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Preface

The International Energy Outlook 2016 (IEO2016) 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 IEO2016 are consistent with those published in
EIA's Annual Energy Outlook 2015 (AEO2015). IEO2016 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 IEO2016 energy consumption projections are divided according to Organization for Economic Cooperation and Development
members (OECD)' and nonmembers (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 non-OECD Americas (which includes Brazil). In some instances,
the IEO2016 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.

I[EO2016 focuses exclusively on marketed energy. Nonmarketed energy sources,”> which continue to play an important role in some
developing countries, are not included in the estimates. The IEO2016 projections are based on existing U.S. and foreign government
laws and regulations. In general, IEO2016 reflects the effects of current policies—often stated through regulations—within the
projections. EIA analysts attempt to interpret the likely effects of announced country targets when the implementation of those
targets will require new policies that have not been formulated or announced.

The report begins with a review of world trends in energy demand and the major macroeconomic assumptions used in deriving
the IEO2016 projections, along with the major sources of uncertainty in the projections, which 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. IEO2016 also includes a High Oil Price
case and, alternatively, a Low Oil 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. 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 IEO2016 projections

The projections in IEO2016 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 effects of alternative assumptions
in other scenarios with different macroeconomic growth rates and world oil prices. The IEO2016 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 IEO2016 projections are addressed through alternative cases.

EIA has endeavored to make these projections as objective, reliable, and useful as possible. They are intended to 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 January 1, 2016, in all the time series included in this report. Israel, which became a member in
2010, is included in OECD Europe for statistical reporting purposes.

°Nonmarketed energy sources include selected energy consumption data for which the energy is not bought or sold, either directly or indirectly, as an
input to marketed energy—particularly, traditional fuels such as fuelwood, charcoal, agricultural waste, and animal dung used for cooking and water
heating. EIA does not estimate or project total consumption of nonmarketed energy.
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Appendix A contains summary tables for the IEO2016 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 Qil Price
cases are provided in Appendixes D and E, respectively. Reference case projections for 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 production in the three IEQ2016 oil price 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 the Reference case. Appendix J includes tables of population, per capita economic output, energy
intensity of the economy, and carbon intensity of energy. In Appendix K, a set of comparisons of projections from the International
Energy Agency’'s World Energy Outlook 2015 with the IEO2016 projections is presented. Comparisons of the IEO2016 and IEQ2013
projections are also presented in Appendix K. Appendix L describes the models used to generate the IEO2016 projections. Appendix
M defines the regional designations included in the report.
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Executive Summary

The outlook for energy use worldwide presented in the International Energy Outlook 2016 (IEO2016) continues to show rising levels of
demand over the next three decades, led by strong increases in countries outside of the Organization for Economic Cooperation and
Development (OECD),? particularly in Asia. Non-OECD Asia, including China and India, account for more than half of the world's
total increase in energy consumption over the 2012 to 2040 projection period. By 2040, energy use in non-OECD Asia exceeds that
of the entire OECD by 40 quadrillion British thermal units (Btu) in the IEO2016 Reference case (Figure ES-1).

In the IEO2016 Reference case, total world energy consumption rises from 549 quadrillion Btu in 2012 to 815 quadrillion Btu in
2040, an increase of 48%. Most of the world's energy growth will occur in the non-OECD nations, where relatively strong, long-
term economic growth drives increasing demand for energy. Non-OECD energy consumption increases by 71% between 2012
and 2040 compared with an increase of 18% in OECD nations. Energy use in the combined non-OECD region first exceeded that
of the OECD in 2007 and by 2012, non-OECD countries accounted for 57% of total world energy consumption. By 2040, almost
two-thirds of the world's primary energy will be consumed in the non-OECD economies.

Economic growth—as measured in gross domestic product (GDP)—is a key determinant in the growth of energy demand. The world's
GDP (expressed in purchasing power parity terms) rises by 3.3%/year from 2012 to 2040. The fastest rates of growth are projected for
the emerging, non-OECD countries, where combined GDP increases by 4.2%/year. In OECD countries, GDP grows at a much slower rate
of 2.0%/year over the projection as a result of their more mature economies and slow or declining population growth trends. The strong
projected economic growth rates in the non-OECD drive the fast-paced growth in future energy consumption among those nations.

