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Preface

The International Energy Outlook 2013 (IEO2013) presents an assessment by the U.S. Energy Information Administration (EIA) of the
outlook for international energy markets through 2040. U.S. projections appearing in IEO2013 are consistent with those published
in EIA's Annual Energy Outlook 2013 (AEO2013) in April 2013. [EO2013 is provided as a service to energy managers and analysts, both
in government and in the private sector. The projections are used by international agencies, federal and state governments, trade
associations, and other planners and decisionmakers. They are published pursuant to the Department of Energy Organization Act of
1977 (Public Law 95-91), Section 205(c).

The IEO2013 energy consumption projections are divided according to Organization for Economic Cooperation and Development
members (OECD)' and non-members (non-OECD). OECD members are divided into three basic country groupings: OECD Americas
(United States, Canada, and Mexico/Chile), OECD Europe, and OECD Asia (Japan, South Korea, and Australia/New Zealand). Non-
OECD countries are divided into five separate regional subgroups: non-OECD Europe and Eurasia (which includes Russia); non-
OECD Asia (which includes China and India); Middle East; Africa; and Central and South America (which includes Brazil). In some
instances, the [E02013 energy production models have different regional aggregations to reflect important production sources (for
example, Middle East OPEC is a key region in the projections for liquids production). Complete regional definitions are listed in
Appendix M.

IEO2013 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 IEO2013 projections are based on U.S. and foreign government laws in
effect on September 1, 2012. The potential impacts of pending 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.

The report begins with a review of world trends in energy demand and the major macroeconomic assumptions used in deriving the
IEO2013 projections, along with the major sources of uncertainty in the projections. For the first time, projections extend through
2040. In addition to the Reference 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. IEO2013 also
includes a High Oil Price case and, alternatively, a Low Qil Price case. The resulting projections—and the uncertainty associated with
international energy projections in general—are discussed in Chapter 1, “World energy demand and economic outlook.”

Projections for energy consumption and production by fuel—petroleum and other liquid fuels, 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 electricity markets—including nuclear power, hydropower, and other marketed renewable energy resources—and presents
projections of world installed generating capacity. New to this year’s outlook, Chapter 6 presents a discussion of energy used in the
buildings sector (residential and commercial). Chapter 7 provides a discussion of industrial sector energy use. Chapter 8 includes
a detailed look at the world's transportation energy use. Finally, Chapter 9 discusses the outlook for global energy-related carbon
dioxide emissions.

Objectives of the IEO2013 projections

The projections in IEO2013 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 business-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 IEO2013 cases generally assume
that current laws and regulations are maintained throughout the projections. Thus, the projections provide policy-neutral
baselines that can be used to analyze international energy markets.

While energy markets are complex, energy models are simplified representations of energy production and consumption,
regulations, and producer and consumer behavior. Projections are highly dependent on the data, methodologies, 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 are random and
cannot be anticipated. In addition, future developments in technologies, demographics, and resources cannot be foreseen
with certainty. Key uncertainties in the IEO2013 projections are addressed through alternative cases.

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

TOECD includes all members of the organization as of September 1, 2012, throughout all time series included in this report. Israel became a member in 2010
and is reported in OECD Europe for statistical reporting purposes.
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Appendix A contains summary tables for the IEO2013 Reference case projections of world energy consumption, GDP, 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 Appendixes 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 delivered energy consumption by end-use sector
and region are presented in Appendix F. Appendix G contains summary tables of projections for world petroleum and other liquids
productionin all cases. Appendix H contains summary tables of Reference case projections for installed electric power capacity by fuel
and regional electricity generation. Appendix | contains summary tables for projections of world natural gas production in all cases.
Appendix J 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 2012 with the IEO2013 projections is presented. Comparisons of the
IE02013 and IEO2011 projections are also presented in Appendix K. Appendix L describes the models used to generate the IEO2013
projections, and Appendix M defines the regional designations included in the report.
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Highlights

The International Energy Outlook 2013 (IEO2013) projects that world energy consumption will grow by 56 percent between
2010 and 2040. Total world energy use rises from 524 quadrillion British thermal units (Btu) in 2010 to 630 quadrillion Btu
in 2020 and to 820 quadrillion Btu in 2040 (Figure 1). Much of the growth in energy consumption occurs in countries outside
the Organization for Economic Cooperation and Development (OECD),? known as non-OECD, where demand is driven by
strong, long-term economic growth. Energy use in non-OECD countries increases by 90 percent; in OECD countries, the
increase is 17 percent. The I[E02013 Reference case does not incorporate prospective legislation or policies that might affect
energy markets.

Renewable energy and nuclear power are the world's fastest-growing energy sources, each increasing by 2.5 percent per year.
However, fossil fuels continue to supply almost 80 percent of world energy use through 2040. Natural gas is the fastest-growing
fossil fuel in the outlook. Global natural gas consumption increases by 1.7 percent per year. Increasing supplies of tight gas, shale
gas, and coalbed methane support growth in projected worldwide natural gas use. Coal use grows faster than petroleum and
other liquid fuel use until after 2030, mostly because of increases in China’s consumption of coal and tepid growth in liquids
demand attributed to slow growth in the OECD regions and high sustained oil prices.

The industrial sector continues to account for the largest share of delivered energy consumption; the world industrial sector still
consumes over half of global delivered energy in 2040. Given current policies and regulations limiting fossil fuel use, worldwide
energy-related carbon dioxide emissions rise from about 31 billion metric tons in 2010 to 36 billion metric tons in 2020 and then
to 45 billion metric tons in 2040, a 46-percent increase.

World economic background

The world is still recovering from the effects of the 2008-2009 global recession.? As these effects continue to be felt, many
unresolved economic issues add to the uncertainty associated with this year's long-term assessment of world energy markets.
Currently, there is wide variation in the economic performance of different countries and regions around the world. Among
the more mature OECD regions, the pace of growth varies but generally is slow in comparison with the emerging economies
of the non-OECD regions. In the United States and Europe, short- and long-term debt issues remain largely unresolved and
are key sources of uncertainty for future growth. Economic recovery in the United States has been weaker than the recoveries
from past recessions, although expansion is continuing. In contrast, many European countries fell back into recession in
2012, and the region’s economic performance has continued to lag. Japan, whose economy had been sluggish before the
devastating earthquake in March 2011, is recovering from
Figure 1. World energy consumption, 1990-2040 its third recession in 3 years. Que§tions about the timing
(quadrillion Btu) and extent of a return to operation for.Japan's nuclgar
) o power generators compound the uncertainty surrounding

1.000 History Projections its energy outlook.

In contrast to the OECD nations, developing non-OECD
economies, particularly in non-OECD Asia, have led the

800 global recovery from the 2008-2009 recession. China
and India have been among the world's fastest growing

600 economies for the past two decades. From 1990 to 2010,
Non-OECD China's economy grew by an average of 10.4 percent per

year and India’s by 6.4 percent per year. Although economic

400 growth in the two countries remained strong through the
global recession, both slowed in 2012 to rates much lower

than analysts had predicted at the start of the year. In 2012,

200 real GDP in China increased by 7.2 percent, its lowest annual
OECD growth rate in 20 years. India’s real GDP growth slowed to

5.5 percent in 2012.

1990 2000 2010 2020 2030 2040 The world's real gross domestic product (GDP, expressed in
purchasing power parity terms) rises by an average of 3.6

20ECD member countries as of September 1, 2012, are the United States, Canada, Mexico, Austria, Belgium, Chile, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Luxembourg, the Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia,
Spain, Sweden, Switzerland, Turkey, the United Kingdom, Japan, South Korea, Australia, and New Zealand. For statistical reporting purposes, Israel is
included in OECD Europe.
3The International Monetary Fund (World Energy Outlook 2008, October 2008, p. 43) defines a global recession to be when the world’s annual gross
domestic product (GDP)—on a purchasing power parity basis—increases by less than 3.0 percent. According to Oxford Economics, world GDP grew by
2.7 percent in 2008, -1.1 percent in 2009, and 4.9 percent in 2010. However, the National Bureau of Economic Research declared that the U.S. recession
began in December 2007 and ended in June 2009.
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percent per year from 2010 to 2040. The fastest rates of growth are projected for the emerging, non-OECD regions, where
combined GDP increases by 4.7 percent per year. In the OECD regions, GDP grows at a much slower rate of 2.1 percent per year
over the projection, owing to more mature economies and slow or declining population growth trends. The strong growth in non-
OECD GDP drives the fast-paced growth in future energy consumption projected for these nations.

In addition to concerns about the pace of world economic growth, other events have added further uncertainty to this year's
energy outlook. Political unrest in several North African and Middle Eastern nations has persisted, most notably in Syria, but
elsewhere as well. A number of the countries that experienced political transition as a result of the Arab Spring revolutions,
including Egypt, Tunisia, and Yemen, have struggled to establish stability. In addition, the sanctions imposed on Iran as a result of
its nuclear program have dampened the country’s growth outlook. Unrest in the Middle East has been one reason that oil prices
have been in the range of $90 to $130 per barrel* well into 2013. The Brent crude oil spot price averaged $112 per barrel in 2012,
and EIA's July 2013 Short-Term Energy Outlook projects averages of $105 per barrel in 2013 and $100 per barrel in 2014. With
prices expected to increase in the long term, the world oil price in real 2011 dollars reaches $106 per barrel in 2020 and $163 per
barrel in 2040 in the IEO2013 Reference case.

High sustained oil prices can affect consumer demand for liquid fuels, encouraging the use of less energy or alternative forms
of energy, but also encouraging more efficient use of energy. Energy efficiency improvements are anticipated in every end-use
sector, with global liquids intensity—liquid fuels consumed per dollar of GDP—declining (improving) by 2.6 percent per year
from 2010 to 2040. However, some of the greatest potential for altering the growth path of energy use is in the transportation
sector. The U.S. transportation sector provides a good example of this potential to change future liquids consumption. More
stringent U.S. vehicle fuel economy standards offset growth in transportation activity, resulting in a decline in the country’s use
of petroleum and other liquids over the projection. Improving vehicle fuel economy standards will likely be adopted throughout
most of the world, helping to moderate future growth in liquids consumption.

World energy markets by fuel type

In the long term, the IEO2073 Reference case projects increased world consumption of marketed energy from all fuel sources
through 2040 (Figure 2). Fossil fuels are expected to continue supplying much of the energy used worldwide. Although liquid
fuels—mostly petroleum-based—remain the largest source of energy, the liquids share of world marketed energy consumption
falls from 34 percent in 2010 to 28 percent in 2040, as projected high world oil prices lead many energy users to switch away
from liquid fuels when feasible. The fastest growing sources of world energy in the Reference case are renewables and nuclear
power. In the Reference case, the renewables share of total energy use rises from 11 percent in 2010 to 15 percent in 2040, and
the nuclear share grows from 5 percent to 7 percent.

Liquid fuels

World use of petroleum and other liquid fuels® grows from 87 million barrels per day in 2010 to 97 million barrels per day in 2020

and 115 million barrels per day in 2040. In the Reference case, all the growth in liquids use is in the transportation and industrial
sectors. In the transportation sector, in particular, liquid fuels

Figure 2. World energy consumption by fuel type, continue to provide most of the energy consumed. Although
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5In IE02013, the term petroleum and other liquid fuels includes a full array of liquid product supplies. Petroleum liquids include crude oil and lease
condensate, natural gas plant liquids, bitumen, extra-heavy oil, and refinery gains. Other liquids include gas-to-liquids, coal-to-liquids, kerogen,
and biofuels.
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refinery gains), and other liquid fuels (coal-to-liquids [CTL], gas-to-liquids [GTL], biofuels, and kerogen). The Reference case
assumes that countries in the Organization of the Petroleum Exporting Countries (OPEC) will invest in incremental production
capacity in order to maintain a 39-43 percent share of total world liquids production through 2040, consistent with their share
over the past 15 years. Increasing volumes of petroleum from OPEC producers contribute 13.8 million barrels per day to the
total increase in world liquids production, and petroleum supplies from non-OPEC countries add another 11.5 million barrels
per day (Figure 3).

Nonpetroleum liquids resources from both OPEC and non-OPEC sources grow on average by 3.7 percent per year over the
projection period, but they remain a relatively minor share of total liquids supply through 2040. Production of nonpetroleum
liquids is supported by sustained high prices in the Reference case; however, their development also relies heavily on country-
specific regulatory policies. World production of nonpetroleum liquids, which in 2010 totaled only 1.6 million barrels per day
(less than 2 percent of total world liquids production), increases to 4.6 million barrels per day in 2040, about 4 percent of total
world liquids production. The largest components of future nonpetroleum liquid fuels production are biofuels in Brazil and the
United States, at 0.7 and 0.5 million barrels per day, respectively, and CTL in China, at 0.7 million barrels per day. Those three
countries account for 64 percent of the total increase in nonpetroleum liquids supply over the projection period.

Advances in technology make liquids production in previously inaccessible regions increasingly feasible, while higher oil prices
make production in those regions economically viable. An important example of the potential impact of technological advances
is the rapid growth of U.S. shale oil production in recent years, a development that has the potential to change the structure
of oil markets worldwide. Although the extent of the world's shale oil resources is not yet fully understood, there is potential
for shale oil production to increase non-OPEC supplies of liquid fuels substantially over the course of the IEO2013 projection. A
study commissioned by EIA to assess shale oil resources in 41 countries outside the United States,® taken in conjunction with
EIA's own assessment of resources within the United States, indicate worldwide technically recoverable resources of 345 billion
barrels of shale oil resources, which would add considerable non-OPEC liquid fuels production potential if the resources became
economically competitive with other sources of liquids supply.

Natural gas

World natural gas consumption increases by 64 percent in the Reference case, from 113 trillion cubic feet in 2010 to 185 trillion
cubic feet in 2040. Although the global recession resulted in an estimated decline of 3.6 trillion cubic feet in natural gas use
in 2009, robust demand returned in 2010 with an increase of 7.7 trillion cubic feet, or 4 percent higher than demand in 2008,
before the downturn. Natural gas continues to be the fuel of choice for the electric power and industrial sectors in many of the
world's regions, in part because of its lower carbon intensity compared with coal and oil, which makes it an attractive fuel source
in countries where governments are implementing policies to reduce greenhouse gas emissions. In addition, it is an attractive
alternative fuel for new power generation plants because of relatively low capital costs and the favorable heat rates for natural
gas generation. The industrial and electric power sectors together account for 77 percent of the total projected world increase
in natural gas consumption.

Figure 3. World petroleum and other liquids Figure 4. World increase in natural gas production by
production, 2010-2040 (million barrels per day) country grouping, 2010-2040 (trillion cubic feet)
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U.S. Energy Information Administration, Technically Recoverable Shale Oil and Shale Gas Resources: An Assessment of 137 Shale Formations in 41 Countries
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An outlook for strong growth in reserves and production contributes to the strong competitive position of natural gas among
other energy sources. Significant changes in natural gas supplies and global markets continue. The largest production increases
from 2010 to 2040 in the Reference case (Figure 4) occur in non-OECD Europe and Eurasia (18.9 trillion cubic feet), the OECD
Americas (15.9 trillion cubic feet), and the Middle East (15.6 trillion cubic feet). The United States and Russia each increase
natural gas production by around 12 trillion cubic feet, together accounting for nearly one-third of the total increase in world gas
production. Russia’s production growth is supported mainly by increasing exploitation of the country’s resources in the Arctic
and eastern parts of the country. U.S. production growth comes mainly from shale resources.

Although there is more to learn about the extent of the world's tight gas, shale gas, and coalbed methane resource base, the
I[EO2013 Reference case projects a substantial increase in those supplies—especially in the United States, Canada, and China.
In the United States, one of the keys to increasing natural gas production has been advances in the application of horizontal
drilling and hydraulic fracturing technologies, which made it possible to develop the country’s vast shale gas resources and
contributed to a near doubling of total U.S. technically recoverable natural gas resource estimates over the past decade. In the
Reference case, shale gas accounts for 50 percent of U.S. natural gas production in 2040. Tight gas, shale gas, and coalbed
methane resources in Canada and China account for more than 80 percent of their total domestic production in 2040 in the
Reference case.

World natural gas trade, both by pipeline and by shipment in the form of liquefied natural gas (LNG), is poised to increase
in the future. LNG accounts for a growing share of world natural gas trade in the Reference case, more than doubling from
about 10 trillion cubic feet in 2010 to around 20 trillion cubic feet in 2040. Most of the increase in liquefaction capacity is in
Australia and North America (the United States and Canada), where a multitude of new liquefaction projects are expected to be
developed, many of which will become operational within the next decade. At the same time, existing facilities in North Africa
and Southeast Asia have been underutilized or are shutting down as a result of production declines at older fields associated
with the liquefaction facilities, and because domestic natural gas consumption is more highly valued than exports.

Although LNG trade has grown at a faster rate than pipeline trade in recent years, pipeline transportation of natural gas remains
an integral part of world natural gas trade in the IEO2013 Reference case. The outlook includes several new long-distance
pipelines and expansions of existing infrastructure through 2040. The largest volumes of internationally traded natural gas by
pipeline currently occur between Canada and the United States, and among a number of OECD and non-OECD countries in
Europe. By the end of the projection period, the [EO2013 Reference case also includes large volumes of pipeline flows into China
from both Russia and Central Asia.

Coal

In the I[E02013 Reference case, which does not include prospective greenhouse gas reduction policies, coal remains the
second-largest energy source worldwide. World coal consumption rises at an average rate of 1.3 percent per year, from 147
quadrillion Btu in 2010 to 180 quadrillion Btu in 2020 and 220 quadrillion Btu in 2040. The near-term expansion of coal
consumption reflects significant increases in China, India, and other non-OECD countries. In the longer term, growth of coal
consumption decelerates as policies and regulations encourage the use of cleaner energy sources, natural gas becomes more
economically competitive as a result of shale gas development, and growth of industrial use of coal slows, largely as a result of
China's industrial activities. Coal consumption is dominated by China (47 percent), the United States (14 percent), and India
(9 percent), with those three countries together accounting for 70 percent of total world coal consumption in 2010. Their
share of world coal use increases to 75 percent in 2040 in

Figure 5. World coal consumption by country the Reference case (Figure 5)

grouping, 2010-2040 (quadrillion Btu)
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and reflecting the same expansion in the near term, followed by much slower growth in later years. Global coal production is
concentrated among four countries—China, the United States, India, and Australia—and in the other countries of non-OECD
Asia (mainly Indonesia). Their combined share of total world coal production increases in the IEO2013 Reference case from 78
percent in 2010 to 81 percent in 2040. China alone accounted for 44 percent of global coal production in 2010, and its share
peaks at 52 percent in 2030. Projected coal production is significantly different from region to region, ranging from sustained
growth in China to limited growth in the United States to steady decline in OECD Europe.

Electricity

World net electricity generation increases by 93 percent in the IEO2013 Reference case, from 20.2 trillion kilowatthours in 2010
to 39.0 trillion kilowatthours in 2040. In general, the growth of electricity demand in the OECD countries, where electricity
markets are well established and consumption patterns are mature, is slower than in the non-OECD countries, where at present
many people do not have access to electricity. Total net electricity generation in non-OECD countries increases by an average of
3.1 percent per year in the Reference case, led by non-OECD Asia (including China and India), where annual increases average
3.6 percent from 2010 to 2040. In contrast, total net generation in the OECD nations grows by an average of 1.1 percent per year
from 2010 to 2040.

In many parts of the world, concerns about security of energy supplies and the environmental consequences of greenhouse
gas emissions have spurred government policies that support a projected increase in renewable energy sources. As a result,
renewable energy sources are the fastest growing sources of electricity generation in the [EO20173 Reference case, at 2.8 percent
per year from 2010 to 2040. After renewable generation, natural gas and nuclear power are the next fastest growing sources of
generation, each increasing by 2.5 percent per year. Although coal-fired generation increases by an annual average of only 1.8
percent over the projection period, it remains the largest source of world power generation through 2040 (Figure 6). The outlook
for coal, however, could be altered substantially by any future national policies or international agreements aimed at reducing or
limiting the growth of greenhouse gas emissions.

Almost 80 percent of the projected increase in renewable electricity generation is fueled by hydropower and wind power. The
contribution of wind energy, in particular, has grown rapidly over the past decade, from 18 gigawatts of net installed capacity at
the end of 2000 to 183 gigawatts at the end of 2010—a trend that continues into the future. Of the 5.4 trillion kilowatthours of
new renewable generation added over the projection period, 2.8 trillion kilowatthours (52 percent) is attributed to hydroelectric
power and 1.5 trillion kilowatthours (28 percent) to wind. Most of the growth in hydroelectric generation (82 percent) occurs in
the non-OECD countries, and more than half of the growth in wind generation (52 percent) occurs in the OECD countries. High
construction costs can make the total cost of building and operating renewable generators higher than those for conventional
plants. The intermittence of wind and solar energy, in particular, can further hinder the economic competitiveness of those
resources, as they are not necessarily available when they would be of greatest value to the system. However, improving battery
storage technology and dispersing wind and solar generating facilities over wide geographic areas could help to mitigate some
of the problems associated with intermittency over the projection period.

Electricity generation from nuclear power worldwide increases from 2,620 billion kilowatthours in 2010 to 5,492 billion
kilowatthours in 2040 in the IEO20173 Reference case, as concerns about energy security and greenhouse gas emissions support
the development of new nuclear generating capacity. Factors underlying the IEO2013 nuclear power projections include the
consequences of the March 2011 disaster at Fukushima Daiichi, Japan; planned retirements of nuclear capacity in OECD Europe
under current policies; and continued strong growth of

Figure 6. World net electricity generation by energy nuclear power in non-OECD Asia

source, 2010-2040 (trillion kilowatthours)
Japan significantly curtailed its nuclear generation as

40 a direct result of the Tohoku earthquake and related
tsunami on March 11, 2011. In addition to the four damaged

Coal Fukushima Daiichi reactors, Japan's 50 other nuclear

30 reactors were shut down over the following 14 months.

Japan compensated for the loss of nuclear generation by
increasing its generation from natural gas, oil, and coal and
by implementing efficiency and conservation measures
to reduce load. Two reactors have returned to service,
and additional reactors are expected to return to service
Nuclear soon. In the [EO2013 Reference case, fossil fuel generation

20 Natural gas

10 and conservation continue to bridge the gap left by the
Hydropower shutdown of many of Japan’'s nuclear plants.
Nonhydropower The Fukushima Daiichi disaster could have long-term

0 }renewables implications for the future of world nuclear power

2010 2015 2020 2025 2030 2035 2040 Liquids development in general. Even China—where large increases

U.S. Energy Information Administration | International Energy Outlook 2013 5



in nuclear capacity have been announced and are anticipated in the IEO2073 Reference case—halted approval processes for
all new reactors until the country’s nuclear regulator completed a safety review. Germany and Switzerland announced plans
to phase out or shut down their operating reactors by 2022 and 2034, respectively. Although the /EO2013 Reference case
considered the impacts of the disaster at Fukushima Daiichi, the uncertainty associated with nuclear power projections for Japan
and for the rest of the world has increased. Still, substantial increases in nuclear generating capacity are projected, including 149
gigawatts in China, 47 gigawatts in India, 31 gigawatts in Russia, and 27 gigawatts in South Korea (Figure 7).

World delivered energy use by sector

This section discusses delivered energy consumption in the buildings, industrial, and transportation sectors. Energy losses
associated with electricity generation and transmission are not included in the consumption numbers.

Residential and commercial buildings

World residential energy use increases by 1.5 percent per year, from 52 quadrillion Btu in 2010 to 82 quadrillion Btu in 2040, in
the IEO2013 Reference case. Much of the growth in residential energy consumption occurs in non-OECD nations, where robust
economic growth improves standards of living and increases demand for residential energy. One factor contributing to increased
demand in non-OECD nations is the trend toward replacing nonmarketed energy sources (including wood and waste, which are
not fully included in the energy demand totals shown in the IEO) with marketed fuels, such as propane and electricity, for cooking
and heating. Non-OECD residential energy consumption rises by 2.5 percent per year, compared with the much slower rate
of 0.4 percent per year for OECD countries, where patterns of residential energy use already are well established, and slower
population growth and aging populations translate to smaller increases in energy demand.

Globally, IEO2013 projects average growth in commercial energy use of 1.8 percent per year through 2040, with the largest
share of growth in non-OECD nations. OECD commercial energy use expands by 0.9 percent per year. Slow expansion of GDP
and low or declining population growth in many OECD nations contribute to slower anticipated rates of growth in commercial
energy demand. In addition, continued efficiency improvements moderate the growth of energy demand over time, as relatively
inefficient equipment is replaced with newer, more efficient stock.

In the non-OECD nations, economic activity and commerce increase rapidly over the 2010-2040 projection period, fueling
additional demand for energy in the service sectors. Total delivered commercial energy use among non-OECD nations grows by
3.2 percent per year from 2010 to 2040 in the Reference case. Population growth also is expected to be more rapid than in the
OECD countries, resulting in increased needs for education, health care, and social services and the energy required to provide
them. In addition, as developing nations mature, they are expected to transition to more service-related enterprises, which will
increase demand for energy in the commercial sector.

Industrial

Worldwide, industrial energy consumption grows from 200 quadrillion Btu in 2010 to 307 quadrillion Btu in 2040 in the
Reference case. The industrial sector accounted for most of the 2008-2009 recession-induced reduction in world energy use in
2009, primarily because the impact of substantial cutbacks in manufacturing was more pronounced than the impact of marginal
reductions in energy use in other sectors. Non-OECD
economies account for about 86 percent of the world increase

Figure 7. World operating nuclear power generation in industrial sector energy consumption in the Reference
capacity by country grouping, 2010 and 2040 case (Figure 8). Rapid economic growth is projected for the
(gigawatts) non-OECD countries, accompanied by rapid growth in their
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for 63 percent of the total increase in world liquids consumption. Thus, understanding the development of transportation energy
use is key in assessing future trends in demand for liquid fuels.

Sustained high world oil prices throughout the projection are partly the result of a strong increase in demand for transportation
fuels, particularly in the emerging non-OECD economies, where income growth and demand for personal mobility, combined
with rapid urbanization, will have the greatest impact on growth in world transportation energy use. In the [EO2013 Reference
case, non-OECD transportation energy use grows by 2.2 percent per year from 2010 to 2040, and the non-OECD share of world
demand for transportation liquids reaches 60 percent by the end of the projection (Figure 9). China, in particular, leads the
projected global growth in transportation liquids demand, more than tripling its consumption from 8 quadrillion Btu in 2010 to
26 quadrillion Btu by 2040. In 2010, China's transportation energy use was only one-third of that in the United States; in 2040,
China is projected to consume about the same amount of energy for transportation as the United States.

High oil prices and the economic recession had more profound impacts in the OECD economies than in the non-OECD economies.
OECD energy use for transportation declined by 2.0 percent in 2008, followed by a further decrease of 3.1 percent in 2009,
before recovering to 0.8-percent growth in 2010. Indications are that high world oil prices and slow recovery from the recession,
with Japan and several key OECD economies falling back into recession in 2012, will mean that OECD transportation energy
demand will continue to grow slowly in the near- to mid-term. In addition, demand for transportation liquids in OECD countries

will be tempered by policies aimed at instituting strong

energy efficiency improvements. Over the projection period,

Figure 8. World industrial sector delivered energy OECD transportation energy use declines by an average of
consumption, 2010-2040 (quadrillion Btu) 0.1 percent per year.
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used in analysis of changes in carbon dioxide emissions, and Figure 11. OECD and non-OECD carbon intensities,
it is sometimes used as a stand-alone measure for tracking 1990-2040 (metric tons carbon dioxide emitted per
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Chapter 1
World energy demand and economic outlook

Overview

In the IEO2013 Reference case, world energy consumption increases from 524 quadrillion Btu in 2010 to 630 quadrillion Btu in
2020 and 820 quadrillion Btu in 2040, a 30-year increase of 56 percent (Figure 12 and Table 1). More than 85 percent of the
increase in global energy demand from 2010 to 2040 occurs among the developing nations outside the Organization for Economic
Cooperation and Development (non-OECD), driven by strong economic growth and expanding populations. In contrast, OECD
member countries are, for the most part, already more mature energy consumers, with slower anticipated economic growth and
little or no anticipated population growth.”

Many economic and geopolitical circumstances add considerable uncertainty to any long-term assessment of world energy
markets. Currently, there is wide variation in the economic performance of different countries and regions around the world. Among
the more mature OECD regions, the pace of growth varies but generally is slow in comparison with the emerging economies of the
non-OECD. In the United States and Europe, short- and long-term debt issues remain largely unresolved and are key sources of
uncertainty for future growth. Economic recovery in the United States has been weaker than the recoveries from past recessions,
although expansion is continuing. In contrast, many European countries fell back into recession in 2012, and the region’s economic
performance has continued to lag. Japan, whose economy had been sluggish before the devastating earthquake in March 2017,
is recovering from its third recession in 3 years [7]. Questions
about the timing and extent of a return to operation for
(quadrillion Btu) Japan's nuclear power generators compound the uncertainty
History Projections surrounding its energy outlook.

Figure 12. World total energy consumption, 1990-2040
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Table 1. World energy consumption by country grouping, 2010-2040 (quadrillion Btu)

Average annual
percent change

Region 2010 2015 2020 2025 2030 2035 2040 2010-2040
OECD 242 244 255 263 269 276 285 0.5
Americas 120 121 126 130 133 137 144 0.6
Europe 82 82 85 89 91 93 95 0.5
Asia 40 41 43 44 45 46 46 0.5
Non-OECD 282 328 375 418 460 501 535 2.2
Europe and Eurasia 47 50 53 57 61 65 67 1.2
Asia 159 194 230 262 290 317 337 2.5
Middle East 28 33 37 39 43 46 49 1.9
Africa 19 20 22 24 27 31 35 21
Central and South America 29 31 33 35 39 42 47 1.6
World 524 572 630 680 729 777 820 1.5

“For consistency, OECD includes all members of the organization as of September 1, 2012, throughout all the time series included in this report. For
statistical purposes, Israel is reported as part of OECD Europe in [EO2013. See Appendix M for the complete list of regional definitions used in [EO2013.
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India continue to lead both world economic growth and energy demand growth. Since 1990, energy consumption in both countries
as a share of total world energy use has increased significantly; together, they accounted for about 10 percent of total world energy
consumption in 1990 and nearly 24 percent in 2010. From 2010 to 2040, their combined energy use more than doubles in the
Reference case, and they account for 34 percent of projected total world energy consumption in 2040. China, which recently
became the world's largest energy consumer, is projected to consume more than twice as much energy as the United States in
2040 (Figure 13).

The IE02013 Reference case assumes that global gross domestic product (GDP) rises by an average of 3.6 percent per year from
2010 to 2040, with non-OECD economies averaging 4.7 percent per year and OECD economies 2.1 percent per year. Future energy
consumption growth is driven by non-OECD demand. Whereas energy use in non-OECD nations was 16 percent greater than that
in OECD nations in 2010, the non-OECD economies are projected to consume 47 percent more energy than the OECD economies
in 2020 and 88 percent more in 2040 (Figure 14).

While energy use in non-OECD Asia (led by China and India) rises by 112 percent from 2010 to 2040, strong growth in energy
use is also projected for much of the rest of the non-OECD region (Figure 15). With fast-paced growth in population and access
to ample domestic resources, energy demand increases by 76 percent in the Middle East over the projection period, by 85
percent in Africa, and by 62 percent in Central and South America. The slowest projected growth among the non-OECD regions

is for Europe and Eurasia, which includes Russia and the other

Figure 13. Energy consumption in the United States, former Sov'iet republics,‘at 42 pgrcent from 2010 t'o 2040,
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Figure 14. World energy consumption, 1990-2040
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Figure 15. Non-OECD energy consumption by country
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8In IE02013, the term petroleum and other liquid fuels includes a full array of liquid product supplies. Petroleum liquids include crude oil and lease
condensate, natural gas plant liquids, bitumen, extra-heavy oil, and refinery gains. Other liquids include gas-to-liquids, coal-to-liquids, kerogen,
and biofuels.
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oil prices support expanded use of nuclear power and renewable energy over the projection. Government policies and incentives
improve the prospects for non-fossil forms of energy in many countries around the world in the outlook.

Fossil fuels continue to supply most of the world's energy throughout the IEO2013 Reference case projection. In 2040, liquid fuels,
natural gas, and coal still supply more than three-fourths of total world energy consumption. Petroleum and other liquid fuels
remain the largest source of energy, but their share of world marketed energy consumption declines from 34 percent in 2010 to
28 percent in 2040. On a worldwide basis, liquids consumption increases only in the industrial and transportation sectors while
declining in the buildings and electric power sectors. The decrease in the use of liquid fuels in the residential, commercial, and
power sectors is a result of rising world oil prices, which result in switching from liquids to alternative fuels where possible. In
contrast, the use of liquids in the transportation sector continues to increase despite rising prices. World liquids consumption for
transportation grows by 1.1 percent per year from 2010 to 2040 and accounts for 63 percent of the total projected net increment
in liquid fuel use. The industrial sector accounts for the remainder of the increase, growing by 1.2 percent per year over the course
of the projection.

In the IEO2013 Reference case, the world's total natural gas consumption increases by 1.7 percent per year on average, from 113
trillion cubic feet in 2010 to 132 trillion cubic feet in 2020 and 185 trillion cubic feet in 2040. Increasing supplies of natural gas,
particularly from shale formations in the United States and Canada, and eventually elsewhere as well, help to supply global markets.
A substantial portion of China's future natural gas production is projected to come from tight gas, shale gas, and coalbed methane.
In the future, advances in the application of the horizontal drilling and hydraulic fracturing technologies that have contributed to
the rapid increase in U.S. natural gas production in recent years are applied in other parts of the world. As a result, natural gas
prices remain below oil prices on an energy content basis, supporting the projected worldwide growth in gas consumption. Over
the projection period, natural gas demand increases in all end-use sectors, with the largest increments in the electric power and
industrial sectors (Figure 17). Worldwide, natural gas consumption for electric power generation increases by nearly 80 percent
from 2010 to 2040, while natural gas consumption in the industrial sector increases by 58 percent. Those two sectors account for
77 percent of the net increase in global natural gas use over the projection period.

Coal continues to play an important role in world energy markets, especially in non-OECD Asia, where the combination of fast-
paced economic growth and large domestic resources supports growth in coal demand. World coal consumption increases by an
average 1.3 percent per year on average from 2010 to 2040, while coal use in non-OECD Asia increases by 1.9 percent per year.
World coal consumption grew by 59 percent from 2000 to 2010, largely because of China's rapidly growing energy demand. In
China alone, coal consumption tripled over the 2000-2010 period. Coal accounted for 23 percent of world energy consumption in
2000, compared to a 38-percent share for liquids. In 2010, the gap had narrowed substantially, with the coal share at 28 percent
and the liquids share at 34 percent. 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—consumes coal in place of more expensive fuels in the outlook. In
2030, coal and liquid fuels account for equal shares of world energy consumption at around 29 percent. After 2030, China's use
of coal for steel and cement production slows and then declines, and the coal share of world energy use declines to 27 percent in
2040 (compared to a 28-percent share for the liquid fuels).

Electricity consumption by end users grows faster than their use of other delivered energy sources in the Reference case, as has
been true for the past several decades. Net electricity generation worldwide rises by 2.2 percent per year on average from 2010 to
2040. The strongest growth in electricity generation is projected for non-OECD countries, where electricity generation increases
by an average of 3.1 percent per year in the Reference case, as rising standards of living increase demand for home appliances

Figure 16. World energy consumption by fuel type, Figure 17. World natural gas consumption by end-use
1990-2040 (quadrillion Btu) sector, 2010-2040 (trillion cubic feet)
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and electronic devices, and commercial services, including hospitals, schools, office buildings, and shopping malls, expand. In the
OECD nations, where infrastructures are more mature and population growth is relatively slow or declining, the projected growth
in power generation averages 1.1 percent per year from 2010 to 2040.

Coal provides the largest share of world electricity generation throughout the Reference case projection, although its share
declines from 40 percent of total generation in 2010 to 36 percent in 2040 (Figure 18). The liquids share of total generation also
falls in the Reference case, as other fuels are substituted for high-priced liquids in the power generation sector where possible.
The liquids share of total generation falls from 5 percent in 2010 to slightly less than 2 percent in 2040. Natural gas and renewable
energy sources account for increasing shares of total generation. The natural gas share of global generation grows from 22
percent in 2010 to 24 percent in 2040, and the renewable share increases from 21 percent to 25 percent. Renewable generation
(including hydropower) is the world's fastest-growing source of electric power in the IEO2013 Reference case, rising by an average
of 2.8 percent per year and outpacing the average annual increases for natural gas (2.5 percent), nuclear power (2.5 percent),
and coal (1.8 percent). Government policies and incentives throughout the world support the rapid construction of renewable
generation facilities.

Worldwide, hydroelectricity and wind are the two largest contributors to the increase in global renewable electricity generation,
with hydropower accounting for 52 percent of the total increment and wind 28 percent. The mix of the two renewable energy
sources differs dramatically between the OECD and non-OECD regions. In OECD nations, most economically exploitable
hydroelectric resources already have been developed. Except in a few cases—notably, Canada and Turkey—there are few
opportunities to expand large-scale hydroelectric power projects. Instead, most renewable energy growth in OECD countries
is expected to come from nonhydroelectric sources, especially 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 the Reference case, more than 70 percent of the projected growth in
OECD renewable energy sources is attributed to nonhydroelectric renewables (Figure 19).

In the non-OECD nations, hydroelectric power is the predominant source of renewable energy growth, accounting for 63 percent
of the total increment in non-OECD renewable energy use over the projection. 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 80 percent of the total increase in non-OECD hydroelectric generation from 2010 to 2040. Growth
rates for wind-powered electricity generation also are relatively high in non-OECD countries. China has one of the fastest growing
non-OECD regional markets for wind power, with projected total generation from wind power plants increasing from 45 billion
kilowatthours in 2010 to 637 billion kilowatthours in 2040, at an average rate of 9.3 percent per year. In China, where wind
generation accounted for 6 percent of total renewable generation in 2010, its share grows to 26 percent in 2040.

Electricity generation from nuclear power worldwide increases from 2.6 trillion kilowatthours in 2010 to 5.5 trillion kilowatthours in
2040 inthe IEO2013 Reference case, as concerns about energy security and greenhouse gas emissions support the development of
new nuclear generating capacity. In addition, world average capacity utilization rates have continued to rise over time, from about
68 percent in 1980 to about 80 percent in 2011. The projections assume that most of the older nuclear power plants now operating
in OECD countries and in non-OECD Eurasia will be granted extensions to their operating licenses.

Figure 18. World net electricity generation by energy Figure 19. World electricity generation from renewable
source, 2010-2040 (trillion kilowatthours) energy sources, 2010 and 2040 (billion kilowatthours)
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°A 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 specified premium price, in order to allow renewable energy
sources to overcome cost disadvantages.
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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. In many countries, concerns about plant safety, radioactive waste disposal, and the
proliferation of nuclear waste materials may hinder plans for new installations. The March 2011 disaster at Japan's Fukushima
Daiichi nuclear power plant could have long-term implications for the future of world nuclear power development in general.
Following the disaster, Germany and Switzerland announced plans to phase out or shut down their operating reactors by 2022
and 2034, respectively [3]. China—where plans for large increases in nuclear capacity have been announced and are included
in the IEO2013 Reference case projection—instituted a temporary moratorium on new approvals for nuclear power construction
that lasted 20 months before it was lifted at the end of October 2012 [4]. Clearly, the uncertainty associated with nuclear power
projections for Japan and for the rest of the world has increased following the events of March 2011.

Inthe IEO2013 Reference case, 86 percent of the world expansion in installed nuclear power capacity occurs in non-OECD countries,
with China, India, and Russia accounting for the largest increment in world net installed nuclear power from 2010 to 2040 (Figure
20). China adds 149 gigawatts of nuclear capacity between 2010 and 2040 in the Reference case, India 47 gigawatts, and Russia
31 gigawatts. Within the OECD, installed nuclear capacity increases to some extent in almost every region. The extent to which
governments in Europe and Japan might withdraw their support for nuclear power is uncertain, but some countries have already
revised their nuclear policies after the Fukushima Daiichi disaster. Germany and Switzerland have adopted plans to phase out
nuclear power. However, Turkey and Poland are moving forward with plans to install new nuclear capacity, and France, which relies
heavily on nuclear power, continues to support its use [5].

In the United States, Title XVII of the Energy Policy Act of 2005 authorizes the U.S. Department of Energy to issue loan guarantees
for innovative technologies that “avoid, reduce, or sequester greenhouse gases.” In addition, subsequent legislative provisions in
the Consolidated Appropriation Act of 2008 allocated $18.5 billion in guarantees for nuclear power plants [6]. In the [EO20173
Reference case, U.S. nuclear power capacity increases from 101 gigawatts in 2010 to a high of 114 gigawatts in 2025, before
declining to 109 gigawatts in 2036, largely as a result of plant retirements. New additions in the later years of the projection bring
U.S. nuclear capacity back up to 113 gigawatts in 2040.

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 transportation sector, which at present is dominated by liquid fuels, the mix of energy use in the
residential, commercial, and industrial sectors varies widely by region, depending on a combination of regional factors, such as the
availability of energy resources, levels of economic development, and political, social, and demographic factors.

10

Residential and commercial sectors

Energy consumed in the buildings sector is divided between residential and commercial end users and accounts for nearly one-
quarter of the total delivered energy consumed worldwide. In the IEO2013 Reference case, total world energy consumption in buildings
increases from 81 quadrillion Btu in 2010 to 131 quadrillion Btu in 2040, an average annual growth rate of 1.6 percent per year.

Energy use in the residential sector is defined as the energy
consumed by households, excluding transportation uses.”
In the residential sector, energy is used for heating, cooling,

Figure 20. World nuclear electricity generation
capacity, 2010, 2020, and 2040 (gigawatts)

OECD Americas lighting, water heating, and many other appliances and
equipment. Income levels and energy prices influence the
OECD Europe %8;8 ways in which energy is consumed in the residential sector,
2040 as do various other factors, such as location, building and
Japan household characteristics, weather, equipment types and
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and amounts of energy use by households can vary widely
China within and across regions and countries.

. In the IEO2013 Reference case, energy use in homes accounts

Russia . .
for about 14 percent of world delivered energy consumption
India in 2040. World residential energy consumption increases by
57 percent from 2010 to 2040, mainly as a result of growing
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ODelivered energy consumption in the end-use sector consists of primary energy consumption and retail sales of electricity, excluding electrical system
energy losses.

Total delivered energy use in the residential and commercial sectors includes electricity, natural gas, liquid fuels, and coal. Although renewable energy
use in the electric power sector is reported for most countries, data on the direct end use of renewable energy outside the United States can be mixed
and inconsistent. As a result, the IEO2013 projections do not include international renewable energy consumption in the end-use sectors.
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percent per year in the OECD countries (Figure 21). China and India continue to lead world growth in residential energy demand in
the projection, as a result of rapid economic and population growth. In 2040, their combined residential energy use is almost three
times their 2010 total and accounts for nearly 31 percent of total world residential energy consumption.

The commercial sector—often referred to as the service sector or the services and institutional sector—consists of businesses,
institutions, and organizations that provide services, encompassing many different types of buildings and a wide range of activities
and energy-related services. Examples of commercial sector facilities include schools, stores, correctional institutions, 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 traffic lights and city water and sewer services, is also categorized as commercial energy
use. The commercial sector accounted for nearly 8 percent of total world delivered energy consumption in 2010. In the IEQ2013
Reference case, commercial energy use grows by an average of 1.8 percent per year from 2010 to 2040.

Slow expansion of GDP and low or declining population growth in many OECD nations contribute to slow rates of increase in
commercial energy demand in the Reference case. In addition, continued efficiency improvements moderate the growth of energy
demand over time, as less efficient 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. Among the OECD nations, delivered energy consumption
in the commercial sector increases by 0.9 percent per year from 2010 through 2040, more than twice the rate projected for the
residential sector.

In the 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 the OECD countries, increasing 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 service-related
enterprises, which increases the demand for energy in the commercial sector. The energy needed to fuel growth in commercial
buildings will be substantial, and total delivered commercial energy use among non-OECD nations grows by 3.2 percent per year
from 2010 to 2040 in the Reference case, more than three times as fast as the growth of commercial sector energy demand in the
OECD nations (Figure 22).

Industrial sector

The industrial sector encompasses manufacturing, agriculture, mining, and construction—and a wide range of activities, such as
processing and assembly, space conditioning, and lighting. Industrial energy use also includes natural gas and petroleum products
used as feedstocks for the production of non-energy products, such as plastics and fertilizer. 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. The industrial sector consumed 52 percent of global delivered energy in 2010, and its energy consumption grows by
an average of 1.4 percent per year from 2010 to 2040 in the [EO2013 Reference case.

Industrial sector energy use in the non-OECD economies increases by 1.8 percent per year in the Reference case, compared
with 0.6 percent per year in the OECD economies (Figure 23). The gap in growth rates reflects both faster anticipated economic
expansion outside the OECD and differences in the composition of industrial sector production. Industrial operations in the OECD
economies generally are more energy-efficient than those in the non-OECD economies, and the mix of industrial output is more

Figure 21. World residential sector delivered energy Figure 22. World commercial sector delivered energy
consumption, 2010-2040 (quadrillion Btu) consumption, 2010-2040 (quadrillion Btu)
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heavily weighted toward non-energy-intensive industry sectors. On average, industrial energy intensity (the amount of energy
consumed in the industrial sector per dollar of economic output) in non-OECD countries is triple that in OECD countries.

In 2010, liquids made up 38 percent of industrial energy use in OECD countries, compared with 23 percent in non-OECD countries,
and coal represented 12 percent of OECD industrial energy use, compared with 34 percent in non-OECD countries. Of the five
industrial fuel categories (renewables, electricity, natural gas, coal, and petroleum and other liquid fuels), petroleum and other
liquid fuels are dominant in the OECD nations throughout the projection, due to continued significant growth in the use of natural
gas liquids in the chemical sector in both the United States and the European Union and the use of motor fuels in agriculture and
construction. Coal is the dominant fuel in the non-OECD countries, due in part to China’s continuing heavy reliance on accessible
and relatively inexpensive domestic coal resources for use in its steel and cement industries.

In the Reference case projection, there are some shifts in the overall industrial fuel mix for both OECD and non-OECD regions. From
2010 to 2040, as liquid fuel and feedstock prices remain at relatively high levels, industrial liquids use in OECD countries grows
much more slowly than GDP. In addition, rising coal prices and structural shifts in the OECD industrial sector as a whole result in
slow growth of coal use for industrial processes. Both coal and liquid fuels are slowly displaced by growing industrial demand for
natural gas, electricity, and renewable energy sources (largely biomass). As a result, the liquids share of OECD delivered industrial
energy consumption falls slightly, from 38 percent in 2010 to 37 percent in 2040, while the natural gas share increases from 27
percent to 29 percent. In the OECD countries, the electricity share of industrial energy use remains flat through 2040, while the
renewable share increases from 7 percent to 8 percent. In the non-OECD countries, there is a slight shift away from liquids and coal
use in the industrial sector, with natural gas and electricity showing small gains as a share of total industrial energy consumption.

Transportation sector

Energy use in the transportation sector includes energy consumed in moving people and goods by road, rail, air, water, and
pipeline. The transportation sector accounted for 26 percent of total world delivered energy consumption in 2010, and
transportation energy use increases by 1.1 percent per year from 2010 to 2040 in the [EO2013 Reference case. The growth in
transportation energy demand is largely a result of increases projected for the non-OECD nations, where fast-paced gains in
GDP raise standards of living and, correspondingly, the demand for personal travel and freight transport to meet consumer
demand for goods. Non-OECD transportation energy use increases by 2.3 percent per year, compared with an average decrease
of 0.1 percent per year decrease in the OECD nations, where consuming patterns are already well established, and slower growth
of national economies and populations coupled with vehicle efficiency improvements keeps transportation energy demand from
increasing (Figure 24).

The road transport component of transportation energy use 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 and trends in vehicle fuel efficiency are the key
factors in transportation energy demand. Economic growth spurs increases in industrial output, which requires the movement
of raw materials to manufacturing sites, as well as the movement of manufactured goods to end users. In addition, increasing
demand for personal travel is a primary contributing factor to underlying increases in energy demand for transportation. Increases
in urbanization and in personal incomes also contribute to increases in air travel and motorization (more vehicles per capita) in
the growing non-OECD economies.

Figure 23. World industrial sector delivered energy Figure 24. World transportation sector delivered
consumption, 2010-2040 (quadrillion Btu) energy consumption, 2010-2040 (quadrillion Btu)
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World economic outlook

Economic growth is among the most important factors to be considered in projecting changes in world energy consumption. In
IEQ2013, 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. World economic growth has fluctuated substantially in recent
years, with the global economy contracting by 1.1 percent in 2009 and growing by 4.9 percent in 2010, followed by more modest
growth of 3.8 percent in 2011 and 2.8 percent in 2012. Such fluctuations are assumed to stabilize in the Reference case projection.

From 2010 to 2040, real world GDP growth averages 3.6 percent (on a purchasing power parity basis)'? in the Reference case
(Table 2). The growth rate slows over the period, peaking at 4.0 percent between 2015 and 2020 and declining to 3.5 percent
between 2020 and 2040. Global economic growth in the Reference case is led by the emerging economies. Real GDP growth from
2010 to 2040 averages 4.7 percent for the non-OECD region, compared with 2.1 percent for the OECD region (Figure 25). Slower
global economic growth after 2020 is primarily a result of slower growth in the emerging economies, particularly China.

OECD economies

From 2010 to 2040, real GDP growth in the OECD region averages 2.1 percent per year (on a purchasing power parity basis) in the

IEO2013 Reference case (Figure 26). In the United States, annual real GDP growth averages 2.5 percent per year from 2010 to 2040
in the Reference case. Growth in the aggregate output of the

Figure 25. World total gross domestic product, U.S. economy depends on increases in the labor force, growth
1990-2040 (trillion 2005 dollars) of capital stock, and improvements in productivity. U.S. labor
150 History 2010 Projections force growth slows over the projection period as the baby boom

generation starts to retire, but projected growth in business
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growth, adding uncertainty to the projections.

0 In the Reference case, Canada’s economic growth averages
1990 2000 2010 2020 2030 2040 2.2 percent per year from 2010 to 2040. Prospects for the
long term are relatively healthy, given Canada’s record of
fiscal prudence and structural reforms aimed at maintaining

Table 2. World gross domestic product by country grouping, 2010-2040 (billion 2005 dollars,
purchasing power parity)

Average annual
percent change

Region 2010 2015 2020 2025 2030 2035 2040 2010-2040
OECD 36,609 40,391 45,572 50,832 56,227 62,328 69,241 21
Americas 15,929 18,079 20,833 23,589 26,663 30,250 34,441 2.6
Europe 14,618 15,589 17,353 19,224 21,002 22,939 25,080 1.8
Asia 6,062 6,723 7,386 8,019 8,563 9,139 9,720 1.6
Non-OECD 33,889 44,750 58,147 73,532 91,870 112,893 135,537 4.7
Europe and Eurasia 4,502 5,463 6,841 8,323 9,918 11,749 13,681 3.8
Asia 18,206 25,623 34,632 45,417 58,549 73,472 89,127 5.4
Middle East 2,292 2,781 3,316 3,662 3,967 4,241 4,427 2.2
Africa 3,963 4,868 6,165 7,732 9,725 12,224 15,348 4.6
Central and South America 4,927 6,016 7,194 8,398 9,711 11,207 12,954 3.3
World 70,498 85,141 103,719 124,364 148,097 175,221 204,779 3.6

2The purchasing power parity exchange rate is the exchange rate at which the currency of one country is converted into that of another country to buy
the same amount of goods and services in each country.
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competitive product markets and flexible labor markets. Canada is, however, heavily reliant on trade with the United States for both
short-term and long-term economic expansion.

From 2010 to 2040, Chile and Mexico are the fastest growing OECD countries, with their combined GDP increasing by an average
of 3.7 percent annually. The two nations are primarily exporters, and as a result their near-term growth is reliant on demand from
other advanced economies, which is projected to increase through 2020 before beginning a slow decline. Short-term and long-
term commodity prices will also affect export revenues in Chile and Mexico, which remain sensitive to fluctuations in exchange
rates with major trading partners, including the United States, countries in OECD Europe, Japan, and China [7]. The two countries
are well positioned for medium- to long-run growth, with expanding working-age populations and lower government debt levels
than other OECD countries.

Debt and demographic changes are common problems among the slower-growing OECD countries. The debt problems have an
effect both in the short term and over the long term, as governments raise taxes and cut spending to lower debt-to-GDP ratios. The
demographic challenges grow stronger in the later years of the projection. Even with those concerns, however, slower-growing OECD
countries still have the advantages of strong institutions and substantial human capital, along with good infrastructure. In OECD
Europe, for example, many countries are carrying high government debt levels and have seen their population growth rates fall. Gross
government debt relative to GDP in countries that use the euro was near 95 percent in 2010, and the region’s working-age population
is or soon will be in decline [8]. In the near term, most European countries will have to deal with the fallout from the European financial
crisis and the ensuing credit issues, which have slowed recent GDP gains and depressed investment, longer term implications for GDP
growth through capital formation. OECD Europe is among the slowest growing regions in the Reference case, with real GDP growth
averaging 1.8 percent per year from 2010 to 2040, compared with 2.2 percent per year for the OECD as a whole.

Like OECD Europe, Japan is dealing with long-term demographic and debt issues. The ratio of gross government debt to GDP in
Japan was nearly 200 percent in 2010,” and the working-age population is declining [9]. The new administration of Shinto Abe
has pledged to undertake fiscal policy measures and press for expansionary monetary policy in order to stimulate economic growth
[710], but it will be difficult for Japan to sustain higher economic growth in the medium to long term, given the decreasing number
of working-age people (between 15 and 65 years old), which will cause the labor force to begin declining over the next decades
[17]. The Reference case projection for economic growth in Japan is the lowest among the OECD regions, at 0.6 percent per year.

