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luge volumes of oil are needed to meet growing demand and offset
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energy markets?
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energy balance - is treated in much the same way as conventional
fuels: Its prospects and contribution are presented in a dedicated
chapter. And the report examines the outlook for Brazil's energy sector
in detail and the implications for the global energy landscape.
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Foreword

This year’s World Energy Outlook, WEO-2013, should make us all stop and think.

Dr. Fatih Birol and his dedicated team at the IEA, supported by many others in the Agency
and over 200 highly-qualified external reviewers, have given us another arresting view of the
main developments in the energy world over the last year and drawn out the implications
for the future. We have been privileged to work this year with many experts on Brazilian
energy to analyse that country’s prospects. We have done the same with governments
and external experts with respect to Southeast Asia — and have published our findings
separately to respond to the timetable of important regional discussions.

From a wealth of information and analysis, | select some of the key findings which have
seized my attention and will guide my thinking during the coming months:

B On the basis of the intentions already expressed by governments, energy efficiency is
setto “supply” more additional energy than oil through to 2035. Energy efficiency is the
only “fuel” that simultaneously meets economic, energy security and environmental
objectives.

m  Half the increase in the world’s electricity output to 2035 comes from renewables.
Variable sources — wind and solar — make up a large part of the increase. As integrating
these variable renewables can be complex and costly, policies to support their
deployment need to be complemented by action on infrastructure development and,
in some cases, market structure.

®  On the back of light tight oil output, the United States is on the verge of becoming the
world’s largest oil producer and is well on its way to realising the American dream of
net energy self-sufficiency.

B The Middle East, long thought of primarily as a supplier to world energy markets, is
becoming a major energy consumer. Growth in Middle East oil consumption by 2035
entirely offsets the reduction in consumption in OECD Europe. Growth in Middle East
gas demand to 2035, in absolute terms, is second only to that of China.

®  The world of oil refining is in transition. Markets are shifting east, as demand grows
in the developing world and falls in OECD countries, while feedstock changes redefine
the required characteristics of refineries.

Anyone with special interest in one of the fuels — especially oil, which we analyse in depth
this year — will find their own insights in the relevant chapters. Energy efficiency — the
ultimate alternative fuel — is explored on an equal basis in its own chapter. Chapter 8,
on competitiveness, informs the growing debate about the implications for industrial
competitiveness of differences in energy prices across the regions of the world.
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Our purpose in the WEO is objective: to draw attention to the course on which the energy
world is set and to point out the issues that arise. But we have ideas for solutions and stand
ready to discuss them with all members of the community touched by the fortunes and
operations of the energy sector.

This publication is produced under my authority as Executive Director of the IEA.

Maria van der Hoeven
Executive Director
International Energy Agency
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Executive Summary

Orientation for a fast-changing energy world

Many of the long-held tenets of the energy sector are being rewritten. Major importers
are becoming exporters, while countries long-defined as major energy exporters are also
becoming leading centres of global demand growth. The right combination of policies
and technologies is proving that the links between economic growth, energy demand and
energy-related CO, emissions can be weakened. The rise of unconventional oil and gas
and of renewables is transforming our understanding of the distribution of the world’s
energy resources. Awareness of the dynamics underpinning energy markets is essential for
decisionmakers attempting to reconcile economic, energy and environmental objectives.
Those that anticipate global energy developments successfully can derive an advantage,
while those that fail to do so risk making poor policy and investment decisions. This edition
of the World Energy Outlook (WEO-2013) examines the implications of different sets of
choices for energy and climate trends to 2035, providing insights along the way that can
help policymakers, industry and other stakeholders find their way in a fast-changing energy
world.

The centre of gravity of energy demand is switching decisively to the emerging economies,
particularly China, India and the Middle East, which drive global energy use one-third
higher. In the New Policies Scenario, the central scenario of WEO-2013, China dominates
the picture within Asia, before India takes over from 2020 as the principal engine of
growth. Southeast Asia likewise emerges as an expanding demand centre (a development
covered in detail in the WEO Special Report: Southeast Asia Energy Outlook, published
in October 2013). China is about to become the largest oil-importing country and India
becomes the largest importer of coal by the early 2020s. The United States moves steadily
towards meeting all of its energy needs from domestic resources by 2035. Together, these
changes represent a re-orientation of energy trade from the Atlantic basin to the Asia-
Pacific region. High oil prices, persistent differences in gas and electricity prices between
regions and rising energy import bills in many countries focus attention on the relationship
between energy and the broader economy. The links between energy and development
are illustrated clearly in Africa, where, despite a wealth of resources, energy use per capita
is less than one-third of the global average in 2035. Africa today is home to nearly half of
the 1.3 billion people in the world without access to electricity and one-quarter of the
2.6 billion people relying on the traditional use of biomass for cooking. Globally, fossil fuels
continue to meet a dominant share of global energy demand, with implications for the links
between energy, the environment and climate change.

As the source of two-thirds of global greenhouse-gas emissions, the energy sector will be
pivotal in determining whether or not climate change goals are achieved. Although some
carbon abatement schemes have come under pressure, initiatives such as the President’s
Climate Action Plan in the United States, the Chinese plan to limit the share of coal in the
domestic energy mix, the European debate on 2030 energy and climate targets and Japan’s
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discussions on a new energy plan all have the potential to limit the growth in energy-
related CO, emissions. In our central scenario, taking into account the impact of measures
already announced by governments to improve energy efficiency, support renewables,
reduce fossil-fuel subsidies and, in some cases, to put a price on carbon, energy-related
CO, emissions still rise by 20% to 2035. This leaves the world on a trajectory consistent with
a long-term average temperature increase of 3.6 °C, far above the internationally agreed
2 °C target.

Who has the energy to compete?

Large differences in regional energy prices have sparked a debate about the role of energy
in unleashing or frustrating economic growth. Brent crude oil has averaged $110 per barrel
in real terms since 2011, a sustained period of high oil prices that is without parallel in oil
market history. But unlike crude oil prices, which are relatively uniform worldwide, prices
of other fuels have been subject to significant regional variations. Although gas price
differentials have come down from the extraordinary levels seen in mid-2012, natural gas
in the United States still trades at one-third of import prices to Europe and one-fifth of
those to Japan. Electricity prices also vary, with average Japanese or European industrial
consumers paying more than twice as much for power as their counterparts in the United
States, and even Chinese industry paying almost double the US level. In most sectors, in
most countries, energy is a relatively minor part of the calculation of competitiveness. But
energy costs can be of crucial importance to energy-intensive industries, such as chemicals,
aluminium, cement, iron and steel, paper, glass and oil refining, particularly where the
resulting goods are traded internationally. Energy-intensive sectors worldwide account for
around one-fifth of industrial value added, one-quarter of industrial employment and 70%
of industrial energy use.

Energy price variations are set to affect industrial competitiveness, influencing investment
decisions and company strategies. While regional differences in natural gas prices narrow
in our central scenario, they nonetheless remain large through to 2035 and, in most cases,
electricity price differentials persist. In many emerging economies, particularly in Asia,
strong growth in domestic demand for energy-intensive goods supports a swift rise in
their production (accompanied by export expansion). But relative energy costs play a more
decisive role in shaping developments elsewhere. The United States sees a slight increase
in its share of global exports of energy-intensive goods, providing the clearest indication of
the link between relatively low energy prices and the industrial outlook. By contrast, the
European Union and Japan both see a strong decline in their export shares — a combined
loss of around one-third of their current share.

Searching for an energy boost to the economy

Countries can reduce the impact of high prices by promoting more efficient, competitive
and interconnected energy markets. Cost differentials between regional gas markets could
be narrowed further by more rapid movement towards a global gas market. As we examine
in a Gas Price Convergence Case, this would require a loosening of the current rigidity
of liquefied natural gas (LNG) contracting structures and oil-indexed pricing mechanisms,
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spurred by accelerated gas market reforms in the Asia-Pacific region and LNG exports from
North America (and an easing of costs for LNG liquefaction and shipping). There is also
potential in some regions, notably China, parts of Latin America and even parts of Europe,
to replicate at smaller scale the US success in developing its unconventional gas resources,
though uncertainty remains over the quality of the resources, the costs of their production
and, in some countries, public acceptance for their development.

A renewed focus on energy efficiency is taking hold and is set to deliver benefits that
extend well beyond improvements in competitiveness. Notable policies introduced
over the past year include measures targeting efficiency improvements in buildings in
Europe and Japan, in motor vehicles in North America and in air conditioners in parts of
the Middle East, and energy pricing reforms in China and India. As well as bringing down
costs for industry, efficiency measures mitigate the impact of energy prices on household
budgets (the share of energy in household spending has reached very high levels in the
European Union) and on import bills (the share of energy imports in Japan’s GDP has risen
sharply). But the potential for energy efficiency is still far from exhausted: two-thirds of the
economic potential of energy efficiency is set to remain untapped in our central scenario.
Action is needed to break down the various barriers to investment in energy efficiency.
This includes phasing out fossil-fuel subsidies, which we estimate rose to $544 billion
worldwide in 2012.

Enhancing energy competitiveness does not mean diminishing efforts to tackle climate
change. The WEO Special Report: Redrawing the Energy-Climate Map, published in June
2013 identified four pragmatic measures — improving efficiency, limiting the construction
and use of the least-efficient coal-fired power plants, minimising methane emissions in
upstream oil and gas, and reforming fossil-fuel subsidies — that could halt the increase in
emissions by 2020 without harming economic growth. This package of measures would
complement the developments already envisaged in our central scenario, notably the
rise in deployment of renewable energy technologies. Governments need, though, to be
attentive to the design of their subsidies to renewables, which surpassed $100 billion in
2012 and expand to $220 billion in 2035. As renewables become increasingly competitive
on their own merits, it is important that subsidy schemes allow for the multiple benefits
of low-carbon energy sources without placing excessive burdens on those that cover the
additional costs. A carefully conceived international climate change agreement can help
to ensure that the energy-intensive industries in countries that act decisively to limit
emissions do not face unequal competition from countries that do not.

Light tight oil shakes the next ten years, but leaves the longer term unstirred

The capacity of technologies to unlock new types of resources, such as light tight oil (LTO)
and ultra-deepwater fields, and to improve recovery rates in existing fields is pushing
up estimates of the amount of oil that remains to be produced. But this does not mean
that the world is on the cusp of a new era of oil abundance. An oil price that rises steadily
to $128 per barrel (in year-2012 dollars) in 2035 supports the development of these new
resources, though no country replicates the level of success with LTO that is making the
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United States the largest global oil producer. The rise of unconventional oil (including LTO)
and natural gas liquids meets the growing gap between global oil demand, which rises by
14 mb/d to reach 101 mb/d in 2035, and production of conventional crude oil, which falls
back slightly to 65 mb/d.

The Middle East, the only large source of low-cost oil, remains at the centre of the
longer-term oil outlook. The role of OPEC countries in quenching the world’s thirst for
oil is reduced temporarily over the next ten years by rising output from the United States,
from oil sands in Canada, from deepwater production in Brazil and from natural gas liquids
from all over the world. But, by the mid-2020s, non-OPEC production starts to fall back and
countries in the Middle East provide most of the increase in global supply. Overall, national
oil companies and their host governments control some 80% of the world’s proven-plus-
probable oil reserves.

The need to compensate for declining output from existing oil fields is the major driver
for upstream oil investment to 2035. Our analysis of more than 1 600 fields confirms
that, once production has peaked, an average conventional field can expect to see annual
declines in output of around 6% per year. While this figure varies according to the type of
field, the implication is that conventional crude output from existing fields is set to fall by
more than 40 mb/d by 2035. Among the other sources of oil, most unconventional plays
are heavily dependent on continuous drilling to prevent rapid field-level declines. Of the
790 billion barrels of total production required to meet our projections for demand to
2035, more than half is needed just to offset declining production.

Demand for mobility and for petrochemicals keeps oil use on an upward trend to 2035,
although the pace of growth slows. The decline in oil use in OECD countries accelerates.
China overtakes the United States as the largest oil-consuming country and Middle East
oil consumption overtakes that of the European Union, both around 2030. The shifting
geography of demand is further underlined by India becoming the largest single source of
global oil demand growth after 2020. Oil consumption is concentrated in just two sectors by
2035: transport and petrochemicals. Transport oil demand rises by 25% to reach 59 mb/d,
with one-third of the increase going to fuel road freight in Asia. In petrochemicals, the
Middle East, China and North America help push up global oil use for feedstocks to 14 mb/d.
High prices encourage efficiency improvements and undercut the position of oil wherever
alternatives are readily available, with biofuels and natural gas gaining some ground as
transport fuels.

The great migration in oil refining and trade

Major changes in the composition of oil supply and demand confront the world’s refiners
with an ever-more complex set of challenges, and not all of them are well-equipped
to survive. Rising output of natural gas liquids, biofuels and coal- or gas-to-liquids
technologies means that a larger share of liquid fuels reaches consumers without having
to pass through the refinery system. Refiners nonetheless need to invest to meet a surge
of more than 5 mb/d in demand for diesel that is almost triple the increase in gasoline
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use. The shift in the balance of oil consumption towards Asia and the Middle East sees
a continued build-up of refining capacity in these regions; but, in many OECD countries,
declining demand and competition in product export markets intensify pressure to shut
capacity. Over the period to 2035, we estimate that nearly 10 mb/d of global refinery
capacity is at risk, with refineries in OECD countries, and Europe in particular, among the
most vulnerable.

The new geography of demand and supply means a re-ordering of global oil trade flows
towards Asian markets, with implications for co-operative efforts to ensure oil security.
The net North American requirement for crude imports all but disappears by 2035 and the
region becomes a larger exporter of oil products. Asia becomes the unrivalled centre of
global oil trade as the region draws in — via a limited number of strategic transport routes
—a rising share of the available crude oil. Deliveries to Asia come not only from the Middle
East (where total crude exports start to fall short of Asian import requirements) but also
from Russia, the Caspian, Africa, Latin America and Canada. New export-oriented refinery
capacity in the Middle East raises the possibility that oil products, rather than crude, take
a larger share of global trade, but much of this new capacity eventually serves to cater to
increasing demand from within the region itself.

The power sector adjusts to a new life with wind and solar

Renewables account for nearly half of the increase in global power generation to 2035,
with variable sources — wind and solar photovoltaics — making up 45% of the expansion
in renewables. China sees the biggest absolute increase in generation from renewable
sources, more than the increase in the European Union, the United States and Japan
combined. In some markets, the rising share of variable renewables creates challenges
in the power sector, raising fundamental questions about current market design and its
ability to ensure adequate investment and long-term reliability of supply. The increase in
generation from renewables takes its share in the global power mix above 30%, drawing
ahead of natural gas in the next few years and all but reaching coal as the leading fuel for
power generation in 2035. The current rate of construction of nuclear power plants has
been slowed by reviews of safety regulations, but output from nuclear eventually increases
by two-thirds, led by China, Korea, India and Russia. Widespread deployment of carbon
capture and storage (CCS) technology would be a way to accelerate the anticipated decline
in the CO, emissions intensity of the power sector, but in our projections only around 1%
of global fossil fuel-fired power plants are equipped with CCS by 2035.

Economics and policies, in different doses, are key to the outlook for coal and gas

Coal remains a cheaper option than gas for generating electricity in many regions, but
policy interventions to improve efficiency, curtail local air pollution and mitigate climate
change will be critical in determining its longer-term prospects. Policy choices in China,
which has outlined plans to cap the share of coal in total energy use, will be particularly
important as China now uses as much coal as the rest of the world combined. In our central
scenario, global coal demand increases by 17% to 2035, with two-thirds of the increase
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occurring by 2020. Coal use declines in OECD countries. By contrast, coal demand expands
by one-third in non-OECD countries — predominantly in India, China and Southeast Asia —
despite China reaching a plateau around 2025. India, Indonesia and China account for 90%
of the growth in coal production. Export demand makes Australia the only OECD country to
register substantial growth in output.

Market conditions vary strikingly in different regions of the world, but the flexibility and
environmental benefits of natural gas compared with other fossil fuels put it in a position
to prosper over the longer term. Growth is strongest in emerging markets, notably China,
where gas use quadruples by 2035, and in the Middle East. But in the European Union,
gas remains squeezed between a growing share of renewables and a weak competitive
position versus coal in power generation, and consumption struggles to return to 2010
levels. North America continues to benefit from ample production of unconventional
gas, with a small but significant share of this gas finding its way to other markets as
LNG, contributing — alongside other conventional and unconventional developments in
East Africa, China, Australia and elsewhere — to more diversity in global gas supply. New
connections between markets act as a catalyst for changes in the way that gas is priced,
including more widespread adoption of hub-based pricing.

Brazil is at the leading edge of deepwater and low-carbon development

Brazil, the special focus country in this year’s Outlook, is set to become a major exporter
of oil and a leading global energy producer. Based mainly on a series of recent offshore
discoveries, Brazil’s oil production triples to reach 6 mb/d in 2035, accounting for one-
third of the net growth in global oil production and making Brazil the world’s sixth-largest
producer. Natural gas production grows more than five-fold, enough to cover all of the
country’s domestic needs by 2030, even as these expand significantly. The increase in
oil and gas production is dependent on highly complex and capital-intensive deepwater
developments, requiring levels of upstream investment beyond those of either the Middle
East or Russia. A large share of this will need to come from Petrobras, the national oil
company, whose mandated role in developing strategic fields places heavy weight on its
ability to deploy resources effectively across a huge and varied investment programme.
Commitments made to source goods and services locally within Brazil add tension to a
tightly stretched supply chain.

Brazil’s abundant and diverse energy resources underpin an 80% increase in its energy
use, including the achievement of universal access to electricity. Rising consumption is
driven by the energy needs of an expanding middle class, resulting in strong growth in
demand for transport fuels and a doubling of electricity consumption. Meeting this demand
requires substantial and timely investment throughout the energy system — $90 billion per
year on average. The system of auctions for new electricity generation and transmission
capacity will be vital in bringing new capital to the power sector and in reducing pressure
on end-user prices. The development of a well-functioning gas market, attractive to new
entrants, can likewise help spur investment and improve the competitive position of
Brazilian industry. A stronger policy focus on energy efficiency would ease potential strains
on a rapidly growing energy system.
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Brazil’s energy sector remains one of the least carbon-intensive in the world, despite
greater availability and use of fossil fuels. Brazil is already a world-leader in renewable
energy and is set to almost double its output from renewables by 2035, maintaining
their 43% share of the domestic energy mix. Hydropower remains the backbone of the
power sector. Yet reliance on hydropower declines, in part because of the remoteness and
environmental sensitivity of a large part of the remaining resource, much of which is in
the Amazon region. Among the fuels with a rising share in the power mix, onshore wind
power, which is already proving to be competitive, natural gas and electricity generated
from bioenergy take the lead. In the transport sector, Brazil is already the world’s second-
largest producer of biofuels and its production, mainly as sugarcane ethanol, more than
triples. Suitable cultivation areas are more than sufficient to accommodate this increase
without encroaching on environmentally sensitive areas. By 2035, Brazilian biofuels meet
almost one-third of domestic demand for road-transport fuel and its net exports account
for about 40% of world biofuels trade.
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PART A
GLOBAL ENERGY TRENDS

Part A of this WEO (Chapters 1-8) presents energy projections to 2035. It covers the
prospects for all energy sources, regions and sectors and an assessment of the impact
of energy use on climate change. Three scenarios are presented — the New Policies
Scenario, the Current Policies Scenario and the 450 Scenario — together with several
special cases.

Chapter 1 defines the scenarios and sets out the various inputs and modelling
assumptions utilised in the analysis.

Chapter 2 summarises the results of the projections for global energy in aggregate
and draws out the implications for energy security, environmental protection and
economic development. The chapter also provides special features on Southeast
Asia’s emergence as a key player in the global energy system, achieving universal
energy access and developments in subsidies to fossil fuels and renewables.

Chapters 3-6 analyse the outlook for natural gas, coal, electricity and renewables.

Chapter 7 covers the current status and future prospects for energy efficiency, which
is treated for the very first time in the same way as the conventional energy sources,
with its own standalone chapter.

Chapter 8 examines energy and competitiveness, assessing what major disparities in
regional energy prices might mean for economies, particularly their energy-intensive
industries.
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Chapter 1

Scope and methodology
What underlies the analysise

Highlights

e The New Policies Scenario — the central scenario in WEO-2013 — analyses the
evolution of energy markets based on the continuation of existing policies and
measures as well as cautious implementation of policies that have been announced
by governments but are yet to be given effect. The Current Policies Scenario takes
account only of policies already enacted as of mid-2013. The 450 Scenario shows
what it takes to set the energy system on track to have a 50% chance of keeping to
2 °C the long-term increase in average global temperature.

® More than five years after the worst recession since the 1930s began in 2008, the
economic recovery continues to be fragile and uneven. We assume world GDP grows
at an average rate of 3.6% per year through to 2035. This equates to a more than
doubling in the size of the global economy. Developing Asia accounts for over half of
the increase in economic activity. China’s income per capita grows by around three-
and-a-half times, overtaking that of the Middle East.

e Demographic factors will continue to drive changes in the energy mix. The world
population is set to rise from 7.0 billion in 2011 to 8.7 billion in 2035, led by Africa
and India. China’s population changes little and by around 2025 India becomes the
world’s most populous country. Most OECD countries see small changes in population,
with the notable exception of the United States, which sees an increase of about
60 million people. Global population growth is concentrated entirely in urban areas.

® The world is experiencing a period of historically high oil prices. Brent crude oil has
averaged over $110/barrel in real terms since 2011, a sustained period of high oil
prices that is without parallel in oil market history. In the New Policies Scenario, oil
prices reach $113/barrel in 2020 and $128/barrel in 2035. Big differences remain
between gas prices in regional markets, despite some convergence. Coal prices
remain much lower than oil and gas prices in energy equivalent terms. The share of
global CO, emissions subject to a CO, price rises from 8% today to one-third in 2035.

® Energy technologies that are already in use or are approaching commercialisation
are assumed to achieve ongoing cost reductions as a result of increased learning
and deployment. Although there are exceptions that create some basis for optimism,
recent progress in deploying clean energy technologies has not matched policy
expectations and, in many cases, their future uptake hinges on dedicated policy
support and/or subsidies.
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Scope of report

This edition of the World Energy Outlook (WEQ) presents an assessment of the prospects
for global energy markets in the period to 2035 and draws out the implications for energy
security, environmental protection and economic development. The objective is to provide
policymakers, industry and the general public in countries all over the world with the data,
analysis and insights needed to make judgements about our energy future, as a basis for
sound energy decisionmaking.

Part A of the report is built around projections of energy demand and supply through to
2035. The three main scenarios — the New Policies Scenario, the Current Policies Scenario
and the 450 Scenario — are underpinned by assumptions about economic and population
growth, and about energy and climate policies and technology deployment. Energy prices
are derived from a modelling process. Our analysis takes into account all of the historical
energy data available to the IEA at the time of writing, as well as more recent preliminary
data from a wide variety of sources. For the first time, energy efficiency — a major factor
in the global energy balance —is treated in much the same way as the conventional fuels,
its prospects being presented in a dedicated chapter that builds on the special focus on
energy efficiency included in WEO-2012 (IEA, 2012a). Part A also includes, in Chapter 2, an
update on three key areas of critical importance to energy and climate trends: (i) achieving
universal energy access; (ii) developments in subsidies to fossil fuels and renewables;
and (iii) the impact of energy use on climate change. Prospects for unconventional gas
production, including the uptake of the IEA’s “Golden Rules” to address the associated
environmental and social impacts, are included in Chapter 3 (IEA, 2012b). Part A ends with
an examination of energy and competitiveness, assessing what major disparities in regional
energy prices might mean for consumers and the economy at large, and offering insights
into the policies that might be pursued to improve energy competitiveness.

Consistent with recent practice, WEO-2013 includes a particular focus on one country
and on one energy source. The country of focus is Brazil, presented in Part B. We analyse
how Brazil’s vast and diverse energy resource base — from renewables to new offshore
discoveries — can meet its growing domestic needs and help it to open up new export
markets. The highlighted energy source is oil, presented in Part C. We provide a fresh
look at the oil resource base, the economics and decline rates of different types of oil
production, the outlook for light tight oil in North America and beyond, oil demand by
product and the prospects for the refining sector.

Introducing the scenarios

Throughout the last year, significant new energy and environmental policies have been
adopted in many parts of the world. A number of national energy strategy reviews have
also been launched, which can be expected to lead to further new policy announcements in
the near future. And some important progress has been made in bilateral and multilateral
energy co-operation. These developments guide the different policy assumptions adopted
in the three scenarios (Box 1.1).
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Box 1.1 = Recent key developments in energy and environmental policy

Important policy developments in 2013 have been taken into account, to varying
degrees, in the three scenarios presented in WEO-2013. Early in the year, the United
States extended various tax credits for renewable energy, energy efficiency and
alternative fuel vehicles. The US administration also announced a major climate action
plan that seeks to introduce (i) new standards for power plants; (ii) more funding and
incentives for energy efficiency and renewables; (iii) preparations to safeguard the
country from the impacts of climate change; and (iv) steps to provide more global
leadership to reduce carbon emissions. Canada adopted new fuel-economy standards
for cars and light trucks, to take effect in 2017 with targets for 2025 (mirroring the
US Corporate Average Fuel Economy standards approved in 2012), and regulations to
improve the fuel efficiency of new heavy-duty vehicles. Japan widened the scope of its
Top-Runner Program to include building materials and released a new economic growth
strategy that includes a call to restart the country’s nuclear reactors, most of which
have lain idle since the Fukushima Daiichi accident (subject to meeting new safety
requirements). Italy introduced a new energy plan, which calls for further development
of renewable energy as well as oil and gas. China announced plans to reduce the share
of coal in total primary energy demand to 65% by 2017 and to speed up the introduction
of new vehicle emissions standards. India mandated a 5% ethanol blend in gasoline and
announced a target to expand power generation from renewables.

In addition to these new measures and targets, many important reviews have been
underway, some of which could lead to new policies. Japan is working on a new energy
plan to be released in late 2013. The European Commission has been consulting on a
2030 framework for climate and energy policies, including the nature of any targets that
may be set. Germany has an ongoing debate on its Energiewende (energy transition),
which is aimed at ambitious decarbonisation of its energy system. France has been
holding a national debate on energy (Débat sur la Transition Energétique) in advance
of a new energy policy bill. India’s Planning Commission constituted an expert group
to propose a low-carbon strategy for growth. Brazil is updating its long-term energy
strategy to 2050 (Plano Nacional de Energia 2050), while Saudi Arabia is developing
plans to diversify its energy mix and free-up more oil for export.

Important developments have also occurred in bilateral and multilateral energy co-
operation. These include the “Power Africa” partnership between the United States
and governments and companies in sub-Saharan Africa, which was launched mid-year
with the aim of doubling access to electricity within the region. The United States and
China also agreed on a (non-binding) plan to cut their carbon emissions from heavy-
duty vehicles and coal-fired power plants. And on the road to the reform of fossil-fuel
subsidies — an issue on the agenda of both the G-20 and APEC — a growing number of
countries, including China, India and Indonesia, have introduced major energy pricing
reforms (see fossil-fuel subsidies section in Chapter 2). In terms of schemes that place
a price on carbon, some new initiatives have been introduced, but others have come
under challenge (see carbon markets section towards the end of this chapter).
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The New Policies Scenario is the central scenario of this Outlook. In addition to incorporating
the policies and measures that affect energy markets and that had been adopted as of mid-
2013, it also takes account of other relevant commitments that have been announced,
even when the precise implementation measures have yet to be fully defined (Table 1.1).
These commitments include programmes to support renewable energy and improve energy
efficiency, initiatives to promote alternative fuels and vehicles, carbon pricing and policies
related to the expansion or phase-out of nuclear energy, and initiatives taken by G-20 and
Asia-Pacific Economic Cooperation (APEC) economies to reform fossil-fuel subsidies. We
take a cautious view as to the extent to which these commitments will be implemented, as
there are institutional, political and economic circumstances in all regions that could stand
in the way. Details of the key policy targets and measures taken into account in the New
Policies Scenario (as well as in the other two scenarios presented in WEQ-2013) are set out
in Annex B.

Table 1.1 = Overview of key assumptions and energy prices in the New
Policies Scenario

Factor Assumptions

Policies Continuation of policies that had been legally enacted as of mid-2013 plus
cautious implementation of announced commitments and plans.

GDP growth Global GDP increases at an average rate of 3.6% per year over 2011-2035 (based
on GDP expressed in year-2012 dollars in purchasing power parity terms).

Population growth ~ World population rises at an average rate of 0.9% per year, to 8.7 billion in 2035.
The proportion of people living in urban areas rises from 52% in 2011 to 62% in
2035.

Energy pricing Average IEA crude oil import price reaches $128/barrel (in year-2012 dollars) in
2035. A degree of convergence in natural gas prices occurs between the three
major regional markets of North America, Asia-Pacific and Europe. Coal prices
remain much lower than oil and gas prices on an energy-equivalent basis.

Fossil-fuel subsidies Phased out in all net-importing regions within ten years (at the latest) and in net-
exporting regions where specific legislation has already been adopted.

CO, pricing New schemes that put a price on carbon are gradually introduced, with price
levels gradually increasing.

Technology Energy technologies — both on the demand and supply sides — that are in use
today or are approaching the commercialisation phase achieve ongoing cost
reductions.

We also present the Current Policies Scenario, which takes into account only those policies
and measures affecting energy markets that were formally enacted as of mid-2013. In
other words, it describes a future in which governments do not implement any recent
commitments that have yet to be backed-up by legislation or introduce other new policies
bearing on the energy sector. The scenario is designed to provide a baseline picture of how
global energy markets would evolve if established trends in energy demand and supply
continue unabated. It both illustrates the consequences of inaction and makes it possible
to evaluate the potential effectiveness of recent developments in energy and climate policy.
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The 450 Scenario shows what is needed to set the global energy sector on a course
compatible with a near 50% chance of limiting the long-term increase in the average
global temperature to two degrees Celsius (2 °C). This scenario leads to a peak in the
concentration of greenhouse gases in the atmosphere around the middle of this century,
at a level above 450 parts per million (ppm), but not so high as to be likely to precipitate
changes that make the 2 °C objective unattainable. The concentration of greenhouse gases
stabilises after 2100 at around 450 ppm. For the period to 2020, policy action aiming at fully
implementing the commitments under the Cancun Agreements, which were made at the
2010 United Nations Climate Change Conference in Mexico, is assumed to be undertaken
(in the New Policies Scenario these commitments are only partly implemented). After
2020, OECD countries and other major economies are assumed to implement emissions
reduction measures that, collectively, ensure a trajectory consistent with the target. From
2020, OECD countries are assumed to mobilise $100 billion in annual financing from a
variety of sources for abatement measures in non-OECD countries. The 450 Scenario is not
given the same coverage in WEQO-2013 as in previous editions as the specific short-term
opportunities for action in the energy sector to mitigate climate change and their potential
results were covered in detail in Redrawing the Energy-Climate Map, a WEQO special report
that was released in June 2013 (IEA, 2013b). The results of the 450 Scenario are, however,
included in many of the tables and figures in this report.

Building blocks of the scenarios
Economic growth

More than five years after the worst economic recession since the 1930s began in 2008,
positive signs of recovery in some economies cannot hide the fact that, overall, the recovery
remains fragile and downside risks remain. It has been characterised as a two-speed
recovery. Developing economies have been growing at much faster rates than advanced
economies and make up the first group (though many of them, including China, Russia,
Brazil, India and in Southeast Asia have, more recently, been showing signs of slowing
momentum [Box 1.2]). Advanced economies make up the second group, though here too,
there are divergences. Growth in the United States, Canada, Australia, New Zealand, Korea
and Japan has outpaced most parts of Europe, where gross domestic product (GDP) growth
has either been low or negative for significant periods.

Over the last several decades, global energy consumption has grown at a much slower
rate than GDP, primarily because of structural changes in the economy, energy efficiency
improvements and fuel switching. Global energy intensity — defined as the amount of
energy used to produce a unit of GDP at market exchange rates — fell by 32% between 1971
and 2012.! Despite this partial decoupling of energy demand and economic growth, which

1. The average rate of improvement, however, was much lower in 2000-2011 than in 1980-2000 (and energy
intensity actually increased in 2009 and 2010) due to a shift in the balance of global economic activity to
countries in developing Asia which have relatively high energy intensities (see Chapter 7).
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has been particularly evident in the OECD, the two still remain closely tied (Figure 1.1). It
follows that the projections in this Outlook are highly sensitive to assumptions about the
rates and patterns of GDP growth.

Figure 1.1 = Primary energy demand and GDP
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Notes: Calculated on the basis of GDP in year-2012 dollars expressed in real purchasing power parity terms.
TPED = total primary energy demand.

In each of the scenarios in this Outlook, world GDP (expressed in real purchasing power
parity [PPP] terms) is assumed to grow at an average annual rate of 3.6% between 2011
and 2035 (Table 1.2).2 This means that the global economy more than doubles in size over
the period. Although this is just marginally faster overall than what was assumed in last
year’s Outlook, there have been more significant revisions in some regions. These include
downward revisions in the period to 2020 for India, Brazil, Russia and the European Union
and upward revisions in the same period for the United States, among others. For the
medium term, our GDP growth assumptions have been based primarily on International
Monetary Fund (IMF) forecasts, with some adjustments to reflect information available
from regional, national and other sources. The latest IMF forecasts are for global economic
growth of 2.9% in 2013 and 3.6% in 2014, before accelerating to 4.1% annually in 2018
(IMF, 2013). Longer-term GDP assumptions are based on our assessment of prospects for
growth in labour supply and improvements in productivity, supplemented by projections
made by various economic forecasting bodies, most notably the OECD.

2. Across the scenarios presented in this Outlook, the various policies that are assumed to be introduced and
the different energy price levels that prevail could be expected to lead to some variations in GDP, as a result
of the potentially important interactions of these variables on the economy. However, due to the uncertainty
associated with estimating these effects and in order to more precisely identify the implications of different
policy options on energy trends, the same level of GDP growth is assumed in each scenario.
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Box 1.2 = Uncertainties around the economic outlook

Risks to the economic recovery have eased in the last year, but momentum is proving
to be slow to build. Global demand for products and services remains depressed, with
sustained economic growth yet to take hold in many developed countries and growth
forecasts being revised downward for many developing countries.

In Japan, there has been a noticeable recovery, although it remains to be seen how
tapering of government stimulus spending and scheduled increases in sales tax will
impact growth rates going forward. The Eurozone — as a whole — reported a return
to modest growth in the second quarter of 2013, however many of its economies
are still experiencing low demand, relatively high unemployment, weakness in the
financial sector and the effects of austerity measures. Some countries remained in
recession at the time of writing, depressing energy demand: demand for both gas and
electricity in Europe are at levels last seen in the early 2000s, with implications for
energy sector revenues and investments. The economic crisis is also constraining the
ability of governments to support a transition to a low-carbon economy. The United
States appears to be on a more promising growth trajectory, even having managed
to weather the fiscal shock of automatic budget cuts relatively well. However, the
potential tapering of central bank liquidity measures has caused some financial market
volatility, which has been transmitted quickly through global bond and equity markets.

Emerging economies have been the main engines of global growth over the past
decade, but many are now facing slower growth at home on top of challenging
economic conditions globally. China, in particular, has played a defining role,
contributing more than three times as much (35%) to global GDP growth as the United
States (11%) over the years 2011-2012. But sustained high growth has also seen a
build up of risks within China’s economy, including reliance on export-led growth,
weaknesses in the financial sector (both within and outside the formal banking sector)
and local government finances, and concerns about the affordability of property. China
has policy levers available to support growth while also tackling vulnerabilities in the
system, i.e. to achieve a “soft landing”, but achieving this is not a foregone conclusion.
While China and the United States are the world’s largest energy consumers, China’s
energy demand is much more sensitive to GDP trends. Given this and its growing oil,
gas and coal imports, China’s economic outlook has potentially large repercussions for
global energy markets.

The assumed rates of growth in non-OECD countries imply that their combined GDP will
surpass that of the OECD countries by around 2015; by 2035 their combined GDP will be
1.6 times larger. Some of the most rapid rates of growth are in developing Asia, which
collectively accounts for over half of the increase in global economic activity during the
period. China’s growth rate averages 5.7% in 2011-2035, despite falling after 2020 to less
than half the rate seen over the last decade, as its economy matures and its population
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growth levels off. Of all of the countries or regions that we have modelled as distinct
entities, India’s GDP grows at the fastest rate, averaging 6.3% over the period. Brazil, the
country focus in this Outlook (Part B), grows at 3.7% per year on average, well above our
assumed rates of growth for the rest of Latin America.

Table 1.2 = Real GDP growth assumptions by region

Compound average annual growth rate

1990-2011 2011-2015 2011-2020 2011-2035
OECD 2.2% 1.9% 2.2% 2.1%
Americas 2.5% 2.7% 2.9% 2.5%
United States 2.4% 2.6% 2.8% 2.4%
Europe 2.0% 0.9% 1.5% 1.7%
Asia Oceania 1.9% 2.1% 2.1% 1.8%
Japan 0.9% 1.5% 1.4% 1.2%
Non-OECD 5.0% 5.6% 5.8% 4.8%
E. Europe/Eurasia 0.7% 3.3% 3.5% 3.3%
Russia 0.6% 3.7% 3.6% 3.4%
Asia 7.5% 6.8% 7.1% 5.6%
China 10.0% 8.0% 8.1% 5.7%
India 6.5% 5.7% 6.5% 6.3%
ASEAN 5.0% 5.5% 5.5% 4.6%
Middle East 4.6% 3.2% 3.7% 3.7%
Africa 3.8% 5.1% 5.0% 4.0%
Latin America 3.4% 3.4% 3.7% 3.3%
Brazil 3.0% 3.0% 3.6% 3.7%
World 3.3% 3.6% 4.0% 3.6%
European Union 1.8% 0.7% 1.3% 1.6%

Note: Calculated based on GDP expressed in year-2012 dollars in purchasing power parity terms.

Sources: IMF (2013); OECD (2013); Economist Intelligence Unit and World Bank databases; IEA databases
and analysis.

Population and demographics

Population is a fundamental driver of energy demand, although the relationship is not
linear, as it depends on many other factors. Based on the medium variant of the latest
United Nations projections, the world population is set to rise from 7.0 billion in 2011 to
8.7 billion in 2035 (UNPD, 2013) (Table 1.3). Africa, India and Southeast Asia are the biggest
contributors to the increase. By contrast, the population of China changes very little over
the period; by around 2025, India becomes the world’s most populous country. Population
growth is slow in OECD countries, although some see relatively fast increases, including
Australia, Canada, Chile, Mexico and the United States. The population of the United States
increases by almost one-fifth, underpinned by relatively high levels of immigration. As has
been the case since the late 1960s, world population growth slows, falling from 1.2% in
2012 to 0.7% in 2035.
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SPOTLIGHT

The IEA has used its World Energy Model (WEM) as the principal tool to generate
the projections that underpin the WEO scenarios for some two decades. The
WEM is a large-scale simulation model designed to replicate how energy markets
function. It consists of three main modules: (i) final energy consumption; (ii) energy
transformation; and (iii) oil, natural gas, coal and bioenergy supply. Detailed, timely
and reliable statistics form a crucial input to the WEM. These are sourced primarily
from the IEA’s historical statistics on energy supply, trade, stocks, transformation and
demand, but are supplemented by additional data from governments, international
organisations, energy companies, consulting firms and investment banks worldwide.
Another crucial input is information on government policies that affect energy demand
and supply.

The WEM is updated on an annual basis with new and more detailed features to
ensure that it continues to reflect the changing dynamics of global energy markets and
to enable greater disaggregation of results. Key changes made for WEO-2013 include
the following:

B QOil demand has been split to show consumption by individual oil product.

B A new oil refining module allows a significant extension of the analysis of this
sector, as well as to present international trade flows of crude and oil products.

m  Coverage of the chemical and petrochemical sector has been improved to enable
energy consumption and feedstock use to be modelled for each major product.

®  The modelling of efficiency measures in the buildings sector (such as insulation and
retrofit programmes) has been revised and improved.

B In preparation of the WEO-2013 Special Report Southeast Asia Energy Outlook,
separate models have been built for Thailand, Malaysia and the Philippines
(previously Indonesia was the only country in the region modelled on an individual
basis) (IEA, 2013a).

B Reflecting the accession of Croatia to the European Union in July 2013, the models
for Europe have been expanded to include all 28 member states.