World energy markets by fuel type

The IEO2016 Reference case projects increased world consumption of marketed energy from all fuel sources through 2040 (Figure
ES-2). Renewables are the world's fastest-growing energy source over the projection period. Renewable energy consumption
increases by an average 2.6%/year between 2012 and 2040. Nuclear power is the world's second fastest-growing energy source,
with consumption increasing by 2.3%/year over that period.

Even though consumption of nonfossil fuels is expected to grow faster than consumption of fossil fuels, fossil fuels still account for
78% of energy use in 2040. Natural gas is the fastest-growing fossil fuel in the outlook. Global natural gas consumption increases
by 1.9%/year. Abundant natural gas resources and robust production—including rising supplies of tight gas, shale gas, and coalbed
methane—contribute to the strong competitive position of natural gas. Although liquid fuels—mostly petroleum-based—remain
the largest source of world energy consumption, the liquids share of world marketed energy consumption falls from 33% in 2012
to 30% in 2040. Contributing to the decline are rising oil prices in the long term, which lead many energy users to adopt more
energy-efficient technologies and to switch away from liquid fuels when feasible. Coal, the world's slowest-growing energy source,
rises by 0.6%/year and is surpassed by natural gas by 2030.

Figure ES-1. World energy consumption by country Figure ES-2. Total world energy consumption by
grouping, 2012—40 (quadrillion Btu) energy source, 1990-2040 (quadrillion Btu)
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Note: Dotted lines for coal and renewables show projected effects of
the U.S. Clean Power Plan.

3For consistency, OECD includes all members of the organization as of January 1, 2016, throughout all the time series included in this report. OECD

member countries as of January 1, 2016, were Austria, Australia, Belgium, Canada, Chile, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Poland, Portugal,
Slovakia, Slovenia, South Korea, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States. For statistical reporting purposes,
Israel is included in OECD Europe. See Appendix M for the complete list of regional definitions used in the IEO2016
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The IEQO2016 Reference case projections do not include the potential effects of the recently finalized Clean Power Plan (CPP)
regulations in the United States. The U.S. Energy Information Administration’s (EIA) preliminary analysis of the proposed CPP*
showed potential reductions of 21% (about 4 quadrillion Btu) in U.S. coal consumption in 2020 and 24% (almost 5 quadrillion Btu)
in 2040 relative to the IEO2016 Reference case projection. With the CPP, U.S. renewable energy use in 2020 would be 7% (about
1 quadrillion Btu) higher than in the IEO2016 Reference case, and in 2040 it would be 37% (4 quadrillion Btu) higher than in the
IEO2016 Reference case. U.S. consumption of petroleum and other liquids and of natural gas would be slightly lower with the CPP
than in the IEO2016 Reference case. Key tables and figures throughout the report provide results that include the CPP where they
differ significantly from the Reference case.

Liquid fuels

World use of petroleum and other liquid fuels grows from 90 million barrels per day (b/d) in 2012 to 100 million b/d in 2020
and to 121 million b/d in 2040. Most of the growth in liquid fuels consumption is in the transportation and industrial sectors.
In the transportation sector, in particular, liquid fuels continue to provide most of the energy consumed. Although advances in
nonliquids-based transportation technologies are anticipated, they are not enough to offset the rising demand for transportation
services worldwide. Liquid fuels consumed for transportation increases by an average of 1.1%/year from 2012 to 2040, and the
transportation sector accounts for 62% of the total increase in delivered liquid fuels use. Most of the remaining increase in liquid
fuels consumption is attributed to the industrial sector, where the chemicals industry continues to consume large quantities of
petroleum feedstocks throughout the projection period. The use of liquids declines for electric power generation.

Tosatisfy theincrease in world liquids demand in the IEO2016 Reference case, liquids production increases by 30.5 million b/d from 2012
to 2040, including the production of crude oil and lease condensate® and other liquid fuels.® The IEO2016 Reference case assumes that
countries in the Organization of the Petroleum Exporting Countries (OPEC) will invest in incremental production capacity to maintain a
39%-43% share of total world liquids production through 2040, consistent with their share over the past 15 years. Increasing volumes
of crude oil and lease condensate from OPEC producers contribute 13.2 million b/d to the total increase in world liquids production,
and crude oil and lease condensate supplies from non-OPEC countries add another 10.2 million b/d (Figure ES-3).