In contrast to Japan, South Korea is one of the fastest growing OECD economies currently and throughout the Reference case
projection. The country recovered quickly from the 2008-2009 global economic crisis,'* with real GDP increasing by 6.3 percent
in 2010 and 3.6 percent in 2011, though slowing to 2.2 percent in 2012 [12]. With its relatively low government debt, South Korea
is well placed for medium- to long-run growth, although its labor force growth is projected to slow in the short term. In the longer
term, South Korea's economic growth is supported by a flexible labor market and an accelerating shift from companies owned
and managed by families to shareholder-controlled companies. Consequently, capital investment remains a large component of
market-driven real GDP growth [13]. In the IEO2013 Reference case, South Korea's GDP expands by an average of 3.3 percent per
year from 2010 to 2040.

In Australia and New Zealand, long-term prospects are also

relatively healthy, given their consistent track records of

fiscal prudence and structural reforms aimed at maintaining
! competitive product markets and flexible labor markets.
Geographically, the two countries are well positioned to
benefit from export market opportunities in the emerging
Asian countries, although their aging populations may be one
barrier to higher rates of economic growth in the medium
to long term. In the Reference case, the combined GDP of
Australia and New Zealand grows by an average of 2.2 percent
per year from 2010 to 2040.

Figure 26. OECD real gross domestic product growth
rates, 2010-2040 (average annual percent change)
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Real GDP growth from 2010 to 2040 in the non-OECD region
as a whole averages 4.7 percent per year in the IEQ2013

Japan Reference case (Figure 27). Investment, exports, and the
prospects for higher commodity prices support GDP increases

in the near term, although slower growth in advanced
economies and potential for inflation are a concern. In the
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3A large portion of Japanese government debt is held by domestic residents, which is not necessarily the case in other highly indebted countries.

The International Monetary Fund (World Energy Outlook 2008, October 2008, p. 43) defines a global recession to be when the world’s annual gross
domestic product (GDP)—on a purchasing power parity basis—increases by less than 3.0 percent. According to Oxford Economics, world GDP grew by
2.7 percent in 2008, -1.1 percent in 2009, and 4.9 percent in 2010. However, the National Bureau of Economic Research declared that the U.S. recession
began in December 2007 and ended in June 2009.
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medium-to-long term, population growth, the potential for technological advancement, and lower debt levels help to support faster
economic expansion in the non-OECD countries. Achieving these faster rates will require additional infrastructure investment and
improvements in regulatory and financial institutions.

India has the world's fastest growing national economy in the IEO2013 Reference case, averaging 6.1 percent per year from 2010
to 2040, even though its economic growth has been subdued recently, with household spending tepid, investment slower, and
inflation a greater concern than in the past [14]. In the medium term, however, recently announced reforms should help to improve
the economic environment if they are fully implemented [15]. Accelerating additional structural reforms—such as ending regulatory
impediments to the consolidation of labor-intensive industries, labor market and bankruptcy reforms, and agricultural and trade
liberalization—remain essential over the longer term.

China saw its economic growth accelerate in 2011 after a slowdown that began in 2010. Supportive developments included retail
sales and industrial production growth, and increases in exports as the economies of major trading partners experienced recovery
[16]. Many structural issues remain, however, with implications for China’s economic growth over the mid- to long term, including
the pace of reform affecting inefficient state-owned companies and a banking system that is carrying a significant amount of
nonperforming loans. Development of China's domestic capital markets continues in the Reference case, providing macroeconomic
stability and ensuring that its large domestic savings are used more efficiently. China's economic expansion slows substantially
toward the end of the projection period as a result of demographic factors related to its aging population and shrinking work force.
From 2070 to 2030, China's real GDP grows by 6.6 percent per year in the Reference case but slows to an average of 4.0 percent
per year from 2030 to 2040.

Many of the other economies of non-OECD Asia have benefited from trade ties with, and are largely dependent on, China. For
those that depend on exports (including Hong Kong, Indonesia, Singapore, and Taiwan), China's strong economic rebound is likely
to support growth in the near term. Many also trade heavily with the United States, Japan, and OECD Europe, however, meaning
that their economic performance is intertwined with demand from the advanced economies. In the long term, growth prospects in
non-OECD Asia remain favorable. Excluding China and India, real GDP in non-OECD Asia is projected to grow by an average of 4.3
percent per year from 2010 to 2040.

In Russia, short-term economic growth is more reliant on consumer spending than is the case for many other commodity-
exporting countries, and investment is also important [17]. Russia also remains highly reliant on revenue from energy exports to
support economic growth [18]. Structural reforms, particularly to labor markets and state-owned enterprises, will be important for
Russia to generate long-term growth. The country also faces challenges related to the continuing shrinkage of its labor force and
population [19]. In the IEO2013 Reference case, Russia's economy grows by an average of 2.8 percent per year from 2010 to 2040.

Exports also are an important component of GDP for the countries of Central Europe and the Balkans, especially given their large fiscal
deficits. Since late-2007, it has also been more difficult for banks and other entities in non-OECD Europe and Eurasia to gain access to
foreign loans, as many lending institutions have restricted cross-border loans [20], which has lowered investment levels and may also
affect future productivity. The effects have been softened somewhat by higher world market prices for commodity exports, but given
the volatility of energy market prices, 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.

Brazil's economic performance in 2012 was disappointing,

Figure 27. Non-OECD real gross domestic product mainly because of falling investment, despite improvement in
growth rates, 2010-2040 (average annual percent the country’s trade balance. Further improvement in the trade
change) balance is expected in the near term, which in combination with

a resurgence in investment spending by firms and continuing
employment gains should raise the country's GDP [27].
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supports the region’s economic growth prospects. Real GDP in non-OECD Central and South America (excluding Brazil) increases
by an average of 3.2 percent per year from 2010 to 2040 in the AEO2013 Reference case.

In Africa, economic prospects for different countries vary widely across the continent. Oil exporters in northern Africa and most
of sub-Saharan Africa continue to grow strongly. 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 international investors, protracted civil unrest and political disturbances, and the impacts of
various diseases—present formidable obstacles to the economies of a number of African countries. In the IEO2013 Reference case,
Africa’s combined real GDP increases by 4.6 percent per year on average from 2010 to 2040.

The slowest growing non-OECD region is the Middle East, where the average annual growth rate is 2.2 percent over the projection
period. The Middle East region is challenged by continuing geopolitical instability that discourages foreign investment, as well
as heavy reliance on commodity exports for economic growth. 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 benefited from spillover effects
on trade, tourism, and financial flows from the region’s oil exports [22]. In the short run, with relatively high world oil prices and
rebounding demand for the region’s export commodities, prospects for economic growth remain favorable. However, the medium
to long term presents many challenges. Political turmoil and domestic unrest threaten to depress consumer confidence and
investment. Demographic issues and the dependence of many Middle East countries on commodity exports for growth also are
key challenges for regional economic growth prospects, with reliance on oil and natural gas revenues continuing through much
of the projection period.

Sensitivity analyses in JEO2013

Alternative economic growth cases

Expectations for future rates of economic growth are a major source of uncertainty in the [EO2013 projections. To illustrate the
uncertainties associated with economic growth trends, IEO2013 includes a High Economic Growth case and a Low Economic
Growth case in addition to the Reference case. The two alternative growth cases use different assumptions about future economic
growth paths, while maintaining the oil price path of the IEO2013 Reference case.

In the High Economic Growth case, real GDP in the OECD region increases by 2.3 percent per year from 2010 to 2040, as compared
with 2.1 percent per year in the Reference case. In the non-OECD region—where uncertainty about future growth is higher than in
the developed OECD economies, the High Economic Growth case assumes GDP growth of 5.2 percent per year, or 0.5 percentage
points higher than in the Reference case. In the Low Economic Growth case, OECD GDP increases by 1.9 percent per year, or 0.3
percentage points lower than in the Reference case. GDP growth in the non-OECD region is assumed to average 4.1 percent per
year, or 0.6 percentage points lower than in the Reference case.

In the Reference case, world energy consumption totals 820 quadrillion Btu in 2040—285 quadrillion Btu in the OECD countries
and 535 quadrillion Btu in the non-OECD countries. In the High Economic Growth case, world energy use in 2040 is 946 quadrillion
Btu—127 quadrillion Btu (about 63 million barrels oil equivalent per day) higher than in the Reference case. In the Low Growth
Case, total world energy use in 2040 is 733 quadrillion Btu—87 quadrillion Btu (about 43 million barrels oil equivalent per day)
lower than in the Reference case. Thus, the projections for 2040 in the High and Low Economic Growth cases span a range of
uncertainty equal to 213 quadrillion Btu, equivalent to 41 percent of total world energy consumption in 2010 (Figure 28).

Figure 28. World energy consumption in three Alternative oil price cases

economic growth cases, 2010 and 2040 (quadrillion Btu) Expectations for ‘futul"e world oil priceg are anothgr major
2040 source of uncertainty in the IEO2013 projections. To illustrate
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on four key factors: the economics of non-OPEC petroleum
600 Non-OECD liquids supply; OPEC investment and production decisions;
the economics of other liquids supply; and world demand
for petroleum and other liquids. Each case represents one
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200 — OECD In the Reference case, real oil prices (in 2011 dollars) rise
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maintain their share at 39 to 43 percent of the global liquid fuels market. In the Reference case, OECD consumption of petroleum
and other liquids increases from 46.0 million barrels per day in 2010 to 46.4 million barrels per day in 2040, and non-OECD
consumption of petroleum and other liquids increases from 40.7 million barrels per day to 68.6 million barrels per day.

In the Low Oil Price case, crude oil prices are $75 per barrel (2011 dollars) in 2040. GDP growth in the non-OECD countries
averages 4.3 percent per year from 2010 to 2040, compared with Reference case growth of 4.7 percent per year. A combination
of lower economic activity and lower prices results in non-OECD liquid fuel consumption in 2040 that is very close to that in
the Reference case. In contrast, economic growth in the OECD regions is the same in the Low Oil Price case as in the Reference
case, and lower prices encourage consumers to use more liquid fuels. On the supply side, OPEC countries increase their output
above the Reference case level in the Low Qil Price case, obtaining a 51-percent share of total world petroleum and other liquids
production by 2040. Oil production in the non-OPEC countries is lower than in the Reference case, however, because their more
expensive resources cannot be brought to market economically.

In the High Oil Price case, oil prices reach $237 per barrel (2011 dollars) in 2040. GDP growth in the non-OECD countries averages
5.1 percent per year from 2010 to 2040 in the High Oil Price case, as compared with Reference case growth of 4.7 percent per
year. With higher economic activity, non-OECD liquids consumption increases to 74.9 million barrels per day in 2040, 6.3 million
barrels per day higher than in the Reference case. The increase is only partially offset by a decline in OECD liquids demand as
consumers improve efficiency or switch to less expensive fuels where possible. On the supply side, oil production in the OPEC
countries is lower in the High Price case, and their market share declines to between 37 percent and 39 percent. However, higher
world oil prices allow non-OPEC countries to raise production from more costly resources, and their petroleum production is 65.7
million barrels per day in 2040, or 4.0 million barrels per day higher than in the Reference case. The economics of nonpetroleum
liquids also benefit from the higher prices, and non-OPEC production totals 8.0 million barrels per day in 2040, or 3.5 million
barrels per day higher than in the Reference case. Across the three price cases, OPEC production generally decreases, while non-
OPEC petroleum production and other liquids production increase, when oil prices increase.
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Chapter 2
World petroleum and other liquid fuels

Overview

In the IEO2013 Reference case, worldwide consumption of petroleum and other liquid fuels increases from 87 million barrels per
day in 2010 to 97 million barrels per day in 2020 and 115 million barrels per day in 2040, notwithstanding steadily rising oil prices
after 2020. Led by the emerging economies of the non-OECD regions, rapid economic development drives the increase in world
consumption, as demand among the more mature economies of the OECD regions remains flat or declines. Almost 80 percent
of the increase in total liquids consumption is in the nations of non-OECD Asia and the Middle East, where strong income growth
and, in the case of the Middle East, access to ample and relatively inexpensive domestic resources, support the increase in demand
(Figure 29).

Systemic changes in both production and consumption patterns transform global markets for petroleum and other liquids markets
over the projection period. To satisfy rising demand, liquids production increases by 28.3 million barrels per day from 2010 to
2040 in the Reference case, including production of both petroleum (crude oil and lease condensate, natural gas plant liquids
[NGPL], bitumen, extra-heavy oil, and refinery gains) and other liquid fuels (coal-to-liquids [CTL], gas-to-liquids [GTL], biofuels,
and kerogen) (Figure 30 and Table 3). In the Reference case, a sustained rise in world oil prices after 2020 incentivizes the
development of additional petroleum resources through technically difficult and expensive projects, the more widespread use
of enhanced oil recovery (EOR) technologies, and the economical development of bitumen, extra-heavy oil, and nonpetroleum
alternative resources.

In the [EO2013 Reference case, OPEC member nations provide just under one-half of the growth in world liquids supply from 2010
to 2040. Middle East OPEC liquids production rises by 12.0 million barrels per day over the projection, or 85 percent of OPEC's
additional output of 14.1 million barrels per day. Non-OPEC production is 14.3 million barrels per day higher in 2040 than in 2010.
The most significant non-OPEC contributors to production growth are Brazil, Canada, the United States, and Kazakhstan (Figure
31), which together account for 87 percent of the total increase in non-OPEC liquids supply.

Prospects for growth in petroleum and other liquid fuels production in the Americas are particularly strong, reflecting contributions
from deepwater pre-salt resources in Brazil, bitumen in Canada, and tight oil in the United States. The result is a net gain in non-
OPEC production from the Americas of 7.2 million barrels per day by 2025—an increase that balances liquids production with
consumption in the hemisphere as demand growth is tempered by efficiency gains, especially in the U.S. transportation sector. In
the [EO2013 Reference case, the Americas become a net exporter of liquids by the end of the projection period. There is potential
for even more production growth in the Americas from both the United States, as discussed in the Annual Energy Outlook 2013
(AE02013) High Oil and Gas Resource case,” and from OPEC's Venezuela, which has large reserves of extra-heavy oil but does
not aggressively develop new fields under the current policies assumption of the [EO2013 Reference case. U.S. production of liquid
fuels surpasses that of Russia by 2015. There are a number of factors (including accounting conventions for how liquid fuels are
measured) that determine the timing, extent, and significance of such a development.'®

Figure 29. Change in world liquids consumption by Figure 30. World liquid fuels production by region
region, 2010-2040 (million barrels per day) and type, 1990-2040 (million barrels per day)
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>For a full discussion of the High Oil and Gas Resource case, see “Oil price and production trends in AEO2013" and "U.S. reliance on imported liquid fuels
in alternative scenarios” in EIA's Annual Energy Outlook 2013, DOE/EIA-0383(2013) (Washington, DC: April 2013), pp. 30-39.

'6See also “Could the United States become the leading global producer of liquid fuels, and how much does it matter to U.S. and world energy markets?”
in EIA's This Week in Petroleum (December 19, 2012), http:/www.eia.gov/oog/info/twip/twiparch/2012/121219/twipprint.html.
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Nonpetroleum liquid resources remain a small but increasing source of liquids supply in the [EO20173 Reference case. Production of
nonpetroleum liquids, such as biofuels, CTL, and GTL, is spurred by sustained high prices in the Reference case (Figure 32). However,
biofuels development also relies heavily on country-specific programs or mandates [23]. World production of nonpetroleum
liquids, which in 2010 totaled only 1.6 million barrels per day (less than 2 percent of total world liquids production), increases to
4.6 million barrels per day in 2040, when it accounts for about 4 percent of total world liquids production.

In addition to summarizing the Reference case projection for liquid fuels, this chapter discusses alternative low and high oil price
cases. It also provides a discussion of several special topics, including interdependence of production levels for major Persian Gulf
suppliers, markets for NGPL, and the possible impact of tight oil on the global supply balance.

Table 3. World liquid fuels production in the Reference case, 2010-2040 (million barrels per day)

Average annual
percent change,

Source 2010 2020 2025 2030 2035 2040 2010-2040
OPEC 34.9 38.4 40.0 42.5 45.7 48.9 1.1
Petroleum liquids 34.8 38.2 39.7 42.2 454 48.7 1.1
Coal-to-liquids 0.0 0.0 0.0 0.0 0.0 0.0 -
Gas-to-liquids 0.0 0.2 0.3 0.3 0.3 0.3 12.5
Kerogen 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 -
Non-OPEC* 51.8 58.2 60.3 61.9 63.7 66.0 0.8
Petroleum liquids 50.2 55.8 57.5 58.6 59.9 61.7 0.7
Coal-to-liquids 0.2 04 0.7 1.0 1.2 1.2 6.7
Gas-to-liquids 0.1 0.1 0.2 0.2 0.2 0.3 5.2
Kerogen 0.0 0.0 0.0 0.0 0.0 0.0 --
Biofuels® 1.3 2.1 2.3 2.5 2.7 2.9 2.7
World 86.6 96.6 100.2 104.4 109.4 115.0 0.9
Petroleum liquids 85.1 94.0 97.2 100.9 105.3 110.4 0.9
Coal-to-liquids 0.2 0.4 0.7 1.0 1.2 1.2 6.7
Gas-to-liquids 0.1 0.4 0.4 0.5 0.5 0.6 7.3
Kerogen 0.0 0.0 0.0 0.0 0.0 0.0 --
Biofuels® 1.3 1.8 2.0 2.2 24 2.8 2.6

Includes crude oil and lease condensate, NGPL, bitumen (oil sands), extra-heavy oil, and refinery gain.

PEthanol volumes are reported on a gasoline-equivalent basis.

“Includes some U.S. petroleum product stock withdrawals, domestic sources of blending components, other hydrocarbons, and ethers.

Figure 31. Non-OPEC liquids production by region
and country, 2010 and 2040 (million barrels per day)
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Figure 32. World nonpetroleum liquids production by
type, 2010 and 2040 (million barrels per day)
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Crude oil prices

The world oil price paths used in the IEO2013 analyses represent a long-term balance between supply and demand. They do not
reflect the price volatility that occurs over days, months, or years. As a frame of reference, over the past two decades, volatility
within a single year has averaged about 30 percent.

After experiencing exceptional volatility during the 2008 financial crisis, when prices ranged from a high of $144 per barrel in
July (daily spot price of Brent crude'” in nominal dollars) to a low of $34 per barrel in December, oil prices have moved in a range
between $90 and $130 per barrel over the past 30 months. Unrest in North Africa and the Middle East, along with prospects for
improved economic growth in the years that followed the global recession of 2008-2009, have helped keep prices relatively high.
The Brent crude oil spot price averaged $112 per barrel in 2012, and the July 2013 Short-Term Energy Outlook forecasts that it will
average $105 per barrel in 2013 and $100 per barrel in 2014 [24].

Inthe IE02013 Reference case, world oil prices reach $106 per barrel (real 2011 dollars) in 2020 and $163 per barrel in 2040 (Table
4 and Figure 33). The Reference case represents current judgment regarding exploration and development costs and accessibility of
oil resources. It also assumes that OPEC producers maintain their share of the market and will schedule investments in incremental
production capacity so that OPEC's oil production will represent between 39 and 43 percent of the world's total petroleum and
other liquids production over the projection period. In this case, OECD consumption of petroleum and other liquids is virtually flat
between 2010 and 2040, while non-OECD consumption increases by 28 million barrels per day over the same period.

IEO2013 also presents High and Low Qil Price cases as alternatives to the Reference case. The price cases were developed by
adjusting four key factors: (1) the economics of non-OPEC petroleum liquids supply; (2) OPEC investment and production decisions;
(3) the economics of other liquids supply; and (4) economic growth in non-OECD countries, a key driver of petroleum and other
liquids demand. The three price paths are consistent with those presented in EIA's AEO2013 [25].

In the Low Oil Price case, crude oil prices are $75 per barrel (2011 dollars) in 2040. GDP growth in the non-OECD countries
averages 4.3 percent per year from 2010 to 2040, compared with Reference case growth of 4.7 percent per year. A combination
of lower economic activity and lower prices results in non-OECD liquid fuel consumption in 2040 that is close to that in the

Table 4. Brent crude oil prices in three cases, Reference casg (Figure 34). In f:ontrast, ecor]onjic growth in
2010-2040 (2011 dollars per barrel) the OECD regions is the same in the Low Oil Price case and
the Reference case, and lower prices encourage consumers to
Year Reference Low Oil Price High Qil Price use more liquid fuels.
2010 81 81 81 On the supply side, OPEC countries increase their output
2015 96 79 134 above the Reference case level in the Low Oil Price case,
2020 106 69 155 obtaining a 51-percent share of total world petroleum and
2075 117 20 173 other liquids productlpn l?y 2040. However, oil production in
the non-OPEC countries is lower than in the Reference case,
2030 130 2 192 because their more expensive resources cannot be brought to
2035 145 73 213 market economically.
2040 163 75 237
Figure 33. World oil prices in three cases, 1990-2040 Figure 34. World liquids consumption in three oil
(2011 dollars per barrel, Brent crude oil) price cases, 2010 and 2040 (million barrels per day)
250 History 2010 Projections 80

OECD
Non-OECD

200 / 60
ﬁh Oil Price
150 ~

40

IaN Reference

100 ‘
/\/ \ 20
Low Qil Price
50
\/\/\_/ .

0 i . : . 2010 Low Oil Price  Reference  High Oil Price
1990 2000 2010 2020 2030 2040 2040

The benchmark oil price in I[E02013 is based on spot prices for Brent crude oil (commonly cited as Dated Brent in trade publications), an international
benchmark for light sweet crude oil.
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In the High Oil Price case, oil prices are about $237 per barrel (2011 dollars) in 2040. GDP growth in the non-OECD region averages
5.1 percent per year from 2010 to 2040, compared with Reference case growth of 4.7 percent per year. Higher economic activity
means that non-OECD liquids consumption reaches 74.9 million barrels per day in 2040, 6.3 million barrels per day higher than in
the Reference case (Figure 34), with the increase only partially offset by a decline in OECD liquids demand as consumers improve
efficiency or switch to less expensive fuels where possible.

On the supply side, liquids production in the OPEC countries is lower in the High Price case, allowing their market share to decline
to between 37 and 39 percent. However, higher world oil prices allow non-OPEC countries to increase production from more
costly resources. Their petroleum production is 65.7 million barrels per day in 2040, 4.0 million barrels per day higher than in
the Reference case. The economics of nonpetroleum liquids also benefit from the higher prices, with production increasing to 8.0
million barrels per day in 2040, 3.5 million barrels per day higher than in the Reference case. Across the three price cases, OPEC
generally decreases production as oil prices rise, while non-OPEC production of both petroleum and other liquids increases as oil
prices increase (Figure 35).

World liquids consumption

In the IEO2013 Reference case, world liquids consumption increases by about one-third (28 million barrels per day), from almost
87 million barrels per day in 2010 to 115 million barrels per day in 2040. Petroleum and other liquids remain the world's dominant
fuel source through the projection period, although their share of global primary energy consumption falls. Virtually all global
liquids demand growth comes from non-OECD countries (Figure 36), as strong economic growth increases consumption in the
transportation and industrial sectors. The non-OECD share of world liquid fuels use rises from 47 percent in 2010 to 52 percent
in 2020 and nearly 60 percent in 2040. The growth in non-OECD liquids demand is led by the countries of non-OECD Asia
(particularly, China and India). Non-OECD Asia accounts for almost 70 percent of the increase in global liquids demand, rising
by more than 19 million barrels per day from 2010 to 2040. Demand growth in China and India surpasses the combined liquids
demand growth of the rest of the world.

Rising prices for liquids increase the cost-competitiveness of other fuels, leading many users of liquids outside the transportation
and industrial sectors to switch to other sources of energy when possible. The transportation and industrial sectors account for 92
percent of global liquid fuels demand in 2040, whereas in every other end-use sector the consumption of liquid fuels decreases on
a worldwide basis over the projection period.

OECD

In the IEO2013 Reference case, OECD petroleum and other liquid fuels consumption is relatively flat throughout the projection,
reaching 46.4 million barrels per day in 2040. In much of the OECD, relatively slow economic growth and static or declining
population levels contribute to declines in liquids consumption. In addition, many OECD governments have adopted policies that
mandate improvements in the efficiency of motor vehicles.

The United States is the largest liquid fuels consuming nation in the OECD, and it remains so through 2040. Over the course of
the projection, increases in vehicle fuel economy offset growth in transportation activity in the United States, resulting in a decline
in the use of petroleum and other liquids even as consumption of liquid biofuels increases. Biofuels, including biodiesel blended
into diesel, E10, E15, and higher ethanol blends used in flex-fueled vehicles, account for 6 percent of all U.S. petroleum and other

Figure 35. World liquid fuels production by region Figure 36. OECD and non-OECD liquids
and type in three oil price cases, 2010 and 2040 consumption by region, 1990-2040
(million barrels per day) (million barrels per day)
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liquids consumption by energy content in 2040. Total liquid fuels consumption in the United States rises from 18.9 million barrels
per day in 2010 to 19.5 million barrels per day in 2020, after which it falls to 18.7 million barrels per day in 2030 and 18.6 million
barrels per day in 2040.

New motor vehicles in Canada and Mexico are likely to experience efficiency trends similar to those in the United States. In Canada,
the result is relatively flat consumption of petroleum and other liquid fuels, at around 2.2 million barrels per day throughout the
projection. In Mexico and Chile combined, liquids consumption rises by 1.3 percent per year, the highest growth among the OECD
regions. Despite improvements in vehicle efficiency, the use of liquid fuels increases in Mexico as a result of strong growth in
transportation activity and industrial demand.

Energy efficiency improvements and reductions in refining activity drive declining liquids use in OECD Europe. In addition to
improvements in motor vehicle efficiency, most nations in OECD Europe have high taxes on motor fuels, well-established public
transportation systems, and declining or slowly growing populations, all of which dampen growth in transportation energy use. In
2040, liquids consumption in OECD Europe totals 14.1 million barrels per day, 0.7 million barrels per day lower than its 2010 level
of 14.8 million barrels per day.

In OECD Asia, liquid fuels consumption remains essentially flat throughout the projection period. Japan's liquids consumption
increased after the shutdown of nuclear power plants that followed the March 2011 earthquake and tsunami—which damaged
reactors at Fukushima Daiichi and led to the shutdown of all Japan's nuclear reactors by May 2012—but that increase in fuel use
had already started to fall in mid-2013. Rising liquids use in South Korea largely offsets the decline in Japan's consumption in the
later years of the Reference case projection.

Non-OECD

The non-OECD share of world liquids consumption grows substantially over time, from 47 percent in 2010 to nearly 60 percent in
2040. Non-OECD Asia is the largest source of growth in worldwide liquids consumption in the IEO2013 Reference case, increasing
by 19.3 million barrels per day from 2010 to 2040 (Figure 37). Within non-OECD Asia, China has the largest absolute growth in
demand from 2010 to 2040 (10.5 million barrels per day), and India has the second largest (5.0 million barrels per day). India has
the fastest regional GDP growth in the IEO2013 Reference case, which translates into the fastest regional growth in liquids demand
(3.1 percent per year), although the absolute growth in India's liquids consumption is smaller than China'’s. In 2010, India’s liquids
fuel use was 35 percent of China’s 9.3 million barrels per day; in 2040 India's liquids consumption is 42 percent of China’s 19.8
million barrels per day.

As China's economy moves from dependence on energy-intensive industrial manufacturing to a more service-oriented economy,
the transportation sector becomes the most important source of growth in liquid fuels use. China more than doubles its liquids
consumption compared with the 2010 level, and it supplants the United States as the world's largest consumer of liquid fuels in
the Reference case after 2035.

In India, petroleum consumption is heavily oriented toward diesel fuel, which represented about 42 percent of product volume
in 2012. Diesel, which is used in transportation, irrigation, manufacturing, and electricity generation, has historically received
significant government subsidies. In an effort to reduce budget and trade deficits, the Indian government raised diesel prices by 14
percent in late 2012, its largest price hike ever [26].

With liquids consumption growth rapidly outpacing
Figure 37. Change in world liquids production and production, non-OECD Asia has increasingly relied on imports

consumption by region, 2010-2040 (million barrels from the Persian Gulf. In 1990, 33 percent of non-OECD Asia's
per day) oil imports came from the Middle East; in 2010, 48 percent

came from the Middle East [27]. This trend will likely continue
OECD Europe in the future, with producers in Russia and Central Asia also
increasing production in the eastern regions of the two
countries to meet new Asian demand.
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In the Middle East, demand for liquids in the electric power sector declines from 2010 to 2040 in the Reference case. Many of the
countries that produce liquids in the region increasingly turn to lower-cost natural gas and, to a lesser extent, nuclear, renewable,
and coal-fired generation, in an effort to increase the volumes of petroleum available for export. Reliance on liquids for electric
power generation in the Middle East declines from more than 40 percent in 2010 to 20 percent in 2040, as total electricity use
increases rapidly across the region.

The countries of non-OECD Europe and Eurasia experience moderate growth in liquid fuels demand before reaching a plateau
in 2020. Russia—the largest economy in the region—currently accounts for the largest share of the region’s liquids use, but its
consumptionincreases more slowly thanin other parts of non-OECD Europe and Eurasia as a result of major efficiency improvements
in the country’s energy-intensive industrial sector. In addition, liquids demand slows over the course of the projection in Russia's
residential and commercial sectors, as fuel subsidies for people living in areas with high heating requirements are reduced [28].

World liquids production

The key drivers of long-run oil supply include oil prices, exploration and development of new and existing reserves, behavior of
key OPEC member countries, technological innovation in the petroleum supply chain, and geopolitical events. In the IE02013
Reference case, the sources of production growth to meet increased global demand for liquid fuels change over time. World liquids
production totals 115.0 million barrels per day in 2040, 28.3 million barrels per day above the 2010 level. The growth in liquids
production in the Reference case comes from a wide range of supply around the world and an increasing supply of more costly
resources, including bitumen, extra-heavy oils, tight oil, and shale oil.

Technological innovation in the petroleum and other liquids supply chain is the key component of the shift to diversified supply
sources. Increases in supply come from new ways of appraising wells, such as 3-D seismicimaging, from new drilling and completion
techniques, such as horizontal drilling and multi-stage hydraulic fracturing, and from better production and transportation process
control for deepwater projects, such as floating vessels for production, storage, and offloading (FPSO).

Advances in technology make production in previously inaccessible regions more feasible, while higher oil prices make production
in those regions economically viable. In the IEO2013 Reference case, global production rises strongly in the Americas, driven by
tight oil plays in United States, oil sands in Canada, and pre-salt deepwater fields in Brazil. At the same time, the rising complexity
of the energy sector increases the costs of oil extraction. Annual capital spending for the industry has more than tripled in the past
10 years, to $550 billion in 2011, while the amount of oil produced per dollar of investment has declined [29].

Regardless of other supply developments that have recently garnered considerable market attention, including tight oil in the
United States and bitumen from oil sands and tar sands in Canada, OPEC petroleum liquids production continues to be critical for
world oil markets. OPEC members contribute 13.8 million barrels per day to the growth of petroleum supplies from 2010 to 2040
in the IEO2013 Reference case. Non-OPEC members contribute 11.5 million barrels per day of the growth in petroleum production
over the same period, and nonpetroleum resources account for another 3.0 million barrels per day of the growth. North America’s
shale gas production and the anticipated growth of associated natural gas production from the Middle East and Asia lead to a
strong increase in the production of natural gas liquid fuels'® (NGL) in the outlook (see box on page 29).

Most of the growth in nonpetroleum resources—such as biofuels, CTL, and GTL—occurs in the non-OPEC countries in the [EO2013
Reference case. High oil prices, improvements in exploration and extraction technologies, emphasis on recovery efficiency, and the

. . emergence and continued growth of other liquids production
Figure 38. OECD and non-OECD Americas net are the primary factors supporting the growth in non-OPEC

impo.rts and exports of liquid fuels, 2010-2040 liquids production in the IE02013 Reference case. OPEC
(million barrels per day) production of nonpetroleum liquids grows by 0.3 million
2 Exports barrels per day from 2010 to 2040—mainly as a result of

increased GTL production from Qatar—while non-OPEC
production of nonpetroleum liquids grows by 2.8 million
barrels per day over the same period.
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to have a significant impact on global liquids trade (Figure
-2 38). Most new developments in Brazil and Canada produce
heavy oil, which is attractive to complex refineries along the
U.S. Gulf Coast and to some of the newer refineries designed
-4 to process heavy oil, which will also receive heavy oil from
existing sources that is displaced from its traditional markets.
In addition, tight oil developments in the United States will

| rt
-6 mports tend to displace light sweet crude imports from Africa, freeing
Middle Eastern and African supplies of light crude oil to meet
growing demand in Asian markets [30].
-8

"®Natural gas liquids (NGL) include both NGPL and refinery production of ethane, propane, butane, and pentanes plus.
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Markets for natural gas liquids

While the dynamics of natural gas and oil supply are shifting across the world and especially in North America with the growth
in tight oil and shale gas production, major changes are also occurring in the global market for NGL. Growing supplies of NGL are
anticipated from North American shale gas production, as well as from Middle East and Asian oil and gas producers and refiners.
The major markets for NGL are residential and commercial heating and cooking, petrochemical feedstocks, gasoline blending, and,
to a smaller extent, transportation fuel, ethanol denaturant, and crude diluent [37].

Growth in shale gas production allowed the United States to become a net exporter of liquefied petroleum gases (LPG), a subset
of NGL'™ in 2012 [32]. American exports of LPG, most of which go to Latin America, are expected to continue. Increased LPG
production is also anticipated in other regions, most notably in the Middle East (which is the largest exporter of LPG) and Asia. In
the Middle East, LPG supplies are expected to increase as natural gas exploration and production ramp up in the coming years [33],
but growth in LPG exports will be moderated by their increased use as petrochemical feedstocks within the region. Extraction of
NGL from gas processing (i.e.,, NGPL) is expected to increase if oil prices maintain their current level or increase, because the prices
for LPG components that can be blended into gasoline, such as butane and pentanes plus (also known as natural gasoline), are
closely linked with the price of crude oil. In Asia, LPG supply growth is driven mostly by increasing refinery throughput, although
increasing natural gas processing in China also is expected to contribute to NGL supply growth in the future [34].

There is a concern that persistently high LPG prices, which traditionally are linked to crude oil prices, could suppress demand
growth, especially in the residential sector [35]. However, recent experience in the United States suggests that growing NGL supply
weaken linkages between NGL and oil prices, particularly for ethane and propane, the lightest NGL components. Propane prices may
separate from the price of heavier NGL components, which could encourage increased residential and commercial use in place of
more expensive distillate fuel oil and also provide some impetus for greater use of LPG in transportation applications. Petrochemical
demand for LPG is already rising as a result of the use of existing plants with access to low-cost LPG feedstocks in preference to
naphtha-based facilities. In addition, the ability of some flexible crackers to switch to LPG feedstock—especially in the United States
and also to a lesser extent in Europe, Asia, and the Middle East—also supports rising LPG demand. In general, imbalances between
NGL supply and demand should ultimately be resolved by increased use of NGL in petrochemical plants (crackers), given prices that
make ethane and possibly other NGL more economically attractive feedstocks than naphtha for the production of ethylene and other
basic chemical compounds. Much of the proposed basic petrochemical cracker capacity in the United States is being built to absorb
excess ethane, rather than propane and butane, which are traditionally the traded LPG components [36].

OPEC supply

Middle East OPEC

The IEO2013 Reference case assumes that OPEC producers invest in incremental production capacity that enables them to provide
between 39 percent and 43 percent of total global liquids production throughout the projection period. Production from Middle
East OPEC countries, which accounted for 68 percent of total OPEC production in 2010, rises by 12.0 million barrels per day in the
Reference case, or 85 percent of OPEC's output growth of 14.1 million barrels per day from 2010 to 2040.

Saudi Arabia, Iran, and Iraq combined have a large share of the world's oil reserves and resources that are relatively easy to produce.
Saudi Arabia, for many decades the only holder of substantial spare oil production capacity, has played a critical role as the major
swing supplier in response to disruptions in other supply sources and to economic fluctuations affecting oil demand. Both Iraq
and Iran have the reserves and other resources needed to raise their capacity and production well above current levels if they can
successfully address some of the internal and external “above-ground” challenges that have kept their respective oil sectors from
realizing their potential for more than 30 years.?? The difficulty in determining the extent to which each of the countries will be
able to overcome the particular hurdles that impede supply growth adds to the challenge of projecting country-specific production
levels in the OPEC Middle East region.

In addition to the usual uncertainties surrounding oil supply projections, producers in the OPEC Middle East region are likely to
continue playing a key role in the balancing of global demand and supply. For this reason, their output levels may be negatively
correlated, as higher realizations of capacity and production in one country will lower the amounts of capacity and production in
other countries that are needed to balance global markets. Future developments, including the development of tight oil resources,
which is a widely discussed topic in the international oil community, have significant potential to affect the reliance on OPEC
liquids supplies and the behavior of key Middle East OPEC producers over the next several decades.

For most countries and organizations, LPG consists of propane and butane, and mixtures of the two are traded on the open waters. NGL encompasses
LPG as well as ethane and pentanes plus. However, EIA’s current definition of LPG does also include ethane.

20Above-ground constraints refer to those nongeological factors that could affect supply, including but not limited to government policies 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.

U.S. Energy Information Administration | International Energy Outlook 2013 29




Saudi Arabia

Saudi Arabia’s oil revenues traditionally have exceeded the amounts required to fund its government expenditures, enabling it to
vary production levels in response to global supply or demand developments over the past 25 years without significant concern
about the revenue implications of such actions. More recently, social and economic programs funded by the Saudi government
have expanded substantially. While Saudi Arabia maintains large financial reserves, revenue needs may become a more important
consideration as the government considers its future responses to a situation of persistent, high growth in supply from other key
OPEC or non-OPEC producers, or a sustained downturn in demand.

Iraq

Irag has established an official oil production target of 12.0 million barrels per day in 2017 [37], a huge increase compared with
its 2012 production level of 3.0 million barrels per day. It is unlikely to come close to reaching that target, which would exceed the
amount of global incremental liquids production needed to meet projected global demand growth to 2017 in the IEO2013 Reference
case. Political disputes and infrastructure limitations are likely to continue hampering output growth in the short run. In addition,
terrorism, the poor investment climate, and other problems could limit Irag’'s production over the projection period. However, if
those problems can be overcome, major improvements in production and export infrastructure could enable Iraq to sustain high
production growth rates through 2040.

Iran

Iran’s liquids production, which reached a peak of 6.1 million barrels per day in 1974, has been well below that level since 1979 [38]. After
averaging an estimated 4.0 million barrels per day from 2001 to 2010, Iran’s production has declined further. A series of international
sanctions targeting Iran’s oil sector have led foreign companies to cancel a number of new projects and upgrades at existing projects.
Iran faces continued depletion of its production capacity, as its fields have relatively high natural decline rates (between 8 and 13
percent per year). Additional factors hampering investment include unfavorable foreign investment requirements, underinvestment,
and gaps in professional expertise and technology for certain projects. U.S. sanctions on financial institutions that handle payments
made for oil exports from Iran, coupled with actions by the European Union to cease imports from Iran and prevent it from accessing
insurance from European Union companies for its oil shipments, caused a further reduction in Iran’s oil exports in 2012. Without some
agreement between Iran and the international community to end the sanctions, it will be increasingly difficult for Iran to maintain its
production, let alone increase it, notwithstanding its endowment of readily accessible resources.

Other Middle East OPEC

Other Middle East OPEC producers make smaller, but important, contributions to supply. For example, nearly all of Kuwait's current
reserves and production are in mature fields, but prospects could improve with the success of Project Kuwait, a plan proposed
in 1998 to attract foreign participation and increase oil production capacity from four northern oil fields: Raudhatain, Sabriya,
al-Ratga, and Abdali. The four fields contain a mix of heavy and light oil resources. Additionally, it may be possible to boost oil
production in Kuwait from the partitioned neutral zone (PNZ) that the country shares with Saudi Arabia, which could hold as much
as 5 billion barrels of oil [39]. Qatar's liquids production is poised to increase over the projection period through the application of
GTL technology, which produces liquid fuels such as low-sulfur diesel and naphtha from natural gas.

In summary, even if the world and regional liquids balances outlined in the IEO2013 Reference case prove to be prescient—itself
a highly uncertain prospect—above-ground factors are likely to play a major role in determining the specific sources of supply
from the OPEC Middle East region over the next 30 years. The box on pages 31-32 discusses some of the alternative scenarios for
Middle East liquids production consistent with regional projections in the Reference case.

African OPEC

West African OPEC production increases to 5.9 million barrels per day in 2040 in the Reference case, from 4.4 million barrels
per day in 2010. Nigeria has increased its output from deepwater fields in recent years, but onshore production has declined as
infrastructure constraints and incidents of oil theft and attacks on pipelines have curbed production growth and are expected to
continue in the near- to mid-term. Angola is expanding its offshore deepwater production and, as relative stability improves, is
likely to develop onshore exploration and production areas as well [40]. Reports indicate that as much as 15,500 square miles
(about 25 percent) of the sub-salt layer of the Kwanza Basin extends onshore [47]. North African OPEC producers Libya and
Algeria experience slower growth than their western counterparts, adding only a combined 0.2 million barrels per day of liquids
production from 2010 to 2040.

South American OPEC

Venezuelais the dominant producer in the South American OPEC, which also includes Ecuador. There are abundant proved reserves
of extra-heavy oil in the Orinoco belt, but bringing those resources to market will require substantial investment, which may be
difficult for Venezuela to attract without some policy changes. In the IEO2013 Reference case, South American OPEC production
increases by only 0.4 percent per year, to 3.3 million barrels per day in 2040.
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Estimates of OPEC Middle East liquids production in alternative scenarios for the major producing countries

There is a great deal of uncertainty attached to long-term projections of global petroleum and other liquids supply. It is clear,
however, that the countries with most of the world's largest and most flexible liquids resources are located within Middle East
OPEC. In particular, Saudi Arabia, Iran, and Irag have large domestic petroleum resources that can be produced at relatively low
cost. Assuming that key OPEC producers persist in efforts to manage world oil prices through supply adjustments, one or more
of the three major producers will function as OPEC's swing supply. There is considerably more uncertainty in projecting country-
specific levels of production, as there are many possible scenarios for future liquids production in Saudi Arabia, Iran, and Iraq.
In this discussion, four alternative scenarios for their liquid fuels production, consistent with their combined production in the
Reference case, are considered.

Inthe IEO2013 Reference case, total OPEC Middle East liquids production increases from 25.4 million barrels per day in 2011to 35.8
million barrels per day in 2040. Using the Reference case assumptions, the implied combined production of Saudi Arabia, Iran,
and Iraq rises from 17.9 million barrels per day in 2011 to 25.1 million barrels per day in 2040 (Figure 39). The following scenarios
are used to demonstrate how widely Saudi Arabia, Iran, and Iraq liquids production could vary, underscoring the uncertainty
associated with the outlook for long-term liquids production in any single country.

Scenario 1: Past as prologue

In this scenario, Saudi Arabia, Iran, and Iraq are assumed to continue to provide the share of their combined petroleum production
that they held in 2011 throughout the projection period. That is, Saudi Arabia supplied 62 percent of the petroleum produced from
the three countries in 2011 and it is assumed to provide 62 percent of the supply from these three countries through 2040. The
result is that Saudi Arabia production rises from 11.1 million barrels per day in 2011 to 15.5 million barrels per day in 2040. Iran’s
share of production from the three countries was 24 percent in 2011 and, in this scenario, its liquids production in 2040 would
reach 5.9 million barrels per day. The remaining 15 percent is ascribed to Irag, and results in 3.7 million barrels per day of liquids
production in 2040. In this business-as-usual scenario Saudi Arabia continues to dominate OPEC Middle East production, and
Irag makes only minimal advances.

Scenario 2: Iraq success

In scenario 2, Iraqg is assumed to be able to restore its petroleum production infrastructure and resolve the many above-ground
issues that have negatively impacted the industry for more than two decades. In this case, Iraq’s production rises to 8.0 million
barrels per day by 2030 and then to 11.0 million barrels per day in 2040, from 2011 production of 2.6 million barrels per day.
The remainder is prorated to Iran and Saudi Arabia based upon each country’s share of combined 2011 production. That is, Iran
accounted for 28 percent of combined Iran and Saudi Arabian liquids production in 2011; Saudi Arabia 72 percent. In this case,
production in Saudi Arabia is lower than that of Irag in 2040 at 10.2 million barrels per day.

Scenario 3: Iran success

This scenario is similar to scenario 2, but substituting Iran as the growth story. In this case, Iran is assumed to have resolved
its above-ground issues, including resolution of international sanctions and it attracts the investment necessary to restore and
expand the oil production industry. Here, Iran is able to restore production to its 1974 annual peak of 6.1 million barrels per day in

2030 and then production increases to 8.1 million barrels per

Figure 39. OPEC Middle East liquids production by day by 2040. The remaining production is allotted according
country grouping in the JEO2013 Reference case, to the Irag and Saudi Arabia shares of their combined 2011
2010-2040 (million barrels per day) production. In this case, Saudi Arabia’s share of the 2011 Irag-
40 Saudi Arabian combined production is 81 percent; Irag’s share

19 percent. As a result, Saudi production would increase to
13.8 million barrels per day. Irag’s 2040 production rises to
only 3.3 million barrels per day, only slightly higher than its
2011 production and far from its stated ambitions.
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per day in 2030 and then further to 8.1 million barrels per day by 2040. Saudi Arabia produces the remaining part of the Reference
case production for the three countries. In this case, Saudi Arabian liquids production in 2040 is 6.0 million barrels per day, slightly
more than half its 2011 liquids output.

A summary of the results of the four scenarios for 2040 appears in Table 5. These scenarios illustrate the considerable variation in
future production that is possible within the three most petroleum-rich countries in the Middle East consistent with the combined
total of production from these counties indicated for the [EO2013 Reference case. Moreover, it demonstrates how difficult it is to
estimate production for these large resource holders, given the variety of above-ground issues that can affect the ability or desire to
increase a nation's output. In 2040, Saudi Arabia alone has production that ranges between 6.0 million barrels per day (in scenario
4) and 15.5 million barrels per day (in scenario 1), a range of 9.5 million barrels per day. Although the range of supply outlooks for
Irag and Iran is smaller than that of Saudi Arabia, there is still a fairly wide range of possible production for the two countries.

Table 5. Liquid fuels production in Middle East OPEC in four Reference case scenarios, 2011 and 2040
(million barrels per day)

2040
Country 20M Scenario 1 Scenario 2 Scenario 3 Scenario 4 2040 production range
Saudi Arabia 11.1 15.5 10.2 13.8 6.0 9.5
Iran 4.2 5.9 3.9 8.1 8.1 4.2
Iraq 2.6 3.7 11.0 3.3 11.0 7.7
Other Middle East OPEC 7.5 10.7 10.7 10.7 10.7 -
Total Middle East OPEC 25.4 35.8 35.8 35.8 35.8 -

This analysis suggests there is substantial flexibility in future liquids supply from Saudi Arabia, Iran, and Irag, but the uncertainty
associated with any long-term outlook of production remains high. The scenarios do not assess the likelihood of any one of the
futures outlined could be realized. There are considerable above-ground issues that could alter production from any one of the
three countries. For instance, given the cost of Saudi Arabia’s substantial social programs and subsidies, it is highly unlikely that
the government would allow a decrease in production to the 6.0 million barrels per day outlined in scenario 4. It is equally difficult
to envision Iraq production barely rising from its 2011 level as posited in scenario 3. Still, the wide range of production possibilities
illustrates the number of different possible futures in production from these three countries.

How tight oil and other developments may affect the call on OPEC supply

The IEO2013 price cases reflect a wide range of future oil prices that are influenced by both demand and supply conditions. Oil
demand is sensitive to the rate at which economic activity grows, particularly in developing countries, and also responds to a
sustained change in oil prices that encourages those replacing or adding oil-using equipment to choose options that either use
oil more efficiently or run on other fuels. In the short run, the stock of oil-using equipment is largely fixed, and oil demand is
affected by price changes only to the extent that utilization rates of oil-using equipment are reduced due to substitution and
income effects.

Oil supply depends on resources, technology, prices, and producer behavior. Decisions about the use of existing production
capacity and investments in additional capacity are made by national governments, acting through national oil companies or
various policy mechanisms, as well as by investor-owned companies. Suppliers who act as so-called price takers, including but
not limited to investor-owned oil companies, typically seek to use their available production capacity fully unless prices fall below
their operating cost, which occurs rarely if ever for most of them. Price-taking suppliers also tend to increase their capacity
investments in response to the expectation of sustained higher prices, which allow more candidate projects to meet or exceed
their investment criteria. Suppliers that do not act as price takers, including key OPEC member countries, base their capacity
utilization and investment decisions on a variety of factors related to oil market conditions, geopolitical considerations, and
national revenue needs.

The market framework summarized above provides a starting point for considering how tight oil and other developments that
change supply conditions might affect the outlook for global oil markets. Positive supply developments, such as the 846,000-barrel-
per-day increase in U.S. crude oil production in 2012 over 2011, can have a major short-term impact. Even with this increase, global
spare production capacity was low in 2012 relative to recent historical standards—without it, global spare capacity would have
been considerably lower, raising the likelihood of significantly higher oil prices.

In a longer-run setting, however, the situation is likely to be quite different, with both global demand and supply forces likely to
substantially reduce the sensitivity of world oil market prices to a rise in U.S. production. On the supply side, OPEC members may
respond to higher U.S. production by reducing either their output or their investment in additional production capacity to offset the
effects of higher U.S. production. On the demand side, growth in global consumption is likely to be more responsive to any change
in prices that persists for an extended period, which would tend to counter the price-lowering effect of increased U.S. production.
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U.S. crude oil production, which continues to grow through the end of the current decade and then slowly declines in the [EO2013
Reference case, is based on EIA's AEO2013 Reference case projections released in December 2012. However, the level of U.S. crude
production is considerably higher in the AEO2013 High Oil and Gas Resource case, rising from its 2012 level of 6.5 million barrels
per day to 10.0 million barrels per day in 2026 and remaining at or near that level through 2040. As discussed in AE02013,%'
projected U.S. dependence on net imports of liquid fuels is substantially lower in the High Oil and Gas Resource case than in the
Reference case. In a scenario with assumptions that reduce U.S. demand for petroleum-based fuels added to the assumptions
of the High Oil and Gas Resource case supply assumptions, the United States actually becomes a small net exporter of liquids
in the mid-2030s. While increasing oil production and reducing and possibly eliminating net import dependence has important
economic benefits for the United States, it would not insulate the nation from developments in the Middle East and elsewhere that
affect world oil prices.

Although the difference between the AEO2013 Reference and High Oil and Gas Resource cases focuses on the uncertain prospects
for tight oil development in the United States, the availability of tight oil and other tight liquids production from other non-OPEC
producers is another important wild card in the global oil balance. Rapid growth in tight oil production in other areas, which is
not reflected in the [EO2013 Reference case, could make a substantial difference in the world liquid fuels outlook. EIA recently
commissioned an assessment of tight oil resources, covering 137 shale formations in 41 countries (see box on page 34).

To frame the forward-looking question of how supply developments could affect the evolution of markets between now and
2025, projections for the period can be considered in the context of two recent historical periods of similar length that produced
dramatically different outcomes for world oil markets. The first period is 1973 to 1985, which culminated in a sharp fall of oil
prices as Saudi Arabia gave up its role as swing producer in response to continued declines in its production as the call on
OPEC liquids steadily declined. In round numbers, global demand grew by nearly 4 million barrels per day over the 1973-1985
period, while non-OPEC production grew by roughly 13 million barrels per day, reducing the call on OPEC by roughly 14 million
barrels per day [42].

The second period for comparison is 2000 to 2012, which led to the current situation of historically high world oil prices. In round
numbers, global demand grew by roughly 12 million barrels per day over the 2000-2012 period, driven by non-OECD demand
growth that swamped the decline in OECD demand. OPEC and non-OPEC liquids supply each grew by roughly 6 million barrels
per day over the period.

In the IEO2013 Reference case, global liquids demand grows by about 10 million barrels per day over the next 12 years, with
the OECD accounting for only about one-tenth of that growth. With Reference case prices, non-OPEC production growth
from 2013 to 2025 totals about 6 million barrels per day, including growth in U.S. tight oil production. This projection reflects
technologies, prices, and other above-ground factors, as well as resources. OPEC producers supply the difference of 4 million
barrels per day between the projected growth in global demand and non-OPEC supply. Thus, while OPEC countries do not face
the steep decline in the call on their supply that ultimately led Saudi Arabia to abandon the role of swing producer in 1986, the
projected rise in the call on OPEC supply from 2013 to 2025 in the IEO2013 Reference case is not as great as during the period
from 2000 to 2012.

As noted above, EIA recognizes the uncertainty surrounding the supply assumptions in the |[EO2013 Reference case, and also
considers alternative futures. In EIA's High Oil and Gas Resource case, U.S. crude oil production in 2025 is 3 million barrels per day
higher than in the Reference case, and NGPL production is about T million barrels per day higher. If those production increases are
fully offset by lower OPEC production, and the global economic scenario remains at or near its baseline, global liquids demand and
prices would also be at or near the baseline, and the increment to U.S. production would be reflected directly as a reduction in the
call on OPEC.

Even with the assumption that changes in U.S. supply in the High Oil and Gas Resource case are passed directly into the call
on OPEC, the revised estimate of the change in the projected call on OPEC over the next 12 years still would not come close to
replicating the large absolute decline that occurred in the 1973-1985 period. Substantially lower demand projections, much higher
production estimates for the United States and other non-OPEC sources, or both, would be needed to duplicate the situation
during that earlier period. Although such scenarios cannot be ruled out, they require additional changes in demand or supply.