In June 2013, the IEA hosted the International Energy Workshop to bring together
the leading analysts from all over the world to discuss the latest developments in
energy and climate modelling. The agenda included a special session dedicated to the
IEA’s WEM, which generated feedback and suggestions that are expected to enrich
the IEA’s energy analysis in future years. More details on the WEM are available at
www.worldenergyoutlook.org/weomodel/.
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Urban areas are set to accommodate all of the growth in population, as the share of the
world‘s population living in towns rises from 52% to 62% over 2011-2035. The number of
people living in rural areas declines over the period. These changes will have implications
for the amount and type of energy used. The concentration of activities in urban areas
can facilitate improved energy efficiency through economies of scale, however, people
living in cities and towns in developing countries typically use more energy than their rural
counterparts. Other demographic changes taking place are also set to influence energy
demand patterns, most notably the rising share of older people and a decline in household
size. These changes highlight the importance of long-term strategic planning to ensure that
cities and metropolitan areas develop in an energy-efficient manner.

Table 1.3 = Population assumptions by region

Population growth* Porz::?:;‘on Urbanisation

1990-2011 2011-2020 2011-2035 2011 2035 2011 2035

OECD 0.7% 0.5% 0.4% 1245 1379 80% 86%
Americas 1.1% 0.9% 0.8% 477 572 82% 88%
United States 1.0% 0.8% 0.7% 316 374 83% 88%
Europe 0.5% 0.4% 0.3% 563 600 75% 81%
Asia Oceania 0.4% 0.2% 0.0% 205 207 89% 93%
Japan 0.2% -0.2% -0.3% 128 118 91% 97%
Non-OECD 1.5% 1.2% 1.0% 5715 7 322 46% 58%
E. Europe/Eurasia -0.1% 0.0% -0.1% 337 327 63% 68%
Russia -0.2% -0.3% -0.4% 142 129 74% 80%
Asia 1.3% 0.9% 0.7% 3664 4343 41% 55%
China 0.8% 0.5% 0.2% 1351 1431 51% 73%
India 1.7% 1.1% 0.9% 1241 1551 31% 42%
ASEAN 1.4% 1.1% 0.9% 597 737 45% 59%
Middle East 2.4% 1.9% 1.5% 209 297 67% 73%
Africa 2.4% 2.4% 2.3% 1045 1790 40% 51%
Latin America 1.4% 1.0% 0.8% 460 564 79% 84%
Brazil 1.3% 0.8% 0.6% 197 226 85% 89%
World 1.3% 1.1% 0.9% 6 960 8701 52% 62%
European Union 0.3% 0.2% 0.1% 508 518 74% 79%

* The assumed compound average annual growth rates are the same for all scenarios presented in this
Outlook. Sources: UNPD and World Bank databases; IEA analysis.

Growth in energy demand is closely correlated with growth in per-capita income, although
the relationship has decoupled in several advanced countries and may be weaker in the
future in economies that are emerging today, should they “leapfrog” to more efficient
energy-use practices. Nonetheless, rising incomes will continue to lead to increased
demand for goods that require energy to produce and to use, such as cars, refrigerators
and air conditioners. Vehicle ownership rates, for example, have historically taken off once
per-capita incomes pass a threshold of around $4 000 to $5 000. Based on our assumptions
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for population and GDP growth, global GDP per capita is set to increase at 2.3% per year,
from around $10 300 in 2011 to around $17 200 in 2035 (calculated using market exchange
rate). GDP per capita will grow quickest in the developing countries, notably China and
India, though in OECD countries it will still be over five times higher than the average of
the rest of the world in 2035. China’s GDP per capita increases by three-and-a-half times,
surpassing the average of the Middle East around 2030 (Figure 1.2).

Figure 1.2 = GDP per capita by region

W 2011
2035

United States 1.7%

Japan 1.6%

European Union
Russia

Brazil

Middle East
China

ASEAN

Africa

India

10 20 30 40 50 60 70 80
Thousand dollars (2012)

Notes: Calculated on the basis of GDP expressed in year-2012 dollars at market exchange rate. The
percentages to the right of each bar represent the respective compounded annual growth rates for the
period 2011-2035.

Energy prices

Prices affect energy demand and supply through a wide variety of channels. The evolution
of energy pricing is, accordingly, a crucial determinant of future energy trends. On the
demand side, it will affect the amount of each fuel end-users choose to consume and their
choice of technology and equipment to provide a particular energy service. On the supply
side, it will affect production and investment decisions.

The international fossil fuel prices in each of the scenarios reflect analysis of the price
levels that would be needed to stimulate sufficient investment in supply to meet projected
demand over the period (Box 1.3). Average retail prices in end-uses, power generation and
other transformation sectors in each region are derived from iterative runs of the World
Energy Model. These end-use prices take into account local market conditions, including
taxes, excise duties, carbon-dioxide (CO,) emissions penalties and pricing, as well as any
subsidies. In the three scenarios, the rates of value-added taxes and excise duties on fuels
are assumed to remain unchanged, except where future tax changes have already been
adopted or are planned. In the 450 Scenario, administrative arrangements (price controls
or higher taxes) are assumed to be put in place to keep end-user prices for oil-based
transport fuels at a level similar to those in the New Policies Scenario.
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Box 1.3 = Deriving the fossil fuel prices used in WEO analysis

The international fossil fuel prices used in this report reflect our judgement of the
price levels that would be needed to stimulate sufficient investment in supply to meet
projected demand over the period. The resulting price trajectories are deceptively
smooth: in reality prices are likely to be more volatile and cyclic.

The price trajectories have been derived through an iterative modelling exercise. First,
the demand modules of the IEA’s World Energy Model (WEM) are run under a given set
of prices (based on end-user prices). Once the resultant demand level is determined,
the supply modules of the WEM calculate the levels of production of oil, natural gas
and coal that result from the given price levels, taking account of the costs of various
supply options and the constraints on production rates of various types of resources
(see Chapter 13 for a more detailed discussion in relation to oil). In the event that the
price is not sufficient to generate enough supply to cover global demand, price levels
are increased and a new level of demand and supply is quantified. This procedure is
carried out repeatedly with prices adjusting until demand and supply are in balance as
a trend through the projection period.

In the near to medium term, the supply trajectories take into account our assessment
of specific individual projects that are currently operating or have already been
sanctioned, planned or announced. For the longer term, they are consistent with our
top-down assessment of the costs of exploration and development of the world’s oil,
natural gas and coal resources and our judgements of the feasibility and the rate of
investment required in different regions to turn these resources into production.

The price paths vary across the three scenarios presented in WEO-2013. In the Current
Policies Scenario, policies adopted to reduce the use of fossil fuels are limited. This
leads to higher demand and, consequently, higher prices, although prices are not high
enough to trigger widespread substitution of fossil fuels by renewable energy sources.
Lower energy demand in the 450 Scenario means that limitations on the production of
various types of resources are less significant and there is less need to produce fossil
fuels from resources higher up the supply cost curve. As a result, international fossil
fuel prices are lower than in the other two scenarios. However, this does not translate
into lower end-user prices for oil-based transport fuels as price controls or higher taxes
are assumed to keep them at a level similar to the New Policies Scenario.

In the New Policies Scenario, subsidies to fossil fuel consumption are phased out in all net-
energy importing countries within ten years at the latest. However, in net-energy exporting
countries, they are phased out only if specific policies to do so have been announced, in
recognition of the added difficulties these countries are likely to face in reforming energy
pricing. A survey undertaken for this report has identified some 40 economies around the
world that provide fossil-fuel consumption subsidies. Within the group, the average rate of
subsidisation was 23% in 2012, meaning that consumers in those countries paid on average
77% of international reference prices (see Chapter 2).
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Oil prices

The world is experiencing a period of historically high oil prices. Brent crude oil has
averaged over $110/barrel in real terms since 2011, a sustained period of high oil prices
that is without parallel in oil market history. This has generated responses on the demand
and supply sides. Higher oil prices have given consumers and industry extra incentive to
improve energy efficiency and have increased interest in substituting away from oil, for
example to natural gas in road transport. Oil demand in the OECD is in decline. In the
emerging economies, which have driven global demand, growth rates have slowed. The
price rise has also led to increased interest in developing resources that were previously
considered too difficult or too costly to produce. This is best exemplified by the spectacular
rise in light tight oil production in the United States, and by growing interest in oil
exploration and production in deepwater. Demand and supply side trends suggest that the
global oil balance could ease over the next few years, despite concerns about oil supply
security stemming from geopolitical instability in parts of the Middle East and North Africa.
In the 2020s, however, the balance is likely to shift again, as non-OPEC supply levels off and
starts to decline.

In this Outlook, oil prices vary across the scenarios in line with the degree of policy effort
made to curb demand growth. In the New Policies Scenario, the average IEA crude oil
import price — a proxy for international oil prices — reaches $113/barrel (in year-2012
dollars) in 2020 and $128/barrel in 2035; the oil price picks up more quickly in the latter
half of the period in line with tighter market conditions (Table 1.4). In the Current Policies
Scenario, substantially higher prices are needed to balance supply with faster growth in
demand, reaching $145/barrel in 2035. In the 450 Scenario, lower oil demand means there
is less need to produce oil from costly fields in non-OPEC countries, which are higher up the
supply curve. As a result, the oil price peaks at around $110/barrel by 2020 and then falls
slowly, reaching $100/barrel in 2035.

In Chapter 14, the possibility of a Low Oil Price Case is examined, premised on supply
developments in several countries turning out more positively than projected in the New
Policies Scenario. In this case, output growth is rapid enough to ease the market balance,
bringing on and meeting additional oil consumption at a price that stabilises at $80/barrel.

Natural gas prices

Although international trade in natural gas continues to expand rapidly, there is no global
pricing benchmark for natural gas, as there is for oil. Rather, there are three major regional
markets — North America, Asia-Pacific and Europe — with prices established by different
mechanisms. In North America, gas trade relies on hub-based pricing, with prices reflecting
local gas supply and demand. In Asia-Pacific, trade is dominated by long-term contracts in
which prices are at least partly indexed to the price of oil. Gas trade in Europe is gradually
moving to gas-to-gas competition, though about half of European trade today is governed
by long-term oil-indexed contracts. A notable exception in Europe is the United Kingdom,
where prices have generally been set by market fundamentals since the mid-1990s.
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There have always been differences in natural gas prices across the three major markets,
reflecting primarily their different demand and supply balances and pricing systems. Since
mid-2008, the gap has widened considerably. Prices in North America have fallen thanks
to spectacular growth in shale gas output and reduced demand (owing to the economic
crisis). By contrast, prices in Asia-Pacific (and to a lesser extent Europe) have risen, mostly
due to the prevalence of oil-price indexation at a time of persistently high oil prices. In
2012, average natural gas prices in the United States were less than one-quarter of the
prices in Europe and one-sixth of those in Japan. By mid-2013, however, spot prices for gas
at Henry Hub —the leading trading hub in the United States — had more than doubled from
the lows reached in early 2012, narrowing regional price divergences. Nonetheless, low
prices continue to generate strong interest in exporting liquefied natural gas (LNG) from
North America and raise questions about the long-term sustainability of oil-linked pricing
mechanisms.

Figure 1.3 > Natural gas prices by region in the New Policies Scenario
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In WEO-2013, large geographical spreads in natural gas prices persist during the Outlook
period, albeit with a degree of convergence brought about by rising LNG supplies, increased
short-term trading and greater operational flexibility (Figure 1.3). These developments
allow price changes in one part of the world to be reflected more quickly elsewhere, but
are unlikely to be sufficient to create a single global price for gas, particularly given the
significant costs associated with liquefaction and shipping. In each of the scenarios, North
American prices are lowest, reflecting abundant and relatively low-cost unconventional
resources. But prices rise in absolute terms and relative to the other regions, particularly
later in the period, as the costs of unconventional gas production increases and as oil
indexation loosens gradually in other markets, notably Europe, as long-term contracts
expire and are renegotiated. In the New Policies Scenario, gas prices in 2035 are $6.8 per
million British thermal units (MBtu) (in year-2012 dollars) in North America, $12.7/MBtu in
Europe and $14.9/MBtu in Asia-Pacific. Prices in Japan are more than double those in the
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United States in 2035, meaning that the spread is much narrower than observed recently,
but much greater than before US production of shale gas took off. Gas prices vary across
the three scenarios in line with the degree of policy effort to curb CO, emissions.

The Gas Price Convergence Case, presented in Chapter 3, investigates the conditions under
which convergence between pricing mechanisms and prices could be more pronounced
than in the New Policies Scenario. The case rests on three main conditions: (i) a larger
volume of LNG export from North America; (ii) new supply contracts weakening or breaking
the link with oil-price indexation, and an accelerated pace of regulatory change for the gas
sector across the Asia-Pacific region; and (iii) an easing of costs of constructing liquefaction
plants and of shipping LNG. Compared with the New Policies Scenario, gas prices are slightly
higher in North America but lower in Europe and in the Asia-Pacific region. The differential
between the US price and the European import price narrows to $4.5/MBtu, with an extra
$1/MBtu to Asia-Pacific reflecting additional transport costs.

Steam coal prices

The global coal market consists of various regional sub-markets that are typically separated
by geography, coal quality or infrastructure constraints. As a result, coal prices vary
markedly across the regions. International coal trade is a comparatively small sub-market,
yet it links various domestic markets through imports, exports and price movements. The
degree to which regional coal prices fluctuate with price movements on the international
market depends on how well they are connected to it. Around one-fifth of global steam coal
production is traded internationally, with the remainder used closer to where it is mined.
International trade has historically been divided into two market areas — Asia-Pacific and
Atlantic — reflecting the wide geographical spread of production and the significance of
transportation costs as a share of the total delivered cost of coal. However, trade between
the two market areas is growing, owing to increased supply sources and lower freight costs.
The market in internationally traded coal is dominated by spot market transactions, though
long-term contracts with prices fixed annually remain important in some cases.

Prices of internationally traded coal have fluctuated widely over the last decade. Strong
demand saw prices climb throughout the early 2000s to record highs, above $200/tonne
in mid-2008. Prices then plummeted in the wake of the global economic crisis, before
staging a recovery, underpinned by robust demand and weather-related supply constraints
in a number of key producer countries. Since mid-2011, prices have again fallen, on weak
demand and growing supply in the market and, by mid-2013, they were less than half their
peak of 2008. Coal consumption in China has been subdued because of slower growth in
its electricity demand and increased hydropower output. As the world’s largest coal buyer,
China exerts a major influence on international prices. The boom in US unconventional gas
production has also been a factor in depressing international coal prices: some of the coal
displaced by cheaper gas in US power generation has found its way onto export markets.
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Table 1.4 = Fossil fuel import prices by scenario (dollars per unit)

New Policies Scenario Current Policies Scenario

2012 2020 2025 2030 2035 2020 2025 2030 2035

Real terms (2012 prices)

2020

450 Scenario

2025

2030

IEA crude oil imports barrel 109 113 116 121 128 120 127 136 145 110 107 104 100
Natural gas
United States MBtu 2.7 5.1 5.6 6.0 6.8 5.2 5.8 6.2 6.9 4.8 5.4 5.7 5.9
Europe imports MBtu 11.7 11.9 12.0 12.3 12.7 12.4 12.9 13.4 14.0 11.5 11.0 10.2 9.5
Japan imports MBtu 16.9 14.2 14.2 14.4 14.9 14.7 15.2 15.9 16.7 13.4 12.8 12.2 11.7
OECD steam coal imports tonne 99 106 109 110 110 112 116 118 120 101 95 86 75
Nominal terms
IEA crude oil imports barrel 109 136 156 183 216 144 171 205 245 132 144 157 169
Natural gas
United States MBtu 2.7 6.1 7.5 9.1 11.6 6.2 7.7 9.3 11.7 5.8 7.2 8.6 10.0
Europe imports MBtu 11.7 14.2 16.1 18.5 21.5 14.9 17.3 20.2 23.6 13.8 14.7 15.4 16.0
Japan imports MBtu 16.9 17.1 19.1 21.7 25.1 17.7 20.4 24.0 28.2 16.1 17.2 18.4 19.7
OECD steam coal imports tonne 99 127 146 165 186 134 155 178 202 121 128 129 127

Notes: Gas prices are weighted averages expressed on a gross calorific-value basis. All prices are for bulk supplies exclusive of tax. The US price reflects the wholesale

price prevailing on the domestic market. Nominal prices assume inflation of 2.3% per year from 2012.



The outlook for coal prices depends heavily on the stringency of climate policy measures
and competition between natural gas and coal in power generation. International steam
coal prices (which are used to derive prices for coking coal and other coal qualities) vary
markedly across the three scenarios. In the New Policies Scenario, the average OECD
steam coal import price reaches $106/tonne (in year-2012 dollars) in 2020, from its
average of $99/tonne in 2012, before rising slowly to about $110/tonne in 2035. Coal
prices rise more quickly in the Current Policies Scenario, on stronger demand growth,
but fall sharply in the 450 Scenario, reflecting the impact of much stronger policy action
to reduce CO, emissions.

Carbon markets

The last year has seen an increase in the number of schemes that put a price on carbon
emissions. The EU Emissions Trading System (ETS) remains the world’s largest scheme,
covering all 28 member states of the European Union, plus Norway, Iceland and Liechtenstein.
Programmes are also in place in New Zealand, Australia, California (United States), Quebec
and Alberta (Canada) and Kazakhstan (Figure 1.4). These will soon be joined by a scheme
in Korea. The city of Shenzhen in China started a pilot emissions trading scheme in June
2013, which aims to cut its emissions by 21% by 2015. Several other pilot schemes are
expected to start in China in the near term, aimed at informing the possible implementation
of a nationwide scheme post-2015. South Africa has proposed phased implementation of a
carbon tax over an initial ten-year period from January 2015, starting at rand 120 (around
$12) per tonne of CO, equivalent, with a tax-free threshold set at 60% of actual emissions,
plus other exemptions for certain sectors.

But despite evidence that carbon pricing is becoming more widespread, some schemes are
facing significant challenges. Carbon prices under the EU ETS have fallen in recent years,
reaching levels unlikely to stimulate significant investment in low-carbon technologies.
From almost €30/tonne in mid-2008, the price dropped to less than €3/tonne in April
2013, following an inconclusive vote by the European Parliament on a plan to delay the
introduction of 900 million of the 16 billion tonnes-worth of allowances on the market
for 2013-2020. It has recovered a little since with a new vote on an amended European
Commission proposal, which limits the extent to which allowances can be delayed. In
September 2013, the proposal awaited approval by the European Council. There are also
indications that some existing schemes may be abolished, while some in the planning
stage may not eventuate. Most notably, Australia has announced an intent to repeal the
country’s carbon pricing scheme, following a change of government in September 2013.

Our assumptions on carbon pricing vary across the scenarios, reflecting the different levels
of policy intervention to curb growth in CO, emissions. We assume each of the existing and
planned programmes that are described above continue, with the price of CO, rising under
each programme over the projection period (Table 1.5). In Europe, the price increases
from an average of $10/tonne (in year-2012 dollars) in 2012 to $20/tonne in 2020 and
$40/tonne in 2035. A CO, price covering all sectors is introduced in China starting in 2020,
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g Figure 1.4 = Current and proposed schemes that put a price on carbon
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starting at $10/tonne and then rising to $30/tonne in 2035. As a result of these schemes,
the share of global CO, emissions subject to a carbon price increases from around 8% in
2012 to around one-third in 2035. This result is particularly sensitive to our assumption
that a scheme is introduced in China, without which the share would drop to 6% in 2035.
We also assume that, from 2015 onwards, all investment decisions in the power sector in
Canada, the United States and Japan include an implicit or “shadow” price for carbon. In
general, the CO, price levels assumed in WEO-2013 are lower than in WEO-2012, reflecting
the low prices over the past year and lower expectations in the longer term.

Table 1.5 = CO, price assumptions in selected regions by scenario
(in year-2012 dollars per tonne)

Region Sectors 2020 pLE])) 2035
European Union Power, industry and aviation 15 25 30

Current Australia and
Policies All* 15 25 30
New Zealand

Scenario . . . . R -
Korea Power and industry 15 25 30
European Union Power, industry and aviation 20 33 40
Australia and All* 20 33 20

. New Zealand

New Policies . . . B .

Scenario Korea Power and industry 20 33 40
China All 10 24 30
South Africa Power and industry 8 15 20
United States and Power and industry 20 95 125
Canada
European Union Power, industry and aviation 35 95 125
Japan Power and industry 20 95 125

450 Scenario Korea Power and industry 35 95 125
Australia and
New Zealand All 35 95 125
China, Russia, Brazil and Power and industry** 10 70 100

South Africa

* Agriculture is not assumed to be included in New Zealand’s Emissions Trading Scheme. ** All sectors in
China. Note: In the New Policies Scenario, a shadow price for CO, in the power sector is assumed to be
adopted as of 2015 in the United States, Canada and Japan (starting at $15/tonne and rising to $35/tonne
in 2035).

Technology

Successive editions of the WEO have demonstrated the need for ongoing improvements in
efficiency, including energy conservation and management, and the adoption of a portfolio
of existing and new technologies in order to address the challenges posed by the world’s
rising fossil energy use. It follows that the rate at which energy efficiency improves and new
technologies for supplying and using energy are developed and deployed will have a major

Chapter 1 | Scope and methodology 51



impact on future energy balances, both in terms of the overall amount of energy used
and the fuel mix. An IEA review released in mid-2013 concluded that recent progress in
developing and deploying clean energy technologies and in improving energy efficiency has
not been sufficient to achieve announced policy objectives and is being limited by market
failures (IEA, 2013c). But it saw some reasons for optimism. For example, annual sales of
hybrid vehicles in 2012 passed the 1 million mark for the first time and solar photovoltaic
(PV) systems and wind turbines were installed at a rapid pace by historical standards
(Table 1.6).

Table 1.6 = Recent progress and key conditions for faster deployment of
clean energy technologies

Technology Recent progress Key conditions for faster deployment
Renewable Investment fell by 11% in 2012 Ongoing subsidies (as renewables generally
power from 2011 due to tougher financing remain more expensive than other sources
conditions, policy uncertainty and of power). Reforms to facilitate grid
falling technology costs. Solar PV integration. Increased RD&D in emerging

capacity still grew by 42% and wind by  technologies, such as concentrating solar
19%, compared with 2011 cumulative power, ocean and enhanced geothermal.

levels.
Nuclear power  Seven projects started construction More favourable electricity market
in 2012, an increase from 2011 when mechanisms and investment conditions
new projects fell to only four after the  to reduce risk and allow investors to
Fukushima Daiichi accident. In 2010 recover high upfront capital costs. Quick
there were 16 new projects. implementation of post-Fukushima safety
upgrades to foster public confidence.
Carbon capture 13 large-scale CCS demonstration Financial and policy commitment by
and storage projects are in operation or under governments to accelerate demonstration
(ccs) construction. Construction began on efforts. Sufficiently high price on CO,
two new integrated projects in 2012, emissions or a commercial market for
while eight projects were cancelled. captured CO, for enhanced oil recovery.
Biofuels New investment was 50% lower in A longer-term policy framework to build
2012 than in 2011, as a result of over- investor confidence. RD&D to improve cost
capacity, and a review of biofuels and efficiency, and to develop sustainable
support policies and higher feedstock feedstocks. Development and application
prices. of internationally agreed sustainability

criteria and standards.

Hybrid (HV) and HV sales reached 1.2 million in 2012, Further reductions in battery costs

electric vehicles up 43% on 2011, led by Japan and and other measures to enhance

(EV) the United States. EV sales more than competitiveness. Non-financial incentives,
doubled from 2011 to 2012, from a low such as priority access to parking and
base. Government targets for EV sales  restricted highway lanes. Installation of

increased. recharging infrastructure.
Energy Evidence of renewed focus from Policy action to remove the barriers
efficiency governments, with many major energy- obstructing the implementation of energy
consuming countries announcing new efficiency measures that are economically
measures. viable (see Chapter 7).

Sources: IEA (2013c and 2013d).
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WEO-2012 found that even though there is a renewed policy focus on energy efficiency,
two-thirds of the economic potential to improve energy efficiency is set to remain
untapped in the period to 2035. While investment in many energy-efficient technologies
and practices appear to make good economic sense, the level of their deployment is often
much lower than expected due to the persistence of a number of barriers. Key steps
that would need to be taken to overcome these barriers, and thereby allow the market
to realise the potential of all known energy efficiency measures which are economically
viable, include: (i) strengthening the measurement and reporting of energy efficiency to
make the gains more visible to consumers; (ii) introducing regulations to prevent the sale
of inefficient technologies; (iii) eliminating market distortions, such as fossil-fuel subsidies;
and (iv) increasing the availability of financing instruments.

Carbon capture and storage (CCS) has been identified as an essential technology to meet
the internationally agreed goal of limiting the temperature increase to 2 °C. Deploying CCS
technologies and retrofitting fossil fuel plants with CCS avoids the need to retire large parts
of this fleet prematurely. This improves the economic feasibility of attaining the climate
objective, in particular in regions where geological formations allow for CO, storage.
However, progress in developing CCS has been disappointingly slow. Only a handful of
large-scale CCS projects, mainly in natural gas processing, are operating, together with
some low-cost schemes in industrial applications. While projects are more economically
viable if the captured CO, can be used for enhanced oil recovery, there is, to date, no
commercial CCS application in the power sector or in energy-intensive industries. Beyond
technological and economic challenges, there could be legal challenges related to the
potential for CO, gas escape from underground storage. Although some progress has been
made in developing regulatory frameworks, deployment support is lacking and the absence
of a substantial price signal has so far impeded necessary technological development and
more widespread uptake.

Ambitious carbon abatement also necessitates a shift to low-carbon fuels in the transport
sector, as vehicle fuel-economy improvements alone will not lead to the steep emissions
reductions required. While natural gas and biofuels are promising alternatives to oil, their
potential to reduce emissions, relative to oil, is limited, owing to their carbon content
(natural gas) or concerns about their sustainability and conflicts over land use or other
uses for the feedstock (conventional biofuels). High expectations rest on the deployment
of electric and plug-in hybrid electric vehicles. But increasing their market penetration will
require major cost reductions and addressing issues crucial to consumer acceptability, such
as driving range (for example, through fast-recharging infrastructure).

In each of the scenarios presented in this Outlook, energy technologies — both on the
demand and supply sides — that are in use today or are approaching commercialisation
are assumed to achieve ongoing cost reductions as wider deployment contributes to
more efficient production. No complete technological breakthroughs are assumed to
be made, as it cannot be known what they might involve, whether or when they might
occur and how quickly they might be commercialised. The pace of efficiency gains for end-
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use technologies varies for each fuel and each sector, depending on our assessment of
the potential for improvements and the stage reached in technology development and
commercialisation. Technological advances are also assumed to improve the efficiency of
producing and supplying energy. For many regions and technologies, energy derived from
renewable sources is today more costly than energy from fossil fuels and therefore requires
subsidies in order to aid its deployment (see Chapter 6). We assume that existing subsidies
for renewable energy technologies are retained until sufficient cost reductions have been
achieved to enable them to compete on their own merits with conventional technologies.
At that point, we assume subsidies cease to be awarded to additional production.
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Chapter 2

Global energy trends to 2035

Finding our way in a new energy world

Highlights

® Global energy demand will grow to 2035, but government policies can influence
the pace. In the New Policies Scenario, our central scenario, global energy demand
increases by one-third from 2011 to 2035. Demand grows for all forms of energy: oil
by 13%, coal by 17% (mainly before 2020), natural gas by 48%, nuclear by 66% and
renewables by 77%. Energy-related CO, emissions rise by 20%, reaching 37.2 Gt.

® Emerging economies account for more than 90% of global net energy demand growth,
but this comes from multiple and sometimes unexpected sources. While Asian
energy demand growth is led by China this decade, it shifts towards India and, to a
lesser extent, Southeast Asia after 2025. The Middle East emerges as a major energy
consumer, with its gas demand growing by more than the entire OECD: the Middle
East is the second-largest gas consumer by 2020 and third-largest oil consumer by
2030, redefining its role in global energy markets.

® Electricity demand grows by more than any other final form of energy. Although its
share declines, coal continues to be the largest source of electricity generation and
coal-gas price dynamics remain important for regional trends. Nearly half of the net
increase in electricity generation comes from renewables and their share of the total
reaches more than 30% by 2035. Different natural gas and electricity prices across
regions continue to have implications for relative industrial competiveness.

e World oil demand grows from 87 mb/d in 2011 to 101 mb/d in 2035, with transport
and petrochemicals being key drivers. One-third of the net global growth fuels Asia’s
road freight. The refining industry faces huge structural challenges: the composition
of feedstocks changes, while oil product demand shifts towards Asia and the Middle
East, and towards diesel, naphtha and kerosene. Global refining capacity grows by
13 mb/d to 2035, but some regions risk being left with substantial idle capacity.

® Non-OPEC supply plays the major role in meeting net oil demand growth this decade,
but OPEC plays a far greater role after 2020. The United States is the world’s largest
oil producer from 2015 to the early 2030s; light tight oil and efficiency policies reduce
rapidly its reliance on imports. Brazil becomes a major oil exporter, delivering one-third
of global supply growth to 2035. China is about to become the largest oil importer and
becomes the largest oil consumer around 2030. The European Union stays the largest
gas importer, but demand returns to 2010 levels only as 2035 approaches.

® Despite some signs of reform, fossil-fuel subsidies increased to $544 billion in 2012.
Subsidies to renewables increased by 11% to reach $101 billion. Nearly 1.3 billion
people did not have access to electricity in 2011 and more than 2.6 billion relied on
the traditional use of biomass for cooking. More than 95% of these people are in Asia
or sub-Saharan Africa, and they are mainly in rural areas.
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Overview of energy trends by scenario

Many of the long-held tenets of the energy sector are being rewritten. Major importers are
becoming exporters, large exporters are becoming large consumers and previously small
consumers are becoming the dominant source of global demand. These changes emerge
as the energy sector acts and reacts to broader global trends, such as shifts in economic
growth, demographic change, industrialisation, electrification, efforts at decarbonisation,
technological breakthroughs and divergent regional energy prices. The energy sector itself
is innovating at a rapid pace: unlocking unconventional oil and gas supplies, enhancing
supply flexibility with liquefied natural gas (LNG), integrating larger shares of variable
renewable supply into the power sector and increasing energy efficiency. Our understanding
of the energy sector must therefore evolve if we are to take the best policy and investment
decisions. This edition of the World Energy Outlook (WEO-2013) seeks to put the latest
developments into perspective and explore their implications for global energy security,
economic development and the environment.

WEO-2013 takes 2011 to 2035 as its Outlook period and considers three scenarios based
on differing policy assumptions (see Chapter 1); the results vary significantly (Box 2.1).
The New Policies Scenario — our central scenario — takes account of existing policies and
the anticipated impact of the cautious implementation of declared policy intentions. The
Current Policies Scenario takes account only of policies enacted as of mid-2013, providing
a baseline of how global energy markets would evolve if established trends continue
unabated. The 450 Scenario illustrates an energy pathway compatible with a 50% chance
of limiting the long-term increase in average global temperature to 2 degrees Celsius (°C).

Box 2.1 = Building on a new base

A reflection on the 2011 base year for WEO-2013 and how it has changed from 2010
is useful before examining the key findings from the projections. Total primary energy
demand increased by around 1.4% in 2011, compared with a robust 5.6% increase the
year before (a year of economic rebound). Within this global trend, demand declined
in Japan by 7.5%, in the European Union by around 3.5% and in the United States by
just over 1% (although US coal demand was down nearly 5%). The exact drivers were
country-specific, but a weak global economy, the repercussions of the Fukushima Daiichi
nuclear accident in Japan, high fuel costs (in some cases), efforts to improve efficiency
and the weather were among them. In contrast, primary energy demand increased
by 8% in China, nearly 4% in Korea, more than 3% in Russia and almost 3% in India.
Global coal demand grew by 5% in 2011 and accounted for more than 95% of the net
growth in total energy demand. Key contributors were China (10% up), ASEAN? countries
(7% higher across the region as a whole) and India (5% up). Global oil demand declined
slightly while gas demand increased. Nuclear power declined globally by more than 6%,
compared with a year earlier, while renewables continued to grow strongly.

1. The Association of Southeast Asian Nations (ASEAN) countries are Brunei Darussalam, Cambodia, Indonesia,
Lao PDR, Malaysia, Myanmar, Philippines, Singapore, Thailand and Vietnam.
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A growing global population and expanding economy will continue to push primary
energy demand higher, but government policies will play an important role in dictating
the pace (Figure 2.1). In the New Policies Scenario, global primary energy demand
increases by one-third between 2011 and 2035, reaching around 17 400 million tonnes of
oil equivalent (Mtoe). Demand rises more quickly in the Current Policies Scenario, ending
nearly 45% higher than 2011, equivalent to adding the combined energy demand of the
world’s three largest consumers today (China, the United States and India). In both cases,
energy demand grows most rapidly in this decade and moderates after 2020. Energy
demand grows much more slowly in the 450 Scenario, increasing by only 14% over the
Outlook period, and just 0.3% per year after 2020, which, given historical rates of global
energy growth, would represent a massive and extremely challenging change in trajectory.
The non-OECD share of global energy demand has increased from 45% in 2000 to 57%
in 2011. This trend continues, reaching around 60% in 2020 and around two-thirds in 2035
in each scenario. Compared with WEO-2012, global energy demand in 2035 is 0.2% lower
in the Current Policies Scenario, 1.1% higher in the New Policies Scenario and 0.8% higher
in the 450 Scenario.

Figure 2.1 = World primary energy demand and related CO, emissions by
scenario
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Fossil fuels account for 82% of primary energy demand in 2011, but the share in 2035
declines in all scenarios: to 76% in the New Policies Scenario, 80% in the Current Policies
Scenario and 64% in the 450 Scenario, showing that, even in a 2 °C climate scenario, the
transition away from fossil fuels is likely to take considerable time to achieve (Table 2.1). The
future trends differ markedly by fuel. Demand for natural gas grows in all scenarios and, in
absolute terms, increases more than all other fuels in the New Policies Scenario. Its relative
abundance, flexibility as a fuel and lower emissions than other fossil fuels all contribute to
its relatively bright outlook. In contrast, the demand for coal swings from seeing the largest
increase in demand (44%) in the Current Policies Scenario to the largest decrease (33%) in
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the 450 Scenario, reflecting the considerable range of uncertainty resulting from different
policy paths. In the Current Policies Scenario, coal overtakes oil in the early 2020s as the
largest fuel in the energy mix, while in the 450 Scenario coal demand drops below that of
natural gas in the mid-2020s. Qil also has mixed results across scenarios, influencing the
speed at which new supply will need to be brought online (see Part C for a detailed Outlook
for oil markets).

Table 2.1 = World primary energy demand and energy-related CO,
emissions by scenario

New Policies Current Policies .
Scenario Scenario 450 Scenario

2020 2035 2020 2035 2020 2035
Coal 2357 3773 4202 4428 4483 5435 3715 2533
Oil 3 664 4108 4470 4661 4546 5094 4264 3577
Gas 2073 2787 3273 4119 3335 4369 3148 3357
Nuclear 676 674 886 1119 866 1020 924 1521
Hydro 225 300 392 501 379 471 401 550
Bioenergy* 1016 1300 1493 1847 1472 1729 1522 2205
Other renewables 60 127 309 711 278 528 342 1164
Total (Mtoe) 10071 13070 15025 17387 15359 18 646 14316 14908
Fossil fuel share 80% 82% 80% 76% 80% 80% 78% 64%
Non-OECD share** 45% 57% 61% 66% 61% 66% 60% 64%
CO, emissions (Gt) 23.7 31.2 34.6 37.2 36.1 43.1 31.7 21.6

* Includes traditional and modern biomass uses. ** Excludes international bunkers.

While constituting a relatively small share of the energy mix today (13% in 2011), global
demand for renewable energy increases strongly to 2035 in all scenarios, by around 75% in
the New Policies Scenario, nearly 60% in the Current Policies Scenario and more than 125%
in the 450 Scenario. Policies already implemented, including subsidies, have given a boost
to renewables and those adopted but yet to be implemented give a further push in the
New Policies Scenario; but additional policies, often targeted at objectives such as energy
security or tackling environmental concerns, would see the penetration of renewables
increase substantially in the 450 Scenario. The outlook for hydropower varies little across
the scenarios, reflecting the extent to which it is driven by the intentions and technically
exploitable resources of a small number of countries, such as China and Brazil (Figure 2.2).
The main difference between scenarios occurs in the uptake of bioenergy and other
renewables, such as wind and solar which, while cost competitive in some countries,
require continued government support in a number of cases in order to stimulate increased
adoption. Taking into account nuclear power, which increases in all scenarios, low-carbon
energy meets less than one-quarter of the growth in primary energy demand in the Current
Policies Scenario, around 40% of the growth in the New Policies Scenario and more than
80% of the increase (of those energy sources whose demand rises) in the 450 Scenario.
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Figure 2.2 = Change in world primary energy demand by scenario, 2011-2035
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There is a growing disconnect between the greenhouse-gas emissions trajectory that
the world is on and one that is consistent with the 2 °C climate goal. The energy sector
accounts for more than two-thirds of global greenhouse-gas emissions (IEA, 2013a) and, in
2012, we estimate that energy-related carbon dioxide (CO,) emissions increased by 1.2%
to 31.5 gigatonnes (Gt). The scenarios have a significantly different impact on the level of
future emissions. By 2035, global energy-related CO, emissions are projected to increase
to 37.2 Gt in the New Policies Scenario and 43.1 Gt in the Current Policies Scenario, but
they decrease to 21.6 Gt in the 450 Scenario.? In the absence of additional policies, as in
the Current Policies Scenario, CO, emissions would be twice the level in the 450 Scenario
in 2035, while the cautious implementation of announced policies, as in the New Policies
Scenario, achieves nearly 30% of the cumulative savings needed to be on a trajectory
consistent with limiting the average global temperature rise to 2 °C.

Energy trends in the New Policies Scenario
Energy demand

In the New Policies Scenario, global energy demand grows by 1.6% per year on average
to 2020 and then gradually slows to average 1% per year thereafter, reaching around
17 400 Mtoe in 2035 (Figure 2.3). Associated with this 33% increase in energy demand
over the projection period, the global population grows by around one-quarter and the
global economy more than doubles. Energy demand growth slows primarily as a result
of a gradual slowdown in economic growth in certain countries, particularly the largest
rapidly industrialising developing economies, and as recently announced energy policies

2. Seethe WEO special report Redrawing the Energy-Climate Map (IEA, 2013a) and the Spotlight in this chapter
for more on the pragmatic and economic actions the energy sector can take to keep open the path to a 2 °C
climate trajectory.
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(targeted at increasing energy security, improving efficiency and reducing pollution) are
implemented and have a greater effect over time. Despite these actions, global energy
demand is 190 Mtoe higher in 2035 than projected last year. In the OECD, a comparison
with WEO-2012 shows demand in 2035 to be slightly lower across all fuels, mainly as a result
of the continuing economic woes in many countries. In contrast, non-OECD energy demand
is generally higher, the biggest change being higher coal demand in 2035, mainly due to an
upward revision of coal used as petrochemical feedstock in China (see Chapter 15).

Figure 2.3 = Primary energy demand and energy intensity in the New
Policies Scenario
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A renewed focus on energy efficiency, at a time of relatively high energy prices, has
accelerated the previously slow rate of improvement in global energy intensity (see
Chapter 7).3 From 2000 to 2010, the amount of energy used to produce a unit of gross
domestic product (GDP) declined by 0.4% per year on average. But there has been a
significant improvement since 2010 and, in 2012, the amount of energy used to produce a
unit of GDP declined by 1.5%. This has been driven by high energy prices inducing energy
conservation, renewed government-led action in support of energy efficiency and fuel
switching. The long-term improvement in global energy intensity is expected to continue
through the projection period — energy intensity is down by more than one-third in 2035.
Energy efficiency policies, a primary contributor to energy intensity improvements in the
New Policies Scenario, deliver global savings of 910 Mtoe in 2035, compared with the
Current Policies Scenario, a level equivalent to slightly more than half the current energy
use of the European Union. In cumulative terms, these efficiency-related primary energy
savings are more than 9 200 Mtoe over the projection period. China sees the biggest
efficiency gains in the New Policies Scenario (relative to the Current Policies Scenario),

3. Energy intensity is often used as a proxy measure — albeit an imperfect one - for energy efficiency. It is
calculated as primary energy demand per dollar of GDP at market exchange rate.
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as policies, such as those in its 12th Five-Year Plan, deliver important improvements. The
United States also makes significant gains as a result of its energy efficiency policies. In
2035, industry accounts for 37% of total efficiency-related energy savings globally and
buildings for 26%. In both sectors, the bulk of the savings are made in the use of electricity,
led by efficiency improvements in electric motor systems, stricter standards for appliances
and more efficient lighting. In the transport sector, improved fuel-economy standards lead
to oil savings of around 5 million barrels per day (mb/d) by 2035. Improvements in the
efficiency of fossil fuel-fired power plants account for most of the remainder.

The global average level of energy demand per capita increases marginally in the New
Policies Scenario, from 1.9 tonnes of oil equivalent (toe) in 2011 to 2.0 toe in 2035. The large
gap in energy demand per capita between OECD and non-OECD countries narrows over the
projection period, but remains significant: in 2035, the OECD average is more than two-
and-a-half times the non-OECD average. Comparisons at the extremes are even starker, with
average per-capita energy demand in Africa being one-tenth or less of the levels in countries
such as Canada, Russia and the United States in 2035.