Other liquids resources from both OPEC and non-OPEC sources grow on average by 1.5%/year over the projection period and
currently supply a relatively small portion of total world petroleum and other liquid fuels. In 2012, other liquids accounted for
about 16% of total liquid fuels production, and that share is projected to increase modestly to 18% in 2040. Natural gas plant
liquids (NGPL) is the largest component of other liquids, accounting for 67% of the other liquid fuels in 2012. The increase in
NGPL production in the IEO2016 is directly related to the increase in natural gas production, because NGPL is often a coproduct.
In contrast, excluding NGPL, increased production of the remaining other liquids (primarily biofuels, CTL, and GTL) occurs in
response to high prices that support expansion of their production with available domestic resources, such as crops, coal, or
natural gas. In the IEO2016 Reference case, sustained low oil prices in the early years of the projection make the development of
the non-NGPL other liquids less economically attractive. In addition to being price-sensitive, biofuels development, in particular,
often depends heavily on policies or mandates to support growth.

Figure ES-3. Petroleum and other liquid fuels Natural gas
production by region and type in the Reference case, Worldwide natural gas consumption is projected to increase
20002040 (million barrels per day) from 120 trillion cubic feet (TCf) in 2012 to 203 Tcf in 2040
History 2012 Projections in the IEO2016 Reference case. By energy source, natural gas
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To meet the rising natural gas demand projected in the IEO2016
Reference case, the world's natural gas producers increase
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4U.S. Energy Information Administration, Analysis of the Impacts of the Clean Power Plan (Washington, DC: May 2015), https://www.eia.gov/analysis
requests/powerplants/cleanplan/.

5Crude and lease condensate includes tight oil, shale oil extra-heavy crude oil, field condensate, and bitumen.

5Other liquid fuels include natural gas plant liquids (NGPL), biofuels, gas-to-liquids (GTL), coal-to-liquids (CTL), kerogen, and refinery gain.

2 U.S. Energy Information Administration | International Energy Outlook 2016


https://www.eia.gov/analysis/requests/powerplants/cleanplan/
https://www.eia.gov/analysis/requests/powerplants/cleanplan/

supplies by nearly 69% from 2012 to 2040. The largest increases in natural gas production from 2012 to 2040 occur in non-OECD
Asia (18.7 Tcf), the Middle East (16.6 Tcf), and the OECD Americas (15.5 Tcf) (Figure ES-4). In China, production increases by 15.0
Tcf as the country expands development of its shale resources. The United States and Russia increase natural gas production by
1.3 Tcf and 10.0 Tcf, respectively. In Russia, production growth is supported primarily by increasing development of resources in
the country’s Arctic and eastern regions. U.S. production growth comes mainly from shale resources. China, the United States, and
Russia account for nearly 44% of the overall increase in world production of natural gas between 2012 and 2040.

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. World LNG trade more than doubles, from 12 Tcf in 2012 to 29 Tcf in 2040. Most of the increase in liquefaction
capacity occurs in Australia and North America, where a number of new liquefaction projects are planned or under construction,
many of which are expected to become operational within the next decade. Despite the strong growth in LNG trade, flows of
natural gas by pipeline still account for most of the global natural gas trade in the IEO2016 Reference case, which includes several
new long-distance pipelines and expansions of existing infrastructure through 2040. The largest volumes of natural gas traded
internationally by pipeline currently are in the Americas (between Canada and the United States) and in Europe (among many
OECD and non-OECD countries).

Coal

Coal is the world's slowest-growing energy source in the IEO2016 Reference case, rising by an average 0.6%/year, from 153
quadrillion Btu in 2012 to 180 quadrillion Btu in 2040. Throughout the projection, the top three coal-consuming countries are
China, the United States, and India, which together account for more than 70% of world coal use. China currently accounts for
almost half of the world’s total coal consumption, but a slowing economy and plans to implement policies to address air pollution
and climate change contribute to declining coal use in China in the later years of the projection (Figure ES-5).

Coal consumption projections in the IEO2016 Reference case do not include the impact of the finalized Clean Power Plan regulations
in the United States. Including the CPP would reduce world coal consumption to 165 quadrillion Btu in 2020 and to 176 quadrillion
Btu in 2040, based on EIA’s analysis of the CPP proposed rule.” EIA’s analysis of the final rule, which is being prepared for release
in EIA's Annual Energy Outlook 2016, is expected to show a roughly similar impact on projections of U.S. coal use.

