ince, and just one long-term import contract with
Australia. In the IEO2010 Reference case, China meets
43 percent of its consumption in 2035 with imported
natural gas. To meet its future import demands, China is
actively pursuing multiple potential sources for natural
gas imports.

At the end of 2009, China had three LNG import termi-
nals in operation, two under construction, and several
more proposed or in various stages of development. At
that time, China was importing natural gas under
long-term contract from four different countries—Aus-
tralia, Indonesia, Malaysia, and Qatar—with no single
country signed up to provide more than 37 percent of
the total contracted volume. Chinese companies have

Figure 54. Non-OECD Asia net natural gas trade,
2007-2035 (trillion cubic feet)
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signed contracts to increase imports from Australia,
Qatar, and Malaysia, but Australia is likely to remain
China’s main LNG supplier because of its geographic
proximity and its large and growing list of upcoming
LNG export projects. Chinese companies have also
signed agreements to bring in LNG from Iran and Papua
New Guinea. Although there has been little progress on
Iran’s LNG projects, those in Papua New Guinea are
progressing quickly and could be delivering natural gas
by 2015.

At the same time that China is pursuing multiple
sources for LNG imports, it is pursuing multiple sources
for pipeline natural gas imports. As noted above, the
first line of China’s first natural gas import pipeline,
completed in late 2009, will transport supplies from
Turkmenistan and Kazakhstan. Another new pipeline
from Myanmar, scheduled for completion in 2013, will
carry 0.4 trillion cubic feet of natural gas per year from
Myanmar’s offshore fields in the Bay of Bengal to
Kunming in China’s Yunnan province [42].

China and Russia continue to discuss future natural gas
pipeline connections between the two countries. They
signed an agreement in 2006 stating that natural gas
deliveries should begin by 2011, and then in 2009 they
signed another agreement stating that deliveries should
begin by 2014 or 2015. Both agreements envision two
separate pipelines: an eastern line and a western line. No
agreement has been reached with regard to prices and
volumes, and the lack of agreement on prices has been
the main impediment to the project’s progress. The 2006
agreement suggested volumes of 1.1 to 1.4 trillion cubic
feet per year of natural gas. In the 2009 agreement, how-
ever, the volumes under discussion grew to 2.5 to 2.8 tril-
lion cubic feet per year [43].

In 2007, India imported 0.4 trillion cubic feet of natural
gas through its two operating LNG regasification termi-
nals, accounting for about 24 percent of the natural gas
consumed in India that year. In the IEO2010 Reference
case, India’s imports as a share of its total natural gas
consumption fall to 14 percent in 2015, as new produc-
tion from the Krishna Godavari Basin comes on line. In
the long term, however, demand growth outpaces pro-
duction growth: consumption grows by 1.8 percent per
year from 2015 to 2035, while domestic production
grows by 1.0 percent per year. Accordingly, India is
expected to continue expanding its LNG import
infrastructure.

Although India has discussed pipeline projects with
Iran, Central Asia, and Myanmar in the past, there are
significant barriers to those plans, including politics,
geography, and costs. Two LNG regasification terminals
were operating in India in 2007, at Dahej and Hazira. In
addition, a third terminal at Dabhol is to be brought par-
tially on line in 2010, and a fourth, under construction at
Kochi, is expected to come on line in 2012. Numerous
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other facilities have been proposed, but progress has
been hindered, first by difficulties in finding long-term
supplies at acceptable prices and more recently by a
wait-and-see attitude in the Indian natural gas industry
as participants wait to see how quickly production from
the Krishna Godavari field will be absorbed.

In 2007, three countries in non-OECD Asia—Indonesia,
Malaysia, and Brunei—had LNG export facilities. In
addition, Papua New Guinea is preparing to become an
LNG exporter. There are several LNG liquefaction pro-
jects proposed for Papua New Guinea. At the end of
2009, a project led by ExxonMobil became the first to
reach a final investment decision [44]. Construction is set
to begin in 2010, and first gas is expected in 2014. Two
liquefaction trains are planned, with total annual
exports of 0.3 trillion cubic feet of natural gas. In the
mid-term, growth in exports from Papua New Guinea
and Indonesia’s Tangguh LNG, which came on line in
2009, increases net exports from these Asian producers
as aregion. Production from the Arun and Bontang LNG
facilities currently in operation in Indonesia, however, is
expected to continue declining [45]. Indonesia has plans
to build at least one LNG regasification facility on its
own shores, which would further decrease net exports
from the region. In the Reference case net exports from
these four countries, as a region, decline from 2.6 trillion
cubic feet in 2007 to 2.1 trillion cubic feet in 2035.

Qatar is the world’s largest LNG exporter. Its total LNG
exports grew by 17.5 percent per year on average from
2000 to 2007 and by another 30.6 percent from 2007 to
2008. In the IEO2010 Reference case, Qatar’s LNG
exports grow throughout the projection period. Most of
the growth is projected for the 2007-2015 period, as
Qatar brings on line six mega-sized liquefaction trains.
Each train has the capacity to produce the equivalent of
0.36 trillion cubic feet of natural gas per year for export.
The first of the six liquefaction trains came on line in
2009, and the last is scheduled for completion in 2011.

Qatar’s natural gas exports grow by an estimated aver-
age of 13.5 percent per year from 2007 to 2015 in the
Reference case (Figure 55), then slow to an average
increase of just 2.1 percent per year after 2015, when pro-
jects currently under construction will have been com-
pleted. Because of a current moratorium on further
development from the North Field, no new projects are
being initiated. The moratorium was put in place in 2005
in order to give Qatar a chance to assess the effect of the
ongoing ramp-up in production on the North Field
before it commits to further production increases. Ori-
ginally set to expire in 2008, the moratorium has recently
been extended to 2014 [46].

If Qatar decides to lift the moratorium on North Field
development in 2014, its stated development priority is
to ensure that it can meet long-term domestic natural gas
needs for power generation, water desalination, and

local industry. Only after those needs are met will it con-
sider further increases in exports, and any increases are
expected to come primarily from optimization of current
facilities [47]. The six mega-trains currently being
brought on line are the largest liquefaction trains in the
world, and they employ several new technologies.
Although the new technologies have contributed to the
sometimes problematic commissioning process, they
also are likely to provide opportunities for increasing
operating capacity through process optimization and
“de-bottlenecking” operations [48].

Iran, which shares the North Field/South Pars Field
with Qatar, has the world’s second-largest natural gas
reserves (behind Russia but ahead of Qatar). Despite its
abundant reserves, Iran was a net importer of natural
gas in 2007, importing slightly more from Turkmenistan
than it exported to Turkey. Although its first LNG
export plant is under construction, Iran is without inter-
national partners and without any obvious source for
obtaining the actual liquefaction technology, which it
currently does not possess domestically [49]. Other
export projects continue to be discussed, but as a result
of international and internal politics there has been little
progress on most projects. In the Reference case, Iran
becomes a net exporter of natural gas with a combina-
tion of LNG and pipelines through Turkey to Europe,
but it does not become a major exporter, because domes-
tic demand and demand for reinjected gas limit its
exports despite its massive resources.

Yemen began production at its first LNG export plant in
2009. At full capacity, the plant is expected to export the
equivalent of 0.3 trillion cubic feet of natural gas per
year. Two additional countries in the Middle East—
Oman and the United Arab Emirates (UAE)—also
export LNG. Both countries also import natural gas via
pipeline from Qatar, and while the UAE maintained a
slim margin as a net exporter in 2007, preliminary data
for 2008 indicate that it became a net importer. The

Figure 55. Middle East net natural gas trade,
2007-2035 (trillion cubic feet)
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IEO2010 Reference case projects a similar trend for the
Arabian Peninsula producers, which include Kuwait,
Oman, UAE, and Yemen. As a group, they exported a
total of 0.5 trillion cubic feet of natural gas in 2007; but by
2030 the region becomes a net importer of natural gas,
and in 2035 its net imports total 0.3 trillion cubic feet.

In addition to pipeline natural gas from neighboring
countries, countries in the Arabian Peninsula are begin-
ning to import small volumes of LNG. In 2010, the emir-
ate of Dubai in the UAE will begin importing LNG to
meet peak summer natural gas demand via a floating
LNG regasification terminal. A similar facility allowed
Kuwait to begin importing natural gas in the summer of
2009, also to meet seasonal peak demand [50].

In 2007, North Africa exported almost 3 trillion cubic
feet of natural gas (Figure 56), or 56 percent of its pro-
duction, with about one-half of the exports coming from
Algeria, Egypt, and Libya via pipelines to Spain, Italy,
and parts of the Middle East. The remainder was
exported as LNG from liquefaction facilities in Algeria,
Egypt, and Libya.

Algeria is in the process of expanding its natural gas
export capacity both by pipeline and from LNG termi-
nals. The Medgaz pipeline from Algeria to Spain is
expected to come on line in mid-2010, with sufficient
capacity to carry 0.3 trillion cubic feet of natural gas per
year. Two liquefaction projects are also progressing in
Algeria: the Gassi Touil project and a new liquefaction
train at the existing Skikda export facility [51]. Together
they are expected to increase Algeria’s LNG export
capacity by 0.4 trillion cubic feet per year by 2013. In
addition, the Galsi pipeline from Algeria to Italy is
planning to make a final investment decision before the
end of 2010 and to initiate gas flow on a 0.4 trillion cubic
foot per year pipeline by 2014 [52].

Any additional major expansions of export capacity
from North Africa are projected to be dependent on the
Figure 56. Africa net natural gas trade, 2007-2035
(trillion cubic feet)
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Trans-Sahara natural gas pipeline. The pipeline, if built,
would stretch 2,800 miles to bring natural gas from
Nigeria, across Niger, and connecting in Algeria to
export pipelines to Europe. The Trans-Sahara pipeline
was given the official go-ahead in 2009, having been
declared economically and technically feasible, and 2015
was set as the official targeted start date. However, the
project still faces significant security issues and has not
yet secured financing.

As recently as 2007, South America was an almost
entirely self-contained market for natural gas, with no
means of importing gas to the continent (Figure 57) and
only one avenue for exporting it: the LNG liquefaction
facilities on the island of Trinidad and Tobago. Since
then, natural gas in South America has become increas-
ingly globalized. In late 2008, Brazil opened its first float-
ing LNG storage and regasification facility, the Pecem
terminal in the country’s northeast. A second floating
LNG regasification unit followed in 2009 at the Guana-
bara Bay terminal in the southeast [53]. Brazil also has
proposals to employ floating LNG liquefaction at its off-
shore subsalt natural gas fields. The primary goal of the
offshore liquefaction project is to bring gas to Brazil’s
own regasification terminals, exporting it only when
there is excess supply.