Outlook by fuel

Global demand for oil increases from 86.7 mb/d in 2011 to reach 101.4 mb/d in 2035.
The average pace of demand growth slows over the period, from around 1.1% per year to
2020 to just 0.4% per year thereafter. Oil continues to be the largest single component of
the primary energy mix, but its share declines from 31% to 27%. While global oil demand
grows, the overall change is the net result of decreasing demand in many OECD markets
and increasing demand in many non-OECD markets, particularly in Asia (where markets
often lack strong fuel-economy standards for vehicles) and the Middle East (where fossil-
fuel subsidies persist) (Figure 2.4). The combination of rapidly increasing oil demand in
China and decreasing demand in the United States (after 2020), results in China overtaking
the United States as the world’s largest oil consumer around 2030. Total oil demand growth
in developing Asia is 13.9 mb/d to 2035, with India becoming the largest single source of
growth after 2020. Another pivotal development is the emergence of the Middle East as a
major energy consumer, which, in the case of oil, results in its demand increasing by half
to 2035 (reaching 9.9 mb/d), surpassing oil demand in the European Union before 2030.

Oil demand is concentrated increasingly in the transport sector, which accounts for nearly
60% (59 mb/d) of global oil demand in 2035. Fuel for road freight in Asia alone accounts, in
energy terms, for one-third of the net global growth in oil demand over the Outlook period.
Oil demand from road freight grows faster than that for passenger vehicles, increasing the
weight of diesel in the overall road-transport fuel mix, which reaches 21 mb/d in 2035,
getting close to the levels for gasoline (see Chapter 15). Non-energy use — fuels used for
feedstocks and non-energy products, such as asphalt, bitumen and lubricants — grows to
24 mb/d globally in 2035, about 70% of which is petrochemicals feedstocks. Global oil
demand in industry remains broadly flat in the New Policies Scenario (around 6.5 mb/d),
while its use in power generation halves and in buildings it falls by around 10%.
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Figure 2.4 = Change in oil demand in selected regions in the New Policies
Scenario
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Very strong growth in coal use over the last decade has resulted in the gap between
primary energy demand for coal and oil narrowing significantly (Figure 2.5). In the New
Policies Scenario, two-thirds of the projected growth in coal demand occurs before 2020,
demand thereafter rising more gradually, to reach around 6 300 million tonnes of coal
equivalent (Mtce) in 2035 (see Chapter 4). Nearly three-quarters of this increase comes
from the power sector. Coal continues to be the largest source of fuel for power generation,
but its share declines from 47% in 2011 to 39% in 2035. China is by far the world’s largest
coal producer and consumer and (as of 2012) the largest coal importer as well, having
overtaken Japan. The growth in coal demand in China through to 2020 exceeds the growth
in the rest of the world combined. However, this comparison masks a slowdown in coal
demand growth in China that culminates in demand reaching a plateau before 2030. The
scale of China’s coal use means that variations in its demand for imports could have a
big impact on the global picture. India becomes both the second-largest coal consumer —
surpassing the United States — and the largest importer by 2025.

Coal demand, similar to oil, declines in most OECD countries over the Outlook period, largely
as a result of policies to reduce energy-related CO, emissions from the power sector. Coal
use in the United States declines by 14%, while, despite price dynamics currently supporting
coal use, demand in the European Union falls by half by 2035. Industry (including coking
ovens and blast furnaces) dominates coal consumption in end-use sectors and accounts for
around one-quarter of global demand over the Outlook period, with iron and steel making
up about half of this. Its use in industry increases by around 1.6% per year this decade, but
then starts to decline. Global coal demand in buildings® starts to decline this decade, while
coal for non-energy use (such as petrochemical feedstock) becomes increasingly material,
nearly tripling and overtaking use in buildings before 2030.

4. The buildings sector includes energy used in residential, commercial and institutional buildings, and non-
specified other. Building energy use includes space heating and cooling, water heating, lighting, appliances and
cooking equipment.
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In the New Policies Scenario, the absolute growth in primary demand for natural gas
outpaces that of any other individual fuel (see Chapter 3), and increases by more than
the growth in demand for oil and coal combined from 2011 to 2035. Demand grows
strongly throughout the Outlook period, and ends up nearly 50% higher, at 5 trillion cubic
metres (tcm). Despite this strong growth, demand for natural gas remains below that for
both oil and coal in 2035. Regional market dynamics continue to be important, with gas
prices reflecting differing gas supply and demand fundamentals, the nature of prevailing
coal-to-gas competition (see Chapter 5) and the different contract structures adopted. In
the United States, gas demand increases relatively slowly over the period — by 13% (over
90 billion cubic metres [bcm]) —but it continues to be the world’s largest gas market in 2035.
Demand in the European Union is also 13% higher in 2035, leaving it around 65 bcm (10%)
lower than projected in WEO-2012. This is, in part, due to a lower starting point, but also to
a combination of factors that include more modest economic growth, increased efficiency
in buildings and the faster growth of renewables in power generation.

Figure 2.5 = World primary energy demand by fuel in the New Policies Scenario
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Non-OECD countries account for more than 80% of global gas demand growth over the
period to 2035. Demand for gas in developing Asia grows by around 680 bcm, equivalent
to the total amount of gas traded inter-regionally today. Demand grows quickly in
China (nearly 400 bcm), but also briskly in India (over 110 bcm), Indonesia (40 bcm) and
other parts of the region. In absolute terms, demand for gas in the Middle East increases
by more than the growth of the entire OECD — around 300 bcm — between 2011 and 2035,
driven by new power generation (where demand for gas nearly doubles to reach 275 bcm),
desalination and higher industrial activity. Often thought of primarily as an energy exporter,
the Middle East increases its own natural gas use so rapidly that it overtakes the European
Union before 2020 and consumes 26% more than the European Union by 2035. Russia,
the world’s second-largest gas consumer, sees demand grow slowly (0.6% per year) as
improved efficiency and a move towards more market-based pricing help restrain demand
growth. Gas demand in Latin America increases by around 85%, led by a 60 bcm increase in
Brazil as a result of the increased availability of domestic supplies (see Chapter 10).
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In the New Policies Scenario, power generation continues to be the largest source of gas
demand, accounting for around 40% of global demand over the period. Around one-quarter
of the net capacity additions in the power sector between 2011 and 2035 are fuelled by
natural gas (over 1 000 gigawatts). Of the end-use sectors, industry sees the largest growth
in gas demand in absolute terms (around 335 bcm). Compared with WEQO-2012, gas use
in industry in the United States is slightly higher in the first half of the projection period,
but around the same level in 2035. This picture is subject to uncertainty, as several firms
in energy-intensive industries have plans to relocate to North America to benefit from
low gas prices (see Chapter 8). In the European Union, industrial demand for gas declines
by 10%, as a result of improvements in efficiency and the continuation of a trend away
from heavy industry to more light industry. China’s gas demand in industry increases by
14% per year to 2020 and reaches nearly 120 bcm in 2035. Middle East demand for gas
in industry overtakes that in the United States around 2030 and is around one-fifth higher
in 2035 (reaching 150 bcm); this is despite its economy being only around one-fifth the
size of the US economy at that time (in 2012 dollars at market exchange rates). Global gas
demand in the buildings sector grows by 37%, driven by increased demand for space and
water heating, to reach around 985 bcm in 2035. Natural gas use in transport doubles from
112 bcm in 2011 to 225 bem in 2035, with a particular focus on use in heavy-duty vehicles
and fleet vehicles, such as buses and taxis.

Nuclear power generation increases by two-thirds in the New Policies Scenario, reaching
4 300 terawatt-hours (TWh) in 2035. Demand is driven heavily by expansion in just a few
countries: China accounts for around half of the global increase; Korea experiences the
next largest increase over the projection period (the only OECD country to see appreciable
growth), followed by India and Russia. Overall, non-OECD economies see their share of
global demand for nuclear power jump from less than 20% to nearly 45% in 2035. While
prospects for nuclear power at the global level are now less uncertain than they were two
years ago, there are still key issues that remain unclear. These include the possibility of
further changes in government policy, implications of the ongoing safety upgrades for plant
economics and public confidence, and the impact of increased competition from shale gas.®

Global demand for energy from renewable sources grows by nearly 80% in the New
Policies Scenario (see Chapter 6). This masks differences in the fortunes of different
renewable products. Demand for traditional forms of bioenergy declines, while demand for
modern renewable energy — including hydropower, wind, solar, geothermal, marine and
bioenergy — rises almost two-and-a-half times from 2011 to 2035. Government policies
and incentives, higher fossil fuel prices and technology-driven cost reductions all help to
increase the attractiveness of renewable technologies, especially in the power sector. OECD
countries collectively account for 40% of the global increase in the use of renewables, led
by the United States and Europe, while China accounts for 16%. Renewables account for
nearly half of the net increase in global electricity generation and see their share of the
generation mix increase from one-fifth in 2011 to closer to one-third in 2035. They are

5. The 2014 edition of the World Energy Outlook will include an in-depth focus on nuclear power.
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projected to become the second-largest source of electricity before 2015 and approach
coal as the primary source by 2035. China (mainly before 2020), India (mainly after 2020),
Brazil and Africa see noticeable increases in hydropower. China, the European Union and
the United States see the largest increases in electricity from wind and, by 2035, around
70% of the world’s wind power generation capacity is expected to be in these three regions:
30% in China, 25% in the European Union and 14% in the United States. Prior to 2020, solar
capacity additions are concentrated in China, the European Union, Japan and the United
States. After 2020, solar capacity also increases rapidly in India and the Middle East. Global
demand for biofuels increases from 1.3 million barrels of oil equivalent per day (mboe/d)
in 2011 to 4.1 mboe/d in 2035. The share of biofuels in energy demand for road transport
goes from 3% to 8%. The largest increases are seen in the United States, Brazil, European
Union and China (but from a lower base).

Regional trends

The global energy map continues to be transformed, with the weight of energy demand
moving from OECD countries towards non-OECD countries (Figure 2.6). Non-OECD
countries account for more than 90% of primary energy demand growth in the New Policies
Scenario: more rapid population and economic growth, and increasing income, generates
more demand for modern energy services. In 2004, the two groupings used about the
same amount of energy but, by 2035, non-OECD demand is projected to be more than
double that of OECD countries.

Figure 2.6 = Share of world primary energy demand by region
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In the New Policies Scenario, primary energy demand in the United States — the world’s
second-largest energy consumer — increases to 2020 and then declines slightly to 2035.
Over the Outlook period as a whole, US primary energy demand grows by around 2%. Oil
demand in the United States in 2035 is around 20% lower than 2011 and only two-thirds
of its historical peak in 2005. Demand for oil plateaus before 2020, at a level not much
higher than today and, from that point, declines by around 3.7 mb/d to reach 14 mb/d in
2035. Fuel efficiency standards play a major role in reducing gasoline demand, combined
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with increasing use of alternative fuels in transport, and there is a continuing decline of
oil use in most other sectors. Coal demand declines by 14% over the period, mainly as a
result of policies to encourage a move towards other forms of power generation and a
reduction in use in industry. Helped by favourable prices and policies, natural gas demand
increases by more than 90 bcm (13%) through to 2035, with power generation (60% of the
increase), buildings and transport being the key growth sectors. Electricity generation from
renewables more than doubles, and accounts for around 23% of total generation in 2035.
Supported by production tax credits, electricity generated from wind increases by 5% per
year on average, and overtakes hydropower to become the largest source of renewables-
based generation around the mid-2020s. Biofuels demand in the United States increases
from less than 0.7 mboe/d in 2011 to 1.5 mboe/d in 2035, at the expense of oil products.
Overall, shifts in energy demand and domestic supply (see energy supply section) push the
United States to the brink of being energy self-sufficient in net terms in 2035: exports of
coal and gas almost completely offsetting (in energy equivalent terms) the declining net
imports of oil.

Primary energy demand in the European Union declines by around 7% between 2011
and 2035. Demand for oil drops by one-third (3.7 mb/d). Gasoline and diesel each see a
reduction of around 1 mb/d, as strict fuel-economy standards result in reduced demand in
transport and the use of oil products in the buildings sector declines. Coal consumption is
half today’s level by 2035, falling by more than 200 Mtce, almost all of which is steam and
brown coal use in the power sector. It takes around two decades for natural gas demand
to get back to 2010 levels, with increases in the power sector and in buildings (where oil
and coal use falls), but a decline in industry. Renewables increase their share of electricity
generation from 21% in 2011 to 44% in 2035, backed by renewables targets and ongoing
support in the form of subsidies. Generation from wind grows particularly strongly and it
becomes the largest source of renewables-based generation around 2020.

Japan sees primary energy demand decline by 4% over the projection period, with a
reduction in energy use in transport and industry outweighing a slight increase in buildings.
Oil consumption declines by 36%, to less than 3 mb/d by 2035. Gas demand increases in
end-uses, mainly buildings and industry. Electricity generation from fossil fuels declines by
around 110 TWh (13%) over the projection period, but this masks a significant decline in oil,
a smaller decline in coal, and an increase in gas. Renewables-based generation increases by
210 TWh, accounting for 28% of total generation in 2035 (solar and wind growing strongly).
While our projections show nuclear power providing 14% of electricity generation in 2035,
this is an area of particular uncertainty. Japan is currently working on a new energy plan
to be released in late-2013 and the way the future role of the Japanese nuclear industry is
shaped will have major implications for the future of the rest of the power sector as well.

In the New Policies Scenario, developing Asia accounts for 63% of global energy demand
growth from 2011 to 2035. China, only recently established as the world’s largest energy
consumer, is projected to consume in 2035 about 80% more energy than the United States
(the next largest consumer) (Figure 2.7). China’s energy demand per capita increases by
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40% over the Outlook period (to reach 2.8 toe/capita), accelerating away from the global
average and getting close to the level of the European Union by 2035. In our projections,
China registers the largest energy demand growth in every major sector to 2035. Looking at
growth by fuel is just as unambiguous, with China having a larger increase than any country
in demand for oil, gas, nuclear, hydro, wind and solar. But the pace of energy demand
growth does slow: growth this decade will be slower than the last, and in the 2020s growth
will be less than half the level of the current decade.

Figure 2.7 = Primary energy demand in selected regions and the share of
global growth in the New Policies Scenario (Mtoe)
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China is about to become the world’s largest oil importer and becomes the world’s largest
oil consumer around 2030 — reaching 15.1 mb/d in 2035. China’s road-transport fleet
becomes the largest consumer of oil products of any fleet in the world around 2030 and, by
2035, consumes 7.9 mb/d. Policy actions to curb local pollution and meet energy security
goals help to continue the strong growth in gas and renewables and are an important
factor in the slowdown in coal demand growth that is already occurring in China. The
exact pace of this slowdown, and its impact on coal imports, continues to be the biggest
source of uncertainty for global coal markets. An increase in the national target for solar
photovoltaics (PV) underpins a significant upward revision from WEO-2012 — with capacity
reaching 35 gigawatts (GW) in 2015 and nearly 160 GW in 2035.

China accounts for nearly 40% of world energy demand growth from 2011 to 2025,
dominating both the global and regional picture (Figure 2.8). After 2025, the focus of
demand growth shifts within developing Asia towards India and, to a lesser extent,
Southeast Asia. In India, total primary energy demand more than doubles over the Outlook
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period; it all but matches that of the European Union in 2035, but on a per-capita basis
it is still only one-third of that level. India is projected to see the largest increase in coal
demand globally, its consumption doubling to reach around 970 Mtce in 2035. Oil demand
in India reaches more than 8 mb/d in 2035, with road transport taking the largest share
(a combination of growing vehicle ownership and relatively low fuel efficiency levels),
but residential demand for liquefied petroleum gas (LPG) and kerosene also accounts
collectively for nearly 1 mb/d. In our projections, India meets the targets of its Solar
Mission initiative (22 GW of capacity by 2022) and, assuming production costs continue to
fall, is expected to have a relatively large solar market by the 2020s. India increases its solar
capacity by about 75 GW between 2020 and 2035, second only to China and more than
twice the increase in the European Union.

Figure 2.8 = Share of the growth in world primary energy demand by region
in the New Policies Scenario
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The importance of the Middle East as a centre of energy demand grows
significantly (Table 2.2). Total energy demand in the Middle East overtakes that of Russia
around 2017 and is nearly 70% of the level of demand in the European Union in 2035.
Oil demand in the Middle East grows to 10 mb/d in 2035, making it the world’s third-
largest oil consumer (after China and the United States). Gas consumption eclipses that
of the European Union by 2020 and reaches more than 700 bcm by 2035 — second only
to the United States. Gas demand in the power sector nearly doubles over the Outlook
period. The share of renewables in electricity generation increases from around 2.5% in
2011 to 13% in 2035. Energy demand for petrochemical feedstocks overtakes the level in
the United States before 2030, the Middle East expanding its petrochemical production
substantially in 2035, consuming 2.2 mb/d of oil and 72 bcm of gas as feedstock. By 2035,
industry in the Middle East consumes 150 bcm of natural gas — more than industry in China
or the United States, where other fuels continue to play a more significant role.
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Table 2.2 = World primary energy demand by region in the New Policies
Scenario (Mtoe)

1990 2000 2011 2020 2030 2035 2011-2035*
OECD 4522 5292 5304 5486 5457 5465 0.1%
Americas 2260 2 696 2663 2811 2826 2 850 0.3%
United States 1915 2270 2189 2281 2246 2242 0.1%
Europe 1630 1765 1778 1763 1719 1709 -0.2%
Asia Oceania 631 832 863 912 912 906 0.2%
Japan 439 519 461 470 450 443 -0.2%
Non-OECD 4047 4507 7 406 9136 10 709 11435 1.8%
E. Europe/Eurasia 1539 1006 1159 1228 1318 1373 0.7%
Russia 880 620 718 755 806 841 0.7%
Asia 1578 2220 4324 5548 6584 7 045 2.1%
China 879 1175 2743 3519 3945 4060 1.6%
India 317 457 750 971 1336 1539 3.0%
Southeast Asia 223 373 549 718 897 1004 2.5%
Middle East 212 358 640 796 970 1051 2.1%
Africa 388 494 698 836 962 1026 1.6%
Latin America 331 429 586 729 876 941 2.0%
Brazil 138 184 267 352 441 480 2.5%
World** 8769 10071 13 070 15 025 16 623 17 387 1.2%
European Union 1642 1691 1659 1614 1556 1541 -0.3%

* Compound average annual growth rate. ** World includes international marine and aviation bunkers (not
included in regional totals).

Economic growth and a burgeoning middle class see energy demand in Brazil increase
by about 80%, underlining its position as the dominant consumer in Latin America (see
Part B for an in-depth analysis of Brazil). Renewables continue to meet a large part of total
demand, with hydropower at the core of electricity supply and supply from bioenergy and
wind increasing. Biomass also plays a significant role in industry in Brazil, while demand
for biofuels in transport reaches 0.8 mboe/d in 2035, helping to slow oil demand growth.

Sectoral trends

In the New Policies Scenario, over half of the projected increase in global primary energy
demand comes from the power sector — the result of continuing electrification of the
world economy (Figure 2.9). Electricity demand expands most in buildings (in absolute
terms), as a result of increased ownership of appliances and cooling needs in residences
coupled with growing demand in the services sector (such as shops, offices, hotels and
hospitals). The global average efficiency of fossil fuel conversion in power plants improves
by about 15%, but demand for energy inputs to generation still increases by 45%. Carbon
capture and storage (CCS) technology appears well-suited to resolving at least some of
the tension between rapidly increasing electricity demand, readily available existing fossil
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fuel resources (and related infrastructure), and the need to limit CO, emissions and local
pollution, yet many significant challenges have still to be overcome. They include the need
to integrate component technologies effectively into large-scale projects, identify viable
storage sites and put the necessary financial incentives in place.® At present, the outlook
for CCS does not look bright and our projections show only 67 GW of CCS capacity in the
power sector in 2035, around 1% of global fossil-fuelled power generation capacity. The
CCS capacity that does exist in 2035 is located mostly in the United States, China and the
European Union.

Figure 2.9 = Change in energy demand by sector and fuel in the New
Policies Scenario, 2011-2035
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Demand grows quickly — 1.7% per year — for those fuels that are used as a raw material for
other products, mostly in the form of petrochemical feedstocks. The Middle East sees a
significant increase in demand to 2035, with the availability of relatively cheap feedstocks
underlying a doubling of its petrochemical capacity over the projection period. Emerging
petrochemical producers in Asia, particularly in China, Southeast Asia and India, also see
substantially higher oil feedstock consumption, driven by a rapidly increasing demand for
plastics. Globally, industrial energy use expands at 1.4% per year. China accounts for almost
half of the growth to 2020, but its demand levels off thereafter, when India, Southeast Asia
and the Middle East account for much of the increase. Among the OECD regions, only North
America sees any notable increase in industrial energy use, thanks in part to the boost to
competitiveness provided by relatively low electricity and gas prices (see Chapter 8). In
aggregate, OECD industrial energy demand grows modestly to 2020 and then levels-off.
Electricity and gas account for more than two-thirds of the demand increase from non-
energy intensive industries in the OECD. Despite the growth in energy demand for such
industries, their share of total industrial energy demand grows only slightly.

6. For more on CCS, see the IEA’s Technology Roadmap: Carbon Capture and Storage (IEA, 2013b).
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Global energy demand in transport grows at an average rate of 1.3% per year over the
projection period — a significantly lower rate of growth than seen in recent decades. All of
the net growth comes from non-OECD regions, notably developing Asia; demand declines
in the OECD, where efficiency gains more than outweigh a modest expansion of the vehicle
fleet. Although the number of cars and trucks on the world’s roads will roughly double
between 2011 and 2035, advances in automotive technology lead to major improvements
in average vehicle fuel economy. Globally, demand for diesel in road transport increases
by 6.4 mb/d from 2011 to 2035, compared with a 2.1 mb/d increase in demand for
gasoline (see Chapter 15). Oil-based fuels continue to dominate transport energy demand,
though biofuels, and, to a much lesser extent, electricity for plug-in hybrid and electric
vehicles account for a rising share of road-transport fuel demand. The use of natural gas in
liqguefied or compressed form grows rapidly, but from a small base (reaching 5.6% of total
energy demand in transport in 2035 and 4.8% in road transport). United States and China
lead the contribution to growth, with low natural gas prices in the United States expected
to push gas use in heavy trucks. However, while the technology is well-proven, the market
remains small or non-existent in most countries, because of the obstacles to its adoption
as a road fuel, for example, the lack of widespread refuelling infrastructure. Aviation and
shipping become more fuel-efficient, offsetting to a large degree the effect on fuel demand
of the projected rise in demand for air travel and maritime freight.

In the buildings sector, energy use grows at an average rate of 1% per year on average
across the Outlook period, with nearly 75% of the growth coming from non-OECD countries.
Households account for almost 60% of the increase in energy demand. Close to 1.8 billion
new urban citizens (mainly in developing countries) push up residential demand, mostly in
the form of electricity, because of strong growth in the use of appliances, space cooling and
lighting. While the size of the world’s rural population remains stable (in absolute terms),
and policies encourage a shift to more efficient cookstoves, this only helps to limit growth
in the use of biomass for cooking over the projection period.

Energy supply

Energy resources

The energy resources remaining in the world will not constrain the projected growth in
energy demand to 2035 and well beyond. However, the scale of investment required to
exploit them is huge and there are many factors that will determine the exact pace at which
differing energy resources will be developed, such as uncertainty around the economic
outlook, the investment climate and availability of financing, prevailing geopolitics, energy
and climate change policies, depletion policies in key producing regions, advances in
technology and changes to legal, fiscal and regulatory regimes.”

7. A WEO special report analysing the investment and financing needs of the world’s energy infrastructure will
be published in mid-2014.
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High oil prices in recent years have supported an increase in total proven oil reserves,
which are now estimated to be around 1 700 billion barrels, equivalent to 54 years of
current production (Figure 2.10). Remaining recoverable resources are much larger:
around 2 670 billion barrels of conventional oil, 1 880 billion barrels of extra-heavy oil and
bitumen, 1 070 billion barrels of kerogen oil and 345 billion barrels of light tight oil (LTO)
(see Chapter 13). Nearly 60% of remaining recoverable oil reserves are located onshore,
37% are offshore (of which, more than one-third are in deepwater) and the remainder
are in the Arctic. Estimates of remaining recoverable resources of oil continue to increase
as new technologies, such as multi-stage hydraulic fracturing, unlock types of resources
(such as LTO) that were not considered recoverable only a few years ago. Enhanced oil
recovery (EOR) technologies are currently estimated to have the potential to unlock
another 300 billion barrels from conventional reservoirs (not included in our resource
estimates) by increasing recovery rates, but realising the full potential of EOR may be
hampered in practice by the complexity of EOR projects and shortage of the necessary
skills in the industry.

Figure 2.10 > Fossil energy resources by type
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Notes: All bubbles are expressed as a number of years of production based on estimated production in 2013.
The size of the bubble for total remaining recoverable resources of coal is illustrative and is not proportional
to the others. The figure specifies the status of reserves for coal as of end-2011, and gas and oil as of end-
2012. Sources: BGR (2012); O&GJ (2012); USGS (2000, 2012a and 2012b); IEA estimates and analysis.

There are abundant proven reserves of coal — bigger than those for oil and gas combined
in energy terms. These proven reserves increased by more than 3% in 2011 to reach an
estimated 1 040 billion tonnes (BGR, 2012), equal to 142 years of production at current
rates (see Chapter 4). Total remaining recoverable resources of coal are more than twenty
times the size of proven reserves and could support current production levels for much
longer. Both coal reserves and resources are distributed relatively widely. Reserve levels
are obviously far larger than needed to meet projected demand to 2035 and well in excess
of the maximum which could be consumed without overshooting a 2 °C climate target
(unless the CO, emissions are mitigated, such as by being captured and stored).
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Proven resources of natural gas (both conventional and unconventional) are estimated
to be 211 tcm, enough to sustain current levels of production for 61 years. Remaining
recoverable resources are assessed to be 810 tcm and are equivalent to 233 years of
production at current rates (see Chapter 3). This assessment takes into account the latest
estimate of shale gas resources from the US Energy Information Administration, which,
mainly because it has broader coverage, is 10% higher than previously (US EIA, 2013).

There are very large renewable energy resources — including bioenergy, hydro, geothermal,
wind, solarand marine energy —which, if all harnessed, could meet projected energy demand
many times over. These resources are also very well spread geographically, relative to other
energy resources. However, in a number of cases, the cost of exploiting them on a large
scale is currently prohibitive, even with government support. The potential for renewables
production on an economically sound basis depends on how fast production costs can be
reduced: such cost reductions are already happening rapidly (see Chapter 6). Similarly,
resources of uranium — the raw material for nuclear fuel —are more than adequate to supply
the projected growth in nuclear power capacity through to 2035 and well beyond. Uranium
resources expanded by 12.5% between the start of 2008 and 2011 and are sufficient for over
100 years of supply, based on current requirements (NEA/IAEA, 2012).

Production outlook

In the New Policies Scenario, total oil production® increases by 11 mb/d from 2012 to reach
98 mb/d in 2035 (see Chapter 14). Production of crude oil declines by 4 mb/d over the
Outlook period and its share of total oil production declines from around 80% to two-
thirds. In contrast, production of natural gas liquids (NGLs) increases by 5 mb/d, with its
availability being driven by growth in gas production. Unconventional oil production triples
to reach 15 mb/d in 2035 and, while it remains concentrated in North America, world LTO
production reaches nearly 6 mb/d by the late 2020s and remains around 5.6 mb/d in 2035.

Over the next decade, much of the net increase in global oil demand is met by non-OPEC
supply, particularly LTO in North America (mainly the United States), Canadian oil sands
and deepwater pre-salt oil in Brazil (Figure 2.11). The United States becomes the largest oil
producer in the world (crude plus NGLs) in 2015 and retains this status until the beginning
of the 2030s. Brazil alone delivers more than one-third of the net global growth in oil
production —growing by more than double the increase in the United States —and becomes
a net exporter around 2015 (see Chapter 11). Qil production falls in several regions, with
Russia, the European Union and China seeing the biggest declines. From around the
mid-2020s, OPEC oil production growth (mainly from the Middle East) meets all of the global
growth in demand, as non-OPEC production starts to decline gradually. Over the projection
period, Iraq is by far the biggest contributor to OPEC production growth, accounting for
two-thirds of the total (although Saudi Arabia remains the largest producer). OPEC’s share
of global production declines slightly by 2020 (from 43% to 41%), before then increasing
to reach 46% in 2035.

8. Total oil “supply” denotes production of conventional and unconventional oil and NGLs plus processing gains
(oil supply reaches 101.4 mb/d in 2035), while oil “production” (discussed here) excludes processing gains.
Processing gains are the volume increase in supply that occurs during crude oil refining.
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Figure 2.11 = Change in production by fuel in selected regions in the New
Policies Scenario
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The global refinery sector is facing huge challenges: the changing composition of feedstocks,
changing product demand and the geographical shift of demand away from OECD countries
and towards Asia and the Middle East (see Chapter 16). There is both a growing share
in overall supply of extra-heavy oil, which requires more complex technology to process,
and of NGLs, biofuels and coal/gas-to-liquids, many of which bypass refineries completely.
Rising demand for middle distillates, particularly diesel, pushes refiners to enhance yields
for these products. Overall, global demand for refined products grows by 10 mb/d through
to 2035, much less than the anticipated growth in overall liquids demand (16.8 mb/d,
including biofuels) and less than net refinery capacity additions (13.1 mb/d).

In the New Policies Scenario, global coal production increases by 15% from 2011 to more
than 6 300 Mtce in 2035. Production in the European Union declines by nearly 60% over
the Outlook period, responding to lower regional demand, reduced production subsidies
in some countries and cost escalation. Coal supply in the United States starts to decline
gradually before 2020 and is around 15% lower in 2035. Australia sees strong production
growth to 2020 and a more gradual increase thereafter. China’s production increases by
9% and it remains the biggest coal producer over the period, accounting for around 45%
of global production in 2035. However, production peaks before 2030 and then declines
marginally. The absolute growth in coal production in India is the largest of any country
over the projection period, helping to meet domestic demand for power generation. The
majority of the increase occurs after 2020, when it accounts for more than 70% of global
coal production growth. Indonesia achieves a more than 80% increase in coal production,
both to meet domestic demand and for export. It overtakes Australia to become the fourth-
largest coal producer on an energy equivalent basis.

World natural gas production grows by 47% to 5 tcm in 2035, with unconventional gas,
LNG and evolving contractual structures all playing a role in the emergence of new players
and an increasingly diverse trade picture. China sees the largest growth in gas production
(nearly 215 bcm), two-thirds of this growth coming after 2020. It becomes the world’s
third-largest gas producer before 2025 (overtaking Qatar) and the second-largest producer
of unconventional gas (after the United States) before 2030. Projections for Russian gas
production are lower than in WEO-2012, not as a result of supply constraints, but mainly
due to modest growth in domestic demand and weak European import needs this decade.
Despite this, Russia’s gas output rises by around 135 bcm to 2035 (all after 2020), much of
which goes to meet Asian demand. Turkmenistan sees production double and its exports
to China grow as the capacity of the Central-Asia pipeline is increased.

Currently an importer of both pipeline gas and LNG, Brazil increases gas production by 7%
per year on average, to reach more than 90 bcm. The majority of this gas is associated gas
from oil production. It supports both a move to increasing gas use in power generation,
industry and buildings, and the attainment of self-sufficiency later in the projection
period (see Chapter 12). Elsewhere in Latin America, an assumed improvement in
Argentina’s investment climate facilitates a revival in gas production, led by shale gas.
The Middle East has more conventional gas resources than any other region and sees its
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production increase by more than 300 bcm in the New Policies Scenario. Qatar, Iraq, Iran,
Saudi Arabia and the United Arab Emirates all achieve significant increases in production by
2035, but much of the gas goes toward meeting demand within the region.

Unconventional gas is expected to account for nearly half of the global growth in
production over the Outlook period. However, the prospects for unconventional gas are
particularly uncertain, given the need to allay public concerns about the environmental
and social implications and as-yet limited knowledge about the resource base in many
parts of the world. As of 2012, the United States is the world’s largest gas producer
(boosted by expanding supply of shale gas) and is expected to remain so through to
2035. Globally, production of unconventional gas continues to grow, reaching more than
830 becm by 2020 and more than 1 300 bcm in 2035 — more than one-quarter of total gas
production at that time. North America leads the way, still accounting for more than half of
global unconventional gas production in 2035, but the revolution spreads after 2020 and
more than two-thirds of the supply growth over the projection period as a whole occurs
elsewhere (mainly China, Australia, India and Argentina).

Energy supply from renewables grows faster than any other source of energy, with two-thirds
of the growth coming after 2020. Most of the increase is supplied in the form of electricity,
with wind and hydropower making the largest contribution. In total, renewables-based
generation expands by more than two-and-a-half times by 2035. The supply of bioenergy
increases by over 40% over the Outlook period, with about half of the increase going to
power generation and much of the rest to the production of biofuels (liquid road transport
fuels). Biofuels production grows from 1.3 mboe/d in 2012 to 4.1 mboe/d in 2035, with
most of the increase coming from the United States and Brazil. While production in the
United States and the European Union is intended to meet domestic demand, Brazil is
one of the few countries to develop production capacity to serve other markets — Brazil’s
net exports account for about 40% of global biofuels trade in 2035. China and India see
production increase after 2020, but remain relatively small compared with the United
States and Brazil.

Inter-regional energy trade

The changes happening in the global energy system become strikingly evident when
examining the projected future trends in inter-regional energy trade.® Energy trade
increases for all fossil fuels and for biofuels in the New Policies Scenario, with differing, but
profound, energy security and competitiveness implications across regions. Oil remains
the most heavily traded fuel, with trade increasing by around 5 mb/d to nearly 50 mb/d
in 2035. Overall, OECD net oil imports more than halve (to around 10 mb/d) and their share
of total inter-regional trade declines from around 50% to only 20% in 2035. Light tight oil
(mainly through to 2020) and energy efficiency (mainly after 2020) combine to reduce US
oil imports to around 3 mb/d in 2035. The added factor of production from Canadian oil
sands means that, collectively, the United States and Canada become self-sufficient in oil

9. Analysis is based on net energy trade between WEO regions.
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before 2030. Combined, the two countries actually become energy self-sufficient in net
terms much sooner — around 2020.%° Imports into Europe also decline, but at a slower
pace, and due to reduced demand.

By contrast, Asia becomes the global centre of inter-regional crude oil trade —accounting for
63% of the world total in 2035.% China is about to become the world’s largest oil importer,
overtaking the United States, and goes on to surpass the oil imports of the European Union
by 2020. By 2035, China’s oil imports reach 12.2 mb/d, getting close to the peak historical
level of imports into the United States. India’s oil imports are larger than those of Japan by
2020 and exceed those of the European Union by 2035: its import dependence increases to
more than 90%. Brazil undergoes a pivotal shift, becoming a net oil exporter around 2015
and going on to export around 2.6 mb/d in 2035 (Figure 2.12). By 2035, Southeast Asia
will import around 60% more oil than the United States (over 5 mb/d). Exports from the
Middle East are slightly lower than today in 2020, but then increase to reach 24.6 mb/d in
2035. The share of Middle East production which is exported declines slightly, as domestic
consumption increases more quickly than production. Russian oil exports decline to
6.2 mb/d, as new production fails to keep pace with the decline in mature fields.

Figure 2.12 = Net oil and gas import/export shares in selected regions in the
New Policies Scenario
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10. Calculated on an energy-equivalent basis.
11. Developing Asia, Japan and Korea, collectively.
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Coal trade goes from 900 Mtce in 2011 to 1 260 Mtce in 2035, with most of the growth
happening before 2020. As a share of total coal supply, trade increases from 16% in 2011
to 20% in 2035. China continues to be the dominant coal importer for the remainder
of this decade, with its imports increasing substantially to 2020, before then starting to
decline. India overtakes China soon after 2020 as the world’s largest coal importer. Despite
its domestic resources, India’s coal imports more than triple over the Outlook period,
reaching 350 Mtce in 2035 — more than one-quarter of global trade. Indonesia expands
its coal exports by more than 50%, mainly in this decade, and Australian exports also grow
by around half. The United States remains a significant net coal exporter throughout the
period to 2035. Coal imports decline significantly in the European Union, Korea and Japan.

Inter-regional natural gas trade increases by 2% per year, to reach nearly 1.1 tcm in 2035.
LNG accounts for nearly 60% of the increase in trade and, in combination with new sources
of supply (conventional and unconventional) and evolving contractual structures, boosts
the flexibility of global gas supply. In general, existing gas importers become more import-
dependent (the European Union, China, India), but there are notable exceptions, such as
the United States and Brazil. The United States moves to become a net exporter of gas in
2017 and is projected to export, in net terms, around 50 bcm in 2035 as a result of new LNG
export facilities coming online.’? Like trade in oil, gas trade will also see its focus shift to
Asian markets, where the number of importing countries will increase. In addition, higher
prices make Asia an attractive destination for many LNG cargoes. In many parts of the
Middle East, there is a clear strategy to regard gas as a prime component of domestic supply
and, in 2035, only 15% of Middle East gas production is exported. Exports from Africa are
projected to increase by 135 bcm, as new production in East Africa supplements supplies
from other parts of the continent. Gas exports from the Caspian region are projected to
more than double and to go both east and west. LNG exports from Australia are projected
to reach around 100 bcm in 2035, while Russian exports increase by more than 65 bcm and
it remains the world’s largest gas exporter through to 2035.

Regional gas price dynamics and evolving price mechanisms are important for gas markets
over the Outlook period. In the New Policies Scenario, significant spreads between
regional gas prices persist through to 2035, albeit with a limited degree of convergence
(see Chapter 1). Such differences in regional gas prices (together with electricity price
differences) can affect the competitiveness of energy-intensive industries, such as
chemicals, oil refining, iron and steel and others. In the New Policies Scenario, strong
growth in demand for energy-intensive goods in many developing countries supports a swift
rise in their production (and export expansion). Relative energy costs play a more decisive
role elsewhere, particularly among OECD countries: natural gas and industrial electricity
prices in the United States remain around half the level of the European Union and Japan
in 2035. While the United States sees a slight increase in its share of global exports of
energy-intensives goods, the European Union and Japan both see a strong decline in their
export shares a combined loss of around one-third of their current shares (see Chapter 8).

12. These net figures include Canadian exports by pipeline to the United States and US pipeline exports to
Mexico.
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Chapter 3 also explores a case in which several factors combine to drive a much stronger
convergence in regional gas prices towards a more global gas price (after allowing for
liquefaction and transport costs between regions). This case envisages increased linkages
between regional markets and prices generally becoming more responsive to prevailing
market conditions. In this Gas Price Convergence Case, global demand for gas is 107 bcm
higher in 2035 than the New Policies Scenario, with lower prices stimulating demand in the
European Union, Japan, China and other countries in Asia. Global gas trade is 5% higher in
2035, while gas import bills are lower in major gas-importing regions, most notably China
and the European Union.

Global trade in biofuels increases from 0.2 mboe/d in 2012 to 0.7 mboe/d in 2035. The
United States remains the world’s largest producer, but becomes a net importer early
in the projection period (albeit with relatively large imports and exports). Brazil is the
main supplier to the international market during the Outlook period and exports around
0.2 mboe/d by 2035 (see Chapter 12), a significant portion of which goes to Europe.

Implications for energy-related CO, emissions

It is extremely likely that human influence has been the dominant cause of climate change
since the mid-20th century, and very likely that it has contributed to observed global scale
changes in the frequency and intensity of daily temperature extremes, according to the
Intergovernmental Panel on Climate Change (IPCC, 2013). As the source of more than two-
thirds of global greenhouse-gas emissions, the energy sector is crucial to tackling climate
change. Global energy-related CO, emissions in 2012 are estimated to be 31.5 Gt, a 1.2%
increase over 2011. Over the past several decades, trends in emissions have followed
those of the global economy closely, but they have shown increasing signs of divergence
in more recent times: one-quarter less CO, is emitted today per unit of economic output
than in 1990 (in PPP terms). The New Policies Scenario incorporates continued support for
renewables and efficiency, an expansion of carbon pricing and a partial removal of fossil-
fuel subsidies. Even after taking these factors into account, energy-related CO, emissions
increase by nearly 20%, to 37.2 Gt, in 2035. Nonetheless, there is an acceleration in the
divergence between emissions and economic growth, so that expanding the economy by
one unit of GDP in 2035 emits nearly 50% less CO, than similar economic expansion today.