Global coal production is projected to increase from 9 billion short tons in 2012 to 10 billion short tons in 2040. Most of the
projected growth in world coal production occurs in India, China, and Australia. Their combined share of total world coal production
increases in the IEO2016 Reference case from 60% in 2012 to 64% in 2040, but the share of the world's leading coal producer,
China, decreases from 48% in 2012 to 44% in 2040. There is significant regional variation in the prospects for coal production in
the IEO2016 Reference case, with large increases projected for India; sizeable increases in production in Africa and Russia; growth
that slows and then gradually declines after 2025 in China; and little change in OECD Europe or the United States. However, with
the CPP in place, U.S. coal production declines significantly between 2012 and 2040.

Figure ES-4. World increase in natural gas Figure ES-5. Coal consumption in China, India, and
production, 2012—40 (trillion cubic feet) the United States, 1990-2040 (quadrillion Btu)
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7U.S. Energy Information Administration, Analysis of the Impacts of the Clean Power Plan (Washington, DC: May 2015), https://www.eia.gov/analysis
requests/powerplants/cleanplan/.
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Electricity

World net electricity generation increases by 69% in the IEO2016 Reference case, from 21.6 trillion kilowatthours (kWh) in 2012
to 25.8 trillion kWh in 2020 and to 36.5 trillion kWh in 2040. The electric power sector remains among the most dynamic areas
of growth among all energy markets. Electricity is the world's fastest-growing form of end-use energy consumption, as it has been
for many decades. Power systems have continued to evolve from isolated, noncompetitive grids to integrated national and even
international markets.

The strongest growth in electricity generation is projected to occur among the developing, non-OECD nations. Increases in
non-OECD electricity generation average 2.5%/year from 2012 to 2040, as rising living standards increase demand for home
appliances and electronic devices, as well as for commercial services, including hospitals, schools, office buildings, and shopping
malls. In the OECD nations, where infrastructures are more mature and population growth is relatively slow or declining, electric
power generation increases by an average of 1.2%/year from 2012 to 2040 in the IEO2016 Reference case.

Long-term global prospects continue to improve for generation from renewable energy sources, natural gas, and nuclear power
(Figure ES-6). Renewables are the fastest-growing source of energy for electricity generation, with average increases of 2.9%/year
from 2012 to 2040. Nonhydropower renewable resources are the fastest-growing energy sources for new generation capacity in
both the OECD and non-OECD regions. Nonhydropower renewables accounted for 5% of total world generation in 2012; their
share in 2040 is 14% in the IEO2016 Reference case, with much of the growth coming from wind power. After renewable energy
sources, natural gas and nuclear power are the next fastest-growing sources of electricity generation.

Many countries, particularly among the OECD, have enacted environmental policies and regulations intended to reduce greenhouse
gas emissions from electric power plants by decreasing the use of fossil fuels. As a result, the role of coal as the dominant fuel for
electric power plants is declining. In contrast to renewables, which grow by an average of 2.9%/year from 2012 to 2040, coal-fired
net generation increases by 0.8%/year. At the end of the projection period, generation from renewable energy sources equals
generation from coal on a worldwide basis. The IEO2016 Reference case does not include implementation of the U.S. Clean Power
Plan, which would reduce the use of coal in the United States significantly.

Electricity generation from nuclear power worldwide increases from 2.3 trillion kWh in 2012 to 3.1 trillion kWh in 2020 and to 4.5
trillion kWh in 2040 in the IEO2016 Reference case, as concerns about energy security and greenhouse gas emissions support the
development of new nuclear generating capacity. Virtually all the projected net expansion in the world's installed nuclear power
capacity occurs in the non-OECD region, led by China’s addition of 139 gigawatts (GW) of nuclear capacity from 2012 to 2040.
Among the OECD countries, only South Korea has a sizable increase in nuclear capacity (15 GW). Capacity reductions in Canada
and OECD Europe, and in Japan (where nuclear capacity in 2040 in the IEO2016 Reference case remains below the level before
the March 2011 Fukushima Daiichi nuclear disaster), more than offset the increase in South Korea's nuclear capacity. As a result,
the combined capacity of all OECD nuclear power plants drops by 6 GW from 2012 to 2040.

