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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

U.S. Energy Information Administration | International Energy Outlook 2016 1



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.
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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
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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.

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



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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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 CPP proposed
rule.”” EIA’s analysis of the final rule is expected to show a roughly similar impact on projections of U.S. coal use.

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 1.9%/year on average from 2012 to 2040,
with the strongest growth in non-OECD countries. Increases in non-OECD electricity generation average 2.5%/year in the IEO2016
Reference case as rising living standards increase demand for home appliances and electronic devices as well as for commercial
services, including hospitals, schools, office buildings, and retail and grocery stores. 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.

Coal, which currently provides the largest share of energy for world electricity generation in the IEO2016 Reference case (Figure
1-6), declines from 40% of total generation in 2012 to 29% in 2040." In addition, if the U.S. CPP were included in the projections,
the coal share of world generation would be 28% in 2040. The liquid fuels share of total generation also falls in the IEO2016
Reference case, as other fuels are substituted for higher-priced liquids in the power generation sector. The liquids share of total
generation falls from 5% in 2012 to less than 2% in 2040. Natural gas and renewable energy sources account for increasing shares
of total generation, with the natural gas share growing from 22% in 2012 to 28% in 2040 and the renewable share growing from
22% in 2012 to 29% in 2040. If the U.S. CPP were included, the renewable share of world generation would increase to 30% in
2040. Renewable generation (including hydropower) is the fastest-growing source of electric power in the IEO2016 Reference
case, rising by an average of 2.9%/year, compared with average annual increases for natural gas (2.7%), nuclear power (2.4%),
and coal (0.8%). Government policies and incentives throughout the world support the rapid construction of renewable generation
facilities. By 2040 renewables, natural gas, and coal each hold a similar share of global electricity generation.

Hydropower and wind are the two largest contributors to the increase in world electricity generation from renewable energy sources,
together accounting for two-thirds of the total increment from 2012 to 2040. Both hydropower and wind generation increase
by about 1.9 trillion kilowatthours (kWh) in the IE02016

Figure 1-6. World net electricity generation by Reference case. Although nonhydropower resources account
energy source, 2012—40 (trillion kilowatthours) for most of the increase in world renewable generation,
40 hydropower provides nearly 40% of the growth in the non-
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TU.S. Energy Information Administration, International Energy Statistics database (as of September 2015), www.eia.gov/ies. World coal consumption
grew from 4.3 million short tons in 1982 to 8.3 million short tons in 2012, or an average annual growth rate of 2.2%.

2U.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/.

3This outlook does not incorporate the effect on the United States of the recently-released final clean power plant (CPP) rules. EIA's assessment of the
proposed rules suggests that U.S. coal-fired generation could be reduced significantly from the IEO2016 Reference case projection.
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in tariffs, tax incentives, and market share quotas) that encourage construction of wind and other nonhydropower renewable
electricity facilities. In the IEO2016 Reference case, 82% of the growth in OECD renewable energy consumption is attributed to
nonhydropower renewables (Figure 1-7).

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. World average capacity utilization rates for nuclear power plants have continued
to rise over time, from about 68% in 1980 to about 80% in 2012, and they could continue to improve in many regions. In the
Reference case, virtually all of the net expansion in world installed nuclear power capacity occurs in non-OECD countries, led by
China's addition of 139 gigawatts (GW) of nuclear capacity from 2012 to 2040 (Figure 1-8). Within the OECD, only South Korea
has a sizable (15 GW) increase in nuclear capacity. Capacity reductions in Canada and OECD Europe, and in Japan (where nuclear
capacity in 2040 in the Reference case remains below the total 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 a net 6 GW from 2012 to 2040.

Delivered energy consumption by end-use sector

Understanding patterns in the consumption of energy delivered to end users' is important for the development of projections of
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.

Buildings sector

Energy consumed in the buildings sector, divided between residential and commercial end users, accounts for one-fifth of the total
delivered energy consumed worldwide. In the IEO2016 Reference case, total world energy consumption in buildings increases by
an average of 1.5%/year from 2012 to 2040.

Energy use in the residential sector is defined as the energy consumed by households, excluding transportation uses. Energy
is used in the residential sector for heating, cooling, lighting, and water heating and for many other appliances and equipment.
Income levels and energy prices influence the ways in which energy is consumed in the residential sector, as do various other
factors, such as location, building and household characteristics, weather, equipment types and efficiencies, access to delivered
energy, availability of energy sources, and energy-related policies. As a result, the types and amounts of energy use by households
can vary widely within and across regions and countries.

Energy use in homes accounts for about 13% of world delivered energy consumption in 2040 in the IEO2016 Reference case. World
residential energy consumption increases by 48% from 2012 to 2040, mainly as a result of growing residential sector demand in
the non-OECD countries. Total non-OECD residential energy consumption increases by an average of 2.1%/year, compared with
0.6%/year in the OECD countries. Some of the fastest-growing sources of residential consumer demand are in the countries of
non-OECD Asia (including China and India), as a result of strong economic growth and expanding populations in much of the

Figure 1-7. World net electricity generation from Figure 1-8. World nuclear electricity generation
renewable energy sources, 2012 and 2040 (trillion capacity by region, 2012 and 2040 (gigawatts)
kilowatthours)
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Delivered energy consumption in the end-use sectors consists of primary energy consumption and retail sales of electricity, excluding electrical
system energy losses.
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region. In 2040, the combined total residential energy use of China and India is double their 2012 total and accounts for 27% of
total world residential energy consumption.

The commercial sector—often referred to as the service sector or 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. In the IEO2016 Reference case, the world's total commercial sector delivered energy consumption
increases by an average of 1.6%/year, and the commercial sector share of total world delivered energy use rises from about 7% in
2012 to about 8% in 2040.

Slow expansion of GDP and either slow growth or a decline in population in many OECD nations contribute to slower rates of
OECD commercial energy demand growth 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. Among
the OECD nations, delivered energy consumption in the commercial sector increases by 1.1%/year from 2012 through 2040,
compared with an average of 0.6%/year for the residential sector.

In the non-OECD nations, economic activity and commerce increase rapidly, fueling additional demand for energy in the service
sectors. Non-OECD population growth is also 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, raising the demand for energy in the commercial sector. With substantial amounts of energy
needed in the future to fuel growth in commercial buildings, total delivered commercial energy use in the non-OECD nations grows
by 2.4%/year from 2012 to 2040 in the Reference case, which is more than twice the rate for the OECD commercial sector.

EIA’s handling of discrepancies in international energy data

In IEO2016, readers may notice instances where estimates of delivered liquid fuels by sector for some world regions do not add
up to estimates of those regions’ total delivered liquid fuels. Such discrepancies arise primarily because EIA's modeling of energy
consumption by end-use sector can in some cases lead to disconnects between the historical data for total consumption of
petroleum and other liquid fuels and the consumption estimates produced by the World Energy Projection System Plus (WEPS+)
model. For international data, EIA’'s estimates of historical energy use by country are based on outside sources of information,
including foreign governments, the International Energy Agency, and other organizations. Inevitably, issues of data quality,
definitional differences, and timeliness arise.

IEO2016 aims to be internally consistent with all other contemporaneous EIA publications. Specifically, this report incorporates
global historical data from EIA’s International Energy Statistics (IES), as well as projections for the United States from the Short-
Term Energy Outlook and the Annual Energy Outlook (AEO). The WEPS+ model used to generate IEO2016 projections is calibrated
to IES data by backtesting for a given historical period.” Because the WEPS+ model includes more detail than IES on end-use
consumption by sector for international regions, it can be calibrated to |IES data at the fuel and region levels but not at the end-use
sector level. When the sum of regional consumption from the end-use modules does not match the regional total from IES, the
resulting discrepancy is reported at the region and fuel level in [EO2016.

For several IEO modeling regions, the discrepancies can be significant. Collection and reporting of international energy data are
decentralized, and uncertainties typically are greater than those for U.S. energy data. Similarly, the determinants of energy demand
outside the United States are less well understood than those for U.S. energy demand. As a result, such discrepancies tend to be
larger in IEO2016 than in AEO2015.

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 nonenergy 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 54% of global delivered energy in 2012, and its energy consumption grows by an average
of 1.2%/year from 2012 to 2040 in the IEO2016 Reference case.

Industrial sector energy use in the non-OECD economies increases by 1.5%/year in the Reference case, compared with 0.5%/year
in the OECD economies. The gap in growth rates reflects both faster 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 heavily weighted toward nonenergy-intensive industry
sectors in the OECD. On average, industrial energy intensity (the amount of energy consumed in the industrial sector per dollar of
economic output) in non-OECD countries is much higher than in OECD countries.

>Backtesting is used to test predictive models by comparing their results with historical data.
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Tmnspormz‘ion 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 25% of total world delivered energy consumption in 2012, and transportation energy
use increases by 1.4%/year from 2012 to 2040 in the IEO2016 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 2.5%/year, compared with average annual growth of 0.2% in the OECD nations, where
consuming patterns are already well established, and slower growth of national economies and populations, coupled with vehicle
efficiency improvements, keep transportation energy demand from increasing.

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 to motorization (more vehicles per capita) in
the growing non-OECD economies.

World economic outlook

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.

Economic growth in the IEO2016 projections depends on increases in labor force, growth of capital stock, and improvements
in productivity. Across many of the IEO regions, productivity growth—also referred to as total factor productivity (TFP) or
multifactor productivity (MFP)—is especially uncertain, but it is an important determinant of income per person in the long
run. However, because TFP measures things that cannot be accounted for by other inputs used in the production of goods and
services, identifying the driving forces behind its growth is difficult. In general, the TFP determinants can be separated into those
that focus on the creation, transfer, and use of knowledge (broadly defined), and those that build the infrastructure needed for
efficient creation, transfer, and use of knowledge. Examples of the former determinants include research and development funding,
and human capital. Examples of the latter determinants include the prevalence of research institutions, the condition of national
infrastructures, competitiveness, and regulatory environment.