The New Policies Scenario points to an increase in the greenhouse-gas concentration in
the atmosphere, from 444 parts per million (ppm) in 2010 to over 700 ppm by 2100.% This
would correspond to an increase in the long-term global average temperature of 3.6 °C,
compared with pre-industrial levels (an increase of 2.8 °C from today, adding to the 0.8 °C
that has already occurred). By 2020, the level of emissions expected in the New Policies
Scenariois already 3 Gt higher than under a trajectory compatible with limiting temperature
increase to 2 °C, though additional corrective action is still possible (Spotlight).

13. While the concentration of greenhouse gases measured under the Kyoto Protocol was 444 ppm
CO,-eq in 2010, the concentration of all greenhouse gases, including cooling aerosols, was 403 ppm
CO,-eq (EEA, 2013).
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SPOTLIGHT

Policies currently under discussion are insufficient to limit the long-term global
temperature increase to 2 °C, the target governments agreed at the United Nations
Framework Convention on Climate Change Conference of the Parties in Cancun, Mexico
in 2010. The 450 Scenario demonstrates that reaching this target remains technically
feasible, but intensive action prior to 2020, the year in which a new international
climate agreement is due to come into force, is essential. The WEO special report
Redrawing the Energy-Climate Map, published in June 2013, proposes a set of four
fully economic policy measures that would, if implemented promptly, cut 80% of the
excess emissions in 2020 relative to the 2 °C target (IEA, 2013a).

The four policy measures it set out in the 4-for-2 °C Scenario entail no net economic
cost and would steer the world onto an emissions path that would keep the door
open to achieving the 2 °C target. The policies were selected on the basis that they
can deliver significant reductions in energy sector emissions by 2020 (as a bridge to
further action), rely only on existing technologies, have already been proven in several
countries, and their implementation (as a package) would not harm economic growth
in any region. The four policies are:

B Adopting specific energy efficiency measures (49% of the emissions savings).

B Limiting the construction and use of the least-efficient coal-fired power
plants (21%).

B Minimising methane (CH,) emissions from upstream oil and gas production (18%).

m  Accelerating the (partial) phase-out of subsidies to fossil-fuel consumption (12%).

Targeted energy efficiency measures would reduce global energy-related emissions
by 1.5 Gt in 2020 (Figure 2.13). These policies include imposing new or higher energy
performance standards in many fields: in buildings, for lighting, new appliances and
new heating and cooling equipment; in industry, for motor systems; and, in transport,
for road vehicles. Around 60% of the global savings in emissions are obtained in the
buildings sector.

Ensuring that new subcritical coal-fired plants are no longer built and limiting the use
of the least efficient existing ones would reduce CO, emissions by 640 Mt in 2020 and
also help curb local air pollution. Globally, the use of such plants would be one-quarter
lower than would otherwise be expected in 2020. The largest emissions savings occur
in China, the United States and India, all of which have a large number of coal plants.

Methane (CH,) releases into the atmosphere from the upstream oil and gas industry
would be almost halved in 2020, compared with the levels otherwise expected. Around
1.1 Gt carbon-dioxide equivalent (CO,-eq) of methane, a potent greenhouse gas, was
released in 2010 by the upstream oil and gas industry. Reducing such releases into the
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atmosphere represents an effective complementary strategy to the reduction of CO,
emissions. The necessary technologies are readily available, at relatively low cost, and
measures in this field are being adopted in some countries, such as new performance
standards in the United States.

Accelerated action towards a partial phase-out of fossil-fuel subsidies would reduce CO,
emissions by 360 Mt in 2020. Globally, fossil-fuel subsidies amounted to $544 billion
in 2012, more than five times the level of support to renewables.

Figure 2.13 > Change in world energy-related CO, emissions by policy
measure in the 4-for-2 °C Scenario
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Initiatives and announcements since the publication of this WEO special report
suggest that policymakers are giving close attention to these four policy areas. The
United States and China have signed an agreement to co-operate in combating climate
change, including by raising efficiency in the transport and power sectors. The US
President’s Climate Action Plan includes strong action across these policy areas. The
Major Economies Forum has a new initiative to improve the efficiency of buildings.
The investor community is moving towards more ambitious investment in low-carbon
assets, while the World Bank will now provide finance to greenfield coal power projects
only in rare circumstances. Other multilateral investment banks are also considering
adopting this position.

The very long lifetime of some greenhouse-gases means that their cumulative build-up in
the atmosphere is an important consideration. The IPCC concludes that the world has a
maximum global CO, emissions budget of 1 133 Gt from 2012 onwards if it is to keep to a
50% chance of limiting the long-term average increase in global temperature to no more
than 2 °C (IPCC, 2013).% Based on this estimate and the New Policies Scenario, 74% of the
available CO, emissions budget will be consumed by the energy sector alone by 2035. If

14. This IPCC estimate takes account of radiative forcing from other sources.
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unabated, the potential CO, emissions from consuming all fossil fuel reserves (as of 2012)
would amount to 2 860 Gt — two-and-a-half times the IPCC’s estimate of the maximum
global CO, emissions budget. This is before factoring in remaining recoverable fossil
fuel resources (which are much larger than proven reserves) or non-energy related CO,
emissions, such as deforestation. Such analysis puts into sharp focus the need to increase
the adoption of technologies such as CCS rapidly and at scale if the world is to balance use
of its fossil fuel resources with meeting its environmental objectives.

The geographical distribution of energy-related CO, emissions is set to change significantly
between now and 2035. All of the growth occurs in developing countries, as emissions
across the OECD declines by 16%, to 10.2 Gt in 2035, due to saturation of energy demand
and the affects of policies promoting energy efficiency and decarbonisation of the fuel mix.
China is expected to remain the largest emitter throughout the projection period. Chinese
emissions are 60% larger than those of the United States in 2012, but will be more than
twice the size of the United States by 2035 (Figure 2.14). Emissions in India are expected to
overtake those of the European Union in the mid-2020s and get closer to the levels of the
United States in 2035. By the end of the projection period, emissions from both Southeast
Asia and the Middle East will be at a similar level to those of the European Union.

Figure 2.14 > Energy-related CO, emissions by region in the New
Policies Scenario
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CO, emissions per capita decline slightly on a global basis, to 4.3 tonnes per capita, in
2035. On average, OECD countries see their CO, emissions per capita decline by nearly
one-quarter. Per-capita emissions in the United States drop significantly, but remain nearly
three times the world average in 2035; those of Japan decline to 7.8 tonnes/capita and
the average level of the European Union falls to 4.9 tonnes/capita (Figure 2.15). Some
developing economies experience rapid increases in per-capita emissions: China converges
to the OECD average in 2035, while the Middle East overtakes the OECD average. In
Southeast Asia and India, per-capita emissions remain below the world average, despite an
increasing trend over the projection period.
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Figure 2.15 = Energy-related CO, emissions per capita and CO, intensity in
selected regions in the New Policies Scenario
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Emissions from coal remain the largest source of energy-related CO, emissions throughout
the period, but they stabilise in 2025 at around 15.7 Gt. More than 45% of the growth
in global emissions from 2012 to 2035 is expected to come from natural gas, despite its
lower level of emissions per unit of energy. By 2035, natural gas combustion releases over
9.1 Gt of CO,, while oil combustion accounts for 12.5 Gt. Emissions are expected to rise in
all sectors over the Outlook period, with the largest increase in the power sector (2.1 Gt),
driven by increasing electricity demand in developing countries, mostly in buildings. The
power sector in China alone adds 1.3 Gt through to 2035, even though the share of non-
fossil generation expands from 22% in 2012 to 38% in 2035. Global CO, emissions from
the transport sector expand by 2.0 Gt, with developing Asia accounting for nearly three-
quarters of this growth. Expanding demand for mobility, often coupled with subsidised
prices and weak or non-existent fuel-economy standards, explains this growth.

Topics in focus

This section presents new data and analysis on three topics that have an important bearing
on the Outlook for the global energy system. The ten members of the Association of
Southeast Asian Nations (ASEAN) are, together with China and India, shifting the centre of
gravity of the global energy system toward Asia. We examine in greater detail the current
energy situation in Southeast Asia and the important trends influencing its energy outlook
to 2035. WEO-2013 also continues its coverage of the need to increase modern energy
access to the huge number of people in the world currently without it, and the imperative
to phase out inefficient fossil-fuel subsidies that serve to distort energy markets. Here we
present our latest data and analysis, as well as covering key developments over the last
year and, in the case of energy access, our projections for the future.
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Energy trends in Southeast Asia®®

The situation today

Since 1990, Southeast Asia’s energy demand has expanded two-and-a-half times. By 2011,
it had reached 550 Mtoe, or around three-quarters of that of India. Considerable further
growth in demand can be expected in the region, especially considering that the per-capita
energy use by its 600 million inhabitants is low, at just half of the global average, and the
region’s strong long-term economic growth prospects. However, the countries of Southeast
Asia are extremely diverse, with vast differences in their scale and pattern of energy use
and their energy resource endowments (Figure 2.16). Indonesia, the largest energy user
in the region, with 36% of overall demand, consumes 66% more energy than Thailand
(the second-largest user) and over 50 times more energy than Brunei Darussalam (which
has the lowest consumption and a much smaller population). Compared with some of its
neighbours, Southeast Asia is richly endowed with fossil and renewable energy resources,
though they are distributed unevenly across the region and often located far from demand
centres. Currently, the region is an exporter in net energy-equivalent terms, as exports
of coal (220 Mtce), natural gas (62 bcm) and biofuels more than offset net imports of oil
(1.9 mb/d). Indonesia is by far the dominant producer, having greatly increased its coal
output and exports in the last decade.

Phasing out fossil-fuel subsidies and providing access to modern energy services remain
unfinished business in Southeast Asia. Fossil-fuel subsidies amounted to $51 billion in the
region in 2012. Despite recent reform efforts, notably in Indonesia, Malaysia and Thailand,
subsidies remain a significant factor distorting energy markets. They encourage wasteful
energy consumption, burden government budgets and deter investment in energy
infrastructure and efficient technologies (see final section of this chapter). With one-fifth of
the population in the region still lacking access to electricity and almost half still relying on
the traditional use of biomass for cooking, much remains to be done to achieve universal
access to modern energy. In Indonesia, for example, electricity demand was lower than
Norway’s until the mid-2000s, yet its population is some 50 times greater.

Meeting future needs

In the New Policies Scenario, Southeast Asia’s energy demand increases by over 80%
between 2011 and 2035, a rise equivalent to current demand in Japan. This supports a
near tripling of the region’s economic activity and a population increase of almost one-
quarter. Oil demand rises from 4.4 mb/d today to 6.8 mb/d in 2035, almost one-fifth of
projected world growth. After having grown at 10% per year, on average, since 1990, coal
demand triples over the period to 2035, accounting for nearly 30% of global growth in coal
use. Natural gas demand increases by around 80% to 250 bcm. The share of renewables in
the primary energy mix falls, even with rapidly increasing use of modern renewables — such
as geothermal, hydropower and wind — and relatively stable use of traditional biomass for
cooking.

15. This section summarises the findings of a WEO special report presented at the 7th East Asia Summit Energy
Ministers Meeting in Bali on 26 September 2013.
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The power sector is fundamental to the energy outlook for Southeast Asia and, within
it, coal emerges as the fuel of choice. Electricity generation between 2011 and 2035
increases by more than the current power output of India. Coal’s relative abundance and
affordability in the region boosts its share of electricity generation from less than one-third
today to almost half in 2035, at the expense of natural gas and oil. This shift is already
underway: some three-quarters of the thermal capacity now under construction is coal-
fired. Deploying only more efficient coal-fired power plants should be a major priority in
the region — the average efficiency is currently just 34%, owing to the almost exclusive use
of subcritical technologies. If the region’s coal-fired power plants were as efficient as those
in Japan today, their fuel use would be one-fifth lower, and CO, emissions and local air
pollution be substaintially reduced.

Southeast Asia faces sharply increasing reliance on oil imports, which will impose high costs
and leave the region more vulnerable to potential disruptions. Decline in mature fields and
the absence of large new prospects lead oil production across the region to fall by almost
one-third in the period to 2035. As a result, Southeast Asia becomes the world’s fourth-
largest oil importer, behind China, India and the European Union. Its oil import dependency
almost doubles, to 75%, as net imports rise from 1.9 mb/d to just over 5 mb/d. The region’s
spending on net oil imports triples to almost $240 billion in 2035, equivalent to almost 4%
of GDP. Spending in Thailand and Indonesia on net oil imports triples to nearly $70 billion
each in 2035.

There will be a reduced surplus of natural gas and coal from the region for export, as
productionisincreasingly dedicated to domestic markets. Despite increasing gas production,
Southeast Asia’s net gas exports, which come mainly from Indonesia, Malaysia, Myanmar
and Brunei Darussalam, are projected to be cut from 62 bcm to 14 becm in the period to
2035. The region’s net coal exports also decline after 2020, as regional demand outpaces
growth in indigenous production, though Indonesia’s coal production rises by more than
80%, to 550 Mtce in 2035 and it remains one of the world’s biggest coal producers and, by
a very large margin, the top exporter of steam coal.

Developing policies to attract investment will be vital for enhancing energy security,
affordability and sustainability. Around $1.7 trillion of cumulative investment in energy-
supply infrastructure to 2035 is required in the region, with almost 60% of the total in the
power sector. Mobilising this will be challenging unless action is taken to eliminate existing
barriers, which include subsidised energy prices, under-developed energy transport
networks, and instability and inconsistency in the application of energy-related policies.

While Southeast Asia has made some gains in energy efficiency, almost three-quarters of
the full economic potential is set to remain untapped in 2035. Removing barriers to energy
efficiency deployment would, accordingly, deliver major energy savings, as demonstrated
in the Efficient ASEAN Scenario of the WEO special report Southeast Asia Energy Outlook,
which provides for the uptake of energy efficiency opportunities that are both economically
viable and have acceptable payback periods (IEA, 2013c). Compared with the New Policies
Scenario, energy demand is cut by almost 15% in 2035, an absolute amount that exceeds
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Thailand’s current energy demand. Lower electricity demand and the use of more efficient
power plants reduce coal demand by 25%. More efficient industrial equipment, stringent
vehicle fuel-economy standards and the quicker phase-out of fossil-fuel subsidies drive
demand reductions in oil (10%) and gas (11%). The region’s net oil imports are cut by
around 700 kb/d in 2035, a level comparable to Malaysia’s current production, cutting oil-
import bills by $30 billion. By the end of the period, net exports of natural gas are three
times higher than in the New Policies Scenario (reaching 42 bcm) and of coal 50% higher
(reaching 320 Mtce).

Unlocking Southeast Asia’s energy efficiency potential requires government action to
address a wide spectrum of barriers. The measures to be adopted will vary by country and by
sector, but priority areas include vehicle fuel-economy standards, more stringent building
codes and energy performance standards for a wider range of appliances and products.
Improving administrative expertise and energy data collection are essential pre-requisites
to developing effective energy efficiency policies and their implementation. Realistic and
measurable efficiency targets are needed, along with selective measures to achieve them
and mechanisms to monitor progress and make adjustments as required. Energy efficiency
investments need to be made more affordable, both by eliminating market distortions and
by increasing the availability of financing and incentives. Carefully constructed packages
could supply financial support to those who need it most, drawing on funds released by the
progressive elimination of consumer subsidies.

Modern energy for all*®

There is growing recognition that modern energy is crucial to achieving a range of social
and economic goals relating to poverty, health, education, equality and environmental
sustainability, and this recognition is reflected in a number of new initiatives. A United
Nations High Level Panel of Eminent Persons has recommended that universal access to
modern energy services be included in the Post-2015 Development Agenda. The United
States has launched a Power Africa initiative, aimed at doubling electricity access in sub-
Saharan Africa over five years. At the time of writing, 77 developing countries have signed
up to the UN Sustainable Energy for All (SE4AIl) initiative, including many of those with the
largest populations lacking access to modern energy. Many businesses, aid organisations
and non-governmental organisations have also joined the SE4All initiative.

Alongside this increase in political focus, the last year has seen new analysis which increases
our understanding of energy access. The first major analytical report produced under the
SE4All initiative, Global Tracking Framework, which was led by the IEA and the World Bank,
defines the starting point against which progress can be measured and the scale of the
challenge understood (IEA and World Bank, 2013). In addition, new research finds that

16. In this analysis, we define access to modern energy services as household access to electricity and clean
cooking facilities. It is recognised that this excludes some important categories, such as access to energy for
productive use, for community services and for heating. While this is an imperfect situation, such categories
are often excluded from quantitative analysis of energy access due to the lack of comprehensive, reliable data.
See WEO-2012 and our energy access methodology for a fuller discussion of these issues, both available at
www.worldenergyoutlook.org/energydevelopment.
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there are 3.5 million premature deaths each year as a result of household air pollution
from using solid fuels (rising to 4 million, if the contribution of household air pollution
to outdoor air pollution is included). This figure is much higher than previous estimates,
primarily due to the inclusion of new diseases, such as cardiovascular disease and lung
cancer (Lim, et al., 2012).

Current status of energy access

Modern energy for all is far from being achieved. We estimate that nearly 1.3 billion people,
or 18% of the world population, did not have access to electricity in 2011 — 9 million fewer
than in the previous year (Table 2.3)."” The global improvement since last year is modest,
while the picture for some countries has worsened. Sub-Saharan Africa and developing
Asia account collectively for more than 95% of the global total. The population without
access to electricity in sub-Saharan Africa is now almost equal to that of developing Asia
and, if current trends continue, will overtake it in the near future.'® Since 2000, around
two-thirds of the people gaining access to electricity have been in urban areas and the
population without electricity access has become more concentrated in rural areas.

At a country level, the latest estimates confirm the progress that China and Brazil have
made over many years in increasing access to electricity and that they are now getting close
to the goal of universal electrification. In Asia, the latest estimates reveal improvements
in electricity access in Bangladesh, Indonesia and Sri Lanka. India remains the country
with the largest population without electricity access at 306 million people.? Experience
in Pakistan serves to highlight a different element of the energy access challenge, that of
achieving reliability of supply, as fuel shortages have jeopardised electricity supply there
and resulted in prolonged load-shedding (Box 2.2). In Africa, the latest estimates reveal
improvements in South Africa, Ghana, Cameroon and Mozambique, all of which have
explicit plans in place to boost electricity access. The Power Africa initiative is supporting
these efforts, with the US government having committed more than $7 billion, through a
combination of loans, guarantees, credit enhancements and technical assistance. Private
companies have agreed to put up an additional $9 billion (US Government, 2013). Partner
countries already include Ethiopia, Ghana, Kenya, Liberia, Nigeria and Tanzania; around
40% of those without access to electricity in sub-Saharan Africa live in these countries.
In Latin America, the overall level of access to electricity is high, but some countries still
have relatively low electrification rates, such as Honduras (83%), Guatemala (82%) and,
particularly, Haiti (28%).

17. Our estimates are based on 2011 data where available or an estimate based on latest available data.

18. WEO-2014 will include a special focus on energy developments in Africa.

19. Our estimates for India are based on the latest National Sample Survey and are in line with those published
in India’s 12th Five-Year Plan (Planning Commission of India, 2013). However, the Five-Year Plan also notes that
the 2011 Census of India reports a 67.2% national electrification rate, which is lower than the latest National
Sample Survey. Applying the rate reported in the Census results in the estimated number of people in India
without access to electricity increasing to around 410 million in 2011, which would change our global estimate
to around 1.4 billion. India’s 12th Five-Year Plan notes this difference in estimates, stating that it is possibly due
to differences in questionnaire design and that it needs to be looked into further.
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Table 2.3 = Number of people without access to modern energy services by
region, 2011 (million)®

Without access Traditional use of
to electricity biomass for cooking*
Population ngz'l-:t?:n Population pzr;i::t‘i);n

Developing countries 1257 23% 2642 49%
Africa 600 57% 696 67%
Sub-Saharan Africa 599 68% 695 79%
Nigeria 84 52% 122 75%
South Africa 8 15% 6 13%
North Africa 1 1% 1 1%
Developing Asia 615 17% 1869 51%
India** 306 25% 818 66%
Pakistan 55 31% 112 63%
Indonesia 66 27% 103 42%
China 3 0% 446 33%
Latin America 24 5% 68 15%
Brazil 1 1% 12 6%
Middle East 19 9% 9 4%
World*** 1258 18% 2642 38%

* Based on World Health Organization (WHO) and IEA databases. ** Since WEO-2012, population numbers
for India have undergone a significant upward revision (See Chapter 1 for population assumptions),
meaning that, while the electrification and clean cooking access rates have not changed, the number of
people estimated to be without access has significantly increased. See also footnote 19. *** Includes OECD
countries and Eastern Europe/Eurasia.

We estimate that more than 2.6 billion people, or 38% of the global population, relied
on the traditional use of biomass for cooking in 2011 — 54 million more people than in
the previous year.?! This deteriorating situation is primarily due to population growth
outpacing improvements in the provision of clean cooking facilities. The estimates reveal a
worsening situation in sub-Saharan countries such as Nigeria, Uganda, Kenya and Tanzania.
Developing Asia accounts for more than 70% of the global total and includes seven of the
ten largest populations without access to modern cooking facilities. In India, 818 million
people, or around two-thirds of the population, rely on traditional biomass — almost twice
as many as in China, which is ranked second. In China, the predominance of coal for cooking
has decreased over the last decade, but around one-third of the population still relies on
traditional biomass. While the number of people relying on biomass is larger in developing
Asia than in sub-Saharan Africa, the share of the population is lower: 50% in developing
Asia, compared with 80% in sub-Saharan Africa.

20. For a complete country-by-country breakdown, the IEA World Energy Outlook electricity access database
can be accessed at www.worldenergyoutlook.org/resources/energydevelopment.

21. This chapter focuses on the traditional use of biomass for cooking, but there are also 200-300 million
people (not included in Table 2.3) that rely on coal for cooking and heating purposes, which can potentially have
serious health implications when used in primitive stoves. These people are mainly in China, but there are also
significant numbers in Liberia, Democratic People’s Republic of Korea and Paraguay.
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Box 2.2 = Fuel shortages in Pakistan

Pakistan faces economic and energy challenges that intersect most clearly in relation
to electricity supply. Around 55 million people — more than 30% of the population
— do not have access to electricity. Of those that do have electricity, the quality of
supply they receive can be a major source of frustration. While Pakistan has 23 GW
of installed power generation capacity, the cost of fuel has proved to be a significant
financial burden to generators, relative to the price they can charge for power, resulting
in shortages and power cuts. The share of oil in the generation mix is relatively high
and the doubling of electricity tariffs since 2008 has not been sufficient to compensate
for rising fuel costs. The problem is made worse by a long legacy of unpaid energy bills
and distribution losses (often due to theft). State-owned power companies have faced
large losses and accumulated debt that government subsidies are unable to cover fully.
This has resulted in power companies being unable to buy sufficient fuel, which, in
turn, has prompted extensive load shedding — up to 12 hours per day in urban areas
and 20 hours per day in rural areas (NEPRA, 2012). Such prolonged power shortages
have a major impact on Pakistan’s economy, cutting GDP growth by an estimated
2% (ADB, 2013).

The Asian Development Bank is supporting government efforts to increase power
generation capacity, improve transmission and distribution, and deliver renewable
energy projects. Pakistan has also recently agreed funding support from the
government of Saudi Arabia to complete a 1 GW hydro project (Arab News, 2013) and,
in September 2013, reached agreement with the International Monetary Fund on a
$6.7 billion loan, linked to energy sector reforms. In mid-2013, the government also
took steps to help clear the debt of independent power producers. In the longer term,
the power sector will need to be restructured, including the introduction of tariffs
that fully reflect underlying costs and better revenue collection and enforcement. Such
reforms can be easier to implement as the quality of service improves.

Several countries are taking action to expand access to clean cooking facilities. Indonesia
has set a highly ambitious target of enabling 85% of households to use LPG or natural gas
for cooking by 2015. The kerosene-to-LPG conversion programme implemented in 2007
has successfully decreased the use of kerosene, a relatively polluting fuel, but the shift
from biomass to gas remains a challenge. While subsidies to LPG represent an important
cost of transition to clean fuels in Indonesia, they represent a net saving in cases where
households are switching from kerosene, which receives higher subsidies. In Africa, Ghana'’s
government has committed to the very ambitious goal of bringing LPG to half the number
of households, more than doubling the current level. Nigeria, Africa’s most populous
country, has set a national goal of helping 10 million households (around one-third of
the total) to switch to clean cooking facilities by 2021; Nigerian households currently
rely heavily on traditional biomass for cooking despite the country’s abundant fossil fuel
resources. International efforts are also being stepped up. The Global Alliance for Clean
Cookstoves plans to promote the adoption of clean cookstoves and fuels to 100 million
households by 2020 (GACC, 2012). It has prioritised action in six countries: Bangladesh,
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China, Ghana, Kenya, Nigeria and Uganda. While relatively small in scale, some other new
clean cookstove projects are noteworthy because of the involvement of multinationals and
the commitments made to manufacture clean cookstoves in Africa, bringing economic,
as well as health, benefits. Examples include partnerships between the firm Philips and
the Industrial Development Corporation of South Africa, and between the firms General
Electric, Burn Manufacturing, and the US Overseas Private Investment Corporation. Such
developments are encouraging, but evaluation is needed of their success in increasing
adoption and changing behaviour (and, ultimately, improving health).

Outlook for energy access in the New Policies Scenario

In the New Policies Scenario, the number of people without access to electricity is projected
to decline by more than one-fifth to around 970 million in 2030, or 12% of the global
population (Table 2.4).%22 Around 1.7 billion people are expected to gain access over the
period to 2030 but, in many cases, these gains are offset by population growth (increases by
1.4 billion to 2030). While there is an improving global picture, the regional trends are very
diverse. Developing Asia sees the number of people without access to electricity decline by
around 290 million between 2011 and 2030. China is expected to achieve universal access
within the next few years. India sees a significant improvement: its electrification rate rises
from 75% today to around 90%, but the country still has, in 2030, the largest number
without access to electricity in any single country.

Table 2.4 = Number of people without access to modern energy services by
region in the New Policies Scenario, 2011 and 2030 (million)

Without access Without access to
to electricity clean cooking facilities
2011 2030 2011 2030
Developing countries 1257 969 2642 2524
Africa 600 645 696 881
Sub-Saharan Africa 599 645 695 879
Developing Asia 615 324 1 869 1582
China 3 0 446 241
India 306 147 818 730
Latin America 24 0 68 53
Middle East 19 0 9 8
World 1258 969 2 642 2524

In sub-Saharan Africa, the number of people without access to electricity in 2030 is
projected to reach 645 million, 8% more than in 2011. It is the only region where the
number of people without access to electricity deteriorates over the Outlook period,
resulting in sub-Saharan Africa’s share of the global total increasing from less than half in
2011 to two-thirds in 2030. Developments in sub-Saharan Africa are not uniform across the

22. While the Outlook period for WEO-2013 is 2011 to 2035, analysis in this section is based on the period 2011
to 2030, so as to be consistent with the timeframe of the SE4All initiative.
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projection period, with the rise in the numbers lacking access levelling off in the 2020s and
a decline beginning just before 2030. Brazil is projected to achieve universal access in the
next few years — the aim of its “Luz para Todos” (Light for All) programme (see the Brazil
Energy Outlook in Part B) — while the rest of Latin America is projected to achieve universal
access around 2020.

The number of people relying on the traditional use of biomass for cooking is projected to
drop slightly, to just over 2.5 billion in 2030 — around 30% of the global population at that
time. Economic growth, urbanisation and clean cooking programmes all help improve the
situation in developing Asia, where the number of people without clean cooking facilities
declines by around 290 million. Despite this, India still has around 730 million people
without clean cooking facilities in 2030, equivalent to half of the population (Figure 2.17).
While the overall picture has improved slightly compared with WEO-2012, our projections
continue to show a worsening situation in sub-Saharan Africa, where nearly 880 million
people (63% of the population), do not have access to clean cooking facilities in 2030.

Figure 2.17 = Shares of population with access to electricity and clean
cooking facilities by region in the New Policies Scenario
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Energy for All Case

A trajectory consistent with achieving universal access to electricity and clean cooking
facilities by 2030 has been drawn up in the Energy for All Case. To arrive at the required
trajectory, in the case of electricity, we assess the required combination of on-grid, mini-grid
(such as village or district level generation) and isolated off-grid solutions (such as solar PV)
in each region, taking account of regional costs and consumer density in determining a
regional cost per megawatt-hour (MWh). When delivered through an established grid, the
cost per MWh is cheaper than other solutions, but extending the grid to remote areas
can be very expensive and incur high transmission losses.? In developing Asia, around

23. We assume that grid extension is the most suitable option for all urban zones and around 30% of rural areas,
but not in more remote rural areas. The remaining rural areas are connected either with mini-grids (65% of this
share) or small, stand-alone off-grid solutions (the remaining 35%), which have no transmission and distribution
costs.
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three-quarters of people gaining access are connected to the main grid or to mini-grid
systems. In sub-Saharan Africa, more people gain access through off-grid solutions, as a
larger proportion of the population lacking access live in rural areas. In the case of clean
cooking facilities, access is also assumed to be achieved through different technologies:
one of the most common options is LPG stoves, adopted by 7 million households per year
on average in developing Asia and 5 million households per year in sub-Saharan Africa over
the projection period.

Universal access to modern energy has only a small impact on global energy demand and
related CO, emissions. The additional energy demand for electricity generation is around
120 Mtoe, pushing total primary energy demand up by less than 1% relative to the New
Policies Scenario in 2030; but only around 35% of the additional generation comes from
fossil fuels, with the remainder coming from renewables. For cooking, an additional
0.82 mb/d of LPG is required in 2030. The additional CO, emissions in the Energy for All
Case are negligible, 260 Mt higher in 2030, and only 0.7% higher than in the New Policies
Scenario. This small increase in CO, emissions is attributable to the low level of energy
per capita expected to be consumed by the people gaining modern energy access and
to the relatively high proportion of renewable solutions adopted. The total impact on
greenhouse-gas emissions of achieving universal access to clean cooking facilities needs to
be treated with caution, but it is widely accepted that advanced cookstoves, more efficient
than traditional biomass stoves, would reduce emissions.

Energy subsidies

Estimated costs

Subsidies to fossil fuels distort energy markets in many countries, pushing up energy use
and emissions, and engendering large economic costs (Box 2.3). Fossil-fuel consumption
subsidies worldwide are estimated to have totalled $544 billion in 2012. This finding is
based on a survey that identified 40 countries that set energy prices below reference
prices, which we define as the full cost of supply based on international benchmarks.*
The estimates cover subsidies to fossil fuels consumed by end-users and subsidies to
fossil-fuel inputs to electric power generation, but do not cover subsidies to petrochemical
feedstocks. Unlike oil, gas and coal, electricity is not extensively traded over national
borders, so subsidy estimates are based on the difference between end-user prices and
the cost of electricity production, transmission and distribution. Countries that subsidise
fossil fuels fall into two broad groups: those that import energy at world prices and then
sell it domestically at lower regulated prices; and those that are net exporters of energy —
and therefore do not import energy at world prices — but price it domestically at below
the reference prices.

24. Some authorities regard the use of international benchmark prices to calculate reference prices as
inappropriate. In particular, some are of the opinion that reference prices should be based on actual production
costs, particularly when estimating subsidies in energy resource-rich countries, rather than prices on
international markets as applied within this analysis.
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Box 2.3 = Smuggling as a possible driver of fossil-fuel subsidy reform

The prevalence of fossil-fuel subsidies in many parts of the world is making fuel
smuggling a serious problem by providing an incentive to sell subsidised products from
one country in neighbouring countries where prices are higher. While the smugglers
make big financial gains, there is a high financial cost to the subsidising country (with
no national benefit), and probably substantial financial costs to the recipient country,
by way of forgone taxes and excise duties, due to reduced legitimate sales.

A good example is Iran. Although subsidy reforms in 2010 reduced the incentive to
smuggle gasoline and diesel to neighbouring countries, a sharp devaluation of its
currency against the US dollar in 2013 (which was not matched by an adjustment in
local prices) has increased it again. It is estimated that around 10 million litres of fuel,
or more than 60 000 barrels, are currently being smuggled out of the country each day,
mainly into Pakistan. It is potentially a very lucrative activity, as diesel still sells for as
little as $0.12 per litre in Iran, compared with $1.20 per litre in Pakistan.

In Southeast Asia, the geographical proximity of countries with major retail price
disparities has meant that fuel smuggling has long been a major problem. It often
involves the use of small oil tankers or fishing boats that either bypass normal customs
routes altogether or falsely declare their load as products that are exempt from excise
duties. Gasoline in Indonesia, for example, was until recently around 60% cheaper than
in a number of its neighbouring countries. Subsidies in Malaysia have reduced refined
product prices to well below the regional average. In the Philippines, which has been
the recipient of a lot of smuggled fuel, the government estimates that its tax revenues
are being reduced by around $1 billion per year as a result of illegitimate purchases.

Many countries are taking steps to stamp out fuel smuggling. Saudi Arabia, for example,
has increased inspections of vehicles leaving its borders to check that they have only
enough fuel to get to the nearest re-fuelling station on the other side. The Philippines
has also recently stepped up coastal patrols, in this case to stop smuggled fuel from
getting into the country. But history has shown that efforts to curtail smuggling absorb
scarce administrative resources and are rarely completely successful. While better
border control may be a necessary option for countries that are the recipients of
smuggled fuels, a much more effective strategy would be for the originating countries
to remove the subsidies, as that would eliminate the incentive to smuggle the fuels.

The value of fossil-fuel subsidies increased in 2012 compared with 2011, as moderately
higher international prices and increased consumption of subsidised fuels offset
considerable progress in reining in subsidies in some countries. Qil products were the
most heavily subsidised fuels in 2012 and cost $277 billion, or 51% of the total. Subsidies
to natural gas and coal consumed by end-users amounted to $124 billion and $7 billion
respectively. Subsidies to electricity stood at $135 billion. Almost all consumption
subsidies are in non-OECD countries, while production subsidies, typically intended to
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expand domestic supply, are a much more common form of subsidy in OECD countries
than consumption subsidies (OECD/IEA, 2013) (Figure 2.18). Consumption subsidies
remain most prevalent in net energy-exporting countries: they accounted for around 75%
of the global total in 2012.

Figure 2.18 = Economic value of fossil-fuel consumption subsidies by fuel for
top 25 countries, 2012
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Subsidies to renewable energy are aimed chiefly at improving the competitiveness of
renewables vis-a-vis conventional alternatives. Our latest estimates show that renewables
subsidies increased by 11% to reach $101 billion in 2012, primarily due to the increase
in solar PV capacity, but that they continue to be less than one-fifth of the level of fossil-
fuel consumption subsidies (see Chapter 6). While some renewable energy technologies,
such as hydropower and geothermal, have long been economic in many locations, others,
such as wind (particularly offshore) and solar, require financial support to foster their
deployment in most countries. Significant growth in renewables is projected in the New
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Policies Scenario, mainly driven by subsidies, which are projected to continue to rise to
around $220 billion in 2035, although they start declining before then in some regions as
different technologies become competitive. Support schemes for renewable energy need
to be carefully designed (and sometimes re-designed) if they are to achieve their objective
in the most cost-effective way.

Update on fossil-fuel subsidy reform

A number of major reforms to reduce or phase out fossil-fuel subsidies have been
announced since last year’s Outlook, significantly adding to the momentum that has been
building up over recent years. Barring a major increase in international energy prices or
in consumption, these reforms — if they prove durable — will lead to a reduction in the
economic cost of fossil-fuel subsidies and the associated environmental damage. Economic
factors have become the dominant driver of moves to reform fossil-fuel subsidies as
rising consumption and persistently high energy prices have made them an unsustainable
financial burden in many instances (Figure 2.19). For example, Indonesia increased the
prices of gasoline by 44% and diesel by 22% in June 2013 in order to reduce the strain on
the state budget. The last time fuel prices were raised in Indonesia was in 2009 and since
then the cost of subsidies has risen in line with the country’s mounting dependence on
imported oil and a boom in vehicle ownership in the fast-growing economy. The reforms,
which were accompanied by cash hand-outs to poor households, have proved successful.
Although providing blanket subsidies to an entire population is an extremely inefficient
way to make energy affordable for the poor, if the subsidies are to be removed, it is often
important to provide targeted welfare assistance to avoid restricting access to modern
energy services.

Other particularly notable reforms to energy pricing were made by India and China
during the year. India has started increasing diesel prices on a monthly basis (with the
eventual goal of eliminating subsidies entirely) following reforms to gasoline pricing that
were introduced in 2010. India has also announced that power stations that need to
buy imported coal due to local supply shortfalls will be able to pass on the extra costs
to their customers. Under the old system, tariffs could not be increased to reflect fuel
prices, sometimes leaving generators with little incentive to increase generation to meet
peak demand and so contributing to frequent blackouts and rolling outages. India has also
announced that prices of domestically produced natural gas will be adjusted on a quarterly
basis from April 2014, to match the average of the prices of the LNG it imports and of gas
on other major international markets. This is expected to result in a doubling of domestic
gas prices. In a similar move, China increased natural gas prices by 15% for non-residential
users, which make-up around 80% of total demand. In both countries, the reforms increase
the incentive to produce gas domestically and make it more economic to import gas,
helping to meet targets to increase the share of gas in the energy mix. In Russia, a shift
towards market-based pricing in recent years has seen a narrowing of the gap between
domestic gas and electricity prices and comparable international levels.
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Figure 2.19 = Rates of fossil-fuel consumption subsidies in 2012 and recent developments in selected countries
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Multilateral co-operation to support fossil-fuel subsidy reform has also continued to
build throughout 2013. Four years have now passed since leaders of the G-20 and Asia-
Pacific Economic Cooperation forum (APEC) committed to “phase out inefficient fossil-fuel
subsidies that encourage wasteful consumption”.?> Much remains to be done to fulfil these
commitments, but many countries introduced reforms aimed at reducing subsidies, while
G-20 countries have begun undertaking voluntary peer reviews of each other’s subsidies
and reform efforts. In a more recent initiative, a high-level panel reporting to the United
Nations Secretary General has recommended that a goal of achieving sustainable energy
be included in the post-2015 Development Agenda, which will succeed the Millennium
Development Goals, and that this objective should encompass the phasing out of fossil-
fuel subsidies.

25. Since the G-20 Pittsburgh Summit in 2009 committed to “rationalize and phase out over the medium
term inefficient fossil fuel subsidies that encourage wasteful consumption”, the IEA along with several other
international organisations has been providing the group with ongoing analysis aimed at supporting the
implementation of their commitment.
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Chapter 3

Natural gas market outlook
What price is righte

Highlights

e Although current market conditions vary markedly across the world, the overall
outlook for natural gas is bright: consumption in 2035 is higher than in 2012 in all three
scenarios. In the New Policies Scenario, gas use rises by 1.6% per year on average to
reach almost 5 tcm in 2035; 82% of this increase is concentrated in non-OECD countries,
where demand rises by around 1.3 tcm.

e The biggest absolute increases in demand are in China, the Middle East (where gas
use overtakes that of the European Union before 2020) and North America. Outside
Japan, Korea and parts of ASEAN, gas has played a relatively small role in the Asia-
Pacific energy picture to date. It gains ground quickly, notably in China, where gas
use quadruples by 2035, driven by policies to diversify the energy mix and, where it
replaces coal, to reduce air pollution. In the European Union, an unfavourable blend of
prices for gas, coal and CO, and a rising share of renewables in the power sector mean
that demand struggles to return to 2010 levels before 2035.

® New sources of gas, both conventional and unconventional, bring additional diversity
to global supply over the Outlook period. New contributors to conventional output
growth include Iraq, East Africa, Brazil and the eastern Mediterranean, supplementing
increases from established suppliers in Russia, the Caspian, North and West Africa and
the Middle East. Unconventional gas accounts for almost half of the growth in global
output and its development spreads well beyond North America, notably after 2020,
making China and Australia major contributors to global production growth.

® Changes in the cast of major LNG suppliers create new linkages between regional gas
markets, notably between those of North America and the Asia-Pacific, narrowing to a
degree the wide regional gas price differentials that exist today. LNG exports from the
United States factor strongly in putting additional pressure on traditional oil-indexed
mechanisms for pricing gas and in loosening the current rigidity of LNG contracting
structures, although various market and institutional barriers continue to put a brake
on global gas market integration.

® We examine a Gas Price Convergence Case in which convergence between different
regional gas prices is more rapid than in the New Policies Scenario, underpinned by the
assumption of higher LNG volumes from North America, faster changes to gas markets
and pricing mechanisms in the Asia-Pacific region, and an easing of costs for liquefaction
and LNG shipping. In this case, lower prices result in higher global gas demand (by
107 bcm in 2035) and reduced import bills. Prices remain sufficiently attractive to bring
forward additional production from a range of suppliers.
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Global overview

Whatever the policy landscape for the next quarter of a century, natural gas is set to grow
in importance globally thanks to its widespread availability, competitive supply costs and
environmental advantages over the other fossil fuels. Since the turn of the century, global
gas use has expanded on average by 2.7% per year — faster than oil and nuclear power, but
more slowly than coal and renewables. The share of gas in the world energy mix continues
to rise, with unconventional gas playing an increasingly significant role in meeting growing
gas demand. Yet behind this upbeat global outlook for gas, there are marked variations by
region — with gas use in Europe, in particular, facing a more difficult future. These regional
disparities are caused by differences in the dynamics of inter-fuel competition and specific
economic and policy conditions.