World delivered energy use by sector

Itis important to examine patterns in the consumption of energy delivered to end users to fully assess future global energy use. 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
The buildings sector, which consists of residential and

Figure ES-6. World net electricity generation by commercial end users, accounts for 20% of the total delivered
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projects average growth in commercial energy use of 1.6%/year from 2012 to 2040. Non-OECD commercial sector delivered
energy use increases by 2.4%/year in the IEO2016 Reference case, and OECD commercial energy use expands by 1.1%/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.

Industrial

The industrial sector continues to account for the largest share of delivered energy consumption to end users throughout the
projection period. In the IEO2016 Reference case, the world's industrial sector accounts for more than half of total delivered energy
use through 2040. Although the industrial sector is the largest energy-consuming end-use sector throughout the projection period,
it is not the fastest-growing end-use sector, with growth in the residential sector, the commercial sector, and the transportation
sector each outpacing industrial sector growth through 2040.

In the IEO2016 Reference case, worldwide industrial sector energy consumption is projected to increase by an average of 1.2%/
year. Most of the long-term industrial sector energy growth occurs in non-OECD countries. From 2012 to 2040, industrial energy
consumption in non-OECD countries grows by an average of 1.5%/year, compared with 0.5%/year in OECD countries. Despite
the expected growth in non-OECD industrial sector energy use, the industrial share of total delivered energy in the non-OECD
countries declines during the projection period, from 64% in 2012 to 59% in 2040, as a result of the move away from energy-
intensive manufacturing in many emerging, non-OECD economies and as a result of more rapid growth of energy consumption in
all other end-use sectors.

Transportation

Energy use in the transportation sector includes the energy consumed in moving people and goods by road, rail, air, water, and
pipeline. In the IEO2016 Reference case, world delivered energy consumption in the transportation sector increases at an annual
average rate of 1.4%. Virtually all (94%) of the growth in transportation energy use occurs in the developing, non-OECD economies.
Continuing economic growth leads to rising standards of living that result in demand for personal travel and freight transport to
meet growing consumer demand for goods in non-OECD nations. In OECD nations, the combination of well-established consuming
patterns, comparatively slow economic and population growth rates, and vehicle efficiency improvements, leads to an average
increase in total transportation energy use of only 0.2%/year from 2012 to 2040.

Worldwide, liquid fuels remain the dominant source of transportation energy consumption, although their share of total
transportation energy declines somewhat over the projection period, from 96% in 2012 to 88% in 2040. World liquid fuels
consumption grows by 36 quadrillion Btu in the IEO2016 Reference case projection, with diesel (including biodiesel) showing
the largest gain (13 quadrillion Btu), jet fuel consumption increasing by 10 quadrillion Btu, and motor gasoline (including ethanol
blends) increasing by 9 quadrillion Btu (Figure ES-7). Motor gasoline remains the largest transportation fuel, but its share of total
transportation energy consumption declines from 39% in 2012 to 33% in 2040.

The share of natural gas as a transportation fuel grows from 3% in 2012 to 11% in 2040. As a result of favorable fuel economics,
a strong increase is projected for the natural gas share of total energy use by large trucks in the IEO2016 Reference case, from
1% in 2012 to 15% in 2040. In addition, 50% of bus energy consumption is projected to be natural gas in 2040, as well as 17%
of freight rail, 7% of light-duty vehicles, and 6% of domestic
marine vessels. Electricity remains a minor fuel for the
world's transportation energy use, although its importance
in passenger rail transportation remains high. The electricity

Figure ES-7. World transportation sector delivered
energy consumption by energy source, 2012—40
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the recently finalized Clean Power Plan regulations in the United States, which reduce projected U.S. emissions in 2040 by 0.5
billion metric tons, based on EIA’s analysis of the CPP proposed rule.®

Figure ES-8. World energy-related carbon dioxide
emissions by fuel type, 1990-2040 (billion metric tons)
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Energy-related CO2 emissions from the use of liquid fuels,
natural gas, and coal increase in the IEO2016 Reference case,
with the relative contributions of the individual fuels shifting
over time (Figure ES-8). In 1990, CO2 emissions associated
with the consumption of liquid fuels accounted for the largest
portion (43%) of global emissions. In 2012, CO2 emissions
associated with the consumption of liquid fuels fell to 36% of
total emissions, and they are projected to remain at that level
through 2040 in the IEO2016 Reference case. Coal, which
is the most carbon-intensive fossil fuel, became the leading
source of world energy-related CO2 emissions in 2006, and it
remains the leading source through 2040. However, although
coal accounted for 39% of total emissions in 1990 and 43%
in 2012, its share is projected to stabilize and then decline to
38% in 2040, only slightly higher than the liquids share. The
natural gas share of CO2 emissions, which was a relatively
small 19% of total energy-related CO2 emissions in 1990 and
20% in 2012, increases over the projection to 26% of total
fossil fuel emissions in 2040.