The IEO2016 assumptions about regional economic growth—measured in terms of real GDP in 2012 U.S. dollars at purchasing power
parity rates—underlie the projections of regional energy demand. World economic growth has been steady in recent years, with
the global economy growing by 4.0% in 2011, followed by more modest growth of 3.1% in 2012, 3.2% in 2013, and 3.3% in 2014.
Such steady growth is assumed to continue in the IEO2016 Reference case, with real world GDP growth averaging 3.3%/year (on a
purchasing power parity basis) from 2012 to 2040'° (Table 1-2). The growth rate slows over the period, peaking at 3.8% in 2018, then
declines to 3.0% in 2040. Global economic growth in the IEO2016 Reference case is led by the emerging economies, with growth in
real GDP in the non-OECD region averaging 4.2%/year from 2012 to 2040, compared with 2.0%/year in the OECD region. Slower
global economic growth after 2020 results primarily from slower growth in the emerging economies, particularly China.

OECD economies

From 2012 to 2040, real GDP growth in the OECD averages 2.0%/year (on a purchasing power parity basis) in the IEO2016
Reference case (Figure 1-9). In the United States, which remains the largest OECD economic region, real GDP growth averages
2.4%/year from 2012 to 2040. Slower growth of the U.S. labor force over the projection period, as the baby boom generation
retires, is partially offset by increases in productivity. Changes in productivity growth are the key source of uncertainty in the
U.S. projection.

®The 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.
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Canada's economic growth in the Reference case, at 2.1%/year from 2012 to 2040, is slower than that of the United States.
Although recent declines in oil prices reduce Canadian GDP growth in the near term, prospects for the long term are relatively
healthy, given Canada'’s record of fiscal prudence and the productive capacity of its economy. Canada has also diversified beyond
commodity production, with services accounting for more than 70% of Canadian value added.”

Chile and Mexico are the fastest-growing OECD countries from 2012 to 2040 in the IEO2016 Reference case, with their combined
GDP increasing by an average of 3.1% annually. Because the two nations are primarily exporters, especially of commodities, short-
term and long-term commodity prices will substantially affect export revenues—as will fluctuations in exchange rates with major
trading partners. Although both countries are well positioned for medium- to long-run growth, given their expanding working-age
populations, there are also concerns about infrastructure, competitiveness (especially in Mexico), and education.

GDP growth in OECD Europe increases by an average of 1.7%/year in the IEO2016 Reference case, which is the second slowest
rate among the OECD regions, after Japan. In the near term, most European countries still have to deal with the aftermath of
the European financial crisis and ensuing credit issues, which have slowed recent GDP gains and depressed investment. In the
longer term, OECD Europe sees moderate increases in productivity, driven by research and development and a well-educated
population; however, the region’s overall population growth is expected to slow, and the working-age population is projected to
begin declining shortly after 2020. Increases in capital stock are moderate over the projection period.

Japan has the slowest-growing economy among the OECD regions over the projection period, averaging 0.6%/year, attributed
primarily to demographic trends. Japan's population, which began to shrink in 2012, continues declining at an average annual rate
of 0.4% from 2012 to 2040 in the IEO2016 Reference case.

Figure 1-9. OECD real gross domestic product growth Moreover, Japan's working-age population began to decline
rates, 2012—40 (average annual percent change) in the mid-1990s."® Combining the demographic trends with
relatively slow growth in Japan's capital stock and moderate

Mexico/Chile 3.1 increases in productivity results in the low projected rate of

GDP growth from 2012 to 2040.

South Korea's economy grows by 2.1%/year on average in
24 the IEO2016 Reference case, with its population growth (like
Japan's) slowing over the projection period to an average
of 0.2%/year, and the working age population beginning to
decline after 2015. Increases in the country's capital stock and
productivity do not make up for these demographic factors,
even though capital investment remains an important part of
its real GDP growth.

In Australia and New Zealand, long-term growth prospects
are also relatively healthy, given their consistent track
records of fiscal prudence and structural reforms aimed at
maintaining competitive product and flexible labor markets.
0 1 2 3 4 Geographically, the two countries are well positioned to

Australia/New Zealand
United States

Canada

South Korea

OECD Europe

Japan

Total OECD

Table 1-2. World gross domestic product by country grouping, 2012—40
(billion 2010 U.S. dollars, purchasing power parity)

Average annual

Region 2012 2020 2025 2030 2035 2040 percent change, 2012-40
OECD 44,769 52,921 58,772 64,731 71,026 78,042 2.0
Americas 19,080 23,390 26,557 29,942 33,569 37,770 25
Europe 18,638 21,496 23,621 25,697 27,809 30,074 1.7
Asia 7,051 8,034 8,575 9,091 9,647 10,198 1.3
Non-OECD 49,686 72,195 90,118 109,979 132,734 158,789 4.2
Europe/Eurasia 5,535 6,614 7,764 9,009 10,437 11,870 2.8
Asia 27,914 44,139 56,222 69,542 84,680 102,015 4.7
Middle East 5,072 6,951 8,578 10,309 12,164 14,144 3.7
Africa 4,561 6,539 8,295 10,559 13,467 17,144 4.8
Americas 6,604 7,952 9,259 10,561 11,985 13,615 2.6
Total World 94,455 125115 148,891 174,711 203,760 236,831 3.3

"The World Bank, "Data: Services, etc., value added (% of GDP),” (2015) http://data.worldbank.org/indicator/NV.SRV.TETC.ZS.
"Federal Reserve Bank of St. Louis, “Economic Research: Working Age Population: Aged 15-64: All Persons for Japan” (April 29, 2015), https://
research.stlouisfed.org/fred2/series/LFWA64TTIPM647S.
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benefit from export market opportunities in emerging Asian countries; however, their aging populations may be one barrier to
higher rates of economic growth in the medium to long term. In the IEO2016 Reference case, the combined GDP of Australia and
New Zealand grows by an average of 2.6%/year from 2012 to 2040.

Non-OECD economies

Real GDP growth from 2012 to 2040 in the combined non-OECD region averages 4.2%/year in the IEO2016 Reference case (Figure
1-10). Investment and exports support GDP increases in the near term, although slower growth in the advanced economies and the
potential for inflation are concerns. In the 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 region. Achieving faster economic growth will
require additional infrastructure investment and improvements in regulatory and financial institutions.

India has the world's fastest-growing economy in the IEO2016 Reference case, averaging 5.5%/year from 2012 to 2040.
In the shorter term, the combination of lower interest rates and moderate inflation supports increases in both consumption
and investment. Additional structural reforms—such as ending regulatory impediments to the consolidation of labor-intensive
industries, reforming labor markets and bankruptcy terms, and liberalizing agricultural and trade practices—will be essential for
achieving the projected GDP growth rates over the longer term.

China's economic growth in 2014 was its lowest in 24 years, and it continues to slow in the IEO2016 Reference case with an
average growth rate of 4.7%/year from 2012 to 2040. The slower economic growth is in part the result of demographics—China
has an aging population and shrinking work force—accompanied by a slower rate of productivity that fails to make up for lower
levels of investment. The fate of nonperforming loans, and the extent to which reforms are allowed to influence state-owned
enterprises, both are key uncertainties in the projection for China’'s GDP growth. On the other hand, China’s economy is expected
to undergo a transition over the 2012-40 period, from being dominated by investment to achieving a better balance between
consumption and investment.

Many of the other economies of non-OECD Asia have benefited from trade ties with—and are largely reliant on—China. For those
that depend on exports (including Hong Kong, Indonesia, Singapore, and Taiwan), China's slowing economy is likely to slow their
GDP growth in the near term. However, many non-OECD Asia countries also trade heavily with the United States, Japan, and
OECD Europe, and as a result 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 grows by an
average of 4.1%/year from 2012 to 2040 in the IEO2016 Reference case.

In Russia, lower oil prices and sanctions have substantially reduced the short-term prospect for economic growth. Russia also
faces challenges in the longer term related to the continuing shrinkage of its labor force and population, and to the need for
diversification of its economy away from its current heavy reliance on energy exports. Additionally, reforms in labor markets and
state-owned enterprises will be important for long-term growth. In the IEO2016 Reference case, Russia’'s economy grows by an
average of 2.0%/year from 2012 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. Banks and other entities in non-OECD Europe and Eurasia continue to face difficulties in gaining access to foreign
loans, as many lending institutions have restricted cross-border loans. The restricted access to loans has lowered investment
levels and may also affect future productivity. The effects were softened somewhat by higher world market prices for commodity
exports over the past several years, but recent declines may slow growth in the near term. In the longer term, these countries have

. . the potential for faster economic expansion, and economic
Figure 1-10. Non-OECD real gross domestic product growth in the non-OECD Europe and Eurasia region (excluding

growth rates, 2012—40 (average annual percent change) Russia) averages 3.7%,/year from 2012 to 2040,

India Projected growth of real GDP in Brazil in IEO2016 averages

2.4%/year from 2012 to 2040 in the Reference case. This is
a relatively slow rate of growth, especially for a developing
country, reflecting both current economic weakness and
questions about future growth. There is little doubt that
Brazil has the consumers to generate demand for goods
and services, but the supply side of its economy appears to
constrain economic growth. Structural reforms, particularly to
state-owned enterprises and labor markets, will be important
for Brazil to generate long-term growth.