Table 3.1 = Natural gas demand and production by region and scenario (bcm)

New Policies Current Policies 450 Scenario

1990 2011 2020 2035 2020 2035 2020 2035

Demand 1036 1597 1707 1885 1741 1999 1654 1493
OECD

Production 881 1195 1358 1483 1377 1585 1334 1237

Demand 1003 1773 2249 3086 2291 3279 2149 2554
Non-OECD

Production 1178 2188 2599 3492 2 655 3693 2472 2817
World* Demand 2039 3370 3957 4976 4032 5278 3 806 4054
Share of Demand 49% 53% 57% 62% 57% 62% 56% 63%
non-OECD  Production 57% 65% 66% 70% 66% 70% 65% 69%

* For 1990 and 2011, the world numbers shown correspond to demand. For the projections, demand and
production are always the same, as stock changes are assumed to be zero. The world numbers include gas
use as an international marine fuel. Note: becm = billion cubic metres.

In the New Policies Scenario, the share of gas in the global energy mix reaches 24% in
2035, up from 21% in 2011 (almost catching up with coal in the process), but the pace of
annual gas demand growth, which averages 1.6% per year, declines progressively through
the projection period. In the Current Policies Scenario, demand grows faster — at 1.9% per
year — as no new policies are introduced to rein in demand for either gas or electricity,
resulting in stronger demand for gas to generate power. In the 450 Scenario, demand grows
by only 0.8% per year, levelling off in the late 2020s, with consumption in the power sector
especially subdued. Regardless of the scenario, future gas demand growth is led by non-
OECD countries. Their share of global demand already overtook that of the OECD in 2007
and reaches 62% in 2035 (up from 53% in 2011) (Table 3.1).

Non-OECD countries also account for the bulk of the growth in gas production across the
three scenarios. In the OECD, production in North America and Australia grows briskly, with
both regions becoming major gas exporters; but production falls in Europe. Unconventional
gas grows strongly in all scenarios, accounting for 27% of total productionin 2035, compared
with 17% in 2011. New sources of conventional production also emerge, notably in Iraq,
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East Africa and the deepwater eastern Mediterranean. This diversity of supply sources and
of supply routes can be expected to contribute to an environment of growing confidence in
the adequacy and reliability of gas supply.

Box 3.1 = Wide variety in regional starting points for the gas outlook

The last year has seen extreme divergence in market conditions across the major
regional markets (trends since 2005 for selected countries and regions are shown in
Figure 3.1). The gas market in North America remains characterised by ample supply
of natural gas and low prices, which have permitted gas to gain market share in the
power sector at the expense of coal. Despite much higher prices, there has also been
strong growth in gas consumption across much of Asia. In China, which in 2011 became
the third-largest individual gas market in the world after the United States and Russia,
demand has been driven primarily by policy interventions, while gas demand in Japan
has been boosted by the need to replace lost power generation due to the shutdown
of the nuclear fleet following the events at Fukushima Daiichi. In the Middle East, rapid
consumption growth has been stimulated in many instances by low prices that do not
reflect the international value of the gas. Production has also risen substantially in
the Middle East region as whole, but, outside Qatar, it has often struggled to keep up
with demand. By contrast, conditions in Europe have remained difficult with gas use
declining by a further 2% in 2012, as economic conditions depressed overall energy
demand, and increased renewables supply and cheaper coal-fired generation (aided
by depressed CO, prices) backed out gas in the power sector.

Figure 3.1 = Natural gas demand and production growth in selected
regions, 2005-2012
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Demand
Regional trends

In the New Policies Scenario (on which this analysis concentrates), the fastest-growing gas
markets in the world are all outside the OECD. Non-OECD countries account for more than
three-quarters of global primary demand growth over the period to 2035, with the biggest
increases in absolute terms occurring in China and the Middle East. Consumption increases
but rates of growth are smaller in the three main OECD regions, because of saturation
effects and strong penetration of renewables in the power sector in Europe. Nonetheless,
these OECD markets remain comparatively large. For example, demand in the United
States, which remains the world’s single largest gas consuming country, is 50% higher than
Chinese demand in 2035.

Figure 3.2 = Natural gas demand in selected regions in the New Policies
Scenario
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Despite relatively low gas prices, the maturity of the United States and Canada as gas
markets limits the scope for rapid growth in North American natural gas demand, even
though price differentials with other fuels do create incentives to expand gas use into new
areas, such as transport. For the region as a whole (including Mexico, where growth is
faster), gas demand rises from 864 billion cubic metre (bcm) in 2011 to 1 036 bcm in 2035.
The main driver for this increase is electricity generation. Whereas the short-term rise in
gas use is largely due to switching from coal to gas in existing plants (for which 2012 may
have represented a high-water mark), the longer-term trend depends more on what type
of new capacity is built: we see gas as the preferred fuel for new thermal generation, as
environmental restrictions limit the scope for building new coal plants. Outside the power
sector, the transport sector sees a rapid rate of increase in demand, though it still accounts
for only a relatively small share of total gas use in 2035, as it starts from a very low base.
(The prospects for natural gas use in transport are discussed in Chapter 15).
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Table 3.2 = Natural gas demand by region in the New Policies Scenario (bcm)

2011-2035
1990 2011 2020 2025 2030 2035 T T
OECD 1036 1597 1707 1778 1827 1885 289 0.7%
Americas 628 869 957 988 1016 1044 175 0.8%
United States 533 696 749 769 781 789 93 0.5%
Europe 325 525 537 568 584 605 80 0.6%
Asia Oceania 82 202 214 222 227 236 34 0.6%
Japan 57 120 119 123 122 124 3 0.1%
Non-OECD 1003 1773 2249 2541 2815 308 1313 2.3%
E. Europe/Eurasia 738 703 732 756 785 817 114 0.6%
Caspian 100 117 127 134 139 144 27 0.9%
Russia 447 476 493 504 523 544 68 0.6%
Asia 84 410 669 816 949 1088 678 4.2%
China 15 132 307 396 470 529 397 6.0%
India 13 61 87 114 140 172 111 4.4%
Middle East 87 399 504 577 645 700 301 2.4%
Africa 35 111 153 170 187 204 93 2.6%
Latin America 60 149 190 221 248 277 128 2.6%
Brazil 4 27 45 61 75 90 63 5.2%
World** 2039 3370 3957 4 322 4 646 4 976 1 606 1.6%
European Union 371 492 494 523 537 554 62 0.5%

* Compound average annual growth rate. ** The world numbers include gas use as an international marine
fuel.

The outlook for gas demand in Europe remains subdued. Demand in OECD Europe fell to
514 bcm in 2012 — the second consecutive year of decline and down 10% from 2010 — and
is now back to the level of 2003. The situation is similar within the European Union. The
weak economic environment and high gas prices are the main causes, but a combination
of low coal prices, rock-bottom prices for carbon-dioxide (CO,) and the big expansion in
renewables-based capacity, plus efficiency and energy saving measures, have also played
their part. In the New Policies Scenario, demand in OECD Europe recovers only very slowly,
returning to 2010 levels only around 2025 before reaching just over 600 bcm in 2035.

The power sector holds the key to gas demand in Europe and the prospects in this area
depend on the relationship between gas, coal and carbon prices (see Chapter 5, Box 5.1
for analysis of coal-to-gas switching in the power sector). A gradual re-balancing in relative
prices favours gas, notably because the extremely low carbon prices in Europe seen in
recent years are not expected to persist: we assume that they will rise from the current
level of around $6 per tonne (in mid-2013) to $20/tonne by 2020 and $40/tonne by 2035.
In addition, a number of coal plants are expected to close in Europe as a result of new
air-quality legislation at European level. Europe’s nuclear capacity is also expected to tail
off as, in aggregate, more plants are de-commissioned than built. These factors help to
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keep gas use in absolute terms on a rising trend in the New Policies Scenario. But there
are still significant questions about European gas demand prospects, not least of which is
the uncertainty over the business case for new conventional capacity in a power market
characterised by a rising share of renewables (see Chapter 6). The European energy policy
targets for 2030 could also herald a new effort on energy efficiency and CO, emissions
reductions, both of which could squeeze gas demand further.*

In Japan, energy policies are a key uncertainty for the outlook for gas demand. In particular,
the future role of nuclear power remains unclear at the time of writing. The projections
of the New Policies Scenario assume greater emphasis in Japan on energy efficiency and
renewables, but with gas nonetheless continuing to play an important role, particularly
in meeting peak demand. Gas demand is projected to stabilise at around 120-125 bcm
per year. In the short term, unavoidable reliance on expensive liquefied natural gas (LNG)
purchases to compensate for the shortfall in nuclear output has added to Japanese import
bills, strengthening the dissatisfaction within Japan about the high oil-indexed prices that
currently form the basis for gas trade in the Asia-Pacific region.

Russia, the world’s second-largest gas consumer, faces considerable uncertainty over
domestic demand, relating primarily to the rate and direction of price reform and the speed
at which it’s ageing, highly inefficient energy-consuming capital stock will be replaced. The
potential for efficiency gains is enormous and this is realised, in part, in the New Policies
Scenario: Russian demand grows only slowly, from 476 bcm in 2011 to around 545 bcm
by 2035, with gas demand in the power sector flat (at around 285 bcm), even though
generation from gas-fired power plants increases by one-quarter (140 terawatt-hours
[TWh]). The modest growth in other sectors is driven by an expanding economy and the
expectation of expanded average residential space per capita. A more rapid shift towards
market-based pricing for industrial and residential users and greater attention to energy
efficiency policies could easily bring Russian gas demand to a flat or declining trajectory.
Price changes are also expected to curb demand in some neighbouring markets. In Ukraine,
for example, higher prices for imported gas have dampened domestic demand (which fell
by 8% in 2012) and created stronger incentives to develop the country’s indigenous gas
resources, including unconventional resources.

Inthe New Policies Scenario, China sees by farthe largestincrease in gasdemandin any single
country, reaching 530 bcm in 2035. As in almost all other regions, electricity generation is
the main source of additional demand: the widely shared concerns about air quality and
local pollutants among China’s rapidly expanding urban population make a forceful case
for gas, rather than coal, as the preferred fuel for powering the country’s cities. More than
60 gigawatts (GW) of gas-fired capacity is due to be online by the end of the current five-
year plan in 2015; around 50 bcm of gas demand can be expected from this source alone.

1. The role of gas as back-up for variable renewable power sources implies a significant volume of gas-fired
capacity to be available, but it does not require this capacity to operate for many hours in the year. Thus, in the
450 Scenario, the European Union requires 280 GW of gas-fired power in 2035, but this generates only 370 TWh
at 15% capacity utilisation, compared with 800 TWh at almost 30% utilisation in the New Policies Scenario; the
difference in gas demand between the two scenarios is around 75 bcm.
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Over the projection period as a whole, gas use in the power sector is projected to increase
six-fold, to around 160 bcm, driven by environmental policies (including the introduction
of carbon pricing from 2020). Road transport represents another area of nascent, but
potentially rapid growth; consumption of around 10 bcm in 2011 is set to triple over the
projection period, driven by air quality and energy security concerns.

In India, gas consumption is expected to remain constrained in the short to medium term
by low availability of domestic gas production and the high cost of imported LNG. However,
consumption picks up again in the latter part of the decade, as the supply situation
improves, with the power sector leading the way and accounting for almost half of total
gas use by 2035 (80 bcm out of a total of 170 bcm). Consumption in the transport sector
also increases strongly, to reach 18 bcm: India is already one of the global pace-setters for
natural gas vehicles.

Outside Asia, the Middle East sees the biggest increase in gas demand in absolute terms
— around 300 bcm — between 2011 and 2035, driven by new power generation, water
desalination and petrochemical projects. Gas has become a popular fuel across the
region, particularly because it has usually been available at low cost as a by-product of oil
production (and because it provides an alternative to oil consumption, freeing up the more
valuable product for export). However, this has led to imbalances in some markets, with
gas output lagging behind fast-growing demand, stimulated by low domestic gas prices
which do not reflect the international value of the gas. Kuwait and the UAE now have to
import gas, as peak seasonal demand has outstripped production. Some governments are,
therefore, reviewing their pricing policy towards gas and electricity, in an attempt to rein
in demand, restrict imports (in some cases) and encourage supply. Oman, for example, has
announced that it will raise industrial gas prices to the equivalent of $3 per million British
thermal units (MBtu) by 2015 (though this is still below the international market level).

Despite the region’s large and growing resource base, the prospects for domestic gas
demand in Africa are constrained by low incomes and difficulties in expanding upstream
and transport infrastructure. Export projects are generally more viable, particularly LNG
plants fed with associated gas which would otherwise have little value (and which is, in
some cases, flared). Liquefied petroleum gas (LPG), derived from natural gas liquids, is
expected to play an important role in improving access to energy. African gas demand is
projected to rise more than 80% over the period to 2035 in the New Policies Scenario,
reaching 200 bcm. In Latin America, half of the projected 130 bcm growth in annual gas
demand between 2011 and 2035 comes from Brazil, driven by the increased availability of
domestic supplies (see Chapter 10).

Sectoral trends

The power sector remains the main driver of increased gas demand worldwide in the
New Policies Scenario, though consumption trends are highly sensitive to competitive
pressures from other fuels, notably coal and renewables, and to the impact of government
policies. Outside major gas-producing countries and regions (including North America),
coal is generally less expensive than gas as a fuel for generating electricity (especially in
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the absence of a price for CO,) in both existing and new plants. But gas use for power
nonetheless continues to expand, albeit at varying rates by region, as it has a number
of advantages that make it attractive to investors and policymakers alike. These include
high technical efficiency and flexibility (making it suitable for complementing variable
renewables), the relative ease and speed of construction and its low carbon and other
emissions characteristics, compared with coal and oil. Moreover, the up-front capital
expenditures tend to be lower for gas than coal plants. In the New Policies Scenario, gas
use for power grows by around 42% and electricity generation remains the leading gas-
consuming sector (Figure 3.3). The increase is especially marked in the Middle East (where
it doubles) and China (where it expands six-fold), and India (where it more than triples).

Figure 3.3 = World natural gas demand by sector in the New Policies

Scenario
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Globally, gas use in the energy sector itself, mainly for oil and gas extraction, LNG
liguefaction and conversion from gas-to-liquids (GTL), together with its use as chemical
feedstock expands by more than half, or around 300 bcm. Most of the increase in feedstock
use is directed towards the production of ammonia, the most important base product for
fertilisers, and of methanol, which is used to produce a variety of products, mainly in the
chemicals industry. Outside the power and energy sectors, gas use in industry grows the
most in volume terms over the period to 2035 (by 340 bcm), with most of the increase
occurring before 2025. One-third of the growth to 2035 comes from China, with demand
growing particularly rapidly (by 14% per year on average) to 2020. Gas demand in the
buildings sector (residential and commercial use) grows in OECD countries (by 0.7% per
year), but saturation effects limit the potential for more gas use; the increase comes as
most of the remaining demand for oil is squeezed out of this sector and space heating
demand increases modestly. In non-OECD countries, gas consumption in the buildings
sector grows by 75%. In this sector, too, it is China that dominates the picture, accounting
for almost half of the total non-OECD increase; urbanisation and rising incomes, which
boost demand for water heating, cooking and space heating, are the main drivers.

106 World Energy Outlook 2013 | Global Energy Trends



The fastest projected rate of growth in gas use (though the smallest sectoral increase in
absolute terms) is in the transport sector, with most of the increase coming from road
vehicles (see also Chapter 15). The technologies are well-proven and the number of natural
gas vehicles (NGVs) increased from about 1.3 million in 2000 to an estimated 13.7 million
in 2012. But these numbers pale in comparison with the number of vehicles that run on
liquid fuels — more than 1 billion. Two-thirds of NGVs on the road today are in non-OECD
countries, mostly in Asia and Latin America; within the OECD, only Italy and Korea have
sizeable numbers of NGVs.

In the New Policies Scenario, overall transport demand for gas (including the use of gas
for pipelines) doubles to 225 bcm in 2035, an average increase of almost 3% per year, with
most of the increase coming from road transport in countries that currently have small
natural gas-fuelled vehicle fleets. Natural gas accounts for around 5.6% of total transport
energy demand in 2035 (up from 3.8% today), and 4.8% of road transport demand (up
from 1.8%). China is again the leading contributor to this growth, with gas use in the road-
transport sector rising from around 11 bcm in 2011 to 35 becm by 2035. In the United
States, continued low natural gas prices, relative to oil, are also expected to push up gas
use (mainly LNG) in heavy trucks, with road-transport demand rising rapidly post-2020 to
more than 25 bcm by 2035. There is also potential for gas to be used in the form of LNG as
marine bunker fuel in ships (other than in LNG carriers where it is already used), replacing
heavy fuel oil, though given the uncertainties in this area (as with any emerging energy
application) for the moment we project use of only around 5 bcm in 2035.

Production
Resources and reserves

The world’s remaining resources of natural gas are more than sufficient to meet any
conceivable level of gas demand for the next several decades. Proven reserves of gas stood
at 187 trillion cubic metres (tcm) at the end of 2012 (BP, 2013). This is marginally lower than
the estimate one year earlier, as production in 2012 outstripped reserve additions from
new discoveries and reassessments of reserves in previously discovered fields. Reserves
increased sharply in 2011.

Proven reserves are a very narrow indicator of the size of the resource base. Our modelling
of gas production is based primarily on estimates of technically recoverable resources,
which are much larger and which have been increasing over time.? At the end of 2012,
total remaining technically recoverable resources of gas stood at 810 tcm, i.e. more than
four times larger than proven reserves and equivalent to around 235 years of production at
current rates (Table 3.3). Our latest figures take into account the new global assessment of
shale gas resources from the US Energy Information Administration (US EIA, 2013), which
shows an increase of nearly 10% over the estimate in their 2011 report, mainly because the
latest study covers more geological formations in a larger number of countries. Cumulative

2. See Chapter 13 for definitions of the different categories of hydrocarbon resources.
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gas production to date amounts to some 109 tcm, meaning that around 12% of ultimately
recoverable resources have been produced. In the New Policies Scenario, an additional
100 tcm is projected to be produced, implying that more than three-quarters of ultimately
recoverable resources would still remain to be recovered as of 2035. In practice, further
upward revisions to resource estimates are likely as our understanding of the resource
base — notably for unconventional gas — improves.

Table 3.3 = Remaining technically recoverable natural gas resources by type
and region, end-2012 (tcm)

Conventional Unconventional
Tight gas Shale gas riz:::i Sub-total
E. Europe/Eurasia 143 11 15 20 46 190
Middle East 124 9 4 - 13 137
Asia-Pacific 44 21 53 21 95 138
OECD Americas 46 11 48 7 66 112
Africa 52 10 39 0 49 101
Latin America 32 15 40 - 55 86
OECD Europe 26 4 13 2 19 46
World 468 81 212 50 343 810

Notes: Remaining resources comprise known reserves, reserves growth and undiscovered resources.
Unconventional gas resources in regions that are richly endowed with conventional gas, such as Eurasia
or the Middle East, are often poorly known and could be much larger. Sources: BGR (2012); US EIA (2013);
USGS (2000); USGS (2012a and 2012b); IEA databases and analysis.

Production trends

In the New Policies Scenario, natural gas production increases in every region of the world
between 2011 and 2035 with the exception of Europe, where robust production from
Norway is not enough to offset the decline of maturing fields in other parts of the North
Sea and onshore Netherlands. Conventional gas as a whole contributes 52% of the increase
in supply, with the rest coming from unconventional sources (covered in more detail in
the next section). China, the United States, Russia and Australia are the countries with the
biggest increases in gas output (Table 3.4).

In North America, rising production of unconventional gas more than offsets a decline in
conventional gas output and its share of the region’s gas production increases to 70% by
2035. Total gas output in the United States increases by around 190 bcm, reaching nearly
840 bcm in 2035, the country remaining the top gas producer globally throughout the
projection period. Canadian production is also expected to grow, though more slowly thanin
the United States, with unconventional gas similarly offsetting a decline in conventional gas
output. Mexican production reaches 80 bcm, with both conventional and unconventional
gas contributing to a 30 bcm increase in output.
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Table 3.4 = Natural gas production by region in the New Policies Scenario (bcm)

2011-2035
1990 2011 2020 2025 2030 2035 Delta VT
OECD 881 1195 1358 1403 1430 1483 288 0.9%
Americas 643 859 1000 1041 1063 1114 255 1.1%
Canada 109 160 184 189 186 194 34 0.8%
Mexico 26 49 50 58 68 81 32 2.1%
United States 507 649 764 792 807 837 188 1.1%
Europe 211 277 249 237 225 215 -62 -1.1%
Norway 28 101 121 118 115 111 10 0.4%
Asia Oceania 28 59 109 125 143 155 95 4.1%
Australia 20 51 103 120 139 152 101 4.6%
Non-OECD 1178 2188 2599 2919 3216 3492 1304 2.0%
E. Europe/Eurasia 831 882 911 986 1094 1164 282 1.2%
Azerbaijan 10 16 23 33 43 47 30 4.5%
Russia 629 673 667 692 757 808 135 0.8%
Turkmenistan 85 67 83 100 117 132 66 2.9%
Asia 130 419 566 625 694 769 350 2.6%
China 15 103 178 218 266 317 214 4.8%
India 13 46 62 73 85 98 52 3.2%
Indonesia 48 81 108 118 129 139 57 2.3%
Middle East 92 519 624 720 766 823 304 1.9%
Iran 23 150 143 165 180 207 56 1.3%
Iraq 4 6 39 71 79 83 77 11.5%
Qatar 6 151 187 214 227 237 86 1.9%
Saudi Arabia 26 86 112 121 128 136 50 1.9%
UAE 20 52 58 61 62 65 13 0.9%
Africa 64 200 280 333 378 428 228 3.2%
Algeria 43 77 106 115 123 132 55 2.3%
Libya 6 8 17 21 24 30 22 5.7%
Nigeria 4 36 42 55 70 83 47 3.6%
Latin America 60 168 218 255 285 308 140 2.6%
Argentina 20 42 49 65 80 91 49 3.3%
Brazil 4 17 38 60 78 92 76 7.4%
Venezuela 22 25 36 43 52 63 38 3.9%
World 2 059 3384 3957 4322 4646 4976 1592 1.6%
European Union 213 185 135 122 114 104 -80 -2.3%

* Compound average annual growth rate.

Norway remains the largest gas producer in Europe: with a portfolio of large projects in
the Arctic Barents Sea, it is able to sustain its production at current levels throughout the
projection period. Elsewhere in Europe, though, the outlook for conventional gas production
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is one of continued decline, mitigated, in part only, by a modest rise in unconventional
output. The decline in United Kingdom production of conventional gas has been particularly
steep, although this is now levelling off into an extended late-life production tail. On the
other side of the North Sea, the giant Groningen field in the Netherlands is expected to
come off plateau and decline after 2020.

Figure 3.4 = Change in annual natural gas production in selected countries
in the New Policies Scenario
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Australia’s gas production growth is linked directly to plans to expand exports, which, if
realised in full, would see the nation rival Qatar as the world’s largest LNG exporter by
2020. More than two-thirds of current global investment in LNG is in Australia, where there
are already three LNG export projects operating and a further seven under construction.
Of the facilities under construction, three in Queensland are based on coalbed methane
(the first LNG projects of this kind), while one uses floating LNG technology.®* However,
cost increases have been announced in several of the projects that are underway, with
the biggest overruns occurring in the Gorgon and the Australia Pacific projects (the
unprecedented appreciation of the Australian dollar has been a major contributing factor).
Such increases threaten to hold back plans for additional export projects — especially as
there are large investment needs elsewhere in the mining and energy sector. Commitments
to new resource developments in Australia have slowed markedly over the last year or so,
and the prospects for another round of major Australian LNG projects will depend heavily
on how costs evolve, on the deployment of new, potentially less costly technologies, such
as floating LNG, and on competition from other regions, notably North America. We project
production to rise to 150 bcm by 2035, at a slightly slower pace than in last year’s Outlook.

3. Floating LNG technology uses a purpose-built barge to produce LNG from offshore gas. There would
otherwise be technical problems or high capital costs to bring gas to land for liquefaction.
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In the Caspian region, the biggest increase in gas output is projected to come from
Turkmenistan, where production doubles by 2035, reaching 130 bcm. Exports to China
from Turkmenistan increased to 20 bcm in 2012 and the progressive rise in capacity of
the Central-Asia China pipeline, to a planned 65 bcm per year, is the main spur for output
growth. The Galkynysh field — the second-largest gas field in the world, which began
production in mid-2013 —is the main source of incremental output. The increased capacity
in the export pipeline from Turkmenistan to China also stimulates upstream developments
that can tap in along the pipeline route in Kazakhstan, Uzbekistan and potentially also
Tajikistan. With exports to Russia likely to remain limited, the possibilities for additional
output growth for Turkmenistan rest on opening up routes to new markets. All of the
options are subject to serious political obstacles, but the best long-term match appears
to be with growing gas demand in India and Pakistan. If the direct overland route to South
Asia via Afghanistan proves impossible, then an alternative (no less fraught with political
uncertainties) would be for Turkmenistan to increase export to Iran, thereby freeing up
Iranian gas for export along the proposed Iran-Pakistan route.

Russia’s gas production is projected to increase by around 135 bcm to over 800 bcm in
2035, with all of the growth coming after 2020, resting mainly on rising exports. There
is no current shortage of supply options in Russia: Gazprom is in a position to increase
output, notably from the Yamal peninsula, while other companies — already responsible
in 2012 for one-quarter of Russian output — have both the capability and ambition to
increase production from smaller onshore fields. The supply outlook is limited over the
current decade rather by modest growth in domestic demand and weak European import
needs, and, to a larger degree, by constraints on how quickly Russia can secure a significant
position in Asia-Pacific markets. The prospect of continuing weak demand in Europe in the
next few years appears to have convinced the Russian government to make a serious effort
to expand exports to Asia. But neither the economics nor the politics of eastern gas exports
are simple; while gas resources in eastern Siberia and the Russian far east are ample, they
are remote and — with the exception of the Sakhalin developments — largely untouched.
A feature of recent Russian production is the way in which companies are targeting “wet”
gas, i.e. gas deposits with a large share of natural gas liquids (NGLs), in order to improve the
economics of upstream projects (Box 3.2).

The production outlook in China, which sees output triple to almost 320 bcm from 103 becm
in 2011, will depend on progress with unconventional gas and also on the widespread
and timely implementation of reforms in the pricing of wholesale gas, announced by
the Chinese government late in 2011. The reforms are designed primarily to encourage
upstream investment, but also to stimulate import infrastructure development. While trials
have been implemented in two regions, extension of the scheme nationally is proceeding
only gradually.

ASEAN as a whole is poised for a significant expansion in its gas production, drawing on
a large resource base and growing demand (and high prices) for LNG in the Asia-Pacific
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market.* Output rises from 203 bcm in 2011 to 265 becm in 2035. Indonesia, the largest
producer, sees output rise to 140 bcm, from 81 bcm in 2011. In the absence of extensive
inter-regional pipeline networks, gas resources located far from national demand centres
are likely to be developed as LNG export projects, while those located nearby go to meet
domestic demand. However, many individual countries within the region will have to turn
increasingly to energy imports to satisfy domestic demand growth, incurring higher energy
import bills. Major gas producers, such as Indonesia and Malaysia, will face difficulty in
allocating supply between domestic demand and exports that provide an important source
of government revenue.

Box 3.2 = Natural gas liquids and upstream gas investment

NGLs are liquids produced within a natural gas stream, separated from the gas flow
either at the well site (field condensate) or at gas processing plants®. The boost that
they provide to upstream gas economics is not a new phenomenon. Gas production
in Qatar, for example, has long been driven by the condensate and liquids output,
which essentially covers all upstream costs. It is also well-documented how producers
in the United States have been targeting wet-gas plays, where the value of the liquids
provides them with economic returns even at very low gas prices. This has allowed
natural gas prices to remain lower for longer than many had assumed, an effect that is
likely to continue, at least until the most liquids-rich gas plays start to deplete.

Russia has long been an outlierin global NGLs production, with a relatively small content
of NGLs in gas production to date. The reason for this is that most of the gas produced
from the most accessible, uppermost layers of the huge western Siberian fields, the
traditional mainstays of Russian production, has been very dry. But this is changing.
The attraction of NGLs among Russian gas players is amplified by relatively favourable
tax treatment and by the opportunities for export (in contrast to natural gas, where
Gazprom retains, for the moment, an export monopoly). Novatek has been among the
leading companies in Russia to invest in gas processing facilities and to target NGLs;
these liquids accounted for less than 10% of production in energy terms in 2012, but
around 30% of company revenues. Gazprom has also been increasing its interest in
NGL production, helping to offset the drop in demand (and price concessions) for its
gas in Europe by producing from deeper, wetter, layers at its mainstay gas fields in
western Siberia. Over the projection period, we anticipate that Russia sees a gradual
growth in the share of NGLs in its produced gas, moving it into line with the situation
in many other countries where NGLs make a major contribution to the economics of
upstream gas projects.

4. The prospects for ASEAN energy markets are discussed in detail in Southeast Asia Energy Outlook: World
Energy Outlook Special Report released in October 2013 (IEA, 2013a).

5. In our projections, NGLs are included as oil production.
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The Middle East is endowed with more conventional gas resources than any other region
except for Eastern Europe/Eurasia, but getting the gas to market is proving extremely
difficult, in part because low regulated prices often discourage investment. The projected
increase in the region’s gas production — 305 bcm, or just under 2% per year, between 2011
and 2035, while substantial, represents growth at a slower rate than in Africa or Asia. Qatar
is expected to remain the leading contributor to production growth in the region over the
projection period, though the recent breakneck expansion in production capacity — most
of which serves LNG plants — slows in the near term as the current wave of development
projects comes to an end. Qatari gas production is projected to reach a plateau of about
180 becm by 2015, but a further increase later in the Outlook period to around 240 bcm in
2035, is projected on the assumptions that the moratorium on development of the North
Field — part of the world’s largest single gas field, which straddles the border with Iran
(where it is called South Pars) — is lifted and that the government authorises new LNG and
GTL projects. With an increasing number of LNG producers entering the market in the next
decade, Qatar’s share of the global LNG market is set to fall in the medium term.

Production in Saudi Arabia is set to rise in the next few years, with the commissioning of
the 30 bcm per year Karan field alleviating acute gas shortages in power generation and
petrochemicals. But we project only modest increases in output thereafter, with total gas
production reaching 135 bcm in 2035. The low fixed wholesale gas price of $0.75/MBtu
discourages upstream investment. Moreover, the results of recent drilling by international
companies in the Rub al-Khali region have not yielded commercial finds. Gas output in Iraq
is projected to increase substantially to over 80 bcm, an absolute increase almost as big as
that of Qatar, which stems mainly from increased associated gas production and reduced
gas flaring in the south. Prospects for Iranian production remain clouded by uncertainty
over the application of international sanctions. Development of South Pars has boosted
the country’s overall gas production to around 150 bcm, but further major expansions are
expected to be delayed until after 2020, when — with political constraints by then assumed
to be relaxed — Iran’s huge remaining resource base starts to translate into growing output.

Gas production in Africa more than doubles over the Outlook period, to almost 430 bcm,
based on increases from the emerging producers in East Africa, as well as Algeria, Nigeria
and Libya. LNG exports will be the main driver of production increases in sub-Saharan
countries, especially in the period to 2020, as local demand will be insufficient to support
the large investments needed to develop fields. In East Africa, LNG projects are planned
in Mozambique, Tanzania and Kenya and we assume they add a combined export capacity
of 40 bcm by 2035. Most planned developments across the region involve conventional
gas, but interest in shale gas in North Africa, where resources are thought to be huge, is
growing. Another new province set to appear on the gas production map is the eastern
Mediterranean region, where Israel is taking the lead in developing recent offshore
discoveries (Box 3.3).
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In Latin America, domestic needs will drive most upstream developments in the coming
decades. In Argentina, the region’s largest producer, shale resources are expected to
underpin a revival in gas production, which has been declining in recent years because
of dwindling investment — mainly the result of low regulated prices. The potential for
production growth is biggest in Brazil, which has discovered large resources of associated
gas offshore and pockets of gas onshore (see Chapter 11). By contrast, production in
Trinidad is set to decline over the longer term unless new discoveries are made or the
regulatory framework changes.

Box 3.3 = Levant gas on the rise

Large offshore gas discoveries in the eastern Mediterranean Sea can change the
energy landscape of the whole region. A 2010 assessment by the US Geological
Survey estimates that undiscovered gas resources in the Levant Basin could amount to
3.5 tcm — more than six times the region’s current proven reserves. Thus far, the bulk
of the discoveries made have been offshore Israel, including the two largest fields —
Leviathan and Tamar. For Israel, heavily dependent on imported energy, the prospect
of developing a large indigenous resource represents a major turn-around. Production
from the Tamar field began in spring 2013 (a very quick development given that the
field was discovered only in 2009), helping to compensate for declining output from
existing fields.

The timing for development of the larger Leviathan field (with estimated recoverable
resources of 0.5 tcm) and other areas of offshore potential depends on the balance
that Israel chooses to strike between reserving gas for the domestic market (even
though long-term domestic needs are uncertain) and sanctioning export projects. In
the projections, production rises steadily from the current low base and approaches
20 bcm by 2035. This is well in excess of the volumes that could be consumed on the
domestic market, implying a growing contribution from Israel to gas balances further
afield. There are several export options: building domestic LNG infrastructure, or
floating LNG facilities at the fields, would give Israel flexibility over export destinations;
alternatively, the gas could be piped to Turkey, Jordan or even Egypt.

The offshore potential in the eastern Mediterranean is by no means confined to Israel
and there are signs of increasing interest from major gas companies in the region’s
resources, following the trail set by the medium-size and independent companies
in making the early discoveries. There are still numerous obstacles that may hinder
further development of the Levant Basin’s potential, including regional conflicts,
territorial disputes as well as regulatory uncertainty. But, if politics allow, there is also
a realistic prospect that gas from this area will soon be making its mark in parts of
southeast Europe as well as the increasingly gas-thirsty markets of the Middle East.
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Focus on unconventional gas

Resources

Unconventional gas will surely play an increasingly important role in future gas supply — not
just in North America, the site of the overwhelming bulk of production today, but also in
several other parts of the world (Table 3.3). Resources of unconventional gas (shale, tight
gas and coalbed methane) are globally abundant (Figure 3.6). Indeed, the figures for shale
gas that underpin the modelling have been revised upwards for many countries, based on
the updated assessment of 137 shale formations in 41 countries (US EIA, 2013).5 But there
are numerous obstacles to developing these resources at anything like the scale seen in
North America, so replicating that region’s success will be neither easy nor quick. As other
countries move down the path towards commercial exploitation of unconventional gas
resources, growing awareness of these obstacles is injecting a new realism into discussions
about the extent and timing of global prospects for unconventional gas.

Box 3.4 = High-Level Unconventional Gas Forum-towards global best practice

The IEA High-Level Unconventional Gas Forum was created in 2013 to enable
governments, industry and other key stakeholders to share insights into best practices
in operations, regulations and methods to stimulate the widespread and sustainable
development of unconventional gas. The groundwork for the forum was laid by the
release of several WEO reports on the subject of unconventional gas. WEO-2009
highlighted the potentially major role that could be played by unconventional gas
worldwide. In 2011, a WEO special report, Are We Entering a Golden Age of Gas?,
analysed the global prospects for gas markets, and a subsequent one in 2012, Golden
Rules for a Golden Age of Gas, looked specifically at unconventional gas, offering
guidance for industry and policymakers on how to ensure that its production is
conducted in a socially and environmentally acceptable way (IEA, 2011 and 2012).

The first meeting of the Forum was held in March 2013. It was attended by
130 representatives from governments, international organisations, industry, non-
governmental organisations and investors from all corners of the globe, who shared
their experiences regarding unconventional gas development, including how to deal
with social, environmental and economic challenges. It was agreed that best practice
regulation should be a particular focus of the Forum’s work. The next meeting is
planned to be held in the first half of 2014.

Differences in geological, regulatory and market conditions will dictate the nature and pace
of development in each region. Production may be held back by several factors, including:
unfavourable geology; concerns about the environmental impact of hydraulic fracturing,
particularly water management and the risk of methane leaks to the atmosphere (the
latter reducing the net climate benefits of using lower-carbon natural gas as a substitute for
coal and oil); local opposition to the disruption caused by drilling (the likelihood of which is

6. The previous report, released in 2011, covered 69 shale formations in 32 countries.
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heightened by systems of mineral rights ownership that, in contrast to much of the
United States, do not give surface landowners a stake in the development); lack of access
to resources and transportation infrastructure; absence of a local oil services industry;
and unattractive investment options and regulatory framework. Many of these factors
can be influenced directly or indirectly by policy. On the other hand, further advances in
production technology could accelerate developments.

Global production of unconventional gas in 2011 is estimated to have been around
560 bcm. In the New Policies Scenario, it rises to 1 330 bcm in 2035, its share of total
world gas production climbing from 17% to 27%.” The United States remains the leading
unconventional gas producer, but several countries — notably China — emerge as important
producers. Shale gas output rises most in absolute terms, but the output of coalbed
methane quadruples (Table 3.5). Inevitably, the uncertainty surrounding these projections
is especially acute, given the immaturity of the unconventional gas sector outside the
United States. Since it is WEO practice not to assume radical technological breakthroughs
(though technology learning over time is allowed for), the projections for unconventional
gas output do not include production from methane hydrates (Box 3.5).

Table 3.5 = Global production of unconventional gas in the New Policies

Scenario
2011-2035
2025
Delta CAAGR*
Shale gas 232 402 513 627 745 513 5.0%
Coalbed methane 78 148 202 261 315 237 6.0%
Tight gas 250 281 285 276 269 18 0.3%
Total 560 832 999 1165 1328 769 3.7%

* Compound average annual growth rate.

Production trends

More than half of the growth in unconventional gas production over the period to 2020
is projected to come from the two main established producers, the United States and
Canada, which accounted for 90% of total production in 2011. By 2020, their share in global
unconventional production drops to 80%, as production in China and Australia starts to
grow. After 2020, the picture becomes much more diverse (Figure 3.6).

The surge in the production of unconventional gas in the United States, especially shale
gas, slowed somewhat in 2012, as very low gas prices led to fewer rigs drilling gas wells.
Nonetheless, production of unconventional dry gas has remained high. There are a number

7. The demarcation between conventional and unconventional gas is not always clear cut, especially with
respect to tight gas and conventional gas with reservoir stimulation. We classify tight gas as unconventional
according to whether we consider that special production techniques, such as hydraulic fracturing, will be
needed for its production. Coalbed methane and shale gas are categorised as unconventional gas in our
definition.
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of reasons for this, including the working off of a backlog of drilled but not completed
wells, drilling for dry gas in low cost areas, such as the Marcellus shale, and the production
of large volumes of dry gas a by-product of wells targeted at areas of liquids-rich gas, such
as the Eagle Ford shale. We nonetheless assume that, over time, gas prices will move
towards a range where production of drier gas is more profitable, i.e. within the range of
$4.50-6/MBtu. At these levels, we judge that large volumes of shale gas can be produced,
which is why North American gas prices plateau for a period around these levels before
increasing again towards the end of the Outlook period. Total unconventional gas
production in the United States continues to increase in the projections, reaching nearly
600 bcm in 2035. There is little sign that resource limitations kick in before the end of the
projection period, in contrast to our current expectations for US production of light tight
oil (see Chapter 14).

Figure 3.6 = Growth in unconventional gas production by type in selected
regions in the New Policies Scenario
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Any adverse change in the generally favourable regulatory and operating environment
in the United States could have a material impact on the outlook for unconventional gas
production. The likelihood of this is linked, in turn, to the way that the industry meets public
concerns about the environmental impact of hydraulic fracturing and other contentious
aspects of unconventional gas development. These are, in principle, manageable — as
demonstrated by the IEA Golden Rules (IEA, 2012a) — but the industry will need to be
vigilant. There are initiatives underway at the federal level that could influence this
picture. The US Environmental Protection Agency, for example, is preparing an analysis of
the impact of hydraulic fracturing on drinking water and ground water, which is due to
be released for public comment in 2014. The US Department of Interior has proposed a
strengthening of federal regulation of hydraulic fracturing on publicly owned land, in order
to establish baseline environmental safeguards for these operations across all public and
Indian lands. At the state level, the regulatory picture varies significantly, so it is difficult
to draw nationwide conclusions. States have the authority to set regulations that apply
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to unconventional gas production as well as their degree of stringency, and have chosen
different regulatory approaches, some opting for detailed regulation, others for more
flexible performance standards and case-by-case permitting (Richardson, et al., 2013).
Where shale gas activity is underway, regulatory changes have tended to tighten the
requirements related to well construction and protection of groundwater.2 However, some
states maintain or are considering outright prohibitions of certain activities: New York and
New Jersey have temporarily banned hydraulic fracturing, pending additional research and

data on environmental impacts.
Box 3.5 = Are methane hydrates the next revolution-in-waiting?