In considering impacts on world oil markets, it should be emphasized that the implications of a given change in the projected
call on OPEC for the ability and willingness of its members to influence global market prices is inevitably highly dependent on
developments within OPEC itself. Currently, Saudi Arabia is the only OPEC producer with significant spare production capacity,
although Irag and Iran, each holding large reserves and resources of oil that are easy to produce, both have a strong interest in
increasing their capacity and production if internal and external barriers can be overcome. Venezuela also has access to large, albeit
more challenging, reserves and resources. As discussed above, the future production levels in Irag and Iran could vary dramatically,
depending on their respective success in addressing internal and external factors that have held their production well below the
levels that their resources might support. The more success these countries have in raising their capacity and production, the more
difficult it may be for OPEC to remain cohesive at any given level of call on its members' aggregate supply.

2TFor a full discussion of the High Oil and Gas Resource case, see “Qil price and production trends in AEO2013" and “U.S. reliance on imported liquid fuels
in alternative scenarios” in EIA's Annual Energy Outlook 2013, DOE/EIA-0383(2013) (Washington, DC: April 2013), pp. 30-39.
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A new EIA-sponsored assessment of shale resources in 41 countries

EIA recently issued an assessment of 137 shale formations in 41 countries outside the United States, published in the report,
Technically Recoverable Shale Oil and Shale Gas Resources: An Assessment of 137 Shale Formations in 41 Countries Other than the United
States. This new report expands on the 69 shale formations within 32 countries considered in a 2011 report by Advanced Resources
International (ARI) that was released as part of an EIA publication entitled World Shale Gas Resources: An Initial Assessment of 14
Regions Outside the United States. Whereas the 2011 report focused exclusively on shale gas, the new assessment also highlights
the role of shale formations as a source of crude oil, lease condensate, and a variety of liquids processed from wet natural gas.

Estimates in the updated report, taken in conjunction with EIA's own assessment of resources within the United States, indicate
worldwide technically recoverable resources of 345 billion barrels of shale oil resources and 7,299 trillion cubic feet of shale gas
resources. Although the shale resource estimates are likely to change over time as additional information becomes available, it
is evident that shale resources that were until recently not included in technically recoverable resources constitute a substantial
share of total technically recoverable oil and natural gas resources. The shale oil resources assessed in the new report, combined
with EIA’s previous estimate of U.S. tight oil resources that are predominantly in shale formations, add approximately 11 percent to
the 3,012 billion barrels of proved and unproved non-shale oil resources identified in recent assessments. The shale gas resources
assessed in the new report, combined with EIA’s prior estimate of U.S. shale gas resources, add approximately 47 percent to the
15,583 trillion cubic feet of proved and unproved non-shale gas resources. Globally, 32 percent of total estimated natural gas
resources are in shale formations, and 10 percent of total estimated oil resources are in shale or tight formations.

In considering the market implications of abundant shale resources, it is important to distinguish between technically recoverable
resources, the focus of EIA’s new assessment, and economically recoverable resources. Technically recoverable resources
represent the volumes of oil and natural gas that could be produced with current technology, regardless of oil and natural gas prices
and production costs. Economically recoverable resources are resources that can be produced profitably under current market
conditions. The economic recoverability of resources depends on three main factors: the costs of drilling and completing wells,
the amount of oil or natural gas produced from an average well over its lifetime, and the prices received for oil and gas production.

Recent experience with shale gas in the United States and other countries suggests that economic recoverability can be influenced
significantly by above-ground factors, as well as by geology. Key positive above-ground advantages in the United States and
Canada that may not apply in other locations include major private ownership of subsurface rights (often by surface owners) that
provides a strong incentive for development; availability of many independent operators and supporting contractors with critical
expertise and suitable drill rigs; preexisting gathering and pipeline infrastructure; and availability of water resources for use in
hydraulic fracturing.

Given variation across shale formations in both geology and above-ground conditions, it is not clear that similar proportions of
technically recoverable resources will prove to be economically recoverable across different shale formations. Tight oil and shale
gas resources have been revolutionary in the United States—providing 29 percent of the country’s total crude oil production and
40 percent of its total dry natural gas production in 2012—because they have proven to be quickly producible in large volumes at
relatively lower costs than the large amounts of other types of oil and natural gas resources that had been identified previously.
The market impact of shale resources outside the United States will depend on their production costs and volumes. For example, a
potential shale well that costs twice as much and produces half the output of a typical U.S. well would be unlikely to replace current
supply sources of oil or natural gas. In many cases, even significantly smaller differences in costs, well productivity, or both can
make the difference between a resource that is a market game changer and one that is economically unimportant.

Tight oil and other non-OPEC supply developments have the potential to augment or reduce the call on OPEC to the extent
that they exceed or fall short of the projections in this outlook. However, future capacity and production levels in OPEC member
countries with large resources of relatively easy oil that are not currently being exploited may play an even larger role in shaping
future oil markets. Regardless of tight oil and other non-OPEC supply developments, the Middle East remains the center of global
oil supply, and decisions regarding capacity and production by leading OPEC producers will remain the linchpin of the global
oil supply system. Economic growth in developing countries remains a key demand driver, but demand will also respond to a
significant and sustained change in oil prices. This long-term price sensitivity of demand is a key factor that will tend to limit the
persistence of scenarios with extremely high or extremely low prices.

Non-OPEC supply

In the IEO2013 Reference case, sustained high oil prices encourage producers in non-OPEC nations to continue investment in
petroleum production capacity, EOR projects, and nonpetroleum liquids production. Non-OPEC total liquid fuels production
increases steadily in the projection, from 51.8 million barrels per day in 2010 to 58.2 million barrels per day in 2020 and 66.0
million barrels per day in 2040, as rising prices attract investment in areas previously considered uneconomical, and fears of
supply restrictions encourage some net consuming nations to expand nonpetroleum liquids production from domestic resources,
such as coal and crops.

Among non-OPEC producers, the near absence of prospects for new large petroleum liquids projects, along with declines
in production from existing fields, results in heavy investment in the development of smaller fields. Producers are expected to
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concentrate their efforts on more efficient exploitation of fields already in production, either through the use of more advanced
technology for primary recovery efforts or through EOR.

Americas

BraziL

Brazil experiences the most robust production growth of any country outside OPEC, with production increasing by more than
5 million barrels per day from 2010 to 2040. Brazil's production growth relies on the successful development of its significant
offshore pre-salt resources, made available by relatively high oil prices and technological improvements in extraction techniques
for very deep water. The large deepwater pre-salt discoveries in Brazil are estimated to include as much as 28 billion barrels oil
equivalent. In January 2013, the offshore Sapinhoa oil field began producing oil from pre-salt deposits [43]. Similarly, analysts
expect the Papa Terra heavy crude oil field to begin producing in 2013 [44]. This trend continues into the future, with Brazil's
offshore production consisting largely of heavy crude oil grades.

The IEO2013 Reference case anticipates substantial increases in the production of Brazil's pre-salt resources, but future large-
scale development of those resources will require the participation of companies with the technical resources and capital that
are needed to produce them. Brazil delayed its 11th bid round while the country devised a new rule for distribution of oil royalties
among producing and nonproducing regions, with the government unable to resume lease auctions until the royalty issue had been
resolved. The result has been some delay in expanding the country’s pre-salt reserves. Despite a new law outlining the rules for
distributing oil royalties, the Brazilian Supreme Court postponed its implementation after Rio de Janeiro, Sdo Paulo, and Espirito
Santo claimed that the rule breached Brazil's constitution [45]. The bid round still is scheduled to continue in 2013 (the first in five
years), with a separate licensing round for pre-salt areas toward the end of the year. There is a great deal of interest in the round,
with 64 companies prequalifying to participate, indicating their optimism regarding pre-salt resource development.

In addition to rising offshore production, Brazil increases its production of biofuels, largely sugarcane ethanol. Currently, Brazil's
biofuels are the highest yielding and least expensive ethanol fuel supply worldwide. Brazil's biofuels production grows in the
Reference case by 700,000 barrels per day from 2010 to 2040, a tripling of current production. Rising biofuels production alone
meets a large part of the growth in Brazil's liquids consumption, enabling the country to use its growing supply of petroleum liquids
for export.

NORTH AMERICA

In North America, the United States and Canada continue strong growth in their liquids production in the Reference case. Canada'’s
production increases by an average of 1.8 percent per year, more than twice as fast as U.S. production growth of 0.8 percent per
year. Liquids production in Canada comes from three principle sources: bitumen from the oil sands of Alberta; crude oil in the
broader Western Canada Sedimentary Basin (WCSB); and offshore oil fields in the Atlantic Ocean. Production from oil sands
accounted for more than one-half of Canada'’s oil output in 2011, a proportion that has increased steadily in recent decades. In total,
Alberta was responsible for almost 75 percent of Canada’s oil production in 2011, according to data from Statistics Canada [46].
Western Canadian provinces (Alberta, British Columbia, and Saskatchewan) account for an increasing proportion of the country’s
overall oil production in the future. The changing mix of crude oil qualities within the Americas could have a substantial impact on
refined product trade in the future (see box on page 36).

United States. The potential for world production of tight oil resources could be substantial. In the United States, unproved technically
recoverable resources of tight oil are estimated at 58 billion barrels. Over the 30-year projection period, the United States produces
around 26 billion barrels of tight oil from the Bakken/Three Forks, Eagle Ford, Woodford, Austin Chalk, Spraberry, Niobrara, Avalon/
Bone Springs, and Monterey plays in the IEO2013 Reference case, which incorporates the AEO2013 Reference case projections for
U.S. production. However, in the AEO2013 High Oil and Gas Resource case, U.S. tight oil production is substantially higher. As
discussed above, this has some implications for world oil markets through its effect on the call on OPEC producers.

Crude oil production in the U.S. Gulf of Mexico trends upward over time, as the pace of development activity quickens and brings
into production new large-development projects, predominantly in deepwater and ultra-deepwater areas. In addition to tight oil
and offshore plays, relatively abundant natural gas production in the United States results in low levels of GTL production emerging
around 2020 and increasing to 0.2 million barrels per day in 2040.

Total U.S. liquids production in the IEQ2013 Reference case remains at or above 11.5 million barrels per day from 2013 through
2040, peaking at 12.8 million barrels per day around 2020 and settling at 11.7 million barrels per day in 2040. Total U.S. production
is significantly higher in the High Oil and Gas Resource case, as discussed in AEO2013.

Mexico and Chile. Unlike the other countries in the OECD Americas, Mexico and Chile see liquids production declines through
the mid term and modest recoveries later in the projection period, although production remains below current levels as a result
of declining output from mature fields. From a combined 3.0 million barrels per day in 2010, liquid fuels production in Chile and
Mexico declines steadily through 2025, when their production totals 1.8 million barrels per day. After 2025, production in the
region gradually recovers as investment in the petroleum sector improves, but total liquids supply in 2040 still is about 0.9 million
barrels per day lower than in 2010.
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Atlantic Basin refinery considerations

The makeup of crude oil supplies in the Atlantic Basin is beginning to change as new sources of petroleum liquids are developed.
Increasing production of light sweet crude oil in the United States and heavy crude in Canada and Brazil, combined with declining
crude oil production in Mexico, has a notable impact on crude oil supplies from the Atlantic Basin. In the United States, as
production of light crude oil has increased, reliance on imports has decreased. The same trend is expected to continue through the
mid term. Even as Mexico's production of heavy crude has decreased, production of heavy crude/bitumen in Canada and Brazil has
increased. As a result, those countries have supplied a growing share of U.S. imports of heavy crude oil.

Increasing crude production from the Americas will affect refinery operations and petroleum product balances throughout the
Atlantic Basin. Access to the Americas’ production of light sweet and heavy crude oil and access to U.S. production of natural gas
will benefit U.S. refining. In addition, access to U.S. production of tight oil will benefit refining operations in eastern Canada. The
increase in refinery utilization could alter gasoline and distillate supply patterns, possibly reducing gasoline imports into the U.S.
East Coast, affecting European refineries, and supporting gasoline exports from the U.S. Gulf Coast to Europe and the Americas,
notably Mexico and Venezuela. However, changes in gasoline and distillate fuel subsidies or retail price controls in those countries
could put downward pressure on demand for refined products that would, in turn, reduce export opportunities for U.S. refineries.

Other non-OPEC supply

NoN-OECD Eurore AND EURASIA

Outside of the Americas, the largest increases in non-OPEC supplies come from the nations of non-OECD Europe and Eurasia.
In the IEO2013 Reference case, Kazakhstan and Russia account for virtually all production growth from the region. Liquid fuels
production in Kazakhstan grows by an average of 3.0 percent per year, from 1.6 million barrels per day in 2010 to 3.9 million barrels
per day in 2040. Much of the country’s production growth comes from the Kashagan and Tengiz oil fields in the Caspian Sea [47].
In particular, Kashagan has been described as one of the largest fields discovered in the past 30 years outside the Middle East. A
consortium of partners under a joint operating company, North Caspian Operating Company (NCOC), operate the field and spent
$28 billion on its development through 2010 [48, 49]. The IEO20173 Reference case assumes that production at Kashagan begins in
the mid term with construction of the export infrastructure needed to supply world markets with additional Caspian oil.

Russia's petroleum production shifts gradually from western Siberia to eastern Siberia because of declines in existing, mature oil
fields and the opportunity to increase exports to China and other Asian markets, including India and Japan. Russia's production
grows at an annual rate of around 0.5 percent from 2010 to 2040. At the same time, there is significant potential for tight oil
development in western Siberia to at least offset declines from existing fields. The geology of areas like the Bazhenov shale in the
Western Siberian Basin is conducive to tight oil development. An estimated 75 billion barrels of technically recoverable shale oil
resources may lie in the Siberian Bazhenov shale formation [50]. While taxation and other issues currently impede significant
expansion, Royal Dutch Shell and Gazprom have an agreement to develop the Bazhenov resource that could result in long-term
commercial production [57].

Outside of Russia and Kazakhstan, Azerbaijan and Turkmenistan are the only other countries in the region that have sizeable liquid
fuels production. In IEQ2013, Azerbaijan's petroleum and other liquids production declines, as fields mature and maintenance
periods are extended with each season. Azerbaijan gradually shifts from oil to natural gas production. In Turkmenistan, growth in
liquids production consists mostly of condensate and NGPL from producing natural gas fields.

NORTH SEA

The North Sea continental shelf contains significant oil reserves and is the largest source of oil production in OECD Europe.
According to international agreements, five countries (Denmark, Germany, Netherlands, Norway, and the United Kingdom) can
award licenses for crude oil production in the area. Several production streams from the North Sea constitute the Brent international
benchmark for oil prices. However, since reaching peak production of almost 6.3 million barrels per day in 1996, crude oil output
from the North Sea has been declining slowly, to 3.6 million barrels per day in 2010.

In the Reference case, declines in North Sea oil production continue, averaging 1.6 percent per year, from 3.6 million barrels per day
in 2010 to 2.2 million barrels per day in 2040. The largest decline is in the United Kingdom's production, as a result of depleting
reserves and an aging oil infrastructure [52]. Norway may have some potential to offset the North Sea decline but faces structural
issues that may affect long-term production.

NoN-OPEC Asia

Few non-OPEC Asian countries are able to increase their liquid fuels production substantially, except for China. In the IE02013
Reference case, China’s liquids production grows by an average of 0.8 percent per year, to 5.6 million barrels per day in 2040.
Much of the increase results from investments by Chinese national oil companies, such as CNPC and CNOOC, in deepwater
offshore exploration in the Pearl River Mouth Basin and some onshore fields, such as Changging and Tarim [53]. Liquids production
in India and the other non-OECD Asian oil countries, including Vietnam, Indonesia, and Thailand, declines by an average of 0.7
percent per year through 2040 because of aging petroleum fields and a lack of substantial new discoveries.
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World oil reserves

Proved reserves of crude oil are the estimated quantities that geological and engineering data indicate can be recovered in future
years from known reservoirs, assuming existing technology and current economic and operating conditions. As of January 1, 2013,
proved world oil reserves, as reported by the Oil & Gas Journal, were estimated at 1,638 billion barrels—120 billion barrels (about
7 percent) higher than the estimate for 2012 [54]. According to the Oil & Gas Journal, around one-half of the world's proved oil
reserves are located in the Middle East, and more than 80 percent are concentrated in eight countries, of which only Canada (with
oil sands included) and Russia are not OPEC members (Table 6). Most increases in proved reserves since 2000 have come from
revisions to reserves in discovered fields rather than new discoveries [55].

In 2013, the largest increase in proved reserves by far was attributed to Venezuela, as the country now reports its Orinoco belt
extra-heavy oil in its totals [56]. Venezuela's reserves alone increased by 86 billion barrels from 2012 to 2013. Russia also reported
a significant gain of 20 billion barrels. Country-level estimates of proved reserves published by the Oil & Gas Journal are developed
from data reported to the U.S. Securities and Exchange Commission, from foreign government reports, and from international
geologic assessments. The estimates are not always updated annually.

In some cases in the IEO2013 projections, country-level volumes for cumulative production through 2040 exceed the estimates
of proved reserves. This does not imply that resources and the physical limits of production have not been considered in the
development of production projections, or that the projections assume a rapid decline in production immediately after the end of
the projection period as reserves are depleted. EIA considers resource availability in all long-term country-level projections, the
aggregation of which gives the total world production projection. However, proved reserves are not an appropriate measure for
judging total resource availability in the long run. For example, despite continued production, global reserves historically have not
declined, because new reserves have been added through exploration, discovery, and reserve replacement.

Proved reserves include only estimated quantities of crude oil from known reservoirs, and therefore they are only a subset of the
entire potential oil resource base. Resource base estimates include estimated quantities of both discovered and undiscovered
liquids that have the potential to be classified as reserves at

Table 6. World proved oil reserves by country as of some time in the future. The resource base may include oil
January 1, 2013 (billion barrels) that currently is not technically recoverable but could become
Country Oil reserves  Percent of world total recoverable in the future as technologies advance. In the
Reference case, the resource base does not pose a global
Venezuela 297.6 18.2 constraint on oil supply.
Saudi Arabia 2654 162 In order to construct realistic and plausible projections for
Canada 173.1 10.6 liquids production, and especially for petroleum liquids pro-
Iran 154.6 94 duction, underlying analysis must both consider production
Iraq 141 4 86 beyond the intended end of the projection period and base
production projections on the physical realities and limita-
Kuwait 101.5 6.2 tions of production.
United Arab Emirates 97.8 6.0 Proved reserves cannot provide an accurate assessment
Russia 80.0 4.9 of the physical limits on future production but rather are
Libya 48.0 2.9 intended to provide insight as to company-level or country-
Nigeria 372 23 level development plans in the very near term. In fact, because
of the particularly rigid requirements for the classification of
Kazakhstan 30.0 18 resources as proved reserves, even the cumulative production
China 25.6 1.6 levels from individual development projects may exceed initial
Qatar 25.4 15 estimates of proved reserves.
United States 20.7 13 EIA attempts to address the lack of applicability of proved
Brazil 13.2 08 reserves estimates to long-term production projections by
developing a production methodology based on the actual
Algeria 12.2 07 hysical limits of production, initially-in-place volumes, and
physica p . y-in-p ,
Angola 10.5 0.6 technologically limited recovery factors. By basing long-
Mexico 10.3 0.6 term production assessments on resources rather than
Ecuador 8.2 05 reserves, EIA is able to present projections that are physically
achievable and can be supported beyond the 2040 projection
Azerbaijan 7.0 0.4 period. The realization of such production levels depends on
Rest of World 78.4 438 future growth in world demand, taking into consideration such
Total 1,637.9 100.0 above-ground limitations on production as profitability and

specific national regulations, among others.
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Chapter 3
Natural gas

Overview

In the IEO2013 Reference case, natural gas is the world's fastest-growing fossil fuel, with consumption increasing from 113.0 trillion
cubic feet in 2070 to 185.0 trillion cubic feet in 2040. Growth in consumption occurs in every IEO region and is most concentrated
in non-OECD countries, where demand increases more than twice as fast as in OECD countries (Figure 40). Non-OECD producers
account for more than 70 percent of the total growth in world natural gas production from 2010 to 2040.

Natural gas continues to be favored as an environmentally attractive fuel compared with other hydrocarbon fuels. It is the fuel of
choice for the electric power and industrial sectors in many of the world's regions, in part because of its lower carbon intensity
compared with coal and oil, which makes it an attractive fuel source in countries where governments are implementing policies
to reduce greenhouse gas emissions. In addition, it is an attractive alternative fuel for new power generation plants because of
relatively low capital costs and the favorable heat rates for natural gas generation. In the Reference case, total world consumption
of natural gas for industrial uses increases by an average of 1.5 percent per year through 2040, and consumption in the electric
power sector grows by 2.0 percent per year. The industrial and electric power sectors together account for 77 percent of the total
projected increase in natural gas consumption, and together they account for 74 percent of total natural gas consumption in 2040,
up slightly from 73 percent in 2010.

Growth in natural gas consumption is particularly strong in non-OECD countries, where economic growth leads to increased
demand over the projection period. Consumption in non-OECD countries grows by an average of 2.2 percent per year through
2040, more than twice as fast as the 1.0-percent annual growth rate for natural gas demand in the OECD countries. As a result,
non-OECD countries account for 72 percent of the total world increment in natural gas consumption, as the non-OECD share of
world natural gas use increases from 51 percent in 2010 to 59 percent in 2040.

Abundant natural gas resources and robust production contribute to the strong competitive position of natural gas among other
energy sources. In the Reference case, the largest production increases from 2010 to 2040 (Figure 41) occur in non-OECD Europe
and Eurasia (18.9 trillion cubic feet), the OECD Americas (15.9 trillion cubic feet), and the Middle East (15.6 trillion cubic feet).
The United States and Russia each increase natural gas production by around 12 trillion cubic feet, together accounting for nearly
one-third of the total increase in world gas production. Russia’s production growth is supported primarily by increasing exploitation
of resources in the country’s Arctic and eastern regions. U.S. production growth mainly comes from shale resources (see box on
page 42).

Although there is more to learn about the extent of the world's tight gas, shale gas, and coalbed methane resource base, the
IEO2013 Reference case projects a substantial increase in those supplies—especially in the United States and also in Canada and
China (Figure 42). In the United States, one of the keys to increasing natural gas production has been advances in the application
of horizontal drilling and hydraulic fracturing technologies, which have made it possible to develop the country’s vast shale gas
resources and have contributed to a near doubling of estimates for total U.S. technically recoverable natural gas resources over the
past decade. In the Reference case, shale gas accounts for 50 percent of U.S. natural gas production in 2040. Tight gas, shale gas,
and coalbed methane resources in Canada and China account for more than 80 percent of total domestic production in 2040 in
the Reference case (see box on page 43).

Figure 40. World natural gas consumption, 2010-2040 Figure 41. World increase in natural gas production
(trillion cubic feet) by country grouping, 2010-2040 (trillion cubic feet)
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What is shale gas and how is it produced?

Shale gas refers to natural gas found in shale formations. Shales are fine-grained sedimentary rocks that can be rich sources of
petroleum and natural gas. While the technologies have been known for decades, it has only been over the past few years that the
combination of horizontal drilling and hydraulic fracturing has allowed access to large volumes of shale gas that were previously
uneconomical to produce. The production of natural gas from shale formations has rejuvenated the natural gas industry in the
United States, and shale production techniques could be applied globally.

Shale gas is found in shale formations, or plays, that contain significant accumulations of natural gas and have similar geologic and
geographic properties. Experience and information gained from developing the Barnett Shale in Texas have improved the efficiency
of shale gas development around the United States. Geophysicists and geologists identify suitable well locations in areas with
potential for economical gas production by using surface and subsurface geology and seismic techniques to generate maps of the
subsurface.

Hydraulic fracturing (commonly called fracking) is a technique in which water, chemicals, and sand are pumped into a well to
release the hydrocarbons in a shale formation by opening cracks (fractures) in the rock and allowing the natural gas to flow from
the shale into the well. When used in conjunction with horizontal drilling, hydraulic fracturing enables gas producers to extract
shale gas economically.

Liquefied natural gas (LNG) accounts for a growing share of world natural gas trade in the Reference case. World LNG trade more
than doubles, from about 10 trillion cubic feet in 2010 to around 20 trillion cubic feet in 2040. Most of the increase in liquefaction
capacity occurs in Australia and North America, where a multitude of new liquefaction projects are planned or under construction,
many of which will become operational within the next decade. At the same time, existing facilities in North Africa and Southeast
Asia have been underutilized or are shutting down because of production declines at many of the older fields associated with the
liquefaction facilities, and because domestic natural gas consumption is more highly valued than exports.

World natural gas consumption

OECD natural gas consumption

OECD Americas

Annual natural gas consumption in the OECD Americas region rises steadily to 41.6 trillion cubic feet in 2040 (Figure 43), including
increases of 4.2 trillion cubic feet from 2010 to 2020 (1.4 percent per year) and 8.2 trillion cubic feet from 2020 to 2040 (1.1
percent per year), and accounts for 60 percent of the total increase for OECD countries and 17 percent of the total increase for
the world over the projection period. Although natural gas consumption grows at faster rates in other regions, OECD Americas
remains the world's largest regional consumer of natural gas through 2040.

The United States—the world's largest consumer of natural gas—has the region’s highest projected annual consumption growth
in absolute terms (Figure 44). U.S. natural gas consumption increases by 5.8 trillion cubic feet through 2040, accounting for
46 percent of the region’s total growth. Projections for combined annual natural gas consumption in Mexico and Chile include
absolute growth in the two countries of 4.7 trillion cubic feet (38 percent of total regional growth), followed by Canada (2.0 trillion
cubic feet, or 16 percent of the OECD Americas total).

Figure 42. Natural gas production in China, Canada, Figure 43. OECD Americas natural gas consumption
and the United States, 2010 and 2040 (trillion cubic feet) by country, 2010-2040 (trillion cubic feet)
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International shale gas resources

To gain a better understanding of potential international shale gas resources, EIA commissioned Advanced Resources International,
Inc. (ARI) to assess shale gas resources. In April 2011, ARI estimated recoverable resources of 5,760 trillion cubic feet of wet
natural gas.??

In June 2013, EIA released a second report, Technically Recoverable Shale Oil and Shale Gas Resources: An Assessment of 137 Shale
Formations in 41 Countries Other than the United States. The new report updates the 2011 report and expands the coverage. The
2013 report also covers both shale gas and oil resources in shale formations. It focuses on regions that have relatively near-term
promise for shale resource development and that have sufficient geologic data on which to base a resource estimate. Estimated
risked recoverable resources covered in the 2013 report, including the United States, total 345 billion barrels of oil and 7,299 trillion
cubic feet of natural gas. The updated natural gas resource estimate is 10 percent higher than the gas resource estimate in the 2011
report. Additionally, even with the expanded geographic coverage in the 2013 report, there are many important shale formations
that it does not assess, such as those underlying large oil fields in the Middle East and the Caspian region.

The resource estimate for China is 13 percent lower in the 2013 report than in the 2011 report, despite covering more basins and
more formations. The 2013 report covers 18 formations in 7 basins in China, as compared with 4 formations in 2 basins in the 2011
report. The main downward revision to the estimated risked recoverable resources for China was to the resources in the Tarim
Basin. New data gathered since the 2011 report indicate that much of the basin is deeper than previously thought, putting much
of the estimated in-place resources just outside of what is currently considered to be commercially producible (although future
advances in drilling and completion technology could make production from deeper parts of the basin commercially viable).

Estimates of risked recoverable resources for Australia are 10 percent higher in the 2013 report (437 trillion cubic feet) than in the
201 report (396 trillion cubic feet), in part because of the expanded coverage of the 2013 report. The Georgina and Beetaloo basins,
which were not covered in the 2011 report, add 57 trillion cubic feet to Australia’s total estimated risked recoverable resources in
the 2013 report. Upward revisions to estimates for the Cooper and Canning basins also contribute to the overall increase. While
the remote Canning Basin still remains largely unexplored, the Cooper Basin has been a major oil and gas producing area for years,
and initial results from vertical shale test wells have been encouraging.

IEO2013 reflects production from many of the shale gas formations assessed in the two ARI studies. Shale gas production already
is occurring outside the United States (in Canada) and is expected to begin in other countries with large technically recoverable
resources, such as China, Australia, Mexico, and parts of OECD Europe. The timing and rate of production growth in individual
countries remain uncertain, with technology transfer and above-ground factors expected to play a role.

Estimates of shale gas resources outside the United States are relatively uncertain, given that the available data are sparse. Resource
estimates will continue to change as development progresses and more data become available. Even in the United States, where
tight oil and shale gas production has been robust for several years, there still is considerable uncertainty about the ultimate size of
U.S. resources. Resource estimates in the 2013 ARl report represent a moderately conservative resource for the basins reviewed.
The methodology, which is described in more detail in the 2013 ARl report, is not directly comparable with more detailed resource
assessments based on monthly production data from hundreds or thousands of wells, which provide a probabilistic range of the
technically recoverable resource.

Although the United States has the highest absolute growth in natural gas consumption, the growth in Mexico and Chile combined
reflects the highest rate of increase over the projection period, at 3.6 percent per year. This is the highest percentage growth rate
among all the IE02073 OECD countries and country groupings, including the United States (0.7 percent per year) and Canada
(1.7 percent per year). Increasingly, Mexico has serviced its growing demand for power generation with gas-fired units supplied
by pipeline imports from the United States, particularly since 2011 [57]. The growth of Mexico's overall natural gas consumption
has outstripped its production growth, causing its net imports to rise over time [58]. In Chile, approval has recently been granted
to expand regasification capacity at the LNG plant in Quintero Bay by 50 percent, from 353.1 million cubic feet per day to 529.7
million cubic feet per day [59].

More than one-half of the growth in total annual natural gas consumption from 2010 to 2040 in the OECD Americas comes from
the electric power sector (6.1 trillion cubic feet) in the IEO2013 Reference case, and more than half of the consumption growth
in the electric power sector (3.1 trillion cubic feet) occurs in Mexico and Chile. More than 70 percent (2.1 trillion cubic feet) of
the remaining growth in natural gas use for electric power in the OECD Americas through 2040 occurs in the United States. The
recent decline in U.S. natural gas prices will reduce the overall cost of electricity generation through 2040. However, a number of
other factors are likely to affect the degree to which natural gas and electricity prices are linked, such as electricity transmission
and distribution systems, as well as power pricing and purchasing mechanisms. In addition to the increased availability of supply

220il and gas in-place estimates are derived by first estimating the volume of in-place resources for a prospective area within a formation or basin and
then de-rating the formation’s in-place resource by applying risk factors that account for (1) the probability that the shale play will (or will not) have
sufficiently attractive flow rates to become developed and (2) an expectation of how much of the prospective area set forth for each shale basin and
formation will eventually be developed. A recovery factor is then applied to the risked in-place resource estimates. The recovery factor takes into
consideration the capability of current technology to produce oil and gas from formations with similar geophysical characteristics, incorporating shale
mineralogy, reservoir properties, and geologic complexity. The resulting estimate is referred to as the risked technically recoverable resource.
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at lower prices, the U.S. electric sector’s consumption of natural gas will be spurred by the retirement of 49 gigawatts of coal-fired
generating capacity by 2022 [60].

Industrial consumption growth also adds significantly to the overall growth in OECD Americas natural gas consumption through
2040. Industrial consumption grows by 2.1 trillion cubic feet from 2010 to 2020, with 1.5 trillion cubic feet (73 percent) added in the
United States, where industrial consumption increases at an average annual rate of 1.8 percent. However, growth in industrial use
of natural gas in the United States slows from 2020 to 2040, rising by only 0.8 trillion cubic feet, or an average of 0.4 percent per
year. Natural gas gradually loses some of its competitive advantage among U.S. industrial consumers, as international competition
forits use increases and prices rise as shale gas production occurs in resources that are more expensive and harder to produce [67].
Industrial consumption growth also slows in Canada—from 1.7 percent annually in the 2010-2020 period to 1.3 percent annually
from 2020 to 2040—but increases in Mexico and Chile, from 1.8 percent to 2.8 percent annually during those two periods.

OECD Europe

Natural gas consumption in OECD Europe grows by 0.7 percent per year on average, from 19.8 trillion cubic feet in 2010 to 24.5
trillion cubic feet in 2040 (Figure 45)—the lowest growth rate over the period, both in the OECD region and in the world. In
comparison, OECD Europe’s renewable energy consumption increases by an average of 2.0 percent per year, and its consumption
of both liquid fuels and coal declines through 2040. The decline in demand for energy from coal and liquids results in an increase
in the natural gas share of OECD Europe's total energy consumption, from about 25 percent in 2010 to 27 percent in 2040.

More than half of OECD Europe's 4.7 trillion cubic feet of growth in total natural gas consumption from 2010 to 2040 comes from
the electric power sector, at 2.7 trillion cubic feet. Although the amount of natural gas consumed for electric power production
increases by an average of only 0.4 percent per year from 2010 to 2020, it increases by 1.7 percent per year from 2020 to 2040,
as economies recover from the global recession that began in 2008.

Many governments in OECD Europe have made commitments to reduce greenhouse gas emissions to 20 percent below 1990
levels by 2020 and have endorsed the objective of lowering emissions to between 80 and 95 percent below 1990 levels by 2050
[62]. Natural gas potentially has two roles to play in reducing carbon dioxide emissions in OECD Europe's electric power sector:
as a replacement fuel for more carbon-intensive coal-fired generation and as a backup for intermittent generation from renewable
energy sources.

Although there are many incentives for using natural gas more heavily in the electric power sector, growth has been hampered by
a lack of progress in regulatory reforms in OECD Europe that would make natural gas more competitive in electric power markets.
Such reforms would include measures to increase spot trading and make natural gas markets more flexible by making it easier for
market participants to purchase and transmit gas supplies (see box on page 45). Although OECD Europe is largely expected to
continue pricing natural gas via long-term indexed contracts in the near term, some developments—such as a recently signed deal
between Germany's Wintershall and Norway's Statoil—signal movement toward spot market pricing [63]. Presumably, the impact
of such reforms, as well as the increased use of natural gas to reduce carbon dioxide emissions from electric power generation,
would occur for the most part after 2025. Additionally, recent actions by some European governments to reduce their reliance on
nuclear power in the wake of Japan's Fukushima Daiichi nuclear disaster will provide an additional boost to both natural gas and
renewable energy use in electricity generation. In the IEO2013 Reference case, an increase of 1.7 percent per year in natural gas
consumption for power generation from 2020 to 2040 is higher than for any other energy source used in the sector.

Figure 44. OECD Americas change in natural gas
consumption by country and sector, 2010-2040
(trillion cubic feet)
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Natural gas pricing mechanisms around the world

Prices and pricing mechanisms for natural gas vary around the world. Today, the three most common pricing mechanisms are oil-
linked pricing, regulated pricing, and competitive market pricing (or gas-on-gas competition). Under oil-linked pricing, natural gas
generally is traded under long-term contracts with prices linked by formula to either crude oil prices or oil product prices, usually
with some discount for the natural gas price relative to the oil price. Regulated prices, which are set by governments, can reflect
production and other costs or provide subsidies for natural gas consumers. Under competitive market pricing, trading points or
hubs are established in market areas, and competition among various suppliers and consumers of natural gas determines the
price. Currently there is no globally integrated market for natural gas, and different pricing mechanisms predominate in different
regional markets. As discussed below, however, markets are changing, and the move to more competitive natural gas markets may
be inevitable. The timing of such a transition remains uncertain.

Historically, the regulation of U.S. natural gas prices was based on the cost of providing the natural gas (i.e., cost of service).
Pipeline companies bought gas from producers at a regulated wellhead price, stored their gas and shipped it via their own facilities,
and then sold it after transport, bundling the cost of the gas with its shipping and storage costs into a single price. By 1993,
the U.S. natural gas industry had largely been deregulated. Wellhead prices were no longer set by the government, and pipeline
companies could no longer bundle services but were required to offer transportation and storage services to third parties on a
nondiscriminatory basis. Natural gas trade flourished, and multiple pricing points developed across the United States and Canada,
the most active and publicized of which is the Henry Hub in Louisiana.

Until 2005, even with no direct linkage between oil prices and natural gas prices, the two tended to move together, with the market
prices for oil (in dollars per barrel) and natural gas (in dollars per million Btu) maintaining a relatively stable ratio of around 7:1, with
natural gas priced at a slight discount relative to the oil price on a Btu basis.”> However, as oil prices climbed from an average of
$56 per barrel in 2005 to an average of $100 per barrel in 2008, the discount for natural gas relative to oil also grew, from the 7:1
ratio in 2005 to 11:1in 2008. After 2008, the natural gas discount relative to oil widened further, as oil prices remained relatively
high while growing U.S. shale gas production helped to weaken natural gas prices. The oil-to-gas price ratio grew to an average
of more than 35:1in 2012, with a Btu of crude oil selling for more than five times the price for a Btu of natural gas. In EIA's Annual
Energy Outlook 2013 Reference case, the U.S. price differential narrows gradually to a ratio of 21:1in 2040, as shale gas production
moves to more expensive and difficult-to-produce resources and natural gas prices rise.

In Europe, natural gas historically has been traded under long-term contracts with prices linked to oil product prices (mainly diesel
and heavy fuel oil) at a small discount. As in the United States, Europe has largely deregulated its natural gas industry. Deregulation
was essentially completed in the United Kingdom by 2000, and more recently, European Union directives have deregulated natural
gas prices in much of Continental Europe.?*

Since deregulation began, several natural gas trading points have developed across Europe. The oldest, most active, and best
known is the National Balancing Point (NBP) in the United Kingdom. However, hub pricing for natural gas has not yet become
universal in Europe as it is in the United States and Canada. Pricing in Europe at present is a mix of natural gas purchased on spot
markets at hub prices, gas purchased under long-term contracts with prices linked to hub prices, and gas purchased under long-
term contracts with prices linked to oil prices. Through 2005, contract and spot prices for natural gas in Europe were generally
lower than the prices in North America. More recently, European natural gas prices have been significantly higher than North
American prices, as the natural gas discount relative to oil in Europe has grown only moderately in comparison with the deeper
discount of U.S. natural gas prices. The ratio of oil prices to natural gas prices in Europe grew from between 8:1and 9:1in 2005 to
between 10:1and 12:1in 2012.

In Asia, natural gas has been traded in the past under long-term contracts, with gas prices linked to crude oil prices with some
discount. Asia’s natural gas markets are much less integrated than those in Europe and North America, with fewer pipelines, which
are governed by a number of different nations and regulations. The deregulation of the natural gas sector that helped to propel
market development in North America and Europe is, so far, generally absent in Asia. However, there have been some recent
changes in Asian markets. Asian buyers have gained more destination flexibility, and the volumes of LNG bought and sold on the
spot market and under short-term contracts have increased. Asian buyers also have signed contracts to buy LNG from the United
States, at prices linked to the Henry Hub price rather than to oil prices. At the same time, s-curves (contract terms that limit the
effect of high oil prices on contract prices for natural gas) have been virtually eliminated from contracts in Asia since 2008, helping
to sustain prices well above those in both North America and Europe.

Recent increases in natural gas supplies have provided an opportunity for the development of competitive natural gas markets, and
global development of shale gas could hasten the advent of competitive pricing regimes around the world. Regulated natural gas prices

(continued on page 46)

2The ratio is calculated as the crude oil price in dollars per barrel divided by the natural gas price in dollars per million Btu. A ratio of around 6:1indicates
price parity between crude oil and natural gas on a Btu basis. A ratio above 6:1indicates that the natural gas price is at a discount relative to the oil price
on a Btu basis.

?*For a discussion of natural gas pricing in Europe, see EIA's International Energy Outlook 2011, DOE/EIA-0484(2011) (Washington, DC, September 2011),
“Natural gas prices in Europe,” pp. 46-47.
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and prices linked to oil are gradually giving way to competitive natural gas pricing, as seen first in North America and then in the United
Kingdom. The transition is still in progress in Continental Europe, where the share of the natural gas market traded under hub market
prices is likely to continue to grow. As regional Asian trade and consumption of LNG and natural gas increase, it is virtually inevitable
that a natural gas hub will also develop in Asia, even if it is not currently apparent how or where. China, Japan, and Singapore (among
other Asian nations) have expressed interest in developing such a hub. Finally, as natural gas trading hubs grow, natural gas increasingly
will compete economically worldwide, based on the balance of supply and demand for natural gas itself, without reference to oil prices.

OECD Asia

Natural gas consumption in OECD Asia grows on average by 1.3 percent per year from 2010 to 2040, from 6.7 trillion cubic feet to
9.9 trillion cubic feet. Over the projection period, natural gas consumption in Japan increases by an average of 1.0 percent per year,
as compared with 1.7 percent for Australia and New Zealand combined and also for South Korea. As a result, Japan's share of the
OECD Asia region's total natural gas consumption declines from 58 percent in 2010 to 53 percent in 2040.

From 2010 to 2020, natural gas consumption in Japan rises at a 1.8-percent annual rate—the highest rate in OECD Asia—Iled
by demand in the electric sector, where consumption increases by 2.3 percent annually, from 2.2 trillion cubic feet in 2010 to
2.7 trillion cubic feet in 2020 (Figure 46). Japan has relied primarily on LNG spot cargo shipments to offset the loss of nuclear
generating capacity that occurred when the country shut down a large part of its nuclear generation capacity after the Fukushima
Daiichi power reactors were severely damaged by the March 2011 earthquake and tsunami. All but two of the country’s 50 reactors
remain offline to date [64]. Japan receives LNG imports from 32 terminals, with 8.7 trillion cubic feet of total annual sendout
capacity. Natural gas consumption has received additional priority in Japan as a way to reduce carbon dioxide emissions.

From 2020 to 2040, Japan's economic growth rate slows to 0.3 percent per year, by far the lowest rate in the region, as a result
of its declining population and aging work force. With its nuclear generation capacity assumed to return to service in the IEO2013
Reference case, annual growth rates for natural gas consumption fall below 2010-2020 levels in every sector, including almost no
growth in natural gas consumption for electricity generation. Although Japan's natural gas consumption does not decline between
2020 and 2040, its consumption of energy from liquids and coal does decline. As a result, the natural gas share of Japan's total
energy consumption rises from 21 percent in 2020 to nearly 25 percent in 2040.

Unlike Japan, South Korea is expected to increase its natural gas consumption at greater rates after 2020. South Korea's natural
gas consumption grows by 0.8 percent per year from 2010 to 2020, after which it accelerates to 2.1 percent per year through
2040. This is largely the result of increasing natural gas consumption in South Korea's electric power sector, where natural
gas consumption declines by 0.2 percent per year from 2010 to 2020 as a substantial amount of new nuclear power capacity
becomes operational. From 2020 to 2040, natural gas consumption for electricity generation in South Korea increases by 3.2
percent per year on average, from 0.7 trillion cubic feet to 1.3 trillion cubic feet.

Natural gas consumption growth from 2010 to 2040 in Australia and New Zealand combined is fairly constant across all sectors.
The two countries have the region’s strongest growth in electricity sector natural gas consumption, averaging 2.4 percent per year
and more than doubling, from 0.3 trillion cubic feet in 2010 to 0.7 trillion cubic feet in 2040. Australia gradually increases the share
of natural gas in its power generation mix in order to reduce its more carbon-intensive coal-fired generation. The two countries’
combined share of OECD Asia’s total natural gas use for electricity generation grows from 10 percent in 2010 to 13 percent in 2040
in the Reference case.

Figure 46. OECD Asia natural gas consumption by Non-OECD natural gas consumption
country and end-use sector, 2010-2040
(trillion cubic feet)

6

Non-OECD Europe and Eurasia

The countries of non-OECD Europe and Eurasia relied on
Australia/ natural gas for 47.3 percent of their primary energy needs
South Korea New Zealand Japan in 2010—the second highest of any country grouping in
IE02013 except the Middle East. Non-OECD Europe and
Eurasia consumed a total of 21.8 trillion cubic feet of natural
4 gas in 2010, the most outside the OECD, and more than
Electric any other region in the world except the OECD Americas.
power Russia accounted for 69 percent of the regional total in 2010,

consuming 15.0 trillion cubic feet (Figure 47).

In the Reference case, overall natural gas consumption in
2 non-OECD Europe and Eurasia grows at a relatively modest
Industrial annual rate of 1.0 percent from 2010 to 2040. Slow growth
of only 0.6 percent per year is projected from 2010 to 2020,
Other when total consumption rises by only 1.2 trillion cubic feet.
The region’'s natural gas consumption grows by an average

0 . .
2010 2020 2040 2010 2020 2040 2010 2020 2040 of 1.3 percent per year from 2020 to 2040, increasing by a

46 U.S. Energy Information Administration | International Energy Outlook 2013



total of 6.8 trillion cubic feet. The trend is especially pronounced outside Russia. In the other countries of non-OECD Europe and
Eurasia, natural gas consumption grows by an average of 1.4 percent per year from 2010 to 2040, with consumption for electricity
generation increasing by 2.0 percent per year, from 1.8 trillion cubic feet in 2010 to 3.3 trillion cubic feet by 2040.

Natural gas consumption increases slowly through 2040 in Russia. Russia’s slow increase in natural gas consumption reflects the
country’s declining population, as well as a shift away from natural gas to nuclear power in its electricity sector, as the country
looks to monetize natural gas through exports to markets in Asia and OECD Europe. These efforts include the recently completed
construction of a second pipeline running parallel to the offshore Nord Stream line into Germany [65], as well as the South Stream
pipeline, which after its expected completion in 2015 would transport more than 2.2 trillion cubic feet per year through Bulgaria,
Serbia, Hungary, Slovenia, and Italy [66]. Expected efficiency improvements and other demand-side management measures also
limit growth in natural gas consumption over the long term. As a result, Russia’s projected 0.9-percent average annual growth
in natural gas demand from 2010 to 2040 is the lowest outside the OECD and the second lowest in the world, with its share of
non-OECD Europe and Eurasia’s total regional natural gas consumption falling from 69 percent in 2010 to 65 percent in 2040.
Nonetheless, Russia remains the largest national non-OECD consumer of natural gas through 2040 in the IEO2013 Reference case.

Non-OECD Asia

Among all regions of the world, the fastest growth in natural gas consumption in the IEO20173 Reference case occurs in non-OECD
Asia. Natural gas use in non-OECD Asia increases by an average of 3.3 percent annually, from 13.9 trillion cubic feet in 2010 to
almost triple that amount—36.3 trillion cubic feet—in 2040 (Figure 48). During the period, the non-OECD Asia region accounts
for more than 30 percent of the total increment in world natural gas use. Non-OECD Asia moves from its current position as the
world's fourth-largest natural gas consuming region to the second-largest gas consumer by 2030. Total natural gas consumption
increases from less than one-half that of the OECD Americas region in 2010 to nearly 90 percent in 2040, and its share of total
world natural gas consumption rises from 12 percent in 2010 to 20 percent in 2040.

Almost two-thirds (61 percent) of non-OECD Asia’s growth in natural gas consumption from 2010 to 2040 occurs in China, where
total consumption rises by more than 360 percent in the Reference case, from 3.8 trillion cubic feet in 2010 to 17.5 trillion cubic
feet in 2040. China's central government is promoting natural gas as a preferred energy source and has set an ambitious target of
increasing the share of natural gas in its overall energy mix to 10 percent (or approximately 8.8 trillion cubic feet) by 2020 in order
to alleviate pollution from its heavy coal use [67]. In the IEO2013 Reference case, natural gas consumption in China totals 7.8 trillion
cubic feet in 2020, or about 5 percent of the country’s total energy consumption, as a result of continued growth in consumption
of energy from other sources, particularly coal. In 2040, the natural gas share of China’s energy consumption is 8 percent—still far
less than coal’s 55-percent share. In addition, the 5.3-percent average annual growth rate for natural gas consumption from 2010
to 2040 is less than half the 10.3-percent rate for nuclear energy.

The most expansive growth in China’s natural gas consumption occurs between 2010 and 2020, averaging 7.5 percent per year
before slowing to 4.2 percent from 2020 to 2040, which still is higher than the non-OECD Asia regional average of 3.2 percent
from 2020 to 2040. Most of China’s initial growth in demand for natural gas comes from the electric power, industrial, and
residential sectors, which together account for 91 percent of the increase in the country’s natural gas consumption through 2020,
including 8.0-percent average annual growth in the electric power sector and 10.9-percent average annual growth in the residential

Figure 47. Non-OECD Europe and Eurasia natural Figure 48. Non-OECD Asia natural gas consumption
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sector. Growth in all three sectors levels off from 2020 to 2040, but they still account for 87 percent of the country’s total growth
in natural gas consumption during the period.

Natural gas accounted for about 10 percent of India’s overall energy consumption in 2010, nearly 2.5 times the share in China's
energy mix. India's natural gas consumption averages 2.0-percent annual growth from 2010 to 2040, lower than for all energy
sources except coal and only one-fifth of the 10.0-percent annual growth rate for nuclear energy consumption during the period.
This results largely from supply constraints, including continued obstacles to reaching agreement on the construction of three
pipelines that would provide India with natural gas from fields in Iran, Turkmenistan, and Myanmar [68]. Consequently, the natural
gas share of India’s total energy consumption declines to 8 percent in 2040, despite consumption increases of 1.0 and 0.9 trillion
cubic feet, respectively, in the industrial and electric power sectors.

In the other countries of non-OECD Asia, natural gas accounts for slightly less than one-quarter of overall energy consumption
from 2010 through 2040, increasing by an average of 2.1 percent per year from 7.8 trillion cubic feet in 2010 to 14.6 trillion cubic
feet by 2040. Although natural gas remains the second-largest source of energy consumption after liquids, its annual growth rate
is less than the rates for coal (2.4 percent) and nuclear energy (5.1 percent).

Middle East

In the Middle East region, natural gas accounted for about one-half of total energy consumption in 2010, more than in any other
region. In the IEO2013 Reference case, Middle East natural gas consumption increases by an average of 2.2 percent per year from
2010 to 2040, when it accounts for almost 54 percent of total energy use, the highest share of any IEO2013 world region. The
industrial sector accounts for the largest share of natural gas consumption in the Middle East from 2010 to 2040 (Figure 49).
Natural gas use in the industrial sector grows by 8.0 trillion cubic feet from 2010 to 2040, or two-thirds of the region’s 12.0 trillion
cubic feet of total natural gas consumption growth. Industrial sector natural gas consumption rises by an average 2.6 percent per
year, more than doubling over the projection period. Natural gas consumption in the electric power sector, by comparison, grows
to 7.6 trillion cubic feet in 2040, increasing at an average annual rate of 1.8 percent.

A significant portion of the increase in industrial natural gas consumption—particularly through 2015—is attributed to the use of
natural gas in LNG liquefaction plants and in gas-to-liquids (GTL) plants in Qatar—the world's largest LNG supplier. Qatar’s two
main LNG producers, Qatargas and RasGas, both of which are joint ventures with majority shares held by government-owned Qatar
Petroleum, are not expected to expand their annual LNG liquefaction capacity beyond the current 3.75 trillion cubic feet through the
construction of new facilities. Rather, any capacity increases are expected to result from improvements at existing facilities [69].

Africa

In the [EO2013 Reference case, Africa’s natural gas consumption rises to 8.8 trillion cubic feet in 2040, nearly 2.5 times the 2010
total (Figure 50). The average annual growth rate of natural gas use, at 3.1 percent, is second only to that of nuclear energy, which
increases by 6.8 percent per year from 2010 to 2040.

Egypt and Algeria are Africa’s two largest consumers and producers of natural gas, together accounting for more than 74 percent of the
region’s total natural gas consumption and 70 percent of its production in 2010 [70]. Egypt's consumption is expected to be bolstered
by government-sponsored efforts to encourage households and businesses to switch to natural gas from petroleum, coal, and liquefied
petroleum gas. In addition to a Natural Gas Connections Project in Egypt that is sponsored by the World Bank, the Egyptian government
currently requires one-third of the country's 77 trillion cubic feet of proved reserves be set aside for domestic consumption [77].

Figure 49. Middle East natural gas consumption by Figure 50. Africa natural gas consumption by end-use
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The electric power and industrial sectors account for 93 percent of the total increase in Africa’s demand for natural gas from 2010
to 2040 and 93 percent of its overall natural gas demand in 2040. The electric power sector alone accounts for 58 percent of the
rise in natural gas consumption from 2010 to 2040, from 1.8 trillion cubic feet to 4.8 trillion cubic feet. Almost all of the increase
in natural gas use for electricity generation in Africa occurs from 2020 to 2040, averaging 4.6 percent per year, versus an average
annual increase of less than 1.0 percent from 2010 to 2020.

Nigeria holds an estimated 182 trillion cubic feet of natural gas proved reserves, the largest in the region and ninth-largest in the
world. Most of Nigeria's marketed production is exported as LNG. The remainder is consumed domestically or exported to Benin,
Togo, and Ghana via the West African Gas Pipeline, which also connects the nation’s gas fields to its capital city, Lagos. About 85
percent of the gas transported through the pipeline is used for electricity generation, according to pipeline operator WAPCo. With an
initial capacity of 170 million cubic feet per day, the pipeline is expected to be expanded over time to 460 million cubic feet per day
[72]. Algeria holds the world’s tenth-largest proved reserves of natural gas and is the world's eighth-largest producer. Like Nigeria,
most of Algeria’s production is exported, primarily to European consumers through both pipeline networks and LNG shipments [73].

Central and South America

Natural gas consumption in the non-OECD nations of Central and South America increases by an average of 2.0 percent per year
in the IEO2013 Reference case, from 4.9 trillion cubic feet in 2010 to 8.9 trillion cubic feet in 2040 (Figure 51). The electric power
sector accounts for one-half of the demand growth from 2010 to 2040, followed by the industrial sector at 30 percent.

Brazil's natural gas consumption grows by an average of 3.9 percent per year from 2010 to 2040, or by a total of 1.9 trillion cubic feet,
which is nearly one-half of the overall increase of 4.0 trillion cubic feet for the Central and South America region. A number of projects
to expand domestic gas pipelines are planned by the state-owned Petrobras company, as well as efforts to diversify the country’s
electricity supply away from reliance on hydropower, in order to mitigate the risk of power shortages during dry periods [74].