Africa

China

Other Asia

Middle East

Other Europe/Eurasia

Other Americas

Outside Brazil, investment in the non-OECD Americas is
constrained by policy uncertainty, and commodity exports are
not expected to provide the level of government revenue that
they have in the recent past. The proximity of the region to
the United States and the trade relationships of its national

Brazil
Russia

Total non-OECD

8
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economies with the U.S. economy suggest that the region’s growth will be linked, in part, to that of the United States. Most
countries in the region have flexible exchange rates, positive trade balances, and relatively low fiscal deficits and public debts.
Regional inflation is lower than it was in the mid-1990s, and a relatively young labor force supports the region’s economic growth
prospects. Real GDP in the non-OECD Americas (excluding Brazil) increases by an average of 2.8%/year from 2012 to 2040 in the
IEO2016 Reference case.

Africa’s combined real GDP increases by 4.8%/year on average from 2012 to 2040 in the IEO2016 Reference case. However,
economic prospects for African countries vary widely across the continent. Africa is rich in natural resources, including oil, natural
gas, and coal. Overall, the region has a relatively young population, with potential for labor force growth. Except for South Africa,
many sub-Saharan African countries have seen recent annual growth rates between 4% and 10%, with Ethiopia experiencing the
highest growth in 2013, at 10.4%.'° Expanding domestic markets and increasing regional integration will support long-term growth,
although Africa faces many challenges. Qil exports from northern Africa and most of sub-Saharan Africa are slowing because of
lower world oil prices. Moreover, 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 some African countries.

Economic growth in the Middle East region averages 3.7%/year from 2012 to 2040 in the IEO2016 Reference case. This region
is challenged by continuing geopolitical instability that discourages foreign investment, as well as heavy reliance on commodity
exports for economic growth. In recent years, rising oil production and prices have helped to boost economic growth in the oil-
exporting countries of the Middle East, many of which have also benefited from spillover effects on trade, tourism, and financial
flows from the region’s oil exports. In the short run, political instabilities combined with lower expected oil revenues are likely
to constrain growth. Over the long run, however, robust population growth, combined with the potential for rising oil prices and
rebounding demand for the region’s export commodities, create favorable prospects for economic growth in the Middle East. The
medium to long term still presents many challenges. Political turmoil and domestic unrest threaten to depress consumer confidence
and investment. Training and educating the labor force, 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.

Alternative cases in IEOQ2016

Alternative economic growth cases

Expectations for future rates of economic growth are a major source of uncertainty in the IEO2016 projections. To illustrate the
uncertainties associated with economic growth trends, IEO2016 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 IEO2016 Reference case.

In the High Economic Growth case, real GDP in the OECD increases by 2.3%/year from 2012 to 2040, as compared with 2.0%/year
in the Reference case. Similarly, the High Economic Growth case assumes GDP growth of 4.5%/year in the non-OECD region as a

Fi 11 . . L. whole, compared with 4.2%/year in the Reference case. In the
igure 1-11. World energy consumption by region in Low Economic Growth case, OECD GDP increases by 1.6%/

three economic growth cases, 2012, 2025, and 2040 year, or 0.4 percentage points lower than in the Reference

(quadrillion Btu) case. GDP growth in the non-OECD region is assumed to
1,000 average 3.9%/year in the Low Economic Growth case, or 0.3
2012 2025 2040 percentage points lower than in the Reference case.

In the IEO2016 Reference case, world energy consumption
totals 815 quadrillion Btu in 2040—282 quadrillion Btu in the
OECD countries and 533 quadrillion Btu in the non-OECD
600 countries. In the High Economic Growth case, world energy
use in 2040 is 862 quadrillion Btu—47 quadrillion Btu (about
24 million barrels oil equivalent per day) higher than in the
Reference case (Figure 1-11). In the Low Economic Growth
Case, world energy use in 2040 totals 764 quadrillion Btu—
51 quadrillion Btu (about 25 million barrels oil equivalent per
200 day) lower than in the Reference case. Thus, the projections

800

400

Non-OECD

a
2 for 2040 in the High and Low Economic Growth cases span
© a range of uncertainty equal to 98 quadrillion Btu, which is
0 Reference Low ' High Reference Low  High roughly equal to total U.S. energy consumption in 2012.
Case —————— Case -~
Economic Growth Economic Growth

®IHS Economics, World Overview: Fourth-quarter 2015 (2015), p. 69, https://www.ihs.com (subscription site).
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Alternative oil price cases

Expectations for future world oil prices are another key source of uncertainty in the IEO2016 projections. To illustrate the
uncertainties associated with future oil prices, IEO2016 includes a Low Oil Price case and a High Oil Price case in addition to the
Reference case. The two alternative oil price cases use different assumptions about future oil prices, based on four key factors:
Organization of the Petroleum Exporting Countries (OPEC) investment and production decisions; the economics of non-OPEC
petroleum liquids supply; the economics of other liquids supply; and world demand for petroleum and other liquids. Each case
represents one of many possible combinations of supply and demand that would result in the same price path.

Real oil prices (in 2013 dollars) have fallen precipitously since 2011, from about $115 per barrel to about $50 per barrel in 2015
(according to EIA's March 2016 Short-Term Energy Outlook). Prices are expected to recover over the course of the projection
period, reaching $141 per barrel in 2040. Total world spending on oil grows 1.6%/year over the projection, well below the 3.3%/
year rate of income growth over the same period, suggesting that a smaller share of income would be required to cover consumer
oil needs. The IEO2016 Reference case reflects mid-range expectations for exploration and development costs and accessibility
of oil resources. The Reference case also assumes that OPEC producers will choose to maintain their share at 39% to 43% of the
global liquid fuels market. In the Reference case, OECD consumption of petroleum and other liquids increases from 45.5 million
barrels per day (b/d) in 2012 to 46.1 million b/d in 2040, and non-OECD consumption of petroleum and other liquids increases
from 44.8 b/d to 74.8 million b/d. Total energy consumption in the Reference case rises to 815 quadrillion Btu in 2040.

In the Low Qil Price case, crude oil prices are $76 per barrel (2013 dollars) in 2040. GDP growth in the non-OECD countries
averages 3.9%/year from 2012 to 2040, compared with Reference case growth of 4.2%/year. A combination of lower economic
activity and lower prices results in a level of non-OECD liquid fuels consumption in 2040 close to that in the Reference case. Even
in a scenario assuming low economic growth (which translates to lower energy demand, with non-OECD energy demand in 2040
24 quadrillion Btu lower than in the Reference case), the lower prices encourage consumers to use relatively cheap liquid fuels
rather than other forms of energy.

In contrast to the non-OECD, economic growth in the OECD regions is essentially the same in the Low Qil Price case as in the
Reference case, and total OECD energy consumption in 2040 also is about the same as in the Reference case. However, lower oil
prices encourage consumers to use more liquid fuels. OECD nations consume 48.4 million b/d of oil in 2040 in the Low Oil Price
case, compared to 46.1 million b/d in the Reference case.

On the supply side, production in OPEC countries is above the Reference case level in the Low Qil Price case, obtaining a 48%
share of total world petroleum and other liquids production in 2040. Qil 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 Qil Price case, oil prices increase to $252 per barrel (2013 dollars) in 2040. GDP growth in the non-OECD countries
averages 4.5%/year from 2012 to 2040 in the High Oil Price case, compared with 4.2%/year in the Reference case. The
combination of high economic activity and high prices results in non-OECD liquids consumption that is about the same as in the
Reference case (Figure 1-12). Although higher economic activity increases non-OECD demand for total energy (total non-OECD
energy consumption is about 32 quadrillion Btu higher in the
High Qil Price case than in the Reference case), the higher
costs for liquid fuels encourage consumers to use other
energy sources.

Figure 1-12. World energy consumption by fuel
in three oil price cases, 2012, 2025, and 2040
(quadrillion Btu)

1,000

OECD economic growth in the High Oil Price case is
unchanged from the Reference case, and as a result total
800 energy demand is similar in the two cases. The higher oil
prices, combined with the same level of economic activity
as in the IEO2016 Reference case, cause OECD consumers
600 to implement improved efficiency measures and switch to
less expensive fuels where possible. In 2040, OECD regions
consume 44.1 million b/d in the High Oil Price case, compared
with 46.1 million b/d in the Reference case. On the supply side,
oil production in the OPEC countries is lower in the High Oil
Price case, and their market share declines to 34% in 2040.
However, higher world oil prices allow non-OPEC countries to
increase production from resources that are more expensive
to produce, and the economics of nonpetroleum liquids also
Reference Low ' High Reference Low ' High benefit from the higher prices.
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Chapter 2
Petroleum and other liquid fuels

Overview

In the International Energy Outlook 2016 (IEO2016) Reference case, worldwide consumption of petroleum and other liquid fuels
increases from 90 million barrels per day (b/d) in 2012 to 100 million b/d in 2020 and 121 million b/d in 2040. Much of the growth in
world liquid fuels consumption is projected for the emerging, non-Organization for Economic Cooperation and Development (non-
OECD) economies of Asia, the Middle East, and Africa, where strong economic growth and rising populations increase the demand
for those fuels. In contrast, demand for liquid fuels in the United States, OECD Europe, and other regions with well-established
liquids markets grows slowly or declines from 2012 to 2040. After a long period of sustained high oil prices, conservation and
efficiency improvement measures have reduced or slowed the growth of liquid fuels use among OECD consumers and, in the
future, will help to temper demand growth in non-OECD countries as well.