Methane hydrates are deposits of natural gas trapped together with water in a
crystalline structure that forms at low temperatures and moderate pressures. They
can be found either on the sea floor, in shallow sediments beneath the sea floor or
underneath Arctic permafrost. Methane hydrates may offer a future means to further
increase the supply of natural gas. Though quantitative estimates vary by several
orders of magnitude, all agree that the resources in place are extremely large, with
even the lower estimates giving resources larger than all other natural gas resources
combined. Many estimates fall between 1 000 and 5 000 tcm, or between 300 and
1 500 years of production at current rates. The US Geological Survey estimates that gas
hydrates worldwide are between 10 to 100 times as plentiful as US shale gas reserves.

Producing gas from methane hydrates poses huge technological challenges and the
relevant extraction technology is in its infancy. So far there have been only small-
scale experimental production projects: the Japanese Nankai Trough project has just
achieved small-scale production and the Malik project in Canada produced for about
three months from one well. The longer-term role of methane hydrates will depend
on climate change policies as well as technological advances, as meeting ambitious
goals to reduce emissions would require a reduction in demand from all fossil fuels,
certainly in the longer term. In addition, methane released to the atmosphere from
any source is a potent greenhouse gas and great care has to be taken to minimise such

releases — a point highlighted in Redrawing the Energy Climate Map: World Energy

Outlook Special Report (IEA, 2013b). One aim of the Japanese research programme
is to develop production technology that achieves controlled release of the methane
from the ice into the production well, minimising the risk of the methane escaping into
the atmosphere. For countries like Japan that continue to rely on expensive imported
energy, methane hydrates may be an attractive energy supply option. The Japanese
government aims to achieve commercial production in ten to fifteen years, i.e. by the
mid- to late-2020s.

8. Anexample is the updated requirements related to well casing, cementing, drilling, control and completions

that were passed by the Texas Railroad Commission and apply to all wells drilled in Texas from January 2014.
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Figure 3.7 = Unconventional gas production by selected country in the New
Policies Scenario
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Canada’s unconventional gas production is currently around 70 bcm, consisting of tight
gas along with smaller volumes of shale gas and coalbed methane. Shale gas provides
most of the increase that takes unconventional output to 140 bcm in 2035. Somewhat
paradoxically, the boom in shale gas production in the United States has hindered the
development of the unconventional gas sector in Canada, as the need for imports
from Canada into the United States has slumped, driving down prices across the North
American market and depressing incentives to invest in Canada. Nonetheless, there is
potential for Canadian LNG exports and companies are now concentrating on exploration
in oil and liquids-rich areas of British Columbia (including the Montney play) and Alberta
(including the Duvernay and Cardium plays), and the northern part of the Bakken shale,
which is predominately an oil play, which extends across the US border into Canada.
There is a moratorium in place on hydraulic fracturing in Quebec (where companies had
been hoping to develop the Utica shale), which could be extended to allow for further
studies on the environmental impact.

Mexico is also set to become a significant producer of unconventional gas in the longer
term, with output reaching almost 30 bcm by 2035 in the New Policies Scenario. Pemex,
the national oil and gas company with a monopoly over all upstream developments, has
launched a $200 million three-year programme to explore for shale gas in Mexico, starting
with the extension into the north of the country of the Eagle Ford play, which is thought
to hold close to half of the country’s shale resources. But commercial production may be
constrained by: water scarcity in some of the resource-rich areas; the absence of rights
for companies other than Pemex to work in the upstream sector; the priority given by
Pemex’s investment in export revenue-generating oil projects; and the difficulty in keeping
development costs at a level that allows competition with imported gas from the United
States. Prospects though could brighten if proposals for reform of the country’s oil and gas
sectors were to bring new investment capital.

Europe is well-endowed with all three types of unconventional gas, but large-scale
development must deal with geological conditions that are considered to be more difficult
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than those in North America, as well as public and political opposition in many countries
to unconventional gas production, especially in Western Europe. It is for the moment
unclear to what extent these social and environmental concerns will find reflection in a
tightening of the regulatory framework at European level. In the New Policies Scenario,
we take a generally cautious view of the prospects for production, which reaches 20 bcm
by 2035 in the European Union. The largest share of this (8 bcm) comes from Poland,
which has been seen as the most promising country for unconventional production. As
of September 2013, more than 50 wells have been completed (and another 200 or so are
planned by 2016). Thus far the results have not met the industry’s initial expectations,
although it is still early to make judgement on the scale or quality of exploitable resources
(only seven horizontal wells have undergone multi-stage fracturing). The United Kingdom
contributes 3 bcm of shale gas in 2035, its potential having been buoyed by a new resource
assessment, released by the British Geological Survey in June 2013, which doubled the
resource estimate for the country’s main prospective area, the Bowland shale. Outside
the European Union, unconventional production in Ukraine rises to levels similar to those
of neighbouring Poland, but prospects are dampened by a generally difficult investment
climate that has also held back development of Ukraine’s conventional potential.

In Australia, coalbed methane has been the main focus of unconventional gas development
and production is set to climb steeply with the completion of three LNG plants that are
being built in Gladstone in Queensland, to be fed by natural gas from coal seams in the
Surat Basin. In the projections, coalbed methane production in Australia rises from just
6 bcm in 2011 to almost 100 bcm by 2035. For this to be realised, operators will need to
pay particular attention to water management: water is a particularly sensitive matter in
Australia, given general water scarcity and the high reliance in some regions on ground
and artesian water sources for agricultural and grazing activity. As in most federal systems,
environmental regulation is mostly a state responsibility, with regulation focused on
guaranteeing well integrity and management of the large quantities of formation water
that must be removed prior to gas production. A warning shot for the industry was the
decision in New South Wales in early 2013 to ban coalbed methane developments within
two kilometres of residential areas or certain rural activities, causing at least one major
development to be suspended in that state and exploration activities to be curtailed.
Subsequently, in March 2013, the federal government indicated that federal approvals
for new coalbed methane projects (and large coal mining developments) will be required
where they significantly impact water resources.

In China, coalbed methane is already in commercial production, with 10 bcm marketed in
2011. But production is rising less rapidly than planned and the target of 30 bcm by 2015
that was set in the 12th Five-Year Plan is unlikely to be met; in our projections, coalbed
methane production reaches 30 bcm only closer to 2020. The potential for shale gas
production in China is much larger, but projects are still largely at the exploration stage.
Two licensing rounds have been completed, mainly in the Sichuan region, with foreign
companies allowed to participate as minority partners of a Chinese company. In at least
two instances the foreign company is operator, with important implications for technology
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transfer. Shell and Hess have already signed production-sharing agreements. However, the
anticipated increase in commercial production is unlikely to get China close to the official
target of 6.5 bcm of shale gas production by 2015.

In the projections, China’s shale gas production builds up relatively slowly until the latter
part of this decade, but then accelerates as the industry starts to scale up its efforts, to
reach almost 120 bcm per year by 2035. The increase is facilitated by gradual changes
in gas pricing policy, which help to improve incentives for exploration and development
of unconventional gas. The resource base could probably support a considerably higher
level of production than we project, but production is expected to be held back by several
factors. There are still significant questions over how favourable the geology is (for example,
the gas-bearing formations are in most cases much deeper than in North America, making
them potentially more costly to develop). Some of the most promising resources are
also located in mountainous areas where access is difficult. Limited availability of water,
particularly in the Tarim and Ordos Basins, and of pipeline and processing capacity could
also hinder development.

In India, there is currently no unconventional production, but its value as a means to meet
growing demand and reduce import dependence is gaining recognition. Shale gas appears
to be the most promising prospect and the government is developing specific rules for
the exploration and development of shale gas ahead of a planned auction of licenses
for at least 100 blocks. The auction has been delayed while the environment ministry
completes studies on the implications of hydraulic fracturing for both the availability and
quality of water supplies. Land acquisition rights have also complicated matters: local
protests have occurred over the use of farmland in West Bengal for shale gas drilling by
the state-owned Oil and Natural Gas Corporation. For commercial production to proceed
in the event of successful drilling, transport infrastructure will need to be built and the
fiscal regime adapted. Prices have been too low to make shale gas production profitable,
but a government decision in June 2013 to raise gas prices is expected to boost interest
in drilling. The government also plans to introduce a scheme whereby the states would
receive a 10% royalty on production, similar to the one already being used for country’s
coalbed methane. In the New Policies Scenario, commercial production of shale gas and
coalbed methane starts towards the end of the current decade, with shale gas output rising
to almost 35 bcm by 2035 and coalbed methane to 25 bcm.

Indonesia has also been pushing ahead with plans to develop its unconventional gas
resources and, like India, is projected to produce both shale gas and coalbed methane from
the 2020s, with combined output of around 20 bcm by 2035. Five companies have finished
a joint study regarding shale gas potential in North Sumatra and around 70 proposals to drill
exploration wells have been submitted for approval, following a first licensing round in the
area. Licensing rounds for other prospective areas are planned in the coming months. The
government expects commercial shale gas production to begin in 2018. Exploration activity
is also underway for coalbed methane and dozens of production-sharing agreements
have been signed. The regulatory regime for unconventional gas, including the sharing
of competences between local and central government, is under development, with tax
incentives planned to bring forward investment.
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Algeria’s interest in unconventional gas is noteworthy as it comes from a major conventional
producer with significant remaining conventional resources looking to address the
problem of declining output. Amendments to hydrocarbon legislation in 2013 introduced
tax incentives for shale and tight gas development, but it remains to be seen whether
these will be sufficient to bring projects to fruition, particularly in the light of concerns
over security and the scarcity of water resources. In the New Policies Scenario, Algerian
unconventional output (almost all of which is shale gas) gains momentum only towards the
end of the projection period, reaching 15 bcm in 2035.

In the recent US EIA assessment, Argentina is ranked second in the world for shale gas
resources (US EIA, 2013). The most promising play is Vaca Muerta in northern Patagonia.
The geological prospects for production appear positive, but fiscal, contractual and political
obstacles are expected to slow development in practice. Companies are expected to focus
on oil and liquids-rich areas in preference to drier gas resources. One of the factors holding
back investment in shale plays has been the low price offered for production. This was
addressed with a government decision in February 2013 to triple the wellhead price for all
types of gasto $7.50/MBtu. YPF—the newly nationalised leading producer in Argentina—has
a $6.5 billion capital expenditure programme for gas that aims to boost overall production
by 8% per year over 2013-2017, with about 60% of the incremental production coming
from tight and shale gas. It has also announced partnerships with local and international
companies to develop Argentina’s resources, including a joint-venture agreement with
Chevron to develop the Vaca Muerta field (though the deal is being contested by Repsol,
the former owner of YPF). On the assumption that these deals bear fruit, shale and tight
gas production reaches more than 50 bcm per year by 2035 in the New Policies Scenario in
addition to almost 40 bcm from conventional resources.

Trade, pricing and investment
Inter-regional trade

Inter-regional gas trade has risen by 80% over the last two decades and we project that
it continues to follow an upward path in the New Policies Scenario, expanding by some
400 bcm to reach 1 090 bcm in 2035 (Table 3.6).° This promises to be a very dynamic
period for international trade in gas, with the rising importance or emergence of strong
new market players, notably Australia, the United States, Canada and countries in East
Africa, who provide a competitive challenge to established exporters such as Russia and
Qatar. The period also sees a continued shift in the direction of international gas trade,
away from the Atlantic basin (although Europe continues to be the largest single importing
region) and towards the Asia-Pacific region, a shift that poses new dilemmas for Eurasian
producers reliant on fixed pipeline infrastructure for access to market. And there are signs
that the terms of international trade — particularly in the form of LNG — will become more

9. Inter-regional trade is trade between the major WEO regions; its rise has been interrupted twice in the last
four years — the first time by the recession-induced fall in demand in 2009 and the second in 2012 because of
continuing weak import demand in Europe and a decline in LNG supply.
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sensitive to short-term market conditions, with innovative pricing and fewer destination
clauses, bringing new connections between the different regional markets and changes in
the way gas is priced around the world.

Table 3.6 = Net natural gas trade by region in the New Policies Scenario
(pipeline and LNG)

2011 2020 2035
TS gomindor T gemandor T gemndor
output (%)* output (%)* output (%)*
OECD -402 25% -349 20% -402 21%
Americas -11 1% 43 4% 69 6%
United States -47 7% 15 2% 48 6%
Europe -248 47% -288 54% -390 65%
Asia Oceania -143 71% -105 49% -81 34%
Japan -117 97% -117 99% -123 100%
Non-OECD 415 19% 351 13% 407 12%
E. Europe/Eurasia 179 20% 179 20% 347 30%
Caspian 58 33% 76 37% 143 50%
Russia 197 29% 174 26% 263 33%
Asia 9 2% -103 15% -319 29%
China -29 22% -130 42% -212 40%
India -14 24% -25 29% -74 43%
Middle East 120 23% 119 19% 123 15%
Africa 89 44% 127 45% 224 52%
Latin America 19 11% 29 13% 32 10%
Brazil -10 38% -7 16% 2 2%
World** 685 20% 804 20% 1092 22%
European Union -308 63% -360 73% -450 81%

* Imports as a share of primary demand for importing countries; exports as a share of production (output)
for exporting regions/countries. ** Total net exports for all WEO regions, not including trade within WEO
regions. Notes: Positive numbers denote exports; negative numbers imports. The difference between OECD
and non-OECD totals in 2011 is due to stock change and statistical discrepancies.

Despite a relatively modest increase in demand, Europe’s need for imported gas grows
more strongly over the projection period, as production falls back across the continent
(Norway is the important exception). In the case of the European Union, the gas import
requirement rises by some 140 bcm to reach 450 bcm by 2035 (Figure 3.8). Europe is well-
placed to secure this supply from a variety of sources, including traditional suppliers such
as Norway (which became the European Union’s largest single supplier of gas in 2012),
Russia and Algeria, as well as from the international LNG market. There are also newcomers
looking to supply Europe by pipeline, notably Azerbaijan and, potentially, also Irag, along
the so-called “southern corridor” through Turkey and the rest of southeast Europe.

The Asia-Pacific region is the arena in which the most profound changes in global gas
markets are set to play out over the coming decades, though the speed and extent of
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those changes is subject to a high degree of uncertainty. Outside Japan and Korea, which
are already mature gas markets, this is a region with major potential, and good reasons, to
increase gas consumption, especially in countries looking to diversify the energy mix and
tackle the issues of air quality and local pollution related to coal combustion. Yet this is also
the region paying the highest prices for internationally traded natural gas (and one that
continues to do so throughout the projection period, in all scenarios), raising questions of
affordability and whether policy objectives can outweigh economic factors in some areas.

Figure 3.8 = European Union natural gas supply and demand balance in the
New Policies Scenario
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Japan, Korea and Chinese Taipei, the traditional Asian importers of LNG, have already
been joined as importers by China, India, Indonesia, Thailand and more recently Malaysia
and Singapore. In the projections, the increase in gas imports goes to the emerging gas
consumers. China leads the way, with an import requirement that exceeds 210 bcm by
2035 (Figure 3.9), followed by India (imports of 70 bcm by 2035). Over the same period,
the net gas exports available from ASEAN as a whole shrink from just over 50 bcm to
15 bem, while net demand for imported gas increases in other non-OECD Asian countries.
The overall impact of these changes is to make the Asia-Pacific region the fulcrum of the
international gas trade. Some of the gas in question is set to be delivered by pipeline to
China, but LNG accounts for a larger share of the increase.

For pipeline exporters, the main developments are concentrated in Eurasia. For European
markets, the consortium developing Phase Il of Azerbaijan’s Shah Deniz field made a long-
awaited announcement about their route to market in 2013: after crossing Turkey through
the proposed Trans-Anatolian Gas Pipeline (known as TANAP), Azerbaijan’s exports will
head through Greece, Albania and then on to southern Italy via the Trans-Adriatic Pipeline
(or TAP), with a possible spur from Albania northwards to Montenegro, Bosnia and
Herzegovina, and Croatia. Once the pipeline is built, around 2020, some 10 bcm per year
of gas is set to flow to southern Europe with the possibility of later capacity expansion
to 20 bcm. The prospective opening of the southern corridor over the Outlook period
allows for an expansion of exports from Azerbaijan, whose production is projected to rise
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to 47 bcm in 2035 from 17 bem today, and also, potentially, from other countries in the
region, notably from Iraq. The volumes delivered along this corridor remain relatively small
compared with European gas demand, but nonetheless promise to make a contribution to
diversity and security of supply.

Figure 3.9 = China natural gas supply and demand balance in the New
Policies Scenario
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The volume of Russian pipeline exports rises only modestly over the period to 2020, despite
the possible addition of new export capacity in the form of the South Stream pipeline or
additional North Stream pipelines. More rapid growth is assumed to be constrained by
Russia’s stance on pricing gas in Europe, where the defence of oil-indexed pricing clauses
could come at the expense of market share. After 2020, however, Russian pipeline exports
are expected to expand once again as its focus shifts to the east, with most of the growth
coming from an assumed new link to China from Russia’s east Siberian fields. China is also
expected to draw increasing volumes of gas from Central Asia, where the existing pipeline
link from Turkmenistan is assumed to expand to 60 bcm of capacity, and from Myanmar,
with which a 12 becm per year link was completed in 2013.

Of the overall increase in inter-regional gas trade of more than 400 bcm, pipelines carry
just under half. The slightly larger share (210 bcm) is expected to come in the form of
LNG. Whereas pipeline trade remains dominated by a few producers, primarily in Eurasia,
the ranks of LNG exporters are set for a major re-shuffle. Among some of the existing
exporters, there are already signs of rapidly increasing domestic demand limiting supply for
export. This trend is most notable in the Middle East, where Qatar and Yemen may become
the sole remaining LNG exporters by the early 2020s (although they may be joined later
by Iraq and/or Iran).® Egypt and Trinidad and Tobago are among other current exporters
which may have to cut back external commitments.

10. Oman’s sales and purchase agreement for LNG exports expires by 2024 and may not be renewed because
of booming local demand and insufficient gas supplies. The United Arab Emirates will need to decide whether to
do likewise when the current contract to supply LNG to Japan from a plant in Abu Dhabi terminates in 2019; Abu
Dhabi is already a net gas importer.
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Box 3.6 = How great should expectations be for North American LNG?

The emergence of North America as an LNG exporter is based in part on proposed
greenfield projects in the United States and western Canada, but the first new
projects in the United States are based rather on conversion of terminals that were
originally intended to handle LNG imports. The construction of liquefaction facilities is
expensive, but existing terminals have shipping and storage infrastructure already in

place, reducing the overall cost and the time required to get projects operational. As
of October 2013, four such projects have thus far received conditional approvals from
the US Department of Energy allowing them to move ahead.™ These include: Sabine
Pass and Lake Charles projects in Louisiana; Freeport project in Texas; and the Cove
Point project in Maryland, which will provide annual export capacity totalling some
65 bcm. Sabine Pass has also received the necessary supplementary approval from the
US Federal Energy Regulatory Commission to construct the liquefaction facilities and is
expected to begin operation in 2016.

As of October 2013, there are an additional 28 applications to export LNG from the
United States at various stages of the approvals process, together providing for a
theoretical addition of more than 250 bcm per year in export capacity. Only a fraction
of these are expected to see the light of day, but a few are nonetheless advancing, with
the Cameron project in Texas already having long-term export commitments in place
with prospective buyers. The business model for US LNG export projects, at least for
the initial projects, is distinctive by international standards. Instead of being supported
by long-term contracts, with pricing linked to the oil price and exports dedicated
to a single destination, they are based on the Henry Hub price, plus a liquefaction
fee, and there are no destination restrictions. The tolling (liquefaction) fee is set by
long-term contract. The net result is that this LNG is effectively free to seek the most
advantageous international market. In most cases, this is expected to be in Asia.

In Canada, the focus for LNG export projects is largely on the west coast. Of the seven
proposed projects in British Columbia, three have received export licenses and are
at the stage of seeking environmental approvals: Shell’s LNG Canada (with ultimate
capacity of 32 bcm per year), Chevron’s Kitimat LNG (13 bcm per year) and the much
smaller Douglas Channel Energy Project. As greenfield projects, these are expected
to take longer to become operational than the initial US projects; and the pricing
arrangements are expected to be at least partially indexed to oil. The relative proximity
of the west coast projects to Asian markets and the promise of supply diversity for
consumers are likely to appeal to Asian buyers.

11. In the case of the United States, export approvals are required from the Department of Energy (DoE), a
routine matter for applications to export to countries with which the United States has a free-trade agreement,
but a more lengthy process — involving an assessment of the public interest — for export to other countries.
Facility approvals are also required from the Federal Energy Regulatory Commission. Overall, the approval
process can take at least two years and cost $100 million or more. At a federal level in Canada, all projects must
be approved by the National Energy Board.
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On the other hand, new LNG exporters are also set to emerge, while some existing ones
expect to see their market shares rise. Worldwide, there are twelve LNG export plants
under construction today with a combined capacity of around 130 bcm per year.!? This new
capacity is set to come into operation between 2015 and 2018, although the timetable is
heavily contingent on what happens in Australia, where seven of the twelve terminals are
located and where projects have seen cost escalations and delays.

After Australia, the next new tranche of LNG supply is set to come from North America
(Box 3.6). With production outstripping domestic demand, by 2035 net exports from the
United States reach almost 50 bcm and 45 becm from Canada (pipeline and LNG), with net
North American LNG exports as a whole reaching around 50 bcm by 2020 and 75 bcm by
the end of the projection period.** These projections are highly sensitive to changes in the
outlook for demand and production — relatively small shifts in either could have a large
impact on the overall trade balance. There is potential upside to these figures (particularly
those from the United States) that would have implications for other exporters around the
world —a possibility that we examine in more detail below in a Gas Price Convergence Case.

The rise of LNG export from Australia and from North America is accompanied, in the
projections, by new projects, based on offshore developments in East Africa, as well as by
expansion of capacity among some existing LNG exporters, including Russia. The Russian
expansion may take on added significance if, as seems possible, Rosneft and Novatek
secure rights to export LNG directly to Asian markets, marking the first major breach in
Gazprom'’s export monopoly. Over the projection period, higher assumed import prices
into the Asia-Pacific region make this the destination of choice for most LNG exporters,
with Europe assuming the role of balancing the market.

Pricing of internationally traded gas

The way that gas is priced in international trade has undergone substantial changes in
recent years. An initial switch, noticeable in the period from 2005 to 2008, reduced the
share of gas sold under prices established by bilateral negotiation between large buyers
and sellers (Figure 3.10); this was largely due to a switch in pricing policy for Russian gas
exports to neighbouring countries (as in the disputed case of Russian exports to Ukraine,
this was eventually replaced by pricing based on oil-price indexation).** But a second
change has been the rising share of gas traded under prices set by gas-to-gas competition,
i.e. prices determined by the interplay of gas supply and demand. In 2005, this share was
around one-fifth; by 2012, it is estimated to have risen to 37%.

12. This is offset in part by the anticipated decommissioning of some 13 bcm per year of existing LNG capacity
in Indonesia, Algeria and Alaska.

13. These net figures take into account Canadian exports by pipeline to the United States, and pipeline exports
from the United States to Mexico.

14. Trade with prices set by bilateral negotiation is now largely confined to two routes; Russia to Belarus and
Qatar to the United Arab Emirates.
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Figure 3.10 = Estimated shares of internationally traded gas by type of
pricing mechanism
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Source: International Gas Union (2013).

The shift towards prices set by gas-to-gas competition has been concentrated in
continental Europe. A combination of weak demand resulting from economic contraction,
surplus take-or-pay obligations and the short-term availability, at competitive prices, of
LNG no longer required in North America put the system of oil indexation in long-term
supply contracts under substantial pressure. The result of negotiation and, occasionally,
arbitration between European importers and their external suppliers has been a higher
share of gas sold with reference to the prices at European gas trading hubs, lower base
prices, as well as revisions to take-or-pay provisions. By most estimates, the share of
gas sold under oil indexation has already fallen towards half of the gas sold in Europe,
although the boundary between prices set by oil indexation and those established by
gas-to-gas competition is not a precise one.” There are also marked regional variations,
with oil-indexed gas dominant in the south of the continent, but — with a share of less
than 30% — increasingly rare in the northwest.

In the Asia-Pacific region, there have been fewer signs of change to the pricing terms for
the bulk of regional trade, which continues to be based overwhelmingly on oil-indexed
long-term contracts (many with clauses restricting the potential for re-sale of the gas). The
enduring role of this type of contract reflects a premium that buyers have been obliged to
pay for security of supply, the ability of regulated utility buyers to pass the additional costs
on to their customers and — by way of contrast to the conditions prevailing in Europe — the
region’s relatively tight gas markets, which meant that sellers could generally set the terms
of sale.

15. In practice, oil, gas (and power) price indices can combine in a variety of ways to determine the
level and movement of gas prices in long-term contracts. The International Gas Union (2013) puts the
share of European gas imported under oil indexation at 60% in 2012, with the remainder set by gas-to-gas
competition.

Chapter 3 | Natural gas market outlook 129




With the projections of robust gas demand and relatively high costs of supply, there would
be strong underpinning to prices for gas imports to the Asia-Pacific region even under an
alternative gas-to-gas system of price formation, but buyers in this region are nonetheless
showing increasing interest in diversifying pricing away from oil indexation. The current
situation has resulted in import prices for the region that are the highest in the world and
many times higher than wholesale prices in the United States, undermining the ability of
gas to compete with other fuels, burdening the region’s economies with high import bills
and raising concerns about industrial competitiveness (see Chapter 8).

Over the projection period, we anticipate continued momentum behind changes to the
pricing of internationally traded gas, with greater reliance over time on mechanisms that
reflect the supply-demand balance for gas itself, rather than the price of oil. In Europe, at
least, the clear trend is towards more widespread adoption of hub-based pricing, more use
of spot trading and shorter duration of long-term contracts. In the Asia-Pacific region, too,
we expect alternatives to oil indexation to gain ground and the contracting structure to
become more flexible, albeit at a slower pace.

Alongside the desire of gas buyers to seek more advantageous terms for their purchases,
a catalyst for these changes is the increasing quantity of LNG that is set to be available
without commitment to a specific destination, loosening the current rigidity of LNG
contracting structures. As this LNG is free to seek the most advantageous sales price at
any given moment, it has the potential to arbitrage price differences between markets,
increasing the depth and liquidity of short-term LNG trade.'® Such volumes are set to
grow, not only from the United States, but also from other projects, notably in East Africa,
where a part of the gas is set to be absorbed into the portfolios of major LNG marketers.’
The destination of other volumes, from North America and East Africa, appear to be pre-
ordained, in that they belong to large Asian buyers (Kogas, Mitsui, CNOOC) that can be
expected to bring the gas to their home markets (Korea, Japan and China, respectively);
but, in practice, they too have a diversified portfolio of purchases and so retain the
possibility to arbitrage and swap where opportunities arise.

The result is to create new linkages between regional markets and new interactions
between their pricing mechanisms. The speed at which change takes place is highly
uncertain, depending on market circumstances (that may align in some periods to favour a
faster shift, as has been the case in Europe since 2009) and the implementation of policies
allowing for regional pricing signals to emerge. The latter include third-party access to
infrastructure and re-gasification terminals, the development of competitive wholesale gas
markets and independent regulation (IEA, 2013b).

16. Short-term LNG trade typically includes contracts with duration of up to four years.
17. Major LNG marketers such as ENI and BG have stakes in the East African gas projects, and would be ideally
located to arbitrage between the Atlantic and Pacific basins, providing some competition with Qatar.
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With some convergence in pricing mechanisms over the projection period, we expect to
see some narrowing of the pricing boundaries within which global trade takes place, i.e.
some convergence in gas price levels (see Chapter 1). However, there are limits to the
emergence of a fully integrated global gas market in the New Policies Scenario; as the
regional prices for this scenario show, differences in the various gas prices persist —notably
for the price of Asia-Pacific imports — that are, arguably, above the costs of transporting
gas (including liquefaction and regasification costs in the case of LNG) between regions
(Box 3.7).

That regional markets remain segmented in the New Policies Scenario reflects strong
forces of inertia within the existing system. An underlying reason is the high capital cost
of gas infrastructure, which, in many markets, has fostered the use of long-term capacity
reservation contracts as a means to reduce risks and lower the cost of capital.’® These
contracts have the accompanying effect of leaving little room for the spot transactions
that are essential if a global price is to emerge. Seeking to change this situation runs
into a chicken-and-egg problem: in regions without an efficient trading market, long-term
oil-indexed contracts are a logical choice to get projects off the ground; but this has the
effect of hindering the development of markets (perpetuating a lack of confidence among
producers in the reliability of the price generated through trading markets). Around 80%
of the LNG from the twelve projects under construction worldwide has already been
contracted on a long-term basis and (with the exception of gas from the single US project
among the twelve — Sabine Pass) all of this gas has been sold under contracts with oil
indexation.

As described, LNG exports from the United States have the potential to change this
situation, but, in the New Policies Scenario, the room for their expansion is constrained by
prevailing market rigidities and the consideration that a potential second wave of US export
projects, after the initial plants based on conversion of LNG import terminals, are greenfield
developments that would face higher costs. As such, in the New Policies Scenario, these
exports from the United States provide a welcome means for Asian buyers to diversify their
import pricing structures and sources of supply, but not the basis for a more wide-ranging
transformation of the pricing foundations of regional gas trade.

In considering the possibility of a far-reaching overhaul of pricing structures, it is
worth factoring in the staunch resistance from other producers to a change in the way

18. Capital intensity does not preclude a business model based on sales to a spot market, if market efficiency
reaches a critical level. As demonstrated in North America and in projects serving the UK market, deep and liquid
gas markets can provide adequate security for large investments in new production or transportation capacity.
The development of gas futures markets could also provide a mechanism to lower the risk associated with large-
scale, long-term gas investments. In the case of LNG, due to their balance sheet and risk-taking ability, the major
oil and gas companies can act as anchor consumers for at least a portion of a project and, instead of delivering
to captive end-users with a destination clause, they take gas into their global portfolio, with the view of selling
it in the most attractive market. Yemen LNG, for example, applied this model with Total as the lead shareholder
and offtaker.
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that their exports are priced. Algeria’s Sonatrach and Russia’s Gazprom are at the fore
of this opposition (and the summit of the Gas Exporting Countries Forum in Russia in
June 2013 committed to defending oil indexation). There are also the policy challenges
associated with introducing a more competitive model for gas markets and supply in key
Asian countries; this was a lengthy and complex process in North America and has been
even more so in continental Europe (despite the spur provided by European Union law
and competition policy). Although individual countries may choose to move quickly, the
absence of authoritative supranational energy policy co-ordination in Asia gives reason to
assume that this process for the region as a whole will be slow. All of these factors serve to
put a brake on global gas market integration in the New Policies Scenario.

A Gas Price Convergence Case

Nevertheless, given the increasing role of spot trading and rising interconnections between
regional markets, it is reasonable to investigate the conditions under which convergence
between regional pricing mechanisms and prices could be more pronounced than in the
New Policies Scenario, and examine the potential implications for markets, gas demand
and trade flows of such a development. We discuss these possibilities in an illustrative Gas
Price Convergence Case, in which the different regional gas markets make a more rapid
transition to the point at which they all respond to a single global price signal. At this point,
differences in regional prices narrow to reflect only the cost of moving gas between them.

This case rests on three main conditions that differentiate it from the New Policies
Scenario. The first is a larger volume of LNG export from North America (primarily from
the United States), which exceeds 100 bcm by the latter part of the 2020s, more than
double the volumes envisaged in the New Policies Scenario. The second condition is that
new supply contracts, whether completely new or replacing expiring contracts, are hub-
priced in Europe and, even if partly oil-indexed in Asia, not indexed to the traditional JCC
mechanism (the average price of crude oil imports to Japan, or Japan Crude Cocktail).
This development is accompanied, in the Asia-Pacific region, by an accelerated pace of
regulatory change in the gas sector, so as to increase market liquidity and competition
among suppliers, including more rapid progress with setting up regional trading hubs that
facilitate the exchange of gas.'® A third condition is some easing of costs of constructing
liquefaction plants and of LNG shipping, in order to keep down the costs of moving gas
between markets (Box 3.7).

19. Although there are moves to expand gas trading in Singapore and elsewhere in the region, China can play
a special role in Asia-Pacific price formation, because it has meaningful potential for both domestic upstream
and pipeline imports, as well as LNG imports. With a well functioning gas market based on third-party access to
Petrochina’s pipelines, the upstream value which would emerge in Inner Mongolia or Sichuan would be around
$8-10/MBtu, which, even with all the geological and project management difficulties, would provide a powerful
incentive for unconventional gas development. With a competitive domestic upstream, pipeline imports and
several LNG terminals, China has the necessary conditions to create a liquid, diversified gas trading hub, possibly
developing the current pilot project in Shanghai.
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Box 3.7 = Price differentials between regions in a “global” gas market

Movement in the direction of a global gas market does not imply the emergence of a
single global gas price, as is largely the case for oil. The key reason for this is the high
cost of transporting (and storing) gas, related in turn to a much lower energy density
than oil. Transforming natural gas into LNG solves the energy density problem, creating
a commodity that can be moved more easily and flexibly between markets, but comes
at the considerable price of constructing liquefaction plants, specialised LNG carriers
and re-gasification facilities. So, even in a fully “converged” world of gas prices, there
would still be substantial differences in price between the US Henry Hub price and the
respective import prices in Europe and Japan.

In the Gas Price Convergence Case, these differentials narrow to $4.5/MBtu between
Henry Hub and the European import price, with an extra $1/MBtu for imports to Japan,
to reflect the additional distance. These figures are at the low end of our estimates for
the various components of inter-regional LNG transportation in 2020 (Table 3.7). Price
differentials of this type would require that North American projects escape the sort
of cost inflation that has beleaguered LNG developments in some other parts of the
world (the large North American market for engineering and contracting services gives
some cause for optimism on this point) and that the United States realises major cost
savings by making use of existing infrastructure, including the pipelines, storage and
loading facilities at existing regasification terminals. On the shipping side, costs at the
low end of the range shown in Table 3.8 would require a new wave of investment in LNG
tankers, bringing charter rates down towards our estimate of long-run marginal costs.?

Table 3.7 = Indicative range of cost estimates for conversion and inter-
regional transportation for LNG, 2020 (2012 dollars per MBtu)

US to Europe US to Japan
Low High Low High
Liquefaction 3.0 4.5 3.0 4.5
Shipping 1.0 2.5 2.0 3.5
Regasification 0.3 0.5 0.3 0.5
Total 4.3 7.5 5.3 8.5

These cost estimates compare with gas price differentials between Henry Hub and the
European import price in 2035 in the New Policies Scenario of $6/MBtu; and around
$8/MBtu between Henry Hub and the Japanese import price. With a pessimistic view
on the evolution of LNG liquefaction and shipping costs (at the high end of this range),
it could be argued that the New Policies Scenario already represents a case in which
prices have largely converged. This serves to underline that developments in future
trade patterns and pricing depend not only on developments in production, but also
on the way that costs evolve all along the LNG value chain.

20. Responding to today’s high shipping charter rates, almost 120 LNG ships are under order as of
September 2013; this compares with just over 20 ships on order at the start of 2011.
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A global price signal could emerge based on the spot market for LNG, but in the Gas Price
Convergence Case we consider that it comes instead from Henry Hub, which becomes a
reference point for global pricing that is transmitted to the various regional gas markets
via LNG trade. Convergence in prices is assumed to be largely complete by the mid-2020s,
i.e. over the next ten years (although it takes longer to complete fully in the case of prices
in the Asia-Pacific region). Because of higher levels of LNG exports from the United States,
the Henry Hub price is higher than it is in the New Policies Scenario (the price impact here
is consistent with the findings of the study commissioned by the US Department of Energy
on the effect of increased natural gas exports on domestic energy markets [EIA, 2012]). The
average price of gas imported to Europe falls to $11/MBtu in the mid-2020s, before rising
in line with changes in the Henry Hub price, while the Japanese import price falls to around
$12/MBtu over the same timeframe, remaining around this level before edging slightly
higher after 2030 (Figure 3.11).

Figure 3.11 = Regional gas prices in the New Policies Scenario and in the
Gas Price Convergence Case
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The prospect of a significant wave of supplies from new LNG capacity coming onstream
in the early to mid-2020s is assumed to strengthen the hand of buyers during contract
negotiations, precipitating a shift in the pricing paradigm in favour of greater flexibility and
of indices beyond (or in addition to) oil indexation. This provides a boost to inter-regional
trade, which, in the Gas Convergence Case, is 30 bcm higher than in the New Policies
Scenario by the mid-2020s and 60 bcm higher by 2035, all in the form of LNG. A greater
share of this LNG arriving on the market (including not only North American, but also East
African volumes) is not bound by contract to a specific market. Market and regulatory
policies are assumed to be in place, including in the premium Asia-Pacific market, to
allow for the growth of short-term gas trading and the emergence of transparent regional
prices based on gas-to-gas competition. This would replicate, to a degree, the gradual
transformation of continental European systems of gas price formation which started in
the late 2000s; but —in this case — it would contribute to a wider process of interconnection
between all the major regional gas markets.
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What are the implications of this Gas Price Convergence Case for gas consumption? As
one might expect, lower prices stimulate extra demand, with global gas use 107 bcm
(2.1%) higher by 2035 than in the New Policies Scenario (Figure 3.12). Some of this
additional demand is related to the increased competitiveness of gas versus other fuels.
Coal consumption grows more slowly in this Case than in the New Policies Scenario (it is
46 million tonnes of coal equivalent lower by 2035), although this effect is muted because a
continued gap persists in most markets between gas and coal prices for power generation.
A larger part of the additional demand for gas stems from the assumption that cheaper
gas stimulates more aggressive action on issues such as local pollution. This facilitates
faster growth among emerging Asian economies in particular.? China, India and the ASEAN
countries, see notable increases in gas consumption of around 4-5% in 2035, compared
with the New Policies Scenario. In the rest of the world (excluding North America), the
increase in 2035 gas use is closer to 3%. In North America, where gas prices are higher than
in the New Policies Scenario, demand does not change. This is a result of two offsetting
trends. On the one hand, gas demand in power generation and final consumption declines
somewhat, as prices are higher. On the other, increased production and export push up gas
consumption for liquefaction and own uses within the oil and gas industry.

Figure 3.12 = Differences in gas consumption between the Gas Price
Convergence Case and the New Policies Scenario
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The influx of competitively-priced gas from North America implies some displacement of
gas production projects elsewhere at the higher end of the international cost curve; but,

21. Policies supporting renewables and nuclear do not change in the Gas Price Convergence Case, compared
with the New Policies Scenario. However, in regions where natural gas prices are lower and feed-in tariffs are
in place for renewables, support schemes become more expensive, creating an extra burden on household and
industry bills. This could, in practice, bring the support schemes into question, increasing gas and coal use as
a result (although this is not part of the Case considered here). Conversely, in countries with higher gas prices
(in North America and parts of Latin America), subsidies to renewables would be lower than in the New Policies
Scenario. Overall CO, emissions in the Gas Price Convergence Case are very close to those of the New Policies
Scenario: lower emissions from coal are largely offset by higher emissions from gas. However, there would be
larger reduction in local air pollutants in China, India and ASEAN countries.
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in our modelling, an import price level above $12/MBtu in the Asia-Pacific region remains
sufficient to bring on additional production (beyond the levels seen in the New Policies
Scenario) from a range of suppliers in various locations, including East Africa, Russian east
Siberia and — once pressures on costs have eased — from Australia. The export earnings
associated with supply projects are, though, lower than in the New Policies Scenario. While
the volume of inter-regional trade in the Gas Price Convergence Case rises to 1 150 bcm by
2035, 5% above the New Policies Scenario, the total value of this trade is 3% lower.

Figure 3.13 = Change in import volumes and imports bills for selected
regions in the Gas Price Convergence Case, relative to the
New Policies Scenario, 2035
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In the Gas Price Convergence Case, gas-importing countries benefit from access to lower-
priced gas than in the New Policies Scenario: even for higher volumes of gas, import bills
are reduced for all the major gas-importing countries and regions (Figure 3.13). But even
though a key attraction to buyers, access to “cheaper gas” should not be considered a
reliable outcome of this Case — not least because future oil and gas price movements are
so uncertain. Indeed, there are no guarantees that gas priced under a system of gas-to-
gas competition would always be cheaper than equivalent oil-indexed volumes (even if,
at crude oil prices above $100/barrel, this seems likely aside from periods of very cold
weather or supply disruption). A more significant feature of this Gas Price Convergence
Case is that regional and global price signals would emerge reflecting the supply-demand
fundamentals of the fuel itself, thereby changing the basis of decision-making on new
upstream and infrastructure spending and driving gas prices worldwide closer to costs.