In the IEO2010 Reference case, Central and South Amer-
ica’s northern natural gas producers (Colombia, Ecua-
dor, Trinidad and Tobago, and Venezuela) account for
most of the region’s net exports, which increase from 0.7
trillion cubic feet in 2007 to 1.8 trillion cubic feet in 2035.
The rest of South America—mainly, Bolivia, Argentina,
Chile, and Peru—was a net natural gas exporting region
in 2007, with 0.4 trillion cubic feet of natural gas
exported from Bolivia to Brazil. However, in the Refer-
ence case, increases in Brazil’s domestic production
diminish the need for Bolivian supplies. In addition,
LNG imports to Argentina, Chile, and possibly Uruguay
more than offset exports from Peru, where an LNG

Figure 57. Non-OECD Central and South America
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project is likely to come on line in 2011 with an export
capacity of 0.2 trillion cubic feet per year.

As of January 2010, there were two LNG import facilities
operating in South America outside Brazil. The first, in
Argentina, came on line in 2008 with a nominal capacity
of 0.1 trillion cubic feet per year. The second, at
Quintero, Chile, opened in 2009 and brought the
region’s total import capacity to 0.3 trillion cubic feet
[64]. Chile’s second regasification facility is currently
under construction at Mejillones, and additional import
capacity has been proposed for Uruguay and Argentina.
There is no additional export capacity proposed for the
region.

World natural gas reserves

Almost three-quarters of the world’s natural gas
reserves are located in the Middle East and Eurasia
(Figure 58). Russia, Iran, and Qatar together accounted
for about 55 percent of the world’s natural gas reserves
as of January 1, 2010 (Table 7).

Historically, world natural gas reserves have generally
trended upward (Figure 59). As of January 1, 2010, the
world’s total proved natural gas reserves, as reported by
Oil & Gas Journal '® were estimated at 6,609 trillion cubic
feet—355 trillion cubic feet (6 percent) higher than the
estimate of 6,254 trillion cubic feet for 2009 [55].

The largest increases in reported natural gas reserves in
2010 were for Turkmenistan and Australia. In Turk-
menistan, natural gas reserves are now estimated at

Figure 58. World natural gas reserves by
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Table 7. World natural gas reserves by country

as of January 1, 2010

Reserves
(trillion Percent of
Country cubic feet) world total
World ................. 6,609 100.0
Top 20 Countries........ 6,003 90.8
Russia................ 1,680 25.4
Iran .................. 1,046 15.8
Qatar................. 899 13.6
Turkmenistan .......... 265 4.0
Saudi Arabia . .......... 263 4.0
United States. .......... 245 3.7
United Arab Emirates . . .. 210 3.2
Nigeria. . .............. 185 2.8
Venezuela............. 176 2.7
Algeria................ 159 2.4
Iraq ........ ... .. ... 112 1.7
Australia .............. 110 1.7
China................. 107 1.6
Indonesia. ............. 106 1.6
Kazakhstan............ 85 1.3
Malaysia .............. 83 1.3
Norway ............... 82 1.2
Uzbekistan ............ 65 1.0
Kuwait................ 63 1.0
Canada............... 62 0.9
Restof World........... 606 9.2

Source: Oil & Gas Journal.

Figure 59. World natural gas reserves by region,
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16Proved reserves, as reported by the Oil & Gas Journal, are estimated quantities that can be recovered under present technology and
prices. Natural gas reserves reported by the Oil & Gas Journal are compiled from voluntary survey responses and do not always reflect the
most recent changes. U.S. proved reserves of natural gas are reported by the U.S. Energy Information Administration and are defined as the
estimated quantities of natural gas reserves as of December 31, 2009, which analysis of geological and engineering data demonstrates with
reasonable certainty to be recoverable in future years from known reservoirs under existing economic and operating conditions. Significant
natural gas discoveries made in 2009 are not likely to be reflected in the reported reserves.
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265 trillion cubic feet, an increase of 171 trillion cubic feet
(182 percent) over its 2009 proved reserves, following
reappraisals of the giant South Yolotan-Osman gas field
[56]. The reserves in the South Yolotan-Osman field are
now estimated at between 141 and 494 trillion cubic feet,
making it the fifth-largest natural gas field in the world
[567].

In Australia, reserve estimates were revised upward by
80 trillion cubic feet, from 30 trillion cubic feet to 110
trillion cubic feet. The increase is attributed to the report-
ing of reserves under the Australian government’s
McKelvey reporting system rather than the traditional
petroleum industry classification.!” Smaller but still sub-
stantial increases were reported for Iran and China. Iran
added an estimated 54 trillion cubic feet, a 5-percent
increase over 2009 reserves, and China added 27 trillion
cubic feet, a 34-percent increase. In the Middle East,
Qatar and Saudi Arabia added 7 trillion cubic feet and
5 trillion cubic feet, respectively. In North America, the
United States and Canada added a combined 11 trillion
cubic feet. In South America, Venezuela added 5 trillion
cubic feet. Declines in natural gas reserves were
reported for Trinidad and Tobago (a decrease of 3
trillion cubic feet, or 18 percent) and the United King-
dom (a decrease of almost 2 trillion cubic feet, or 15
percent).

Despite high rates of increase in natural gas consump-
tion, particularly over the past decade, the above
increases in reserves imply that reserves-to-production
ratios for most regions have remained substantial.
Worldwide, the reserves-to-production ratio is esti-
mated at 60 years [58]. By region, the highest ratios are
about 46 years for Central and South America, 72 years
for Russia, 68 years for Africa, and more than 100 years
for the Middle East.
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Chapter 4
Coal

In the IEO2010 Reference case, world coal consumption increases by 56 percent
from 2007 to 2035, and coal's share of world energy consumption grows

from 27 percent in 2007 to 28 percent in 2035.

Overview

In the IEO2010 Reference case, which does not include
prospective greenhouse gas reduction policies, world
coal consumption increases by 56 percent, from 132
quadrillion Btu in 2007 to 206 quadrillion Btu in 2035
(Figure 60). The growth rate for coal consumption is
uneven, averaging 1.1 percent per year from 2007 to 2020
and 2.0 percent per year from 2020 to 2035. The slower
growth rate for the earlier period results largely from a
decline in coal consumption—primarily in OECD coun-
tries—in 2009 during the global economic recession.
After 2009, with continuous yearly increases through
2035, world coal consumption rebounds, returning to its
2008 level by 2013. Coal consumption in OECD coun-
tries, however, does not return to its 2008 level until
2035. As a result, increased use of coal in non-OECD
countries accounts for nearly all of the growth in world
coal consumption over the entire period.

In 2007, coal accounted for 27 percent of world energy
consumption (Figure 61). Of the coal produced world-
wide in 2007, 64 percent was shipped to electricity pro-
ducers and 33 percent to industrial consumers, with
most of the remainder going to consumers in the resi-
dential and commercial sectors. Coal’s share of total
world energy consumption increases to 28 percent in
2035 in the IEO2010 Reference case. In the electric power

Figure 60. World coal consumption by country
grouping, 1980-2035 (quadrillion Btu)
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sector, its share declines from 44 percent in 2007 to 40
percent in 2020, then increases to 43 percent in 2035.

International coal trade grows by 47 percent in the Refer-
ence case, from 21.2 quadrillion Btu in 2008 to 31.2 qua-
drillion Btu in 2035. The share of total world coal
consumption accounted for by internationally traded
coal peaks at 18 percent in 2015 and declines to 15 per-
cent after 2025, slightly below the 2008 level of 16 per-
cent. The decline in the share of coal traded primarily
reflects the ability of the world’s largest coal consumers,
China and India, to meet their future coal demand with
domestic production.

World coal consumption
OECD coal consumption

In the Reference case, OECD coal consumption declines
from 47.9 quadrillion Btu in 2007 to 43.1 quadrillion Btu
in 2010 and remains virtually flat until after 2025. After
2025, OECD coal consumption increases to 48.3 quadril-
lion Btu in 2035, largely because of an increase in natural
gas prices that allows coal—in the absence of policies or
regulations to limit its use—to compete economically.
Almost all of the OECD increase after 2025 is attributable
to North America (Figure 62). Over the projection
period, slight increases in coal consumption in North
America and OECD Asia are, to a large extent, offset by
declines in OECD Europe.

Figure 61. Coal share of world energy consumption
by sector, 2007, 2020, and 2035 (percent)
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North America

Coal use in the United States totaled 22.7 quadrillion Btu
in 2007—92 percent of total coal use in North America
and 47 percent of the OECD total. U.S. coal demand rises
to 25.1 quadrillion Btu in 2035 in the Reference case.
Coal’s share of total U.S. electricity generation (includ-
ing electricity produced at combined heat and power
plants in the industrial and commercial sectors) declines
from 48 percent in 2007 to 44 percent in 2035.

Increasing use of coal for electricity generation at new
and existing plants, combined with the startup of several
coal-to-liquids (CTL) plants toward the end of the pro-
jection, leads to modest growth in U.S. coal consump-
tion, averaging 0.4 percent per year from 2007 to 2035.
Although an assumed increase in the cost of capital for
greenhouse-gas-intensive technologies dampens invest-
ment in new coal-fired power plants in the United
States, the increase in coal-fired electricity generation
still is substantial, exceeded only by growth in genera-
tion from renewables. Increased generation from
coal-fired power plants accounts for 26 percent of the
growth in total U.S. electricity generation from 2007 to
2035, while increased generation from renewables
(including conventional hydroelectric  resources)
accounts for 49 percent of the growth. U.S. production of
coal-based synthetic liquids increases to 243,000 barrels
per day in 2035.