The natural gas share of Brazil's overall energy mix grows from 7 percent in 2010 to almost 12 percent in 2040. Nearly two-thirds
(62 percent) of the increase in Brazil's natural gas consumption comes from the electric power sector, where natural gas use
grows by 600 percent, from 0.2 trillion cubic feet in 2010 to 1.4 trillion cubic feet in 2040. The growth in natural gas consumed for
electric power in Brazil averages 11.2 percent per year from 2010 to 2020 and 5.1 percent per year from 2020 to 2040. However,
the 12-percent natural gas share of Brazil's overall energy consumption in 2040 remains well below the share in the rest of Central
and South America, which is about 30 percent over the entire period.

One of the world's largest endowments of shale gas has been discovered in Argentina, which is also the region'’s largest consumer
of natural gas. Construction of the Gasoducto del Noreste Argentino (GNEA) gas pipeline [75] is expected to connect Argentina’s
northern and central provinces with Bolivia's Juana Azurduy integration pipeline, which could provide nearly 1.0 billion cubic feet
of natural gas per day to users in Argentina [76].

World natural gas production

In order to meet the consumption growth in the IEO2013 Reference case, the world’s natural gas producers will need to increase
supplies by more than 70 trillion cubic feet—or around 65 percent—from 2010 to 2040. Much of the increase in supply is expected
to come from non-OECD countries, which in the Reference case account for 73 percent of the total increase in world natural gas
production from 2010 to 2040. Non-OECD natural gas production grows by an average of 2.0 percent per year, from 70 trillion

cubic feet in 2010 to 126 trillion cubic feet in 2040 (Table 7),

Figure 51. Central and South America natural gas while OECD production grows by only 1.3 percent per year,
consumption by end-use sector, 2010-2040 from 41 trillion cubic feet to 61 trillion cubic feet.
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globally as possessing shale gas resources the available water supplies are limited. Further, environmental concerns add to the
uncertainty surrounding access to shale gas resources.

OECD Production

OECD Americas

Natural gas production in the OECD Americas grows by 56 percent from 2010 to 2040. The United States, which is the largest
producer in the OECD Americas and in the OECD as a whole, accounts for three-quarters of the total regional production growth,
with an increase from 21.2 trillion cubic feet in 2010 to 33.1 trillion cubic feet in 2040 (Figure 52). U.S. shale gas production grows
from 4.9 trillion cubic feet in 2010 to 16.7 trillion cubic feet in 2040, more than offsetting declines in production of natural gas
from other sources. In 2040, shale gas accounts for 50 percent of total U.S. natural gas production in the I[EO20173 Reference case,
tight gas accounts for 22 percent, and Lower 48 offshore production accounts for 9 percent. The remaining 19 percent comes from
coalbed methane, Alaska, and other associated and nonassociated Lower 48 onshore resources.

One of the keys to U.S. production growth is advanced production technologies, especially the combined application of
horizontal drilling and hydraulic fracturing techniques that have made the country’s vast shale gas resources accessible. Rising
estimates of shale gas resources have been the primary factor in nearly doubling the estimated U.S. technically recoverable
natural gas resource over the past decade, and U.S. shale gas production has continued to grow despite low natural gas prices.
As North American natural gas prices have remained low and liquids prices have risen with international crude oil prices,
U.S. shale drilling has concentrated on liquids-rich shales such as the Bakken formation in North Dakota and the Eagle Ford
formation in Texas.

Natural gas production in Canada grows by 1.1 percent per year on average over the projection period, from 5.4 trillion cubic feet
in 2010 to 7.6 trillion cubic feet in 2040. As in the United States, much of the production growth comes from growing volumes
of tight gas and shale gas production. Four proposed LNG liquefaction and export facilities would use feedstock gas from the
Montney tight gas and Horn River shale gas formations in western Canada. If all four facilities were built and operated at their

Table 7. World natural gas production by region and country in the Reference case, 2010-2040 (trillion cubic feet)

History Projections Average annual
percent change,
Region/country 2010 2015 2020 2025 2030 2035 2040 2010-2040
OECD
United States? 21.2 23.9 26.5 28.4 29.7 31.3 33.1 1.5
Canada 5.4 5.0 5.4 5.9 6.4 7.0 7.6 1.1
Europe 10.4 9.0 8.1 8.0 8.6 9.2 9.9 -0.2
Australia/New Zealand 1.9 2.7 3.8 4.9 5.6 6.2 6.7 43
Rest of OECD 2.1 1.7 1.8 1.9 2.3 3.0 3.8 2.1
Total OECD 41.0 42.3 45.6 49.1 52.5 56.7 61.2 1.3
Non-OECD
Russia 20.9 21.6 23.6 26.3 29.4 32.1 33.3 1.6
Europe and Central Asia 5.8 7.4 8.4 9.3 10.3 1.4 12.3 2.6
Iran 5.2 6.4 7.5 8.5 94 10.1 10.6 24
Qatar 34 6.0 6.9 7.3 7.6 7.9 8.3 3.0
Rest of Middle East 7.3 7.7 8.4 9.5 10.5 1.4 12.6 1.8
North Africa 5.8 5.7 6.2 6.2 6.4 6.8 74 0.8
Rest of Africa 1.6 2.3 3.1 4.0 4.8 5.6 6.3 4.8
China 3.3 3.8 4.2 5.2 6.7 8.5 10.1 3.8
Rest of Asia 11.5 111 11.4 11.8 12.5 13.5 14.4 0.8
Central and South America 54 6.4 74 7.9 8.5 9.5 104 2.2
Total non-OECD 70.2 78.5 87.1 96.0 106.2 116.8 125.6 2.0
Total world 111.1 120.8 132.7 145.1 158.7 173.5 186.8 1.7
Discrepancy® -1.8 0.4 0.6 0.9 0.5 0.8 0.6

4Includes supplemental production, less any forecast discrepancy.
®Balancing item. Differences between global production and consumption totals result from independent rounding and differences in conversion
factors derived from heat contents of natural gas that is produced and consumed regionally.
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initial proposed capacity, Canada would need to supply 1.2 trillion cubic feet per year to support them—Iless than the decline in net
pipeline exports of natural gas from Canada to the United States in the Reference case.

Currently, in addition to small but growing volumes of shale gas, Canada also produces small volumes of natural gas from coalbeds
and significant volumes from tight reservoirs. In 2010, almost 40 percent of Canada’s natural gas production came from tight
reservoirs [77]. Most of the country’s coalbed methane production is in the province of Alberta, which had more than 11,000
producing coalbed methane wells and 260 billion cubic feet of coalbed methane productionin 2010 [78]. In 2001, coalbed methane
activity in the province consisted of no more than a few test wells.

Mexico's natural gas production remains fairly flat in the mid-term but more than doubles in the later years of the projection,
as production from shale gas resources grows. Total natural gas production increases from 1.8 trillion cubic feet in 2010 to 3.5
trillion cubic feet in 2040. Like Canada and the United States, Mexico is thought to have substantial shale gas resources, the most
prospective of which are extensions of the successful Eagle Ford Shale in the United States. However, because the shale resources
in Mexico are not as well explored as those in the rest of North America, there is more uncertainty surrounding estimates of their
size and producibility. Mexico also faces substantial difficulties in attracting the investment and technology improvements needed
to increase natural gas production generally and production from shale resources specifically.

OECD Europe

Norway, the Netherlands, and the United Kingdom are by far the three largest producers of natural gas in OECD Europe, accounting
for 85 percent of total regional natural gas production in 2010. From 2000 to 2010, production in the Netherlands was fairly flat, as
was production by the three largest producers combined, and in OECD Europe as a whole. Stability of total production volumes has
been supported by significant growth in Norway's production, which has balanced declines in the United Kingdom's production.
That balance will be broken in the mid-term, however, as production declines in the United Kingdom and much of the rest of Europe
overwhelm any additional growth in Norway's production. In the IEO2013 Reference case, OECD Europe's natural gas production
declines in the mid-term and then begins to grow again in the later part of the projection, as production from tight gas, shale gas,
and coalbed methane resources becomes more significant (Figure 53). Overall, natural gas production in OECD Europe in 2040 is
about the same as in 2010.

OECD Europe's natural gas production is also buoyed by long-term growth in production in Israel, which became an OECD member
country in September 2010 and is included in the OECD Europe totals in IEO2013. In 2010, Israel produced just 55 billion cubic feet
of natural gas, but with significant offshore finds in the Levant Basin, including the Tamar and Leviathan fields, it has the potential
to produce at least 1 trillion cubic feet per year. Israel's demand for natural gas is limited, however, and actual production growth
could be affected by the economics or politics of exporting natural gas.

OECD Asia

Natural gas production in the Australia/New Zealand region grows from 1.9 trillion cubic feet in 2010 to 6.7 trillion cubic feet in
2040 in the Reference case, an average rate of 4.3 percent per year. In 2010, Western Australia, including the Northwest Shelf area
of Australia’'s Carnarvon Basin, accounted for around 63 percent of total production in the Australia/New Zealand region [79],
with much of the production used as feedstock at the Northwest Shelf LNG liquefaction facility. Other areas and basins in Australia
provided another 28 percent of the region's total production in 2010. New Zealand's natural gas production accounted for around
9 percent of the 2010 regional total.

Figure 52. OECD natural gas production by country, Figure 53. OECD Europe natural gas production,
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Coalbed methane from the Bowen-Surat Basin in eastern Australia accounted for between 10 percent and 11 percent of Australia’s
total natural gas production in 2010 [80], and its share grows as it provides natural gas supplies to satisfy the area’s demand
growth and to feed proposed LNG export projects.

Several companies also are pursuing tight gas and shale gas resources in Australia. Both the Perth and Canning basins in the state
of Western Australia may hold economically producible resources of tight gas and shale gas. As in the United States, fracture
stimulation of oil and gas wells has been common since long before the current interest in shale gas production. In Western
Australia almost 800 wells have been stimulated by hydraulic fracturing since 1958, including several in the Perth Basin in 2011 and
2012 [87] as part of shale gas exploration efforts there. The Canning Basin has received less attention to date, as it is more remote
and will require greater infrastructure investment to bring producible resources, if any, to market. On the other hand, shale gas
development in Australia is most active in the Cooper Basin, which lies mainly in the state of South Australia and closer to existing
oil and gas infrastructure and to Australia’'s demand centers.

Both Japan and South Korea have limited natural gas resources and, consequently, very limited current and future production. Both
countries receive the vast majority of their natural gas supplies in the form of imported LNG. In 2010, natural gas production in
Japan and South Korea accounted for only 4 percent and 2 percent of their natural gas consumption, respectively. The presence of
substantial deposits of methane hydrates in both Japan and South Korea has been confirmed, and both countries are investigating
how those resources could be safely and economically developed. However, the [EO2013 Reference case does not include methane
hydrate resources in its estimates of natural gas resources, and the widespread development of hydrates on a commercial scale is
not anticipated during the projection period.

Non-OECD production

Middle East

Four major natural gas producers in the Middle East—Qatar, Iran, Saudi Arabia, and the United Arab Emirates—together
accounted for 85 percent of the natural gas produced in the Middle East in 2010. With more than 40 percent of the world's proved
natural gas reserves, the Middle East accounts for 21 percent of the total increase in world natural gas production in the IEO2013
Reference case, growing from 15.9 trillion cubic feet in 2010 to 31.5 trillion cubic feet in 2040 (Figure 54).

The strongest growth among Middle East producers from 2010 to 2040 in the Reference case comes from Iran, where natural
gas production increases by 5.4 trillion cubic feet, followed by Qatar (4.9 trillion cubic feet of new production) and Saudi Arabia
(2.3 trillion cubic feet). Although Iraq is the region’s fastest-growing supplier of natural gas, with average increases of 11.6 percent
per year over the projection, it remains a relatively minor contributor to regional natural gas supplies. In 2040, Irag’s natural gas
production totals 1.2 trillion cubic feet, or about 4 percent of the Middle East total.

Iran has the world's second-largest reserves of natural gas, after Russia, and is currently the Middle East's largest natural gas
producer. Iran is also the Middle East's largest user of reinjected natural gas for enhanced oil recovery operations. In 2010 Iran
reinjected more than 1 trillion cubic feet of natural gas, or 15 percent of its gross production, and in 2020 it is projected to use
3.7 trillion to 7.3 trillion cubic feet of natural gas per year for reinjection [82]. The higher estimate is almost equal to the total for

Iran’s marketed natural gas production in 2020 in the [E02013
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2Sour gas contains significant quantities of hydrogen sulfide, which is considered a contaminant, and gas with high concentrations requires special
handling and treatment. Hydrogen sulfide is corrosive, and in sufficient concentrations it can damage pipelines and other infrastructure. It is also heavier
than air and highly toxic.
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and that no natural gas will be exported. Thus, in the long term, production is more dependent on domestic demand growth and
domestic prices than on resource availability.

Non-OECD Europe and Eurasia

In the [EO2013 Reference case, almost one-quarter of the global increase in natural gas production comes from non-OECD Europe
and Eurasia, which includes Russia, Central Asia, and non-OECD Europe. Natural gas production in the region as a whole increases
from 26.7 trillion cubic feet in 2010 to 45.6 trillion cubic feet in 2040 (Figure 55). Russia remains the dominant natural gas
producer, accounting for more than 70 percent of the region’s production throughout the projection.

In 2010, Russia produced 20.9 trillion cubic feet of natural gas, following a 10-percent drop in production in 2009 when the global
economic downturn reduced demand in Russia and in its natural gas export markets. In 2010, however, the country’s production
recovered most of the volume lost in 2009. In the IEO2013 Reference case, Russia's natural gas production grows on average by 1.6
percent per year from 2010 to 2040, as domestic consumption and exports to both Europe and Asia continue to grow.

If Russia is to increase its natural gas production, it must invest in new fields. Moreover, it will require significant investment
simply to maintain current production levels, because production from its three largest natural gas fields (Yamburg, Urengoy, and
Medvezh'ye) is declining [84]. The giant Koykta field in eastern Siberia, estimated to hold 70 trillion cubic feet of natural gas and to
be capable of producing 1.6 trillion cubic feet per year, is a likely candidate as a source for pipeline exports to China. Ownership of
the field changed hands in early 2011, when it was bought by the Russian state firm, Gazprom [85]. There had been little progress
on exporting natural gas from the field under the previous joint venture owners, TNK-BP.

The Yamal Peninsula is another major area for future Russian production growth. The Bovanenkovo field, which is owned by
Gazprom, is estimated to hold more than 170 trillion cubic feet of recoverable natural gas. Production facilities for the field were
first commissioned in October 2012, with the production from the field expected to come on line over the course of several years
and grow to more than 4 trillion cubic feet per year in 2017 [86]. The Tambeiskoye field, which is majority-owned by Russia’s
largest independent natural gas producer, Novatek, lies to the northeast of Bovanenkovo. The field has estimated reserves of 44
trillion cubic feet, and Novatek has proposed building an LNG liquefaction facility with the capacity to export 0.7 trillion cubic feet
of natural gas production per year [87]. Finally, there is the Shtokman field in the Barents Sea, which is envisioned to produce 2.5
trillion cubic feet of natural gas annually [88]. However, in 2012, with project costs and changes in the European natural gas market
making the project uncertain, Statoil pulled out of a partnership with Gazprom to develop the field [89].

Natural gas production in Central Asia (which includes the former Soviet Republics) grows by 2.8 percent per year on average,
from 4.6 trillion cubic feet in 2010 to 10.7 trillion cubic feet in 2040. Much of the growth is expected to come from Turkmenistan,
which is already a major producer and accounted for 35 percent of the region's total production in 2010. Turkmenistan is just
beginning to develop its recently reassessed giant South Yolotan-Osman field. It will be developed in several phases, with each
of the initial four phases adding around 0.4 trillion cubic feet of annual natural gas production. First production from the field
is expected before the end of 2013, with much of the production likely to be exported by pipeline to China. Also contributing
to Central Asia’'s production growth is Azerbaijan, which has been planning to bring on line the second phase of natural gas
production at its Shah Deniz field. Upon reaching peak production, Shah Deniz will add around 0.6 trillion cubic feet to the
country’s annual production.

Africa
Natural gas production in Africa grows from 7.4 trillion
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In Nigeria, security concerns and uncertainty over terms of access further delay proposed export projects and limit mid-term
production growth. In the [EO2013 Reference case, export projects in Nigeria regain their former momentum later in the projection
period, raising production for the West Africa region to 5.2 trillion cubic feet in 2040. West Africa’s share of total African natural
gas production doubles from 19 percent in 2010 to 38 percent in 2040.

In 2010, East Africa produced just 0.1 trillion cubic feet of natural gas. Over the last few years, however, several new natural gas
discoveries have been made in the Rovuma Basin off the coast of Mozambique and Tanzania. Anadarko Petroleum began exploration
of the Rovuma Basin in 2006, and several other companies have since invested and made discoveries in the area as well. Recent
offshore discoveries in Mozambique and Tanzania hold an estimated 85 trillion cubic feet and 18 trillion cubic feet of recoverable natural
gas resources, respectively. In order to commercialize the resources, Anadarko and another company, Eni, have proposed separate
LNG liquefaction facilities for Mozambique. In addition, BG and Statoil are discussing the possibility of a joint facility in Tanzania. The
Anadarko proposal, which currently is the most advanced, is for a facility capable of exporting 0.5 trillion cubic feet per year initially,
with room to increase the capacity to a total of 1.4 trillion cubic feet if more natural gas becomes available for the project [90].

Non-OECD Asia

Natural gas production in non-OECD Asia increases by 9.7 trillion cubic feet from 2010 to 2040 in the IEO2013 Reference case, with
China accounting for 70 percent of the growth and India 12 percent (Figure 57). From 2010 to 2040, China has the largest increase in
natural gas production in non-OECD Asia, from 3.3 trillion cubic feet in 2010 to 10.1 trillion cubic feet in 2040, for an average annual
increase of 3.8 percent. Much of the increase in the later years comes from tight gas, shale gas, and coalbed methane reservoirs
(Figure 58). China already is producing small volumes of coalbed methane and significant volumes of tight gas. However, the actual

volumes of tight gas are unknown, as China does not report
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offshore fields; production from the Krishna Godavari Basin has failed to meet earlier expectations for volumes [94]; and while India
has been encouraging exploration of potential coalbed methane deposits, initial results have been discouraging and actual production
is likely to fall short of the government estimate of 0.1 trillion cubic feet by 2013-2014 [95]. India does have several basins that are
prospective for shale gas, and in the later years of the IEO2013 Reference case production from shale resources makes a significant
contribution to India’s total natural gas production. According to most of the early estimates India’s shale resources are much smaller
than those in China or North America, and India appears to be progressing toward their development much more slowly [96].

Outside China and India, non-OECD Asian natural gas production grows at a relatively modest average annual rate of 0.6 percent.
The two largest producers in the region, Malaysia and Indonesia, both face declining production from many older fields and must
make substantial investments to maintain current production levels. While other countries are looking toward potential shale
gas resources to underpin future production growth, Indonesia is focusing on its coalbed methane resources. As of late 2012,
Indonesia had awarded 50 production-sharing contracts for coalbed methane areas [97]. The sector has attracted investment
from a variety of companies, including large international oil and natural gas companies, smaller regional companies, and local
Indonesian companies. At least three projects are expected to be producing commercial volumes in 2013. In 2011, the Indonesian
firm Medco Energi signed an agreement to sell small volumes of coalbed methane from its Sekayu development to a local power
generator beginning in 2012 [98]. Dart Energy, an Australia-based company that specializes in coalbed methane, expects to make
the first sales of natural gas from its Sangatta project in 2013 [99]. Vico Indonesia, a BP-Eni joint venture, also expects first sales of
natural gas from its Sanga-Sanga project in 2013, although first production from the project began in 2011 [7100].

Central and South America

Natural gas production in the non-OECD economies of Central and South America nearly doubles from 2010 to 2040, from 5.4
trillion cubic feet to 10.4 trillion cubic feet (Figure 59). Brazil's production increases more than sixfold, from 0.4 trillion cubic feet
in 2070 to 2.8 trillion cubic feet in 2040, at an average annual growth rate of 6.3 percent that is more than double the next highest
rate for the region (except for Central America and the Caribbean, where production levels are so low that the growth rate is
immaterial). As a result, Brazil's share of regional production grows from 8 percent in 2010 to nearly 27 percent in 2040.

Just over one-fifth (21 percent) of Brazil's natural gas production growth from 2010 to 2040 comes from tight gas, shale gas, or coalbed
methane production. Recent discoveries of oil and natural gas in the pre-salt Santos Basin are expected to increase the country's
natural gas production, particularly in the Tupi field, which could contain between 5 trillion and 7 trillion cubic feet of recoverable
natural gas. Much of Brazil's natural gas production occurs in the offshore fields of the Campos Basin in Rio de Janeiro state. Although
infrastructure bottlenecks in the past have hindered the transport of natural gas from those fields to the country’s 4,000-mile pipeline
network, Petrobras has now completed the 870-mile Southeast Northeast Interconnection Gas Pipeline (GASENE), connecting
southeastern offshore supply with fields in the northeast. In addition, Brazil has recently built two new LNG terminals—the Pecem
terminal in the northeast and the Guanabara Bay terminal in the southeast—with a combined sendout capacity of 740 million cubic
feet per day, and plans to build a third terminal with 495 million cubic feet per day of capacity in Bahia state this year [107].
Despite recent declines in production, countries in the Southern Cone (mainly Argentina)?® become the region's leading natural
gas producers by 2040. In the IEO2013 Reference case, annual production in the Southern Cone increases by 150 percent, from
1.4 trillion cubic feet in 2010 to 3.5 trillion cubic feet in 2040—enough for the Southern Cone to surpass northern producers in
terms of total volume. Although the increase in the Southern

Figure 59. Non-OECD Central and South America Cone's natural gas production, averaging 3.0 percent per year
natural gas production, 1990-2040 (trillion cubic feet) from 2010 to 2040, is less than half the 6.3-percent average
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2The Southern Cone region also includes the countries of Chile, Paraguay, and Uruguay, whose production of hydrocarbons is a small portion of the
regional total.
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Growth in natural gas production in Brazil and the Southern Cone will increase overall natural gas production for the non-OECD
Central and South America region. However, production from the Northern Producers region (primarily Colombia, Venezuela,
and Trinidad and Tobago) grows at an average annual rate of only 0.5 percent (the region's second-lowest rate after the Andean
countries). Although Venezuela's 195 trillion cubic feet of proven natural gas reserves are the Western Hemisphere's second
largest after the United States, only an estimated 10 percent of its natural gas production is not associated with oil fields. The state
oil company, Petrdleos de Venezuela, S.A., has limited experience in developing nonassociated natural gas fields, and international
partners will be needed for production to move forward in a meaningful way [104]. The result is that, while the Northern Producers
provided 51 percent of all natural gas output in the non-OECD Central and South American region in 2010, their share falls to 30
percent in 2040. Almost all of their production comes from fields that do not include tight gas, shale gas, or coalbed methane
resources. Production from those more traditional gas fields in the Northern Producers region increases by an average of 0.2
percent per year from 2010 to 2040.

World natural gas trade

International trade in natural gas is undergoing rapid transformation. Global LNG trade more than doubled from just under 5 trillion
cubic feet in 2000 to just over 10 trillion cubic feet in 2010, and the subsequent 5-year period may be no less dynamic. Although
little new liquefaction capacity is planned to come on line globally between 2010 and 2015, world LNG flows adjusted quickly
in 2011 and 2012 to accommodate a surge in Japan’'s demand for LNG in the wake of the Fukushima disaster, and to account for
underutilization of LNG liquefaction capacity in North Africa and Southeast Asia. Global LNG markets already have shown greater
flexibility in dealing with such issues than they did during past disruptions of supply or demand. Another surge in LNG trade may be
coming in the 2015-2025 timeframe, as several projects currently under construction in Australia are expected to be on line before
2020, and several projects in various stages of development in North America are planned to be on line soon after the Australian
projects (Table 8).

Although LNG trade has grown considerably faster in recent years, flows of natural gas by pipeline still account for most of world
natural gas trade in the IEO20173 Reference case, which includes several new long-distance pipelines and expansions of existing
infrastructure through 2040. The largest volumes of internationally traded natural gas by pipeline currently are in North America
(between Canada and the United States) and in Europe (among numerous OECD and non-OECD countries). By the end of the
projection period, the [EO2013 Reference case includes large volumes of pipeline flows into China from both Russia and Central Asia.

Increased LNG trade and cross-border natural gas pipeline flows have long indicated transformation of markets around the world,
including increased natural gas consumption in growing economies and changes in interregional pricing practices. Although the
emergence of a global natural gas market has yet to occur with a depth rivaling other global commodities such as oil, an evolution
toward greater interregional trade and pricing continues.

Interest in developing tight gas, shale gas, and coalbed methane resources has grown significantly. The results are already noticeable
in North America, where the current development of shale resources has reduced the demand for imports. It is likely that significant
shale resources also exist in other large consuming countries, including China and several European nations. Although development
of shale resources in China and other countries could slow the growth of their demand for imports, exploitation of tight gas, shale

Table 8. Selected LNG liquefaction projects existing and under construction

Capacity (million metric Delivered cost to Asia

Project Country tons per year) (dollars per million Btu) Scheduled start date
Sakhalin 2 Russia 9.6 8.70 2009
Pluto Australia 4.8 13.50 2012
Angola LNG Angola 5.2 9.90 2013
PNG LNG Papua New Guinea 6.9 10.50 2014
Queensland Curtis Australia 8.5 10.80 2014
Australia Pacific LNG Australia 9.0 11.20 2015
Gladstone LNG Australia 72 11.40 2015
Gorgon Australia 15.6 12.30 2015
Sabine United States 18.0 9.90% 2015
14.40°
Ichthys Australia 8.4 10.20 2016
Wheatstone Australia 8.9 12.20 2016
Prelude Australia 3.6 10.40 2017

2$4 Henry Hub price.
®$8 Henry Hub price.
Note: 1 million metric tons of LNG is equivalent to approximately 48 billion cubic feet of natural gas.
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gas, and coalbed methane resources is not necessarily a countervailing force to growing international trade. For example, many of
the previously mentioned LNG liquefaction projects under construction in Australia are to be supplied by production from coalbed
methane resources. Additionally, all the LNG export projects proposed in North America are either directly or indirectly based on
growing production from tight gas and shale gas reservoirs.

OECD natural gas trade

In 2010, about one-quarter of natural gas demand in the OECD nations was met by net imports from non-OECD countries. That
share falls to around 20 percent in 2040, when the total volume of net imports to OECD countries is about the same as in 2010,
even as significant differences in the trade profiles within the OECD evolve. Both imports and exports from different OECD regions
grow substantially over the projection period. In the mid-term, OECD imports increase, with growing demand for imports to
Europe, Japan, and South Korea dominating the total. Later in the projection, however, growing exports from Australia and North
America reverse the trend. In the [EO2013 Reference case, OECD net imports grow by 1.3 percent per year on average from 2010
to 2020, peaking before 2020. For the remainder of the projection, OECD net imports as a whole decline by 0.3 percent per year,
with 2040 net imports less than 10 percent higher than in 2010.

OECD Americas

Regional net imports among the nations of the OECD Americas begin a downward trend after 2010 that extends through 2040 in
the [E02013 Reference case (Figure 60). In the United States, rising domestic production reduces the need for imports, primarily as
a result of robust growth in regional production of shale gas. The United States becomes a net exporter of natural gas in 2020, with
net exports growing to 3.6 trillion cubic feet in 2040. Most of the growth in U.S. net exports can be attributed to pipeline exports
to Mexico, which grow steadily over the projection period, as increasing volumes of natural gas imported from the United States
fill the growing gap between Mexico’s production and consumption. U.S. exports to Mexico increase from 0.3 trillion cubic feet in
2010 to 2.4 trillion cubic feet in 2040.

U.S. domestically sourced exports of LNG, excluding exports from the existing Kenai facility in Alaska, begin in 2016 and grow to
1.6 trillion cubic feet per year in 2027, with one-half of U.S. LNG exports originating in the Lower 48 states. The other half of the
U.S. LNG exports originate from Alaska. Continued low levels of LNG imports through the projection period position the United
States as a net exporter of LNG by 2016. However, future U.S. exports of LNG depend on a number of factors that are difficult to
anticipate and thus are highly uncertain.

From 2000 to 2010, Canadian pipeline exports declined by more than 25 percent, as growing shale gas production in the United
States reduced the need for imports of natural gas from Canada. In the I[EO2013 Reference case, pipeline exports from Canada
continue to decline (Figure 61). However, Canada becomes a net exporter of LNG before 2020, and LNG export volumes begin to
replace some of the lost pipeline export volumes. Currently, there are four LNG export facilities proposed for Canada’s west coast.
The exports are targeted to Asian markets, and a variety of Asian companies have signed contracts to buy LNG, invested in the
liquefaction projects, or invested in the development of tight gas and shale gas resources to supply the liquefaction projects. At end
of the projection in 2040, Canada’s total net natural gas exports are less than 10 percent higher than they were in 2010.

In the OECD Americas as a whole, the growing import dependence of Mexico and Chile partially offsets the growing exports
from the United States and Canada. As Mexico's domestic production fails to keep pace with demand growth, its net imports
increase from 0.5 trillion cubic feet in 2010 to 1.6 trillion cubic feet in 2020 and 3.0 trillion cubic feet in 2040. Pipeline flows

Figure 60. OECD Americas net natural gas trade, Figure 61. United States and Canada net natural gas
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from the United States, which currently account for about 16 percent of Mexico's natural gas supply, increase substantially in the
projection. LNG imports, which accounted for 9 percent of Mexican natural gas supply in 2010, also grow, but more moderately.

Natural gas production in Chile is limited, and significant imports are required to meet the country’s demand. In the past, Chile
relied on imports from Argentina for a large portion of its total supply. However, natural gas imports from Argentina to Chile
peaked in 2004 at 254 billion cubic feet, or 87 percent of Chile's total natural gas supply. Subsequently, the Argentine government
enacted price controls that had the dual effect of encouraging demand for natural gas and discouraging investment in exploration
and production. As a result, Argentina limited the supply of natural gas available for export in order to meet domestic demand.
Natural gas imports and consumption in Chile fell as demand went unmet. Chile has since moved to ensure that it will be able to
receive natural gas from a wider variety of sources by opening two LNG regasification terminals in 2009 and 2010, one in Quintero
near Santiago and one in the northern town of Mejillones [105].

OECD Europe

In OECD Europe, total natural gas imports continue to grow over the course of the projection, by an average of 1.6 percent per
year from 2010 to 2040 as local production sources decline, especially in the United Kingdom. Pipeline imports of natural gas to
OECD Europe peaked in 2007 and 2008, when they accounted for 37 percent of OECD Europe's total supply. Since the onset of
the financial crisis in late 2008, which resulted in lower natural gas demand and excess supplies worldwide, buyers generally have
preferred to buy larger volumes of LNG or other uncontracted natural gas on spot markets rather than opting for supplies tied to
more expensive contracts linked to world oil prices (see box on page 45). In 2009 and 2010, the pipeline share of OECD Europe's
total natural gas supply declined to 34 percent, while the LNG share grew to 13 percent in 2010. In the IEO2013 Reference case, the
pipeline share of OECD Europe's natural gas imports grows to between 40 and 50 percent of total natural gas supply. LNG imports
grow to around 20 percent of supply and maintain that share through 2040.

The recent increase in LNG supplies to OECD Europe, and particularly to the United Kingdom, has added complexity to natural gas
pricing in the region. In comparison to long-term contracts with prices linked to oil and petroleum product prices, LNG supplies have
improved the prospects for spot market trading. Continental Europe’s long-term contracts with suppliers of pipeline gas, which
include Russia, Algeria, and Norway, among others, have some flexibility in terms of volumes, but the prices generally are linked
to lagged prices for oil products. Although some suppliers, such as Norway, switched as much as 30 percent of their contracted
volumes to spot market pricing, other countries, such as Algeria, altered their pricing far less or not at all [106]. The subsequent
loss of market share by pipeline suppliers to OECD Europe with less flexibility in pricing since 2008 may indicate eventual changes
in the pricing of pipeline imports from a variety of countries—including Russia, which is by far the largest exporter to Europe.
However, the extent of such changes over the long term remains to be seen.

OECD Asia

The world’s two largest LNG importers, Japan and South Korea, are in OECD Asia. The Australia/New Zealand country grouping,
also in OECD Asia, is on its way to becoming the world's second largest exporter of LNG (after Qatar). With Australia’s export
growth dominating the region as a whole in the long-term projection, OECD Asia's net demand for imports declines from 4.6
trillion cubic feet in 2010 to 3.1 trillion cubic feet in 2040 (Figure 62).

Japan and South Korea continue to be major players in world trade of LNG, despite consuming relatively small amounts of natural
gas on a global scale. Combined, their natural gas consumption represented slightly less than 5 percent of world consumption
in 2010. At the same time, however, it represented almost
50 percent of total global LNG imports. Because the two
countries are almost entirely dependent on LNG imports
for natural gas supplies, overall consumption patterns are
1990 translated directly into import requirements. South Korea's
2000 imports grow moderately over the projection period, in line
with moderate growth of natural gas demand.

Figure 62. OECD Asia net natural gas trade,
1990-2040 (trillion cubic feet)
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Australia is by far the largest and most active LNG exporter among the OECD countries and remains so throughout the projection.
In 2010, Australia exported just under 1 trillion cubic feet of natural gas from its two LNG export facilities that were operating at
the time. Both North West Shelf LNG and Darwin LNG are located in the northwest part of the continent, an area rich in natural gas
resources that is targeted for substantial development in coming years. A third liquefaction facility, Woodside's Pluto LNG, began
exporting LNG in 2012.

Seven other independent liquefaction projects have been sanctioned in Australia over the past few years (Table 8), beginning in
2009 with Chevron's Gorgon LNG, the largest of the projects at 0.7 trillion cubic feet. Including Gorgon LNG, four of the seven
sanctioned projects will utilize gas from reservoirs offshore northwest Australia. The three remaining LNG export projects are
situated in eastern Australia and will export gas from coalbed methane reservoirs. In total, the seven sanctioned projects have a
planned export capacity of 2.8 trillion cubic feet, all of which is scheduled to come on line before 2020. In the IEO2013 Reference
case, Australia’s exports of natural gas more than quintuple from 2010 to 2040, with exports totaling 4.6 trillion cubic feet in 2040.

Non-OECD natural gas trade

Net exports of natural gas from the non-OECD countries grow by less than 1.0 percent per year on average in the [EO2013 Reference
case. As with the OECD countries, the slow growth on the whole masks the dynamism of trade in the separate non-OECD regions
and countries. Non-OECD Europe and Eurasia accounts for more than 30 percent of the total global increase in interregional
natural gas exports, and non-OECD Asia accounts for around 50 percent of the total global increase in interregional natural gas
imports. The vast natural gas resource base in non-OECD countries points to their continued ability to meet incremental growth in
demand for natural gas both among countries in the region and among the OECD countries. However, with demand in non-OECD
countries (excluding non-OECD Europe and Eurasia) rising rapidly in the projection, non-OECD countries export progressively less
of their overall production to OECD countries over time. The share of non-OECD production that is exported peaks before 2020 at
around 20 percent, before declining to 13 percent in 2040.

Non-OECD Europe and Eurasia

Net exports of natural gas from Russia, the largest exporter in the world, are the most significant factor in exports from non-OECD
Europe and Eurasia. Net exports from non-OECD Europe and Eurasia rise from 5.5 trillion cubic feet in 2010 to 8.2 trillion cubic
feet in 2020 and 15.3 trillion cubic feet in 2040, at an average annual rate of 3.5 percent (Figure 63). Russia provides the largest
incremental volume to meet the increase in demand for supplies from non-OECD Europe and Eurasia, with its net exports growing
by an average of 2.4 percent per year, from 6.6 trillion cubic feet in 2010 to 13.5 trillion cubic feet in 2040. LNG and pipeline exports
from Russia to customers in both Europe and Asia increase throughout the projection.

Despite recent declines in demand for natural gas in Europe, Russia has recently completed a massive new pipeline project. The
Nord Stream pipeline consists of two parallel lines under the Baltic Sea to Germany. The first line was commissioned in November
2011, with the second line following about a year later. The Nord Stream pipeline has a total flow capacity of 1.9 trillion cubic feet of
natural gas per year, or just over 10 percent of OECD Europe's total natural gas consumption in 2010. Flows through the Nord Stream
pipeline are expected to be significant, in part because the pipeline route bypasses eastern European transit states with which Russia
has had pricing and payment disputes in the past. The IEO2013 Reference case also incorporates pipeline flows from Russia to China.

Exports from Central Asia could add substantial supplies to markets in both the East and the West. In late 2009, flows of natural
gas to China from Turkmenistan began with the completion of a pipeline running from the Bagtyyarlyk, Saman-Depe, and Altyn Asyr
fields in Turkmenistan through Uzbekistan and Kazakhstan and

Figure 63. Non-OECD Europe and Eurasia net eventually connecting to China's second West-East pipeline in
natural gas trade, 1990-2040 (trillion cubic feet) X|nJ|ar?g province [1@8]. !n 2Q12, Ch.lrja received imports from
Uzbekistan for the first time, in addition to flows on the same
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1.5 trillion cubic feet in 2010 to 5.7 trillion cubic feet in 2040,
with increases averaging 4.6 percent per year.

Middle East

Net exports of natural gas from the Middle East grow at an
annual rate of 3.0 percent, as flows from the region increase
from 2.7 trillion cubic feet in 2010 to 6.7 trillion cubic feet
in 2040 (Figure 64). An important factor in the increase,
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exporter in the world in 2009. Qatar's LNG exports continue to increase through 2040. Its total LNG export capacity reached 77
million tons (3.6 trillion cubic feet) per year in early 2011 with the completion of the last in a line of six large-volume liquefaction
trains under construction since 2008. Each train has the capacity to produce the equivalent of 360 billion cubic feet of natural gas
per year for export [110].

Qatar's natural gas exports grow by an average of 10.7 percent per year from 2010 to 2015 in the Reference case, then slow to an
average increase of 1.1 percent per year after 2015. Because of a current moratorium on further development from the North Field,
no new LNG projects are being initiated. Qatar enacted the moratorium in 2005 in order to assess the effect of the ongoing increase
in production on the North Field before committing to further production increases [7717]. If Qatar decides to lift the moratorium
on North Field development in 2014, its stated development priority is to ensure that it can meet long-term domestic natural gas
needs for power generation, water desalination, and local industry. Only after those needs are met will it consider further increases
in exports, and any increases are expected to come primarily from optimization of current facilities.

Despite possessing the second-largest reserves of natural gas in the world, Iran continues to struggle with the formation of an
export program that will result in significant commercialization of its resources. The country shares the North Field/South Pars
Field with Qatar and has many export projects under consideration through the development of its portion of those reserves.
Nonetheless, the country as of 2010 was just barely a net exporter, delivering slightly higher volumes of natural gas to Turkey
than it received from Turkmenistan (resulting in net exports of 0.1 trillion cubic feet). Although its first LNG export plant is under
construction, Iran is without international partners and without an obvious source for obtaining liquefaction technology. Other
export projects continue to be discussed, but as a result of international sanctions and internal politics there has been little progress
on most projects. The IEO2013 Reference case shows moderate flows from Iran, so that by 2040 the country is a net exporter of
1.6 trillion cubic feet per year.

Elsewhere inthe Middle East, Yemen, Oman, and Abu Dhabi in the United Arab Emirates (UAE) also currently export LNG, although
the potential for growth in exports from those and other countries in the Middle East appears to be limited by the growth of their
domestic demand. Significant volumes of LNG have been imported by Kuwait and also by Dubai in the UAE, which completed
construction of an LNG import facility in November 2010 and received its first cargo a month later [7172]. Both Oman and the UAE
also are currently importing natural gas via pipeline from Qatar. The IEO2013 Reference case projects a similar trend for smaller
producers in the Arabian Peninsula region as a whole, including Kuwait, Oman, the UAE, and Yemen. As a group they exported less
than 0.2 trillion cubic feet of natural gas on a net basis in 2010, and the volume of their net imports rises throughout the projection
to a total of 1.3 trillion cubic feet in 2040.

Africa

Net exports of natural gas from Africa increase in the projection at a rate of 0.9 percent per year (Figure 65). In 2010, the region's
net exports totaled about 3.8 trillion cubic feet, led by net exports of 2.8 trillion cubic feet from North Africa. Between one-half and
two-thirds of the exports from North Africa are delivered by pipeline from Algeria, Egypt, and Libya to Spain, Italy, and parts of the
Middle East. The remainder is exported as LNG throughout the world, primarily to European countries, from liquefaction facilities
in Algeria, Egypt, and Libya.

Recent political events in North Africa have significantly affected natural gas exports. Flows from Libya to Italy on the Greenstream
pipeline were halted in March 2011 but resumed before the end of the year, with volumes gradually increasing toward earlier
levels. Even before the political unrest in 2011, utilization rates were low at Egypt's two LNG export facilities, largely due to the

Figure 64. Middle East net natural gas trade, Figure 65. Africa net natural gas trade, 1990-2040
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prioritization of domestic consumption over exports. Exports from Egypt have declined further since 2011, as the natural gas
pipelines from Egypt to Israel, Jordan, and Syria have been sabotaged repeatedly, effectively halting those flows.

In the IEO2013 Reference case, net exports from both West Africa and East Africa grow at a robust average annual rate of 4.5
percent from 2010 to 2040, although starting from very different levels. For both regions, much of the growth comes in the later
part of the projection. Security concerns and uncertainty over terms of access in Nigeria have significantly delayed any progress
on currently proposed LNG export projects. East Africa also faces significant above-ground challenges, simply because recent
production and export proposals represent a large change in scale of operations for the oil and gas industries in Mozambique
and Tanzania, where physical and regulatory infrastructures are not yet in place to support large-scale production and export of
natural gas.

Non-OECD Asia

Non-OECD Asia is the only regional grouping that changes from a net exporter to a net importer of natural gas in the IE02013
Reference case. With net imports of 12.1 trillion cubic feet in 2040, the region becomes the world's second-largest importing
region, behind only OECD Europe. China has the largest increase in import demand, requiring imports of 7.7 trillion cubic feet per
year—more than 40 percent of its annual natural gas consumption—in 2040 (Figure 66).

To meet its future demand, Chinais actively pursuing multiple potential sources for natural gas imports. China is currently receiving
LNG from four different countries under long-term contracts, with additional spot purchases occasionally coming from other
countries. Chinese companies also have signed contracts to begin or increase imports from Papua New Guinea, Australia, Qatar,
and Malaysia and are taking equity stakes in liquefaction projects around the world. PetroChina holds a 20-percent interest in the
LNG Canada project led by Shell, which plans to export 0.6 trillion cubic feet of LNG per year from Canada’s west coast.

China is also pursuing multiple sources for pipeline natural gas imports. The country’s first natural gas import pipeline, completed
in late 2009, transports supplies from Turkmenistan and Uzbekistan. China also has an agreement in place with Kazakhstan to
begin importing natural gas in the future. Another new pipeline from Myanmar, scheduled for completion in 2013, will carry 0.4
trillion cubic feet of natural gas per year from Myanmar's offshore fields in the Bay of Bengal to Kunming in China’s Yunnan province
[713]. In addition, China and Russia continue to discuss future natural gas pipeline connections between the two countries. In 2009,
the two countries reached an agreement that envisions two separate large-diameter pipelines from eastern and western Siberia
by 2014 or 2015. The 2009 agreement suggested that volumes of 2.5 to 2.8 trillion cubic feet of natural gas per year would be
exported through the proposed pipelines, although the countries have yet to agree on a price for the natural gas.

India’s imports as a share of its total natural gas consumption grow to around 40 percent before declining in the later years of the
Reference case projection, when production from shale resources starts to reverse the trend. In 2010, import growth remained
muted, with LNG deliveries accounting for about 19 percent of overall supplies while new production from the Krishna Godavari
Basin was brought on line [174]. Over the long term, as its domestic production fails to keep up with demand, India's import
requirements increase. Its imports total 1.2 trillion cubic feet in 2040 in the Reference case. Accordingly, India continues to expand
its LNG import infrastructure. At the beginning of 2013 there were two fully operational LNG terminals in India, and its new Kochi
terminal is expected to be on line before the end of 2013. The Dabhol import facility is operational, but it can operate for only 6
months of the year until a breakwater is built [775]. Numerous other facilities have been proposed, but progress has been slow as
industry participants have chosen first to evaluate the production potential from the Krishna Godavari Basin.

Non-OECD Central and South America

Figure 66. Non-OECD Asia net natural gas trade, Natural gas trade in non-OECD Central and South America
1990-2040 (trillion cubic feet) has become increasingly globalized, as several countries have
15 become involved in the LNG trade. New LNG regasification

Total capacity facilitates growth in the region’s gross imports of natural

Non-OECD .
4990 Asia gas through 2040, but the discovery of large new natural gas

reserves throughout the region increases its gross exports by a
greater amount. As aresult, the region’s overall net exports nearly
triple, from 0.5 trillion cubic feet in 2010 to 1.4 trillion cubic feet
in 2040 (Figure 67), an average annual increase of 3.3 percent.
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LNG regasification facilities in Brazil and the Southern Cone
(excluding Chile, an OECD member state since 2010) have
received LNG supplies fairly consistently over the past three
years. In 2010, combined net imports for Brazil and the Southern
Cone totaled 0.6 trillion cubic feet. Brazil currently receives LNG
Other shipments—primarily from Trinidad and Tobago—at the Pecem

Non-OECD terminal in the northeast and the Guanabrara Bay terminal in the

LNG Asia southeast. It also receives natural gas pipeline imports via the
Exporters Gasbol line, which runs from Santa Cruz, Bolivia, to Brazil's Porto

India

Exports
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Alegre and Sao Paulo [716]. Argentina also imports most of its natural gas via pipeline from Bolivia, along with some LNG, principally
from Trinidad and Tobago. The Southern Cone's LNG imports could increase with the construction of an offshore LNG terminal near
Montevideo, Uruguay, in addition to a joint regasification project currently being pursued by the governments of Argentina and Venezuela
and a potential third LNG terminal to be built by the governments of Argentina and Qatar [777]. Still, the Southern Cone becomes the
region'’s largest net exporter of natural gas by 2040, largely due to the discovery of large shale gas reserves in Argentina’s northwestern
Neuguén province. In addition, as a result of the discovery of large amounts of natural gas in Brazil's pre-salt Santos Basin, that country's
gross export and domestic production levels grow sufficiently to make the country’s natural gas trade balance essentially zero in 2040.

The first LNG export project in the Andean South America region, which includes Bolivia, Ecuador, and Peru, was completed in
Pampa Melchorita, Peru, in mid-2010. In February 2012, Peru exported an estimated 15 billion cubic feet of natural gas from the
terminal, according to LNG World News [118]. Pipeline exports from Bolivia, also in the Andean region, remain more or less flat
over the projection period but switch from being directed mainly toward Brazil to being directed mainly toward Argentina in the
Southern Cone region. Overall net exports from the Andean region decline slightly from 2010 to 2040 at an average annual rate
of 0.8 percent, and net exports from the Northern Producers fall by an average of 1.7 percent per year, from 0.7 trillion cubic feet in
2010 to 0.4 cubic feet in 2040. In Venezuela, projects that are expected to make more of the associated natural gas produced from
its oil fields available for domestic consumption include the Interconnection Centro Occidente (ICO) system, which is designed
to transport 520 million cubic feet per day of natural gas between the eastern and western parts of the country. In addition, the
Antonio Ricaurte pipeline, which connects Colombia with Venezuela, allows Colombia to export natural gas to Venezuela, with
contracted volumes ranging between 80 and 150 million cubic feet per day. Current plans call for the flow of the pipeline to be
reversed, with Venezuela exporting 140 million cubic feet per day of natural gas to Colombia [1719].

Reserves

As reported by Oil & Gas Journal [120], the world's proved natural gas reserves have grown by 39 percent over the past 20 years, to a total
of 6,793 trillion cubic feet as of January 1, 2013 (Figure 68). Estimated proved reserves have grown particularly in non-OECD countries,
by 1,915 trillion cubic feet since 1993. In contrast, proved reserves in OECD countries have decreased by 7 trillion cubic feet since 1993. As
aresult, the portion of proven world natural gas reserves located in OECD countries declined from 11 percent in 1993 to 8 percent in 2013.

Most of the world growth in proved natural gas reserves has taken place since 2003. Over the past 10 years, estimates of proved
world natural gas reserves rose by 1,292 trillion cubic feet, at an average annual rate of 2.1 percent, as compared with 1.2 percent
annually from 1993 to 2003. Estimated proved reserves in the non-OECD countries rose by 1,285 trillion cubic feet, or an average
of 2.3 percent annually, over the same period, compared with 1.4 percent annually from 1993 to 2003. The most rapid increase in
proved reserves in the non-OECD countries, averaging 2.8 percent per year, was from 2003 to 2008, including a massive increase
from 509 to 910 trillion cubic feet in 2004 in Qatar.

As of January 1, 2013, however, almost one-half of the growth in estimates of world proved reserves was based on increases
in OECD countries, where proved reserves increased by 4 percent, or 19 trillion cubic feet, from their 2012 levels. Much of that
increase is accounted for by the addition of 15 trillion cubic feet of proved reserves in OECD Asian countries—a 51-percent increase
from 2012. Proved reserves in the OECD Americas rose by 7 trillion cubic feet from 2012 to 2013, while proved reserves in OECD
Europe declined by 3 trillion cubic feet. Estimated proved reserves in the non-OECD countries increased by 27 trillion cubic feet
from 2012 to 2013, with a combined 56 trillion cubic feet of additional proved reserves in the Middle East, China, and non-OECD
Europe and Eurasia partially offset by a decrease of 33 trillion cubic feet in Indonesia’s proved reserves.

Figure 67. Non-OECD Central and South America Figure 68. World proved natural gas reserves
net natural gas trade, 2010-2040 (trillion cubic feet) by region, 1980-2013 (trillion cubic feet)
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Estimates of global proved reserves were nearly flat from 2012 to 2013, growing by only 47 trillion cubic feet (less than 1 percent).
The largest change to proved natural gas reserve estimates was for Iran, which has the world's second-largest proved natural gas
reserves. Iran's estimated proved natural gas reserves increased by 19 trillion cubic feet (2 percent), from 1,168 trillion cubic feet in
2012 t0 1,187 trillion cubic feet in 2013. Estimated proved reserves in the rest of the Middle East also grew modestly, by 0.3 percent,
from 1,622 trillion cubic feet in 2012 to 1,627 trillion cubic feet in 2013.

The second-largest change to estimated proved reserves was for China, where estimated proved reserves increased by 17 trillion
cubic feet (16 percent), from 107 trillion cubic feet in 2012 to 124 trillion cubic feet in 2013. As a result, China's estimated proved
reserves are now the world's eleventh largest, and Irag’'s proved reserves have dropped to the twelfth largest. Russia’s estimated
proved reserves remained the world's largest at 1,688 trillion cubic feet.

Current estimates of worldwide natural gas proved reserves indicate a large resource base to support growth in markets through
2040 and beyond. Like reserves for other fossil fuels, natural gas reserves are spread unevenly around the world. Natural gas
proved reserves are concentrated in Eurasia and the Middle East, where ratios of proved reserves to production suggest decades
of resource availability. In the OECD countries, however, including many in which there are relatively high levels of consumption,
current ratios of proved reserves to production are significantly lower. The impact of that disparity is reflected in the IE02013
projections for increased international trade in natural gas.

Almost three-quarters of the world's proved natural gas reserves are located in the Middle East and Eurasia (Figure 69), with
Russia, Iran, and Qatar together accounting for about 55 percent of world proved natural gas reserves as of January 1, 2013 (Table
9). Proved reserves in the rest of the world's regions are distributed fairly evenly. Despite high rates of increase in natural gas
consumption, particularly over the past decade, most regional reserves-to-production ratios have remained high. Worldwide, the
reserves-to-production ratio is estimated at 63.6 years [127]. Central and South America has a reserves-to-production ratio of 45.2
years, Russia 73.5 years, and Africa 71.7 years. The Middle East’s reserves-to-production ratio exceeds 100 years.

Proved reserves include only estimated quantities of natural gas that can be produced economically from known reservoirs, and
therefore they are only a subset of the entire potential natural gas resource base. Resource base estimates include estimated
quantities of both discovered and undiscovered natural gas

that have the potential to be classified as reserves at some Table 9. World proved natural gas reserves
time in the future. In the Reference case, the resource base by country as of January 1, 2013 (trillion cubic feet)
doe.s not pose a constraint-on global natural gas supply. By Reserves Percent of
basing long-term production assessments on resources Country (trillion cubic feet) world total
rather than reserves, EIA is able to present projections that
. . World 6,793 100.0
are physically achievable and can be supported beyond the or .
2040 projection horizon. The realization of such production Top 20 countries 6,200 91.3
levels depends on future growth in world demand, taking into Russia 1,688 24.9
consideration such above-ground limitations on production as Iran 1187 175
profitability and specific national regulations, among others.
Qatar 890 13.1
Saudi Arabia 288 4.2
United States 273 4.0
Figure 69. World proved natural gas reserves Turkmenistan 265 3.9
by geographic region as of January 1, 2013 United Arab Emirates 215 3.2
(trillion cubic feet) Venezuela 195 2.9
| Nigeria 182 2.7
Middle East 2,824 &
Algeria 159 2.3
Eurasia China 124 1.8
Iraq 112 1.6
Africa Indonesia 108 1.6
Kazakhstan 85 1.3
Asia i
Malaysia 83 1.2
North America Egypt 77 11
Norway 73 1.1
Central and
South America Canada 68 1.0
Uzbekistan 65 1.0
Europe Kuwait 63 0.9
0 1,000 2,000 3,000 Rest of world 593 8.7
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Chapter 4
Coal

Overview

In the IEO2013 Reference case, which does not include prospective greenhouse gas reduction policies, coal remains the second-
largest energy source worldwide. World coal consumption rises at an average rate of 1.3 percent per year, from 147 quadrillion Btu
in 2010 to 180 quadrillion Btu in 2020 and 220 quadrillion Btu in 2040 (Figure 70). The near-term increase reflects significant
increases in coal consumption by China, India, and other non-OECD countries. In the longer term, growth of coal consumption
decelerates as policies and regulations encourage the use of cleaner energy sources, natural gas becomes more economically
competitive as a result of shale gas development, and growth of industrial use of coal slows largely as a result of China's industrial
activities. Consumption is dominated by China (47 percent), the United States (14 percent), and India (9 percent), with those three
countries accounting for 70 percent of total world coal consumption in 2010. Their share of world coal use increases to 75 percent
in 2040 in the Reference case (Figure 71).