Investment

The projected trends in gas demand in the New Policies Scenario imply a need for
cumulative investment along the gas-supply chain of almost $8 500 billion dollars (in year-
2012 dollars) over 2012-2035, or around $370 billion per year. Two-thirds of that spending,
or $250 billion per year, is needed in the upstream, for new greenfield projects and to
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combat decline at existing fields.?? Transmission and distribution networks account for
23% and LNG facilities — liquefaction plants, carriers and re-gasification terminals — for the
remaining 9%.

Figure 3.14 = Cumulative investment in natural gas supply infrastructure by
region in the New Policies Scenario
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Well over half of the investment is needed in non-OECD countries, where local demand and
production grow the most, though unit costs there tend to be lower than in OECD countries
(Figure 3.14). The United States and Canada, where output is projected to rise significantly,
account for one-quarter of total gas investment worldwide; investment needs there are
boosted by the high capital intensity of unconventional gas drilling. Projected global annual
investment needs to 2035 in the gas industry have risen substantially over the last few
years, as unit capital costs in both the upstream and downstream sectors have increased,
due to increases in the prices of labour, equipment and raw materials. LNG plant costs have
also increased rapidly.

Although the broad global distribution of gas resources, conventional and unconventional,
gives some cause for comfort, it is far from certain that all the investment required to meet
the projections in the New Policies Scenario will be forthcoming. The uncertainties apply, in
particular, to large upstream and transportation projects (pipeline and LNG), during times
of transition away from the traditional models of project financing, based on long-term
oil-indexed contracts. Although the gas industry and financial sector have shown their
ability to think creatively about ways to mitigate risks and meet financing requirements,
there is a risk that some of the required projects may be delayed. A range of regulatory
issues, including domestic under-pricing of oil and gas, can also serve as impediments
to investment. The experience of Trinidad and Tobago is indicative of the opportunities
and pitfalls that can arise as countries seek to capture full economic benefits from the
development of their hydrocarbon resources (Box 3.8).

22. A more detailed discussion of upstream oil and gas investment and costs can be found in Chapter 14.
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Box 3.8 = Trinidad and Tobago: seeking a new foothold in a changing gas world

Natural gas is instrumental to Trinidad and Tobago’s economy, but a number of
challenges will have to be dealt with if it is to remain an important source of revenue
for the country. The chosen strategy for making best use of the gas resources has
been two-pronged: export both LNG and chemicals. The first LNG exports were made
in 1999, and Trinidad and Tobago has since become one of the world’s largest LNG
exporters: 14 million tonnes (19 bcm) were shipped to various countries in 2011.
The energy sector, including petroleum, accounts for some 45% of GDP. Large-scale
investment in the domestic petrochemical industry has been attracted by making gas
available below the international price, turning the country into the world’s largest
exporter of ammonia and methanol.

But continued growth in LNG and petrochemical exports may be constrained by
faltering upstream investment, rising domestic consumption and growing competition
from other exporters. Under-pricing of natural gas sold to the power sector, industry
and households, has contributed to a near doubling in gas use between 2000 and
2012. Discoveries have failed to keep pace with the growth of production and proven
reserves have dropped by one-third since 2002, to around 375 bcm. The reserves-to-
production ratio has declined to ten years. In an effort to regain the dynamism of
the past, new incentives for upstream investment (primarily tax-related) have led to
an increase in exploration activity and the annual decline rate of reserves has been
curtailed from 9.5% (2008) to 1.1% (2012). A deepwater licensing round in 2012
awarded four of six blocks on offer.

Trinidad and Tobago’s oil sector faces similar challenges. Prior to the dramatic increase
in natural gas production and exports, oil dominated the economy. Production peaked
at 230 thousand barrels per day (kb/d) in the late 1970s and has since been in decline,
standing at 120 kb/d in 2012. The country remains a net exporter of oil, but levels
have been falling, while demand continues to grow, abetted by economic growth and
subsidised motor fuels. We estimate that oil subsidies alone amounted to $290 million
in 2012, with the bulk going to transport fuels, limiting (directly or indirectly) the
resources available to government for other spending priorities and leading to problems
like fuel smuggling, which the government is now trying to stamp out, e.g. by means
of increased penalties. Steps are also being taken to tackle the subsidy issue: the price
of premium gasoline was sharply increased in October 2012, and the government is
encouraging motorists to switch from oil-based fuels to compressed natural gas by
providing fiscal incentives and developing re-fuelling infrastructure at service stations.
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Chapter 4

Coal market outlook
Blockbuster or losing lustre?

Highlights

e The magnitude of future global coal demand growth is uncertain, particularly
because of the varying stringency of environmental policies assumed in the three
scenarios. In the New Policies Scenario, global coal demand grows by 0.7% per
year over 2011-2035, slowing noticeably after 2020 as announced policies to foster
renewables, penalise CO, emissions and address other environmental issues take
effect. Demand increases more than twice as fast in the Current Policies Scenario,
while in the 450 Scenario coal demand drops by one-third relative to 2011.

® Coal demand trends diverge across regions. In the New Policies Scenario, OECD
coal use falls by one-quarter by 2035 as coal is backed out of power generation. By
contrast, demand expands by one-third in non-OECD countries — predominantly in
India, China and the ASEAN region — despite China reaching a plateau after 2025.

® Globally, coal remains the leading source of electricity generation in the New Policies
Scenario, though its share falls from 41% to 33% in 2035. The power sector accounts
for around 63% of total coal use in the period to 2035. Industry coal demand growth
saturates over the period, however, feedstock in the petrochemicals industry and
coal-to-liquids emerge as significant growth sectors.

® Growth in coal production over 2011-2035 comes mainly from non-OECD countries,
with India, Indonesia and China accounting for 90% of incremental coal output.
Australia is the principal OECD country with higher production. Coal resources will
not be a constraint for many decades, yet the cost of supply is likely to increase
moderately in real terms as a result of rising mining and transportation costs.

e Already the world’s largest coal user, producer and now importer, China continues
to dominate coal markets in the New Policies Scenario. Nonetheless, China’s rate of
growth in coal demand is set to slow as efficiency measures bear fruit, the power
sector diversifies and industrial coal growth saturates with its peaking steel and
cement output. Subject to price arbitrage, China’s coal net imports peak by 2020.

e |ndia becomes the second-largest coal user in the next decade, surpassing the
United States. Despite abundant coal resources, domestic supply is not keeping pace
with demand, which has caused imports to double since 2008. India overtakes Japan
and the European Union within a few years and China early in the next decade to
become the world’s largest coal importer, with imports reaching 350 Mtce in 2035.

e The efficiency of China’s coal plants is improving. However, many units under
construction or planned in the ASEAN region and India use subcritical technologies,
which consume up to 15% more coal for a given power output than more efficient
supercritical technologies and lock in higher CO, emissions for decades to come.
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Overview

Coal use has increased substantially over the last decade, driven by and contributing to
an unprecedented expansion in economic activity, as well as reducing poverty across the
developing world (Figure 4.1). In fact, coal provided nearly half of the increase in global
primary energy demand over the decade to 2012 (Box 4.2).! But its use has serious
drawbacks, especially if inefficient: coal is a major source of local air pollution and, as the
most carbon-intensive fossil fuel, it is the main contributor to rising energy-related carbon
dioxide (CO,) emissions. The magnitude of future coal demand growth hinges critically
on the actions that governments take to address these issues, taking into account their
aspirations for energy security, affordability and improved access to modern energy.? The
wide divergence in outcomes for coal in the three scenarios, notably after 2020, reflects
primarily the different degrees of stringency of the policies adopted to promote energy
efficiency, reduce greenhouse-gas emissions and improve local air quality (see Annex B).
Put another way, the differences in the scenarios reflect the importance of coal use —in
particular in the power sector — as a factor in energy and climate change policies.

Figure 4.1 = Incremental world coal demand, historical and by scenario

H 1987-2001

1987-2011 2001-2011

M 2011-2020
New Policies

Scenario 2020-2035
Current Policies
Scenario
450 Scenario

-2 000 -1 000 0 1000 2 000 3000

Mtce

In the New Policies Scenario, which assumes the cautious implementation of announced
policy measures, growth in global coal demand averages 0.7% per year over 2011-2035.
This is a marked slowdown compared with the 2.5% averaged over the past 25 years. Coal
demand expands from around 5 390 million tonnes of coal equivalent®* (Mtce) in 2011
(5425 Mtce in 2012 based on preliminary data) to 6 325 Mtce in 2035. Two-thirds of
this occurs in the period to 2020, with demand growing by only 0.4% per year thereafter.

1. For 2012, preliminary data for aggregate coal demand, production and trade by country are available; the
sectoral breakdown for coal demand is estimated (complete data are available to 2011).

2. It is estimated that around 1.3 billion people (18% of the world’s population) did not have access to
electricity in 2011; around 2.6 billion (38% of the world’s population) relied on the traditional use of biomass
for cooking (see Chapter 2).

3. Atonne of coal equivalent equals 7 million kilocalories (kcal) or equivalent to 0.7 tonnes of oil equivalent.
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Demand increases strongly in non-OECD countries, more than offsetting a decline in the
OECD (Table 4.1). Nearly three-quarters of the increase in global coal demand comes from
the power sector, even though coal’s share of global electricity generation declines by eight
percentage points as many countries diversify their power mixes. At 33%, coal remains the
leading source of electricity generation in 2035. Coal production today is dominated by
non-OECD countries, whose share of output rises further in all three scenarios.

Table 4.1 = Coal demand, production and frade by scenario (Mfce)

New Policies  Current Policies 450 Scenario

2020 2035 2020 2035 2020 2035

Demand 1543 1518 1469 1156 1524 1502 1264 627
OECD
Production 1533 1397 1430 1300 1536 1697 1215 691
Demand 1643 3872 4533 5170 4880 6262 4043 2992
Non-OECD
Production 1661 4101 4573 5026 4868 6066 4092 2928
Demand 3186 5391 6003 6326 6404 7764 5307 3619
Steam coal 2244 4220 4689 5152 5049 6440 4067 2712
Coking coal 542 858 993 929 1025 1017 959 810
Lignite 400 313 321 246 330 307 281 97
World
Production 3194 5498 6003 6326 6404 7764 5307 3619
Inter-regional trade* 309 900 1152 1261 1295 1649 958 635
Steam coal 162 652 850 922 975 1276 672 383
Coking coal 186 255 316 348 331 388 300 267

* Total net exports for all WEO regions, not including trade within regions. Notes: Historical data for world
demand differ from world production due to stock changes. Lignite also includes peat.

Restrained less by climate change policy intervention, coal demand in the Current Policies
Scenario grows more than twice as fast as in the New Policies Scenario. The increase of
around 2 375 Mtce is slightly less than over the last 25 years. In OECD countries, coal
demand in the Current Policies Scenario falls only marginally by 2035, unlike the marked
decline in the New Policies Scenario. The strong growth in coal demand in non-OECD
countries in the Current Policies Scenario results in global coal use overtaking oil use soon
after 2020 and coal remains the leading fuel throughout the period to 2035.

The 450 Scenario, which assumes that strong policy measures are implemented to keep
long-term greenhouse-gas-induced temperature changes to 2 degrees Celsius, sees global
coal use fall by 33% over 2011-2035. This is a return to the level of demand in the early
2000s. As a result, coal’s share in the global energy mix declines by twelve percentage
points, reaching 17% in 2035. Coal demand in the power sector is cut by more than
half during the projection period, with the fuel providing only 14% of global electricity
generation in 2035, compared with 33% in the New Policies Scenario. Of total coal-fired
electricity output in 2035, nearly 60% comes from plants fitted with carbon capture and
storage (CCS) technology.
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Demand for steam coal varies more than that for coking coal across the three scenarios,
since steam coal is used mainly (70%) for power generation —the sector that is most affected
by local air pollution and climate change policies. In the New Policies Scenario, steam coal
use in 2035 is four-fifths of the level projected in the Current Policies Scenario, but nearly
twice that in the 450 Scenario. International steam coal trade is more strongly affected:
relative to demand, small volumes (15%) of steam coal are traded and, consequently, small
changes in demand or supply can impact trade disproportionately. In the Current Policies
Scenario, steam coal trade between the main WEO regions increases by half in the period
to 2020 and continues to rise steadily thereafter, with trade nearly doubling over the entire
projection period. In the New Policies Scenario, by contrast, steam coal trade grows by 30%
over 2011-2020, but slows thereafter. In the 450 Scenario, steam coal trade peaks at about
765 Mtce around 2015 and then falls steeply to half that level by 2035. Coking coal is less
easily substituted in industrial applications and so demand and trade are far less affected
by government policies (Box 4.1). In all three scenarios, coking coal trade underpins a
significant share (around 35%) of global coking coal use in 2035. Even in the 450 Scenario,
coking coal trade in 2035 remains at around 2011 levels.

Box 4.1 = A quick guide to the different types of coal*

Coal is a generic name given to a wide range of solid organic fuels of varying
composition (e.g. volatile matter, moisture, ash and sulphur content or other
impurities) and energy content. For convenience, the IEA divides coal into three
distinct categories:

B Steam coal accounts for nearly 80% of global coal demand today. It is mainly used
for heat production or steam-raising in power plants (70%) and, to a lesser extent,
in industry (15%). Typically, steam coal is not of sufficient quality for steel making.

B Coking coal accounts for around 15% of global coal demand. Its composition makes
it suitable for steel making (as a chemical reductant and source of heat), where it
produces coke capable of supporting a blast furnace charge.

B Lignite accounts for 5% of global coal demand. Its low energy content and usually
high moisture levels generally make long-distance transport uneconomic. Over
90% of global lignite use today is in the power sector. Data on lignite in the WEO
includes peat, a solid formed from the partial decomposition of dead vegetation
under conditions of high humidity and limited air access.

The rapid build-up of new coal-fired power stations, many using relatively inefficient
subcritical technology, runs the risk of a large-scale lock-in of CO, emissions for decades
ahead, notably in non-OECD countries. One possible set of measures to address climate
change is to ensure that inefficient subcritical power plants are no longer built, and to
limit the use of existing ones where possible without putting the reliability of electricity

4. Detailed classifications and definitions of coal types are available in WEO-2011 (IEA, 2011).
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supply at risk (IEA, 2013a). Beyond 2020, when demonstrated and deployed at new high
efficiency plants, or retrofitted at suitable existing plants, CCS may play a key role in curbing
CO, emissions from coal-based power generation and industry (see Chapter 1). As such,
CCS could act as an asset protection strategy, enabling more fossil fuels to be used and
potentially reducing the overall cost of power sector decarbonisation by around $1 trillion
between 2012 and 2035 (IEA, 2013a).

Demand
Regional trends

In the New Policies Scenario, coal demand trends continue to diverge across regions
(Figure 4.2). Coal demand in OECD countries declines further throughout the projection
period, with the fall accelerating after 2020 as renewables and gas increase their combined
share of electricity generation in Europe, the United States and Asia Oceania. In Europe,
coal use falls steeply: in 2035 it is just 57% of its 2011 level and accounts for only 11%
of OECD Europe’s electricity needs in 2035, compared with 25% today. The role of coal
is reduced by the growth of renewables and the retirement of old coal-fired plants at a
faster rate than new coal capacity is commissioned (see Chapter 5). In the United States,
coal demand falls at a more modest pace, with the decline accelerating after 2020, as the
retired old coal-fired plants are replaced by renewables and gas. In Japan, coal for power
generation also slides over the Outlook period as renewables gain market share.

Figure 4.2 = Coal demand by key region in the New Policies Scenario
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Coal demand in non-OECD countries continues to increase in the New Policies Scenario,
though at a much slower rate than in the last two decades. Rates of growth vary widely
across non-OECD countries (Table 4.2). China and India, which possess large, relatively low-
cost indigenous resources, remain the main centres of coal use, with their combined share
of global demand rising from 58% in 2011 to 64% in 2035. Yet trends differ markedly in the
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Box 4.2 = Was 2012 an aberration or a harbinger of change in coal demand?

Coal use continued to grow strongly in 2012 in several large coal-consuming countries,
according to preliminary data. In Japan and India, it grew by around 6% and 4%. Coal is
a major source of electricity generation in Japan (nearly 30%) and is set to grow in the
short term, especially in the context of reduced nuclear output after the Fukushima
Daiichi accident. Some European countries, where gas was relatively expensive and CO,
prices were low (see Box 5.1 in Chapter 5), also registered substantial increases in coal
use, notably the United Kingdom (26%) and Spain (22%). Coal-fired electricity output
in Europe rose by 6%, an increase greater than Portugal’s total electricity generation.

It was a different story, however, in the world’s two largest coal markets: China and
the United States. China, where coal demand surged by about 10% per year from 2001
to 2011, experienced a marked slowdown in 2012. In the United States, where coal
demand fell by 2.5% per year over 2005-2011, it declined by 11% in 2012. As a result,
global coal demand rose by just under 1% in 2012, compared with average growth of
almost 5% per year over the past decade. Are these trends an aberration or the first
signs of more profound changes coming in global coal markets?

The answer lies, perhaps, somewhere in between the two. In China, a slowdown in the
rate of economic growth is leading to a marked deceleration in energy demand growth,
and coal demand growth in particular. Coal use in industry, which makes up nearly one-
quarter of the country’s total coal demand, increased by 4.5% in 2012, compared with
7.5% on average in the last decade. Demand in the power sector, which accounts for over
half of China’s coal demand, rose marginally, compared with double-digit growth rates
in prior years. To some extent, this was the result of China adding a record 16 gigawatts
(GW) of hydro capacity and 2012 being a particularly wet year, factors that boosted
hydro output and reduced the need to run baseload coal plants. But the slowdown
in coal demand growth also reflects progress by China in promoting energy efficiency
and diversifying its power sector. Projects due to come online in the period to 2020 are
expected to further limit the need for increased coal consumption (Figure 4.7).

In the United States, a very different phenomenon reduced coal use in the power
sector (which accounts for 90% of US coal use) in 2012. The rise of unconventional
gas production, coupled with a historically mild winter, saw Henry Hub gas prices fall
to as low as $1.82 per million British thermal units (MBtu) in April 2012, making gas
highly competitive against coal in the sector, especially in eastern regions where coal is
relatively expensive. This led to gas displacing coal on a large scale. By early September
2013, gas prices rebounded to an average of $3.7/MBtu for the year to date, leading
to coal regaining market share. In the first half of 2013, coal-fired plants accounted
for just under 40% of electricity output, compared with an average of 35% in the first
half of 2012 (US EIA, 2013). Nonetheless, in the longer term, renewables and gas are
expected to gradually displace coal for electricity generation as US environmental
restrictions on coal burning become more stringent (see Box 4.4).
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two countries, reflecting in large part their different stages of economic development.
In China, growth in coal use slows over 2020-2030 and stabilises around the end of the
projection period as a result of lower electricity demand growth and other fuels gaining
market share (Spotlight). Therefore China’s share of global coal demand, which has risen
notably in the past decade, levels off at around half. In India, coal use continues to grow
briskly throughout the projection period, in line with the country’s strong electricity demand
growth. India displaces the United States as the world’s second-largest coal market before
2025. Association of Southeast Asian Nations (ASEAN) countries see a tripling of coal use;
their collective consumption is nearly double that of the European Union in 2035.

Table 4.2 = Coal demand by region in the New Policies Scenario (Mice)

1990 2011 2020 2025 2030 2035 201172035
Delta CAAGR*
OECD 1543 1518 1469 1369 1262 1156 -362 -1.1%
Americas 701 734 714 683 649 631 -103 -0.6%
United States 657 684 657 625 598 587 -97 -0.6%
Europe 645 445 408 351 302 253 -193 -2.3%
Asia Oceania 198 339 347 335 311 272 -67 -0.9%
Japan 109 153 157 153 149 140 -13 -0.4%
Non-OECD 1643 3872 4533 4792 4993 5170 1298 1.2%
E. Europe/Eurasia 525 329 334 337 338 346 17 0.2%
Russia 273 166 165 170 171 175 9 0.2%
Asia 991 3355 3974 4211 4403 4561 1206 1.3%
China 762 2 666 3026 3094 3095 3050 384 0.6%
India 148 465 607 713 840 972 507 3.1%
ASEAN 18 129 224 275 331 399 269 4.8%
Middle East 1 4 6 7 7 8 4 2.7%
Africa 106 152 176 185 188 194 41 1.0%
South Africa 95 140 151 155 153 154 14 0.4%
Latin America 21 32 44 52 58 61 30 2.8%
Brazil 14 22 27 30 32 34 12 1.9%
World 3186 5391 6 003 6160 6 255 6 326 936 0.7%
European Union 651 409 356 300 250 207 -202 -2.8%

* Compound average annual growth rate.

Sectoral trends

The power sector has been an increasingly dominant source of global coal demand. Over
1990-2011, its share of coal use rose from 55% to 63%. This trend slows considerably in the
New Policies Scenario, as the sector’s share increases only marginally between 2011 and
2035. This reflects a rapid decline in coal use in the power sectors of OECD countries being
offset by continued growth in non-OECD countries (Figure 4.3).
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SPOTLIGHT

In the decade to 2011, China’s coal use more than doubled and its share in global coal
demand rose from 30% to nearly 50%. There is little doubt that such strong growth
will taper off in the future, with some industry analysts even expecting China’s coal
demand to peak in the current decade. In 2012, the rate of coal demand growth in
China was one of the lowest over the past decade: the drivers of change may already
be at work.

China’s 12t Five-Year Plan (the Plan), adopted in 2011, includes targets to reduce
energy intensity by 16% and cut CO, intensity by 17% by 2015, compared with 2010.
Measures to achieve overarching targets have been reinforced by detailed industry
targets, particularly in terms of diversifying the power sector, which today accounts
for some 55% of China’s coal use. The diversification aims to add 70 gigawatts (GW)
of wind and 35 GW of solar capacity by 2015, and to start construction by that year of
120 GW of hydro and 40 GW of nuclear capacity. In addition, growing public concerns
about deteriorating air quality in many cities have led Chinese authorities to announce
further measures to reduce pollution from particulate matter, including greater use of
natural gas. Will these measures curb coal demand growth? Yes, but to reduce coal
demand, the rate of new technology deployment and efficiency improvements would
have to outpace power demand growth. To reduce air pollution, the likely near-term
solution will be to shut down some of the dirtiest power plants and steel mills while
installing or enforcing the use of emissions control technologies at newer plants. In
addition to coal, oil use in transport impacts air quality and has a key role in this debate.

The Plan also envisages rebalancing away from energy-intensive industry and stronger
pursuit of energy efficiency gains, while moving away from double-digit GDP growth.
This will curb China’s coal demand growth, yet its household electricity consumption
today is significantly lower than the OECD average. How quickly the economy can be
rebalanced depends on global demand for Chinese products. Bold policy measures,
an economic “hard landing” or a rapid shift to a services-based economy are potential
game-changers that could unexpectedly impact China’s coal demand.

Shifting away from a fuel that presently accounts for almost 70% of China’s total energy
demand and 80% of its electricity output is expected to take time. In the New Policies
Scenario, China’s coal demand growth slows before 2020, with demand reaching a
plateau after 2025. Even then, coal continues to dominate China’s total primary energy
demand (57%) and electricity generation (59%). Costs are on the rise in mature mining
regions in northern China and long transport distances to the demand hubs can make
some domestic coal expensive. Low-cost suppliers from the international market
will therefore remain competitive against high-cost domestic producers, especially
in China’s southern coastal provinces. Hence, in our projections, China continues to
import substantial amounts of coal, remaining a strong force in global coal markets.
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Industry, including own use and transformation in blast furnaces and coke ovens, accounts
for most of the remaining global coal demand. Coal use in industry continues to expand
rapidly in the New Policies Scenario until 2020, and then begins to decline. After 2020,
other energy sources and energy efficiency measures are deployed more widely in non-
OECD countries (mirroring past trends in the OECD) and global crude steel output flattens
(around 2030). Overall, the share of industrial energy supplied by coal falls globally from
27% in 2011 to 24% in 2035. Iron and steel production remains the largest coal user in
industry. Coal use in industry peaks around 2020 as other technologies (such as electric
arc furnaces) become more widespread, efficiency improvements are achieved and crude
steel production in China begins to decline. There is also a significant increase in the use of
coal as a feedstock in the petrochemicals industry and in coal-to-liquids plants, notably in
China (see Chapter 15).

Figure 4.3 = Coal demand by key sector in the New Policies Scenario
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* Includes own use and transformation in blast furnaces and coke ovens.

Supply
Resources and reserves5

Coal is the most abundantly available fossil fuel worldwide (despite large recent additions to
natural gas resources), and the resource base is easily sufficient to meet any plausible level
of demand for decades to come. Proven coal reserves — volumes that are known to exist
and are thought to be economically and technically exploitable at today’s prices — totalled
around 1 040 billion tonnes at the end of 2011, of which coking and steam coal make up
nearly three-quarters (BGR, 2012).° Proven coal reserves worldwide have increased by
around 35 billion tonnes in 2011 (production was around 7.7 billion tonnes) thanks to
reserve additions mainly in Australia, South Africa and Indonesia. Coal constitutes around

5. Adetailed assessment of coal resources and production technologies is available in WEO-2011 (IEA, 2011).
6. Classifications of coal types can differ between BGR and IEA due to statistical allocation methodologies.
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55% of the world’s total proven fossil fuel reserves. Resources are more than twenty times
larger than reserves and make up about 90% of global remaining fossil fuel resources.
A significant portion can be readily exploited with relatively modest price increases or
technical innovations.

Coal reserves and resources are widely distributed: 32 countries have reserves of more
than 1 billion tonnes (roughly the level of annual international coal trade); 26 countries
have resources of more than 10 billion tonnes (BGR, 2012). Non-OECD Asia contains around
30% of the world’s proven reserves and Australia has a further 10%. In all major producer
countries, proven reserves comfortably exceed their projected cumulative production to
2035 in the New Policies Scenario (Figure 4.4). In several of these countries, cumulative
production over 2011-2035 could in theory be met by drawing solely on the reserves of
mines currently operating, but in practice this would be impeded by capacity constraints.

Figure 4.4 > Reserves and cumulative production by major coking and
steam coal producers in the New Policies Scenario
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Sources: Etemad, et al. (1991); BGR (2012); Wood Mackenzie databases; IEA analysis.

Production

While coal resources will not constrain coal production for many decades, supply costs are
likely to increase in real terms as a result of rising input costs, such as fuel or explosives (the
cost of which is often closely linked to oil prices), and higher labour costs. The development
of mines in more remote or undeveloped regions, where infrastructure and transport costs
tend to be higher, will also add to coal supply costs.

Steam coal prices rose sharply over the period 2009-2011, outpacing rising production costs
and incentivising investments in mining, processing and transportation facilities (Figure 4.6).
Since 2011, however, steam coal prices have fallen while costs have continued to climb
(and even accelerate in some countries), weakening investment incentives. The prospect of
continued low coal prices and cost pressures (in the absence of strong productivity gains)
may limit investment and production growth in some countries. Additionally, potential
export bans and policy interventions related to environmental policies can significantly
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impact coal demand and investment. In the New Policies Scenario, which assumes cautious
implementation of climate change policies and greater competition between natural gas
and coal in the power sector, the average OECD steam coal import price rises from $99 per
tonne (in year-2012 dollars) in 2012 to $106/tonne in 2020 and then more slowly to
$110/tonne in 2035 (see Chapter 1).

Coal production prospects differ markedly between OECD and non-OECD countries
(Table 4.3). In the New Policies Scenario, OECD coal output grows modestly to 2020,
falling steadily thereafter. OECD Europe experiences a halving of coal output, reflecting
the phase-out of coal mining subsidies in some countries as well as cost escalation in coal
fields that have been producing for many decades. The United States, by far the largest
coal producer among OECD countries, sees a slower decline in production of 0.7% per year
over 2011-2035. Although some mature coal basins in the United States are experiencing
cost escalation, there are still large quantities of coal that can be extracted at relatively low
costs (Figure 4.10). Australia’s production grows by almost 50% between 2011 and 2035,
fuelled by rising exports.

Table 4.3 = Coal production by region in the New Policies Scenario (Mtce)

2011-2035
1990 2011 2020 2025 2030 2035

Delta CAAGR*

OECD 1533 1397 1430 1384 1343 1300 -97 -0.3%
Americas 836 826 797 768 728 700 -126 -0.7%
United States 775 766 735 708 674 653 -113 -0.7%
Europe 526 248 218 180 151 123 -125 -2.9%
Asia Oceania 171 323 415 435 464 478 154 1.6%
Australia 152 318 410 431 459 473 155 1.7%
Non-OECD 1661 4101 4573 4776 4912 5026 925 0.9%
E. Europe/Eurasia 533 429 448 437 433 432 3 0.0%
Russia 275 257 269 264 261 258 1 0.0%
Asia 952 3377 3755 3945 4069 4162 785 0.9%
China 741 2 605 2779 2 860 2871 2835 230 0.4%
India 150 360 392 451 527 624 263 2.3%
Indonesia 8 296 449 489 519 549 254 2.6%
Middle East 1 1 1 1 1 1 0 1.1%
Africa 150 209 244 259 264 277 68 1.2%
South Africa 143 204 224 231 229 231 28 0.5%
Latin America 25 85 125 134 146 155 70 2.5%
Colombia 20 80 116 124 134 142 62 2.4%
World 3194 5498 6003 6 160 6 255 6 326 829 0.6%
European Union 528 239 202 162 130 103 -136 -3.5%

* Compound average annual growth rate. Note: Historical data and the global CAAGR differ from world
demand in Table 4.2 due to stock changes.
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The picture differs outside of OECD countries. Output in China continues to increase in line
with domestic demand, but at a much slower rate than in recent years, with most growth
coming before 2020. Production growth saturates before 2030, at a level 280 Mtce higher
than in 2011. Indonesia and India both increase their coal production rapidly in response
to growing domestic demand and, in the case of Indonesia, to meet growing exports.
Colombia and South Africa also expand output, while new producers, such as Mongolia
and Mozambique, ramp up their production.

Trade

The recent shift in the pattern of international trade, with developing Asian countries
relying increasingly on imports, is set to continue in the New Policies Scenario (Table 4.4).
Responding to global demand trends, coal trade between WEO regions is projected to rise
from 900 Mtce in 2011 to 1 150 Mtce in 2020. It increases at a more subdued pace after
2020, reaching 1 260 Mtce in 2035.

Table 4.4 = Inter-regional coal trade in the New Policies Scenario

2011 2020 2035 2011-35

wee el wie el wwe  Shves  bers

OECD -115 9% -40 3% 144 12% 259
Americas 85 11% 82 11% 68 10% -16
United States 79 11% 77 11% 66 11% -12
Europe -197 65% -190 70% -130 74% -67
Asia Oceania -2 1% 68 17% 206 44% 208
Australia 263 89% 337 86% 412 90% 149
Japan -154 100% -157 100% -140 100% -13
Non-OECD 157 4% 40 1% -144 3% -301
E. Europe/Eurasia 98 28% 115 31% 86 23% -13
Russia 92 42% 104 45% 84 38% -9
Asia -48 1% -219 6% -400 9% 352
China -129 5% -247 8% -215 7% 86
India -106 24% -214 37% -349 37% 242
Indonesia 251 85% 363 81% 385 70% 134
Middle East -3 75% -5 81% -6 83% 3
Africa 56 27% 69 28% 83 30% 27
South Africa 63 31% 73 33% 77 33% 14
Latin America 53 63% 81 65% 93 61% 40
Colombia 75 94% 110 94% 134 94% 59
World** 900 17% 1152 20% 1261 21% 361
European Union -170 62% -155 67% -105 72% -66

* Production in net-exporting regions. ** Total net exports for all WEO regions, not including intra-regional
trade. Notes: Positive numbers denote net exports and negative numbers denote net imports. The difference
between OECD and non-OECD in 2011 is due to stock changes.
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Asia is set to consolidate its position as the centre of gravity of international coal trade
(Box 4.3). China became a net importer of coal in 2009: just three years later it was the
world’s largest net importer. At about 220 Mtce — a world record — China’s net imports in
2012 were larger than total coal use in any OECD country except the United States. In the
New Policies Scenario, China’s net imports of coal peak before 2020, as lower demand
growth and improvements in mining productivity weaken price differentials between
domestic production and imported coal. Nonetheless, imports stay above or around
2012 levels throughout the projection period. The sheer size of China’s coal demand and
production means that even small changes in either demand or output can have a very
large impact on its import needs. In India, coal imports continue to climb throughout
the Outlook period, more than tripling by 2035. India became the world’s fourth-largest
importer in 2012, overtaking Korea, and its imports are set to surpass those of Japan and
the European Union within a few years. Soon after 2020, India is projected to overtake
China to become the world’s largest importer. By 2035, Japan’s coal imports drop by 10%
and the European Union’s fall by 40%.

Box 4.3 = Steam coal frade thrives as demand stutters

While around 85% of global steam coal is still produced and used domestically,
international trade in steam coal has flourished, nearly doubling from 1990 to 2000, and
doubling again in the period to 2011. According to preliminary data, worldwide steam
coal trade grew strongly in 2012, compared with marginal demand growth, taking the
expansion in the trade since 2007 to 50%. Over two-thirds of steam coal trade now
serves Asia, both OECD and non-OECD countries. Japan and Korea have traditionally
been the cornerstones of this market. Both will remain key importers throughout the
projection period, although theirimport volumes decline. Over the next two decades, it
is clear that developing Asian countries will be the most dynamic forces in this market.
The largest suppliers are Indonesia and Australia, which account for nearly 60% of
traded steam coal. Steam coal exporters also include Russia, Colombia, South Africa
and the United States. Considerable uncertainty exists around future coal demand, as
noted earlier, and, by extension, coal trade. However, coal trade has grown rapidly, and
proved surprisingly resilient. Depending on the evolution of mining costs and seaborne
freight rates, export mines may have a cost advantage over domestic production and
therefore trade may play a growing role in meeting global energy demand.

Among suppliers, Australia and Indonesia are the biggest beneficiaries of increased coal
trade in the New Policies Scenario. Australian coal exports expand by 57% over 2011-
2035. Indonesian exports increase by 54%, with most of the growth occurring before 2020,
as thereafter more of its production goes to meet domestic needs. Australia overtakes
Indonesia as the world’s largest coal exporter by 2030, though Indonesia remains by far
the world’s biggest steam coal exporter. By the end of the projection period, Indonesian
steam coal exports exceed the combined steam coal exports of Australia and Colombia, the
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second- and third-largest steam coal exporters. The United States remains an important
net exporter of coal through to 2035, with coking coal dominating. Because there are fewer
opportunities to substitute for coking coal (contrasting with steam coal), major producers
and exporters of coking coal — namely Canada, the United States and Australia — are less
affected by the environmental policies of importing countries.

Mozambique could emerge as an important new source of export growth, though the
timeline for it to do so remains uncertain. Recently, coal producers’ plans to ship coal via
barge on the Zambezi River were not approved because of environmental concerns. In
addition, heavy rainfall and threats from rebel groups have hampered coal transport on the
key railway line recently. With current infrastructure being insufficient to accommodate
large-scale exports, industry and the government are discussing plans to build a rail link
to the coast that would allow up to 25 million tonnes (Mt) per year of coal exports. In the
New Policies Scenario, Mozambique’s exports are projected to rise to 6 Mtce in 2020 and
nearly 20 Mtce in 2035.

Costs and investment

Since the capital costs of coal production are relatively low compared with oil and gas,
it is the variable costs of coal supply — often termed the cash costs — that determine the
competitiveness of individual exporters. The cash costs of coal exports set the minimum
price that an exporter could charge to cover the operating expenses of a mine. However
a further margin is required to provide an adequate return on capital expenditure and to
attract new capital investment. The evolution of coal prices is closely linked to supply cost
developments worldwide. The fundamental cost drivers of an existing mine, many of which
are likely to remain in production through to 2035, are input costs such as labour, fuel,
explosives and maintenance costs. The costs of a new mine are determined chiefly by the
geological conditions of the deposit, access to infrastructure and the distance to transport
coal to the point of sale.

Even though some coal exporters need prices in excess of $80/tonne (excluding sea freight
to the customer) to cover just their cash costs, the bulk of internationally traded steam coal
is currently available at a free on board (FOB) cash cost” of $40-60/tonne (Figure 4.5). This
cash cost has shifted up significantly over the last few years. Exchange rates are a major
factor. The mechanism is simple: as international coal trade is settled mostly in US dollars,
coal exporters generate a revenue stream in US dollars, while they incur a large part of
their costs in local currency. Therefore, a devaluation of the US dollar reduces returns to
producers from the international market.? The currencies of most coal-exporting countries

7. FOB (free on board) cash cost includes mining costs, costs of coal washing and preparation, inland transport,
mine overhead as well as port charges (this definition corresponds to the C1-cash cost definition widely used in
the mining industry). It excludes royalties and taxes, as well as seaborne shipping costs.

8. Coal importers, buying coal in US dollars and selling, for example, electricity, in local currency, are exposed
to a converse effect: a devaluation of the US dollar lowers their procurement cost compared with the value of
their product in local currency.
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have risen against the dollar in the past three years, especially the Australian dollar (AS).
With increasing labour costs, this has meant that Australia has shifted, in terms of US
dollars, from a mid-cost supplier to being a high-cost supplier within a few years. With
increases in other operating costs and construction costs, both existing and new projects
are under strain and some new projects are experiencing serious delays. Some $30 billion
of new coal mining and infrastructure (notably port expansions) in Australia have been
delayed or cancelled in the last year (BREE, 2013).

Figure 4.5 = FOB cash costs for seaborne steam coal exports, 2012
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Sources: Wood Mackenzie databases and IEA analysis.

Local factors have also contributed to higher cash costs in many cases. Indonesia, the
largest steam coal exporter, has built market share rapidly over the past decade on the
basis of low mining and transport costs, using barges instead of generally more expensive
rail systems to get exports to coastal shipping points. However, the last two years have
seen sharp increases in Indonesian operating costs, with higher labour costs and oil prices
being major factors, as well as worsening qualities of coal seams in some operations.
Nonetheless, Indonesia remains in the lower half of the global steam coal cash cost curve,
underpinning its ongoing rapid expansion. Steam coal exports have increased nearly five-
fold over the decade to 2010 and by a further 40% (or 88 Mtce) in the last two years.

In the New Policies Scenario, cumulative global investment in the coal supply chain (new
coal mines, ports and shipping) amounts to $860 billion (in year-2012 dollars) over 2013-
2035, of which the majority is in mining. The coal supply chain accounts for only around
2.5% of total investment globally in fuel supply and power generation. This reflects that
coal has a relatively low capital intensity and that It grows much slower than other energy
sources, such as renewables and gas, over the Outlook period. Projected coal supply-
chain investments are centred in non-OECD countries, which account for three-quarters
of the total. China alone accounts for 55% of the non-OECD total. Nearly 60% of OECD coal
investments, or $90 billion, are made in Australia.
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Pricing of internationally traded coal

Developments in the power sector are, and will remain, one of the most important
demand-side influences on coal prices and trade. Even moderately higher natural gas
prices, compared with today’s levels in the United States, would probably trigger a rise in
the share of coal in its power supply, potentially reducing US steam coal exports. And even
a modest rise in global coal prices might see China’s coal imports falter from their current
record levels, as utilities and factories located in coastal China are adept at arbitraging
domestic and international coal prices. By contrast, India’s imports are less sensitive to
price. Policy decisions in China and India, or even discussions of possible policy changes,
will undoubtedly strongly influence international coal markets.

The global coal market consists of various regional sub-markets, which are typically
separated according to geography, coal quality or infrastructure constraints. The
international market for coal is a comparatively small sub-market (around 17% of global
coking and steam coal production is traded internationally), yet it plays a key role as it links
the various domestic markets through imports, exports and price movements. The degree
to which regional coal prices fluctuate with price movements on the international market
depends on how well the regional and international markets are connected. US coal prices
are a good example: while western coal prices are quite flat and low, prices in the eastern
United States fluctuate strongly with international prices as local producers have the option
to export. International coal markets have seen sharp price fluctuations in recent years,
followed by a general price decline in the last two years (Figure 4.6): from levels of around
$120/tonne for steam coal in most of 2011, prices have declined to $80-90/tonne in 2013.

Figure 4.6 = Quarterly indices for IEA crude oil and steam coal prices
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Relatively high coal prices in the period 2007-2011 were paralleled by cost escalations
driven by exchange rate effects as well as rising costs for mining materials, consumables
and labour as a result of the global mining and resources boom. Furthermore, healthy
margins had taken pressure off mining companies to increase productivity and cut costs in
that period. Finally, strong coal demand kept high-cost mines in the market that were only
marginally profitable, even at high prices. Consequently, falling prices since mid-2011 have
squeezed margins and put pressure on the coal industry worldwide.