In Canada and Mexico, there are only minor changes in
coal consumption over the projection period: a decrease
of 0.3 quadrillion Btu in Canada from 2007 to 2035, and
an increase of 0.2 quadrillion Btu in Mexico. The decline
in Canada’s coal consumption is attributable primarily
to the Ontario government’s plans to phase out the Prov-
ince’s remaining 6.1 gigawatts of coal-fired generating
capacity by the end of 2014 [1]. In a recent announce-
ment, Ontario Power Generation indicated that approxi-
mately 2 gigawatts of coal-fired generating capacity at

Figure 62. OECD coal consumption by region,
1980, 2007, 2020, and 2035 (quadrillion Btu)
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its Nanticoke and Lambton plants will be retired in late
2010. In Mexico, an additional 0.7 gigawatts of coal-fired
generating capacity is scheduled to be completed in 2010
at the existing 2.1-gigawatt Petacalco plant on the Pacific
coast [2].

OECD Europe

Total coal consumption in the countries of OECD
Europe declines in the IEO2010 Reference case from 13.2
quadrillion Btu in 2007 (28 percent of the OECD total) to
11.0 quadrillion Btu in 2035 (23 percent). In 2007, the
electricity and industrial sectors accounted for 95 per-
cent of the coal consumed in OECD Europe, with elec-
tricity producers using 9.0 quadrillion Btu of coal and
industrial plants using 3.6 quadrillion Btu. Over the pro-
jection period, the use of coal declines in both sectors,
falling at an average rate of 1.6 percent per year in the
industrial sector and 0.3 percent per year in the electric-
ity sector. In 2035, OECD Europe’s electric power sector
accounts for 75 percent of the region’s total coal use, up
from 68 percent in 2007.

Although total installed coal-fired electricity generating
capacity in OECD Europe declines from 200 gigawatts in
2007 to 177 gigawatts in 2035, coal remains an important
component of Europe’s power generation, providing
nearly one-fifth or the region’s total generation in 2035.
Plans to retire aging and inefficient generating capacity
will, to some extent, be offset by new coal-fired capacity.
Currently, between 15 and 20 gigawatts of new coal-
fired generating capacity is under construction in OECD
Europe, with projects in Germany representing more
than one-half of the new construction [3]. In addition,
there are plans to refurbish some existing coal-fired
capacity to make it more efficient.

OECD Asia

The slight increase in coal consumption for the OECD
Asia region in the Reference case is the net result of two
divergent trends, consisting of a decline in coal use of 1.1
quadrillion Btu for Japan and an increase of 1.3 quadril-
lion Btu projected for South Korea from 2007 to 2035.
Japan is the region’s largest coal-consuming nation, but
declining population and increasing reliance on nuclear
power for electricity generation lowers the demand for
coal in the future.

Unlike Japan, Australia and New Zealand increase their
coal consumption slightly, by an average of 0.2 percent
per year, from 2.9 quadrillion Btu in 2007 to 3.0 quadril-
lion Btu in 2035. Of the two countries, Australia is by far
the larger coal consumer, with 97 percent of the regional
total in 2007. With substantial coal reserves (primarily in
Australia), the region continues to rely heavily on coal
for electricity generation; however, coal’s share of total
generation declines gradually. Compared with coal,
generation from both renewables and natural gas
increases at a more rapid pace, so that those fuels
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capture an increasing share of Australia/New Zealand’s non-OECD Asia, particularly in the electric power and

total generation. Coal-fired power plants supplied 70 industrial sectors, is met with coal.

percent of the region’s total electricity generation in

2007, as compared with a 58-percent share in 2035. Coal use in China’s electricity sector increases from 27.7
quadrillion Btu in 2007 to 72.2 quadrillion Btu in 2035, at

South Korea is OECD Asia’s fastest-growing consumer an average rate of 3.5 percent per year (Figure 64). In

of coal. Its coal use increases by an average of 1.6 percent comparison, coal consumption in the U.S. electric power

per year, from 2.3 quadrillion Btu in 2007 to 3.6 quadril- sector grows by 0.4 percent annually, from 20.8 quadril-

lion Btu in 2035. The 56-percent overall increase from lion Btu in 2007 to 23.1 quadrillion Btu in 2035. At the
2007 to 2035 results primarily from growing demand for end of 2007, China had an estimated 496 gigawatts of

coal in the electric power sector. According to South coal-fired capacity in operation. To meet the demand for
Korea’s most recent long-term power plan, published in electricity that accompanies its rapid economic growth,
late 2008, the country’s generating companies plan to an additional 736 gigawatts of coal-fired capacity (net of
add as much as 15 gigawatts of new coal-fired generat- retirements) is expected to be brought on line in China
ing capacity during the years 2008 through 2022 [4]. by 2035, requiring large financial investments in new

coal-fired power plants and associated electricity trans-
mission and distribution systems. In the near term, the
In contrast to coal consumption in OECD economies, IEO2010 projections show a substantial amount of new
fast-paced growth is projected for non-OECD nations, coal plant builds, with 138 gigawatts of capacity addi-
particularly among the Asian economies. Led by strong tions between 2007 and 2010. Notwithstanding the sub-

Non-OECD coal consumption

economic growth and rising energy demand in non- stantial growth in coal-fired generating capacity and
OECD Asia, total coal consumption in non-OECD coun- generation projected for China in the IEO2010 Reference
tries increases to 157.9 quadrillion Btu in 2035, growing case, coal’s share of the country’s total generation
by 87 percent from the 2007 total of 84.6 quadrillion Btu declines from 80 percent in 2007 to 74 percent in 2035, as
(Figure 63). The substantial increase in non-OECD coal generation from nuclear and renewables grows at an
consumption illustrates the importance of coal in meet- even more rapid pace than generation from coal.

ing the region’s energy needs. Over the entire period

from 2007 to 2035, coal accounts for about one-third of Nearly one-half (49 percent) of China’s coal use in 2007
total non-OECD energy consumption. was in the non-electricity sectors, primarily in the indus-
trial sector and notably for the production of steel and

Non-OECD Asia pig iron. In the IEO2010 Reference case, coal consump-

The countries of non-OECD Asia account for 95 percent tion in those sectors increases by 13.1 quadrillion Btu (48
of the projected increase in world coal consumption percent) from 2007 to 2035. Within the industrial sector,
from 2007 to 2035. Strong economic growth is expected the single largest use of coal is for the production of coke,
for non-OECD Asia, averaging 5.2 percent per year from which in turn is used primarily to produce pig iron. In
2007 to 2035, with China’s economy averaging 5.8 per- 2007, Chinese coke plants consumed 459 million tons'®
cent per year and India’s 5.0 percent per year. In IEO- of coal, representing, on a tonnage basis, about 17 per-
2010, much of the increase in demand for energy in cent of the total amount of coal consumed in all sectors in
Figure 63. Non-OECD coal consumption by region, Figure 64. Coal consumption in China by sector,
1980, 2007, 2020, and 2035 (quadrillion Btu) 2007, 2020, and 2035 (quadrillion Btu)
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18 Throughout this chapter, tons refer to short tons (2,000 pounds).
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China during 2007 [5 ]. China was the world’s leading
producer of both steel and pig iron in 2007, accounting
for 36 percent of global raw steel output and 50 percent
of world pig iron production [6].

Coal remains the leading source of energy for China’s
industrial sector in the Reference case, although its share
of industrial energy consumption declines over the pro-
jection period, with electricity and other energy sources
making up an increasing share of the total. Electricity’s
share of total industrial energy use rises from 19 percent
in 2007 to 32 percent in 2035, while coal’s share drops
from 60 percent to 47 percent. However, with coal-fired
power plants satisfying approximately three-fourths of
China’s total power generation requirements through-
out the period from 2007 to 2035, the increase in electric-
ity demand in the industrial sector can be viewed
indirectly as an increase in the demand for coal.

In India, 56 percent of the growth in coal consumption is
expected to be in the electric power sector and most of
the remainder in the industrial sector. In 2007, India’s
coal-fired power plants consumed 6.6 quadrillion Btu of
coal, representing 65 percent of the country’s total coal
demand. Coal use for electricity generation in India
grows by 1.3 percent per year on average, to 9.5 quadril-
lion Btu in 2035, requiring an additional 51 gigawatts of
coal-fired capacity (net of retirements). As a result,
India’s coal-fired generating capacity increases from 84
gigawatts in 2007 to 135 gigawatts in 2035. Despite a
45-percent increase in the use of coal for electricity gen-
eration over the projection period, growth in generation
from natural gas, nuclear power, and renewable energy
sources is even more rapid, and coal’s share of India’s
total generation declines from 71 percent in 2007 to 51
percent in 2035.

In the nations of non-OECD Asia outside China and
India, coal consumption grows by an average of 3.0 per-
cent per year, from 5.4 quadrillion Btu in 2007 to 12.4
quadrillion Btu in 2035. Growing demand for energy in
the region’s electric power and industrial sectors drives
the increase in coal use. In the electric power sector, sig-
nificant growth in coal consumption is expected in Indo-
nesia and Vietnam, where considerable amounts of new
coal-fired generating capacity are expected to be built.

Non-OECD Europe and Eurasia

Coal consumption in non-OECD Europe and Eurasia
increases in the IEO2010 Reference case by an average of
0.3 percent per year, from 8.7 quadrillion Btu in 2007 to
9.4 quadrillion Btu in 2035. Russia is the region’s largest
coal consumer, at 4.3 quadrillion Btu in 2007, or 49 per-
cent of the total for non-OECD Europe and Eurasia. Coal
met 14 percent of Russia’s total energy requirements in
2007, and coal-fired power plants provided 23 percent of
its electricity. In the Reference case, coal consumption in

Russia in 2035 totals 5.2 quadrillion Btu, its share of total
energy consumption increases slightly to 15 percent,
and its share of electricity generation increases to 24 per-
cent. Although natural gas is the leading source of elec-
tricity generation in Russia, and continues to hold that
position throughout the projection, increased genera-
tion from nuclear and coal-fired power plants, taken
together, accounts for 68 percent of the country’s genera-
tion growth. The natural gas share of Russia’s total elec-
tricity generation declines from 40 percent in 2007 to 32
percent in 2035 in the Reference case, and the nuclear
share rises from 15 percent to 25 percent.

Coal consumption in the other countries of non-OECD
Europe and Eurasia declines slightly, from 4.4 quadril-
lion Btu in 2007 to 4.1 quadrillion Btu in 2035. The use of
coal declines in every end-use sector of the region except
for the electric power sector, where it increases by an
average of 0.7 percent per year. From 2007 to 2035, coal,
natural gas, and nuclear power satisfy much of the addi-
tional electricity requirement for non-OECD Europe and
Eurasia, with increased output from coal-fired plants
meeting 18 percent of the growth, natural-gas-fired
plants 41 percent, and nuclear plants 29 percent. Coal’s
share of total electricity generation declines from 29 per-
cent in 2007 to 25 percent in 2035. Currently, a number of
new coal-fired power projects are in the planning stages
in the region [7]. Locally mined lignite is the proposed
fuel for most of the proposed plants, although imported
coal is the likely fuel source for several plants that may
be constructed in coastal areas.