To satisfy rising demand for liquid fuels in the IEO2016 Reference case, liquids production increases by 31 million b/d over the
2012-40 period. IEO2016 projections of future liquid fuels balances include two broad categories: crude oil and lease condensate,
and other liquid fuels. Crude oil and lease condensate includes: reservoired oil (often referred to in the trade press as conventional
oil), tight oil (shale oil), extra-heavy crude oil, field condensate, and bitumen (i.e., oil sands, either diluted or upgraded). Other
liquid fuels refers to natural gas plant liquids (NGPL), biofuels, including biomass-to-liquids (BTL), gas-to-liquids (GTL), coal-to-
liquids (CTL), kerogen (i.e., oil shale), and refinery gain.?®

The benchmark oil price in IEO2016 is based on spot prices for North Sea Brent crude oil, which is an international standard
for light sweet crude oil. The West Texas Intermediate (WTI) spot price is generally lower than the North Sea Brent price. The
U.S. Energy Information Administration (EIA) expects the price spread between Brent and WTI to range between $0 per barrel
($0/b) and $10/b, and will continue to report WTI prices (a critical reference point for the value of growing production in the
U.S. Midcontinent) as well as the imported refiner acquisition cost for crude oil (IRAC). The December 2015 decision by the U.S.
Congress to remove restrictions on U.S. crude oil exports also has the potential to narrow the spread between the Brent price and
the price of domestic production streams under certain cases involving high levels of U.S. crude oil production.?’

Growing liquids supplies in North America—especially from the United States and Canada—brought almost 7 million b/d of
additional liquid fuels to market between 2008 and 2015. That increase has been offset only partially by supply disruptions in
other oil-producing regions, notably North Africa and the Middle East. Over the past two years, unplanned crude oil production
outages averaged 3.2 million b/d, according to EIA estimates, and amounted to 3.4 million b/d in November 2015.?> Organization
of the Petroleum Exporting Countries (OPEC) member countries Libya, Irag, and Iran and non-OPEC countries South Sudan and
Syria have accounted for a sizeable portion of the unplanned outages. It is difficult to predict when supplies from those nations may
return, given their substantial geopolitical risks, which adds considerable uncertainty to the projections.

Global liquid fuels production exceeded consumption beginning in 2014 and reached 95 million b/d in 2015. The surplus
production went into storage, swelling OECD inventories to 2.7 billion barrels in November 2015. Oil markets are expected to
remain oversupplied in the short term, keeping EIA's forecast for annual average prices below $50/b% through at least 2017.

In previous instances of oil market oversupply, OPEC members have cut production to stabilize or increase prices. However, Saudi
Arabia, the only member with substantial spare capacity, is no longer willing to bear the burden of production cuts alone, and since
prices began falling in mid-2014, OPEC members have not acted together to cut production. Thus, OPEC production has remained
stable and even increased, as OPEC members have attempted both to maximize revenue in the near term and to preserve market
share. The national economies of many OPEC members are largely dependent on oil revenues, which already have been cut by the
price drop, and OPEC producers have so far been unwilling to risk further revenue losses by decreasing production.

Four main factors could provide incentives for a sustained increase in world liquids production: (1) competition among OPEC
member countries for market share; (2) revenue requirements of liquids-exporting countries; (3) decreasing service costs; and (4)
further technology advances that lower the cost and raise recovery rates for tight oil development.

The IEO2016 uses price paths from the Annual Energy Outlook 2015 (AEO2015) Reference case, the AEO2015 Low Qil Price case,
and the AEO2015 High Qil Price case, except for adjustments to the first few years that were incorporated to reflect the continued
declines in crude oil prices that have occurred since the AEO2015 was published. Oil prices observed in 2015 and into 2016 more
closely resemble prices in the AEO2015 Low Qil Price case than those in the AEO2015 Reference case. However, oil prices are
expected to return to the AEO2015 Reference case path in the midterm when demand for liquid fuels returns to the growth rates
projected in the IEO2016 Reference case.

29The terms biofuels, GTL, CTL, and kerogen are used in the text of this chapter because they are common terms; however, in the tables a more uniform
nomenclature is employed: liquids from renewable sources, liquids from natural gas, liquids from coal, and liquids from kerogen, respectively.

21U.S. Energy Information Administration, Effects of Removing Restrictions on U.S. Crude Oil Exports (Washington, DC: September 2015), http://www.
eia.gov/analysis/requests/crude-exports/.

22 S. Energy Information Administration, Short-Term Energy Outlook (Washington, DC: December 2015), Figures 35 and 36, www.eia.gov/forecasts/STEO.

23Unless otherwise noted, all prices are reported in inflation-adjusted 2013 U.S. dollars.
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In response to low oil prices, which have reduced expectations of future revenue (and thus expected profits), capital expenditures
for investment in future production potential have been delayed or canceled. However, many OPEC and non-OPEC large capital
investment projects scheduled to be completed over the next several years will continue as planned. However, investment is likely
to continue slowing to a point at which producers (outside of tight oil plays), which provide over 90% of world crude and lease
condensate supply will be unable to respond quickly to future growth in demand for liquids. As a result, prices are expected to
return to the range of $80/b within the next decade. If supply growth slows as a result of underinvestment, a sustained period of
higher prices may be required to induce additional capital back into the market. Even then, long project timelines will delay the
reentry of some production from noncontinuous resources into the market.

World demand for liquid fuels has also been a key factor in the low world oil prices of the past few years. In non-OECD countries,
strong growth of liquids demand in the early to mid-2000s has moderated substantially as economic growth in key economies,
including China, India, and Brazil, has slowed. Liquids consumption among OECD countries, which reached 50 million b/d in 2005,
has been trending downward generally since that time, reflecting both growing energy efficiency in the transportation sector and a
lull'in demand associated with slow economic growth. However, even with those trends tending to dampen demand growth, world
liquid fuels consumption rises by an annual average of 1.1 million b/d in the IEO2016 Reference case.

Key influences on consumption and production are price trends and the reactions of consumers and producers to those trends, which
in turn influence future prices. EIA has developed three price cases to examine a range of potential interactions of supply, demand,
and prices in world liquid fuels markets: the IEO2016 Reference case and alternative Low Oil Price case and High Qil Price case
(Figure 2-1and Table 2-1). Although the three oil price cases represent a wide range of future market scenarios, they do not capture all
possible outcomes, and they are not intended to represent a measure of uncertainty. Because EIA's oil price paths represent market
equilibrium between supply and demand, they do not show the price volatility?* that occurs over days, months, or years.

In the IEO2016 Reference case, world consumption of petroleum and other liquid fuels increases from 90 million b/d in 2012 to
100 million b/d in 2020 and 121 million b/d in 2040. Compared with the IEO2014, the IEO2016 incorporates a smaller increase
in production from non-OPEC producers, particularly the United States, because of the effects of the drop in the oil prices that
began in mid-2014. The IEO2016 Reference case assumes that OPEC countries maintain or increase their combined market share
of world liquid fuels production rather than cut production. Total OPEC liquid fuels production represents between 39% and 43%

Figure 2-1. North Sea Brent crude oil spot prices in of total world production throughout the projection.

three cases, 1990-2040 (2013 dollars per barrel) In comparison with the IE02014, production of tight oil is
Hitory 2014 Brosecions particularly affectgd by the recgnt drop in oil prices. Still, the

largest new supplies of tight oil are projected to come from
the United States—with Canada, Russia, and Argentina,
250 High Oil Price among other countries, also beginning to produce tight oil in
the IEO2016 Reference case. In 2040, total production of tight
oil outside the United States remains below U.S. production in
200 the IEO2016 Reference case (Figure 2-2).
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Figure 2-2. World tight oil production in the IEO2016
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A/ Low Oil Price
United States

50\/\/\/

D r T T T 1 .
1990 2000 2014 2020 2030 2040 Russia
Table 2-1. North Sea Brent crude oil spot prices in 2012
three cases, 2012—40 (2013 dollars per barrel) Canada 5020
Year Reference Low Qil Price  High Qil Price —2040
2012 113 113 113
2020 79 58 149 Argentina
2025 91 64 169
2030 106 69 194
Rest of world
2035 122 72 221
2040 141 76 252 0 1 2 3 4 5 6

?*Price volatility is a measure of price risk, often expressed as the degree of variation in a price series over time, as measured by the standard deviation
of returns (i.e., percentage price changes). The price changes do not have to be measured on a daily basis and annualized. The price changes could be
measured weekly, monthly, or even annually and then annualized.
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Shale oil and tight gas: Recent developments outside North America

In 2014, only four countries—the United States, Canada, Argentina, and China—were producing commercial volumes of either
natural gas from shale formations (shale gas) or crude oil from shale or other tight formations (tight oil). Since the beginning of
2014, China has drilled more than 200 shale gas and tight oil wells, and Argentina has drilled more than 275 shale gas and tight
oil wells. Those two countries led shale resource development outside North America in the first half of 2015, and both have the
potential to increase production significantly (Figure 2-3).2° In addition, Algeria, Australia, Colombia, Mexico, Poland, and Russia
also began exploring and producing hydrocarbons from shale and other tight resources in 2015, but they are still short of reaching
commercial production.