In the non-OECD countries, coal consumption increases at an average rate of 1.8 percent per year through 2040, more than
compensating for the 0.2-percent average annual rate of decline in OECD coal use. As a result, the share of world coal consumption
for non-OECD countries, led by China and India, increases from 70 percent in 2010 to 81 percent in 2040. China alone contributed
88 percent of the growth in world coal consumption from 2001 to 2009, which led to a significant increase in coal's share of world
total energy consumption, from 24 percent in 2001 to 29 percent in 2009. China’s share of global coal consumption increases from
47 percent in 2010 to 57 percent by 2025, followed by a decline to 55 percent in 2040. The sustained rapid expansion of coal use
in India allows it to surpass the United States as the second-largest coal-consuming country after 2030.

Throughout the projection period, coal contributes more than one-fourth of the world's total primary energy supply and more than
one-third of the fuel used for electricity generation. The share of coal in total world energy consumption remains relatively flat in the
projection at 28 percent. Electricity generators accounted for 60 percent of total coal consumption in 2010, and industrial facilities
accounted for 36 percent,?” 28 with the remainder going primarily to the residential and commercial sectors. The combined share
for the power and industrial sectors increases slightly over the projection period.

Despite the significant increase in coal use by non-OECD countries, the environmental impacts of mining and burning coal have
driven policies and investment decisions in favor of cleaner and increasingly competitive energy sources—natural gas in particular—
in many key coal-consuming regions. Worldwide, all other energy sources, except liquids, grow faster than coal. In the electric
power sector, the coal-fired share of world electricity generation declines from 40 percent in 2010 to 36 percent in 2040, whereas
the combined share of renewable energy, natural gas, and nuclear power resources increases from 56 percent to 63 percent. Coal's
share of fuel consumption for electricity generation declines from 43 percent in 2010 to 37 percent in 2040 (Figure 72).

Figure 70. World coal consumption by region, Figure 71. World coal consumption by leading
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?7In IE02013, electric power sector includes only power plants that generate electricity or electricity and heat mainly for sale to the electric grid. Unless
otherwise noted, electricity generators refers to power plants in the electric power sector only, and electricity generation refers to electricity generated
from those plants only. Coal consumed at plants that serve the electricity and heat needs of local industrial facilities is counted as industrial sector
consumption.

28|n this chapter, energy consumption expressed in percentage terms is calculated on the basis of energy content, and coal production expressed in
percentage terms is calculated on the basis of physical tonnage.
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World coal production parallels demand, increasing from 8.0 billion tons in 2010 to 11.5 billion tons in 2040%° and reflecting the
same expansion in the near term followed by much slower growth in later years. Global coal production is concentrated among
four countries—China, United States, India, and Australia—and in the other countries of non-OECD Asia (mainly Indonesia®®)
(Figure 73). Their combined share of total world coal production increases in the IEO2013 projections from 78 percent in 2010 to 81
percent in 2040. China alone accounts for 44 percent of global coal production in 2010 and 52 percent, at its peak share, in 2030.
Growth in coal production is significantly different from region to region, ranging from strong growth in China to limited growth in
the United States, to steady decline in OECD Europe.

International coal trade grows by 65 percent in the Reference case, from 24.0 quadrillion Btu in 2010 to 39.6 quadrillion Btu in 2040.
The share of total world coal consumption accounted for by internationally traded coal remains near the 2010 level of 16 percent,
increasing slightly to 17 percent in 2020 and 18 percent in 2040. The relatively stable share primarily reflects the ability of the world's
largest coal consumers—China, the United States, and India—to satisfy most of their future coal demand with domestic production.

World coal consumption

OECD coal consumption

The OECD's role in world coal consumption diminishes as fuel market fundamentals and environmental regulations shift in favor

of natural gas and renewables, particularly in the OECD Americas and OECD Europe regions. OECD coal consumption declines

. . from 45 quadrillion Btu in 2010 to 41 quadrillion Btu in 2016,

Figure 72. Coal share of world energy consumption . . . ;
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OECD total, lead the trend toward lower consumption. Coal
consumption in most other OECD subregions or countries,
except for the Mexico/Chile region and South Korea, also
trends downward (Figure 74). The decline in OECD coal
consumption—at an average rate of 0.2 percent per year—
causes the coal share of the region's total primary energy
consumption to fall from 19 percent in 2010 to 15 percent in
2040. In comparison, the share of OECD energy supply from
renewable energy, including hydropower, increases from 10
percent in 2010 to 15 percent in 2040.

OECD Americas

Coal consumption in the United States remains below the
2010 level through 2040 due to the strong growth in shale gas
production and tightening environmental regulations, with
the share of coal in total U.S. electricity generation (including

Figure 74. OECD coal consumption by region,
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Throughout this chapter, tons refer to short tons (2,000 pounds) unless otherwise specified.
30Indonesia accounted for 71 percent of total coal production in the other non-OECD Asia region in 2010, up from 52 percent in 2000. Throughout the
projection period, Indonesia continues to dominate the region’s coal production.
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electricity generated at plants in the industrial and commercial sectors) declining from 45 percent in 2010 to 35 percent in 2040.
In 2010, the United States consumed 20.8 quadrillion Btu of coal, representing 92 percent of total coal use in the OECD Americas
region and 46 percent of the OECD total. U.S. coal demand declined to 17.8 quadrillion Btu in 2012 as a result of weak demand for
power and displacement of coal-fired generation in response to lower natural gas prices and persistently rising delivered prices for
coal. The electric power sector dominates U.S. coal use, accounting for about 90 percent of total U.S. coal consumption throughout
the projection.

Requirements to control emissions of nitrogen oxides, sulfur dioxide, and air toxics add to the cost of operating coal-fired power
plants after 2015 and contribute to significant retirements of coal-fired generating capacity in the United States. Consequently,
the U.S. coal-fired generating fleet shrinks from 317 gigawatts in 2010 to 278 gigawatts in 2040, with most of the capacity loss
occurring before 2016. The overall utilization rate of the remaining coal-fired generating fleet improves steadily after 2016, as
electricity demand grows and natural gas prices rise. However, because of high costs, few new additions of coal-fired generating
capacity or coal-to-liquids capacity are installed. As a result, coal consumption increases only gradually, from 17.2 quadrillion Btu
in 2016 to 20.4 quadrillion Btu in 2040.

Coal plays a relatively minor role in Canada’s energy supply system, and it is further diminished in the long run. Driven by Canadian
federal and provincial government efforts to reduce greenhouse gases, coal consumption declines by 8 percent, or 0.1 quadrillion Btu,
between 2010 and 2040, and the coal share of total primary energy supply declines from 8 percent in 2010 to 6 percent in 2040. In
2010, 83 percent of the coal consumed in Canada was used to generate electricity, with most of the rest going to industrial plants.
Government agencies have promulgated regulations and issued long-term plans to move away from coal-fired generation in an effort
to limit greenhouse gas emissions. The Canadian federal government will enforce a strict greenhouse gas emissions standard for all
coal-fired units beginning on July 1, 2015, which will encourage utilities to retire coal-fired generators [122]. The Ontario provincial
government plans to phase out coal-fired generation in the province by the end of 2014 [123]. At the end of 2012, the province had
three coal-fired power plants totaling about 3.3 gigawatts of remaining coal capacity. The provincial government-owned Ontario
Power Generation Inc., plans to retire two of the plants, totaling nearly 3 gigawatts, by the end of 2013 and to retire the last remaining
plant in 2014 [124]. With the coal phaseout in Ontario, the electric power sector share of Canada'’s total coal consumption falls to 73
percent in 2040, and the coal share of total electricity generation declines from 14 percent in 2010 to 7 percent in 2040.

Coal consumptionin Mexico/Chile was relatively minorin 2010, at 0.6 quadrillion Btu, but increases by 0.2 quadrillion Btu from 2010
to 2040 as a result of rapid economic growth. Most of the increase comes from coking coal demand in the industrial sector, with
the industrial share of total coal consumption growing from 19 percent in 2010 to 34 percent in 2040. There is only minimal growth
in the use of steam coal in electricity generation through 2040, due to a change in Mexico's strategies to favor the development
of natural gas and renewable energy resources. In recent years, an urgent need for more electricity generation and constraints on
natural gas supply in Chile have forced the construction of a few coal-fired power plants, including the 470-megawatt Angamos
Power Plant, which adopted battery storage and seawater cooling tower technologies [125]. However, environmental concerns
and local opposition have resulted in delays, cancellations, and court rejections for other coal-fired power projects [126], and the
country is shifting its focus to expansion of natural gas supplies and solar power [127]. In the IEO2013 Reference case, the coal
share of total electricity generation in the two countries decreases from 15 percent in 2010 to 6 percent in 2040.

OECD Europe

Total coal consumption in the countries of OECD Europe declines in the Reference case from 12.2 quadrillion Btu in 2010 (27
percent of the OECD total) to 10.7 quadrillion Btu in 2040 (25 percent of the worldwide total). Although all nations in the region
consume coal, 65 percent of OECD Europe's 2010 total coal consumption was concentrated in Germany, Poland, Turkey, and the
United Kingdom, with Germany alone consuming 26 percent of the regional total. The electric power sector accounted for 67
percent of the region’s total coal consumption in 2010, and most of the rest was consumed in the industrial sector.

Electric power demand for coal declines steadily in the region and drives the downward trend in the region’s overall coal consumption.
The Industrial Emissions Directive (IED), agreed to by the European Council of Ministers and the European Parliament in 2010, as
well as regional climate change policy goals, drive the decline. The IED requires the use of best available technology for reduction of
sulfur dioxide and nitrogen oxides, among other pollutants, beginning in 2016, and is likely to trigger retirements of some coal-fired
power plants, especially in the four leading coal-consuming countries [128]. The scale of the retirements outweighs the scale of
new coal-fired capacity additions in Germany, Turkey, Poland, the Netherlands, and Italy, where new coal-fired capacity is needed
to fill the supply gaps left by a nuclear power phaseout (in Germany), to replace less competitive power plants (such as oil-to-
coal conversions and replacements in Italy), and to supply more power to meet demand growth (especially in Turkey) [129]. Total
installed coal-fired generating capacity in OECD Europe declines from 204 gigawatts in 2010 to 169 gigawatts in 2040, and coal'’s
share of total electricity generation declines from 24 percent in 2010 to 15 percent in 2040.

Coal consumption in the OECD Europe industrial sector remains largely flat. The effects of energy efficiency measures in OECD
European countries, such as moving away from less efficient processes like open-hearth steelmaking, are more than offset by the
effect of the increase in industrial output. For example, the gross output of OECD Europe's iron and steel plants increases by 26
percent from 2010 to 2040.
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OECD Asia

The outlook for coal consumption in the OECD Asia region in the Reference case is relatively flat, as a net result of two divergent
trends: declines in coal use in Japan, Australia, and New Zealand, totaling 0.9 quadrillion Btu, and an increase in coal use in South
Korea, totaling 0.5 quadrillion Btu, from 2010 to 2040.

Japan is the region’s largest coal consumer. Most of its coal is consumed in the electric power and industrial sectors, which share
coal use almost equally. Although the nuclear power plant shutdowns after the Fukushima disaster necessitate an increase in
coal use in the near term, a shift toward renewable energy and natural gas for electricity generation weaken electric power sector
demand for coal in the long run. Japan is currently the world's second-largest steel producer, but its steel production declines after
2020 as its population and domestic demand both decline.

In Australia and New Zealand, 88 percent of the coal consumed in 2010 was used to generate electricity. Australia consumes 97
percent of the coal in the region. The introduction of a carbon price in Australia on July 1, 2012, encourages low-carbon energy use,
which leads to a steady decline in the coal share of electricity generation in the region [130], from 63 percent in 2010 to 39 percent
in 2040.

South Korea's coal consumption increases at a modest average rate of 0.5 percent per year through 2040, primarily for steel
production in the industrial sector. In 2070, steel production accounted for 34 percent of South Korea's total coal consumption. Coal
demand in the electric power sector, which accounted for 64 percent of total coal consumption in 2010, is roughly unchanged until
2030, due to the country’s pre-Fukushima focus on nuclear expansion in the electric power sector [1371.3' The lack of growth in most
of the projection period leads to a decline in coal's share of total electricity generation, from 44 percent in 2010 to 27 percent in 2040.

Non-OECD coal consumption

In contrast to declines in the OECD economies, coal consumption grows significantly and rapidly in the non-OECD regions,
particularly non-OECD Asia. Total non-OECD coal consumption increases by 1.8 percent per year on average, to 177 quadrillion Btu
in 2040—72 percent higher than the 103 quadrillion Btu in 2010 (Figure 75). Growth in coal-fired electricity generation accounts
for nearly two-thirds of the increase. Coal maintains its leading role in the non-OECD energy system and provides for more than
one-third of the region’s total energy demand almost throughout the projection.

Non-OECD Asia

Non-OECD Asia, especially China, dictates the trend in world coal consumption throughout the projection. Providing 56 percent of
non-OECD Asia’s energy demand in 2010, coal plays a critical role in fueling strong economic growth and meeting energy demand
in the region. Coal use in the non-OECD Asia region increases by an average of 1.9 percent per year, from 88 quadrillion Btu in 2010
to 157 quadrillion Btu in 2040, and accounts for 92 percent of the growth in total non-OECD coal consumption over the period,
with China and India accounting for 70 percent and 13 percent of the total increase, respectively.

Chinais the leading consumer of coal in the world, using more than three times as much coal in 2010 as the world's second-largest
consumer, the United States. In 2010, China’s electricity-sector coal use alone was 67-percent higher than total coal consumption
in the United States, and China's industrial-sector coal use alone was about 50-percent higher than the U.S. total (Figure 76). Over

Figure 75. Non-OECD coal consumption by region, Figure 76. China coal consumption by sector and
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3The refocus on thermal power expansion outlined in February 2013 by South Korea’s Ministry of Knowledge Economy in its draft 6th Basic Plan for Long-
Term Electricity Supply and Demand is not included in the IEO2013 Reference case.
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time, the gap grows even wider because of China's rapid economic growth and the relatively low cost of coal that is sustained by
the country’s vast coal reserves and improving rail transportation infrastructure. In the Reference case, coal consumption in China
grows by an average of 1.9 percent per year, from 69 quadrillion Btu in 2010 to 121 quadrillion Btu in 2040. The pace of growth
slows gradually and coal consumption eventually begins to decline near the end of the projection period. At the peak around 2035,
China consumes 123 quadrillion Btu of coal, or 57 percent of the world total.

Demand for coal in the electric power and industrial sectors drives all the growth in China’s coal consumption. With the country’s
GDP growth rate averaging 5.7 percent per year from 2010 through 2040, its electricity demand grows by 3.7 percent per year.
The gross output of China’s iron and steel industry more than doubles from 2010 to 2030 before beginning to decline, and its
other industrial gross output more than quadruples over the 2010-2040 projection period. Coal-fired power capacity expands by
almost 530 gigawatts from 2010 to 2040, with net capacity additions averaging nearly 18 gigawatts per year, as compared with 59
gigawatts per year from 2005 to 2010. Coal consumption for electricity generation increases by an average of 2.3 percent per year,
from 35 quadrillion Btu in 2010 to 69 quadrillion Btu in 2040. In the industrial sector, coal is used to produce steel and pig iron,>?
heat for industrial processes, and cement and coke for exports. It is also used for methanol and ammonia production, encouraged
by government policy. Total coal consumption in the country’'s industrial sector increases from 31 quadrillion Btu in 2010 to 53
quadrillion Btu in about 2030 before falling to 49 quadrillion Btu in 2040.

China's coal consumption is generally shifting from the industrial sector to the electric power sector along with industry
electrification and the government'’s effort to encourage structural change in the economy toward less energy-intensive industries.
Overall, nearly two-thirds of the growth in China's coal consumption comes from the electric power sector and more than one-third
from the industrial sector. As a result, the electric power sector share of total coal consumption grows from 50 percent in 2010 to
57 percent in 2040, while the industrial share declines from 45 percent to 41 percent.

Central government policies are expected to mitigate the growth of China’s coal consumption in the long term through efficiency
improvements and a gradual shift away from coal in the energy mix. Strong policy supports and mandates, as well as economic
incentives for cutting fuel costs, are expected to continue to improve the efficiency of coal use. Energy intensity, efficiency, and
emission control mandates and policy goals in the central government'’s five-year plans have led the power, cement, and iron and
steel industries to innovate and cut coal consumption per unit of output [732]. Those efforts are expected to continue, leading to
higher efficiencies of coal conversion. In particular, coal use for electricity generation becomes more efficient as China continues
to modernize its fleet of coal-fired power plants. The modernization involves retirements of less efficient coal-fired plants, as
evidenced by the closing of 80 gigawatts of small coal plants between 2005 and 2010, as well as the adoption of advanced
coal technologies, such as supercritical and ultra-supercritical pulverized coal-fired generation in new capacity builds. The central
government’s current energy policy also is expected to expand nuclear power capacity and, in the long run, natural gas-fired
capacity (supported by increasing imports and the development of domestic shale gas resources) as well as hydropower and other
renewable capacity [133]. As a result, the coal share of China's total energy consumption for electricity generation declines from
79 percent in 2010 to 62 percent in 2040 (Figure 77).

India, the world's third-largest coal consumer in 2010, surpasses the United States as the second-largest coal consumer over the
next two decades. The growth of India’s coal consumption, from 12.6 quadrillion Btu in 2010 to 22.4 quadrillion Btu in 2040, is led
by the electric power sector, which accounted for 65 percent of its coal consumption in 2010. India’s rapidly growing population and
Figure 77. Coal share of China’s energy consumption, an average GDP gro.vv-th rate of 6.1 percent per year through

2040 lead to electricity demand growth of 3.8 percent per
2010, 2020, and 2040 (percent) year in the IEO2013 Reference case, which is higher than in any
100 other [EO2013 region. India's population surpasses China's
after 2020, with an expanding middle class that results in the
greater use of electricity-consuming appliances. Coal fueled
68 percent of India’s total electricity generation in 2010, and
as the country strives to provide enough electricity to meet
growing demand, coal-fired generation grows by 3.1 percent
per year, even as generation totals from both nuclear and
renewable energy (including hydropower) grow more rapidly
than in any other [EO2013 region. From 2010 to 2040, India’s
net coal-fired electricity generation grows by a total of 910
terawatthours, more than doubling from the 2010 total.
Consequently, its coal consumption for electricity generation
nearly doubles, from 8.2 quadrillion Btu in 2010 to 15.6
quadrillion Btu in 2040.

How effectively the Indian government can expedite regulatory
Electricity Industrial ~ Other sectors Total procedures to help domestic mining and transportation

32 According to statistics from the World Steel Association, China is the world's largest producer of both steel and pig iron, accounting for 45 percent of
world crude steel production and 59 percent of world pig iron production in 2011.
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infrastructure catch up with demand and to provide incentives for investment in new coal-fired power capacity will affect the
growth of coal consumption in the electric power sector. In the past several years, power capacity expansion and coal consumption
targets set by the government in its 11th five-year plan have been missed repeatedly. Low revenues and poor profit margins have
resulted from power thefts and from misalignment between coal prices and power tariffs that have discouraged investments in
additional capacity. In 2011, insufficient domestic coal production forced power producers to purchase nearly 20 percent of their
coal from overseas, even as regulated power tariffs constrained the quality and amounts of imported coal that power producers
could afford. Coal shortages caused by difficulties in securing supply at affordable costs forced some power producers to curtail
operations, which contributed to the summer 2012 power outage in India. The outage affected 680 million people and was the
world's worst power outage ever in terms of population [134].

In 2010, 32 percent of India’s total coal consumption was in the industrial sector, for the production of iron and steel, cement,
bricks, and other materials. In 2011, India was the world's fourth-largest steel producer, fifth-largest pig iron producer, and second-
largest cement producer. The government is planning to expand the nation’s annual steel production capacity to 304 million tons
by 2020, compared with 78 million tons in 2011, and its annual cement production capacity to 606 million tons by 2020, compared
with about 330 million tons of capacity and 243 million tons of cement production in 2011 [135]. To achieve those growth targets,
industries must overcome a range of challenges that have delayed regulatory approval of several large projects in recent years. A
trend of long-term growth in India’s steel and cement industries is essential to support its GDP growth. In the IEO2013 Reference
case, coal consumption in India’s industrial sector continues to grow through 2035, after which it levels off with the stabilization of
iron and steel production and energy efficiency improvements in the industrial sector.

Coal consumption in the other nations of non-OECD Asia grows by an average of 2.4 percent per year in the Reference case, from
6.4 quadrillion Btu in 2010 to 13.0 quadrillion Btu in 2040. The power and industrial sectors each accounted for 49 percent of
the region’s total coal consumption in 2010. Indonesia, Taiwan, Malaysia, Thailand, and Vietnam were the major contributors to
coal consumption growth in the other non-OECD Asia countries over the past decade, with Malaysia's coal demand growing at
the fastest pace [136]. Expansion of coal-fired generating capacity has led to growth of coal demand in the other non-OECD Asia
countries in recent years, with multiple coal-fired power plants of 1 gigawatt capacity or more entering commercial service, under
construction, or in advanced development stages. Most of the large-scale power projects are developed in Malaysia, Indonesia,
and Vietnam, where the governments encourage foreign and private investment as well as involvement of foreign developers
and equipment and service providers. In the longer term, such open-door policies are likely to continue facilitating the growth of
coal-fired power capacity and coal demand in the other non-OECD Asia countries. Demand for coal in their industrial sectors also
continues to grow in the Reference case, to meet both domestic and overseas demand for industrial sector output.

Non-OECD Europe and Eurasia

Coal accounted for 19 percent of the total primary energy supply in 2010 in non-OECD Europe and Eurasia, where natural gas use
is more prevalent than other fuels. In absolute terms, coal consumption increases modestly from 9 quadrillion Btu in 2010 to 11
quadrillion Btu in 2040 in the IEO2013 Reference case, but its share of total energy consumption falls to 16 percent in 2040. Most
of the region’s coal consumption and its future growth are concentrated in Russia, Kazakhstan, and the Ukraine, which together
accounted for 84 percent of the 2010 total, with Russia alone accounting for 52 percent. Given the region’s geographic features,
direct access to seaborne markets is limited, and coal is purchased primarily from domestic production or overland imports,
typically via long-distance transport, which adds significantly to the cost.

In Russia, the coal share of total primary energy supply declines from 16 percent in 2010 to 14 percent in 2040. The power and the
industrial sectors are responsible for 89 percent of the country’s coal consumption, which was split almost evenly between the two
sectors in 2010. Coal demand in the power and industrial sectors grows on average by 0.9 percent per year and 0.5 percent per
year, respectively, from 2010 to 2040. Coal use in the residential and commercial sectors, primarily for space heating and water
heating, accounted for the remaining 11 percent of Russia's coal consumption in 2010—more than in any other IEO2013 region.
That share declines to 6 percent of total coal consumption in 2040, as the sector transitions to cleaner and more efficient energy
sources for heating, such as electricity and natural gas.

Coal plays a relatively minor role in Russia's electric power sector, providing only 16 percent of total electricity generation in 2010,
compared with 50 percent for natural gas. In January 2012, the government adopted a coal strategy that calls for a total of $120
billion of private and public investment in the coal industry and includes plans to expand coal use in the electric power sector [137].
The main goal of the strategy is to increase exports, especially to Asia. The success of the strategy will depend on the future cost
of long-haul inland transportation. In any event, the diversification-oriented policy is likely to spur some expansion of Russia’s
coal-fired generating capacity and encourage higher rates of growth in coal consumption compared with the rest of the non-OECD
Europe and Eurasia region, where coal fueled 34 percent of total electricity generation in 2010. However, with natural gas supplies
in the other countries of the region both abundant and less expensive than coal, their total use of coal for electricity generation
grows by only 0.4 percent per year on average from 2010 to 2040 in the Reference case.

Total coal consumption in the industrial sector of non-OECD Europe and Eurasia grows by 32 percent from 2010 to 2040 in the
Reference case, as long-term economic growth leads to more coal use. The high energy intensity of GDP in the region, especially
in Russia, and the current inefficiency of many industrial processes, such as open-hearth steelmaking, suggest the potential for
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energy savings that will tend to moderate coal consumption in the long term. For example, countries such as Russia and Kazakhstan
have been actively engaged in various energy efficiency initiatives, including passing comprehensive energy efficiency policies and
collaborating with the United States in information sharing and the development and upgrading of domestic programs [138, 1391.

Africa

Coal use accounts for less than one-quarter of Africa’s total primary energy supply throughout the projection, despite increasing
from 4.4 quadrillion Btu in 2010 to 5.2 quadrillion Btu in 2020 and 7.5 quadrillion Btu in 2040. Most of the increase in the region’s
coal demand is for use in the electric power and industrial sectors.

The continent’s coal consumption is highly concentrated in South Africa, where coal is the most widely used fuel. In 2010, South
Africa accounted for 93 percent of the continent's total coal consumption, providing 75 percent of South Africa’s primary energy
supply [140]. About 70 percent of the coal consumed in South Africa is used for electricity generation and about 20 percent for
production of coal-based synthetic fuels [147]. The state-owned power company, Eskom, accounts for nearly two-thirds of South
Africa’s domestic coal consumption on a tonnage basis, supplying most of the country’s electricity and also exporting electricity to
neighboring countries. Most of Eskom'’s power plants burn coal, which is purchased mainly from domestic, privately owned mines
under long-term supply contracts. The privately owned synfuel producer, Sasol, owns and operates the world's only commercial
coal-to-liquids (CTL) plants, which use coal feedstocks from mines owned by Sasol.

South Africa's power shortage in recent years and projected strong economic growth indicate high potential for future coal
consumption growth and also exposes the urgent need for infrastructure building in the country. To address the insufficiency
of power supply, Eskom has laid out a significant capital investment plan for capacity expansion [142]. Given the high costs of
building nuclear power plants and a lack of sufficient natural gas and renewable resources, coal-fired power plants continue to
dominate Eskom's capacity expansion plans. In the near term, two multiple-unit coal-fired power plants, Medupi and Kusile, are
scheduled to come on line starting in 2013 and 2014, with all units scheduled to be fully operational by 2018. The two plants will
add a total of 9.6 gigawatts of coal-fired capacity and about 30 million tons of coal consumption per year. The resulting increase
in demand for coal will add to the mounting challenge already faced by Eskom in its attempts to secure sufficient supplies of high-
quality coal while managing the financial pressure associated with rising fuel costs. Most of the coal from domestic mines that
is consumed in South Africa has high ash content and low heating value, while higher quality coal is diverted to export markets.
Ensuring affordable supply to the domestic market will require significant investment in new mining and railroad transportation.
Similar challenges await other African countries, such as Mozambique and Botswana, where new coal supply is coming on line
and demand for power is increasing.

In addition to increasing use of coal in the electric power sector, expansion of CTL capacity may also lead to further growth in
Africa’s demand for coal. Sasol has proposed expanding its Secunda CTL plant by adding 30,000 barrels per day of capacity and
building the 80,000-barrel-per-day Mafutha plant. The implementation of the plans hinges on trends in the commodity market,
regulatory approval, and future policies to limit carbon dioxide emissions. In the IEO2013 Reference case, South Africa’'s CTL
production is assumed to expand from 160,000 barrels per day in 2010 to about 275,000 barrels per day in 2040.

Central and South America

Coal accounts for only 3 percent of the total primary energy supply in Central and South America, where it is used mainly in the
industrial sector for steel production. Brazil accounted for 54 percent of the region’s 0.9 quadrillion Btu of total coal consumption
in 2010. Colombia, Peru, Argentina, and Puerto Rico accounted for most of the remainder [143].

Demand for metallurgical coal in Brazil, the world's ninth-largest steel producer in 2011, accounts for 84 percent of the region’s
coal consumption from 2010 to 2040, with demand for steel in both domestic and international markets assumed to increase
throughout the period. Coal accounted for only 2 percent of the region’s electricity generation in 2010. In the near term, coal
consumption in Brazil's electricity sector is set to increase with the completion of the Pecem |, Pecem II, and Itaqui power plants
between 2011 and 2013, totaling 1.4 gigawatts of generating capacity [144]. In the long term, however, the region’s electric power
sector continues to rely primarily on hydropower, along with some increases in generation from natural gas and nuclear power.

Middle East

Coal accounts for less than 1 percent of the total primary energy consumption in the Middle East throughout the projection period.
Currently, only three countries in the region—Iran, Lebanon, and Syria—report any coal consumption. In the /EO2013 Reference
case, coal consumption in the Middle East remains below 0.1 quadrillion Btu per year through 2040.

World coal production

With the exception of Japan, coal is produced in all the I[EO2013 regions, including nearly 70 countries with combined total
production of almost 8 billion tons in 2010 (Table 10). World coal production increases by 3.5 billion tons from 2010 to 2040, with
the non-OECD countries contributing 94 percent of the growth. China and India together account for 73 percent of the growth,
with production increases averaging 1.6 percent per year in both countries. Production growth in some OECD countries, mainly in
Australia, is largely offset by steady declines in OECD Europe.
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Most coal-producing regions face a number of common challenges, many of which have periodic, short-term impacts on production.
For example, rainfall from tropical storms in the Pacific Basin regularly disrupts mining operations in Australia, Indonesia, and
Colombia. Labor strife in South Africa and Colombia has caused supply disruptions in the past. Other challenges are associated
with the rapid growth of coal demand, which exposes infrastructure constraints on mining, transportation, and port capacities.
Those constraints are amplified by the environmental and safety impacts associated with coal mining, which increasingly are
provoking opposition from environmental groups as well as regulatory scrutiny in many countries.

OECD Americas

As the world's second-largest coal producer, the United States accounts for more than 90 percent of total coal production in the
OECD Americas region. Future growth of coal production in the United States and Canada is primarily for export. The limited
increase in production in Mexico and Chile is unlikely to be sufficient to meet domestic demand and the two countries continue to
rely heavily on imports in the [EO2013 Reference case.

U.S. coal production declines from 1.1 billion tons in 2010 to just under 1.0 billion tons in 2016, as compliance with environmental
regulations under the Clean Air Act in the electric power sector results in the retirement of coal-fired generating capacity that
would be uneconomical with the costly retrofits required by the Act. After 2016, production increases gradually, to almost 1.2
billion tons in 2040, with increases in exports and consumption in the electricity sector as electricity demand grows and natural
gas prices rise. The export share of total U.S. coal production increases from 8 percent in 2010 to 14 percent in 2040.

Most of the growth in U.S. coal production comes from mines in the Interior and Western coal supply regions, with lower-cost
coals from the Interior supply region and the northern part of the Appalachian Basin gradually replacing more expensive coals
from Central Appalachia (eastern Kentucky, southern West Virginia, Virginia, and northern Tennessee). Central Appalachian coal

Table 10. World coal production by region, 2010-2040 (million short tons)

Average annual
percent change,

Region 2010 2015 2020 2025 2030 2035 2040 2010-2040
OECD Americas 1,171 1,138 1,174 1,217 1,256 1,272 1,283 0.3
United States 1,084 1,046 1,080 1,119 1,156 1,169 1,177 0.3
Canada 75 81 83 85 87 90 93 0.7
Mexico/Chile 12 12 12 12 12 13 13 0.3
OECD Europe 620 583 568 552 537 522 504 -0.7
OECD Asia 476 549 540 580 591 641 687 1.2
Japan 0 0 0 0 0 0 0 -
South Korea 2 2 3 2 2 2 2 -0.9
Australia/New Zealand 473 547 537 578 589 638 685 1.2
Total OECD 2,267 2,271 2,282 2,349 2,384 2,434 2,474 0.3
Non-OECD Europe and Eurasia 684 663 707 746 775 805 820 0.6
Russia 359 373 400 421 434 447 446 0.7
Other 325 290 307 325 341 358 374 0.5
Non-OECD Asia 4,625 5,310 6,003 6,631 7,116 7,438 7,478 1.6
China 3,506 4,130 4,725 5,257 5,633 5,829 5,722 1.6
India 612 624 696 776 850 926 993 1.6
Other 508 557 582 598 633 683 762 1.4
Middle East 1 2 3 3 3 3 3 3.6
Africa 286 315 358 400 432 462 501 1.9
Central and South America 91 131 145 168 195 209 224 3.0
Brazil 6 6 6 6 6 7 7 0.5
Other 85 125 139 162 189 203 217 3.2
Total Non-OECD 5,688 6,422 7,216 7,948 8,521 8,919 9,026 1.6
Total World 7,954 8,693 9,499 10,297 10,905 11,353 11,500 1.2

Note: With the exception of North America, nonseaborne coal trade is not represented in EIA's projections. As a result, the projected levels of
production assume that net nonseaborne coal trade will balance out across the IEO2013 regions. Currently, a significant amount of nonseaborne coal
trade takes place in Eurasia, represented by exports of steam coal from Kazakhstan to Russia and exports of coking coal from Russia to Ukraine.
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production declines in response to falling demand and higher costs as the region’s coal mines become less productive. Most of
the remaining production from Central Appalachian coal mines is directed to the industrial and export markets. Western coal
production grows steadily after 2016, satisfying much of the additional need for fuel at U.S. coal-fired power plants and providing
large amounts for coal export. Production from the Interior region grows throughout the projection, as new mines in the region tap
into the substantial reserves of mid- and high-sulfur bituminous coal in Illinois, Indiana, and western Kentucky.

In Canada, coal production increases moderately, primarily to provide coking coal for export. Most of the steam coal produced in
Canada is subbituminous coal and lignite. Domestic demand for this coal declines as much of the country’s coal-fired generation is
phased out. Most of Canada'’s coking coal is high-quality hard coking coal, much of which is exported to Asia. Exports of coking coal
from Canada increase primarily to provide the fuel needed to meet increasing demand for iron and steel in the Asian economies.
With Canada's significant reserves of coal close to the Pacific market, several firms have been investing in mine expansions and
productivity improvements. A report from the Coal Association of Canada indicates that coal companies have plans to invest
$2.2 billion in production between 2012 and 2014 [145]. Several coal terminal expansion projects are also under way in British
Columbia, to facilitate both Canadian and U.S. exports. In the IEO2013 Reference case, Canada’s coal production increases from 75
million tons in 2010 to 93 million tons in 2040.

OECD Europe

In OECD Europe, falling domestic demand and rising competition from imports cause indigenous coal production to decline from
620 million tons in 2010 to 504 million tons in 2040. Germany, Poland, and Turkey are the leading producers in the region,
accounting for 69 percent of total production in 2010.

Coal production in Germany has been declining since the mid-1980s, from 578 million tons in 1985 to 201 million tons in 2010. In
2010, 93 percent of the country's coal production came from lignite reserves and the remainder from hard coal resources [146].
In Germany and many other European countries, hard coal production is dependent on subsidies, because it is significantly more
expensive than imported coal. The German government’s decision in 2007 to end the subsidies by 2018 could virtually eliminate
the country's production of hard coal [747]. In contrast, lignite production, which has been relatively flat over the past decade,
has the potential to increase in the near term for use as a bridge fuel toward an energy system with lower carbon emissions while
Germany'’s nuclear power program is being phased out.

Poland has the largest coal resources in Europe. It is the world’s ninth-largest coal producer and OECD Europe's leading hard coal
producer, accounting for more than half of the region’s hard coal production. Poland is also the third-largest lignite producer in the
region, after Germany and Greece. However, lack of investment in the mining sector and rising mining costs at underground mines
have led to significant declines in production in past decades, especially for hard coal. With Poland’'s government committed to
reducing carbon dioxide emissions by 20 percent from 1990 levels by 2020, domestic coal demand and production decline in the
longer term.

Coal production continues to increase in Turkey as a result of growth in GDP and electric power demand. The country’s coal
production has been increasing for several decades but has been outpaced by growing domestic demand, resulting in increased
reliance on imports [748]. Limited domestic coal resources, most of which are lignite, have been a key constraint on domestic
production and will present a challenge to further expansion in the future.

OECD Asia

Coal production growth in OECD Asia contributes 6 percent of the total increase in world coal production in the IEO2013 Reference
case. Australia, the world's fourth-largest coal producer, accounted for 98 percent of the region’s total production in 2010, with
two-thirds of the country’s 2010 production being exported. Australia is the world's largest exporter of metallurgical coal and the
second-largest exporter of steam coal. With its domestic coal demand declining, demand from international markets, especially
Asia, spurs the growth of Australia’s coal production and drives total production in Australia and New Zealand from 473 million
tons in 2010 to 685 million tons in 2040.

Key producers in Australia and investors from India and China have been working to expand mining capacity in the country's
existing mining regions, such as Bowen in Queensland and Hunter Valley in New South Wales, develop new mining regions, such
as Surat and Galilee in Queensland and Gunnedah in New South Wales, and expand inland transportation and port infrastructure.
Collectively, existing projects®> have the potential to add nearly 200 million tons of annual production capacity by 2022, equivalent
to 41 percent of Australia’s 2010 coal production [149]. Data compiled by Australia’s Bureau of Resources and Energy Economics
indicate that more than 65 million tons of new coal mining capacity is set to come on line in the 2013-2016 period [150]. The
economics of future projects may be affected by a mineral resource rent tax that became effective on July 1, 2012, imposing a
30-percent tax on mining profits. The tax has been challenged in Australia’s highest court [157].

Non-OECD Asia

China, India, and Indonesia are the three leading producers of coal in non-OECD Asia, and they are the first-, third-, and fifth-largest
producers of coal in the world, respectively, with a combined total of 4.5 billion tons of coal production in 2010, representing more

3Including those projects for which producers have provided or applied for regulatory approval and investors have provided financial backing.
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than half the world total. China and India consume almost all of their coal production domestically and are focused on tapping
into their vast domestic coal resources to secure long-term coal supplies at affordable cost. In contrast, Indonesia exports the
vast majority of its relatively low-cost coal to Asia and other markets. In addition, new supplies from Mongolia are emerging as a
potential source of supply to meet increasing demand from China.

Chinaincreases coal production by an average of 1.6 percent per year, from 3.5 billion tons in 2010 to 5.7 billion tons in 2040, to meet
the increase in its domestic demand, mostly for thermal coal. Abundant coal resources, ongoing improvements in transportation
and transmission infrastructure, and favorable government policies support the expansion.

Although China holds the world's third-largest recoverable coal reserves, the geographic mismatch between its coal supply and
demand centers has created significant logistical problems in the recent past, leading to coal price increases. The newer thermal
coal reserves are concentrated in the north and the northwest (especially Shanxi, Shaanxi, Inner Mongolia, and Xinjiang), where
favorable geological conditions allow for larger, lower-cost mines with the greatest potential for future production growth. The
power and industrial demand centers for coal, however, are located in southern and eastern China, where coal reserves, although
of higher quality and economic value,** typically present more difficult geological conditions for mining after decades of depletion.
The mismatch between coal supply and demand centers is the key reason that imports from international suppliers can compete
successfully with domestic coal supplies. Rail capacity expansion, in particular, has lagged behind the growth in demand for coal
transportation in recent years, causing severe bottlenecks in the supply chain and forcing costly long-haul trucking of coal, which
was a key contributor to high delivered coal prices in the coastal areas and surges in imports in 2010 and 2011.

In response to the transportation bottlenecks, China's 12th Five-Year Plan includes significant investment in rail and transmission
expansions. The plan calls for rail capacity able to transport 2.9 billion tons of coal per year by 2015, compared with the 2.5
billion tons of coal transported by rail in 2011 [152]. Some analysts expect as much as 880 million tons of rail capacity to be
added between 2013 and 2018 [153]. The 12th Five-Year Plan also includes aggressive programs to expand high-voltage power
transmission, or coal-by-wire, connecting minemouth power plants with power demand centers to facilitate indirect release of
stranded coal resources to the market and relieve the logistical constraints on production growth.

The 12th Five-Year Plan also suggests that the country is attempting to improve the efficiency and safety of its mining
operations through industry consolidation and coal recovery standards to better enable its domestic producers to compete
with international suppliers. In the past decade, staggering death tolls at small mines have prompted the government to
tighten safety regulations and clamp down on small inefficient mines with poor safety measures, leading to the closure and
consolidation of small mines and the formation of large state-owned mining complexes owned by domestic industry leaders,
such as Shenhua and China Coal, equipped with advanced technologies that offer higher productivity, lower costs, and
improved safety. The standards for coal resource development promulgated by the Ministry of Land and Resources, issued in
September 2012, require rates of coal recovery higher than the current average, which are expected to lead to more closures
and consolidations of small mines [154].

The phaseout of government intervention in the setting of thermal coal prices for electricity generators, starting in January 2013
[155], provides incentive for coal producers to expand production. Historically, thermal coal prices in China have been capped
through annual coal contract conferences, in which coal producers were required to sell a significant portion of utilities’ coal
purchases at rates far below market prices. The liberalization of coal prices, together with government's effort in recent years to
reduce the numerous logistical surcharges, local taxes, and fees paid by miners, is expected to improve the competitiveness of
domestic producers [156]. However, considerable uncertainty remains about how the government would react if coal prices again
increased to levels unaffordable for power companies, given the misalignment of coal prices and power tariffs.

In India, coal production is projected to increase at a 1.6-percent annual rate, the same as production growth in China, from 612
million tons in 2010 to about 1 billion tons in 2040. Despite the significant increase, however, India increases its imports by 160
million tons over the projection, as growth in demand outpaces growth in production. Coal India, India's primary coal supplier,
which accounts for approximately 80 percent of domestic supply, faces numerous challenges. With delays in regulatory approvals,
as well as opposition based on environmental concerns, capacity expansion targets frequently have been missed in recent years.
New coal mines are generally surface operations that require land acquisition, forest clearing, the meeting of pollution standards,
and resettlement and rehabilitation, which can take significant time to resolve [157]. Inefficient utilization of rail capacity also is a
major issue, affecting about one-half of the coal transported within India. The issue may be addressed in part by development of
the Eastern Dedicated Freight Corridor, a high-capacity rail route dedicated to freight transportation only [158].

Indonesia provides most of the coal production from the rest of non-OECD Asia and is a primary contributor to the region’s
average production growth of 1.4 percent per year, from 508 million tons in 2010 to 762 million tons in 2040. Given Indonesia’s
relatively low-cost surface mines, its proximity to other Asian countries, and the relatively low sulfur and ash content of its
coal, most of its production has been exported to other Asian countries. In response to growing demand from both domestic
and international markets, Indonesia’s coal producers have enhanced their efforts to expand production at existing mines,
develop new mines, and develop port infrastructure. Yet the pace of future production growth to a great extent hinges on the
government’s regulation of exports, as required by the country’s mining law of 2009, which is intended to boost the economic

34China’s metallurgical coal reserves are concentrated largely in the south and the southeast.
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value of Indonesia’s coal resources and preserve a portion of coal reserves for future domestic consumption. Although recent
proposals that would basically halt exports and mining activity have not advanced, some type of regulation may be instituted to
meet the law’s requirements [159].

Non-OECD Europe and Eurasia

Most of the coal production in non-OECD Europe and Eurasia comes from Russia and Kazakhstan, which accounted for 52 percent
and 18 percent, respectively, of the region’s total coal production in 2010. In the coming decades, coal production from the two
countries, especially Russia, remains the major source of the region’s relatively moderate 0.6-percent average annual production
growth, from 684 million tons in 2010 to 820 million tons in 2040.

Although Russia possesses the world’s second-largest coal reserves, coal production is limited by both economic and logistical
challenges. Because Russia is a major natural gas producer, with abundant supply available at relatively low subsidized rates from
the state-owned natural gas company, its electric power sector has favored the use of natural gas. In contrast, the privatized coal
sector saw its direct subsidies eliminated during industry restructuring in the 1990s. Depletion of reserves in European (western)
Russia, rising mining costs, and the high cost of transporting Siberian reserves over long inland distances further challenge the
economics of Russian coal.

Over the past several years, strong export demand has boosted Russia’s coal production, and exports continue to lead Russia’s
coal production growth in coming decades in the |[EO2013 Reference case. In 2010, approximately 40 percent of Russia’s coal
production was exported, with one-half being shipped to consumers in Europe. Aiming to capture export opportunities for coal,
and to ensure diversified fuel supplies for domestic markets in order to accommodate rising demand for natural gas exports,
Russian Prime Minister Vladimir Putin announced in January 2012 an investment program for the coal sector [160]. The program,
for which Putin pledged $8.2 billion in public funds, calls for a total of $120 billion of private and public investment in coal mining
capacity expansion and safety improvement.

Africa

Africa’s coal production in the Reference case grows rapidly—at an average rate of 1.9 percent per year—from 286 million tons in
2010 to 501 million tons in 2040, based on growth in both domestic consumption and exports. South Africa is the largest producer
in the region, accounting for 98 percent of its total coal production in 2010. Mozambique and Botswana are emerging as new
suppliers, with their initial production targeted for export.

South Africa is a significant player in the global steam coal market, with an advantageous geographic location between the
Atlantic and Pacific coal markets, the world's largest coal export terminal at Richards Bay, and substantial reserves of bituminous
coal. In 2010, 26 percent of its production was exported. In general, the coal exported by South Africa is of better quality than
the coal consumed domestically. The relatively low cost of mining in South Africa provides a competitive advantage for its coal in
Europe and Asia. Growth in the country’s coal production comes from basins in the north, such as Waterberg, which will require
investment in the development of new mines and in railways to move coal out of the region. The pace of development will depend
on whether the country can overcome hurdles such as a lack of focused policy support, a less stable political environment,
bureaucratic delays, and issues with the allocation of prospecting and mining rights that have led to slower rates of infrastructure
development in the past.

Central and South America

Coal production in Central and South America is projected to increase by an average of 3.0 percent per year in the Reference case,
from 91 million tons in 2010 to 224 million in 2040. Only three countries in the region produce more than one million tons of coal
per year—Colombia, Brazil, and Venezuela. Colombia is the region’s largest producer, accounting for 82 million tons, or 90 percent,
of Central and South America’s total production in 2010. More than 90 percent of Colombia’s production has been exported in the
past decade, primarily to Europe, the Americas, and, increasingly, Asia. Brazil produces only 6 million tons of steam coal per year,
almost all of which is consumed domestically. Venezuela's coal production has declined rapidly in recent years, to 2.5 million tons
in 2011. Coal production in both Brazil and Venezuela remains relatively flat or decreases through 2040.

In contrast, Colombia’s coal production could potentially double between 2010 and 2020, after nearly doubling from 2000 to 2010
in response to strong international demand. Inspired to capture more opportunities in the Asian market in the decades to come,
the government continues to put a high priority on the resolution of labor issues, improvement of mine safety, and expansion of
road, rail, and port infrastructure. The country’s energy and mining minister announced in June 2012 that the government expects
coal production to reach 127 million tons by 2014 and plans to invest more than $350 billion in inland transportation infrastructure
to support 165 million tons of coal production by 2020 [167]. Currently, multiple projects are underway in Colombia to expand
mining, rail, barge, truck transportation, and port capacity. Moreover, the current Panama Canal expansion could result in lower
international shipping costs that would lead to additional shipments of Colombian coal to Asian markets. So far, most of the
coal produced in the region has been steam coal, although metallurgical coal production in Colombia has the potential to grow
significantly if infrastructure investment and railway modernization materialize as currently planned [162].
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World coal trade

Most countries that consume substantial amounts of coal have domestic coal resources. For that reason, the volume of world coal
trade tends to be small relative to worldwide coal consumption. In 2010, about 14 percent of the coal consumed worldwide on a
tonnage basis was imported (approximately 16 percent on a Btu basis). In the [EO2013 Reference case, seaborne coal trade grows
at an average rate of 1.5 percent per year, from 1,132 million tons in 2011 to 1,757 million tons in 2040 (Table 11 and Figure 78).
In the projection, the import share of world coal consumption remains near its historical level, increasing slightly to 15 percent in
2040. Almost all the projected growth in world coal trade is in response to increasing demand for coal imports in the countries of
non-OECD Asia.

International coal trade typically is evaluated for two separate markets—one for steam coal, also referred to as thermal coal, and
one for coking coal. Steam coal is used primarily for electricity generation and also in industrial applications for the production of
steam and direct heat. Coking coal is used to produce coal coke, which in turn is used as a fuel and as a reducing agent for smelting
of iron ore in blast furnaces. Steam coal has accounted for most world coal trade for many years, and its importance has grown
over the past decade, with its share of total trade increasing from 66 percent in 2000 to 75 percent in 2011. From 2000 to 2011, the
volume of world steam coal trade increased by 448 million tons, or 112 percent, and world coking coal trade increased by 85 million
tons, or 39 percent. Although the 847 million tons of steam coal traded in 2011 represented 75 percent of total coal trade, coking
coal exports have become an increasingly desirable export commodity, with prices rising sharply in recent years. In the Reference
case, steam coal accounts for between 73 and 75 percent of total trade through 2040.

At the regional level, world coal trade has seen some significant shifts during the past decade. On the supply side, Indonesia has
posted extraordinary gains in coal exports, satisfying more than one-half of the 529-million-ton expansion in world coal trade from
2000 to 2011 and displacing Australia as the world's leading coal exporter in 2011. Also on the supply side, China and Vietnam
have emerged as major coal-exporting countries during the past decade, although China's exports are now relatively minor, and
Vietnam plans to phase out exports as its own use of coal for electricity generation expands rapidly. On the demand side, China
and India have emerged as major coal-importing countries, increasing their take of imported coal by more than 300 million tons
from 2000 to 2011 and representing 57 percent of the growth in total international coal trade during the period [163]. In 2011, Japan
and China were essentially tied as the top two coal-importing countries in the world, and South Korea and India were tied for the
third position (Figure 79).

The I[EO2013 outlook for world coal trade is dominated by continuing growth in coal imports to Asia, primarily the countries of non-
OECD Asia, with relatively little growth in imports expected for Europe and the Americas. Historically, however, international coal
trade patterns and quantities have been difficult to predict, because they are determined by many factors, and, as a consequence,
there is considerable uncertainty regarding the outlook for coal markets. Examples of some of the factors that have affected
international coal trade in recent years include substantial increases in the costs of producing and transporting coal in both coal-
exporting and importing countries; changes in bulk rates for ocean freight; the ability of coal exporters to coordinate the necessary
buildup of infrastructure, including mining, inland transportation, and port capacity; increases in the costs of building new coal-
fired power plants; substantial swings in the costs of competing fuels and technologies; and continuing changes in energy and
environmental policies. Other factors, such as weather and labor strikes, also have affected international coal trade; and although
those two factors are of a temporary nature, there are potential implications for the outlook in the longer term, such as a desire by
importing countries to diversify their sources of coal and energy supplies.

Figure 78. World coal imports by major importing Figure 79. Coal imports to Asia by region,
region, 1995-2040 (million short tons) 2011 and 2040 (million short tons)
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Table 11. World coal flows by importing and exporting regions, Reference case, 2011, 2020, and 2040
(million short tons)

Importers
Steam Coking Total
Europe/ Europe/ Europe/
Exporters Other® Asia Americas Total® Other® Asia® Americas Total® Other® Asia Americas Total®
20M
Australia 1.0 157.4 3.9 163.5 204 1187 4.0 146.9 21.5 276.1 7.8 310.4
United States 22.4 8.1 7.2 37.7 35.7 19.7 14.2 69.6 58.1 27.8 214 107.3
Southern Africad 25.8 43.6 1.8 76.2 0.0 0.0 0.4 1.0 25.8 43.6 2.2 77.2
Eurasia 47.5 32.6 0.0 80.1 4.6 7.6 0.0 12.2 52.0 40.2 0.0 92.3
Poland 4.0 0.0 0.0 4.2 0.0 0.0 0.0 0.0 3.9 0.0 0.0 4.2
Canada 0.1 6.0 0.3 6.4 5.9 20.2 4.4 30.5 6.0 26.2 4.7 36.8
China 0.0 12.0 0.0 12.0 0.1 3.9 0.0 4.0 0.1 15.8 0.0 16.0
South America® 63.2 2.0 22.8 88.1 0.0 0.0 0.0 0.0 63.2 2.0 22.8 88.1
Vietnam 0.0 27.7 0.0 27.7 0.0 0.0 0.0 0.0 0.0 27.7 0.0 27.7
Indonesia“® 15.3 333.3 1.5 351.0 0.0 20.8 0.2 211 15.3 354.2 1.7 3721
Total 179.2 622.7 374 846.9 66.7 190.9 23.2 285.1 245.9 813.5 60.6 1,132.1
2020
Australia 0.0 191.0 0.0 191.0 144 1931 0.0 207.6 14.4 384.1 0.0 398.5
United States 40.6 14.7 0.9 56.2 29.1 26.0 21.2 76.4 69.7 40.8 221 132.6
Southern Africad 32.5 60.5 0.0 92.9 13.2 3.4 0.0 16.5 456 63.8 0.0 109.5
Eurasia 52.1 49.9 0.0 102.1 4.5 11.7 0.0 16.2 56.6 61.7 0.0 118.3
Poland 4.0 0.0 0.0 4.0 1.0 0.0 0.0 1.0 5.0 0.0 0.0 5.0
Canada 0.0 7.1 0.0 71 5.9 17.1 12.1 35.0 5.9 24.2 12.1 421
China 0.0 16.5 0.0 16.5 0.0 1.0 0.0 1.0 0.0 17.5 0.0 17.5
South America® 96.7 0.0 33.2 129.9 0.0 0.0 0.0 0.0 96.7 0.0 33.2 129.9
Vietnam 0.0 14.1 0.0 14.1 0.0 0.2 0.0 0.2 0.0 14.3 0.0 143
Indonesia’ 0.0 407.9 0.0 407.9 0.5 20.5 0.0 211 0.5 428.5 0.0 429.0
Total 225.8 761.8 341  1,021.7 68.6 273.1 33.3 375.0 2944 1,034.9 67.4 1,396.7
2040
Australia 0.0 315.4 0.0 315.4 15.8 2296 0.0 245.4 15.8 545.0 0.0 560.8
United States 62.9 36.8 25 102.2 24.6 10.9 314 66.9 87.6 47.7 33.9 169.2
Southern Africad 0.0 106.2 0.8 107.0 14.9 18.7 0.0 33.6 14.9 124.9 0.8 140.6
Eurasia 56.6 61.1 0.0 117.6 6.1 18.7 0.0 24.8 62.7 79.8 0.0 142.5
Poland 3.2 0.0 0.8 4.0 0.5 0.0 0.0 0.5 3.7 0.0 0.8 4.5
Canada 0.0 9.7 0.0 9.7 4.0 19.5 18.9 42.3 4.0 29.1 18.9 52.0
China 0.0 16.5 0.0 16.5 0.0 1.0 0.0 1.0 0.0 17.5 0.0 17.5
South America® 84.6 53.0 66.7 204.2 0.0 0.0 0.0 0.0 84.6 53.0 66.7 204.2
Vietnam 0.0 6.6 0.0 6.6 0.0 0.2 0.0 0.2 0.0 6.8 0.0 6.8
Indonesia’ 0.0 431.0 6.7 437.7 0.5 20.5 0.0 211 0.5 451.5 6.7 458.8
Total 207.3 1,036.3 774 1,321.0 66.4 319.2 50.3 435.9 273.6 1,355.5 127.7 1,756.8

#Coal flows to Europe/Other include shipments to Europe, Eurasia, the Middle East, and Africa.