Africa

Africa’s coal consumption increases by 1.9 quadrillion
Btu from 2007 to 2035 in the Reference case. South Africa
currently accounts for 91 percent of the coal consumed
on the continent and is expected to continue to account
for much of Africa’s total coal consumption over the pro-
jection period.

In South Africa, increasing demand for electricity in
recent years has led to a decision by Eskom, the coun-
try’s state-owned electricity supplier, to restart three
large coal-fired plants (Camden, Grootvlei, and Komati)
that have been closed for more than a decade [8]. The
individual units at those plants, with a combined gener-
ating capacity of 3.8 gigawatts, are scheduled to return
to service by 2011. In addition, Eskom is proceeding
with the construction of two new coal-fired power
plants, Medupi and Kusile, with a combined generating
capacity of 9.6 gigawatts. The 12 individual units at the
Medupi and Kusile plants are scheduled to be fully
operational by the end of 2016. In April 2010, the World
Bank approved a $3.8 billion loan for Eskom to help with
the financing of several energy-related projects, includ-
ing $3.1 billion allocated for completion of the Medupi
plant [9].
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Recent power shortages and a general lack of spare gen-
erating capacity in southern Africa also have led to
increased interest in new coal-fired power projects in
countries other than South Africa. Of particular signifi-
cance are major investments being made by several
international energy companies to develop coal reserves
in Mozambique and Botswana for the purpose of sup-
plying both domestic coal-fired generating plants and
international markets[10].

In the industrial sector, increasing coal use results from
production of steam and process heat for industrial
applications, production of coke for the steel industry,
and production of coal-based synthetic liquids. Cur-
rently, two large-scale CTL plants in South Africa (Sasol
II and Sasol III) can supply up to 150,000 barrels of syn-
thetic liquids per day and account for about 20 percent of
the country’s total liquid fuel supply [11]. About 25 per-
cent of South Africa’s total coal consumption is used for
synthetic liquids production [12].

Central and South America

Central and South America consumed 0.9 quadrillion
Btu of coal in 2007. Brazil, with the world’s ninth-largest
steel production in 2007, accounted for 51 percent of the
region’s coal demand, and Chile, Colombia, Puerto Rico,
Argentina, and Peru accounted for most of the remain-
der [13]. In the Reference case, coal consumption in Cen-
tral and South America increases by 0.8 quadrillion Btu
from 2007 to 2035, with most of the increase in Brazil,
primarily for coke manufacture and electricity genera-
tion. Brazil’s steel companies currently plan to expand
production capacity by a substantial amount over the
mid-term to meet increasing domestic and international
demand for steel [14].

Middle East

Countries in the Middle East consumed 0.4 quadrillion
Btu of coal in 2007. Israel accounted for 85 percent of the
total and Iran most of the remainder. The region’s coal
use remains near the current level through 2035.

World coal production

In the IEO2010 Reference case, 75 percent of the increase
in world coal production occurs in China, where output
rises by 54.7 quadrillion Btu from 2007 to 2035 (Table 8).
This outlook is based on the assumption that much of
the demand for coal in China will continue to be met by
domestic production. Other substantial increases in
regional coal production from 2007 to 2035 include 7.1
quadrillion Btu in Australia/New Zealand (represent-
ing 10 percent of the increase in world coal production),
4.0 quadrillion Btu in non-OECD Asia (excluding
China), 3.0 quadrillion Btu in Africa, 2.8 quadrillion Btu

in the United States, and 2.4 quadrillion Btu in Central
and South America.

Most of the growth in coal production in Australia/New
Zealand and other Central and South America is based
on continuing increases in coal exports, whereas
production growth in Africa and non-OECD Asia
(excluding China) is attributable to both rising levels of
coal consumption and increasing exports. For the
United States, growth in coal production is a result pri-
marily of increases in domestic coal consumption. The
projected increases in coal production for these six
regions dominate the overall trends for the OECD and
non-OECD regions as a whole, accounting for more than
100 percent of the increase in net production for OECD
countries and 97 percent of the net increase for
non-OECD countries.

World coal trade

With the global recession, international trade in coal in
2009, moving via ship or barge, is estimated to have
fallen slightly from the 2008 level (even though China’s
coal imports doubled in 2009 compared with 2008). Still,
the rapid decommissioning of small coal mines in
China’s historically most productive coal province
(Shanxi), a cold winter in China, delays in some infra-
structure projects in exporting nations, and continued
transportation bottlenecks kept international coal sup-
ply tight in 2009. The volume of seaborne coal trade con-
tinues its long-term trend, rising through 2035 mainly in
response to large increases in non-OECD coal demand—
predominantly from China and India.

Although both steam coal and coking coal are traded
internationally, most of the trade is in steam coal, which
represents 72 percent of world coal trade in 2035
(slightly higher than the current level of 70 percent). In
2008, 58 percent of the world’s exported steam coal was
imported by Asian countries, and their share of the total
increases to 72 percent in 2035.

The share of coking coal imports destined for Asian
countries increases from 62 percent in 2008 to an esti-
mated 70 percent in 2009 and never falls below 67 per-
cent in the Reference case. China, India, and Iran were
the only significant steel-producing countries in which
steel production increased from 2008 to 2009." China
increased its production by 73 million tons, India by
2 million tons, and Iran by 1 million tons [15]. Most of
the other countries producing crude steel reduced their
steel production by double-digit percentages from
2008 to 2009, and there were similar declines in blast
furnace iron production, part of the steelmaking process
that requires coking coal. Although some coke plants
have been closed down since 2008, most appear to be

19 Ecuador, Morocco, and Saudi Arabia increased raw steel production from 64,000 to 291,00 tons, from 527,000 tons to 528,000 tons, and

from 5,145,000 tons to 5,170,000 tons, respectively, from 2008 to 2009.
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operating still (although at lower utilization rates since
the recession began) and are expected to see increased
utilization as the global economy improves.

International coal trade, which accounted for about 16
percent of total world coal consumption in 2008, grows
at an average annual rate of 1.4 percent in the Reference
case, from about 21 quadrillion Btu in 2008 to 31 quadril-
lion Btu in 2035. Because the largest increases are pro-
jected for non-OECD Asia—particularly China, which
meets most of the increase in its coal demand with
domestic supply rather than seaborne imports—the
share of coal trade as a percentage of global coal con-
sumption falls to 15 percent in 2035. Australia and Indo-
nesia are well situated geographically to continue as the
leading suppliers of internationally traded coal, espe-
cially to Asia, over the period. In addition, South Amer-
ica is poised to expand its role as an international
supplier of coal, primarily as a result of increasing coal
production in Colombia.

Coal imports

Asia

In the IEO2010 Reference case, Asia remains the world’s
largest importer of coal. The region already accounts for
59 percent of total world imports (12.6 quadrillion Btu),
and its share increases to 70 percent (21.8 quadrillion
Btu) in 2035 (Table 9 and Figure 65). Japan is currently
Asia’s largest coal importer (Figure 66), and although
2001 marked the final year of significant Japanese coal
production [16], the country has continued to rely on
coal to meet its energy requirements. Australia provides
about 62 percent of Japan’s coal supply (both steam and
metallurgical coal), and China supplies about 20 percent
of its steam coal imports. Because Japan lacks significant
resources of its own, it is likely to continue seeking
diverse sources of coal supply for the long term. Japa-
nese companies also have pursued investments in coal
production in other countries, including Russia and

Table 8. World coal production by region, 2007-2035 (quadrillion Btu)

Average annual
percent change,

Region 2007 2010 2015 2020 2025 2030 2035 2007-2035

OECD North America ........... 25.3 23.4 25.3 26.0 26.6 274 28.8 0.5
United States. . .. .............. 23.5 21.3 23.3 241 24.6 254 26.3 0.4
Canada .............ciinn.. 1.6 1.8 1.8 1.8 1.8 2.0 2.2 1.1
Mexico. .. .......ouiiii 0.2 0.2 0.2 0.2 0.1 0.1 0.2 0.1
OECDEurope. ...........c.ut. 7.2 6.8 5.4 5.5 5.2 5.2 5.4 -1.0
OECDAsia.......covvvvurnennn 9.1 10.9 11.6 11.4 12.3 13.7 15.1 1.9
Japan......... .o oo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 —
SouthKorea .................. 0.1 0.0 0.0 0.0 0.0 0.0 0.0 -3.4
Australia/New Zealand .......... 9.0 10.8 11.6 11.4 123 137 15.1 1.9
Total OECD ................. 41.6 41.0 42.3 429 441 46.4 49.3 0.6
Non-OECD Europe and Eurasia. . . 10.2 9.8 10.0 10.0 10.1 10.7 11.9 0.5
Russia....................... 5.9 6.0 6.3 6.3 6.4 6.9 7.9 1.1
Other........ .. ... ... ... ... 4.3 3.8 3.7 3.7 3.7 3.8 4.0 -0.3
Non-OECD Asia................ 72.8 71.8 78.0 89.5 103.0 117.2 132.0 2.2
China..............oivin.. 55.3 56.3 63.1 74.5 86.5 98.3 110.0 25
India. . ...... ... ... 8.7 8.3 7.8 7.8 8.3 8.7 9.5 0.3
Other....... ... ... ... ... 8.8 7.2 7.0 7.2 8.2 10.1 12.5 1.3
MiddleEast ................... 0.0 0.1 0.1 0.1 0.1 0.1 0.1 21
Africa . ... 5.9 5.5 6.2 6.5 6.9 7.6 9.0 1.5
Central and South America ...... 2.2 2.3 2.8 3.8 4.0 4.2 4.6 2.6
Brazil........... ... ... . ... 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0
Other........ .. ... ... ... 2.1 2.2 27 3.7 3.9 4.2 4.5 27
Total Non-OECD ............. 91.1 89.4 971 1099 124.0 139.8 157.5 2.0
TotalWorld. . .................. 132.7 1304 1394 1528 168.2 186.2 206.9 1.6

Note: With the exception of North America, non-seaborne coal trade is not represented in the projections. As a result, the projected
levels of production assume that net non-seaborne coal trade will balance out across the IEO2010 regions. Currently, a significant
amount of non-seaborne coal trade takes place in Eurasia, represented by exports of steam coal from Kazakhstan to Russia and

exports of coking coal from Russia to Ukraine.
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Table 9. World coal flows by importing and exporting regions, Reference case, 2008, 2020, and 2035
(quadrillion Btu)

Importers
Steam Coking Total

Exporters Europe?® Asia Americas Total® Europe? Asia® Americas Total® Europe? Asia Americas Total?