Figure 2-3. EIA/ARI assessments of shale gas and tight oil resources in Argentina’s Nequen Basin and
China’s Sichuan Basin
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In Argentina, many international companies hold leases and have drilled wells in shale formations. Much of the initial activity has
targeted shale oil and natural gas in the Neuquen Basin's Vaca Muerta Shale formation, located in west-central Argentina. National
energy company Yacimientos Petroliferos Fiscales (YPF), the largest shale operator in the country, reported production in April
2015 of 22,900 b/d of oil and 67 million cubic feet per day (MMcf/d) of natural gas from three joint ventures in Vaca Muerta:
one with Chevron at the Loma Campana field, a second with Dow Chemical at the El Orejano field, and a third with Petronas at La
Amarga Chica field. In addition, China’s national oil company Sinopec and Russia’s national oil company Gazprom have recently
signed a memorandum of understanding with YPF for the joint development of shale resources from the same basin.

China has identified the Longmaxi formation in the Sichuan Basin, located in south-central China, as its initial shale gas exploration
and development objective. Although several international companies are active in China, much of the early effort has been led by
two of China’s national oil companies—Sinopec and PetroChina (owned by the China National Petroleum Corporation [CNPC]).
According to China's Ministry of Land and Resources, the two companies are on schedule to reach 600 MMcf/d of shale gas
production by the end of 2015. Sinopec has a commercial-scale effort underway at the Fuling Shale gas field in the Sichuan Basin,
currently producing 130 MMcf/d. By the end of 2014, Sinopec had completed 75 test wells at the Fuling field, with plans to drill an
additional 253 wells. CNPC has drilled 125 shale wells and brought 74 of them into production and is scheduled to produce 250
MMcf/d of shale gas by the end of 2015.

Production of other liquids increases by an average of 1.5%/year in the IEO2016 Reference case—50% faster than crude and lease
condensate production. The growth in other liquid supplies is attributed in part to the coproducts of natural gas production (i.e.,
NGPL) and to government policies aimed at increasing the use of alternative liquid fuels in the transportation sector. Other liquids
account for between 16% and 18% of total liquid supplies throughout the projection.

25EIA/ARI 2013 assessments noted large shale deposits in China and Argentina. See U.S. Energy Information Administration, “World Shale Resource
Assessments,” http://www.eia.gov/analysis/studies/worldshalegas/ (updated September 24, 2015), and Technically Recoverable Shale Gas and Shale
Oil Resources: An Assessment of 137 Shale Formations in 41 Countries Outside the United States (Washington, DC: June 13, 2013), http://www.eia.gov,
analysis/studies/worldshalegas/archive/2013/pdf/fullreport 2013.pdf.
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The High Qil Price case assumes faster economic growth among emerging non-OECD nations that contributes to higher world
demand for petroleum and other liquid fuels. On the supply side, the High Oil Price case assumes less upstream investment by
OPEC and a return to cartel-like behavior, and it assumes higher non-OPEC exploration and development costs. As a result, the
average spot market price for Brent crude oil rises to $252/b in 2040, or 78% above the IEO2016 Reference case price in 2040.

Thereverseis true in the Low Qil Price case. Slower economic growth leads to lower non-OECD demand for liquid fuels, while higher
upstream investment and production and non-cartel behavior in OPEC, as well as lower non-OPEC exploration and development
costs, contribute to increased supply from both OPEC and non-OPEC countries. As a result, the Brent spot price rises more slowly
than in the IEO2016 Reference case, to $76/b in 2040, or 47% below the IEO2016 Reference case price in 2040.

The discussion presented here provides an overview of both the production and consumption of liquid fuels in the three price
cases, as summarized in the notional supply and demand curves for 2040 shown in Figure 2-4. The oil price path in each of the
three cases is derived from an internally consistent, illustrative scenario of supply and demand. However, other combinations of
supply and/or demand could result in similar paths, and EIA does not evaluate the likelihood of either the price paths themselves or
the scenarios upon which they are based. Each price case represents one of potentially many combinations of supply and demand
that would result in the same price path. Because each case represents a potentially feasible equilibrium outcome, EIA does not
assign probabilities to any of the oil price cases and does not consider that these three cases represent the range of all possible
outcomes. The following section reviews each of the three price cases, their assumptions and indicative trends, and the potential
effects of each set of factors on future liquids markets.

IEO2016 Reference case

The IEQ2016 Reference case reflects global oil market events through the end of 2015. Over the past two years, growth in U.S.
crude oil production, along with the late-2014 drop in global crude oil prices, has altered the economics of the oil market. The new
market conditions are assumed to continue in the IEO2016 Reference case, with the average Brent price dropping from $113/b in
2012 to below $50/b in 2015. After 2017, growth in demand from non-OECD countries results in a return to higher world oil prices,
and the Brent price rises to $141/b in 2040.

World petroleum and other liquid fuels consumption

In the IEO2016 Reference case, world liquid fuels consumption increases by about one-third (31 million b/d), from 90 million b/d
in 2012 to 121 million b/d in 2040. In the medium to long term, oil prices rise as demand from the emerging, non-OECD economies
continues to grow, especially in the transportation sector and also in the industrial sector. Long-term sustained increases in oil prices
encourage consumers outside the transportation and industrial sectors to shift away from liquid fuels to more cost-competitive
fuels wherever possible. The largest decrease in liquids consumption occurs in the electric power sector, where renewable fuels,
natural gas, and nuclear power are substituted for liquids in many parts of the world.

Economic growth is among the most important factors
to be considered in projecting changes in world energy
consumption. In the IEO2016, assumptions about regional
economic growth—measured in terms of real GDP expressed
in purchasing power parity?®—underlie the projections of
regional demand for liquid fuels. World GDP increases by

Figure 2-4. Liquid fuels supply and demand (million
barrels per day) and North Sea Brent crude oil
equilibrium prices (2013 dollars per barrel) in three

cases, 2040
North Sea Brent crude oil price (2013 dollars per barrel)
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T~ - (Figure 2-7 and Table 2-2). In particular, non-OECD Asia and
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$0 - T T T 1 in increased demand for personal and freight transportation,

110 15 120 125 130 as well as demand for energy in the industrial sector.

26purchasing power parity (PPP) compares different currencies through a market basket of goods approach. Two currencies are in PPP when a market
basket of goods (taking exchange rates into account) is priced the same in both countries. See Investopedia LLC, http://www.investopedia.com
video/play/purchasing-power-parity-ppp/ (2016) and The Economist Newspaper Ltd., http://www.economist.com/content/big-mac-index.
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Effects of regulation on world demand for residual fuel oil

Throughout the world, residual fuel oil (RFO) is used in many sectors, including in marine transportation, power generation, in
commercial furnaces and boilers, and in various industrial processes. Also, in some areas RFO is used as a relatively low-cost fuel
for space heating. RFO is one of several residuals that remain after lighter materials, including gasoline and distillate, are distilled
from crude oil. RFO contains large amounts of contaminants, including sulfur, nitrogen, and heavy metals. Because of its high
viscosity, RFO generally is either blended with lighter streams or heated to ensure that it can be pumped.

RFO plays an important role in the global market for liquid fuels because its price is normally below that of other liquids. However,
health and environmental concerns related to the high sulfur content of RFO have led to new policies and regulations that have
significantly lowered expectations for its use in the future (Figure 2-5). As demand for RFO declines, refining upgrades will be
needed to convert residual material to lighter, cleaner products.

Large reductions in demand for RFO are likely to come from decreases in its use for power generation and for space heating. In the
power sector, the cost of pollution controls, maintenance, and RFO heating often offset the lower cost of RFO in comparison with
natural gas and other more expensive fuels. Consequently, power sector demand for RFO, especially in industrialized countries,
is expected to decrease, although it may continue to serve as a transitional fuel in the power sectors of non-OECD countries that
may be more sensitive to price and less sensitive to environmental and health implications. Additional significant reductions in
RFO demand could come from the implementation of rules set by Annex VI of the International Maritime Organization through the
International Convention of Pollution from Ships (Marpol).?’ Since 2012, Marpol regulations have required controls on emissions
of sulfur and nitrogen oxides worldwide. The regulations are based on emissions associated with fuel combustion rather than on
the fuels themselves. As a result, some marine transportation operators are considering the use of liquefied natural gas (LNG) as
an alternative fuel for ships operating along routes where LNG is available.

Because few refineries are capable of removing sulfur from RFO, Marpol compliance is likely to be achieved by two approaches:
using fuels with lower sulfur content (such as marine gasoil and intermediate fuel oil) and using scrubbers or other technologies
to remove sulfur from the exhaust of combustion processes. The levels stipulated by the Marpol regulations can be met by using
RFO with sulfur levels of no more than 3.5%. The rules also set more stringent requirements—consistent with RFO sulfur levels of
no more than 0.1%—in designated Emissions Control Areas (ECAs), which include the North Sea, the Baltic Sea, and the coastal
areas of North America and the Caribbean Sea. A 2016 study is intended to evaluate the probable availability and pricing of various
compliance options for the use of RFO in non-ECA areas.?® The study should yield a decision, no later than 2018, on when the
implementation of RFO reduction standards establishing sulfur emissions levels of no more than 0.5% will go into effect—either
in 2020 or in 2025 (Figure 2-6).

Figure 2-5. World consumption of residual fuel oil, Figure 2-6. Current and proposed Marpol
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?TInternational Maritime Organization, “International Convention for the Prevention of Pollution from Ships (MARPOL)" (London, UK: 2015),
http://www.imo.org/en/About/Conventions/ListOfConventions/Pages/International-Convention-for-the-Prevention-of-Pollution-from-Ships-
(MARPOL).aspx.