8U.S. Energy Information Administration, Analysis of the Impacts of the Clean Power Plan (Washington, DC: May 2015), https://www.eia.gov/analysis

requests/powerplants/cleanplan/.
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Chapter 1
World energy demand and economic outlook

Overview

The International Energy Outlook 2016 (IEO2016) Reference case projects significant growth in worldwide energy demand over the
28-year period from 2012 to 2040. Total world consumption of marketed energy expands from 549 quadrillion British thermal
units (Btu) in 2012 to 629 quadrillion Btu in 2020 and to 815 quadrillion Btu in 2040—a 48% increase from 2012 to 2040 (Table
1-1and Figure 1-1). The IEO2016 Reference case assumes known technologies and technological and demographic trends, generally
reflects the effects of current policies, and does not anticipate new policies that have not been announced (see box below).

The IEO2016 Reference case projections do not include the effects of the recently finalized Clean Power Plan (CPP) regulations in
the United States. The U.S. Energy Information Administration’s (EIA) preliminary analysis of the proposed CPP? shows potential
reductions of 21% (about 4 quadrillion Btu) in U.S. coal consumption in 2020 and 24% (almost 5 quadrillion Btu) in 2040 relative
to the IEO2016 Reference case projection. With the CPP, U.S. renewable energy use in 2020 would be 7% (about 1 quadrillion
Btu) higher than in the Reference case, and in 2040 it would be 37% (4 quadrillion Btu) higher than in the Reference case. U.S.
consumption of petroleum and other liquid fuels and of natural gas would be slightly lower with the CPP than in the Reference case.

Figure 1-1. World energy consumption, 1990-2040 EIA’s handling of non-U.S. policies in the
(quadrillion Btu) International Energy Outlook
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regions with the goal of realistically incorporating them into

400 - the projections.
The incorporation of U.S. policies in IEO2016 is consistent
200 with their incorporation in the Annual Energy Outlook 2015

(AEO2015). The final Clean Power Plan (CPP) rule, which

OECD
was issued in August 2015, is not included in the AEO2015

1990 2000 2012 2020 2030 2040 (continued on page 8)

Table 1-1. World energy consumption by country grouping, 2012—40 (quadrillion Btu)

Average annual

Region 2012 2020 2025 2030 2035 2040 percent change, 2012-40
OECD 238 254 261 267 274 282 0.6
Americas 118 126 128 131 134 138 0.6
Europe 81 85 87 90 93 96 0.6
Asia 39 43 45 46 47 48 0.8
OECD with U.S. CPP 238 252 258 265 272 280 0.6
OECD Americas with U.S. CPP 118 124 125 128 132 136 0.5
Non-OECD 311 375 413 451 491 533 1.9
Europe/Eurasia 51 52 55 56 58 58 0.5
Asia 176 223 246 270 295 322 2.2
Middle East 32 41 45 51 57 62 2.4
Africa 22 26 30 34 38 44 2.6
Americas 31 33 37 40 43 47 15
Total World 549 629 674 718 766 815 1.4
Total World with U.S. CPP 549 627 671 715 763 813 1.4

°U.S. Energy Information Administration, Analysis of the Impacts of the Clean Power Plan (Washington, DC: May 2015), https://www.eia.gov/analysis
requests/powerplants/cleanplan/.
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or IEO2016 Reference cases. However, the impact is addressed in key tables, figures, and discussions in IEO2016, based on EIA’s
analysis of the proposed version of the CPP rule, which was issued earlier. The Annual Energy Outlook 2016 (AEO2016) Reference
case will include the final CPP rule.