2008
Australia......... 0.12 2.98 0.04 3.17 0.76 2.67 0.20 3.62 0.88 5.64 0.23 6.79
United States . . . .. 0.36 0.02 0.45 0.83 0.76 0.11 0.30 1.17 1.11 0.13 0.75 1.99
Southern Africad. . . 1.17 0.26 0.05 1.55 0.00 0.00 0.00 0.01 1.17 0.26 0.05 1.56
Eurasia.......... 1.16 0.38 0.00 1.55 0.08 0.08 0.00 0.16 1.24 0.47 0.00 1.71
Poland .......... 0.11 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.1 0.00 0.00 0.11
Canada.......... 0.01 0.11 0.03 0.14 0.19 0.43 0.11 0.74 0.20 0.55 0.14 0.88
China........... 0.04 1.02 0.00 1.07 0.00 0.09 0.00 0.09 0.04 1.11 0.00 1.16
South America® . . . 0.96 0.00 0.99 1.95 0.00 0.00 0.00 0.00 0.96 0.00 0.99 1.95
Vietnam ......... 0.01 0.45 0.00 0.46 0.00 0.00 0.00 0.00 0.01 0.45 0.00 0.46
Indonesia’. . ... ... 0.49 3.45 0.10 4.07 0.00 0.53 0.00 0.54 0.49 3.99 0.10 4.60
Total........... 4.42 8.67 1.66 14.89 1.80 3.92 0.60 6.33 6.21 12.59 2.26 21.23

2020
Australia......... 0.00 4.19 0.00 419 0.32 3.97 0.04 4.33 0.32 8.15 0.04 8.52
United States . . . .. 0.16 0.04 0.06 0.26 0.74 0.17 0.40 1.31 0.90 0.20 0.47 1.57
Southern Africad. . . 1.01 0.76 0.20 1.96 0.05 0.34 0.02 0.40 1.05 1.09 0.21 2.36
Eurasia.......... 1.43 0.51 0.00 1.94 0.07 0.21 0.00 0.28 1.50 0.72 0.00 2.22
Poland .......... 0.10 0.00 0.01 0.11 0.03 0.00 0.00 0.03 0.13 0.00 0.01 0.14
Canada.......... 0.11 0.00 0.00 0.11 0.32 0.25 0.30 0.87 0.43 0.25 0.30 0.98
China........... 0.00 0.97 0.00 0.97 0.00 0.02 0.00 0.02 0.00 0.99 0.00 0.99
South America® . . . 2.13 0.37 1.25 3.75 0.00 0.00 0.00 0.00 2.13 0.37 1.25 3.75
Vietnam ......... 0.00 0.24 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.24
Indonesia’. . ...... 0.00 413 0.09 4.21 0.01 0.49 0.00 0.50 0.01 4.62 0.09 4.72
Total........... 493 11.20 1.61 17.74 1.54 5.44 0.77 7.75 6.47 16.64 2.38 25.49

2035
Australia......... 0.06 6.77 0.00 6.83 0.38 4.67 0.22 5.27 044 11.44 0.22 12.10
United States . . . .. 0.23 0.09 0.05 0.37 0.49 0.04 0.65 1.19 0.72 0.14 0.71 1.56
Southern Africad. . . 0.70 1.67 0.18 2.55 0.05 0.32 0.03 0.40 0.75 1.99 0.21 2.95
Eurasia.......... 1.37 0.64 0.13 2.13 0.22 0.27 0.00 0.49 1.58 0.91 0.13 2.62
Poland .......... 0.07 0.00 0.02 0.09 0.01 0.00 0.00 0.01 0.09 0.00 0.02 0.10
Canada.......... 0.21 0.00 0.00 0.21 0.40 0.22 0.37 0.99 0.61 0.22 0.37 1.20
China........... 0.00 0.97 0.00 0.97 0.00 0.02 0.00 0.02 0.00 0.99 0.00 0.99
South America® . . . 2.09 1.06 1.38 4.53 0.00 0.00 0.00 0.00 2.09 1.06 1.38 4.53
Vietnam ......... 0.00 0.24 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.24
Indonesia’. ... .. .. 0.00 4.29 0.12 4.41 0.01 0.49 0.00 0.50 0.01 4.78 0.12 4.91
Total........... 473 15.73 1.87 22.32 1.56 6.04 1.29 8.88 6.28 21.77 3.16 31.21

8ncludes coal shipments to the Middle East and Africa.

bIn 2008, total world coal flows include a balancing item used to reconcile discrepancies between reported exports and imports. The 2008
balancing items by coal type were 0.14 quadrillion Btu (steam coal), 0.01 quadrillion Btu (coking coal), and 0.16 quadrillion Btu (total).

CIncludes 0.8 quadrillion Btu of coal for pulverized coal injection at blast furnaces shipped to Japanese steelmakers in 2008.

dSouthern Africa includes South Africa, Mozambique, and Botswana.

¢Coal exports from South America originate from mines in Colombia and Venezuela.

fincludes shipments from other countries not modeled for the projection period. The 2008 exports from other countries by coal type were
0.07 quadrillion Btu (steam coal), 0.03 quadrillion Btu (coking coal), and 0.10 quadrillion Btu (total).

Notes: Data exclude non-seaborne shipments of coal to Europe and Asia. Totals may not equal sum of components due to independent
rounding.

Sources: SSY Consultancy and Research, Ltd., and EIA.
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Canada [17]. Japan is a leader in steel production, rank-
ing second only to China [18], and continues to import
coking coal for use in its steelmaking plants through
2035.

Like Japan, South Korea continues importing most of the
coal it consumes through 2035. With planned increases
in coal-fired generating capacity, South Korea (in OECD
Asia) and Taiwan (in non-OECD Asia) maintain a com-
bined 17 -percent share of world imports in 2035, despite
sizable increases in coal imports by other countries.

In 2035, China’s coal imports total 3.7 quadrillion Btu
in the Reference case. China remains a net importer
through 2035, but even with a substantial increase in
imports, a preponderant share of the coal consumed in
China will continue to be supplied by its own coal
mines. Extremely cold weather has played a key role in
China’s strong coal demand in the winter of 2009-2010.
In addition, the unpredictability of China’s coal markets
raises the level of uncertainty surrounding the world
trade projections.

China began to increase its coal imports at the end of
2008, while accelerating the closure of the country’s
small, inefficient, and comparatively less safe mines in
Shanxi Province. Shanxi has typically been China’s top
coal-producing region, and although it appears to have
produced more coal in 2009 than in 2008, production
was not sufficient to keep up with demand, creating coal
shortages within the region that contributed to the need
for imports. However, past consolidations in other Chi-
nese provinces suggest that the country could quickly
reopen small mines should international supplies
tighten and international coal prices rise substantially.

The removal of coal import tariffs is a possible indication
of China’s intention to import large quantities of coal, at

Figure 65. Coal imports by major importing region,
1995-2035 (quadrillion Btu)
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least in the short term, while Shanxi’s coal industry is
being restructured. An expected influx of dry bulk carri-
ers beginning in 2010 may provide another short-term
boost for Chinese coal imports by lowering the cost of
bulk freight. The country may also manage any coal sup-
ply deficit in the future by importing more coal overland
(trade that is not captured in Table 9) from new produc-
tion sources in Mongolia and Russia. In addition, China
plans to build strategic coal stocks in various provinces
as a hedge against future volatility in coal import levels
and prices.

China’s steel production increased by an estimated 13
percent from 2008 to 2009. To feed the steelmaking pro-
cess and compensate for production losses in Shanxi,
China’s coking coal imports rose from approximately 0.1
quadrillion Btu to 0.9 quadrillion Btu, and they are
assumed to remain at roughly the same level through
2035. The Chinese government is planning to address
issues of overcapacity in the steel industry in part
through consolidation of various steel- and coke-
making companies, which has potential to affect coking
coal imports by moderating demand for coking coal. On
the other hand, with new facilities strategically located
in coastal areas (one possible outcome of consolidation),
China’s steel plants could have greater flexibility to use
either domestic or foreign coal.

India also has been increasing its imports of coal while
facing ongoing coal transportation challenges. Its
improvements in infrastructure include the expanded
use of smaller ports to satisfy increasing demand for coal
imports. Like China, India increased its coal imports in
both 2008 and 2009 (although preliminary data suggest
that the growth in 2009 was much less than that in
China). In 2035, India’s coal imports in the Reference
case are four times the 2008 level, spurred by rising
imports of both coking and steam coal.

Figure 66. Coal imports to Asia by major importing
region, 2007 and 2035 (quadrillion Btu)
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The large coal-fired electricity plants planned for India’s
coastal areas will be fueled by imported steam coal. The
country is faced with domestic coal supply and quality
issues and, while it is building new plants, its demand
for coal imports continues to grow. Unfortunately,
delays in meeting established construction schedules
are commonplace in India, and transportation infra-
structure issues abound. For instance, in 2009 India had
difficulty handling coal imports at its river port of
Haldia because of an unexpected loss of water depth. In
order for tonnage to be handled at the port, larger ships
have been diverted to deeper ports, where their coal car-
gos are transferred to smaller ships for delivery to
Haldia [19].

India’s planned infrastructure improvements include
coastal port expansions at Goa and Paradip [20]. Freight
capacity at Paradip is expected to increase from about 55
million tons in 2009 to 77 million tons in 2012, but recent
bottlenecks at the port must be overcome in order for
that goal to be achieved [21]. In addition, coal-handling
capability at the port of Mormugao will be expanded
from 6 million tons to 17 million tons by 2014 [22]. India
completed the new port of Gangavaram in 2009, only
one of two (the second being the Mundra port) capable
of handling capesize vessels. Gangavaram already han-
dled about 17 million tons of freight (not all of it coal) in
2009. In the long term, Gangavaram’s owners would like
to expand its freight handling capability to 221 million
tons per year. The new port of Dharma, also capable of
handling capesize ships, should begin operation by the
end of 2010.

