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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)

History Projections

250 -

200 -

Liquids
150 -
Coal
100 _——_’/ Natural gas

50 - Renewables

Nuclear

0
1990 2000 2007 2015 2025 2035

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.
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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

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



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
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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)

150 - .
OElectric Power

OResidential/Commercial

Ml [ndustrial 111
ETransportation

100 92

86 89

50 -

2007 2015 2020 2025 2030 2035

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)

Middle East ‘

West Africa -

m2007
2035
North Africa .
South America F
0 10 20 30 40

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



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 pe