For policies outside the United States, EIA analysts assess the prospects that countries or country groups (for example, the
European Union) will be able to achieve the goals or targets stated or implied in their policies. Analysts may consider the track
record of countries or country groupings in meeting goals of current or past policies as an indicator of their likely success in meeting
future policy targets. For example, the European Union's 20-20-20 plan is fully incorporated in EIA's projections for Organization
for Economic Cooperation and Development (OECD) Europe. On the other hand, Ukraine's 2012 strategic goal for planned nuclear
capacity additions is not fully implemented in the projections given that country’s poor track record.

EIA attempts to be transparent about the extent to which international government policies, regulations, targets, and other
statements are incorporated in the IEO projections. Where major policies have not been fully implemented in the analysis,
explanations are provided for the rationale of the approaches that are used.

Much of the world increase in energy demand occurs among the developing non-OECD nations (outside the Organization for
Economic Cooperation and Development),’® where strong economic growth and expanding populations lead the increase in world
energy use. Non-OECD demand for energy rises by 71% from 2012 to 2040. In contrast, in the more mature energy-consuming
and slower-growing OECD economies, total energy use rises by only 18% from 2012 to 2040 (Figure 1-2).

Economic growth, along with accompanying structural changes, strongly influences world energy consumption. As countries
develop and living standards improve, energy demand grows rapidly. For instance, in nations experiencing fast-paced economic
growth, the share of the populace demanding improved housing—which requires more energy to construct and maintain—often
increases. Increased demand for appliances and transportation equipment, and growing capacity to produce goods and services
for both domestic and foreign markets, also lead to higher energy consumption. Over the past 30 years, world economic growth
has been led by the non-OECD countries, accompanied by strong growth in energy demand in the region. From 1990 to 2012,
real GDP grew by 4.9%/year in non-OECD countries, compared with 2.1%/year in OECD countries. In the future, the differences
in economic growth rates between OECD and non-OECD nations are expected to narrow, as economic growth in non-OECD
countries moderates, and as their industrial structures move from reliance mainly on production in energy-intensive industries to
more service-oriented industries. In the IEO2016 Reference case, average GDP in the non-OECD region grows by 4.2%/year from
2012 to 2040, compared with 2.0%/year in the OECD (Figure 1-3).

On a worldwide basis, real gross domestic product (GDP, measured in purchasing power parity terms) grows in the IE02016
Reference case by an average of 3.3%/year from 2012 to 2040—with non-OECD GDP growth averaging 4.2%/year and OECD
GDP growth averaging 2.0%/year. Accordingly, energy consumption growth is led by non-OECD demand. Non-OECD energy
consumption first surpassed the OECD total in 2007; in 2040, total energy demand in the non-OECD region exceeds the OECD
total by 89%.

More than half of the projected increase in global energy consumption from 2012 to 2040 occurs among the nations of non-OECD
Asia, a country grouping that includes China and India. In the Reference case, energy demand in non-OECD Asia by 83% (or, by

Figure 1-2. World energy consumption by region, Figure 1-3. World total gross domestic product,
1990-2040 (quadrillion Btu) 1990-2040 (trillion 2010 dollars)
600 History 2012 Projections 200 History 2012 Projections

500 ~

Non-OECD
O/ 150 /
400 ///////,
Non-OECD

300 / 100
/—%/’O—E_C_D’———’——_—
200 J /
50
OECD
100

0 T T T T 1 O r T T T 1
1990 2000 2012 2020 2030 2040 1990 2000 2012 2020 2030 2040

OFor consistency, OECD includes all members of the Organization for Economic Cooperation and Development as of January 1, 2016, throughout every
time series presented in this publication.
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146 quadrillion Btu) from 2012 to 2040. China and India, in particular, have been among the world's fastest-growing economies
over much of the past decade. Although their rates of economic expansion are expected to moderate in the future, they remain
important areas of growth in world energy demand throughout the 2012-40 period.

In addition to energy demand growth in non-OECD Asia, other non-OECD regions show substantial increases in energy demand
in the IEO2016 Reference case (Figure 1-4). Fast-paced growth in population and access to ample domestic resources result in a
total increase of 95% (30 quadrillion Btu) in the Middle East region's energy consumption from 2012 and 2040. Similarly, Africa’s
energy consumption more than doubles (a total increase of 22 quadrillion Btu), and energy use in the non-OECD Americas region
grows by 53% (16 quadrillion Btu). The smallest total increase in energy demand in the Reference case from 2012 to 2040 among
non-OECD regions is 14% for non-OECD Europe and Eurasia, including Russia, as the region’s population declines and significant
gains in energy efficiency are achieved by replacing old, Soviet-era capital equipment with more efficient stock.