India has domestic resources of coking coal, but its qual-
ity is poor in comparison with foreign-sourced coking
coal. India’s long-term plans include expansion of its
steel industry to between 165 and 198 million tons of raw
steel output by 2020, up from about 62 million tons in
2008 [23], with increased imports of coking coal support-
ing the expansion. Some plans for new steelmaking
capacity, such as ArcelorMittal’s new coastal steel plant
in Orissa, appear to have been delayed by land acquisi-
tion difficulties and environmental issues and thus are
unlikely to add to India’s demand for coking coal
imports until after 2014. Largely because of its imports
of coking coal, India surpass Japan as the world’s largest
importer of coal by 2025 in the IEO2010 Reference case.

Europe, Middle East, and Africa

In the IEO2010 Reference case, total coal imports to
Europe (including the Middle East and Africa) in 2035
are about the same as in 2008 (Figure 66). With most
European countries placing greater emphasis on natural
gas in their power sectors, coal becomes a less significant
component of the fuel mix for electricity generation.
Europe’s demand for lower sulfur coal (from South

America and Eurasia, for example) will be tempered
over time by the gradual addition of flue gas desulfuri-
zation equipment at existing coal-fired power plants.

Some European countries will import more coal to com-
pensate for their own dwindling coal production, which
will offset some of the decline expected for coal imports
to other European nations. For example, Germany’s
planned closure of its remaining hard coal mines by 2018
results in increasing imports of coal for electricity gener-
ation [24]. In Turkey, electricity demand and steel indus-
try growth also are projected to offset some of the
decline in Europe’s coal use. Over time, however, Tur-
key is expected to rely more heavily on electric arc fur-
nace steelmaking technology, which does not require
coking coal. Italy’s conversion of power plants from oil
to coal also offsets some of the decline in Europe’s coal
demand.

The Americas

In the mid- to long term, port expansions are expected to
facilitate U.S. coal imports. In 2008, Kinder Morgan
Energy Partners LP completed an expansion of annual
capacity at its import terminal in Newport News, Vir-
ginia, by 6 million tons; and in late 2009, it received an air
permit enabling it to expand its coal terminal in Jackson-
ville, Florida [25]. Keystone Coal Co. is planning a coal
import terminal in Jacksonville, Florida, as well. With
declining productivity and mining difficulties in Central
Appalachia and rising domestic demand for coal,
imports are expected to remain competitive for coastal
States in the East and South. South America (Colombia,
in particular) is expected to be an important source of
U.S. coal imports.

Canada has been the largest importer of U.S. coal in
recent years, but exports of U.S. steam coal to Canada in
2035 are projected to fall below their 2008 level. A por-
tion of Ontario’s coal-fired generating capacity is
assumed to be shut down by 2035 for environmental rea-
sons, as legislated by the Provincial government. (By
2014, if the plan proceeds, there could be a decline of 0.4
quadrillion Btu in U.S. exports of thermal coal to
Canada.)

Brazil’s steelmaking capacity increase in the Reference
case, taking advantage of its domestic resources of iron
ore but requiring increased use of coking-grade coal that
the country does not produce domestically [26]. The
United States, Canada, Australia, and southern Africa
all provide a portion of the coal needed to meet Brazil’s
import requirements. Overall, South America’s imports
of coking coal—driven primarily by demand in
Brazil—grow from about 0.4 quadrillion Btu in 2008 to
1.1 quadrillion Btu in 2035. Brazil and Chile account for
most of the increase in thermal coal imports to South
America through 2035.
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Coal exports

Most of the world’s coal trade is in the form of steam
coal, at nearly 15 quadrillion Btu (about 70 percent of
total coal exports) in 2008. The top five exporters of
steam coal in 2008 were Indonesia, Australia, South
America (primarily Colombia), Russia, and southern
Africa (primarily South Africa). Although Indonesia
currently is the world’s largest exporter of steam coal,
exports from Australia exceed those from Indonesia on a
Btu basis in most years of the projection. In terms of cok-
ing coal, Australia, the United States, and Canada rank
as the three top exporters and are expected to remain the
top three through 2035. Poland, Vietnam, and China are
expected to lower their coking coal exports in the long
term—for Poland, largely because of geological difficul-
ties, and for Vietnam and China, because increasing
domestic demand for coal constrains exports.

Already the world’s leading exporter of coal (steam and
coking coal combined), Australia dominates future
international coal trade in the Reference case as it contin-
ues to improve and expand its inland transportation and
port infrastructure to expedite coal shipments to inter-
national markets. For instance, a new coal terminal at
Kooragang Island in New South Wales will add about
66 million tons of capacity, about half of which is
expected to be operational by 2011 [27]. Expansion of
Queensland’s Dalrymple Bay port in 2009 is expected to
increase its annual export capacity from about 75 million
tons to 94 million tons [28]. Australia remains the pri-
mary exporter of metallurgical coal to Asian markets,
supplying about 77 percent of Asia’s import demand for
coking coal in 2035, compared with about 71 percent in
2008. Numerous mine expansions could add close to 100
million tons of coal capacity by 2015, equivalent to
nearly one-quarter of Australia’s coal production in
2008. As of 2009, Australia’s primary supply choke point
appears to be in rail movement from mine to port.
Although some improvements in this area have already
taken place, more needs to be done to accommodate the
expected growth in coal exports.

Indonesia, with its relatively low-cost surface mines, has
also demonstrated its potential for significant growth in
coal exports. Despite this potential, Indonesia’s govern-
ment has been warning for years that it plans to restrict
coal exports in favor of domestic coal use. The rate of
export growth slowed in 2009, probably due to the slow-
down in global economic activity rather than concerns
about meeting domestic coal demand.

The Indonesian company Bumi Akit plans to add 37 mil-
lion tons of export capacity over the next 5 to 6 years and
is simultaneously involved in a rail project from its
South Sumatran reserves to the port of Lampung. The
rail link, with a planned capacity of 20 million tons,
should begin operation by 2013. Another Indonesian
company, PT Adaro Energy Tbk, also plans to expand

coal production by about 44 million tons between 2009
and 2014 [29].

Over the long term, areas of uncertainty for Indonesian
exports include the rate of growth in its domestic coal
consumption; whether domestic coal demand is, in fact,
given preference over coal exports; the adequacy of its
internal transportation infrastructure; the continued
development of new mines; and environmental con-
cerns. In the Reference case Indonesia continues to be an
important source of coal supply for other nations
through 2035, but its exports increase only slightly, at an
average annual rate of 0.4 percent.

South America remains the world’s third-largest
coal-exporting region in 2035, primarily as a result of
continued increases in exports from Colombia. The gov-
ernment of Colombia expects the nation’s coal produc-
tion to reach 160 million tons by 2019, up from about 87
million tons in 2008 [30]. The expansion will require siz-
able investments in mine capacity, rail infrastructure,
and port capacity. Drummond Coal is now producing
from its El Descanso mine, and it expects ultimately to
attain export production of 40 million tons per year
through 2032 [31]. The El Hatillo mine is planning to
increase production from 1.8 million tons to 4.5 million
tons by 2011 [32].

Increasing coal transportation infrastructure is also a
concern for Colombia. There is a proposal to build a tun-
nel that would expedite coal transportation via truck to
Colombia’s Pacific Ocean port of Buenaventura when it
is completed in 2013. Another planned infrastructure
project, the Carare railway, now appears to be at risk
because the government has decided not to provide
financial support for the project [33], which was
intended to facilitate coal transport from central Colom-
bia to the Caribbean coast. Other expansion projects on
Colombia’s Caribbean coast appear to be on track,
including a coal terminal at the port of Cienaga, Puerto
Nuevo, ultimately handling 66 million tons per year,
roughly one-half of which would be available by 2013
[34]. Brazil’'s MPX is planning a coal export terminal
along the Colombia’s Atlantic seaboard with a capacity
of 20 million tons per year [35]. An expanded river-
to-port terminal at Barranquilla, Colombia, with an
annual capacity of about 39 million tons, is also planned
[36].

Many of Colombia’s port expansions lie on the Carib-
bean near the eastward opening of the Panama Canal.
Begun in 2008 and slated for completion by 2015, the
Panama Canal expansion should enhance opportunities
for coal exports from both the United States and South
America traveling westward to Asian markets. The
so-called “post-panamax” vessels, which are capable of
holding about 20 percent more than current panamax
vessels, will be able to transit the Canal. Because many
ports may not be able to accommodate the larger vessels
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without dredging, however, some opportunities could
be limited.

South Africa’s coal exports have remained flat over the
past few years, primarily as a result of domestic infra-
structure constraints; however, coal mining is expected
to continue playing an important role in South Africa’s
economy. Delays in the scheduled expansion of the
Richards Bay Coal Terminal to an annual productive
capacity of 100 million tons have kept South Africa from
increasing coal exports in recent years, but the project is
scheduled for completion by the end of 2010[37]. Even
with completion of the expansion, export levels still may
fall short of expectations because rail capacity into the
port is limited. An additional Richards Bay terminal
with a capacity of 10 million tons has also been proposed
[38].

Rail bottlenecks from coal basins to port facilities also
appear to be Russia’s primary limitation in its efforts to
expand exports. Nevertheless, Russia has managed to
triple its seaborne coal exports from 2000 levels to a total
of 76 million tons in 2008. The Russian mining and steel
production company, Mechel, is on track to begin opera-
tions at Russia’s Elga coking coal deposit in 2010 and
ultimately plans to produce 27 to 30 million tons per
year [39]. Russia’s coal exports to Asia will be facilitated
by capacity expansion at the new Pacific port of Muchka,
where SUEK (Siberia’s coal energy company) has built
about 13 million tons of an annual export capacity, and
Mechel has plans for about 28 million tons of export
capacity at the new Muchka Bay Terminal 2 [40]. As in
2008, Eurasia (primarily Russia) supplies 8 percent of the
coal traded internationally in 2035.