28\When the revised Marpol Annex VI entered into force in July 2010, it included a change to the name and definition of an emission control area from
SECA to ECA—an area where special mandatory measures are required to control nitrogen oxides (NOXx), sulfur oxides (SOx), particulate matter
(PM), or all three types of emissions from ships. See U.S. Environmental Protection Agency, “MARPOL Annex VI" (Washington, DC: September 1,
2015), https://www.epa.gov/enforcement/marpol-annex-vi.
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OECD demand for liquid fuels does not grow over the projection period, as the mature economies react to sustained high fuel prices
over the long term with strong efficiency gains (especially in personal transportation) and conservation. Although technology
efficiency improvements and fuel-switching opportunities also are available to non-OECD consumers, the scale of growth in
demand for transportation services in relatively underdeveloped transportation networks overwhelms the mitigating impact of
those efficiency improvements.

OECD

For most of the OECD countries, consumption of petroleum and other liquid fuels remains flat or declines in the IEO2016 Reference
case (see Figure 2-7). At 46 million b/d in 2040, total OECD liquid fuels consumption is only 0.6 million b/d higher than in
2012. In much of the OECD, slow economic growth and static or declining population levels contribute to lower levels of liquids
consumption. In addition, many OECD governments have adopted policies that mandate improvements in the efficiency of motor
vehicles, and consumers turn to more fuel-efficient transportation choices as high oil prices return in the long term. Efficiency
gains could also lower freight-related energy demand. The U.S. Environmental Protection Agency recently proposed a significant
increase in fuel economy standards for heavy trucks. Should these proposed standards be adopted as final rules, they would
significantly lower projections for diesel fuel use in trucks. To the extent that these standards are implemented and affect trucks
sold throughout the world, the reduction in trucking fuel use could be greatly magnified.

The United States is currently the OECD's largest consumer of liquid fuels, and it remains so through 2040. The use of liquid
fuels in the U.S. transportation sector declines over the projection period as a result of significantly lower energy use by light-duty
vehicles. However, the decline is moderated by increased energy use for heavy-duty vehicles, aircraft, and marine vessels. Over the
course of the projection period, increases in vehicle fuel economy offset growth in transportation activity. Industrial sector demand

Figure 2-7. OECD and non-OECD petroleum and Figure 2-8. Non-OECD petroleum and other liquid
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Table 2-2. World petroleum and other liquid fuels consumption by region, IEQ2016 Reference case, 1990—2040
(million barrels per day)
Average annual
percent change

Region 1990 2000 2012 2020 2030 2040 1990-2012 2012-2040
OECD 42.2 48.7 45.5 45.8 45.5 46.1 0.3 0.0
Americas 20.6 24.3 23.2 24.4 24.3 24.6 0.5 0.2
Europe 14.0 15.6 14.1 13.7 13.7 14.0 0.0 0.0
Asia 7.6 8.8 8.2 7.7 7.5 7.5 0.4 -0.3
Non-OECD 25.0 29.0 44.8 54.5 63.6 74.8 2.7 1.9
Europe and Eurasia 9.3 4.4 5.3 5.8 6.2 6.1 -2.5 0.5
Asia 6.6 12.5 215 26.7 32.2 38.9 5.5 21
Middle East 3.3 4.5 7.7 10.0 11.3 13.2 3.9 2.0
Africa 2.1 2.5 3.6 4.5 5.5 6.9 2.6 2.4
Americas 3.8 5.0 6.7 7.5 8.5 9.6 2.7 1.3
Total world 67.2 77.7 90.3 100.3 109.1 120.9 1.4 1.0
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for liquid fuels in the United States grows over the projection period, mainly because of increased use of hydrocarbon gas liquids
(HGL)—primarily ethane and propane—as feedstocks in the bulk chemicals industry. Total liquid fuels consumption in the United
States rises from 18.5 million b/d in 2012 to 19.7 million b/d in the early 2020s, then declines to 19.3 million b/d in 2040.

In Canada, fuel efficiency gains result in relatively flat consumption of petroleum and other liquid fuels, between 2.4 million b/d
and 2.5 million b/d throughout the projection period. In Mexico and Chile combined, liquid fuels consumption increases by 0.6%/
year—the highest growth rate among the OECD regions except for Australia and New Zealand. Despite improvements in vehicle
fuel efficiency, the use of liquid fuels increases in Mexico and Chile, particularly for transportation services (as the infrastructure is
still relatively underdeveloped) and for industrial production as demand grows.

In OECD Europe, consumption of liquid fuels remains stable, largely as a result of improvements in energy efficiency. In addition to
improvements in motor vehicle fuel efficiency, most of the nations in OECD Europe have high taxes on motor fuels, well-established
public transportation systems, and declining or slowly growing populations, all of which slow the growth of transportation energy
use. In 2040, liquid fuels consumption in OECD Europe totals 14.0 million b/d, or 0.1 million b/d lower than the 2012 level of 14.1
million b/d.

Petroleum and other liquid fuels consumption in OECD Asia generally declines over the long term, from 8.2 million b/d in 2012 to
7.5 million b/d in 2040. Over the past few years, the region'’s liquid fuels consumption rose, largely because of increased fuel use in
Japan's electric power sector after the March 2011 earthquake and tsunami that severely damaged nuclear reactors at Fukushima
Daiichi and subsequently led to the shutdown of all the country’s nuclear power reactors by May 2012. To compensate for the loss
of nuclear generation, Japan turned, in part, to oil-fired generation to meet demand for electricity in the short term. Consumption
of petroleum and other liquid fuels for power generation increased by an estimated 20% from 2011 to 2012 but has fallen as some
nuclear capacity has returned to operation, and as renewable generating capacity has grown. With Japan's use of liquid fuels for
power generation returning to more typical levels, the country’s overall trend of decreasing consumption of petroleum and other
liquid fuels resumes in the medium term.

Outside of Japan, the other countries of OECD Asia—South Korea, Australia, and New Zealand—experience some growth in
liquids fuels use, attributed mostly to expanding activity in the transportation and industrial sectors. In Australia and New Zealand,
expected population growth rates also contribute to a rise in demand for liquid fuels. Together, the two countries are projected to
account for the largest increase in demand among the OECD countries in the IEO2016 Reference case.

Non-OECD

The non-OECD share of world liquid fuels consumption grows from 50% in 2012 to 54% in 2020 and to 62% in 2040. Non-OECD
Asia shows the largest growth in liquid fuels consumption worldwide in the IEO2016 Reference case, at 17.4 million b/d from 2012
to 2040, with China accounting for 6.2 million b/d of the total increase. As China's economy moves from dependence on energy-
intensive industrial manufacturing to services, the transportation sector becomes the most significant source of growth in liquid
fuels use. The country’s liquid fuels consumption increases by 61% over the course of the projection period.

India’s GDP increases by 5.5%/year from 2012 to 2040 in the IEO2016 Reference case—the highest economic growth rate among
all the IEO regions. In recent years, India's government has committed to a number of economic and structural reforms that
will support the strong projected growth in GDP over the medium to long term. On the other hand, the government’s continued
efforts to reduce subsidies on petroleum products are expected to temper demand for liquid fuels. In the IEO2016 Reference case,
consumption of petroleum and other liquid fuels in India more than doubles, from 3.6 million b/d in 2012 to 8.3 million b/d in 2040,
as its GDP more than quadruples over the period.

Industrial CO2 emissions and petroleum coke use in refineries

EIA has identified possible discrepancies in the international reporting of data on fuels consumed in the petroleum refining sector
that may result in underestimation of energy-related emissions of greenhouse gases (GHG). Petroleum refining is one of the world's
most energy-intensive industries, and as demand for petroleum products in non-OECD countries continues to grow, their refining
industries are adding capacity to process more crude oil into gasoline, diesel, and other petroleum-based products. Evolving crude
oil inputs, changing market demands, and increasingly stringent emissions regulations all affect the refining process. As an energy-
intensive industry, petroleum refining also is a significant source of GHG emissions, and understanding and tracking the industry's
fuel use is essential to understanding its contribution to global GHG emissions.

Energy consumption by refineries includes both purchased fuels and internally derived fuels drawn from the crude oil refining
process itself. Petroleum coke (petcoke) is a refinery product that takes the form of a solid, carbon-rich substance resembling
coal. There are two kinds of petcoke: catalyst and marketable. Most refineries worldwide produce both types of petcoke, with
differences in production levels resulting from different refinery configurations and crude oil inputs. Heavier crudes typically yield
higher petroleum coke production.

Catalyst petcoke, or catcoke, is a byproduct from refinery fluid catalytic cracking (FCC) units. Catcoke is burned off the catalyst
matrix (generally, pellets or finer sand-sized particles) to maintain catalytic activity, providing energy for FCC processes. Catcoke
(continued on page 26)
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cannot be collected and sold. Rather, it must be burned onsite as refinery fuel. Catcoke is a significant source of carbon dioxide
(CO2) emissions. Marketable petcoke, on the other hand, is produced in coker units. Petcoke is collected and processed in sizable
chunks by the refinery and marketed for various uses, such as fuel for cement kilns and power generators. Marketable petcoke also
is widely used for nonfuel purposes, especially for conversion to carbon anodes used in aluminum production. When either type is
burned, sizable amounts of CO2 are released, along with sulfur and volatile heavy metals. In some countries, including the United
States, air quality regulations have made the burning of marketable petcoke prohibitively expensive. As a result, there has been an
increase in U.S. exports of marketable petcoke, with more than 14% of the 2012 total delivered to China.?’

The International Energy Agency (IEA) historical database, among other compilations, provides data on the world supply of
marketable petcoke, including production, trade, and consumption data for most nations. Many countries appear to omit catcoke
consumption, possibly because it is not sold as a marketed fuel. For those that do report catcoke consumption, there often is no
distinction between marketable petcoke and catcoke in the IEA database. However, it appears that most OECD nations (Chile,
Mexico, and Poland are a few of the exceptions) provide data for consumption of both marketable and catalyst petcoke in the
refining sector, the latter likely representing most petroleum coke consumption.