BFor 2011, total world coal flows include a balancing item used to reconcile discrepancies between reported exports and imports. By coal type, the
balancing items for 2011 are: steam, 7.6 million tons; coking, 4.4 million tons; and total, 12.0 million tons.

“Includes 19.0 million tons of coal shipped from Indonesia to Asian steelmakers in 2011 for pulverized coal injection at blast furnaces.

dSouthern Africa consists of the countries of South Africa, Mozambique, and Botswana.

€Coal exports from South America are projected to originate from Colombia and Venezuela.

fData exclude recent appearance of Indonesian coal export data classified as lignite and shipped to countries in Asia (primarily China). For 2011,
Indonesia reported 33.0 million tons of lignite exports.

8For 2011, coal exports from Indonesia include shipments from other countries not modeled for the projection period. For 2011, the non-Indonesian
exports by coal type were: steam, 13.6 million tons; coking, 2.1 million tons; and total, 15.7 million tons.

Note: With the exception of North America, non-seaborne coal trade is not represented in EIA's projections. According to data published in

the International Energy Agency's Coal Information 2012, there was approximately 110 million tons of nonseaborne coal trade (excluding North

America) in 2011.
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Coal imports

Asia

Asia remains the world's largest importer of coal in the [EO2013 Reference case, accounting for 87 percent of the growth in world
coal imports from 2011 to 2040. As a result, the region’s share of total world coal imports rises to 77 percent in 2040 from 72
percent in 2011. Asia’s coal imports increase from 814 million tons in 2011 to 1,356 million tons in 2040. Five countries—Japan,
South Korea, Taiwan, China, and India—accounted for approximately 90 percent of Asia’s total annual coal imports during the
years 2000 through 2011, but increases in coal imports by China and India have been more substantial than for other Asian
countries, and as a result their combined share of the regional total has risen from 8 percent in 2000 to 41 percent in 2011. That
trend continues in the IEO2013 Reference case, with China and India accounting for slightly more than one-half of the region'’s coal
imports in 2040.

China's seaborne coal imports double in the projection, from approximately 200 million tons in 2011 to 400 million tons in 2040.
Despite that substantial increase in imports, most of the coal consumed in China in the [EO2013 Reference case continues to be
supplied from domestic coal producers, with the net import share of coal consumption increasing only slightly, from 5 percent in
2011 to 7 percent in 2040. China represents a key area of uncertainty, however, with respect to world coal trade projections. As
the world's largest coal consumer and producer, even relatively small imbalances between China’s supply and demand can have
a substantial impact on world coal markets. In addition, a substantial amount of the intracoastal coal shipments from the eastern
coast of China to southern ports can shift between domestic and international coal supplies. Although domestic coal currently
satisfies most of the coal demand along China’s southern coast, the situation could easily shift, requiring more imported coal.

InIEQ2013,anumber of factors limit China's seaborneimports. Oneis slower growthin China's coal consumption, which should enable
China's domestic coal supply chain to keep up with the increase in its coal consumption. From 2010 to 2040, coal consumption in
China grows by an average of 90 million tons per year, which is considerably less than the average increase of 200 million tons per
year from 2000 to 2010. In addition to slower growth in coal consumption, there are a number of major infrastructure projects and
policy initiatives underway to increase domestic coal production and transport. In the area of coal transportation, China currently
is working on major new rail projects to facilitate additional movements of coal from the coal-producing regions in the north and
west to demand centers in the east and south [164]. On the production side, efficiency gains at new large mining complexes
and substantial expansions of domestic mine capacity in China’s northern and western provinces, especially Inner Mongolia and
Xinjiang, are taking place [165]. In an effort to limit requirements for additional coal transportation infrastructure, the government
also is emphasizing the buildup of new industrial centers closer to the country's major coal-producing regions. Lastly, increasing
coal imports from Mongolia, which are likely to be moved overland rather than by sea, further limit the need for seaborne imports.

India, like China, has been increasing its coal imports in recent years. In the [EO2013 Reference case, India’s coal imports increase
from 140 million tons in 2011 to more than 300 million tons in 2040, spurred mainly by increasing imports of steam coal for electricity
generation. Imports of coking coal increase as well, as India’s steel industry expands, and domestic supply of coking-quality coals
is limited. While India’s coal consumption has increased substantially in recent years, the growth has been relatively modest in
comparison with China’s. India, however, has had problems expanding its coal production, and power companies have increasingly
had to rely on the use of more expensive imported coal. Regulatory hurdles that have delayed the startup of mining activities on
government-leased coal blocks often are cited as a reason for the increasing inability of coal supply to keep up with rising demand,
although gaining approvals to increase production at existing mines is also a challenge. Difficulties in getting approvals to expand
the country’s rail transportation infrastructure also have contributed to the rising gap between consumption and domestic supply
[166]. In addition to domestic coal supply problems, there are new coal-fired power plants being built along India’s coastline with
plans to use imported coal. One example is Tata Power's 4-gigawatt Mundra plant, which imports coal from Indonesia: three of its
800-megawatt units were commissioned in 2012, and the two remaining units are scheduled to come on line in 2013 [167].

After China and India, a small number of countries account for nearly all the remaining increase in non-OECD Asia coal imports.
The region’s current major coal importers—Taiwan, Malaysia, the Philippines, and Thailand—all increase their coal imports; and
Vietnam, which imported very little coal in 2011, emerges as a major new coal-importing country, based on plans to build substantial
amounts of new coal-fired electric generating capacity over the next 20 years. (Coal-fired electric generating capacity in Vietnam
increases from 3 gigawatts in 2010 to as much as 36 gigawatts in 2020 and 76 gigawatts in 2030 [168].) Much of the new electric
generating capacity will be sited in the southern part of the country, far from Vietnam’'s major coal deposits in the north.

Europe/Other

In the IEO2013 Reference case, total coal imports to the Europe/Other region® increase from 246 million tons in 2011 to a peak
of 297 million tons in 2015, then decline to 274 million tons in 2040. Coal becomes a less significant component of the region’s
fuel mix for electricity generation, with most European countries placing greater emphasis on renewable energy and natural gas
for electricity generation. Other factors affecting the outlook for coal imports to Europe include environmental initiatives that
further reduce emissions of sulfur dioxide, nitrogen oxide, and particulates, leading to some significant retirements of coal-fired
generating capacity; the phase-out of domestic hard coal production in Germany by 2018; and Turkey's plans to increase its coal-

35Europe/Other includes coal importing countries in Europe, Eurasia, the Middle East, and Africa.
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fired generating capacity substantially [169]. Restrictions on carbon dioxide emissions, primarily based on the European Union's
Emissions Trading System, are another potential issue for European coal consumption and imports. Thus far, however, carbon
dioxide emission prices have been relatively low and have not significantly affected Europe's coal demand [170].

Germany, the United Kingdom, Turkey, Italy, and Spain [171] accounted for more than 60 percent of Europe's total seaborne coal
imports in 2011. The countries of OECD Europe account for more than 90 percent of total seaborne coal imports to the Europe/
Other region both in 2011 and in the projection. Although there are significant amounts of overland coal trade between several
countries in the non-OECD Europe and Eurasia region, only seaborne shipments of coal for Europe and Asia are represented in
EIA’s projections, primarily because of data availability issues and the increased complexity associated with modeling nonseaborne
coal trade.

New coal-fired generating capacity in the IEO2013 Reference case contributes to rising imports through 2015, especially in Turkey
and Germany. Turkey has plans to add substantial amounts of new coal-fired generating capacity, much of which will burn
domestic lignite coal; however, approximately 10 gigawatts of post-2010 additions, including both planned and under construction,
is likely to be fueled by imports [172]. Germany is also adding new coal-fired generating capacity, with 8 gigawatts to be fueled
by imported coal and 3 gigawatts by domestic lignite (2.1 gigawatts of new lignite capacity became operational in 2012) [173].
The new coal-import-based capacity additions, combined with the phasing out of its hard coal production by 2018, are factors
that support increasing coal imports in Germany through 2020. Other coal-import-based capacity additions are either planned or
under construction in ltaly, the Netherlands, and Morocco [174].

In the longer term, the impact of new capacity on coal imports is diminished by the retirement of existing electric generating units
in the [EO2013 projection. The emission reduction requirements for coal-fired generating capacity established by the European
Union's Large Combustion Plant Directive (LCPD) lead to some planned retirements of coal-fired capacity, particularly in the United
Kingdom, where approximately 8 gigawatts of capacity will be shuttered [175]. On January 1, 2016, the LCPD will be superseded
by the European Union's Industrial Emissions Directive (IED) [176], which will require additional cuts in emissions of sulfur dioxide,
nitrogen oxide, and particulates. Additional retirements occur as a result of goals to increase generation from renewable energy
in a number of European countries. For example, Germany has established a goal to increase the renewable share of its total
electricity generation from approximately 20 percent in 2011 to 35 percent in 2020 and 65 percent in 2040 [177].

Americas

In the IEO2013 Reference case, coal imports in the Americas increase from 61 million tons in 2011 to 67 million tons in 2020 and 128
million tons in 2040. The share of total imports made up by steam coal falls from more than 60 percent in 2011 to approximately
50 percent in 2020, as steam coal imports in both Canada and the United States continue to decline over the next few years, and
as coking coal imports in Brazil increase. In 2040, steam coal’s share of the total recovers to the 2011 level, primarily as a result
of increases in steam coal imports by the United States. Relative to global coal trade, the coal import market for the Americas is
relatively small, accounting for only 5 percent of the world total in 2011 and increasing only slightly to 7 percent of the world total
by 2040.

Five countries accounted for approximately 90 percent of the region’s total coal imports in 2011: Brazil, the United States, Chile,
Canada, and Mexico [178]. The United States and Canada were the top two coal-importing countries in the Americas from 2001
to 2008, but imports by both countries have fallen substantially in recent years. U.S. coal imports have declined as coal-fired
generating capacity fueled by imported coal has become less competitive with power plants fueled by domestic natural gas (which
has become significantly less expensive since 2008), and Canada’s imports have declined as a result of the ongoing phaseout of
Ontario's coal-fired generating capacity.

In the IEO2013 Reference case, U.S. coal imports decline from 11 million tons in 2011 to a low of less than 2 million tons in 2017,
where they remain for several years. From 2030 to 2040, however, imported coal from South America emerges as a competitive
source of fuel for generation at power plants in the U.S. Southeast, and coal imports increase from 5 million tons to 38 million tons.
Increases in overall U.S. electricity demand, combined with rising natural gas prices and a lack of national-level restrictions on CO,
emissions, lead to higher utilization of existing coal-fired generating capacity and, in turn, increasing demand for both domestic
and foreign coal.

Canada, which was a major destination for U.S. coal exports over many years, has seen its coal imports decline substantially from
a recent peak of 25 million tons in 2008 to 8 million tons in 2011. Further declines in Canada’s coal imports are expected over the
next several years, as Ontario’s provincial government follows through, for environmental reasons, with the final and complete
phaseout of its remaining 3.3 gigawatts of coal-fired generating capacity in 2013 and 2014 [179]. The phaseout will leave Canada
with only a few million tons of coking coal imports, primarily for use at coke plants in Ontario, and 2 million to 3 million tons of
steam coal imports for use at power plants in Nova Scotia and New Brunswick.

Brazil's steelmaking capacity increases in the Reference case, taking advantage of its domestic resources of iron ore but requiring
increased use of coking-grade coal that the country does not produce domestically. Imports of coking coal to the Americas—
primarily to Brazil—increase from 23 million tons in 2011 to 50 million tons in 2040. Brazil and Chile account for most of the
increase in imports of thermal coal to South America through 2040. Brazil's MPX Energia is completing or has recently completed
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the construction of three new coal-fired generating units—Pecem |, Pecem I, and Itaqui—in northeastern Brazil, with a combined
generating capacity of 1.4 gigawatts, which will be fueled with imported coal from Colombia [180].

Coal exports

As indicated above, most of the world's coal trade consists of steam coal. The top five exporters of steam coal in 2011 were
Indonesia, Australia, South America (primarily Colombia), Eurasia (primarily Russia), and Southern Africa (primarily South Africa).
Indonesia, currently the world's largest exporter of steam coal, maintains that position through 2040. The three top exporters
of coking coal in 2011 were Australia, the United States, and Canada, and they remain so through 2040—although coking coal
exports from Southern Africa increase substantially in the projection, as international energy companies begin to tap into and
produce coking-quality coal from reserves in Mozambique.

Australia, which was the world's leading coal exporter for many years, was displaced from its position by Indonesia in 2011. While
Indonesian coal exports increased by 36 million tons in 2011, Australia’s exports fell by 21 million tons, as severe flooding in the
state of Queensland in early 2011 significantly reduced its overall coal production and exports for the year. Nearly all of Australia’s
coal exports originate from two eastern states, Queensland in the northeast and New South Wales in the southeast. Queensland
currently exports slightly more coal, with coking coal accounting for about 70 percent of its export tonnage [187]. Coal exports
from New South Wales are primarily steam coal, which accounts for roughly 80 percent of its total export tonnage [182]. Australia
exported 310 million tons of coal in 2011 (27 percent of total world coal trade), consisting of 164 million tons of steam coal and 147
million tons of coking coal.

In IEO2013, Australia dominates the outlook for international coal trade, with exports rising to 561 million tons and accounting
for 32 percent of total world coal trade in 2040. According to a report released by the Australian government in December 2012,
both the country’s coal mining and coal transportation infrastructure will be expanded significantly over the next few years, with
approximately 65 million tons of additional coal production capacity set to come on line, along with more than 80 million tons of
port capacity expansions (40 million tons in New South Wales and 42 million tons in Queensland) [183].

Indonesia’s coal exports increased dramatically from 63 million tons in 2000 to 356 million tons in 2011 as a result of the
competitiveness of its low-cost surface mines. Indonesia lacks significant reserves of coking quality coal, and nearly all of its
current coal exports are steam coal. In the IEO2013 Reference case, Indonesia’s coal exports increase to 459 million tons in 2040,
with 98 percent shipped to countries in Asia, up from 95 percent in 2011.

While future increases in exports of Indonesian coal are not expected to be limited by production infrastructure or port export
capacity [184], there are several policy-related factors that could limit export growth. One is Indonesia’s domestic market
obligation law, which took effect in 2009 and requires Indonesian coal producers to set aside a certain percentage of their output
each year for domestic coal buyers. Because of delays in bringing new coal-fired generating capacity on line and subsequent
slower growth in coal demand than expected, the law so far has not been a significant impediment to coal exports [185]. In
addition, government plans for new generating capacity in Indonesia have recently been shifting away from coal toward renewable
generating technologies, such as geothermal and conventional hydroelectric [186]. On another front, the government had been
working on a draft regulation that would restrict exports to coals with higher heat content as a way of preserving lower quality coals
for future domestic use. The ban was to take effect in January 2014, but at the beginning of 2013 the government backed away from
plans to move forward with the regulation, with the director of Indonesia’s Energy and Mineral Resources Ministry indicating that
the regulation would have “stopped mining activity” in the country [187].

From 2000 to 2011, coal exports from Southern Africa varied between 69 million tons and 79 million tons, with 77 million tons of
exports recorded in 2011. Historically, South Africa has accounted for virtually all of Africa’s coal export shipments, but the situation
is changing with coal producers in Mozambique and, to a lesser extent, Botswana gearing up to export substantial quantities of
coal to international markets. In South Africa, current activities are aimed at increasing the country's coal exports, including the
development of new coal mines, port capacity expansions, and projects to expand rail capacity for hauling coal. In 2010, the annual
throughput capacity at Richards Bay Coal Terminal, the country's main coal export facility, was increased from 79 million tons to
101 million tons, although the rail network serving the port still is not capable of transporting that amount of coal [188]. In 2012,
75 million tons of coal was exported through the Richards Bay Coal Terminal, up from 72 million tons in 2011. South Africa’s coal
mines also export coal through the Matola Terminal in neighboring Mozambique [189], which currently has an annual throughput
capacity of about 7 million tons. However, there is growing interest in expanding its capacity to perhaps more than 20 million tons
later in the decade [190].

Mozambique plays an emerging role in world coal trade in the IEO2013 Reference case. A number of large international energy and
steel companies are involved with the development of new coal mining projects in Mozambique, including Brazil's Vale SA; Australia’s
Rio Tinto; Australia’s Beacon Hill Resources; India's Jindal Steel and Power, Ltd.; and the United Kingdom's Anglo American, which
is the majority stakeholder in a joint venture with Japan’s Nippon Steel and South Korea's Posco [7197]. While some minor shipments
occurred in 2011, the first substantial exports were in 2012, when about 3 million tons were shipped out of Mozambique, primarily
from coal produced at Vale's Moatize coal mine [192]. In the near term, the primary factor limiting coal exports from Mozambique
is the development of rail transportation infrastructure for moving coal from mines to ports. Currently, Vale is shipping coal on the
357-mile-long Sena Railway to Mozambique's Port Beira for export to overseas markets, but the rail line has an annual capacity of
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only about 7 million tons [193]. A further upgrade of the Sena Railway line to 20 million tons could be completed as soon as the end
of 2014. Construction of a new 567-mile rail line to the port of Nacala in Mozambique, with a potential capacity of 40 million tons
per year, is also underway and could be ready for initial freight shipments by the end of 2014 [194].

In the IEO2013 Reference case, coal exports from Southern Africa grow from 77 million tons in 2011 to 109 million tons in 2020
and 141 million tons in 2040. Coking coal exports increase from 1 million tons in 2011 to 34 million tons in 2040, with most of the
additional coking coal expected to come from Mozambique, although several new mines under development in northeastern South
Africa also are expected to produce some coking-quality coals for export [195].

Although Eurasia has several coal-exporting countries, most of the seaborne coal exports from the region originate from mines in
Russia. Ukraine currently ships a few million tons of coal annually to international markets from its ports on the Black Sea, and coal
exports from Kazakhstan consist primarily of nonseaborne shipments to Russia. Over the past decade, coal exports from Eurasia
have increased considerably, from 31 million tons in 2000 to 92 million tons in 2011. European countries were the primary area of
growth for coal exports from Eurasia during the first half of that period, but since 2008 Asia has become the new area of growth for
the region'’s coal exports. In 2011, Eurasia exported 52 million tons of coal to Europe and 40 million tons to Asia. With coal exports,
particularly exports to Asia, viewed as a growth area, Russian companies continue to make investments in both mining capacity
and port capacity. Coal production in the Kuzbass region, which grew to 220 million tons in 2012, continues increasing, with four
new mines coming on line in 2012 [196]. Investments also are being made in new mining capacity in the coal basins of eastern
Siberia, as companies look to capitalize on the relatively shorter rail hauls to ports serving Asian coal markets. Mechel's Elga coal
mine, in the far eastern republic of Sakha, is a good example of such an operation. With initial production in 2011, the Elga mine
plans to increase production to as much as 20 million tons by the end of the decade, exporting nearly all of its output, both steam
and coking coals, to Asian customers [197]. The coal will be transported by rail to the far eastern port of Vanino, in which Mechel
recently acquired a 55-percent ownership share. In the IEO20173 projection, Eurasia’s coal exports increase from 92 million tons in
2011 to 142 million tons in 2040.

Although Russia is one of the world's top coal-exporting countries, long inland transport distances from major coal-producing
areas to export terminals add substantially to the cost of its coal exports at the ports. For example, rail shipping distances from
the country's top-producing Kuzbass region in western Siberia to ports in northwest Russia, such as Ust-Luga, are approximately
2,600 miles, and rail shipping distances from Kuzbass to far eastern ports, such as Vostochniy, are in excess of 3,600 miles,
translating into shipping costs in excess of $40 per ton [198]. On the other hand, Russia’s relatively low coal production costs
counterbalance the high inland transportation costs, keeping its exports competitive in world markets.

South America remains one of the top five coal-exporting regions through 2040, primarily as a result of continuing increases in
exports from Colombia. The government of Colombia has a goal of improving the country’s coal transportation infrastructure in
an effort to increase its coal production to as much as 165 million tons by 2020 from 98 million tons in 2012 [199]. The expansion
will require sizable investments in mine capacity, rail infrastructure, and port capacity. Cerrejon, the country’s largest coal producer,
plans to increase its production from 38 million tons in 2012 to 44 million tons in 2014, and Prodeco, the third-largest producer,
plans to increase output from 16 million tons in 2012 to 23 million tons in 2015 [200]. Prodeco also is in the process of completing a
new 24-million-ton coal export terminal at Santa Marta, Colombia. Drummond, Colombia’s second-largest coal producer, has near-
term plans to increase its production by a little more than 5 million tons above the 2012 level and is also building a new coal export
terminal at Santa Marta [207]. CCX Carvero de Colombia, a potential new entrant to the country’s coal industry, has plans to develop
a new underground coal mine capable of producing more than 25 million tons of coal per year, along with two surface mines with a
combined capacity of more than 5 million tons. CCX is also seeking licenses to develop a new 39-million-ton coal export terminal at
La Guajira, Colombia, and a 93-mile-long rail line to transport its coal to the port [202]. In the IEO2013 Reference case, coal exports
from South America increase from 88 million tons in 2011 to 130 million tons in 2020 and 204 million tons in 2040.

The United States ranked as the world's third-largest coal exporter in both 2011 and 2012, shipping a record-breaking 126 million
tons of coal to international markets in 2012—a substantial turnaround from the early to mid-2000s, when U.S. coal producers
exported roughly 50 million tons of coal per year, between 31 and 48 percent of which went to Canada alone. The recent surge
in U.S. coal exports, from 59 million tons in 2009 to 126 million tons in 2012, is attributable to a number of factors, including
substantial growth in total world coal trade; the recovery of coal import demand in OECD countries following the recessionary
downturn in 2009; weather- and labor-related supply disruptions in some of the key coal-exporting countries; substantial declines
in demand for coal in the U.S. electric power sector in 2011 and 2012; and strong pricing for both coking and steam coals in
international markets. The United States has benefited from increased export sales to customers in both Europe and Asia, with
exports to the Europe/Other region increasing by 39 million tons and exports to Asia increasing by 26 million tons from 2009 to
2012. U.S. coal exports to the Americas remained mostly unchanged over the same period, with declines in coal exports to Canada
offset by increases in exports to Brazil, Chile, and Mexico. In 2012, the United States exported 7 million tons of coal to Canada,
representing only 6 percent of total U.S. exports. Historically, U.S. coal exports have been fairly evenly divided between coking and
steam coal, with coking coal generally accounting for slightly more than one-half of total export sales.

With the combination of strong growth in world coal trade, high international coal prices, and declining demand for coal in the U.S.
electric power sector, there has been a surge in activity and investment in port capacity expansion projects to facilitate the growth
of U.S. coal exports. Although plans to construct new coal ports along the coastlines of Washington and Oregon to support exports

U.S. Energy Information Administration | International Energy Outlook 2013 83



of western coal to Asia face some considerable hurdles, a substantial number of projects on the U.S. Gulf coast are moving ahead.
Those projects will add approximately 50 million tons of additional export capacity between 2012 and 2015 [203]. Currently there
are three coal export projects proposed for the U.S. West Coast, which together could add more than 100 million tons of annual
coal export capacity [204]. For now, port capacity for coal exports along the U.S. West Coast (excluding Alaska) is limited to a
couple of million tons, primarily out of the Port of Long Beach in California.

In addition to U.S. coal ports, several coal producers in the western United States have secured the rights to—and currently are
exporting coal through—the Westshore and Ridley coal terminals in Canada (reported in EIA's Quarterly Coal Report as U.S. coal
exports out of the Seattle, Washington, customs district). Westshore reported that it handled 9 million tons of U.S. coal exports
in 2011 [205]. The transportation costs associated with shipping western coal to these ports are substantial, however, with rail
shipping distances that can exceed 2,500 miles for U.S. coal shipments out of Ridley and 1,500 miles for coal shipped out of the
Westshore Terminals near Vancouver [206]. Although rail shipping distances from Powder River Basin mines in Wyoming and
Montana to potential port facilities in Washington and Oregon would not be substantially shorter than the distances to Westshore
in Canada, U.S. coal producers could potentially export much larger quantities of coal, and they would not have to compete with
Canadian mines for export terminal capacity.

In the IEO2013 Reference case, U.S. coal exports increase from about 107 million tons in 2011 to 169 million tons in 2040, buoyed
primarily by the overall increase in world coal trade. Although most of the coal exported from the United States originates from
mines in the Appalachian coal basin, all of the increment in U.S. coal exports through 2040 in IE02013 is from the Interior and
Western supply regions.

Of potential benefit to both U.S. and Colombian coal producers is the planned completion of the Panama Canal expansion project
in 2015, which will allow for the transit of larger bulk shipping vessels through the canal and should result in slightly lower freight
rates for coal shipped to Asian markets [207]. While only bulk-carrier vessels of Panamax size (approximately 80,000 deadweight
tons) or smaller can use the canal currently, the expansion will allow for the transit of post-Panamax or smaller capesize vessels
with rated capacities of up to 140,000 deadweight tons [208]. Currently, capesize shipments of coal from ports in Colombia and
the U.S. East and Gulf coasts to Asia generally travel a longer route around the tip of Africa (Cape of Good Hope). As an example,
the shipping distance from Puerto Prodeco, Colombia, to Guangzhou, China, is approximately 13,000 nautical miles via the Cape
of Good Hope but only about 9,700 nautical miles through the Panama Canal [209]. During fiscal year 2011 (ending on September
30, 2011), the Panama Canal Authority reported that 12 million tons of coal were shipped from the Atlantic to the Pacific, including
some going to the west coast of South America and the remainder going primarily to Asia [210]. In comparison, 24 million tons of
coal were shipped to Asia in calendar year 2011 from the U.S. East and Gulf coasts, Colombia, and Venezuela [277].

Canada exported 37 million tons of coal in 2011—the highest level since 2000, when exports totaled 38 million tons. Canada
is primarily a coking coal exporter, with steam coal accounting for less than 20 percent of its total exports. Currently, Canada’s
exports originate solely from mines located in the province of British Columbia and are shipped out of three coal export terminals
(Westshore, Neptune, and Ridley) located along the Pacific Coast (although some coking coal is shipped by rail to coke plants in the
U.S. Midwest). All of Canada's western coal export terminals have either recently increased or are in the process of expanding their
capacity, primarily as a result of increasing demand for coal imports by Asian countries. Westshore Terminals recently increased
its annual capacity from 32 million tons to 36 million tons, and its plans for upgrading equipment at the terminal will increase
capacity by another 2 to 3 million tons by 2018 [212]. Neptune Terminals is planning to increase capacity from 13 million tons per
year to 20 million tons, and Ridley plans to double annual throughput capacity from 13 million tons to 26 million tons [213]. Two
export-oriented mining projects currently in the works in western Canada are the planned restart of Teck Resources Ltd.'s coking
coal mine in British Columbia in 2014, with a planned capacity of 4 million tons per year, and plans by the Australian company
Coalspur to develop a new coal mine in Alberta that would ship as much as 12 million tons of steam coal to Asian markets by the
end of the decade, with initial shipments out of Ridley Terminal beginning as early as 2015 [274]. In the IEO2013 Reference case,
Canada’s coal exports increase from 37 million tons in 2011 to 52 million tons in 2040.

World coal reserves

As of January 1, 2009, total recoverable reserves of coal around the world were estimated at 946 billion tons—reflecting a reserves-
to-production ratio of approximately 120 years (Table 12).3° Historically, estimates of world recoverable coal reserves, although
relatively stable, have declined gradually from 1,145 billion tons in 1991 to 909 billion tons in 2008 [215]. In 2009, however, the
estimate increased to 946 billion tons with the upward revision of 37 billion tons reflecting a new assessment of Germany's lignite
reserves. Although the overall decline in estimated reserves from 1991 to 2009 is sizable, the large reserves-to-production ratio
for world coal indicates that sufficient coal will be available to meet demand well into the future. Further, because recoverable
reserves are a subset of total coal resources, recoverable reserve estimates for a number of regions with large coal resource
bases—notably, China and the United States—could increase substantially as coal mining technology improves and additional
geological assessments of coal resources are completed.

36Recoverable reserves are those quantities of coal that geological and engineering information indicates with reasonable certainty can be extracted in
the future under existing economic and operating conditions. The reserves-to-production ratio is based on the reserves estimates and data on world
coal production for 2010, shown in Table 10.
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Although coal deposits are widely distributed, 79 percent of the world's recoverable reserves are located in five regions: the United
States (27 percent), Russia (18 percent), China (13 percent), non-OECD Europe and Eurasia outside of Russia (11 percent), and
Australia/New Zealand (9 percent). In 2010, the five regions together produced 5.7 billion tons (113.0 quadrillion Btu) of coal,
representing 72 percent of total world coal production by tonnage and 75 percent on a Btu basis [276]. By rank, anthracite and
bituminous coal account for 47 percent of the world's estimated recoverable coal reserves on a tonnage basis, subbituminous coal
accounts for 30 percent, and lignite accounts for 23 percent.

Quality and geological characteristics of coal deposits are important parameters for coal reserves. Coal is heterogeneous, with
quality (for example, characteristics such as heat, sulfur, and ash content) varying significantly by region and even within individual
coal seams. At the top end of the quality spectrum are premium-grade bituminous coals, or coking coals, used to manufacture coke
for the steelmaking process. Coking coals produced in the United States have an estimated heat content of 26.3 million Btu per
ton and relatively low sulfur content of approximately 0.9 percent by weight [277]. At the other end of the spectrum are reserves
of low-Btu lignite. On a Btu basis, lignite reserves show considerable variation. Estimates published by the International Energy
Agency for 2010 indicate that the average heat content of lignite in major producing countries varies from a low of 4.9 million Btu
per ton in Greece to a high of 12.9 million Btu per ton in Canada [218].

Table 12. World recoverable coal reserves as of January 1, 2009 (billion short tons)

Recoverable reserves by coal rank
y Reserves-to-

Bituminous 2010 production

Region/Country and anthracite Subbituminous Lignite Total production ratio (years)
World total 445.0 285.9 215.2 946.1 7.954 119
United States? 118.4 107.2 33.1 258.6 1.084 238
Russia 54.1 107.4 1.5 173.1 0.359 482
China 68.6 371 20.5 126.2 3.506 36
Other non-OECD Europe and Eurasia 422 18.9 39.9 100.9 0.325 311
Australia and New Zealand 40.9 2.5 414 84.8 0.473 179
India 61.8 0.0 5.0 66.8 0.612 109
OECD Europe 6.2 0.9 54.5 61.6 0.620 99
Africa 34.7 0.2 0.0 349 0.286 122
Other non-OECD Asia 3.9 3.9 6.8 14.7 0.508 29
Other Central and South America 7.6 1.0 0.0 8.6 0.085 101
Canada 3.8 1.0 25 7.3 0.075 97
Brazil 0.0 5.0 0.0 5.0 0.006 842
Other® 26 0.8 0.1 3.6 0.015 233

@Data for the United States represent recoverable coal estimates as of January 1, 2012.
bIncludes Mexico, Chile, Middle East, Japan, South Korea, and Greenland.
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Chapter 5
Electricity

Overview

World net electricity generation increases by 93 percent in the IEO2013 Reference case, from 20.2 trillion kilowatthours in 2010 to
39.0 trillion kilowatthours in 2040 (Table 13). Electricity supplies an increasing share of the world's total energy demand and is the
world's fastest-growing form of delivered energy (Figure 80). World electricity delivered to end users rises by 2.2 percent per year
from 2010 to 2040, as compared with average growth of 1.4 percent per year for all delivered energy sources.

In general, projected growth in OECD countries, where electricity markets are well established and consumption patterns are
mature, is slower than in non-OECD countries, where at present many people do not have access to electricity. The electrification
of historically off-grid areas plays a strong role in determining relative growth. The International Energy Agency estimates that 19
percent of the world's population, or about 1.3 billion people [219], did not have access to electricity in 2010. Moreover, almost 57
percent of the population in Africa currently remains without access to electric power.

Non-OECD nations consumed 49 percent of the world's total electricity supply in 2010, and their share of world consumption is
expected to increase over the projection period. In 2040, non-OECD nations account for 64 percent of world electricity use (Figure
81). Total net electricity generation in non-OECD countries increases by an average of 3.1 percent per year in the Reference case,
led by annual increases averaging 3.6 percent in non-OECD Asia (including China and India) from 2010 to 2040 (Figure 82). In
contrast, total net generation in the OECD nations grows by an average of only 1.1 percent per year from 2010 to 2040.

The IEO2013 Reference case projections do not incorporate assumptions about future policies and regulations related to limiting
or reducing greenhouse gas emissions, such as caps or taxes on carbon dioxide emissions. The Reference case does, however,
incorporate existing regulations and national energy policies, such as the European Union’s 20-20-20 plan and its member states’
nuclear policies; China's wind capacity targets; and India’s National Solar Mission. Any new and unanticipated government policies
or legislation aimed at limiting or reducing greenhouse gas emissions could substantially change the trajectories of fossil and
nonfossil fuel consumption presented in this outlook.

Table 13. OECD and non-OECD net electricity generation by energy source, 2010-2040 (trillion kilowatthours)

Average annual
percent change,

Region 2010 2015 2020 2025 2030 2035 2040 2010-2040
OECD
Liquids 0.3 0.3 0.2 0.2 0.2 0.2 0.2 -1.1
Natural gas 2.4 2.7 2.9 3.1 3.5 3.9 4.3 2.0
Coal 3.5 3.3 3.3 3.3 3.3 3.3 3.3 -0.2
Nuclear 22 2.1 24 2.6 2.7 27 2.7 0.7
Renewables 1.9 24 2.8 3.0 3.2 34 37 22
Total OECD 10.3 10.8 11.5 12.2 12.9 13.5 14.2 1.1
Non-OECD
Liquids 0.6 0.6 0.6 0.6 0.5 0.5 0.5 -0.9
Natural gas 2.1 2.3 2.6 3.1 3.7 4.4 5.0 3.0
Coal 4.6 5.9 6.9 8.0 9.0 9.9 10.6 29
Nuclear 0.4 0.8 1.3 1.7 2.1 25 2.8 6.3
Renewables 2.2 2.9 3.7 4.2 4.7 5.3 5.9 3.3
Total non-OECD 9.9 12.5 15.1 17.6 20.1 22.6 24.8 3.1
World
Liquids 0.9 0.9 0.8 0.8 0.7 0.7 0.7 -1.0
Natural gas 4.5 5.0 55 6.2 7.2 8.3 9.4 25
Coal 8.1 9.2 10.1 11.3 12.3 13.2 13.9 1.8
Nuclear 2.6 2.9 3.6 43 4.8 5.1 5.5 25
Renewables 4.2 5.3 6.5 7.2 7.9 8.8 9.6 2.8
Total World 20.2 23.3 26.6 29.8 33.0 36.2 39.0 2.2
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Electricity generation by source

The worldwide mix of primary fuels used to generate electricity has changed a great deal over the past four decades. Coal continues
to be the fuel most widely used in electricity generation, although generation from nuclear power increased rapidly from the 1970s
through the 1980s, and natural gas-fired generation grew rapidly in the 1980s, 1990s, and 2000s. The use of oil for electricity
generation has declined since the late 1970s, when oil prices rose sharply [220].

Beginning in the early 2000s, high fossil fuel prices in combination with concerns about the environmental consequences of
greenhouse gas emissions resulted in interest in developing alternatives to fossil fuels for generation—specifically, nuclear power
and renewable energy sources. In the [EO2013 Reference case, long-term global prospects continue to improve for generation from
both nuclear and renewable energy sources. Renewable energy sources are the fastest-growing sources of electricity generation
in the IEO20173 Reference case, with annual increases averaging 2.8 percent per year from 2010 to 2040 (Figure 83). In particular,
nonhydropower renewable resources are the fastest-growing sources of new generation in the outlook, in both OECD and non-
OECD regions. Nonhydropower renewables, which accounted for 4 percent of the generation market in 2010, increase their share
of the market to 9 percent in 2040, with much of the growth coming from wind generation.

After renewable energy sources, natural gas and nuclear power are the next fastest-growing generation sources, both increasing by
2.5 percent per year from 2010 to 2040. Although coal-fired generation increases by a slower annual average of 1.8 percent over
the projection period, it remains the largest source of generation through 2040 and grows by the largest absolute amount over
the period. The outlook for coal could be altered substantially, however, by any future national policies or international agreements

Figure 80. Growth in world total electricity Figure 81. OECD and non-OECD net electricity
generation and total delivered energy consumption, generation, 1990-2040 (trillion kilowatthours)
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aimed at reducing or limiting the growth of greenhouse gas emissions. In addition, should the fast-paced growth in U.S. shale gas
production in recent years be replicated in other nations with shale gas resources (notably China), the outlook for world natural
gas-fired electricity generation could be much different from that presented in the [EO2013 Reference case.

Coal

Coal is the predominant fuel used for electricity generation worldwide. In 2010, coal-fired generation accounted for 40 percent of
overall worldwide electricity generation. Coal-fired electricity generation grows in the Reference case at a 1.8-percent annual rate
from 2010 to 2040. In 2040, total world electricity generation from coal is 73 percent higher than the 2010 level, although coal’s
share of the electricity market falls to 36 percent in 2040. China and India alone account for 89 percent of the projected growth
in coal-fired generation. In contrast, OECD nations reduce their reliance on coal-fired electricity generation, with environmental
factors, particularly in OECD Europe, playing a sizable role in the reduction.

Natural gas

In 2010, natural gas accounted for 22 percent of the world's electricity generation. Its projected share rises to 24 percent in 2040.
Prospects for natural gas have improved substantially over the past several years, in large part because of revised expectations
for shale gas, tight gas, and coalbed methane—especially shale gas—both within the United States and globally. The additional
resources will allow natural gas supplies to be used as LNG to supply markets that have few domestic resources. As a result,
natural gas markets remain well supplied, with prices relatively low in the mid-term, as many nations turn to natural gas, rather
than more expensive or more carbon-intensive sources of electricity, to supply their future power needs.

Petroleum and other liquid fuels

Electricity generation from petroleum and other liquid fuels declines over the IEO2013 projection period, continuing a two-decade-
long trend. Worldwide, electricity generation derived from liquids falls from 5 percent of total production in 2010 to 2 percent in
2040. Nations respond to high, sustained oil prices by reducing or eliminating their use of oil for generation—opting instead for
alternative sources of electricity, including natural gas and nuclear. Even in the petroleum-rich Middle East, there is an effort to
reduce the use of liquids for generation in favor of natural gas and other resources, in order to maximize revenues from oil exports.
The liquids share of total generation in the Middle East region declines from 34 percent in 2010 to 14 percent in 2040.

Nuclear power

Electricity generation from nuclear power worldwide increases from 2,620 billion kilowatthours in 2010 to 5,492 billion
kilowatthours in 2040 in the IEO2013 Reference case, as concerns about energy security and greenhouse gas emissions support
the development of new nuclear generating capacity. In addition, world average capacity utilization rates have generally risen
over time, from about 68 percent in 1980 to about 80 percent in 2011. Factors underlying the IEO2013 nuclear power projections
include the consequences of the March 2011 disaster at Fukushima Daiichi, Japan; planned retirements of nuclear capacity in
OECD Europe under current policies; and continued strong growth of nuclear power in non-OECD Asia.

Japan significantly curtailed its nuclear generation as a direct result of the Tohoku earthquake and related tsunami on March 11,
2011. In addition to the four damaged Fukushima Daiichi reactors, Japan's 50 other nuclear reactors were shut down over the
following 14 months. Japan compensated for the loss of nuclear generation by increasing its generation from natural gas, oil,
and coal and by implementing efficiency and conservation measures to reduce load. Two reactors have returned to service, and
additional reactors are expected to return to service soon. In the IEO2013 Reference case, fossil fuel generation and conservation
continue to bridge the gap left by the shutdown of Japan'’s nuclear plants.

The Fukushima Daiichi disaster could have long-term implications for the future of world nuclear power development in general.
Even China—where large increases in nuclear capacity have been announced and are anticipated in the IEO2013 Reference case—
halted approval processes for all new reactors until the country’s nuclear regulator completed its safety review. Germany and
Switzerland announced plans to phase out or shut down their operating reactors by 2022 and 2034, respectively. Although the
IEO2013 Reference case considered the impacts of the disaster at Fukushima Daiichi, the uncertainty associated with nuclear
power projections for Japan and for the rest of the world has increased.

On a regional basis, the IEO2013 Reference case projects the strongest growth in nuclear power for the countries of non-OECD
Asia, which average 9.2 percent per year from 2010 to 2040, including average increases of 10.2 percent per year in China and
10.6 percent per year in India (Figure 84). China leads the region with 43 percent of the world's active reactor projects under
construction in 2011 and installs the most nuclear capacity over the period, building 160 gigawatts of net generation capacity by
2040. Outside Asia, the largest increase in nuclear generation is in OECD Europe, at a relatively modest average rate of 0.7 percent
per year. Worldwide, nuclear generation increases by 2.5 percent per year in the Reference case.

In IEO2013, the rate of growth in nuclear power generation worldwide is slower than in previous IEO projections. High capital and
maintenance costs may keep some countries from expanding their nuclear power programs, while a lack of trained labor resources,
concerns about safety, and limited global nuclear supply chain capability could keep national nuclear programs from meeting
previously planned schedules.
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To address the uncertainty inherent in projecting nuclear power growth in the long term, a two-step approach is used. In the short
term (through 2020), projections are based primarily on the current activities (planning documents, energy policies, forecasts,
etc.) of the nuclear power industry and national governments. Because of the long permitting and construction lead times
associated with nuclear power plants, there is general agreement among analysts on which nuclear projects are likely to become
operational in the short term. After 2020, the projections are based on a combination of announced plans or goals at the country
and regional levels and consideration of other long-term issues facing the development of nuclear power, including economic
issues, geopolitical issues, technology advances, environmental policies, uranium availability, and the viability of alternative
technologies for electricity production.

Hydroelectric and other renewable resources’’

Renewable energy is the fastest-growing source of electricity generation in the [EO2013 Reference case. Total generation from
renewable resources increases by 2.8 percent annually, and the renewable share of world electricity generation grows from 21
percent in 2010 to 25 percent in 2040. About 80 percent of the increase is in hydroelectric and wind power. The contribution
of wind power, in particular, has grown swiftly over the past decade, from 31.4 billion kilowatthours of net generation in 2000 to
341.5 billion kilowatthours in 2010—a trend that continues in the Reference case projection. Of the 5.4 trillion kilowatthours of new
renewable generation added over the projection period, 2.8 trillion kilowatthours (52 percent) is attributed to hydroelectric power
and 1.5 trillion kilowatthours (28 percent) to wind (Table 14).

Although renewable energy sources have positive environmental and energy security attributes, most renewable technologies
other than hydroelectricity do not compete economically with fossil fuels, except in a few regions or in niche markets. Solar power,
for instance, is currently a niche source of renewable energy, but it can be competitive where electricity prices are especially high,
where peak load pricing occurs, where government incentives are available, or where infrastructure interconnection issues pose
large costs. Government policies or incentives often provide support for construction of renewable generation facilities.

Changes in the mix of renewable fuels used for electricity generation differ between the OECD and non-OECD regions in the
IE02013 Reference case. In the OECD nations, most of the hydroelectric resources that are both economical to develop and also
meet environmental regulations have already been exploited. With the exceptions of Canada and Turkey, there are few large-
scale hydroelectric projects planned for the future. As a result, most renewable energy growth in OECD countries comes from
nonhydroelectric sources, especially wind and solar. Many OECD countries, particularly those in Europe, have government policies,
including feed-in tariffs (FITs),3® tax incentives, and market share quotas, that encourage the construction of such renewable
electricity facilities.

In non-OECD countries, hydroelectric power is the predominant source of renewable electricity growth. Strong growth in
hydroelectric generation, primarily from mid- to large-scale power plants, is expected in China, India, Brazil, and a number of
nations in Southeast Asia, including Malaysia and Vietnam. Growth rates for wind-powered generation are also high in non-OECD
countries. The most substantial additions to electricity supply generated from wind power are in China.

The IEO2013 projections for renewable energy sources include

Figure 84. World net electricity generation from only marketed renewables. Nonmarketed (noncommercial)
nuclear power by region, 2010-2040 biomass from plant and animal resources—while an
(trillion kilowatthours) important source of energy, particularly in the developing
6 non-OECD economies—is not included in the projection,

because comprehensive data on its use are not available. For
the same reason, off-grid distributed renewables—renewable
China energy consumed at the site of production, such as off-grid
photovoltaic (PV) panels—are not included in the projection.
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370ther renewable energy sources include wind, solar, geothermal, biomass, waste, and tidal/wave/ocean.

38 feed-in tariff is a financial incentive that encourages the adoption of renewable electricity technologies. Under a feed-in tariff, government legislation
requires electric utilities to purchase renewable electricity at a higher price than the wholesale price, allowing the renewable generator to achieve a
positive return on investment despite higher costs.
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markets that grow more slowly than those in Chile and Mexico. Electricity generation in Chile and Mexico nearly triples over the
projection period.

Almost all coal-fired generation capacity in the OECD Americas region is in the United States (92 percent in 2010). Although
coal accounted for 51 percent of electricity generation in the United States as recently as 2003, its share declined to 37 percent
in 2012 as extremely low natural gas prices allowed efficient plants fueled by natural gas to have lower operating costs than
coal-fired plants in many U.S. regions [227]. With the rise in natural gas prices at the start of 2013, the coal share of generation is
likely to increase slightly in the near term. However, in the face of competition from natural gas and more stringent environmental
regulations, the market share of coal-fired generation continues to fall in the Reference case, to 35 percent in 2040 (Figure 86).

Natural gas, which produced 1,162 billion kilowatthours of electricity in 2010 (23 percent of the total) in the OECD Americas,
generates 2,348 billion kilowatthours in 2040 in the IE02013 Reference case, with the United States accounting for most of the
regional growth. With access to ample shale gas reserves and concurrent low natural gas prices, U.S. natural gas-fired electricity
generation increases by 63 percent from 2010 to 2040. Liquids, which in 1978 commanded a 17-percent share of U.S. electricity
generation, continue to decline in the outlook to less than 1 percent of total generation in 2040.

In 2010, 20 percent of the U.S. electricity supply was generated by 104 operating commercial nuclear reactors. In the Reference
case, annual generation from nuclear power in the United States increases from 807 billion kilowatthours in 2010 to 903 billion
kilowatthours in 2040. The nuclear share of the total generation mix declines, however, to 17 percent in 2040, as nuclear loses
market share to natural gas and renewable energy sources. The growth in nuclear generation results from new builds, such as
Vogtle Units 3 and 4 and Virgil C. Summer Units 2 and 3, as well as uprates at existing nuclear power units [222]. In addition,
ongoing construction at the Tennessee Valley Authority's Watts Bar Unit 2 is incorporated into the projection. As a result of license
renewals, most nuclear power plant retirements occur after 2030. The IEO2013 Reference case includes the retirement of 0.6
gigawatts at Oyster Creek in 2019 and an additional 6.5 gigawatts of nuclear capacity toward the end of the projection. It does not
include the recently announced retirements of the Kewaunee and Crystal River single reactors or the two reactors at San Onofre.

Nonhydroelectric renewable generation is the fastest-growing source of new U.S. electricity generation over the projection period.
The nonhydroelectric renewables share of total U.S. generation more than doubles from 2010 to 2040. Wind plays an increasingly
important role, with wind generation comprising about 5 percent of the total generation market in 2040, as compared with 2

Table 14. OECD and non-OECD net renewable electricity generation by energy source, 2010-2040
(billion kilowatthours)

Average annual
percent change,

Region 2010 2015 2020 2025 2030 2035 2040 2010-2040
OECD
Hydroelectric 1,338 1,412 1,497 1,574 1,661 1,749 1,841 1.1
Wind 269 531 718 855 903 961 1,052 4.7
Geothermal 41 52 68 79 93 104 115 35
Solar 32 123 145 165 181 211 253 71
Other 263 290 346 373 385 401 426 1.6
Total OECD 1,943 2,408 2,774 3,046 3,222 3,426 3,687 2.2
Non-OECD
Hydroelectric 2,064 2,393 2,955 3,188 3,516 3,943 4,390 2.6
Wind 73 235 418 527 641 733 787 8.3
Geothermal 25 60 65 67 78 91 105 4.9
Solar 1 34 95 124 146 183 199 18.6
Other 69 137 202 270 344 400 432 6.3
Total non-OECD 2,232 2,859 3,736 4177 4,725 5,350 5,914 3.3
World
Hydroelectric 3,402 3,805 4,452 4,762 5,177 5,692 6,232 2.0
Wind 342 767 1,136 1,383 1,544 1,694 1,839 5.8
Geothermal 66 112 133 146 171 195 220 4.1
Solar 34 157 240 288 327 394 452 9.1
Other 332 427 549 643 729 800 858 3.2
Total World 4,175 5,267 6,509 7,222 7,948 8,775 9,601 2.8
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percent in 2010. Hydroelectricity's share of U.S. electricity generation remains flat at 6 percent throughout the projection, as few
large-scale hydroelectricity projects are undertaken.

In contrast to the United States, hydroelectric power accounts for the largest share of electricity generation in Canada—59 percent
in 2010—although its share declines slightly in the projection. With almost 350 billion kilowatthours of hydroelectric generation in
2010, Canada was the third-largest producer of hydroelectricity in the world, with the province of Quebec accounting for more than
one-half of the country’s total generation from hydropower. Among the other Canadian provinces, British Columbia (16 percent),
Newfoundland and Labrador (combined 11 percent), Manitoba (9 percent), and Ontario (9 percent) are also large producers [223].
Canada has significant undeveloped hydropower reserves and expects significant growth in hydroelectric generation. In 2040,
hydroelectric power production is 50 percent higher than in 2010, with growth concentrated in Quebec [224].

In 2010, nuclear power was the second-largest source of electricity generation in Canada. Although nuclear power's share of the
generation market declines from 15 percent in 2010 to 12 percent in 2040, as natural gas generation grows more rapidly, nuclear
generation grows in absolute terms. For example, in August 2012, the Canadian Nuclear Safety Commission formally issued a site
preparation license allowing pre-construction activities for up to four proposed nuclear reactors at Ontario Power Generation’s
Darlington site near Toronto. The issuance of the site preparation license was Canada's first in nearly 30 years [225].

Natural gas, which had an 8-percent share of the Canadian electricity market in 2010, increases its share of total generation to 18
percent in 2040. Nonhydropower renewables, primarily wind and biomass, double their share of the electricity market to nearly
7 percent in 2040. A feed-in tariff, enacted in October 2009, has helped Ontario become a major source of wind generation. In
2040, wind accounts for 5 percent of Canada’s electricity generation—a slightly larger share than in the United States. Canada'’s
coal-fired share of total generation, which amounted to 14 percent in 2010, declines to 7 percent in 2040, in part as a result of the
mandated phaseout of coal-fired capacity in Ontario province and government efforts to regulate greenhouse gas emissions. In
2012, the Canadian government announced final regulations to reduce the nation’s greenhouse gas emissions to 17 percent below
2005 levels [226].

In the IEO2013 Reference case, electricity generation in Chile and Mexico grows at a combined annual average rate of 3.7 percent,
more than triple the U.S. growth rate. The electricity profiles for the two countries are significantly different. Whereas Mexico
relies heavily on hydrocarbon fuels to meet its electricity needs, hydroelectric power dominates Chile's generation mix. Mexico
plans to increase its nuclear power production, as reflected in its national energy strategy issued in March 2012 [227]. Although
Chile currently has no nuclear power plants, it has announced that it intends to pursue nuclear power to meet its future electricity
needs [228]. Chile has a smaller population and a smaller electricity generation market than Mexico, and as a consequence the
aggregated regional electric power data is dominated by Mexico.

For Chile and Mexico combined, natural gas provided the largest source of electricity generation in 2010. Natural gas-fired
generation increases by 4.9 percent annually over the projection period, and in 2040 it provides 63 percent of the total electricity
generation for the two countries, compared with 45 percent in 2010. Growth in natural gas consumption in Chile is fueled by
imports, largely in the form of LNG. Historically, Chile imported a significant share of its natural gas from Argentina, but in recent
years it has developed a sizable LNG import industry to reduce its reliance on natural gas from Argentina, which has cut off
supplies to Chile periodically since 2004 [229].