The African countries of Mozambique and Botswana are
expected to play an emerging role in world coal trade, as
importing countries seek to secure additional and diver-
sified sources of supply. For example, India’s Tata Steel,
Brazil’s Companhia Vale do Rio Doce (CVRD), and Aus-
tralia’s Riversdale Mining all have financial stakes in
mine operations in the Moatize basin of Mozambique
[41]. The Moatize project, expected to be completed by
2011, will produce between 9 to 14 million tons of mar-
ketable coking coal and 3 to 5 million tons of thermal
coal [42]. An expansion of the port of Beira in Mozam-
bique to handle an annual capacity of about 20 million
tons is also planned, and the rail link between Moatize
coal basin and Beira (Sena Railway) is being updated
[43]. Landlocked Botswana is also interested in expand-
ing coal mining and in constructing a railroad to connect
inland coal mines to an Atlantic port on the Namibian
coast.

U.SS. coal exports decline in the IEO2010 Reference
case from their high 2008 levels but remain steady,

contributing an average of about 1.6 quadrillion Btu per
year to international coal supply through 2035. The
geographic distance of the United States from Asian
markets—where much of the growth in coal demand is
centered—places it at a distinct disadvantage relative to
other countries with large coal reserves (see box on page
72). The comparatively high transportation costs associ-
ated with shipping coal from the United States to Asian
markets mean that U.S. coal exports cannot typically
compete economically in that region. Thus, the United
States remains a marginal supplier of world coal trade
throughout the projection period.

There have been recent shipments of coal to Japan from
Alaska, but the volumes have been small; likewise, east-
ern U.S. miners have shipped small volumes to Asian
markets. There is also some possibility that smaller coal
shipments to Asia might be accommodated at other bulk
terminals in Washington State in lieu of a dedicated
western coal terminal. Some coal has also shipped to
Asian markets through Canada’s Westshore Terminal.

World coal reserves

Total recoverable reserves of coal around the world are
estimated at 909 billion tons—reflecting a current
reserves-to-production ratio of 129 years (Table 10).20
Historically, estimates of world recoverable coal
reserves, although relatively stable, have declined grad-
ually from 1,145 billion tons in 1991 to 1,083 billion tons
in 2000 and 909 billion tons in 2008 [44]. Although the
decline in estimated reserves is sizable, the large
reserves-to-production ratio for world coal indicates
that sufficient coal will be available to meet demand well
into the future. Further, because recoverable reserves
are a subset of total coal resources, recoverable reserve
estimates for a number of regions with large coal
resource bases—notably, China and the United States—
could increase substantially as coal mining technology
improves and as additional geological assessments of
the coal resource base are completed.

The most recent assessment of world coal reserves
includes a substantial downward adjustment for Africa,
from 55 billion tons reported in the 2007 edition of the
World Energy Council’s Survey of Energy Resources to 35
billion tons in the 2009 interim update [45]. The update is
based on a new estimate for recoverable reserves in
South Africa, which was derived on the basis of factors
that include: a reduction in estimated reserves resulting
from the subtraction of cumulative production by coal-
field for the years 1982 through 2007 from previously
completed estimates of reserves; and some additions to
the reserve base resulting from several new assessments
of coal resources in the Waterberg, Springbok Flats,
Limpopo, and Free State coalfields.

20Recoverable reserves are those quantities of coal which geological and engineering information indicates with reasonable certainty can
be extracted in the future under existing economic and operating conditions. The reserves-to-production ratio is based on the reserves esti-

mates and data on world coal production for 2007 shown in Table 9.
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Future role of the United States in world coal trade

U.S. coal exports increased each year from 2002 to 2008
at an average annual rate of 12.8 percent, to 82 million
tons in 2008. Some analysts have viewed the sharp
increase in U.S. exports as an indication of the growing
importance of the United States as a world coal sup-
plier. There has also been speculation that China’s
growing demand for coal will support this trend in the
future. However, U.S. coal is a relatively high-cost sup-
ply source when shipped to Asian markets, and in the
long term U.S. coal will be competing in the Chinese
market with lower cost suppliers, notably Australia
and Indonesia among others. U.S. exports compete
most strongly in European markets and then only
when less expensive options are unavailable. In IEO-
2010, the United States remains a marginal coal
supplier over the long term, responding to short-
term disruptions or spikes in demand rather than
significantly expanding its market share of world coal
trade.

International coal trade patterns can be parsed into two
distinct regions, the Atlantic region and the Pacific
region. The Americas and Europe are the primary
demand centers for international coal trade in the
Atlantic region. Asia, dominated by Japan, South
Korea, India, and China, is the demand stakeholder in
the Pacific region. Historically, geography has been a
critical component in determining which suppliers
serve which markets, with most suppliers primarily
serving only one region. The United States is consid-
ered a marginal or “swing” supplier to both markets
but rarely participates in the Pacific market, meaning
that the United States produces coal at a higher deliv-
ered cost than other international suppliers and
“swings in” to satisfy demand only when a supply
shortage occurs.

Competition is an important factor in assessing the
ability of the United States to take a larger share of
world coal trade in the future. The cost of production,
primarily the expense of mining, is just one of the costs
involved in international trade. In terms of the cost of
production, the United States tends to be among the
more expensive worldwide, primarily because most
coal exports come from the Appalachian region, which
has been mined more extensively than other U.S. coal
basins and generally has higher production costs.
Beyond the costs of production, transportation costs
associated with moving export coal to port can also be
substantial, adding as much as an additional 30 to 50
percent to the total cost for Appalachian coal. Ocean
freight rates to transport coal from the United States to

eia.gov/cneaf/coal/quarterly /html/t7p01p1.html.

Asian markets tend to be volatile and are as much as 40
percent higher than the freight costs for transporting
coal from Australia to Asia. As a result, the United
States represents a less attractive option for satisfying
Asian coal demand in the long run.

U.S. coal exports to Asian markets might be more com-
petitive if large volumes of western coal could be
exported from the U.S. West Coast. However, the lack
of a dedicated large coal terminal on the West Coast
makes it less likely that such an expansion will occur.
Previous unsuccessful efforts to operate a western coal
terminal also make new western coal ports less likely.
In the late 1990s, substantial investments were made at
the Los Angeles Export Terminal to support coal
exports, but the terminal closed in 2003 when the antic-
ipated surge in U.S. coal exports to Asian markets did
not materialize. While Asia’s coal import demand
grew during that period, its demand for U.S. coal did
not.

The Atlantic markets of Europe and Canada currently
account for the largest portion of U.S. coal exports
(approximately three-fourths of total exports in recent
years). In 2008, the largest increases in U.S. coal exports
were destined for Europe rather than China. On a
worldwide basis, international coal trade in 2008 was
affected by significant supply disruptions in several
key coal-exporting countries. Floods in Indonesia and
Australia affected mine operations, electricity short-
ages closed mines in South Africa, and there were
shortages of rail cars in Russia and long queues at Aus-
tralian ports. Some of the problems were unexpected,
one-time events. For supply bottlenecks that are ongo-
ing, infrastructure improvements are already being
undertaken.

In any case, temporary supply problems did raise the
perception of ongoing limited global supplies, and as a
result the price of coal rose steeply. In 2008, the limited
amount of coal that typically flowed from suppliers in
the Pacific region to Europe was redirected to import-
ers in the Pacific region, causing a ripple effect into the
Atlantic region, where the United States was able to
help fill the void by increasing its exports to consumers
in the Atlantic region. The circumstances contributing
to increased U.S. exports in 2008 are anomalies, how-
ever, and not expected to be sustained in the long term.
In fact, recently published data indicate that U.S. coal
exports contracted by 27 percent in 2009—with Euro-
pean imports from the United States declining by
approximately 25 percent.?

(continued on page 73)

aU.S. Energy Information Administration, Quarterly Coal Report, DOE/EIA-0121(2009/4Q), Table 7. U.S. Coal Exports, web site www.
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Future role of the United States in world coal trade (continued)

In the past decade, several new coal suppliers have
emerged to compete with the United States in supply-
ing coal to the global marketplace. Colombia is the key
U.S. rival in the Atlantic market and is typically a lower
cost producer than the United States. Colombia’s
domestic coal consumption is low, and so its invest-
ments in the coal industry are dedicated to increasing
coal exports. Russia also has increased its market share
of coal supplied to European countries, the primary
market for U.S. coal exports. Russia has substantial
reserves of metallurgical coal, used in the steelmaking
process, which is a market where the United States has
been more competitive internationally. Moreover, in
the long term Europe as a region is expected to rely less
on coal to meet its energy needs, so that the United
States will face increasing competition from lower cost
Colombian and Russian supplies to satisfy a declining
European market for coal.

In the Asian markets, Australia has been systematically
expanding its export capability. In the next few years
alone, Australian mining companies are planning to
expand their mining capacity by approximately 100
million tons. Even in 2008, a year of high U.S. coal
exports, Australia’s coal export volume was more than
2.5 times the U.S. volume. Russia is also investing in
infrastructure, including ports to serve the Asian mar-
ket. Its proximity to Asian importers could allow Rus-
sia to become a key Asian supplier. Mongolia may also

be an important overland source of coal imports for
China, and Mozambique will soon be entering the coal
trade arena with its planned exports of both metallur-
gical and thermal coal.

The United States is not a major supplier of coal to
China, but China has an indirect impact on the Atlantic
market, and there could be years through 2035 in
which events trigger temporary increases in U.S. coal
exports to China. China’s demand for foreign coal is
driven by its growing coal consumption and how its
domestic coal production costs compare with interna-
tional coal prices. Given the limits on its own domestic
coal production, any unexpected capacity problem
could induce short-run bursts in China’s import
demand and, less directly, increases in global coal
prices.

The higher the global prices, the more likely it is that
the United States, as a high-cost supplier, will increase
its coal exports. China also has the option, if it decides
that international coal prices are too high, of allowing
its less efficient domestic coal mines to operate.
Because the United States is a relatively high-cost
supply source when its coal is shipped to Asian mar-
kets, other suppliers—and not the United States—are
expected to meet most of China’s demand for coal
imports from 2007 to 2035.