Outlook for world energy consumption by source

Consumption of energy from all sources increases in the IEO2016 Reference case. Concerns about energy security, effects of fossil
fuel emissions on the environment, and sustained high world oil prices in the long term support expanded use of nonfossil renewable
energy sources and nuclear power, as well as natural gas, which is the least carbon-intensive fossil fuel. With government policies
and incentives promoting the use of nonfossil energy sources in many countries, renewable energy is the world's fastest-growing
source of energy, at an average rate of 2.6%/year, while nuclear energy use increases by 2.3%/year, and natural gas use increases
by 1.9%/year (Figure 1-5). Coal is the world's slowest growing form of energy in the Reference case, at an average rate of 0.6%/
year (compared with an average increase of 1.4%/year in total world energy demand).

Fossil fuels continue to provide most of the world's energy in the IEO2016 Reference case: in 2040, liquid fuels, natural gas, and
coal account for 78% of total world energy consumption. Petroleum and other liquid fuels remain the largest source of energy,
although their share of total world marketed energy consumption declines from 33% in 2012 to 30% in 2040. Worldwide, most of
the increase in liquid fuels consumption occurs in the transportation and industrial sectors, with a small increase in the commercial
sector and decreases in the residential and electric power sectors. The declines in the use of liquid fuels in the residential and power
sectors result from rising world oil prices, which lead to switching from liquids to alternative fuels where possible. In contrast,
the use of liquid fuels in the transportation and industrial sectors increases even as their prices continue to rise. Worldwide,
consumption of liquid fuels grows by 1.1%/year in the transportation sector, and by 1.0%/year in the industrial sector, from 2012
to 2040.

In the IEO2016 Reference case, the world's total natural gas consumption increases by 1.9%/year on average, from 120 trillion
cubic feet (Tcf) in 2012 to 133 Tcf in 2020 and to 203 Tcf in 2040. Increasing supplies of natural gas, particularly from shale
formations in the United States and Canada, and eventually elsewhere, help to supply global markets. In the future, advances in
the application of horizontal drilling and hydraulic fracturing technologies, which have contributed to the rapid increase in U.S.
natural gas production, are applied in other parts of the world, with the newly available natural gas resources supporting worldwide
growth in natural gas consumption. From 2012 to 2040, world natural gas demand increases in all end-use sectors, with the largest
increments in the electric power sector and the industrial sector, which together account for nearly 75% of the total increase in
world natural gas consumption.

Figure 1-4. Non-OECD energy consumption by Figure 1-5. World energy consumption by energy
region, 1990-2040 (quadrillion Btu) source, 1990-2040 (quadrillion Btu)
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Note: Dotted lines for coal and renewables show projected effects of
the U.S. Clean Power Plan.
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Coal is the slowest-growing energy source in the IEO2016 Reference case, with 0.6%/year average increases in total world coal
consumption from 2012 to 2040, considerably slower than the 2.2% /year average over the past 30 years." Coal consumption slows
(or declines) in every region of the world from 2012 to 2040. In China, where coal use has increased by an average of nearly 6.0%/
year over the past 30 years, the increases in the Reference case average only 0.3%/year from 2012 to 2040. China’s recent moves
to reduce coal as a means of addressing air pollution in major urban areas, and the government’s announcement in November 2015
that the country’s carbon dioxide emissions would peak by 2030, result in lower coal demand for China in the IEO2016 Reference
case than in previous I[EOs. Only 2 years ago, in the IEO2013 Reference case projections, coal use in China totaled 121 quadrillion
Btu in 2040. In IEO2016, China's coal use reaches 88 quadrillion Btu in 2025 before declining to 83 quadrillion Btu in 2040.

Coal consumption projections in the IEO2016 Reference case, which total 169 quadrillion Btu in 2020 and 180 quadrillion Btu in
2040, do not include the effect of the final Clean Power Plan regulations in the United States. Including the CPP would reduce world
coal consumption to 165 quadrillion Btu in 2020 and to 176 quadrillion Btu in 2040, based on EIA’s analysis of the C