Compared with other mid-income nations, industrial demand for electricity accounts for an unusually large share of Chile's
electricity demand, largely because of Chile's large mining sector and metals industries [230]. Periodic hydroelectricity shortages

Figure 85. OECD Americas net electricity generation Figure 86. OECD Americas net electricity generation
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(due to low precipitation) and past Argentine natural gas cutoffs have motivated Chile’s government to seek greater diversity in
the fuel mix for its electric power generation and spurred the government to study the extent to which nonhydropower renewables
could contribute to the electricity fuel mix [237].

In recent years, Mexico has gradually shifted its generation mix away from oil toward natural gas [232]. For Chile and Mexico
combined, liquids, which accounted for 16 percent of electricity generation in 2010, account for 4 percent of generation in 2040 in the
IEO2013 Reference case. Although Mexico is a major natural gas producer, it also relies on a significant volume of natural gas imported
by pipeline from the United States, as well as LNG from Peru, Trinidad and Tobago, Indonesia, Nigeria, and the Middle East [233].

Although Chile produced 20.8 billion kilowatthours of hydroelectricity in 2010, compared with Mexico's 35.4 billion kilowatthours,
Chile's hydropower sector accounted for a significantly larger share of its power mix (33 percent, compare with 14 percent in
Mexico [234]. For the region, hydroelectric power grows at an annual rate of 3.3 percent from 2010 to 2040. Generation from other
renewables grows at a faster rate than generation from hydropower, spurred on by policies such as Mexico's Income Tax Law (ITL),
which provides a 100-percent tax deduction to investors in biomass, geothermal, solar, hydroelectric, and wind equipment [235].

OECD Europe

Electricity generation in the nations of OECD Europe increases by an average of 1.0 percent per year in the IEO2013 Reference case,
from 3,496 billion kilowatthours in 2010 to 4,765 billion kilowatthours in 2040. Because most of the countries in OECD Europe
have relatively stable populations and mature electricity markets, most of the region’s growth in electricity demand comes from
those nations with more robust population growth (such as Turkey) and from the newest OECD members (including the Czech
Republic, Estonia, Hungary, Poland, and Slovenia), whose projected economic growth rates exceed the OECD average.

Renewable energy is OECD Europe’s fastest-growing source of electricity generation in the Reference case (Figure 87), at 2.2
percent per year on average from 2010 to 2040. The increase is almost entirely from wind, hydroelectric power, and solar. In 2011
alone, Germany doubled its solar photovoltaic generation capacity [236]. Solar powered generation in OECD Europe increases
by an average of 5.1 percent per year. Further, OECD Europe’s leading position worldwide in wind power capacity is maintained
through 2040, with growth in generation from wind sources averaging 5.0 percent per year.

Offshore wind is becoming an important source of renewable electricity in OECD Europe, particularly among those countries
surrounding the Baltic, Irish, and North seas, where 90 percent of the world's offshore wind capacity is located. In 2012, 293
wind turbines with a capacity of 1,166 megawatts were installed in offshore OECD Europe. The United Kingdom has the most
offshore wind capacity, with 59 percent of OECD Europe’s total market, followed by Denmark (18 percent), Belgium (8 percent),
and Germany (6 percent). An additional 3,000 megawatts of capacity is scheduled for completion in 2013 and 2014, bringing the
region’s total offshore wind capacity to 8,300 megawatts [237]. In 2012, work was completed on the first phase of the London
Array, a 630-megawatt project with 175 turbines that is the largest offshore wind power project in the world. The project has now
surpassed the United Kingdom's 300-megawatt Thanet Wind Farm, which was the world's largest offshore wind facility at the time
of its completion in September 2010 [238].

The growth of nonhydropower renewable energy sources in OECD Europe is influenced by some of the world’'s most favorable
renewable energy policies. The European Union mandates that 20 percent of total energy production must come from renewables
by 2020, up from about 13 percent in 2010 [239]. Approximately 25 percent of OECD Europe's total electricity supply came from
renewable sources in 2010. Although the IEO2013 Reference case does not anticipate that all future renewable energy targets in
the European Union will be met on time, the renewable share
(including hydroelectric power) of total electricity generation
in OECD Europe still reaches 35 percent in 2040.

In addition to the European Union targets, some individual
countries provide economic incentives to promote the
expansion of renewable electricity. For example, Germany,
Spain, Denmark, and the United Kingdom—leaders in OECD
Europe’s installed wind capacity—have enacted feed-in tariffs
that guarantee above-market rates for electricity generated
3 from renewable sources and, typically, are applicable for 20
years after the completion of a project [240]. As long as

Natural gas European governments support price premiums for renewable

2 electricity, robust growth in renewable generation is likely to
continue. However, exceptionally generous feed-in tariffs

Nuclear have been falling out of favor in recent years. Renewable

1 energy subsidies in Germany and Spain have been particularly
expensive. In Germany, electricity consumers bore the cost

Coal of an estimated $27 billion in subsidies in 2012 alone [241].
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Kingdom have undertaken measures to reduce feed-in tariffs. When the United Kingdom reduced its feed-in tariff for solar power,
consumer installations of solar panels fell sharply [242].

Natural gas is OECD Europe's second-fastest growing source of power generation, after nonhydropower renewable energy,
increasing at an average rate of 1.3 percent per year from 2010 to 2040 in the Reference case. The natural gas share of electricity
productionin OECD Europe rises from 23 percent in 2010 to 26 percent in 2040, and its growth could be faster if two impediments—
the lack of market-based pricing and resource development constraints—were removed. Currently, many of OECD Europe's natural
gas purchases are based on an oil price index, unlike natural gas pricing in the United States. As a result, the lack of competitive
natural gas markets has resulted in slower penetration of natural gas into the electricity market. Moreover, although OECD Europe
has significant shale gas resource potential, the emergence of a shale gas industry occurs much more slowly than in the United
States, leaving OECD Europe dependent on imports of natural gas from Russia and LNG from North Africa for incremental supply
increases.

Coal accounted for 24 percent of OECD Europe's net electricity generation in 2010, but concerns about the contribution of carbon
dioxide emissions to climate change reduce that share over the projection period. The coal share of OECD Europe's electricity
generation declines to 15 percent in 2040, and the region’s total coal-fired generation in 2040 is nearly 14 percent lower than in
2010. In the [EO2013 Reference case, electricity generation from coal in OECD Europe declines by 0.5 percent per year from 2010
to 2040.

Coal consumption in the electric power sector is not decreasing uniformly in all the countries of OECD Europe. For instance, Spain's
Coal Decree, which subsidizes the use of domestic coal in the country’s power plants, went into effect in February 2011, and coal-
fired generation nearly doubled that year [243]. The policy results in more electricity generation from coal-fired plants at least
through 2014, when the subsidy is scheduled to expire [244]. Germany, Poland, and the United Kingdom, which accounted for
nearly two-thirds of coal-fired electricity generation in OECD Europe in 2010, are also expected to retain sizable portions of their
coal fleets, especially if Germany follows through on its plan to shut down all its nuclear power plants by 2022. On the other hand,
the United Kingdom may close the majority of its existing coal-fired power plants if its 2012-2013 draft Energy Bill, which calls for
new coal-fired plants to be built with carbon capture and storage technology (CCS), is enacted [245].

Nuclear power accounted for 25 percent of OECD Europe's electricity generation in 2010. On a regional basis, OECD Europe is the
second-largest producer of nuclear electricity after the OECD Americas. Although Germany and Switzerland have decided to retire
their nuclear power plants in the aftermath of the 2011 accident at Fukushima Daiichi (and those decisions have been incorporated
in the IEO2013 Reference case), other European countries plan to continue supporting nuclear power. More than one-half of OECD
Europe's total nuclear generating capacity is in France, which is not expected to reduce its nuclear program in the Reference case.
The construction of new nuclear power generating capacity in OECD Europe is led by the United Kingdom, Poland, and Turkey. In the
United Kingdom, designs for the country’s first new nuclear power plants in 25 years have been approved by the Office of Nuclear
Regulation and the Environment Agency [246]. Poland recently announced that it expects to commence operations at its first nuclear
power plant by 2025 [247]. Construction of Turkey's first nuclear power plant is scheduled to begin before the end of 2013 [248].

OECD Asia

Total electricity generation in OECD Asia increases by an average of 1.0 percent per year in the IEO2013 Reference case, from 1,794
billion kilowatthours in 2010 to 2,374 billion kilowatthours in 2040. Japan accounted for the largest share of electricity generation
in the region in 2010 and continues to do so throughout the projection, despite having the slowest-growing electricity market

in the region and the slowest among all the OECD countries,

Figure 88. OECD Asia net electricity generation by averaging 0.4 percent per year—as compared with 1.0 percent
country, 2010-2040 (trillion kilowatthours) per year for Australia/New Zealand and 1.9 percent per year
1.25 Australial for South Korea (Figure 88). Japan's electricity markets are

well established, and its aging population and relatively
slow projected economic growth translate into slow growth
in demand for electric power. In contrast, Australia/New
Zealand and South Korea experience more robust economic
growth and population growth than Japan in the long term,
leading to more rapid growth in demand for electricity.
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Japan's use of nuclear power following the March 2011
disaster at the Fukushima Daichi nuclear power plant is
discussed earlier in this chapter. In the I[EO2013 Reference
case, the nuclear share of Japan's electricity generation, which
declined from 26 percent in 2010 to 1 percent in 2012, rises
to about 18 percent in 2040, with generation from fossil fuels
and renewables offsetting the loss of nuclear power (see box
on page 101).
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Japan will use more fossil generation in the next several years to compensate for nuclear power plant outages

Japan has curtailed its nuclear generation significantly as a result of the Fukushima disaster and subsequent outages at other nuclear
power plants. Historically, nuclear power plants have accounted for about 33 percent of Japan'’s total generation. To compensate
for the nuclear plant shutdowns, power plants using natural gas, oil, and coal were called upon to increase their generation. For the
9-month period from April to December, use of fossil generation by the 10 general electric utilities (GEUs) that own and operate
Japan's nuclear power generators was 16 percent higher in 2012 than in 2011 and 40 percent higher than in 2010 (Figure 89).3°

The fossil share of total generation for the period April to December increased from 57 percent in 2010 to 74 percent in 2011 and
90 percent in 2012. In contrast, the share of nuclear generation fell from 34 percent in 2010 to 16 percent in 2011 and 2 percent in
2012. The nuclear share of generation is projected to increase as additional reactors beyond the two currently operating units meet
government requirements and conditions to resume operation.

In September 2012, Japan established the Nuclear Regulation Authority (NRA) to ensure the safe operation of its nuclear reactors
[249]. The NRA is an administrative part of the Japanese Cabinet and replaces its predecessor, the Nuclear and Industrial Safety
Agency. The restart of Japan’s nuclear power plants requires the approval of the NRA as well as the Economy, Trade and Industry
Ministry’s Natural Resources and Energy Agency [250]. Against the backdrop of increased fossil generation and trade deficits
[257], Japan's NRA announced in January 2013 that final safety regulations will be issued in July 2013 [252]. The new regulations
are expected to address severe accidents and direct attacks, emergency preparedness and response, and seismic conditions near
existing reactors. Likely plant modifications include a secondary control room that is not located near the primary control room,
filtered and hardened containment vents to limit radioactive releases, and movable emergency power supplies that will facilitate
reactor cooling for seven days in the event of an extended loss of power.

Japan's reactors must meet the new regulations and pass seismic inspections before being restarted. The economic impacts
on Japan's electric power utilities of implementing the new regulations are unclear at this time, and Japan’s national policy on
nuclear power as a component of its future energy mix is evolving. These two circumstances result in uncertainty about the future
of nuclear power in Japan. In the IEO2013 Reference case, Japan's total electricity generation from fossil fuels declines from the
2012 level as nuclear generation gradually returns to the power supply mix over the next several years; however, fossil generation
remains higher than pre-Fukushima levels as a result of long-term growth in natural gas-fired generation (Figure 90).

Coal consumption in 2012 was largely unchanged from its pre-disaster level, because increased coal-fired generation at operating coal-
fired plants was offset by lost generation at coal plants disabled by the earthquake. Until more nuclear power plants return to service
and new natural gas-fired capacity comes on line, coal consumption in Japan will increase. The increase in coal consumption is the result
of the planned completion of two new coal plants, totaling 1.6 gigawatts, by the end of 2013 and the resumption of normal operations
at coal-fired power plants affected by the disaster. The government's relaxation of environmental rules also encourages more coal use.

The IEO2013 Reference case assumes that, while many of the nuclear reactors that have been shut down will resume operation in
the 2015-2020 timeframe, others will be retired permanently and replaced—primarily by natural gas and renewables. From 2015
to 2040, 11 gigawatts of additional natural gas capacity is projected to come on line, increasing natural gas-fired generation by 7
percent from 2012 to 2040. On a national level, the nuclear share of Japan's total generation increases from 1 percent in 2012 to 18
percent in 2040, and the fossil share of total generation declines from 86 percent in 2012 to 66 percent in 2040.

Figure 89. Gross electricity generation by Japan’s ten Figure 90. Total net electricity generation in Japan
general electric utilities, April-December 2010, 2011, by fuel, 2010-2040 (billion kilowatthours)
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39The 10 GEUs accounted for 73 percent of Japan's total generating capacity and 71 percent of its total generation in 2010.
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Together, Australia and New Zealand relied on coal for about 63 percent of their electricity generation in 2010, based largely on
Australia’s rich coal resource base (9 percent of the world's total coal reserves). Australia relies on coal for nearly 80 percent of its
electricity generation, compared with less than 10 percent in New Zealand. In 2010, hydropower provided more than one-half of
New Zealand's electricity generation, and geothermal energy provided another 13 percent. In total, renewables account for almost
three-fourths of New Zealand's electricity generation.

Australia and New Zealand continue to make advances in wind energy, with 3,146 megawatts of capacity installed at the end of
2011, compared with 908 megawatts in 2005. To help meet its 2025 goal of having 90 percent of electricity generation come
from renewable sources, New Zealand is focusing on harnessing more of its geothermal potential [253]. Two projects are currently
under construction: the 82-megawatt Ngatamariki plant and the 166-megawatt Te Mihi plant. The Australia/New Zealand region
uses negligible amounts of oil for electricity generation and no nuclear power, and this pattern does not change over the projection
period. Natural gas-fired generation grows strongly in the region, however, averaging 3.0 percent per year from 2010 to 2040,
helping to reduce the coal share to 39 percent in 2040.

In South Korea, coal and nuclear power currently provide 44 percent and 30 percent of total electricity generation, respectively.
The country’s natural gas-fired generation grows rapidly in the IEO2013 Reference case, nearly doubling from 2010 to 2040, but
the natural gas share of total generation increases only slightly, from 21 percent in 2010 to 23 percent in 2040. Generation from
nuclear power plants more than doubles from 2010 to 2040, and in 2040 the nuclear share of South Korea's electricity is 44
percent, with coal providing another 27 percent. Liquid fuels accounted for 4 percent of the country's power generation in 2010,
and that share declines to less than 2 percent in 2040.

Regional electricity markets: non-OECD

Non-OECD Europe and Eurasia

Total electricity generation in non-OECD Europe and Eurasia grows at an average rate of 1.9 percent per year in the IEO2013
Reference case, from 1,605 billion kilowatthours in 2010 to 2,807 billion kilowatthours in 2040. Russia, with the largest economy
in non-OECD Europe and Eurasia, accounted for 61 percent of the region’s total generation in 2010 and retains approximately that
share throughout the projection (Figure 91).

Natural gas and nuclear power fuel most of the growth in electricity generation in the non-OECD Europe and Eurasia region, which
has nearly one-third of the world's total proved natural gas reserves. The region’s natural gas-fired generation grows by an average
of 2.0 percent per year from 2010 to 2040, and generation from nuclear power also grows strongly, averaging 2.8 percent per year
and more than doubling from 2010 to 2040 in the Reference case.

Most of the coal-fired generating capacity in non-OECD Europe and Eurasia is in Russia and Ukraine. In the IEO2013 Reference
case, coal-fired generation in Russia and the other non-OECD Europe and Eurasia nations (including Ukraine) increases slightly
from 2010 to 2040.

Renewable generation in non-OECD Europe and Eurasia, almost entirely from hydropower facilities, increases by an average of 1.5
percent per year, largely as a result of repairs and expansions at existing hydroelectric sites. Other than increases in hydropower,
only modest growth in renewable generation is projected for the nations of non-OECD Europe and Eurasia, given the region’s access
to fossil fuel resources and a lack of financing available for relatively expensive renewable projects. Nonhydropower renewable

capacity in the region increases by 7.0 gigawatts from 2010 to
Figure 91. Non-OECD Europe and Eurasia net 2040 in the Reference case.

electricity generation by region, 2010-2040 Nuclear generation in non-OECD Europe and Eurasia grows

(trillion kilowatthours) strongly in the [EO2013 Reference case. With about 9
2.0 gigawatts of nuclear capacity currently under construction,
Russia Russia provides much of the increase. When they become

Other Non-OECD Europe/Eurasia operational by 2020, the new nuclear power plants will
increase Russia’s nuclear power capacity by more than 50
percent. An additional 24 gigawatts of new nuclear capacity is
planned but not yet under construction in Russia. The country
is also building a first-of-a-kind floating nuclear power plant,
with a capacity of 70 megawatts. The plant is scheduled to
begin operating in 2016 [254]. Ukraine also relies heavily
on nuclear power, and its energy strategy update in 2012, if
achieved, would include more nuclear capacity additions by
2030 [255]. Full implementation of the strategy has not been
incorporated in the IEO2013 Reference case projection.
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Non-OECD Asia

Non-OECD Asia—led by China and India—has the fastest projected growth rate for electric power generation worldwide, averaging
3.6 percent per year from 2010 to 2040 in the [EO2013 Reference case. The economies of non-OECD Asia expand strongly in the
long term, with corresponding increases in demand for electricity. Total electricity generation in non-OECD Asia grows from 5,899
billion kilowatthours in 2010 to 17,023 billion kilowatthours in 2040 (Figure 92), when the region accounts for 44 percent of world
electricity generation.

Although China's 3.0-percent average annual growth in coal-fired electricity generation over the IEO2013 projection period is high
in comparison with other nations, it is less than one-third the country’s growth rate over the past decade. The slowdown in the
country's coal generation is in part a result of lower economic growth (which still is rapid in comparison with most other countries)
and the Chinese government's efforts to lower the nation’s energy intensity, as outlined in its latest five-year plan [256].

In 2010, the coal share of China's total electricity generation was an estimated 77 percent. In the IEO2013 Reference case, that
share declines to 63 percent in 2040. Although China has been closing old, inefficient coal-fired power plants (71 gigawatts of
capacity has been retired since 2006), it continues to experience a rapid increase in its coal-fired generating capacity [257]. In
2010, coal plants in China represented 40 percent of total world coal-fired electric generating capacity; in 2040, China accounts
for more than one-half of the world total. From 2070 to 2020 alone, China adds more coal-fired capacity in the Reference case
projection than the current total in OECD Europe.

In the later years of the Reference case projection, China’s natural gas consumption sees a sizable increase, made possible in part
by domestic shale gas discoveries [258] that provide fuel for the fastest growth of natural gas-fired electricity generation among
the [EO2013 regions, averaging 7.7 percent per year from 2010 to 2040. In absolute terms, only the United States and the Middle
East experience larger expansions of natural gas-fired generation. Ambitions to address China's air quality issues are, in part,
driving the country’s move toward greater reliance on natural gas and reduced reliance on coal. From 2010 to 2040, the market
share of natural gas in China's power generation sector increases from 2 percent to more than 5 percent.

Non-OECD Asia leads the world in installing new nuclear capacity in the [EO2013 Reference case, accounting for 64 percent of
the net increase in nuclear capacity worldwide from 2010 to 2040 (or 215 gigawatts of the total 336-gigawatt increase). In 2040,
the non-OECD Asia region accounts for about 34 percent of the world's nuclear generation and 33 percent of its nuclear capacity.
China, in particular, has ambitious plans for nuclear power, with 16 nuclear power reactors in operation and 28 currently under
construction. About 155 gigawatts of new nuclear capacity is installed in China by 2040 in the Reference case.

There is significant uncertainty in the IEO2013 Reference case projections for China’s nuclear capacity. Officially, its nuclear
capacity targets are 70 to 80 gigawatts by 2020, 200 gigawatts by 2030, and 400 to 500 gigawatts by 2050 [259]. The long-
term impacts of the March 2011 disaster at Japan's Fukushima Daiichi nuclear power plant on China's nuclear energy program
remain uncertain. In the aftermath of the disaster, China announced that it would halt approval processes for all new reactors until
the country's nuclear regulator completed a safety review [260]. The moratorium was lifted in late 2011, however, and it appears
that construction has returned to pre-Fukushima trends.

The IEO2013 Reference case assumes that the global lack of heavy forging facilities*® and the long lead times needed to build or
upgrade forging facilities, build new nuclear power plants, and train new personnel may cause China's nuclear power industry to grow
more slowly than seen in official government predictions. The IEO2013 Reference case assumes that China's nuclear capacity will
increase from 11 gigawatts in 2010 to 160 gigawatts in 2040,
with the nuclear share of its total electricity generation growing
from slightly less than 2 percent in 2010 to 11 percent in 2040.

Figure 92. Non-OECD Asia net electricity generation
by fuel, 2010-2040 (trillion kilowatthours)
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Although India relied on coal for 68 percent of its electricity generation in 2010, in the IEO2013 Reference case that share falls to
56 percent in 2040. Transportation bottlenecks, land rights issues, and growing concerns over pollution have worked to reduce the
growth rate of India’s coal-fired electricity generation in recent years. In addition, coal shortages caused by difficulties in securing
supplies at affordable prices forced some power producers to curtail operations in 2012, contributing to a widespread power
outage in July 2012 that affected some 680 million people, making it the world's worst outage ever in terms of population affected
[264]. The problems associated with India’s electric power sector continue throughout the projection.

Over the next decade, nuclear power supplants some coal-fired generation in India. The country has a goal of increasing its total
nuclear generating capacity to 14.6 gigawatts by 2020. Seven nuclear reactors are currently under construction in India, all of
which are scheduled to be operational by 2016 [265]. Given past delays in India’s ability to meet its nuclear capacity targets on
time, the IEO2013 Reference case assumes a more conservative expansion of India’s nuclear capacity—from 4.6 gigawatts in 2010
to 9.3 gigawatts in 2020 and then to 52.0 gigawatts in 2040, an average increase of 8.5 percent per year.

In addition to efforts to increase nuclear power, India is also encouraging the development of renewable sources of electricity. The
country’s 2003 New Electricity Act contained specific provisions to promote the development of hydroelectric resources, which
are reflected in the growing share of hydropower in India’s electricity market, from 13 percent in 2010 to 16 percent in 2040 in the
IEO2013 Reference case. India's wind-powered electricity generation also grows rapidly in the projection, although starting from
a relatively small base. In 2040, India is the second-largest producer of wind-based electricity among the non-OECD regions.
Ninety-five percent of India’s wind generating plants are concentrated in the southern and western parts of the country in the
five states of Tamil Nadu, Andhra Pradesh, Gujarat, Karnataka, and Maharashtra [266]. Future wind power development may be
constrained by finances and grid connections rather than resources. In a 2012 assessment of wind energy potential, Lawrence
Berkeley National Laboratory estimated that India’s wind energy potential exceeds government estimates by a factor of 20 [267].

Outside China and India, the other nations of non-OECD Asia have some of the world's largest untapped hydropower resources,
with some large hydroelectric dams in planning or construction phases. In December 2012, Vietnam completed the final portion
of its 2,400-megawatt Son La dam, the largest hydroelectric project yet built in non-OECD Asia (excluding China and India).
Hydroelectric power generation in other non-OECD Asia grows at a 4.6-percent average annual rate in the [EO2013 Reference case,
to 550 billion kilowatthours in 2040—nearly four times the 2010 total. Many of the region’s hydropower projects are sited on the
Mekong, Irrawaddy, and Indus rivers.

There are some constraints on future hydroelectric development in non-OECD Asia that add uncertainty to the outlook. The
Mekong River, which flows through China, Thailand, Laos, Vietnam, and Cambodia, has become a source of both regional economic
development and political conflict in recent years. China, the world's largest generator of hydroelectricity, has built several large
dams on the upper Mekong, leading to conflicts with countries downstream. Although Southeast Asia has ample potential and
expansive plans for future development of hydroelectric power, there has been significant political opposition to several high-profile
projects. Damming the Mekong has resulted in regional conflict between electricity consumers in upstream nations generally in
favor of the construction and downstream nations that are dependent on the Mekong for agriculture and fish harvesting [268].

Middle East

Electricity generation in the Middle East grows by 2.1 percent per year on average in the Reference case, from 758 billion kilowatt
hours in 2010 to 1,405 billion kilowatthours in 2040, reflecting the region's rapid growth in population, economic activity, and
income. With large reserves of crude oil and natural gas, the Middle East has relied primarily on the two fuel sources for its

electricity generation. Over the projection period, natural gas-

Figure 93. Middle East net electricity generation by fired generation rises at a 2.5-percent average annual rate and
fuel, 2010-2040 (trillion kilowatthours) slowly displaces oil-fired generation, which declines slightly,
15 — - while its share of the region's power generation market falls

from 34 percent in 2010 to 14 percent in 2040 (Figure 93).
Hydropower plays a relatively small role in providing electricity
1.2 for the Middle East, and coal use is negligible.
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Africa

Demand for electricity in Africa grows at an average annual rate of 3.0 percent from 2010 to 2040 in the Reference case. Fossil
fuel-fired generation supplied 80 percent of the region'’s total electricity in 2010, and that heavy reliance continues through 2040
in the IEO2013 Reference case. Coal-fired power plants, which were the region’s largest source of electricity in 2010, accounting
for 39 percent of total generation, supply only 28 percent of total electricity in 2040. In comparison, natural gas-fired generation
expands strongly, from 30 percent of the total in 2010 to 43 percent in 2040 (Figure 94). Nuclear generation increases by an
average of 6.7 percent per year over the projection period but remains a fairly minor part of Africa’s total generation, growing from
a 2-percent share in 2010 to 6 percent in 2040.

South Africa is the region's largest generator of electricity, accounting for 38 percent of the continent’s total in 2010. Although
coal currently accounts for 93 percent of South Africa’s electricity generation, making the nation one of the most coal-intensive
generators of electricity worldwide, the government is intent on diversifying its electric power fuel mix. The nation’s 2011 Integrated
Resource Plan, covering the period 2010 through 2030, calls for the construction of 9.6 gigawatts of new nuclear generation
capacity, 6.3 gigawatts of new coal-fired capacity, 11.4 gigawatts of renewable capacity, and 11.0 gigawatts of unspecified capacity
[271]. Despite the pivot toward investments in energy sources other than coal, South Africa still has some major coal expansion
projects in the pipeline. Eskom, South Africa’s primary electric utility, expects to complete two major coal-fired plants by 2018:
Kusile, at 4,800 megawatts, and Medupi, at 4,764 megawatts [272].

At present, South Africa’s two nuclear reactors are the only commercial reactors operating in the region, accounting for about
2 percent of Africa’s total electricity generation and 5 percent of South Africa’s generation. Although the construction of a new
pebble bed modular reactor in South Africa was canceled in 2010, the South African government's Integrated Electricity Resource
Plan calls for new nuclear capacity to be built between 2023 and 2030 [273]. In February 2013, South Africa’s Energy Minister
reaffirmed the country’s commitment to developing nuclear capacity [274].

Egypt is the second-largest electricity producer in Africa, accounting for 22 percent of the continent’s total generation in 2010.
Ninety percent of Egypt's electricity generation comes from fossil fuels and the remaining 10 percent largely from hydropower.
In addition, Egypt has recently installed a small amount of wind capacity. The country expects to diversify its electricity sector
further by building nuclear power plants, but recent political unrest has slowed its progress toward nuclear power. Nevertheless,
Egypt's Ministry of Electricity and Energy in March 2011 announced its intention to construct four nuclear power plants by 2025
[275]. In 2013, the Ministry reaffirmed its intention to pursue a nuclear power program but indicated that progress is contingent on
improvements in the country's political and economic circumstances, as well as approval by Egypt's president [276].

Inthe IEO2013 Reference case, generation from hydropower and generation from other marketed, on-grid renewable energy sources
grow relatively slowly in Africa. Plans for several significant hydroelectric projects in the region have been advanced recently, and
they may help to boost supplies of renewable energy in the mid term. The announced projects are consistent with the 2.8-percent
average annual increase in hydroelectric power generation over the projection period. Excluding coal-dependent South Africa,
hydroelectricity represents the largest source of electricity generation in Africa.

Although Africa has little in the way of developed solar power resources at present, its total solar electricity generation increases
rapidly in the later years of the Reference case projection, from 8.1 billion kilowatthours in 2020 to 21.1 billion kilowatthours in 2040.
In Ghana, construction of the largest solar project in Africa, at 155 megawatts, is scheduled to be started in 2013 and completed in
2015 [277]. Morocco awarded a $1billion contract to a Saudi Arabian company to complete the first phase of five solar plants, which

in 2020 will provide 2,000 megawatts of capacity. The initial

Figure 94. Africa net electricity generation by fuel, phase calls for construction of 160 megawatts of capacity to
2010-2040 (trillion kilowatthours) be completed by 2014 [278]. In 20.12, the Development Bank
16 of Southern Africa approved funding for 762 megawatts of

solar power in South Africa.
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nearly 80 percent of the Brazil's electricity generation in 2010 (Figure 96), the government has been trying to diversify Brazil's
electricity generation fuel mix and reduce its reliance on hydropower to mitigate the risk of power shortages during times of
severe drought.

Inits National Energy Plan for 2010-2019, Brazil's government set a goal to build 63 gigawatts of new capacity, with nonhydroelectric
capacity making up most of the additions [279]. To help achieve that target, the government announced plans to increase nuclear
power capacity, beginning with the completion of the long-idled 1.3-gigawatt Angra-3 project [280]. Construction resumed in June
2010, and Angra-3 is scheduled to be operational at the end of 2016. Brazil also has plans to construct four new 1-gigawatt nuclear
plants, scheduled to be operational before 2035 [287].

For Central and South American as a whole, hydropower remains the dominant energy source for electricity generation through
2040 in the IEO2013 Reference case, followed by natural gas. After Brazil, the region’s next largest economies, Argentina and
Venezuela, account for nearly one-quarter of the region’s electricity generation. Unlike Brazil, Argentina relies on hydropower for
only 28 percent of its electricity supply. Argentina is the largest producer of natural gas in South America and relies on natural gas
for 50 percent of its electricity supply. Brazil and Argentina are the only countries in the region with operating nuclear power plants.
Although nuclear power provides only 7 percent of its electricity generation at present, Argentina intends to increase that share
when the Atucha Il nuclear station commences operation before the end of 2013 [282].

Hydropower accounts for nearly 75 percent of Venezuela's electricity generation, with most of the remainder coming from oil and
natural gas. In recent years, Venezuela's power sector has suffered from recurring blackouts as a result of underinvestment in
the generation, transmission, and distribution infrastructure [283], leading the country’s government to encourage conservation
measures in an effort to reduce electricity demand [284]. In the near term, Venezuela's nationalized electricity company, Corpoelec,
working with Chinese investors, intends to upgrade the nation's transmission and distribution system at a cost of $1.3 billion [285].

Figure 95. Brazil and Other Central and South Figure 96. Brazil net electricity generation by fuel,
America net electricity generation, 2010-2040 2010-2040 (trillion kilowatthours)
(trillion kilowatthours)
1.5 1.5
Other
Brazil
1.0 1.0

Hydropower

0.5 0.5
Natural gas
](Nuclear
ther
renewables
Coal
0 0 ,_—_,_-_,_-_,_-_,_-_,_-_,_-<|_iquidS
2010 2015 2020 2025 2030 2035 2040 2010 2015 2020 2025 2030 2035 2040

106 U.S. Energy Information Administration | International Energy Outlook 2013



References

Links current as of July 2013

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.
233.

234.
235.

236.

237.

238.

2309.

240.

241

242.

International Energy Agency, World Energy Outlook 2012 (Paris, France: November 2012), p. 532.

International Energy Agency, Energy Balances of OECD Countries (2013 preliminary edition), and Energy Balances of Non-OECD
Countries (October 2012), http:/wds.iea.org/WDS/Common/Login/login.aspx (subscription site).

U.S. Energy Information Administration, Monthly Energy Review (Washington, DC: April 2013), Table 7.2a, http:/www.eia.
gov/totalenergy/data/monthly/.

U.S. Energy Information Administration, “Nuclear Regulatory Commission approves construction of first nuclear units in 30
years,” Today in Energy (March 5, 2012), http:/www.eia.gov/todayinenergy/detail.cfm?id=5250.

Statistics Canada, “Key Canadian electricity statistics” (March 21, 2012), http:/www.electricity.ca/media/Industry%20
Data%20and%20Electricity%20101%20May%202012/KeyCanadianElectricityStatistics 2012.pdf.

Government of Canada, http://www.canadainternational.gc.ca/china-chine/bilateral_relations_bilaterales/Energy.aspx?
view=d.

“First license for Canadian new build,” World Nuclear News (August 20, 2012), http://www.world-nuclear-news.org/NN-
First licence for Canadian new build-2008127.html.

Office of the Environment Canada, “Harper Government moves forward on tough rules for coal-fired electricity sector”
(September 5, 2012), http://www.ec.gc.ca/default.asp?lang=En&n=714D9AAE-1&news=4D34AE9B-1768-415D-A546-
8CCFO9010A23.

“Nuclear and wind to partner for Mexico,” World Nuclear News (March 2, 2012), http://www.world-nuclear-news.org/NP
Nuclear_and_wind_to_partner_for_Mexico_0203121.html.

“Chile thinking again of nuclear power use,” United Press International (October 30, 2012), http:/www.upi.com/Business
News/Energy-Resources/2012/10/30/Chile-thinking-again-of-nuclear-power-use/UPI-77881351632087/.

International Energy Agency, “Oil and gas security, 2012," p. 4, http://www.iea.org/publications/freepublications/publication
Chile_2012.pdf.

International Energy Agency, “Oil and gas security, 2012," p. 24, http://www.iea.org/publications/freepublications
publication/Chile_2012.pdf.

International Energy Agency, “Oil and gas security, 2012," p. 4, http://www.iea.org /publications/freepublications/publication
Chile_2012.pdf.
U.S. Energy Information Administration, Country Analysis Brief: Mexico (July 2011), http://www.eia.gov/cabs/Mexico/pdf.

Energy Data Institute, “Mexico,” Interactive World Gas Map (undated), http://www.energydelta.org/mainmenu/energy-
knowledge/interactive-world-gas-map/north_america/mexico.

International Energy Agency, “Statistics and balances” (2013), http://www.iea.org/stats/index.asp.

KPMG International, “Taxes and incentives for renewable energy” (June 2012), p. 29, http:/www.kpmg.com/Global/en
IssuesAndlnsights/ArticlesPublications/Documents/taxes-incentives-renewable-energy-2012.pdf.

J. Montgomery, “Germany'’s official 2011 solar PV stats: Where growth is happening” (March 28, 2012), RealWorldEnergy.com,
http://www.renewableenergyworld.com/rea/news/article/2012/03/germanys-official-2011-solar-pv-stats-where-growth-
is-happening.

European Wind Energy Association, “The European offshore wind industry key trends and statistics 2012” (January 2013),
pp. 3-4, http://www.ewea.org /fileadmin/files/library/publications/statistics/European offshore statistics 2012.pdf.

E. Platt, “The London Array, the world's largest offshore wind farm,” The Telegraph (July 28, 2012), http://www.telegraph.
co.uk/earth/energy/windpower/9427156/The-London-Array-the-worlds-largest-offshore-wind-farm.html.

European Commission, “Energy: What do we want to achieve?” (undated), http://ec.europa.eu/energy/renewables/index
en.htm.

Global Wind Energy Council, Global Wind Statistics 2012 (Brussels, Belgium, February 11, 2013), http:/www.gwec.net
wp-content/uploads/2013/02/GWEC-PRstats-2012_english.pdf; and KPMG, Offshore Wind in Europe: 2010 Market Report
(Germany, 2010), http:/www.kpmg.no/arch/ img/9686536.pdf.

S. Nicola, “Germany added record solar panels in 2012 even as subsidies cut,” Bloomberg (January 7, 2013), http:./www.
bloomberg.com/news/2013-01-07/germany-added-record-solar-panels-in-2012-even-as-subsidies-cut.html.

F. Harvey, “Solar companies to sue UK government for 140 million pounds over feed-in tariff cuts,” The Guardian (January 23,
2013), http://www.guardian.co.uk/environment/2013/jan/23/solar-companies-feed-in-tariff-cuts.

U.S. Energy Information Administration | International Energy Outlook 2013 107


http://wds.iea.org/WDS/Common/Login/login.aspx
http://www.eia.gov/totalenergy/data/monthly/
http://www.eia.gov/totalenergy/data/monthly/
http://www.eia.gov/todayinenergy/detail.cfm?id=5250
http://www.electricity.ca/media/Industry%20Data%20and%20Electricity%20101%20May%202012/KeyCanadianElectricityStatistics_2012.pdf
http://www.electricity.ca/media/Industry%20Data%20and%20Electricity%20101%20May%202012/KeyCanadianElectricityStatistics_2012.pdf
http://www.canadainternational.gc.ca/china-chine/bilateral_relations_bilaterales/Energy.aspx?view=d
http://www.canadainternational.gc.ca/china-chine/bilateral_relations_bilaterales/Energy.aspx?view=d
http://www.world-nuclear-news.org/NN-First_licence_for_Canadian_new_build-2008127.html
http://www.world-nuclear-news.org/NN-First_licence_for_Canadian_new_build-2008127.html
http://www.ec.gc.ca/default.asp?lang=En&n=714D9AAE-1&news=4D34AE9B-1768-415D-A546-8CCF09010A23
http://www.ec.gc.ca/default.asp?lang=En&n=714D9AAE-1&news=4D34AE9B-1768-415D-A546-8CCF09010A23
http://www.world-nuclear-news.org/NP_Nuclear_and_wind_to_partner_for_Mexico_0203121.html
http://www.world-nuclear-news.org/NP_Nuclear_and_wind_to_partner_for_Mexico_0203121.html
http://www.upi.com/Business_News/Energy-Resources/2012/10/30/Chile-thinking-again-of-nuclear-power-use/UPI-77881351632087/
http://www.upi.com/Business_News/Energy-Resources/2012/10/30/Chile-thinking-again-of-nuclear-power-use/UPI-77881351632087/
http://www.iea.org/publications/freepublications/publication/Chile_2012.pdf
http://www.iea.org/publications/freepublications/publication/Chile_2012.pdf
http://www.iea.org/publications/freepublications/publication/Chile_2012.pdf
http://www.iea.org/publications/freepublications/publication/Chile_2012.pdf
http://www.iea.org/publications/freepublications/publication/Chile_2012.pdf
http://www.iea.org/publications/freepublications/publication/Chile_2012.pdf
http://www.eia.gov/cabs/Mexico/pdf
http://www.energydelta.org/mainmenu/energy-knowledge/interactive-world-gas-map/north_america/mexico
http://www.energydelta.org/mainmenu/energy-knowledge/interactive-world-gas-map/north_america/mexico
http://www.iea.org/stats/index.asp
http://www.kpmg.com/Global/en/IssuesAndInsights/ArticlesPublications/Documents/taxes-incentives-renewable-energy-2012.pdf
http://www.kpmg.com/Global/en/IssuesAndInsights/ArticlesPublications/Documents/taxes-incentives-renewable-energy-2012.pdf
http://www.renewableenergyworld.com/rea/news/article/2012/03/germanys-official-2011-solar-pv-stats-where-growth-is-happening
http://www.renewableenergyworld.com/rea/news/article/2012/03/germanys-official-2011-solar-pv-stats-where-growth-is-happening
http://www.ewea.org/fileadmin/files/library/publications/statistics/European_offshore_statistics_2012.pdf
http://www.telegraph.co.uk/earth/energy/windpower/9427156/The-London-Array-the-worlds-largest-offshore-wind-farm.html
http://www.telegraph.co.uk/earth/energy/windpower/9427156/The-London-Array-the-worlds-largest-offshore-wind-farm.html
http://ec.europa.eu/energy/renewables/index_en.htm
http://ec.europa.eu/energy/renewables/index_en.htm
http://www.gwec.net/wp-content/uploads/2013/02/GWEC-PRstats-2012_english.pdf
http://www.gwec.net/wp-content/uploads/2013/02/GWEC-PRstats-2012_english.pdf
http://www.kpmg.no/arch/_img/9686536.pdf
http://www.bloomberg.com/news/2013-01-07/germany-added-record-solar-panels-in-2012-even-as-subsidies-cut.html
http://www.bloomberg.com/news/2013-01-07/germany-added-record-solar-panels-in-2012-even-as-subsidies-cut.html
http://www.guardian.co.uk/environment/2013/jan/23/solar-companies-feed-in-tariff-cuts

243.

244,
245,

246.

247.

248.

249,
250.

251.

252.

253.

254,

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.
266.

267.

108

L. Baratti, “Spanish coal decree caused extra 8 mil mt CO2 emissions in 2011," Platts News and Analysis: RSS Information and
Widget (January 12, 2012), http://www.platts.com/RSSFeedDetailedNews/RSSFeed/Coal/8790219.

“Spanish coal kicks in,” World Gas Intelligence, Vol. 22, No. 9 (March 2, 2011), p. 2.

UK Parliament, “Energy bill: Memoranda submitted by Energy UK (ENT11),” Session 2012-2013 (January 2013), http:/
www.publications.parliament.uk/pa/cm201213/cmpublic/energy/memo/enil.htm, and “Energy Bill 1012/2013 emissions
performance standards,” https:/www.gov.uk/government/uploads/system/uploads/attachment_data/file/48367/5315-
aide-memoire-on-emissions-performance-standard.pdf.

R. Cellan-Jones, “New nuclear plant, Hinkley Point C, design unveiled,” BBC News Business (December 13, 2012), http:/www.
bbc.co.uk/news/business-20701474.

“Polish nuclear site contract awarded,” World Nuclear News (January 10, 2013), http:/www.world-nuclear-news.org/C-
Polish _nuclear_site contract _awarded-1001137.html.

“MHI, Areva offer Atmea 1 reactor to Turkey,” Nuclear Street (January 1, 2013), http:/nuclearstreet.com/nuclear_power
industry_news/b/nuclear_power_news/archive/2013/01/01/mhi_2c00_-areva-offer-atmea-1-reactor-to-turkey-010102.
aspx.

NRA, Japan, “Nuclear regulations for people and the environment,” http:/www.nsr.go.jp/english/.

The Yomiuri Shimbun, “NRA chief: ‘No plant restarts before summer’,” The Daily Yomiuri (Tokyo, Japan: September 26, 2012),
http://www.rebuildingtohoku.com/index.php?p=article full&id=1576&type=nuclear.

T. Murakami, “Developments and issues in restarting nuclear power stations,” IEEJ e-Newsletter, No. 9 (Tokyo, Japan:
December 18, 2012), http://eneken.ieej.or.jp/en/jeb/1212.pdf.

I. Torres, “Nuclear regulator releases new safety standards draft,” The Japan Daily Press (Nagoya, Japan: January 23, 2013),
http://japandailypress.com/nuclear-regulator-releases-new-safety-standards-draft-2121913.

“Push for New Zealand energy efficiency by 2025, New Zealand Herald (July 24, 2010), http://www.nzherald.co.nz/business
news/article.cfm?c_id=3&objectid=10660835.

“New milestone for floating nuclear plant,” World Nuclear News (January 29, 2013), http://www.world-nuclear-news.org/NN-
New_milestone for floating nuclear plant-2901137.html.

Energoatom, “Strategic nuclear energy planning of Ukraine in the framework of INPRO" (September 17-21, 2012), http:/www.
iaea.org/INPRO/activities/INPRO_SE/3 UKRAINE-Strategic INPRO_SC IAEA.pdf.

“China to restrict demand output to 3.9 billion tons,” Bloomberg (March 22, 2012), http:/www.bloomberg.com/news/2012-
03-22/china-to-restrict-coal-demand-output-to-3-9-billion-tons.html.

World Nuclear Association, “Nuclear power in China” (January 2013), http://www.world-nuclear.org/info/Country-Profiles
Countries-A-F/China--Nuclear-Power/.

U.S. Energy Information Administration, World Shale Gas Resources: An Initial Assessment, “XI. China" (February 17, 2011),
http://www.eia.gov/analysis/studies/worldshalegas/pdf/fullreport.pdf.

L. Hook, “China to restart nuclear power programme,” Financial Times (June 1, 2012), http:/www.ft.com/intl/cms/s/0
b328f9aa-abb9-11e1-a8a0-00144feabdcO.html.

L. Hook, “China to restart nuclear power programme,” Financial Times (June 1, 2012), http:/www.ft.com/intl/cms/s/0
b328f9aa-abb9-11e1-a8a0-00144feabdcO.html.

Li Junfeng, Global Wind Energy Council, China Wind Energy Outlook 2012 (2012), http://www.gwec.net/wp-content
uploads/2012/11/China-Outlook-2012-EN.pdf.

Global Wind Energy Council, “Global offshore: Current status and future prospects,” http:/www.gwec.net/global-offshore-
current-status-future-prospects/#.

Global Wind Energy Council, “China wind energy developments update 2012," http:/www.gwec.net/china-wind-market-

update/.

A. Sharma, S. Chaturvedi, and S. Choudhury, “India’s power network breaks down,” The Wall Street Journal (July 31, 2012),
http://online.wsj.com/article/SB10000872396390444405804577560413178678898.html.

“Nuclear power in India,” World Nuclear Association (March 2013), http://www.world-nuclear.org/info/inf53.html.

Global Wind Energy Council, “India wind energy outlook, 2012" (November 2012), p. 7, http://www.gwec.net/wp-content
uploads/2012/11/India-Wind-Energy-Outlook-2012.pdf.

A. Phadke, R. Bharvirkar, and |. Khangura, “Reassessing wind potential estimates for India: Economic and policy implications,”
Lawrence Berkeley National Laboratory (March 2012), p. 1, http://ies.Ibl.gov/drupal.files/ies.lbl.gov.sandbox/IndiaWindPote
ntialAssessmentRevisedFinal03202012%5B1%5D.pdf.

U.S. Energy Information Administration | International Energy Outlook 2013


http://www.platts.com/RSSFeedDetailedNews/RSSFeed/Coal/8790219
http://www.publications.parliament.uk/pa/cm201213/cmpublic/energy/memo/en11.htm
http://www.publications.parliament.uk/pa/cm201213/cmpublic/energy/memo/en11.htm
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/48367/5315-aide-memoire-on-emissions-performance-standard.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/48367/5315-aide-memoire-on-emissions-performance-standard.pdf
http://www.bbc.co.uk/news/business-20701474
http://www.bbc.co.uk/news/business-20701474
http://www.world-nuclear-news.org/C-Polish_nuclear_site_contract_awarded-1001137.html
http://www.world-nuclear-news.org/C-Polish_nuclear_site_contract_awarded-1001137.html
http://nuclearstreet.com/nuclear_power_industry_news/b/nuclear_power_news/archive/2013/01/01/mhi_2c00_-areva-offer-atmea-1-reactor-to-turkey-010102.aspx
http://nuclearstreet.com/nuclear_power_industry_news/b/nuclear_power_news/archive/2013/01/01/mhi_2c00_-areva-offer-atmea-1-reactor-to-turkey-010102.aspx
http://nuclearstreet.com/nuclear_power_industry_news/b/nuclear_power_news/archive/2013/01/01/mhi_2c00_-areva-offer-atmea-1-reactor-to-turkey-010102.aspx
http://www.nsr.go.jp/english/
http://www.rebuildingtohoku.com/index.php?p=article_full&id=1576&type=nuclear
http://eneken.ieej.or.jp/en/jeb/1212.pdf
http://japandailypress.com/nuclear-regulator-releases-new-safety-standards-draft-2121913
http://www.nzherald.co.nz/business/news/article.cfm?c_id=3&objectid=10660835
http://www.nzherald.co.nz/business/news/article.cfm?c_id=3&objectid=10660835
http://www.world-nuclear-news.org/NN-New_milestone_for_floating_nuclear_plant-2901137.html
http://www.world-nuclear-news.org/NN-New_milestone_for_floating_nuclear_plant-2901137.html
http://www.iaea.org/INPRO/activities/INPRO_SE/3_UKRAINE-Strategic_INPRO_SC_IAEA.pdf
http://www.iaea.org/INPRO/activities/INPRO_SE/3_UKRAINE-Strategic_INPRO_SC_IAEA.pdf
http://www.bloomberg.com/news/2012-03-22/china-to-restrict-coal-demand-output-to-3-9-billion-tons.html
http://www.bloomberg.com/news/2012-03-22/china-to-restrict-coal-demand-output-to-3-9-billion-tons.html
http://www.world-nuclear.org/info/Country-Profiles/Countries-A-F/China--Nuclear-Power/
http://www.world-nuclear.org/info/Country-Profiles/Countries-A-F/China--Nuclear-Power/
http://www.eia.gov/analysis/studies/worldshalegas/pdf/fullreport.pdf
http://www.ft.com/intl/cms/s/0/b328f9aa-abb9-11e1-a8a0-00144feabdc0.html
http://www.ft.com/intl/cms/s/0/b328f9aa-abb9-11e1-a8a0-00144feabdc0.html
http://www.ft.com/intl/cms/s/0/b328f9aa-abb9-11e1-a8a0-00144feabdc0.html
http://www.ft.com/intl/cms/s/0/b328f9aa-abb9-11e1-a8a0-00144feabdc0.html
http://www.gwec.net/wp-content/uploads/2012/11/China-Outlook-2012-EN.pdf
http://www.gwec.net/wp-content/uploads/2012/11/China-Outlook-2012-EN.pdf
http://www.gwec.net/global-offshore-current-status-future-prospects/#
http://www.gwec.net/global-offshore-current-status-future-prospects/#
http://www.gwec.net/china-wind-market-update/
http://www.gwec.net/china-wind-market-update/
http://online.wsj.com/article/SB10000872396390444405804577560413178678898.html
http://www.world-nuclear.org/info/inf53.html
http://www.gwec.net/wp-content/uploads/2012/11/India-Wind-Energy-Outlook-2012.pdf
http://www.gwec.net/wp-content/uploads/2012/11/India-Wind-Energy-Outlook-2012.pdf
http://ies.lbl.gov/drupal.files/ies.lbl.gov.sandbox/IndiaWindPotentialAssessmentRevisedFinal03202012%5B1%5D.pdf
http://ies.lbl.gov/drupal.files/ies.lbl.gov.sandbox/IndiaWindPotentialAssessmentRevisedFinal03202012%5B1%5D.pdf

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.
280.

281.

282.

283.

284.
285.

“China hydropower dams in Mekong River give shocks to 60 million,” Bloomberg News Service (October 26, 2010), http://
www.bloomberg.com/news/2010-10-26/china-hydropower-dams-in-mekong-river-give-shocks-to-60-million.html.

“Emirates, Saudis drive for nuclear power,” United Press International (September 21, 2012), http://www.upi.com/Business
News/Energy-Resources/2012/09/21/emirates-saudis-drive-for-nuclear-power/upi-30481348241422/.

"ENEC begins construction of UAE's first nuclear energy plant,” Emirates Nuclear Energy Corporation (July 19, 2012), http://
www.enec.gov.ae/media-centre/news/content/enec-begins-construction-of-uaes-first-nuclear-energy-plant.

South African Department of Energy, “Electricity Regulation Act No. 4 of 2006, electricity regulations on the integrated
resources plan 2010-2030" (May 6, 2011), p. 9, http://www.energy.gov.za/irp/2010/irp_2010.pdf.

Eskom, COP-17 Fact Sheet, Kusile and Medupi coal fired power stations under construction, pp. 2 and 3, http:/www.eskom.
co.za/content/kusile%20and%20medupi.pdf.

South African Department of Energy, “Integrated Resource Plan for Electricity 2010-2030: Revision 2" (March 2011), http://
www.energy.gov.za/IRP/irp%20files/IRP2010_2030 Final_Report 20110325.pdf.

T. Creamer, “Nuclear, shale gas should be part of SA’s future power mix—Peters,” Engineering News (February 19, 2013), http://
www.engineeringnews.co.za/article/nuclear-shale-gas-should-be-part-of-sas-future-power-mix-peters-2013-02-19.

“Egypt: Electricity Minister—Egypt carries on with nuclear program,” allAfrica (November 20, 2012), http://allafrica.com
stories/201211210353.html.

A. Al-Youm, "Dabaa nuclear project awaits Parliament,” Egypt Independent (January 13, 2013), www.egyptindependent.com
news/dabaa-nuclear-project-awaits-parliament.

M. McGrath, “Ghana solar energy plant set to be Africa’s largest,” BBC News (December 4, 2012), http://www.bbc.co.uk
news/science-environment-20583663.

A. El Yaakoubi, “Saudi led consortium wins Morocco solar energy bid,” Bloomberg Business Week News (September 24, 2012),
http://www.businessweek.com/ap/2012-09-24/saudi-led-consortium-wins-morocco-solar-energy-bid.

IHS Global Insight, “Brazil: Utilities: Electricity” (December 1, 2010), http:/www.ihsglobalinsight.com (subscription site).

B. Tavener, “Angra nuclear plans restarted in Brazil,” The Rio Times (February 12, 2013), http://riotimesonline.com/brazil-
news/rio-business/brazil-nuclear-plans-restarted-in-angra/#.

A. Anishchuk, “Russian PM in Brazil seeking arms, nuclear technology deals,” Reuters (February 20, 2013), http:/www.
reuters.com/article/2013/02/20/us-brazil-russia-idUSBRE91JOTC20130220.

“Argentine reactor moves into commissioning,” World Nuclear News (January 8, 2013), http://www.world-nuclear-news.org
NN-Argentine_reactor moves towards commissioning-0801134.html.