Other nations (including China, Russia, Brazil, and most of the other non-OECD nations) provide data for their petroleum coke
supply but not for their refining sector consumption. All of these countries have some FCC units in their refineries, and it is possible
that the catalyst coke portion of total petroleum coke consumption is not reported because it is burned in domestic refineries. This
situation would cause CO2 emissions for some countries to be underestimated.

China is one country that does not report data on refinery consumption of petcoke. One possible way to estimate its consumption
may be to assume that refining operations in the United States and China are not significantly different. If so, one would expect the
American and Chinese systems to use about the same amount of energy per barrel of crude oil processed. Total U.S. production of
petroleum catcoke (which is equal to refinery consumption of petcoke) is reported to be in the range of 200,000 b/d to 250,000
b/d, equivalent to about 0.1 million Btu of catcoke per barrel of crude processed in U.S. refineries. This value, multiplied by China’s
crude oil inputs, could provide a first-order approximation of catcoke consumption in China's refineries.

China's production and consumption of catcoke appear to be missing in official state statistics. According to IEA data, there is no
reported refinery consumption of either petroleum coke type in China's refineries, which seems unlikely in view of its substantial
FCC capacity. Moreover, if the missing refinery fuel is
catcoke, and if the United States and China produce roughly
refineries by fuel type, 2012 (million Btu per barrel of the same amount of catcoke per barrel in their FCC units,
crude oil produced) the unreported catcoke alone is not enough to balance the
0.7 production equations. Consistent with a recent report on the

petcoke market in China, 3 it seems likely that some of China's
0.6 .

Figure 2-9. Energy consumption in U.S. and China
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03 i Residual fuel marketable petcoke (Figure 2-9).
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Notes: Based on Carnegie Endowment data, EIA estimates that 90% (8.8
million metric tons) of China's fuel marketable petcoke is used as fuel in
refineries, and the remaining fuel marketable petcoke (1.2 million metric
tons) is used as fuel in small electric power plants. A small amount of
coal was reported to have been used in U.S. refineries in 2012 and none
in China's refineries.

estimates of China’s industrial sector energy consumption.
Further, China may not be the only example of a country whose
consumption of catcoke or petroleum coke goes unreported.
Better estimates of refinery consumption of catcoke and
petroleum coke fuel, not only for China but elsewhere as well,
would enable construction of a more accurate baseline for
world industrial sector CO2 emissions in the future.

29U.S. Energy Information Administration, “Petroleum & other liquids: data: exports by destination: petroleum coke” (October 30, 2015), http://www.

eia.gov/dnav/pet/PET_MOVE_EXPC_A_EPPC_EEX _MBBL_A.htm.

30Wang Tao, “Managing China’s Petcoke Problem” (Beijing, China: Carnegie-Tsinghua Center for Global Policy, May 31, 2015), http://carnegietsinghua.

org/2015/06/03/managing-china-s-petcoke-problem/i9fa.
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Liquid fuels demand in the Middle East grows substantially in the IEO2016 Reference case, by 5.5 million b/d from 2012 to
2040, as a result of strong population growth rates and rising incomes. In addition, liquids-intensive processes in the region's
industrial sector, particularly in the chemicals industry, are an important component of its growing demand for liquid fuels. Delays
in petroleum subsidy reforms in much of the region and strong growth in per capita incomes support a significant expansion of
liquid fuels consumption in the region’s transportation sector. Some subsidy reforms are assumed to occur in the later years of the
projection, with the resulting higher prices slowing the region’s growth in demand for liquid fuels.

Demand for liquid fuels in the Middle East region’s electric power sector declines from 2012 to 2040 in the IEO2016 Reference
case. Many of the countries in the region that produce liquid fuels increasingly turn to lower-cost natural gas and, to a lesser
extent, nuclear and renewable fuels to increase the volumes of petroleum available for export and to meet demand for fuel in the
transportation and industrial sectors. The timing of the Middle East shift from its reliance on liquid fuels for power generation
remains uncertain, however, as the region faces delays in infrastructure improvements, and because there are limits on the supply
of alternative fuels for power generation. For instance, Saudi Arabia has been unable to meet rapid growth in electricity demand
with power generated from domestic natural gas and has had to import fuel oil for power generation.

As in the Middle East, growing populations and economies in African countries increase the demand for liquid fuels for both
transportation and industrial uses over the IEO2016 projection. In the IEO2016 Reference case, Africa’s consumption of petroleum
and other liquid fuels grows by 3.3 million b/d from 2012 to 2040, as its real GDP increases by 4.7%/year from 2012 to 2040.
With an expected favorable investment environment and relative political stability in the long term, growing consumer demand is
projected to increase demand for consumer goods and services and to increase demand for liquid fuels, particularly for personal
transportation and freight services. The transportation sector accounts for 60% of the total increase in liquid fuels use in Africa in
the IEO2016 Reference case.

In Brazil and the other non-OECD Americas, consumption of liquid fuels increases by 2.9 million b/d, from 6.7 million b/d in 2012
to 9.6 million b/d in 2040. In some of the region’s national economies—notably Brazil, Colombia, and Peru—long-term economic
expansion is expected to support growing demand for liquid fuels, primarily for transportation uses but also in the industrial
sector. Brazil, with the region’s largest economy, accounts for about 60% of the regional growth in liquid fuels demand in the
IEO2016 Reference case. Economies that are less financially secure, including Venezuela and Argentina, will have a more difficult
time sustaining economic growth. Fuel subsidies in Venezuela, in particular, are costly, and it is difficult to anticipate when the
Venezuelan government might be able to reduce the subsidies.

In the countries of non-OECD Europe and Eurasia, demand for liquid fuels grows moderately from 2012 to 2020 in the IEO2016
Reference case before reaching a plateau. Russia—the largest economy in the region—currently accounts for the largest share of
the region’s consumption of liquid fuels, but as a result of major efficiency improvements in its energy-intensive industrial sector its
consumption increases more slowly than in the region’s other economies. In addition, demand for liquid fuels in Russia’s residential
and commercial sectors is projected to slow as fuel subsidies for people living in areas with high heating requirements are reduced.

World petroleum and other liquid fuels supplies

In the IEO2016 Reference case, world petroleum and other liquid fuels supplies depend on various sources, including OPEC and
non-OPEC crude oil and lease condensate supply as well as other liquids supply. Crude oil and lease condensate includes tight oil,
extra-heavy oil, field condensate, and bitumen (i.e., oil sands,
either diluted or upgraded); other liquids supply refers to
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enables them to account for 42% to 47% of total crude and lease condensate production worldwide over the course of the
projection period. Middle East OPEC member countries, which accounted for nearly 70% of total OPEC crude and lease
condensate production in 2012 (Figure 2-11), increase their crude and lease condensate production by 12 million b/d in the
IEO2016 Reference case, accounting for 94% of the total growth in OPEC crude and lease condensate production from 2012
to 2040.

Non-OPEC crude and lease condensate supply

In the IEO2016 Reference case, non-OPEC production of crude oil and lease condensate increases steadily, from 43 million b/d
in 2012 to 48 million b/d in 2020 and 53 million b/d in 2040. The average cost per barrel of non-OPEC oil production rises as
production volumes increase, and those cost increases, along with falling investment in exploration and production, eventually
slow production growth in the IEO2016 Reference case.

U.S. tight oil production, which reached 4.6 million b/d in May 2015 and is estimated to have declined to 4.3 million b/d in February
2016 has proven more resilient in the face of low prices than many market watchers initially anticipated. However, tight oil makes
up only a small portion of total non-OPEC supply of crude and lease condensate, which was estimated at roughly 45 million
b/d in the first quarter of 2016. Given the long investment cycle for many projects outside of shale plays, the current decline in
investment can have long-term effects. Delays and cancelations of planned projects are expected to continue for the next several
years, especially for projects with high development costs, such as Canadian oil sands and large offshore projects. Some existing
production capacity has also begun coming offline in 2015 as well. For example, a number of fields in the North Sea have been
closed earlier than originally planned. Resources with the highest operating costs and most strained financing are expected to be
the first to come offline. These resources include tight oil, stripper wells, and fields that experience equipment failures—all of which
require ongoing capital investments to offset declines in production from existing wells.

Otbher liquids supply

Other liquid fuels—including NGPL, biofuels, CTL, GTL, kerogen (oil shale), and refinery gain—currently supply a relatively small
portion of total world petroleum and other liquid fuels, accounting for about 16% of the total in 2012. Other liquid fuels are
projected to grow modestly in importance in the IEO2016 Reference case, as the other liquids share of the world's total liquids
supply increases to 18% in 2040 (see Figure 2-10).

NGPL is the largest component of other liquids, accounting for 67% of the total in 2012 (Figure 2-12). The increase in NGPL
production in I[EOQ2016 is directly related to the increase in natural gas production, of which NGPL is often a coproduct. In
contrast, increased production of 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 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 also relies heavily on policies or mandates
to support growth.

Figure 2-11. OPEC crude and lease condensate Figure 2-12. World other liquid fuels production by
production by region in the IEQ2016 Reference case, source, 2012, 2020, and 2040 (million barrels per day)
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Iran’s return to the international oil market

Implementation Day for the Joint Comprehensive Plan of Action (JCPOA) agreement among Iran, the P5+1 (the five permanent
members of the United Nations Security Council and Germany), and the European Union (EU), occurred on January 16, 2016, when
the International Atomic Energy Agency verified that Iran had completed the key physical steps required to trigger sanctions relief.
With this milestone, the United States, the EU, and the United Nations lifted nuclear-related sanctions against Iran, which included
oil-related sanctions that limited Iran's ability to sell its oil on the global market since late 2011. With nuclear-related sanctions
being lifted:

* Some Iranian banks can rejoin the Society for Worldwide Interbank Financial Telecommunication (SWIFT) system to conduct
financial transactions electronically on the world market.