Table 10. World recoverable coal reserves as of January 1, 2008 (billion short tons)

Recoverable reserves by coal rank
Bituminous Reserves-to-
and Subbitumi- 2007 production
Region/Country anthracite nous Lignite Total production | ratio (years)

WorldTotal ...................... 452.9 291.4 165.1 909.4 7.0 129
United States®. . ................... 119.6 108.7 33.3 261.6 1.1 228
Russia............... ... ... ...... 54.1 107.4 11.5 173.1 0.3 543
China .......... ... ... ... ........ 68.6 37.1 20.5 126.2 2.7 46
Other Non-OECD Europe and Eurasia. . 491 19.0 27.3 95.3 0.3 290
Australia and New Zealand .......... 40.6 25 41.5 84.6 0.4 195
India .......... ... 59.5 0.0 5.1 64.6 0.5 122
Africa ....... ... . 35.1 0.2 0.0 35.3 0.3 127
OECDEurope. ..., 9.3 3.4 19.0 31.7 0.7 48
Other Central and South America . .. .. 7.7 1.1 0.0 8.8 0.1 102
Other Non-OECD Asia ... ........... 25 2.8 4.5 9.8 0.4 24
Brazil. .. ....... ... 0.0 7.8 0.0 7.8 0.0 1,182
Canada.............ccoiiii... 3.8 1.0 2.5 7.3 0.1 96
Other®. . ......................... 3.0 0.3 0.1 3.4 0.0 181

aData for the United States represent recoverable coal estimates as of January 1, 2009.

bincludes Mexico, Middle East, Japan, and South Korea.

Sources: World Energy Council and EIA.
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Although coal deposits are widely distributed, 82 per-
cent of the world’s recoverable reserves are located in
five regions: the United States (29 percent), Russia (19
percent), China (14 percent), other non-OECD Europe
and Eurasia (10 percent), and Australia/New Zealand (9
percent). In 2007 those five regions, taken together, pro-
duced 4.9 billion tons (95.8 quadrillion Btu) of coal, rep-
resenting 71 percent (74 percent on a Btu basis) of total
world coal production [46]. By rank, anthracite and bitu-
minous coal account for 50 percent of the world’s esti-
mated recoverable coal reserves on a tonnage basis,
subbituminous coal accounts for 32 percent, and lignite
accounts for 18 percent.

Quality and geological characteristics of coal deposits
are important parameters for coal reserves. Coal is a het-
erogeneous source of energy, with quality (for example,
characteristics such as heat, sulfur, and ash content)
varying significantly by region and even within individ-
ual coal seams. At the top end of the quality spectrum
are premium-grade bituminous coals, or coking coals,
used to manufacture coke for the steelmaking process.
Coking coals produced in the United States have an esti-
mated heat content of 26.3 million Btu per ton and rela-
tively low sulfur content of approximately 0.8 percent by
weight [47]. At the other end of the spectrum are
reserves of low-Btu lignite. On a Btu basis, lignite
reserves show considerable variation. Estimates pub-
lished by the International Energy Agency for 2007 indi-
cate that the average heat content of lignite in major
producing countries varies from a low of 5.9 million Btu
per ton in Greece to a high of 13.1 million Btu per ton in
Canada [48].
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Chapter 5
Electricity

World electricity generation increases by 87 percent from 2007 to 2035
in the IEO2010 Reference case. Non-OECD countries account for

61 percent of world electricity use in 2035.

Overview

World net electricity generation increases by an average
of 2.3 percent per year from 2007 to 2035 in the IEO2010
Reference case. Electricity supplies an increasing share
of the world’s total energy demand and grows faster
than liquid fuels, natural gas, and coal in all end-use sec-
tors except transportation. From 1990 to 2007, growth in
net electricity generation outpaced the growth in total
energy consumption (1.9 percent per year and 1.3 per-
cent per year, respectively), and the growth in demand
for electricity continues to outpace growth in total
energy use throughout the projection period (Figure 67).

World net electricity generation increases by 87 percent
in the Reference case, from 18.8 trillion kilowatthours in
2007 to 25.0 trillion kilowatthours in 2020 and 35.2 tril-
lion kilowatthours in 2035 (Table 11). Although the
recent economic downturn slowed the rate of growth in
electricity use in 2008 and resulted in no change in elec-
tricity use in 2009, the Reference case projection expects
growth in electricity use to return to pre-recession trend
rates by 2015.

The impact of the recession on electricity consumption
has been felt most keenly in the industrial sector.
Demand in the building sector (the residential and com-
mercial sectors) is less sensitive to changing economic
conditions than it is in the industrial sector, because

Figure 67. Growth in world electric power
generation and total energy consumption,
1990-2035 (index, 1990 = 1)
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people generally continue to consume electricity for
space heating and cooling, cooking, refrigeration, light-
ing, and water heating, even in a recession.

In general, projected growth in OECD countries, where
electricity markets are well established and consump-
tion patterns are mature, is slower than in non-OECD
countries, where a large amount of demand goes unmet
at present. The electrification of historically off-grid
areas plays a strong role in projected growth trends. The
International Energy Agency estimates that 22 percent
of the world’s population did not have access to electric-
ity in 2008—a total of about 1.5 billion people [1].
Regionally, sub-Saharan Africa is worst off: more than
71 percent of the population currently remains without
access to power. With strong economic growth and tar-
geted government programs, however, electrification
can occur quickly. In Vietnam, for example, the govern-
ment’s rural electrification program increased access to
power from 51 percent of rural households in 1996 to 95
percent by the end of 2008 [2].

Non-OECD nations consumed 46 percent of the world’s
total electricity supply in 2007, and their share of world
consumption is poised to increase over the projection
period. In 2035, non-OECD nations account for 61 per-
cent of world electricity use, while the OECD share
declines to 39 percent (Figure 68). Total net electricity

Figure 68. World net electricity generation
by region, 1990-2035 (trillion kilowatthours)
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generation in non-OECD countries increases by an aver-
age of 3.3 percent per year in the Reference case, led by
non-OECD Asia (including China and India), with
annual increases averaging 4.1 percent from 2007 to 2035
(Figure 69). In contrast, net generation among OECD
nations grows by an average of only 1.1 percent per year
from 2007 to 2035.

Figure 69. Non-OECD net electricity generation
by region, 1990-2035 (trillion kilowatthours)
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The Reference case does not include any carbon emis-
sions caps or prices. However, the IEO2010 Reference
case does incorporate national energy policies that are
currently active, such as the European Union’s
“20-20-20” plan and its member states’ nuclear policies;
China’s wind capacity targets; and India’s National
Solar Mission.

The projection for total electricity generation in 2030 is
0.3 percent lower in the IEO2010 Reference case than it
was in last year’s outlook, largely because the impact of
the recession in the near term was more severe than
anticipated in last year’s projection. Compared with
IEO2009, the generation mix in 2030 in IEO2010 also
changes. For example, liquids-fired generation is 11 per-
cent lower than in IEO2009, both natural gas and
coal-fired generation are about 5 percent higher, nuclear
power generation is 9 percent higher, and generation
from renewable sources is 10 percent higher.

Electricity supply by energy source

The mix of primary fuels used to generate electricity
has changed a great deal over the past four decades on
a worldwide basis. Coal continues to be the fuel
most widely used for electricity generation, although

Table 11. OECD and Non-OECD net electricity generation by energy source, 2007-2035

(trillion kilowatthours)

Average annual
percent change,

Region 2007 2015 2020 2025 2030 2035 2007-2035
OECD
Liquids . ................... 0.3 0.3 0.3 0.3 0.3 0.2 -1.0
Naturalgas ................ 2.2 1.9 2.2 2.5 2.9 3.1 1.4
Coal...................... 3.9 3.8 3.8 3.8 4.0 4.2 0.3
Nuclear ................... 2.2 2.4 2.5 2.6 2.7 2.8 1.0
Renewables. ............... 1.6 2.3 2.6 2.9 3.1 3.2 2.5
Total OECD............... 10.1 10.7 114 12.2 12.9 13.6 1.1
Non-OECD
Liquids.................... 0.6 0.6 0.5 0.5 0.5 0.6 -0.2
Naturalgas ................ 1.7 2.2 2.8 3.2 3.6 3.7 2.8
Coal.......... ... ... ... 4.1 51 6.0 7.3 9.0 10.8 3.6
Nuclear ................... 0.4 0.7 1.0 1.3 15 1.7 5.0
Renewables. ............... 1.8 2.7 3.2 3.7 4.3 4.8 3.5
Total Non-OECD. .......... 8.6 11.2 13.6 16.1 18.8 21.6 3.3
World
Liquids.................... 0.9 0.9 0.8 0.8 0.8 0.8 -0.4
Naturalgas ................ 3.9 4.2 5.0 5.8 6.4 6.8 21
Coal ..........oiii. 7.9 8.8 9.8 11.2 12.9 15.0 2.3
Nuclear ................... 2.6 3.1 3.6 3.9 4.2 45 2.0
Renewables................ 3.5 5.0 5.8 6.6 7.3 8.0 3.0
Total World. . ............. 18.8 21.9 25.0 28.3 31.6 35.2 2.3

Note: Totals may not equal sum of components due to independent rounding.
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generation from nuclear power increased rapidly from
the 1970s through the 1980s, and natural-gas-fired gen-
eration grew rapidly in the 1980s and 1990s. The use of
oil for electricity generation has been declining since the
mid-1970s, when oil prices rose sharply.

High fossil fuel prices recorded between 2003 and 2008,
combined with concerns about the environmental con-
sequences of greenhouse gas emissions, have renewed
interest in the development of alternatives to fossil
fuels—specifically, nuclear power and renewable
energy sources. In the IEO2010 Reference case, long-
term prospects continue to improve for generation from
both nuclear and renewable energy sources—supported
by government incentives and by high fossil fuel prices.
Coal and natural gas are the second and third fastest-
growing sources of energy for electricity generation in
the projection (Table 11), but the outlook for coal, in par-
ticular, could be altered substantially by any future
national policies or international agreements that aim to
reduce or limit the growth of greenhouse gas emissions.

Coal

In the IEO2010 Reference case, coal continues to fuel the
largest share of worldwide electric power production by
a wide margin (Figure 70). In 2007, coal-fired generation
accounted for 42 percent of world electricity supply; in
2035, its share increases slightly to 43 percent. Sustained
high prices for oil and natural gas make coal-fired gener-
ation more attractive economically, particularly in
nations that are rich in coal resources, including China
and India. World net coal-fired generation nearly dou-
bles over the projection period, from 7.9 trillion
kilowatthours in 2007 to 15.0 trillion kilowatthours in
2035.

The outlook for coal-fired generation could be altered
substantially by national policies or international agree-
ments to reduce greenhouse gas emissions. The electric

Figure 70. World net electricity generation by fuel,
2006-2030 (trillion kilowatthours)
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power sector offers some of the most cost-effective
opportunities for reducing carbon dioxide emissions in
many countries. Coal is both the world’s most widely
used source of energy for power generation and also the
most carbon-intensive energy source. If a cost, ei