VenezuelaPowerReport, Q12013, Market Research, http://www.marketresearch.com/Business-Monitor-International-v304
Venezuela-Power-Q1-7343266/.

U.S. Energy Information Administration, Country Analysis Brief: Venezuela, http://www.eia.gov/countries/cab.cfm?fips=VE.

“China State Signs Contract with Venezuela,” The Wall Street Journal (July 4, 2012), http://online.wsj.com/article/SB1000142
4052702304299704577505762795686118.html.

U.S. Energy Information Administration | International Energy Outlook 2013 109


http://www.bloomberg.com/news/2010-10-26/china-hydropower-dams-in-mekong-river-give-shocks-to-60-million.html
http://www.bloomberg.com/news/2010-10-26/china-hydropower-dams-in-mekong-river-give-shocks-to-60-million.html
http://www.upi.com/Business_News/Energy-Resources/2012/09/21/emirates-saudis-drive-for-nuclear-power/upi-30481348241422/
http://www.upi.com/Business_News/Energy-Resources/2012/09/21/emirates-saudis-drive-for-nuclear-power/upi-30481348241422/
http://www.enec.gov.ae/media-centre/news/content/enec-begins-construction-of-uaes-first-nuclear-energy-plant
http://www.enec.gov.ae/media-centre/news/content/enec-begins-construction-of-uaes-first-nuclear-energy-plant
http://www.energy.gov.za/irp/2010/irp_2010.pdf
http://www.eskom.co.za/content/kusile%20and%20medupi.pdf
http://www.eskom.co.za/content/kusile%20and%20medupi.pdf
http://www.energy.gov.za/IRP/irp%20files/IRP2010_2030_Final_Report_20110325.pdf
http://www.energy.gov.za/IRP/irp%20files/IRP2010_2030_Final_Report_20110325.pdf
http://www.engineeringnews.co.za/article/nuclear-shale-gas-should-be-part-of-sas-future-power-mix-peters-2013-02-19
http://www.engineeringnews.co.za/article/nuclear-shale-gas-should-be-part-of-sas-future-power-mix-peters-2013-02-19
http://allafrica.com/stories/201211210353.html
http://allafrica.com/stories/201211210353.html
www.egyptindependent.com/news/dabaa-nuclear-project-awaits-parliament
www.egyptindependent.com/news/dabaa-nuclear-project-awaits-parliament
http://www.bbc.co.uk/news/science-environment-20583663
http://www.bbc.co.uk/news/science-environment-20583663
http://www.businessweek.com/ap/2012-09-24/saudi-led-consortium-wins-morocco-solar-energy-bid
http://www.ihsglobalinsight.com
http://riotimesonline.com/brazil-news/rio-business/brazil-nuclear-plans-restarted-in-angra/#
http://riotimesonline.com/brazil-news/rio-business/brazil-nuclear-plans-restarted-in-angra/#
http://www.reuters.com/article/2013/02/20/us-brazil-russia-idUSBRE91J0TC20130220
http://www.reuters.com/article/2013/02/20/us-brazil-russia-idUSBRE91J0TC20130220
http://www.world-nuclear-news.org/NN-Argentine_reactor_moves_towards_commissioning-0801134.html
http://www.world-nuclear-news.org/NN-Argentine_reactor_moves_towards_commissioning-0801134.html
http://www.marketresearch.com/Business-Monitor-International-v304/Venezuela-Power-Q1-7343266/
http://www.marketresearch.com/Business-Monitor-International-v304/Venezuela-Power-Q1-7343266/
http://www.eia.gov/countries/cab.cfm?fips=VE
http://online.wsj.com/article/SB10001424052702304299704577505762795686118.html
http://online.wsj.com/article/SB10001424052702304299704577505762795686118.html

THIS PAGE INTENTIONALLY LEFT BLANK




Chapter 6
Buildings sector energy consumption

Overview

The buildings sector represents energy use in places where people reside, work, and buy goods and services. The sector excludes
industrial facilities used for producing, processing, or assembling goods. In 2010, the buildings sector accounted for more than
one-fifth of total worldwide consumption of delivered energy. While energy consumption increases in all end-use demand sectors,
energy use in the buildings sector grows fastest throughout the projection. This growth, along with unprecedented changes
in the underlying living standards and economic conditions, will make developments within the buildings sector important in
understanding future world energy markets.

Inthe IEO2013 Reference case, total world delivered energy demand for buildings increases from 81 quadrillion Btu in 2010 to nearly
131 quadrillion Btu in 2040, an average annual growth rate of 1.6 percent per year (Figure 97). In the OECD, consuming patterns
are well-established and are slow to change, given aging populations and relatively mature economies. This is not the case in the
non-OECD countries, where developing economies experience strong economic growth as living standards rise and the energy
infrastructure expands, leading to increased energy demand for space heating and cooling, lighting, and energy-using appliances.
The higher level of economic activity in the non-OECD region also leads to increased energy demand in commercial and service
industries, as square footage grows to house and operate new and expanding enterprises. Non-OECD buildings sector energy
consumption increases by 2.7 percent per year and accounts for nearly 80 percent of the growth in the world’s total buildings
sector energy consumption over the projection period. OECD buildings sector energy use grows much more slowly, increasing by
an average of 0.6 percent per year from 2010 to 2040.

Households in many non-OECD countries still rely heavily on traditional, nonmarketed energy sources, including wood and waste,
for heating and cooking. Much of Africa remains unconnected to power grids, and the International Energy Agency estimates that
1.3 billion people do not have access to electricity, most of them located in sub-Saharan Africa [286]. About 2.6 billion people,
mostly in Africa and non-OECD Asia, still rely on traditional biomass for cooking fuel. As incomes rise and more people gain access
to electricity and move from rural areas to cities in the developing world [287], households replace traditional fuels with modern
fuels, such as natural gas and electricity. The trend toward replacing traditional fuel sources (including fuel wood, charcoal, animal
dung, and agricultural residues) is reflected in the growth in demand for marketed fuels.

Residential energy consumption

Energy use in the residential sector is defined as the energy consumed by households, excluding transportation uses.*' In the
residential sector, energy is used for equipment and appliances that provide heating, cooling, lighting, water heating, and other
household demands. Energy consumption, income, and energy prices all affect the way energy is consumed in the residential sector.
However, residential energy use also is affected by various other factors, such as location, building and household characteristics,
weather, type and efficiency of equipment, energy access, availability of energy sources, and energy-related policies. As a result,

the type and amount of energy use by households can vary

Figure 97. World buildings sector delivered energy widely within and across regions and countries.

consumption, 2010-2040 (quadrillion Btu) In general, the average household in OECD nations uses more
150 energy than those in non-OECD nations, largely because

higher income levels allow OECD households to have larger

homes and purchase more energy-using equipment. In the

United States, for example, average GDP per capita in 2010

was $42,130 (in real 2005 dollars per person), and annual

100 residential energy use per capita was estimated at 36.8

Non-OECD million Btu. In contrast, India’s per-capita income in 2010 was
$2,989 (about 7.1 percent of the U.S. level), and its residential
energy use per capita was 1.4 million Btu (about 4 percent of
the U.S. level).

50 Residential energy consumption is also affected by fuel

prices. For example, if energy prices increase, householders
OECD may react in the short run by adjusting their thermostats to
reduce fuel use. In the long run they may also switch to less
expensive fuels or use more efficient appliances or equipment,
to the extent possible. On the other hand, in many emerging

2010 2015 2020 2025 2030 2035 2040

“Total delivered energy use in the residential and commercial sectors includes electricity, natural gas, liquid fuels, and coal. While renewable energy is
reported in the electric power sector, energy data on the direct use of renewable energy outside the United States is not readily available and, as a result,
is not included in the IEO2013 projections. The term delivered is used to indicate that the measurement is made at the point of entry into a home or
building—the point of delivery. Delivered electricity, for example, excludes electric generation losses.
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economies energy prices may be subsidized, which can affect consumption growth, particularly growth of electricity use in urban
areas with access to electricity.

For residential buildings, the physical size of a structure also influences the amount of energy used by its occupants. Controlling for
other factors, larger homes generally require more energy to provide heating, air conditioning, and lighting. In addition, occupants
of larger homes tend to be more affluent and, as a result, tend to own more energy-using appliances, including multiple television
sets, computers, and a wide array of other electronic devices. The operation of those devices can consume considerable amounts
of electric power [288].

The number of people living in a home also affects the amount of energy consumed. Energy consumption per person generally
increases as household size gets smaller, in part because major energy end-use services (heating, cooling, major appliances)
tend to be shared within a household. Population growth, particularly in urban areas, leads to higher demand for housing and an
increase in the number of smaller households. According to a study by Lawrence Berkeley National Laboratory, the average urban
household size in China will decline to 2.9 persons in 2020 from 3.1 persons per household in 2000, as more people migrate
to urban areas [289]. Other household characteristics that affect the amount and type of energy consumption are labor force
participation rates and the age of household members.

Local climates are a key factor causing fluctuations in energy use for space heating and cooling. In the United States, for example,
population growth has shifted generally to the South and West over the past 30 years, affecting the mix of energy services and
energy used. Because the southern United States is warmer than the national average, cooling demand in the South is higher and
heating demand is lower.

Lifestyle and behavior also affect residential energy consumption. In emerging economies, such as India, there are significant
differences in energy consumption patterns between rural and urban areas [290]. Biomass is widely used for cooking in rural
areas. As people's quality of life improves, they switch to more efficient and modern fuels. Over the years, improvements in
energy efficiency standards and building codes have affected world residential delivered energy consumption, particularly in the
developing nations. However, a lack of consistent and detailed data makes it difficult to quantify their effects.

In the IEO2013 Reference case, energy use in the residential sector accounts for about 14 percent of world delivered energy
consumption in 2040, excluding traditional fuels. World residential delivered energy consumption increases by 57 percent from
2010 to 2040 in the Reference case, mainly as a result of growth in non-OECD residential demand (Table 15). Total non-OECD
residential delivered energy consumption increases at an average annual rate of 2.5 percent, compared with 0.4 percent in the
OECD regions. China and India continue to lead the growth in world residential delivered energy demand as a result of their rapid
economic and population growth. In 2040, their combined residential energy use is almost three times higher than in 2010 and
accounts for nearly 31 percent of total world residential delivered energy consumption.

In 2010, the average OECD resident used more than five times as much residential energy as the average person living in the
non-OECD (Table 16). Per capita residential energy use in the OECD does not change very much over the projection period
due to improvements in energy efficiency and energy management. In the non-OECD nations, per capita residential energy use
grows by almost 60 percent from 2010 to 2040, as energy infrastructure expands to more homes and living standards rise with a
corresponding increase in the penetration and use of energy-using equipment and appliances in homes. This trend is most evident
in the non-OECD Asia region, where per capita energy use in the residential sector grows from 2.9 million Btu per person in 2010
to 6.7 million Btu per person in 2040.

Table 15. Residential sector delivered energy consumption by region, 2010-2040 (quadrillion Btu)

Average annual
percent change,

Region 2010 2015 2020 2025 2030 2035 2040 2010-2040
OECD 28.2 28.1 29.0 29.9 30.8 31.3 32.0 0.4
Americas 13.2 12.8 12.9 13.2 13.5 13.9 14.2 0.3
Europe 1.7 11.9 12.5 13.1 13.5 13.7 13.9 0.6
Asia 3.3 34 35 37 3.8 3.8 3.9 0.5
Non-OECD 23.9 27.0 30.8 35.1 40.0 45.0 49.8 2.5
Europe and Eurasia 6.3 6.3 6.7 71 7.7 8.1 8.6 1.0
Asia 10.6 12.8 15.6 18.7 22.2 259 29.6 35
Middle East 34 3.9 4.2 4.4 4.6 4.7 4.8 1.2
Africa 1.6 1.7 1.9 22 25 2.8 3.2 24
Central and
South America 2.0 2.3 24 2.7 3.0 3.4 3.7 21
World 52.0 55.1 59.8 65.0 70.8 76.3 81.8 1.5

12 U.S. Energy Information Administration | International Energy Outlook 2013



Electricity and natural gas are the main energy sources for marketed residential use worldwide; together, they account for 72
percent of world residential delivered energy consumption in 2010 and 84 percent in 2040 (Figure 98). Nevertheless, households
in many developing, non-OECD countries still rely heavily on traditional fuels, including wood and waste. In general, traditional
fuels are used because of a lack of access to modern fuels and low per-capita income. As incomes and living standards improve,
the use of the traditional fuels will decline.

The residential sector share of world electricity use increases in the [EO2013 Reference case, from 28 percent in 2010 to 31 percent
in 2040. By 2020, electricity overtakes natural gas as the major source of residential delivered energy consumption, increasing
from 34 percent in 2010 to 46 percent in 2040. The natural gas share remains flat at about 38 percent throughout the projection.
The shift is more pronounced in non-OECD regions.

OECD

In the IEO2013 Reference case, residential delivered energy consumption in the OECD increases from 28 quadrillion Btu in 2010 to
32 quadrillion Btu in 2040, an average increase of 0.4 percent per year (Figure 99). The slow growth is a result of relatively slow
growth in GDP and population, along with improvements in building shells and the efficiency of appliances and equipment. The
OECD share of the world's residential delivered energy consumption declines from 54 percent in 2010 to 39 percent in 2040, as
demand among the non-OECD emerging economies rises.

Electricity replaces natural gas as the main source of OECD residential energy consumption, accounting for 46 percent of total
residential consumption in 2040, as demand for household electronics increases. Shares of other fuels, mainly natural gas, liquids,

Figure 98. World residential sector delivered Figure 99. Average annual change in OECD
energy consumption by energy source, 2010-2040 residential sector energy consumption, 2010-2040
(quadrillion Btu) (percent per year)
100
Mexico/Chile
South Korea
75
Australia/New Zealand
Electricity
Canada
50
OECD Europe
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25 Natural gas
United States
Coal
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Table 16. Per capita residential sector delivered energy consumption by region, 2010-2040 (million Btu per person)

Average annual
percent change,

Region 2010 2015 2020 2025 2030 2035 2040 2010-2040
OECD 22.8 221 22.2 224 225 225 22.7 0.0
Americas 27.7 25.8 24.7 241 23.8 234 23.3 -0.6
Europe 21.0 20.9 21.6 222 22.7 22.8 231 0.3
Asia 16.3 16.5 17.3 18.0 18.6 19.1 19.5 0.6
Non-OECD 4.2 4.5 4.9 5.3 5.8 6.3 6.8 1.6
Europe and Eurasia 18.7 18.5 19.5 20.9 22.6 24.0 257 1.1
Asia 29 34 3.9 4.5 5.2 6.0 6.7 2.8
Middle East 16.1 17.0 16.6 16.4 16.2 15.5 14.8 -0.3
Africa 1.6 1.5 1.5 1.6 1.7 1.8 1.8 0.5
Central and
South America 4.3 4.6 4.8 5.1 5.6 6.0 6.5 1.3
World 7.6 7.6 7.8 8.2 8.6 8.9 9.3 0.7
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and coal, decrease in the IEO2013 Reference case. Electricity and natural gas consumption grow by 1.1 percent and 0.3 percent per
year, respectively, while coal use in the sector decreases by 1.4 percent per year, and liquid fuels consumption decreases by 0.8
percent per year.

OECD Americas

The countries of the OECD Americas (United States, Canada, Chile, and Mexico) accounted for about one-fourth of the world's
total residential delivered energy consumption in 2010. Within the OECD Americas, the United States is by far the largest
consumer of residential energy, accounting for 87 percent of total residential delivered energy consumption in 2010, but its share
is expected to decline to 81 percent in 2040. Residential energy consumption in the United States grows minimally between
2010 and 2040, as state and federal energy efficiency standards for residential equipment restrain the growth in energy use
(Figure 100).

The energy efficiency of residential equipment and appliances in the United States plays a key role in determining the amount of
energy used in homes. Since their inception in the 1970s, federal efficiency standards have expanded to cover an extensive range
of residential equipment. After 2020, lighting sees the largest efficiency gains, as the Energy Independence and Security Act of
2007 (EISA2007) requires the phased replacement of most incandescent lamps with technologies that are roughly three times
more efficient than those widely marketed today [297].

In addition to realizing substantial energy savings through efficiency gains, the U.S. residential energy mix also changes.
Consumption of liquids and natural gas in the U.S. residential sector declines, while the use of electricity increases in the IEO2013
Reference case. Electricity remains the main energy source, with its share increasing from 43 percent in 2010 to 52 percent in
2040, partially due to the increasing penetration and saturation of new electronics and small appliances in U.S. households.

In Canada, where residential energy is used mostly for space heating, residential energy consumption increases by an average of
0.8 percent per year in the IEO2013 Reference case. By 2020, Canada’s residential energy consumption per capita overtakes the
United States, because of greater energy demand for space heating in Canada’s colder climate [292]. Canada’s residential energy
use per capita declines in the Reference case by 0.1 percent per year on average from 2010 to 2040, compared with an average
decline of 0.8 percent per year in the United States.

Canada'’s residential delivered energy consumption is influenced by recent improvements in the energy efficiency of residential
buildings and equipment, particularly after 1990. The 1992 Energy Efficiency Act, Canada’s first comprehensive law on energy
efficiency, took effect in 1995, covering more than 30 products including space heating and cooling and water heating [293]. The
ENERGY STAR program was introduced in Canada in 2001 [294]. At present about 50 items are eligible for the ENERGY STAR
label [295]. The buildings code, which was modified in 2012, has a significant impact on improving Canadian residential energy
consumption efficiencies in the IEO20173 Reference case [296].

Mexico and Chile combined accounted for about 5 percent of total residential delivered energy consumption in the OECD
Americas in 2010, and their share nearly doubles by 2040. Mexico/Chile have the highest GDP growth rates within the OECD, at
3.7 percent per year from 2010 to 2040, compared with 2.5 percent per year for the United States and 2.2 percent per year for the
OECD overall. This strong economic growth translates to rising living standards and an increase in energy demand for residential
space conditioning and energy-consuming household appliances. Residential energy consumption in Mexico/Chile grows by 2.4
percent annually.

Figure 100. OECD Americas residential sector Petroleum and other liquid fuels accounted for the largest
delivered energy consumption by country, share of residential energy use in Mexico/Chile in 2010. High
2010 and 2040 (quadrillion Btu) sustained world oil prices and opportunities for switching

to more efficient energy technologies mean that liquid
fuels consumption grows by only 0.1 percent per year, while
consumption of electricity and natural gas grows by 4.0 and
3.4 percent per year, respectively. The share of liquids declines
from 54 percent in 2010 to 28 percent in 2040, as electricity
- becomes the major energy source in Mexico/Chile, with its
share growing from 38 percent in 2010 to 61 percent in 2040.

2010
Canada OECD Europe
2040 Households in OECD Europe accounted for 22 percent of

the world's total residential delivered energy consumption
in 2010; however, their share falls to 17 percent in 2040.
Increasing efficiency and low population growth translate
Mexico/Chile to slower growth in energy consumption than in most other
nations in the world. Total residential demand for energy in
OECD Europe increases from 12 quadrillion Btu in 2010 to 14
0 3 6 9 12 quadrillion Btu in 2040, an average of 0.6 percent per year

United States
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(Figure 101). Electricity use accounts for most of the increase in OECD Europe's residential sector energy consumption, rising by an
annual average rate of 1.4 percent. This is followed by natural gas consumption, which increases by 0.7 percent per year. All other
energy sources decline in Europe’s residential sector over the projection period.

Many countries in OECD Europe have enacted measures to improve energy efficiency in the buildings sector. Those efforts are,
in part, reflected in the slow increase in residential energy use. For instance, the European Union, which includes the largest
economies in OECD Europe, has enacted “a set of binding legislation which aims to ensure the European Union meets its ambitious
climate and energy targets for 2020" [297]. In March 2007, the European Commission enacted the 20-20-20 plan, which creates
a 20-percent improvement target for energy efficiency in the European Union. Recently, the European Union moved to strengthen
the energy efficiency provisions of the 20-20-20 plan, and on October 25, 2012, it adopted the European Energy Efficiency Directive
2012/27/EU [298]. The key provision of the directive is to obligate energy suppliers to achieving energy savings of 1.5 percent per
year among their customers [299].

OECD Asia

The nations of OECD Asia (Japan, South Korea, Australia, and New Zealand) account for 12 percent of the OECD's total residential
delivered energy consumption through the projection. Residential demand for energy in OECD Asia increases by 0.5 percent per
year from 2010 to 2040. Japan has the largest residential energy sector in the region (Figure 102), accounting for about 57 percent
of total delivered residential energy consumption in OECD Asia in 2040. Japan's residential sector energy consumption grows
by 0.1 percent annually from 2010 to 2040 in the IEQO2013 Reference case, as its GDP grows by 0.6 percent and its population
declines by 0.4 percent a year. A key factor affecting current residential energy consumption is the impact of Japan's strict Top
Runner standards [300]. These standards set mandatory efficiency standards for a variety of energy-consuming goods, including
residential heating and cooling systems, lighting, refrigerators, and electronics.

The residential sector accounts for more than one-third of total electricity consumption in Japan through the projection, mostly
for residential electronics. After the earthquake and tsunami that struck the northeast coast of Japan in March 2011 and the
disruption of electricity generation that followed, a Restriction on Use of Electricity law was approved in 2011, which encouraged
electricity users in the buildings sector to conserve energy to meet the government'’s goal of a 15-percent reduction in total
electricity consumption [307]. As a result, residential electricity use declined and is not expected to reach 2010 levels again
until 2015.

The IEO2013 Reference case assumes that demand for electricity in Japan will recover to pre-earthquake and tsunami levels as the
infrastructure is repaired and electricity supplies return to pre-disaster levels. Electricity remains Japan's main residential energy
source throughout the projection period, increasing by 0.6 percent per year on average from 2010 to 2040. The country continues
to account for the largest portion of OECD Asia residential energy consumption throughout the projection, but its share declines
between 2010 and 2040.

South Korea has the highest rate of GDP growth in OECD Asia in the IEO2013 Reference case, averaging 3.3 percent per year
from 2010 to 2040. In 2008, space and water heating accounted for 68 percent of the country’s residential delivered energy
consumption [302]. Residential energy consumption in South Korea grows by 1.2 percent per year from 2010 to 2040, but its share
of total residential energy consumption in OECD Asia increases from 23 percent to 28 percent over the projection period. In 2010,

Figure 101. OECD Europe residential sector Figure 102. OECD Asia residential sector delivered
delivered energy consumption by energy source, energy consumption by country, 2010-2040
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residential energy consumption per capita in South Korea was similar to that in Japan. However, its per-capita residential energy
consumption is 15 percent higher than Japan's in 2040, partly due to faster growth in South Korea's GDP per capita over the period.

In the IEO2013 Reference case, residential delivered energy consumption in Australia and New Zealand combined grows by an
average of 1.1 percent per year. Natural gas and electricity meet the increase in total residential energy demand, growing by 1.5
percent and 1.0 percent per year, respectively. The increases in electricity and natural gas use result mainly from increased use of
electric appliances and natural gas space heating [303].

Non-OECD

Delivered residential energy in the non-OECD region, which accounted for 46 percent of the world's total delivered residential
energy consumption in 2010, grows to 51 percent of the world's total in 2020 and 61 percent in 2040 as a result of generally
faster economic and population growth than in the OECD. Total non-OECD residential delivered energy consumption
increases from 24 quadrillion Btu in 2010 to 50 quadrillion Btu in 2040, an average increase of 2.5 percent per year (Figure
103). Growth in electricity consumption, which rises from 7 quadrillion Btu in 2010 to 23 quadrillion Btu in 2040, is the main
source of the increase in residential energy consumption. Electricity grows from 29 percent to 47 percent of non-OECD
residential energy, with many emerging economies building out their electric infrastructure, transitioning from traditional

fuels*? to modern energy sources, and improving standards

Figure 103. Non-OECD residential sector delivered of living for residents.

energy consumption by region, 2010-2040
(quadrillion Btu)

Non-OECD Asia

In the non-OECD Asia nations, particularly China and India
50 (Figure 104), growth in population, income, and urbanization
drives increases in residential energy consumption. In the
IEO2013 Reference case, China and India account for about 31
40 percent of the world's residential energy consumptionin 2040,
up from 16 percent in 2010. In non-OECD Asia as a whole,
residential delivered energy use grows from 11 quadrillion Btu
30 in 2010 to 30 quadrillion Btu in 2040, an average rate of 3.5
percent per year (Figure 105).
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Figure 104. Average annual change in non-OECD
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42Traditional fuels include fuelwood, charcoal, animal dung, and agricultural residues in stoves with very low efficiencies.
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Energy use in China grows by an average of 3.6 percent per year from 2010 to 2040 in the IEQO2013 Reference case, from 6.9
quadrillion Btu in 2010 to 20.0 quadrillion Btu in 2040. In 2010, the residential sector accounted for nearly 10 percent of China's
total delivered energy consumption. In 2040, its share is 14 percent.

The rapid growth in China's energy consumption is mainly a result of strong economic growth and urbanization, as lifestyle and
energy use patterns vary widely between urban and rural populations [304]. China’s population peaks in 2026 and thereafter
declines through 2040. According to the United Nations, nearly three-fourths of the Chinese population will live in urban areas by
2040 [305]. China's demand for energy services increases as per capita incomes and quality of life improve, accompanied by an
increase in urban population and increased access to modern fuels in rural areas. Over the projection period, China’s residential
energy use per capita grows by 3.6 percent per year, from about 5 million Btu per person to 15 million Btu per person, or more than
one-half of U.S. energy use per capita in 2040.

China's residential fuel mix shifts toward electricity and natural gas over the period from 2010 to 2040. In the IEO2013 Reference
case, residential natural gas consumption grows faster than electricity consumption in China, as natural gas prices decline and
China's central government promotes natural gas as a preferred energy source [306]. Natural gas consumption grows by 7.2
percent per year and electricity consumption by 5.7 percent per year, while consumption of liquid fuels and coal declines by 1.0
percent and 0.2 percent per year, respectively. By 2017, electricity becomes the major energy source, and in 2040 it accounts for
46 percent of residential delivered energy consumption. Natural gas accounts for 35 percent at that point.

Since the 1980s, the Chinese government has engaged in promoting energy efficiency in residential buildings. It will continue
to promote building energy efficiency during the 12th Five-Year Plan (2011-2015). Even with the strong emphasis on improving
building energy efficiency, the country’s residential delivered energy consumption grows strongly due to various factors, including
fast economic growth, improved standards of living, and annual additions of new buildings to house the expanding urbanized
population [307].

In India, economic growth and population growth have been the two key factors leading to growth in energy consumption [308].
Urban areas, which accounted for 31 percent of India’s population in 2010, account for 46 percent of the population in 2040 [309].
India has the world's most rapid rate of economic growth in the [EO2013 Reference case, at 6.1 percent per year. Further, India’s
population grows faster than China's, and India becomes the world’'s most populous country by 2021. Despite faster growth in GDP
and population, growth in India’s residential energy consumption resembles that of China, increasing by 3.7 percent per year, from
1.7 quadrillion Btu in 2010 to 5.0 quadrillion Btu in 2040.

The government of India has been engaged in various energy efficiency programs for household appliances and buildings,
particularly since 2002, with the establishment of the Bureau of Energy Efficiency [370]. Further improvements in the energy
efficiency of residential buildings and equipment will affect India’s residential sector energy consumption, although again, similarly
to China, residential sector delivered energy consumption continues to increase as a result of improving standards of living and
rising urbanization.

From 2010 to 2040, India’s residential sector fuel mix changes from mainly liquids to electricity, most of which is used for
appliances. In 2008, lighting and refrigeration accounted for nearly 50 percent, and space cooling (fans and air conditioners)
accounted for 24 percent of total residential electricity consumption [377]. As incomes increase and more people have access
to electricity, the ownership of electricity-using appliances also increases [312]. Residential electricity demand in India, which

accounted for 35 percent of the country’s total residential

Figure 106. Non-OECD Europe and Eurasia delivered energy consumption in 2010, increases to 76
residential sector delivered energy consumption percent in 2040. Electricity use grows more rapidly than
by region, 2010-2040 (quadrillion Btu) total residential delivered energy consumption, averaging 6.4
10 percent per year as compared with total residential energy

consumption growth of 3.7 percent per year.

Non-OECD Europe and Eurasia

8 The residential sector in non-OECD Europe and Eurasia
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and Eurasia . Lo . .

6 delivered energy consumptionin 2010, and its share declines to

17 percent in 2040. Residential delivered energy consumption
in non-OECD Europe and Eurasia grows from 6.3 quadrillion
Btu in 2010 to 8.6 quadrillion Btu in 2040 (Figure 106), an
average of 1.0 percent per year. Increased urbanization and
GDP growth of about 3.8 percent per year contribute to the
increase in residential delivered energy consumption over the
projection period [373]. Russia has non-OECD Europe and
Eurasia's largest economy and consumes the largest amount
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of energy in the residential sector, accounting for about 58 percent of total residential delivered energy consumption in the region
in 2040.

Russia has the highest residential energy consumption per capita among the non-OECD countries. The country’s total residential
energy demand grows by 0.8 percent per year in the IEO2013 Reference case. Inefficient heating systems and energy price
subsidies, along with the cold climate in much of the country, are some of the factors causing higher per capita consumption
in Russia [374]. The Russian government, acknowledging that considerable energy savings would be possible with improved
energy efficiency of residential buildings, passed an Energy Efficiency Law in November 2009 that included mandated metering in
newly commissioned buildings and various other provisions aimed at measuring building efficiency [375]. Further, a study by the
International Finance Corporation estimated that about 60 percent of Russia’s multifamily apartment buildings (which account
for approximately 70 percent of its total housing stock on a square footage basis) are in urgent need of capital repair [376]. There
is considerable uncertainty about the extent to which Russia’s existing efficiency law will result in substantial improvements in
consumption. Some efficiency improvements occur in the Reference case, but strong economic growth that results in higher living
standards and increased demand for energy-consuming appliances and devices offsets the savings, resulting in growing residential
energy use through 2040.

Outside of Russia, residential energy consumption in non-OECD Europe and Eurasia increases by 1.3 percent per year, from 2.4
quadrillion Btu in 2010 to 3.6 quadrillion Btu in 2040, with a rapid increase in economic development accompanied by higher GDP
per capita. As the standard of living improves, energy consumption per capita increases by an average of 1.2 percent per year from
2010 to 2040. The growth is attributed mainly to increases in consumption of electricity and natural gas, as the fuels combine for
about 89 percent of total residential delivered energy consumption in 2010 and 94 percent in 2040.

Middle East

The countries of the Middle East accounted for about 6.4 percent of total world residential delivered energy consumption in 2010.
In 2010, the region made up less than 4 percent of the world population, but its population growth averages 1.5 percent per year
from 2010 to 2040. There are wide differences in income across the countries of the Middle East, but the overall economy grows
by an average of 2.2 percent per year over the projection period. Residential energy consumption in the region grows at an annual
average rate of 1.2 percent, from 3.4 quadrillion Btu in 2010 to 4.8 quadrillion Btu in 2040. The electricity share of the fuel mix
increases from 34 percent to 41 percent, as households shift away from other fuel sources, particularly liquids. The increase in
electricity demand results from increased use of electric appliances, particularly for space cooling. Despite a slight decline in its
share of the overall fuel mix, natural gas remains the dominant fuel of choice in the residential sector through 2040.

Although residential energy use per capita in the Middle East declines by an average of 0.3 percent per year, from 16 million Btu
per person in 2010 to 15 million Btu in 2040, it remains higher than the world average. Low prices, high energy subsidies, and
the absence of stringent building codes and energy efficiency standards contribute to the relatively high intensity of residential
energy use [377]. However, with continued strong growth in demand for energy in the residential sector, several countries in the
region have begun to look at ways to improve energy efficiency. If successful, such measures could slow the future rate of growth
in residential energy use. In 2010, Saudi Arabia established the Saudi Energy Efficiency Center, with one of its primary roles being
to develop energy conservation policies. Saudi Arabia’s household electricity use has grown rapidly, averaging nearly 7 percent per
year since the 1990s [378].

Africa

Residential delivered energy consumption in Africa grows by
an average 2.4 percent per year from 2010 to 2040 in the
IEO2013 Reference case. Much of Africa still is not connected
to a power grid and relies heavily on biomass as an energy
source. In 2010, the region accounted for 15 percent of the
total world population but only 3 percent of total world
3 residential energy consumption. In 2040, Africa's shares of

world population and energy consumption grow to 20 percent
Other and 4 percent, respectively.

Figure 107. Central and South America residential
sector delivered energy consumption by region,
2010-2040 (quadrillion Btu)
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non-OECD residential energy consumption in 2040 (Figure
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while the natural gas share grows, electricity remains the largest source of energy in 2040, followed by liquids. Electricity’s share
of total residential energy consumption in Brazil grows from 58 percent in 2010 to 73 percent in 2040, while the natural gas share
grows from 1 percent in 2010 to nearly 6 percent in 2040, and the liquids share declines from 41 percent to 21 percent. Many of the
government policies to improve energy efficiency are targeted at lighting (such as programs to eliminate incandescent light bulbs)
or appliances (through minimum energy efficiency standards adopted in 2007 for refrigeration and air-conditioning devices).

Commercial energy consumption

The commercial sector brings together categories of stationary energy use associated with profit-seeking and nonprofit enterprises
that provide services, including those for public administration. The sector focuses on energy consumed by heating and cooling
systems, lights, water heaters, and other equipment in the buildings where businesses, institutions, and other organizations are
located. Examples of commercial sector buildings include schools, retail stores, restaurants, hotels, hospitals, office buildings, and
leisure and recreational facilities. Some nonbuilding energy use is included in the commercial sector, where it contributes to such
public services as traffic lights and water and sewer systems. In the [EO2013 Reference case, total world delivered commercial
sector energy consumption grows at an average annual rate of 1.8 percent from 2010 to 2040, making it the fastest-growing
demand sector (Table 17).

The non-OECD region leads the growth of commercial delivered energy consumption, accounting for about 30 percent of global
commercial energy consumption in 2010 and growing to a 46-percent share in 2040, mainly as a result of population and economic
growth. Generally, the need for services (health, education, leisure, and government, among others) increases as populations

grow and economic growth increases the capacity of

Figure 108. World commercial sector delivered enterprises to provide those services. The non-OECD region

energy consumption by energy source, 2010-2040 contained more than SO percent of thg world's population in
e 2010, and its population growth rate is almost twice that of
(quadrillion Btu)

the OECD through the projection. The non-OECD countries
50 accounted for slightly less than one-half of the world's GDP
(on a purchasing power parity basis) in 2010, and their share
increases to about 66 percent in 2040.

40
Dynamics within the overall economic and population growth

Electricity trends that affect commercial delivered energy consumption
30 include employment rates, productivity, and the amount of
commercial activity that occurs as a part of total economic
activity. Some other broad factors are important as well,
20 including climate, availability of resources, and the efficiency
of energy consumption. In the commercial sector, the energy
efficiencies of building shells and commercial equipment

Natural gas
10 g generally are determined by management decisions during
Coal the construction and operation of commercial buildings and
Liquids enterprises. Those decisions can be guided by national energy
0 policies and laws.

2010 2015 2020 2025 2030 2035 2040
Table 17. Commercial sector delivered energy consumption by region, 2010-2040 (quadrillion Btu)

Average annual
percent change,

Region 2010 2015 2020 2025 2030 2035 2040 2010-2040
OECD 20.2 20.9 22.0 23.2 244 255 26.5 0.9
Americas 9.8 10.1 10.5 10.9 11.5 12.0 12.6 0.8
Europe 6.5 6.9 7.4 7.8 8.3 8.6 9.0 1.1
Asia 3.9 3.9 4.2 4.4 46 4.8 5.0 0.8
Non-OECD 8.8 9.9 11.7 13.9 16.5 19.4 225 3.2
Europe and Eurasia 2.2 2.3 2.5 2.8 3.1 3.5 3.8 1.8
Asia 4.2 49 6.0 74 9.1 11.0 13.1 3.9
Middle East 1.0 1.1 1.3 1.5 1.7 1.9 2.0 2.4
Africa 0.4 0.5 0.6 0.7 0.8 1.0 1.2 35
Central and
South America 1.0 1.1 1.3 1.5 1.8 2.0 24 3.1
World 28.9 30.8 33.6 371 40.9 44.8 49.0 1.8
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Electricity is increasingly the preferred energy source in the commercial sector (Figure 108). In 2010, electricity accounted for
about 51 percent of world commercial energy use, and its share grows to nearly 64 percent in 2040. OECD electricity use grows
from 10.4 quadrillion Btu in 2010 to 15.7 quadrillion Btu in 2040, while non-OECD electricity use grows from 4.3 quadrillion Btu in
2010 to 15.4 quadrillion Btu in 2040. Electricity and natural gas taken together remain the most prominent fuels in the commercial
sector, accounting for about 80 percent of total world fuel consumption in 2010 and 89 percent in 2040.

OECD

OECD Americas

Inthe OECD Americas, energy use in the U.S. commercial sector was more than 8 times Canada’s and more than 40 times Mexico/
Chile's in 2010 (Figure 109). However, from 2010 to 2040 commercial energy consumption in the United States grows at about
one-third the rate of Canada’'s commercial sector energy use and about one-seventh the rate of Mexico/Chile's. U.S. commercial
energy use remains much higher than Canada’s and Mexico/Chile's in 2040 and the largest in the world through the projection.
Commercial energy consumption is similarly proportioned in the United States and Canada relative to the energy demand in
other sectors (residential, industrial, and transportation), remaining between 10 percent and 14 percent of total delivered energy
consumption for the entire projection period. In Mexico/Chile, the commercial sector share of total delivered energy consumption
is much smaller, at 3 percent of total energy demand in 2010 and 5 percent in 2040.

In the United States, federal efficiency standards, which help to foster technological improvements in end-use equipment, act to
limit growth in delivered energy consumption compared with growth in commercial floorspace [379]. Efficiency improvements in
the United States are expected for lighting, refrigeration, space cooling, and space heating, as a result of the Energy Independence
and Security Act of 2007 (EISA2007) and the Energy Policy Act of 2005.

Electricity is the most common commercial energy source in the OECD Americas, accounting for about one-half of commercial
energy consumption in 2010. The electricity share grows to more than 80 percent in 2040 in Mexico/Chile but remains below
63 percent in the United States and Canada. The United States and Canada also get roughly one-third of their commercial energy
from natural gas throughout the projection period, compared with less than 8 percent in Mexico\Chile, where access to natural
gas resources is limited [320]. Although Mexico/Chile used liquid fuels to meet more than one-third of their combined commercial
delivered energy consumption in 2010, much of that energy demand switches to electricity by 2040 in response to sustained high
oil prices.

OECD Europe

In 2010, the economy of OECD Europe was slightly larger than the U.S. economy but consumed 24 percent less commercial energy.
Many countries in OECD Europe have instituted regulations and policies aimed at increasing energy efficiency in commercial
buildings. Implementation of those rules, along with relatively slow growth in GDP and population, results in slow growth in energy
consumption in OECD Europe through 2040. OECD Europe's total commercial energy consumption grows from 6.5 quadrillion
Btu in 20710 to 9.0 quadrillion Btu in 2040, an average of 1.1 percent per year (Figure 110). Natural gas maintains a one-third share
of energy use in the region's commercial sector through the projection, while most new consumption comes from expanded
electricity use.

Figure 109. OECD Americas commercial sector Figure 110. OECD Europe commercial sector
delivered energy consumption by country, delivered energy consumption by energy source,
2010 and 2040 (quadrillion Btu) 2010-2040 (quadrillion Btu)
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The October 2012 enactment of the European Union's Energy Efficiency Directive improves energy efficiency in the buildings
sector [327]. In addition, a number of individual countries in OECD Europe have introduced initiatives to improve energy efficiency
in the commercial sector. For example, the Netherlands strengthened its building standards in 2009, requiring newly constructed
or renovated nonresidential buildings to be 40 percent more energy efficient than previous standards [322].

OECD Asia

In OECD Asia, Japan had the highest level of commercial delivered energy consumption in 2010, at 2.7 quadrillion Btu; however,
Japan also has the lowest growth rate of commercial energy consumption from 2010 to 2040 at 0.3 percent per year, reaching 3.0
quadrillion Btu in 2040 (Figure 111). Commercial sector delivered energy consumption increases by 2.1 percent per year in South
Korea and by 1.2 percent per year in Australia/New Zealand. In 2010, South Korea's commercial sector energy consumption was
equal to only about 30 percent of Japan's, but it is about 50 percent of Japan's in 2040, as a result of South Korea's rapid GDP
growth and Japan'’s continued efforts to conserve energy [323].

In 2010, about 46 percent of Japan's commercial energy consumption was met by electricity, with the other half split almost
equally between natural gas and liquids. In 2040, electricity use is about 27 percent higher, natural gas use is about 12 percent
higher, and liquids use is more than 23 percent lower. In comparison, electricity provided a larger share of commercial energy
consumption in South Korea in 2010, and the use of both electricity and natural gas grow more rapidly from 2010 to 2040 than in
Japan. In Australia/New Zealand, the electricity share of commercial energy consumption was the region’s highest in 2010 at 73
percent—and the second highest globally behind the Central and South America region. From 2010 to 2040, most of the growth in
Australia/New Zealand's commercial energy use is fueled by electricity and nearly all of the remainder by natural gas.

Non-OECD

Non-OECD Asia

With strong economic growth fueling rising standards of living and growing demand for services, non-OECD Asia has the world's
fastest growth in commercial energy consumption from 2010 to 2040, at 3.9 percent per year (Figure 112). Non-OECD Asia
accounted for 14 percent of the world's commercial sector delivered energy consumption in 2010, but its share grows to 18 percent
in 2020 and 27 percent in 2040 in the [EO2013 Reference case. China's commercial sector consumed about 2.5 quadrillion Btu in
2010, which was almost twice the level of any other country in the non-OECD. In India, which has the world's highest economic
growth rate in the [EO2013 Reference case, commercial sector energy consumption grows at an average rate of 5.4 percent per
year, which is also the world's highest.

In both China and India, the commercial sector share of total delivered energy consumption remains between 2 percent and 6
percent throughout the 2010-2040 period. India’s commercial sector is fueled mostly by electricity and coal, with the electricity
share growing from about 59 percent in 2010 to 80 percent in 2040. In China, where 43 percent of commercial sector energy
consumption was met by liquids in 2010, electricity use for commercial activity grows rapidly, reaching 58 percent of the country's
total commercial sector energy consumption in 2040. Consumption of liquids in the commercial sector drops by 0.7 percent per
year in China over the projection period, while the use of natural gas and electricity rises dramatically, with growth rates averaging
7.1 percent and 6.5 percent per year, respectively. In 2010, more than 21 percent of commercial sector energy consumption in China
was met by coal, making it one of only a few countries, along with India, using significant amounts of coal in the commercial sector.

Figure 111. OECD Asia commercial sector delivered Figure 112. Non-OECD Asia commercial sector
energy consumption by country, 2010-2040 delivered energy consumption by country, 2010-2040
(quadrillion Btu) (quadrillion Btu)
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Unlike the increase in India, coal use in China's commercial sector is virtually unchanged from 2010 to 2040, although the coal
share of total commercial sector energy use declines to 7 percent.

Non-OECD Europe and Eurasia

In non-OECD Europe and Eurasia, Russia consumes the second-largest amount of energy in the commercial sector among all non-
OECD countries in 2010, but its commercial energy consumption grows by an average of only 1.6 percent per year from 2010 to
2040 in the Reference case. Russia’s economic growth rate is the second slowest in the non-OECD region, after the Middle East.

The commercial sector accounted for about 6 percent of Russia’s total delivered energy consumption in 2010, the largest share
among all non-OECD countries. Most of the energy consumed in Russia's commercial sector comes from electricity and natural
gas. In 2010, coal accounted for slightly less than 14 percent of Russia’s commercial energy consumption, and liquids accounted for
about 8 percent. Both of those shares are smaller in 2040, as use of the two fuels declines in the Reference case, while electricity
use and natural gas use increase on average by 2.8 percent and 0.7 percent per year, respectively (Figure 113). In 2040, about 65
percent of Russia’'s commercial energy consumption is supplied by electricity and about 26 percent by natural gas.

Middle East

Commercial sector delivered energy consumption in the Middle East doubles in the IEO2013 Reference case, from 1.0 quadrillion
Btu in 2010 to 2.0 quadrillion Btu in 2040. The Middle East currently has the second-highest energy intensity in the non-OECD
region (after Russia) in terms of commercial energy consumption. The region’s energy intensity remains high as the availability
of inexpensive, subsidized oil and natural gas discourages efforts to conserve energy [324]. Electricity, natural gas, and liquids
account for all commercial energy consumption in the Middle East region through 2040 (Figure 114).

Africa

In the IEO2013 Reference case, Africa’s economic growth averages 4.6 percent per year from 2010 to 2040—a full percentage
point higher than the world average of 3.6 percent per year. To date, however, Africa continues to use relatively little energy in its
commercial sector, which accounts for 3 percent of total delivered energy consumption in 2010 and about 5 percent of the total
in 2040. The share in 2010 represents the second-smallest share among all country groups in 2010; and the share in 2040 is the
smallest. Many of Africa’s sub-Saharan nations rely on nonmarketed, traditional fuels for commercial activities [325]. In the countries
that have developed national energy infrastructures, most of the activity in their commercial sectors is powered by electricity.

Although a significant portion of Africa’s population does not have access to national electric power grids, in some countries,
such as South Africa, there is beginning to be an interest in constructing more energy-efficient buildings, particularly in the public
sector. In 2011, South Africa released new regulations as part of its South African Bureau of Standards SANS 10400 XA standards,
which include a mandate for all new building construction to meet minimum requirements for insulation in order to minimize
energy use for space conditioning [326]. The program is geared toward improving the penetration of energy-saving equipment and
construction techniques over the next decade.

In addition to electricity, Africa’s commercial sector consumes significant amounts of liquids (about 20 percent of commercial
energy consumption in 2010) and coal (about 10 percent of commercial energy consumption in 2010) but a minimal amount of
natural gas. The switch to electricity from liquids and coal is evident in the Reference case, with electricity supplying more than 80
percent of the energy consumed in the commercial sector in 2040, up from 68 percent in 2010.

Figure 113. Russia commercial sector delivered Figure 114. Middle East commercial sector delivered
energy consumption by energy source, 2010-2040 energy consumption by energy source, 2010-2040
(quadrillion Btu) (quadrillion Btu)
2.5 2.5
2.0 2.0
15 Electricity 15
Electricity
1.0 1.0
0.5 Natural gas 0.5
Natural gas
Coal -
0 Liquids 0 Liquids
2010 2015 2020 2025 2030 2035 2040 2010 2015 2020 2025 2030 2035 2040

122 U.S. Energy Information Administration | International Energy Outlook 2013



Central and South America

Commercial sector delivered energy consumption in Central and South America is relatively small compared with the rest of the
world. The region’s commercial energy consumption amounted to only about 3 percent of the world commercial total in 2010. In
the IEO2013 Reference case, Central and South America’s commercial sector energy consumption increases rapidly, by an average

Figure 115. Central and South America commercial
sector delivered energy consumption by region,
2010-2040 (quadrillion Btu)
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of 3.1 percent per year from 2010 to 2040, compared with the
world average increase of 1.8 percent per year. The increase
is driven largely by a high annual economic growth of 3.3
percent during the period.

Brazil is Central and South America’s largest economy and
largest commercial sector energy consumer. In 2010, Brazil's
commercial sector consumed almost 0.5 quadrillion Btu of
energy, nearly equal to the commercial energy use of the rest
of Central and South America combined (Figure 115). Brazil's
commercial sector is powered almost entirely by electricity,
which makes up more than 90 percent of commercial energy
consumption in 2010. For some time, Brazil's government has
been concerned about overreliance on electricity. In 2001, after
a severe drought caused electricity shortages and a national
energy emergency, the government enacted the Law of Energy
Efficiency [327], and in 2009 it released energy efficiency
rules for commercial buildings in an effort to improve energy
efficiency. The goal of the initiative is to manage growth in
energy consumption through improvements in commercial
building shells, heating and cooling systems, and lighting.

U.S. Energy Information Administration | International Energy Outlook 2013 123



References

Links current as of July 2013

286.

287.

288.

289.

290.

291

292.

293.

294,

295.
296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

3009.

124

International Energy Agency, World Energy Outlook 2012 (Paris, France: November 2012), p. 51.
ExxonMobil, “The outlook for energy: A view to 2040" (2013), http:/www.exxonmobil.com/corporate/files/news pub
eo.pdf.

National Resources Defense Council, “Better viewing, lower energy bills, and less pollution: Improving the efficiency of
television set-top boxes” (2012), http://www.nrdc.org/energy/files/settopboxes.pdf.

N. Zhou, M. McNeil, and M. Levine, “Energy for 500 million homes: Drivers and outlook for residential energy consumption
in China"” (Lawrence Berkeley National Laboratory, June 2009).

Lawrence Berkeley National Laboratory, “Residential and transportation energy use in India: Past trend and future outlook”
(January 2009), p. 5, http://ies.Ibl.gov/drupal.files/ies.Ibl.gov.sandbox/LBNL-1753E.pdf.

U.S. Energy Information Administration, Annual Energy Outlook 2013, DOE/EIA-0383(2013) (Washington, DC: April 2013),
http://www.eia.gov/forecasts/aeo/.

Natural Resources Canada, Canadian Building Energy End-Use Data and Analysis Centre, A Comparison of Energy-Related
Characteristics of Residential Dwellings and Technologies across Canada and the US (May 2011), p. 1, http:/www.cbeedac.com
publications/documents/CBEEDACSHEU-RECSCanada-USComparisonFinalReport.pdf.

B. Shui and M. Evans, Country Report on Building Energy Codes in Canada (Pacific Northwest National Laboratory, 2009), p. 2,
http://www.pnl.gov/main/publications/external/technical reports/PNNL-18115.pdf.

International Energy Agency, “Gadgets and gigawatts: Policies for energy efficient electronics” (Paris, France: 2009), p. 78,
http://www.iea.org/publications/freepublications/publication/gigawatts2009.pdf .

Natural Resources Canada, “Energy efficiency products” (November 7, 2011), http://oee.nrcan.gc.ca/equipment/17614.

National Energy Board (Canada), “Energy futures backgrounder: Addendum to Canada'’s energy future: Energy supply and
demand projections to 2035," http://www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/nrgyrprt/nrgyftr/2012/nrgftrddndm?2012-

eng.html.

European Commission, “The EU climate and energy package” (September 10, 2012), http://ec.europa.eu/clima/policies
package/index_en.htm.

European Commission, “Energy efficiency: Energy directive” (undated), http://ec.europa.eu/energy/efficiency/eed/eed
en.htm.

D. Mann and E. Gabel, “European energy efficiency: Moving from voluntary to binding,” IHS CERA Insight (Cambridge, MA:
July 10, 2012), p. 1, http://www.ihscera.com/ (subscription site).

R. Komiyama, and C. Marnay, “Japan’s residential energy demand outlook to 2030: Considering energy efficiency standards
top-runner approach,” in Conference Proceedings, ACEEE Summer Study on Energy Efficiency in Buildings (August 2008), http://
aceee.org/proceedings-paper/ss08/panel08/paperl4.

ENERDATA, “Decrease of Japanese power consumption to adapt to the fading nuclear activity” (March 2012), http:/www.
leonardo-energy.org/decrease-japanese-power-consumption-adapt-fading-nuclear-activity.

YOHAPNEWS AGENCY, “South Korea's household energy consumption below OECD average” (February 2013), http:/
english.yonhapnews.co.kr/business/2011/02/13/47/0501000000AEN20110213001900320F.HTML.

Commonwealth of Australia, Department of the Environment, Water, Heritage, and the Art, “Energy use in the Australian
OEL" (2008), pp. 21-22.

R. Vasudevan et al., “Energy efficiency in India: History and overview" (Alliance for an Energy Efficient Economy, December
2011), pp. 16-17.

United Nations, Population Division of the Department of Economic and Social Affairs, “World prospects: The 2011 revision”
(January 16, 2012), http://esa.un.org/unpd/wup/Country-Profiles/country-profiles 1.htm.

U.S. Energy Information Administration, International Energy Outlook 2011 (Washington, DC: 2011).

American Council for an Energy-Efficient Economy, “Building energy efficiency policies in China"” (June 2012), p. 74.

Lawrence Berkeley National Laboratory, “Residential and transportation energy use in India: Past trend and future outlook”
(January 2009), p. 2.

United Nations, Population Division of the Department of Economic and Social Affairs, “World prospects: The 2011 revision”
(January 16, 2012).

U.S. Energy Information Administration | International Energy Outlook 2013


http://www.exxonmobil.com/corporate/files/news_pub_eo.pdf
http://www.exxonmobil.com/corporate/files/news_pub_eo.pdf
http://www.nrdc.org/energy/files/settopboxes.pdf
http://ies.lbl.gov/drupal.files/ies.lbl.gov.sandbox/LBNL-1753E.pdf
http://www.eia.gov/forecasts/aeo/
http://www.cbeedac.com/publications/documents/CBEEDACSHEU-RECSCanada-USComparisonFinalReport.pdf
http://www.cbeedac.com/publications/documents/CBEEDACSHEU-RECSCanada-USComparisonFinalReport.pdf
http://www.pnl.gov/main/publications/external/technical_reports/PNNL-18115.pdf
http://www.iea.org/publications/freepublications/publication/gigawatts2009.pdf
http://oee.nrcan.gc.ca/equipment/17614
http://www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/nrgyrprt/nrgyftr/2012/nrgftrddndm2012-eng.html
http://www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/nrgyrprt/nrgyftr/2012/nrgftrddndm2012-eng.html
http://ec.europa.eu/clima/policies/package/index_en.htm
http://ec.europa.eu/clima/policies/package/index_en.htm
http://ec.europa.eu/energy/efficiency/eed/eed_en.htm
http://ec.europa.eu/energy/efficiency/eed/eed_en.htm
http://www.ihscera.com/
http://aceee