* |ran can access its foreign cash reserves held in banks worldwide. According to the U.S. Department of Treasury, Iran’s Central
Bank has between $100 billion and $125 billion in foreign exchange assets globally, but its usable liquid assets are estimated
at slightly more than $50 billion.

* Non-U.S. companies can invest in Iran’s oil and natural gas industry, including the sale, supply, and transfer of equipment and
technology.

* Countries within the EU and elsewhere can import oil, natural gas, and petrochemical products from Iran, and countries already
importing from Iran can increase their purchases.

* European Protection and Indemnity (P&I) Clubs can provide insurance and reinsurance for Iranian oil tankers.

Previously imposed U.S. primary sanctions related to human rights abuses and terrorism remain in place, and some Iranian citizens
and entities that were delisted under nuclear sanctions as a result of the JCPOA agreement will remain listed under these primary
sanctions. In addition, the United States has imposed new sanctions on individuals and entities linked to recent ballistic missile
tests by Iran.3' As a result, non-U.S. companies may be slow to rush back into Iran until they determine how they can resume
business without violating the prevailing sanctions. U.S. companies remain precluded from conducting business with Iran, with
the exception of foreign subsidiaries of U.S. firms that receive case-by-case approvals from the U.S. Department of the Treasury.

Although its crude oil exports were nearly halved by sanctions between 2011 and 2014, Iran still ranks among the world's top 10
producers of oil and among the top 5 producers of natural gas. Iran’s crude oil production has been relatively flat over the past
three years, averaging 2.8 million barrels per day (b/d) and representing 9% of OPEC's total crude oil production.3? Iran’ s total
liquids production in 2015 amounted to nearly 3.5 million b/d, and its total production of dry natural gas in 2013 was estimated at
5.7 trillion cubic feet.®® Iran is the world's fourth-largest holder of oil reserves (nearly 158 billion barrels) and the world's second-
largest holder of natural gas reserves (1.2 trillion cubic feet).3*

The pace at which Iran will ramp up its exports now that sanctions have been lifted is uncertain. Iran has a considerable amount
of oil stored offshore in tankers (between 30 million and 50 million barrels, most of which is condensate) and at onshore facilities.
Initial post-sanction increases in Iran’s exports are likely to come from storage, with meaningful production increases occurring
after some of the storage has been cleared. Most of the production growth is expected to come from crude oil production capacity
that currently is shut in, and the remainder is expected to come from newly developed fields. Iranian and Chinese companies have
been developing a number of new oil fields in Iran over the past several years, which have the potential to add 100,000 b/d to
200,000 b/d of crude oil production capacity by 2017.

In addition to crude oil, Iran’s current production of condensate and NGPL totals nearly 750,000 b/d, of which 75% is condensate
and the remainder NGPL. Iran’s noncrude liquids production has grown over the past few years, with its main buyers in Asia
(mainly China) and the United Arab Emirates (UAE). Currently, there is an oversupply of condensate on the global market as a
result of increased production from Australia, the United States, and the Middle East. Iran has had difficulty selling the condensate
it produces both because of the oversupply and because of its high sulfur content. As a result, the condensate has been sold at a
discount.® Iran’s production of other liquids is expected to grow by 150,000 b/d by the end of 2016 and by an additional 100,000
b/d by the end of 2017, as more project phases at the South Pars natural gas field come online.

Iran has the potential to add almost 2 million b/d of crude oil, condensate, and natural gas plant liquids to the global market over
the next five years. However, the global oil market already is oversupplied, and EIA projects that oil inventories will continue to
(continued on page 30)

31U.S. Department of the Treasury, “Treasury Sanctions Those Involved in Ballistic Missile Procurement for Iran” (January 17, 2016), https://www.
treasury.gov/press-center/press-releases/Pages/jl0322.aspx.

32U.S. Energy Information Administration, “Iran’s petroleum production seen rising as many sanctions are lifted,” This Week in Petroleum (January 21,
2016), https://www.eia.gov/petroleum/weekly/archive/2016/160121/includes/analysis_print.cfm.

33U.S. Energy Information Administration, “Under sanctions, Iran's crude oil exports have nearly halved in three years,” Today in Energy (June 24, 2015),
http://www.eia.gov/todayinenergy/detail.cfm?id=21792.

34U.S. Energy Information Administration, “Iran,” Country Analysis Brief (June 19, 2015), http://www.eia.gov/beta/international /analysis.cfm?iso=IRN.

35U.S. Energy Information Administration, “Nuclear accord creates potential for additional crude oil production from Iran,” Today in Energy (August 13,
2015), http://www.eia.gov/todayinenergy/detail.cfm?id=22492.
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build throughout 2016.3¢ Consequently, Iran's ability to increase its crude oil sales may be limited by global demand and the
availability of buyers.

Actual production growth after 2017 will depend on Iran’s ability to attract foreign investment that will provide access to better
technology, a higher level of expertise, and more financing opportunities. Iran recently modified its contract structure in hopes
of increasing joint development of its oil and natural gas fields by both international and Iranian oil companies. Iran's restrictive
buyback contracts will be replaced by a new Iran Petroleum Contract (IPC), which was formally introduced in Tehran, Iran, in
November 2015 (although the final draft of the IPC has not been released). Notable changes include allowing foreign companies
to book reserves in Iran in some cases (although they will not be permitted to own fields®’) and increasing contract durations to as
much as 25 years (which will allow IOCs to participate beyond exploration and development and into the production and secondary
recovery phases). Under the IPC, fees and bonuses will be based on a project’s associated risks. At the Tehran conference in
November 2015, Iran unveiled a list of 53 oil and natural gas projects, along with 18 exploration blocks, which it hopes will attract
at least $30 billion in foreign investment.®

There are notable risks associated with Iran’s production outlook. The JCPOA includes a dispute resolution process and guidance
for the snap back of sanctions if Iran strays from its commitments. As a result, there is a possibility that sanctions could be
reinstated, which adds a downside risk to Iran’s production outlook. In addition, the involvement of the Iranian Revolutionary Guard
Corps (IRGC) in Iran's oil and natural gas industry complicates the outlook for foreign investment. The IRGC, which is subject to
U.S. sanctions related to sponsorship of international terrorism, maintains ownership interests in many of Iran’s service sector
companies, presenting a potential problem for foreign companies that want to use Iranian contractors.

Foreign investment in Algeria’s hydrocarbon development

Algeria is currently the third-largest oil producer (after Nigeria and Angola) in Africa and is also the continent’s largest natural gas
producer. Over the past decade, however, Algeria's production of both oil (Figure 2-13) and natural gas (Figure 2-14) has declined,
leading the Algerian government to amend its law on foreign investment in hydrocarbons in an attempt to attract the investment
and technology improvements needed to help stop production declines. In 2014, after the Algerian Council of Ministers gave
formal approval for foreign partners to join the national oil and natural gas company, Sonatrach, in exploring and developing shale
gas resources, Sonatrach offered 33 blocks in four sedimentary basins with high shale gas and oil potential to foreign bidders.
Following the auction, the company signed five contracts with Repsol, Shell, Statoil, and Dragon Qil-Enel. By law, Sonatrach takes
a majority share (at least 51%) of any resulting projects.

(continued on page 31)

Figure 2-13. Crude oil production in Algeria, 2005-14 Figure 2-14. Natural gas production in Algeria,
(thousand barrels per day) 2005-14 (billion cubic feet per day)
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36U.S. Energy Information Administration, “Global Petroleum and Other Liquids,” Short-Term Energy Outlook (January 12, 2016), https://www.eia.gov,
forecasts/steo/report/global_oil.cfm.

37Although companies can book reserves, the National Iranian Oil Company (NIOC) retains exclusive ownership of fields.

38A. Lidgett, “Iran’s New Oil And Gas Contract Framework Revealed,” International Business Times (November 28, 2015), http://www.ibtimes.com
irans-new-oil-gas-contract-framework-revealed-2202878.
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Algeria has large proved reserves of crude oil and natural gas, as well as resources that already are connected to world markets
through an extensive natural gas pipeline network (Figure 2-15). In addition, Algeria's large shipping fleet transports liquefied
natural gas (LNG) from several liquefaction plants to customers in Europe and elsewhere. Proved crude oil reserves in Algeria
totaled 12.2 billion barrels in 2014. In addition, the U.S. Geological Survey (USGS) has estimated the country’s undiscovered oil and
NGL resources at 9.8 billion barrels, while EIA and Advanced Resources International (EIA/ARI) have estimated close to 6 billion
barrels of technically recoverable shale oil resources. Proved natural gas reserves totaled 159 trillion cubic feet (Tcf) in 2014, with
an additional 49 Tcf of undiscovered natural gas resources estimated by USGS and more than 700 Tcf of technically recoverable
shale gas resources estimated by EIA/ARI.

Figure 2-15. Oil and natural gas basins and pipeline
infrastructure in Algeria
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Early this year, Sonatrach announced plans to spend $64 billion, or 70% of its total investment program from 2015 to 2018, in
upstream activities to reverse the decline in crude oil and natural gas production in Algeria. Sonatrach set a target to increase gross
hydrocarbon output from 1,429 