Currently, high costs and ample supply capacity is driving consolidation and restructuring
of mining industries in many countries. The United States experienced a wave of
consolidation starting in 2012 with large-scale production cuts and mine closures, mainly
in the Appalachian basins. However, since international coal prices dropped below
$80/tonne for all key exporters in the summer of 2013, other countries have been affected as
well. Australian and Canadian companies have reduced their workforce, idled unprofitable
mines and revised or delayed investment in new mines and infrastructure. At current
prices even some Indonesian producers are considering production cuts and a reduction of
the workforce. Many coal companies have reacted to the plummeting prices with output
expansion, trying to maintain revenues, causing prices to drop further. Given the current
cost structure in the international market, prevailing price levels are not sustainable in the
long run without further reductions in high-cost supply.

Rampant growth in coal demand and imports means that Asia is increasingly the focus of
coal markets. Qinhuangdao, the world’s largest coal port and China’s primary transhipment
hub, has rapidly developed into a key pricing point in international steam coal trade. While
Europe is still a large coal importer, accounting for one-fifth of global steam coal imports,
currently prices there tend to be lower, because of over-supply in the Atlantic Basin. Russia,
the world’s third-largest steam coal exporter, is able to swing some of its exports between
the Atlantic and Pacific markets and, in recent years, growing volumes have been sold
to Asian buyers.® In 2011, these volumes amounted to some 30% of Russian steam coal
exports, with Japan and Korea the main buyers.

Competition with natural gas in the power sector will be pivotal to coal price formation.
Anywhere that a CO, price is in place, coal use and coal-fired power will be affected, to
an extent that depends on the stringency of the CO, price. In the European Union, the
largest region with explicit carbon pricing under a cap-and-trade system, CO, prices have
been low for several years and fell further in 2012 and 2013. In the summer of 2013, they
stood at less than $6/tonne. This, coupled with low coal prices in the Atlantic Basin, meant
that coal was often the lowest-cost fuel choice in the power sector. At coal and gas price
levels prevailing in Europe in early 2013, the CO, price would need to increase to close to
$60/tonne to enable even a highly-efficient gas-fired power plant to compete against a
1980s coal-fired power station.

9. See Medium-Term Coal Market Report 2013 for an in-depth analysis of the Russian coal market (IEA, 2013b).
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Other factors will also affect future coal price formation. High cost exporters, such as
Australia, the United States and Russia, may limit supplies to the international market if
cost escalation continues, putting upward pressure on international coal prices. In addition,
seaborne bulk freight rates, which have been low since they fell sharply in 2008, could rise
in the longer term. That would favour suppliers closer to the main Asian markets, such
as Indonesia and Australia, at the expense of exporters from South Africa and the United
States. A weaker US dollar would increase local costs (expressed in US dollar terms) in
countries with a high proportion of locally sourced inputs, while a strengthening US dollar
would tend to reduce them. Significant devaluation of currencies in importing countries,
such as in India recently, will limit their ability to pay higher prices.

Regional insights
China

As the world’s largest coal user, producer and now importer, China dominates the global
coal market. It maintains this pivotal role in the New Policies Scenario even though some
trends are set to change markedly. China’s economic success has been fuelled primarily by
coal, which provides over two-thirds of China’s primary energy demand. The country now
uses nearly twice as much coal as all OECD countries combined.

Coal is the backbone of China’s power system, comprising almost 80% of electricity
generation. Yet, the power sector only accounts for about 55% of China’s coal consumption,
a much lower share than in other major coal users, like the United States, European Union
and India. The remainder of China’s coal consumption is in the iron and steel, and cement
industries and in burgeoning applications, such as petrochemical feedstocks. Even the
buildings and agriculture sectors use substantial amounts of coal.

Nevertheless, developments in the power sector will be critical to the prospects for Chinese
coal demand and imports. In the period 2002-2011, electricity generation in China nearly
tripled, with about 80% of the incremental output coming from coal. In the period to 2020,
electricity generation in China increases by a further 55% in the New Policies Scenario,
but only one-third is coal-fired (Figure 4.7). Renewables, especially hydro but also wind,
supply more than 40% of incremental output, generating an additional 1 075 terawatt-hour
(TWh) by 2020, compared with 2011 (roughly equal to the current electricity output of
Japan). A significant contribution also comes from nuclear, with 29 reactors currently under
construction in addition to the 17 units already in operation. As a result, growth in coal
use in the power sector slows markedly, from 10.5% per year on average over 2002-2011
to 1.5% per year over 2011-2020. After 2020, the growth in power sector demand falls to
0.8% per year, as the power mix is diversified further and efficiency gains curb the growth
in electricity demand. However, the massive stock of coal-fired stations already in place,
combined with the country’s enormous coal reserves, ensures that coal remains the key
source of electricity generation, despite its share falling from 79% in 2011 to 55% in 2035.

156 World Energy Outlook 2013 | Global Energy Trends



Figure 4.7 = China’s electricity generation in the New Policies Scenario
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Coal is also the dominant fuel in China’s industry sector. Coal consumption in industry
(including coke ovens, blast furnaces, petrochemical feedstocks and coal-to-liquids) is
greatest in the iron and steel industry, which accounts for over 50%, while the cement
industry accounts for 20%. Over the period 2002-2011, industrial coal demand grew very
quickly, averaging 9.5% per year. In the New Policies Scenario, growth is projected to slow
significantly to 1.9% per year in the period to 2020, as a result of slower industrial growth
and structural transformation of the economy away from heavy industries (Figure 4.8). The
production of crude steel and cement peaks before 2020 and declines thereafter, which
results in a fall in industrial coal use of 0.9% per year in the period 2020-2035. Wider
deployment of alternative technologies in steel production, such as electric arc furnaces,
and achievements in efficiency improvements reduce coal demand.

Figure 4.8 = Coal demand in China and the rest of the world by major sector
in the New Policies Scenario
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* Includes own use and transformation in blast furnaces and coke ovens, coal-to-liquids, and petrochemical
feedstocks.
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By contrast, both coal-to-liquids and coal use as feedstock in the chemical industry
grow strongly, the latter by 4.7% annually in the period to 2035, driven by increasing
demand for methanol. In the second half of the Outlook period, a substantial amount
of domestically produced methanol is directed towards the production of olefins in the
petrochemical industry, making use of the methanol-to-olefin process. Given the coal, oil
and gas prices derived from IEA World Energy Model, production economics favour coal-
based petrochemical production over that based on oil and gas, helping to reduce China’s
dependence on imports.

In previous years, rapidly increasing coal demand put strains on coal supply. To address this,
China’s 11th Five-Year Plan, issued in 2007, included mining industry reform that targeted
productivity and safety improvements, as well as capacity expansion. In a wave of industry
consolidation, more than 9 000 small coal mines have been closed or incorporated into
large mining complexes (IEA, 2012). The reforms have been successful, improving safety
and productivity, and increasing coal mining capacity. Although coal mines are scattered
across China, three provinces located in the north and northeast — Inner Mongolia, Shanxi,
and Shaanxi — produce around 60% of the country’s coal.

China’s coal production grows by 0.7% per year between 2011 and 2020 in the New Policies
Scenario, but stabilises thereafter, reflecting slower growth in power sector coal use and
declining coal use in heavy industry. The recent slowdown in growth has squeezed the
profitability of coal mining in China, especially in old high-cost mines, increasing incentives
to cut costs and triggering discussions about a possible ban on certain coal imports of
low calorific value, leading to the introduction of a modest import tax on such coals in
August 2013. Since Indonesian coals come under China’s free-trade agreement with ASEAN
countries, they are not affected, so the immediate impact of the tax seems likely to be small.
However, it may serve as a warning to potential investors considering the development of
projects for export to China and elsewhere. Other measures are also being considered to
help domestic coal producers, including tax rebates.

The key challenge in China’s coal market is the geographic mismatch of supply and demand,
which requires coal to be hauled long distances. While more than 80% of Chinese steam
coal output can be produced at less than $60/tonne, production costs in some older
operations in Shanxi are closer to $80/tonne. Adding transport costs to southern or coastal
demand centres can make some Chinese coal relatively expensive (Figure 4.9). This has
opened the door to growing imports.

China’s coal imports reached a record level of about 220 Mtce in 2012 and have continued
to grow strongly in the first half of 2013. In the New Policies Scenario, imports are projected
to peak within the current decade, then to decline slowly, though they remain, on average,
above 2012 levels over the projection period. Fierce competition will persist between
domestic supply and imports in southern and coastal China over the Outlook period. In
China’s more mature mining areas, costs are projected to rise, encouraging new mines to
open further west, where mining costs are low, but transport distances are longer.
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Figure 4.9 = Average costs of steam coal delivered to coastal China, 2012
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Sources: Wood Mackenzie databases and IEA analysis.

United States

The United States is the world’s second-largest coal consumer, making up 13% of the global
market, and by far the largest in the OECD, accounting for 45% of OECD coal use.'® In 2011,
coal met around one-fifth of US energy needs, based on large and, in many cases, easily
mined and low-cost reserves. Traditionally, coal has fuelled more than half of electricity
production in the United States. However, over the past two decades or so, gas-fired plants
have been preferred for new capacity, causing coal’s share of total electricity generation
to drop, from 53% in 1990 to 43% in 2011. Gas-fired generation was favoured in 2012,
particularly in eastern regions where coal prices are relatively high, due to low-cost gas
(from continued growth in shale gas production) and reduced electricity needs (from a
historically warm winter). At one point in early spring 2012, gas and coal had almost the
same share of electricity output, at around 33% each (US EIA, 2013). Since that time, gas
prices have risen to around $3.8/MBtu in June 2013 and coal has regained some market
share: it was back to almost 40% of total electricity, with gas falling to 28%.

The power sector, as in most other countries, holds the key to US coal demand. In the New
Policies Scenario, coal-fired generation declines both in relative and absolute terms over
the projection period, despite a temporary rebound in the medium term. Power sector
coal consumption stood at nearly 625 Mtce in 2011 and is projected to drop to just under
520 Mtce in 2035. Furthermore, the US fleet of coal-fired power plants is ageing and will
be affected by increasingly stringent environmental regulations.

One new set of regulations, the Mercury and Air Toxics Standards, which are expected
to be implemented by 2016, could lead to the closure of more than 20 GW of coal-

10. See Medium-Term Coal Market Report 2012 for an in-depth analysis of the US coal market (IEA, 2012).
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fired capacity by some estimates (Beasley, et al., 2013).** Recent announcements by the
US administration, instructing the US Environmental Protection Agency (EPA) to draft
carbon pollution standards for new and existing coal-fired power stations, if adopted, may
have an even bigger impact (Box 4.4). The New Policies Scenario cautiously implements
emissions reduction strategies, and accordingly, coal-fired capacity falls by 20%, from
335 GW in 2011 to 265 GW in 2035.

US coal production at 765 Mtce in 2011, after a modest recovery in the medium term, is
projected to enter a slow decline, echoing falling demand in the New Policies Scenario and
reaching 655 Mtce in 2035. High-cost producers in the central Appalachia region (mainly
southern West Virginia and eastern Kentucky) are likely to be hit hardest: producing coal
there costs on average $65/tonne (Figure 4.10). These high costs put massive pressure
on the region’s producers in 2011-2012 as low gas prices stimulated unprecedented fuel
switching from coal to gas. Among the other main mining regions, costs are lowest in the
Powder River Basin (Wyoming and Montana), at around $10/tonne, though energy content
is low and transport distances are long. Depending on how far Powder River Basin coal is
transported, freight can add costs of $25-35/tonne, though this coal is still cost competitive
with coal from most other US regions and with gas (even at low gas prices) as long as
coal does not carry a substantial cost burden as a result of policy interventions, e.g. for
environmental purposes. Production costs in the other main regions — the Illinois Basin
(western Kentucky, lllinois, and Indiana) and northern Appalachia (mainly Pennsylvania,
northern West Virginia and Ohio) — lie between the two. Adjusting for energy content, the
United States can produce around 600 Mt per year at a mine-mouth cost of $40/tonne or
less.

Figure 4.10 = US production cash costs for domestic steam coal, 2012
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11. The Cross-State Air Pollution Rule, a separate rule to the Mercury and Air Toxics Standards, that could have
had a significant impact on coal-fired power plants, was ruled void in late 2012.
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Box 4.4 = US President’s Climate Action Plan

In June 2013, the US administration outlined a climate action plan, encompassing
measures to reduce the country’s greenhouse-gas emissions, prepare the nation for
the impacts of climate change and lead international efforts to combat climate change.
In the absence of congressional agreement on climate policy, the plan relies mainly
on executive powers. One important measure covers carbon emissions from existing
and new power plants, potentially covering, inter alia, some 335 GW of coal-fired
generating capacity. The plan includes a mandate to the EPA to develop regulations to
control CO, emissions from power plants, similar to existing federal limits on emissions
of arsenic, lead and mercury.

The first ever national standards for new power plants, which require them to limit
CO, emissions to 1 000 pounds (454 kg) per megawatt-hour (MWh), were proposed
in March 2012. Following extensive public consultation, a revised standard was issued
in late September 2013, limiting new coal-fired plants to emissions of 1 100 pounds
(499 kg)/MWh. New gas-fired plants were limited to emissions of 1 000 pounds/MWh.
Since even best practice coal-fired plants cannot produce electricity with emissions
below 700 kg/MWh, the latest EPA provision effectively means that no new coal-
fired plants can be built without a significant portion of emissions being captured and
sequestered. Best practice combined-cycle gas units can meet the EPA gas-fired power
emissions standard without CCS.

With the standard set for new power plants, the EPA can be expected to issue guidance
on standards for existing power plants, based on wide ranging consultations with a
variety of stakeholders, and using a co-operative approach with states. Each state will
be asked to develop and submit plans to reduce emissions from existing coal-fired
plants, using strategies that are flexible, account for regional diversity, and allow every
available fuel source to continue to be utilised. The timing for this part of the initiative
is ambitious, with a first proposal from EPA by June 2014, a final one by June 2015
and state plans in 2016. Compliance actions could be required as soon as 2018. An
alternative compliance method, which would allow the averaging of emissions over
a number of years, is also being considered, and depending on its final form, could
significantly alter the impact of the regulations.

The US President’s Climate Action Plan is also designed to stimulate investment in
advanced fossil energy projects, with up to $8 billion in loan guarantees to be offered
for innovative technologies that can avoid, reduce or sequester CO, emissions. The
plan also includes working with other countries heavily dependent on coal-fired power
to speed up the development and deployment of clean coal technologies, as well as
measures to promote coal-to-gas switching in the power sector.
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The prospects for US coal production depend on export demand as well as domestic needs.
Net exports of coal in the New Policies Scenario are projected to remain around 80 Mtce
for much of the projection period, helping to compensate for falling domestic demand,
before dipping to 65 Mtce by 2035. The share of net exports in total production remains
broadly flat at around 11%; however net exports of steam coal are quite modest after
2015 (Figure 4.11). Net exports of steam coal alone increased by over 80% to reach record
levels of 40 Mtce in 2012 as steam coal, especially from the eastern states, was increasingly
displaced by gas in the power sector. Much of the displaced coal went to Europe, where
higher gas prices prevailed, making increased coal imports competitive in the power sector
(see Chapter 5, Box 5.1). The recent rapid growth of US exports, in combination with
dwindling US coal imports from Colombia, has been a major contributor to ample supply
on the international steam coal market.

Figure 4.11 = US net exports of coal in the New Policies Scenario
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The regional origin of exported coal from the United States is expected to shift gradually
from the east to west in the New Policies Scenario. High costs and reserves depletion
reduce steam coal exports from the Appalachian basins, while steam coal exports from the
lllinois basin and the western United States grow moderately. For coking coal the situation
is different, as exported coal comes exclusively from the Appalachian basins. Coal exports
from the Powder River Basin are profitable under current market circumstances, but any
large-scale expansion of these exports would require substantial capital investment in US
or Canadian port facilities on the west coast, as well as the upgrading of the existing railway
infrastructure. Public opposition to coal exports through west coast ports is growing and is
likely to delay projects. Moreover, due to the relatively low energy content of the Powder
River Basin coals and the long transport distance to Asian demand centres, the economics
of coal exports are particularly exposed to changes in freight rates and railway tariffs.
Uncertainty about future export demand is an element of investment risk, while China’s
current and potential future policies towards restricting low calorific-value coal imports
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further exacerbate this risk. Nonetheless, the current price differentials between western
US and international coal prices provide a strong incentive to seek innovative ways of
exporting this coal to Asia (Figure 4.9).

India

The outlook for coal demand in India — the world’s third-largest coal consumer — contrasts
starkly with that of China. As in China, coal has played a pivotal role in India’s recent
economic growth — coal use doubled between 2000 and 2011 to 465 Mtce (and nearly
485 Mtce in 2012 based on preliminary data), with growth accelerating in the latter half of
this period. Two-thirds of demand now comes from the power sector, where coal accounts
for 68% of electricity output. Industry makes up almost all the balance of coal demand,
dominated by iron and steel, and cement. Unlike China, demand continues to grow strongly
in the New Policies Scenario, more than doubling by 2035. India overtakes the United
States as the world’s second-largest coal user soon after 2020; yet per-capita electricity
use remains very low at that time, suggesting considerable potential for further demand
growth for electricity (and coal). It is estimated that in 2011, one out of four people in
India (about 306 million) did not have access to electricity, while two out of three (about
818 million) relied on the traditional use of biomass for cooking (see Chapter 2). Despite
the doubling in coal use to generate power, coal’s share of electricity output declines,
from 68% in 2011 to 56% in 2035, as renewables, nuclear and gas gain share. Around half
of the new coal-fired capacity installed over the projection period is based on subcritical
technologies. Industrial coal demand also more than doubles to 2035, increasing its share
in the sector, on the back of a tripling of crude steel output and a doubling of cement
production.

India has a large, although generally poor quality, coal resource base of around
210 billion tonnes (BGR, 2012). Coal output expanded rapidly — by more than two-thirds
— between 2000 and 2009. Output has barely increased since then, as the state-owned
mining company, Coal India Limited, which dominates the sector, has faced a number of
difficulties, including lack of access to coal deposits, a lack of or mismatch of rail capacity
and limited access to advanced mining technology. Many coal deposits are in populated
or forested areas, necessitating significant disturbance to ecosystems or the movement of
large numbers of people if open-cut mining methods are to be used. Increasing the level
of competition in the Indian coal sector, as well as allowing for foreign investment, would
introduce advanced mining technology, and facilitate an expansion of supply and higher
productivity. The difficulties in bringing new mining capacity online are expected to persist
in the current decade, resulting in the majority of India’s projected 75% increase in coal
output in the New Policies Scenario occurring after 2020.

With domestic coal output struggling to keep up with booming demand (which has resulted
in coal-fired capacity running well below technical limits in many regions), Indian imports
have nearly doubled since 2008. India’s coal-import dependency has increased significantly
over the past decade, a trend that is expected to persist over the projection period. Imports
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as a share of supply jumped from 9% in 2000 to 23% in 2011. According to preliminary data,
imports grew a further 17% in 2012, resulting in India overtaking Korea to become the
world’s fourth-largest coal importer, behind China, the European Union and Japan. India’s
coal imports in the New Policies Scenario overtake those of both Japan and the European
Union before 2020 and, shortly thereafter, those of China, making India the world’s largest
coal importer (Figure 4.12). Imports reach 350 Mtce by 2035, although this expansion is
contingent both on a massive expansion of port infrastructure and rail delivery systems,
and also on strategically locating several new plants closer to the importing ports.

Figure 4.12 > Major net importers of coal in the New Policies Scenario
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The price of imported coal to Indian power generators will determine the level of
demand. Private generators have recently been squeezed by long-term fixed prices
under power purchase agreements coupled with rising costs from more expensive
coal imports, compared with local output. A price pooling system has recently been
agreed, whereby local and imported coal prices are rolled together and the resultant
price applied uniformly to all generators. In addition, the government has also recently
agreed to allow the pass- through of imported coal prices for power producers. While
only the first steps in opening this market, these developments are likely to facilitate
increased coal supply.

Australia is the major supplier of coking coal to India, while Indonesia and South Africa
are the main sources of steam coal. Indonesia is set to remain the largest steam coal
supplier to India into the medium term, but Australia figures more prominently later
in the projection period. To satisfy the growing need for imports, Indian investors are
acquiring resources overseas, including in Australia, Mozambique and Indonesia. For
example, in Australia, large steam coal projects supported by Indian investors are
planned for the Galilee Basin in Queensland, with an annual export capacity of some
120 Mt (BREE, 2013).
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Australia

Australia is now the second-largest coal exporter in the world, having been overtaken by
Indonesia in 2012. It is set to continue to vie for the top spot over the projection period,
regaining it around 2030 in the New Policies Scenario. Based on preliminary data, Australian
coal exports jumped almost 6% in 2012, to nearly 280 Mtce, about half of which was coking
coal (Australia still leads coking coal exports, supplying over 50% of all internationally traded
coking coal). Australian coal exports are projected to continue to increase substantially, to
410 Mtce in 2035 — up 57% from 2011 levels (Figure 4.13). Steam coal exports grow by
three-fourths to around 225 Mtce, with most of the increase expected to come from the
as yet undeveloped Galilee Basin in central Queensland, while coking coal exports grow by
nearly 40%, to 190 Mtce. Australia’s share of international trade in steam and coking coal
rises by five percentage points (to 24%) and one percentage point (to 54%), respectively,
largely at the expense of the United States. The main destinations for Australian steam
coal are Japan, Korea, Chinese Taipei and, since 2009, China. Australian coking coal is sold
as far away as Brazil and Europe, as the higher value of the coal justifies transport over
longer distances.

Figure 4.13 = Australian coal exports by type in the New Policies Scenario
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A few years ago, high productivity, favourable geological conditions and good coal quality
meant that Australian coal exporters were positioned roughly half way along the global
supply cost curve for internationally traded steam coal — despite comparatively high labour
costs. Today, the costs of Australian mines are among the highest (Figure 4.5). This change
has come about as a result of deteriorating mining conditions, escalating labour costs, the
increased costs of mining materials and appreciation of the Australian dollar.?? The first
two of these effects are a direct or indirect result of the resources and minerals boom
that has been a feature of the Australian economy in recent years. Cutting costs to remain

12. The importance of the exchange rate is illustrated by a simple calculation: coal sales at $100/tonne yield
A$128/tonne at the 2009 exchange rate of $1 = A$1.28, but at the 2012 rate of A$0.97, only A$97/tonne, slashing
revenues needed to pay costs in local currency (such as labour or transport) by more than A$30.
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competitive in the international market is a key challenge for Australian coal exporters over
the Outlook period. A recent fall in the exchange rate by around 15%, indicating a decline
in the value of the Australian dollar, will certainly improve profitability, but the currency
remains well above its historical level, with continuing impacts on investment prospects.

Investment in Australia’s resource sector has seen a massive boom over recent years. While
liquefied natural gas (LNG) projects have played a large part (see Chapter 3), expanding
production of steam and coking coal has also been significant. However, new coal mines
have become more capital-intensive in recent years, due to escalating costs for mining
equipment and construction labour. Australia is now one of the most expensive places
to build a new mine. Even so, 93 coal projects are planned, with total capacity of up to
590 Mt per year, although only 16 of these, with a capacity of some 60 Mt per year, have
been committed (BREE, 2013). Of greatest interest among the uncommitted projects are
five large, greenfield steam coal mines in the Galilee Basin (with capacities totalling nearly
180 Mt), three of which have significant Indian involvement.

ASEAN*

Coal use in ASEAN countries is poised to triple, driven by rapid economic and population
growth (see Chapter 2). The power sector will be the principal driver of coal demand. In
the New Policies Scenario, electricity demand more than doubles from around 700 TWh in
2011 to 1880 TWh in 2035, growth equivalent to more than Japan’s electricity output in
2010. Mirroring the trend seen in China and India, coal is emerging as the fuel of choice
for power generation in the ASEAN region. Coal already accounts for some three-quarters
of thermal power generation capacity under construction in ASEAN countries, resulting
in coal’s share of the electricity mix growing rapidly from around 30% to 49% over 2011-
2035, mainly at the expense of natural gas and oil. This boosts ASEAN coal demand from
130 Mtce in 2011 to 400 Mtce in 2035, a growth rate of 4.8% per year — the fastest of any
major coal-consuming region or country (Figure 4.14). Coal use in ASEAN exceeds that in
the European Union before 2030.

ASEAN coal demand growth is supported by the relative abundance and low cost of local
resources and, as yet, a lack of stringent environmental standards. At the same time, gas
faces increasing development costs, sometimes low domestic prices and the possibility
of realising higher value through LNG exports. One important trend is that the majority
of coal-fired power plants under construction or planned employ subcritical technology,
locking in low efficiency technology for decades to come. Such plants use up to 15% more
coal for a given power output than more efficient supercritical plants, which are financially
viable at current coal prices and capital costs (IEA, 2013c).

Indonesia, the country with the world’s fourth-largest population and ASEAN'’s largest
energy user, is set to lead the growth in the region’s coal demand, with its abundant coal
resources and an already booming export sector. Coal demand in Indonesia has increased

13. ASEAN energy prospects are analysed in-depth in the Southeast Asia Energy Outlook, a WEO special report
(IEA, 2013c).
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at 11% per year for the last two decades. It more than triples in the New Policies Scenario,
reaching 165 Mtce in 2035, exceeding the current level of use in Japan. The government
plans to meet rapidly rising power demand through a large expansion of coal-fired power
generation. It has given priority to increasing coal supply to the domestic market vis-a-
vis exports. Consequently, the government has set a minimum share of coal production
that must be sold to domestic customers. Also, the government has discussed banning low
quality coal exports (less than 5 600 kilocalories per kilogramme) to ensure fuel supply for
new coal-fired power plants (though formal regulations have not been adopted).

Figure 4.14 = ASEAN coal balance in the New Policies Scenario
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Thailand, the region’s second-largest energy user, currently has a power sector dominated
by gas, but interest in coal-fired power is increasing, mainly in response to energy security
and cost issues. In Malaysia, coal also grows in importance as the rise in gas demand
outstrips indigenous gas supply growth. In the Philippines, coal accounts for two-thirds of
incremental power generation over 2011-2035 (IEA, 2013c).

In the New Policies Scenario, the ASEAN region sees a continuation of strong growth in coal
production in the medium term with output rising to 510 Mtce in 2020. Indonesia is the
main source of coal to meet both strong growth in domestic use and demand for steam
coal exports to the Asia-Pacific market. Over the long term, production from the region
slows as coal producers face rising costs in developing their resources, as a result of higher
costs for mining, labour and transport, which undermine the competitiveness of exports.

Excluding Indonesia, ASEAN countries as a group see coal imports rise more than five-fold
over the projection period, exceeding Japan’s current import levels. A significant increase
in Vietnam'’s coal-fired power generation in the short term, to improve electricity reliability,
is set to shift the country from being a net exporter to a net importer of coal, though the
extent and timing depends on the efficiency of generating technologies chosen for these
plants, as well as the pace at which they are commissioned. Facilities are being developed
that would receive coal imports from Australia, Indonesia and Russia.
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Chapter 5

Power sector outlook
Capacity to change?

Highlights

e Demand for electricity grows more than demand for any other final form of energy.
In the New Policies Scenario, world electricity demand increases by more than two-
thirds over the period 2011-2035, growing at an average rate of 2.2% per year. It is
driven by increasing electrification of industry, where electricity’s share grows from
26% to 32%, expanded use of electrical appliances and more cooling in buildings.

® Non-OECD countries account for the greater part of incremental electricity demand
by far, led by China (36%), India (13%), Southeast Asia (8%), Latin America (6%) and
the Middle East (6%). In terms of electricity demand per capita, the gap narrows
between non-OECD and OECD countries, but only Russia, China and the Middle East
exceed even half of the OECD average in 2035; sub-Saharan Africa reaches just 6% of
the OECD average at the end of the projection period.

® Global installed generating capacity grows by over 70%, from 5 649 GW in 2012 to
about 9 760 GW in 2035, after retiring some 1 940 GW of generating capacity. About
60% of retirements are in OECD countries, where about two-thirds of the coal fleet
is already over 30 years old. China’s additions of coal, nuclear (more than current
nuclear capacity in the United States) and renewables are the most of any region.
Additions of renewables in the European Union are the second-largest globally.

® Though it remains the leading fuel, coal’s share of generation falls from 41% to 33%.
The share of renewables rises from 20% to 31% while the shares of gas and nuclear
hold steady at 22% and 12% respectively. Though total CO, emissions increase, greater
use of lower-carbon sources and more efficient fossil-fuelled plants contribute to a
30% drop in the CO, emissions intensity of the power sector.

® The length of transmission and distribution (T&D) lines expands from 69 million km
in 2012 to 94 million km in 2035, largely in response to fast-growing electricity
demand in non-OECD countries, including that of new end-users. By 2035, around
50% of today’s grid infrastructure will have reached 40 years of age, necessitating
major investments in refurbishment during the projection period.

® Substantial investments in the power sector will be required over the projection
period to satisfy rising electricity demand and to replace or refurbish ageing
infrastructure. Cumulative global investment in the power sector is $17.0 trillion
over 2013-2035, averaging $740 billion per year. New plants account for 58% of the
total, while the rest is needed in T&D networks.

® Electricity prices rise in most regions, with widening regional differences. By 2035, US
industrial electricity prices are half the level in the European Union and 40% lower
than those in China, which could have important ramifications for competitiveness.
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Introduction

The power sector is a complex amalgam of thousands of power plants, millions of
kilometres of lines in the transmission and distribution network and billions of end-users,
with system operators balancing demand and supply in real time. Many factors influence
the pace of electricity demand growth such as gross domestic product (GDP), electricity
prices, population growth, the proportion of population with access to electricity supply,
standards of living, and the extent of the deployment of energy-efficient equipment. The
evolution of the mix of generating plants to meet demand depends largely on the relative
economics of different energy technologies, taking account of fossil-fuel prices, carbon-
dioxide (CO,) pricing (if applicable), the capital costs of power plants, financing conditions,
policies to promote or limit the deployment of specific technologies, the availability of
domestic fuel resources, the age of the existing power plant fleet and the structure of the
power market.

Which power plants are run to meet electricity demand typically depends on the variable
costs of their operation. Plants with the lowest variable costs are generally dispatched
first, however, much depends on how the local power market is organised. There are two
basic designs: fully liberalised markets and fully regulated systems though, in practice,
most systems have some features of both designs. Worldwide, most power is generated
in relatively highly regulated systems. The design of the system determines how prices are
formed and the conditions for investment. Policy interventions have to be tailored to the
design of the individual system.

The last twelve months have seen significant developments in a number of electricity
markets around the world. For example, in the United States, exceptionally low gas
prices in 2012 led to a strong surge in gas-fired electricity generation, displacing coal-
fired generation. The opposite was true in the European Union: as natural gas became
increasingly expensive, compared to coal, this —in combination with low CO, prices, weaker
economic activity, lower electricity demand and continued expansion of renewable-
based capacity — led to a noticeable drop in gas-fired generation in 2012 compared to
the previous year. Europe has also seen continued strong growth of variable renewables
that have increasingly impacted the operation of conventional power plants and lowered
wholesale power prices in some systems.

Japan saw a surge in renewables capacity, in response to new support policies put in place,
in particular for solar photovoltaics (PV), designed to curtail the sharp rise in the cost of
importing fuels for oil- and gas-fired generation following the substantial reduction of
nuclear power generation after the Fukushima Daiichi accident. In Korea, the temporary
closure of almost 40% of the nuclear fleet while safety reviews were conducted increased
the call on fossil-fuelled power plants and created a tight supply-demand balance for
electricity, requiring energy saving measures, such as limiting air conditioning.

In China in 2012, the rate of growth of electricity demand diminished, while it was a
particularly good year for hydropower production (due to relatively high rainfall). One result
was that coal-fired generation remained fairly flat. A temporary suspension of approvals
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for nuclear plants was lifted and construction of new plants restarted, although at a slower
pace than before the Fukushima Daiichi accident. An ambitious new target for 2015 for
solar PV was introduced towards the end of the year. In India in 2012, low availability of gas
and lower than planned capacity additions (partly due to unfavourable market frameworks)
tightened the demand-supply balance. Similar tightness was experienced in Brazil, due to
low hydropower reservoir levels, resulting in a strong call on fossil fuel-fired power plants
throughout the year. Southeast Asia saw a continued push towards investment in new coal-
fired power plants, aimed either at reducing costly gas-fired generation, or boosting gas
exports (in gas-producing countries).

Electricity demand

World electricity demand nearly doubled between 1990 and 2011, growing at an average
rate of 3.1% per year. Between 2011 and 2035, demand for electricity grows more than any
other final form of energy in all of the three scenarios analysed in this Outlook. Electricity
demand is strongly linked to future economic growth, the overall level of which tends to be
reflected in the level of economic activity in key electricity-consuming sectors (such as in
industry and services). The rate of electricity demand growth in the three scenarios depends
primarily on the nature and extent of government interventions, particularly policies
related to energy efficiency, the environment and energy security. Some of these policies
influence electricity demand directly, such as measures to improve end-use efficiency and
to encourage fuel switching, and some indirectly, through their impact on final prices. In
the New Policies Scenario, the central scenario in this Outlook, world electricity demand
increases by more than two-thirds over the period 2011-2035, growing at an average rate
of 2.2% per year. Demand rises more quickly in the Current Policies Scenario (2.5% per
year) and more slowly in the 450 Scenario (1.7% per year) (Table 5.1).

In the three scenarios, differing policy measures and electricity prices determine the
rate of uptake of more energy-efficient technologies and overall rates of improvement in
energy efficiency. In 2035, world demand is projected at 32 150 terawatt-hours (TWh) in
the New Policies Scenario, with variations 12% below this figure and 7% above it. Taking
electricity intensity — electricity consumption per unit GDP — as a broad indicator of energy
efficiency? in electricity end-uses, the New Policies Scenario sees an average annual rate
of improvement of 1.1% during the projection period, whereas energy efficiency advances
more slowly in the Current Policies Scenario (0.8% per year) and more quickly in the
450 Scenario (1.6% per year). Without any change in electricity intensity with respect to
the last five years, world electricity demand would rise to 43 100 TWh in 2035. In the
New Policies Scenario, it is lower by about one-quarter (Figure 5.1). Energy efficiency is the
main driver of this difference (Chapter 7), although the shift towards less energy-intensive
sectors plays an important role too.

1. For any country, measuring energy efficiency is challenging as it requires extensive data collection and
analysis. As an imperfect proxy, the electricity intensity gives a broad indication of strides towards improvements
in energy efficiency, but it is important to note that each country will have significantly different electricity
intensities based on factors such as level of industrialisation and climate.
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Table 5.1 = Electricity demand* by region and scenario (TWh)

New Policies Current Policies 450 Scenario

2035 02:51*1; 2035 ::513; 2035 ::;3,;

OECD 6591 9552 11745 0.9% 12 369 1.1% 10934 0.6%
Americas 3255 4694 5912 1.0% 6103 1.1% 5457 0.6%
United States 2713 3883 4753 0.8% 4 883 1.0% 4438 0.6%
Europe 2320 3160 3740 0.7% 4040 1.0% 3564 0.5%
Asia Oceania 1016 1698 2093 0.9% 2226 1.1% 1912 0.5%
Japan 758 954 1119 0.7% 1195 0.9% 998 0.2%
Non-OECD 3493 9453 20405 3.3% 22 084 3.6% 17 323 2.6%
E. Europe/Eurasia 1584 1367 2 004 1.6% 2171 1.9% 1730 1.0%
Russia 909 838 1256 1.7% 1375 2.1% 1075 1.0%
Asia 1049 5888 13913 3.6% 15211 4.0% 11758 2.9%
China 558 4094 8 855 3.3% 10023 3.8% 7417 2.5%
India 212 774 2523 5.0% 2582 5.2% 2198 4.4%
Middle East 190 702 1484 3.2% 1587 3.5% 1216 2.3%
Africa 262 584 1296 3.4% 1304 3.4% 1094 2.7%
Latin America 407 912 1708 2.6% 1811 2.9% 1525 2.2%
Brazil 214 471 939 2.9% 1001 3.2% 834 2.4%
World 10085 19004 32150 2.2% 34454 2.5% 28 256 1.7%
European Union 2241 2852 3246 0.5% 3512 0.9% 3120 0.4%

* Electricity demand is calculated as the total gross electricity generated less own use in the production of
electricity, less transmission and distribution losses. ** Compound average annual growth rate.

Figure 5.1 = World electricity demand by scenario relative to electricity
demand assuming no change in electricity intensity
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In the New Policies Scenario, industry maintains its position as the largest consumer of
electricity throughout the Outlook period, accounting for 41% of total electricity demand
in 2035. Industry demand growth averages 2.2% per year during the projection period
(Table 5.2), underpinned by increasing electrification of industrial processes, with electricity
increasing its share of total energy supply to the sector from 26% to 32%. Demand in the
residential sector expands at 2.5% per year, more than two-and-a-half times faster than the
rate of population growth, reflecting increased use of electrical appliances, more cooling
and improved access to electricity. The share of the world population without access to
basic electricity services falls from 18% (1.2 billion) in 2011 to 12% (970 million) in 2030
(see Chapter 2). Demand in the services sector increases more slowly, by 1.9% per year,
the slower rate of growth reflecting energy efficiency measures in OECD countries and
the direct use of renewables for heat. Electricity demand in the transport sector is the
fastest-growing (averaging 3.9% per year), due to a doubling of electricity demand from
rail. However, transport accounts for only just over 2% of total electricity demand in 2035,
despite the inroads made by electric vehicles between 2011 and 2035, and the associated
demand increasing by about 30% per year (though from a low level).

Table 5.2 = World electricity demand by sector and generation in the New
Policies Scenario (TWh)

1990 2011 2020 2025 2030 2035 202:513*
Demand 10 085 19 004 24 249 26 974 29520 32150 2.2%
Industry 4419 7 802 10288 11385 12 268 13187 2.2%
Residential 2583 5195 6 507 7 362 8325 9336 2.5%
Services 2 086 4560 5636 6214 6 698 7137 1.9%
Transport 245 292 408 486 590 734 3.9%
Other sectors 748 1151 1419 1535 1648 1763 1.8%
T&D losses 1003 1816 2308 2589 2 862 3138 2.3%
PG own use 733 1298 1434 1550 1668 1791 1.4%
Gross generation* 11 818 22113 27 999 31121 34 058 37 087 2.2%

* Gross generation includes demand in final uses (industry, residential, services, transport and other), losses
through transmission and distribution (T&D) grids, and own use by power generators (PG). ** Compound
average annual growth rate.

Non-OECD countries account for by far the greater part of incremental electricity demand,
driven by faster economic and population growth, shifts from rural to urban living and
rising standards of living. In the New Policies Scenario, the largest sources of additional
global demand are China (36%), India (13%), Southeast Asia (8%), Latin America (6%) and
the Middle East (6%). Electricity demand growth in China abates considerably: having
averaged 12% per year over 2000-2011, it slows to 3.3% per year over 2011-2035 (with
slowing economic growth and a restructuring of the economy towards less energy-intensive
sectors). Demand increases most rapidly in India (5.0% per year) and Southeast Asia (4.2%).
In terms of electricity demand per capita, the gap narrows between non-OECD and OECD

Chapter 5 | Power sector outlook 173




countries, but among developing countries, only China and the Middle East exceed even
half the OECD average in 2035 (Figure 5.2). The level remains very low in sub-Saharan
Africa, at 520 kWh, or just 6% of the OECD average, in 2035.

Figure 5.2 > Electricity demand per capita in selected regions as a share of
the OECD average in the New Policies Scenario
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Note: In the New Policies Scenario, average electricity demand per capita in OECD countries grows from
7 670 kWh in 2011 to 8 500 kWh in 2035.

Electricity supply

World electricity generation increases in line with incremental growth in electricity
demand in each of the scenarios.? The mix becomes more diverse, though the nature of
its evolution varies by region according to government policies and competition between
generation types. The scenarios differ most with respect to the pace of the transition from
fossil-fuelled to low-carbon generation (Table 5.3). This depends critically on the timing
and the rigour of policies adopted to address environmental concerns (local pollution and
CO, emissions) — which arise earliest and are strongest in the 450 Scenario (see Chapter 2)
and are more limited in the Current Policies Scenario than in the New Policies Scenario —as
well as on relative investment costs and fuel prices for different generating technologies.

In the New Policies Scenario, world electricity generation increases from 22 113 TWh in
2011 to almost 37 100 TWh in 2035 (or by two-thirds), growing at an average rate of 2.2%
per year. Fossil fuels continue to have a dominant role, although their combined share
declines from 68% to 57%: coal remains the largest source of electricity generation, growing
steadily at around 1.2% per year. Natural gas expands most by almost 3 500 TWh. Amongst
the renewable energy technologies, increases in generation from hydropower and wind,
about 2 300 TWh each, are highest, with renewables as a group accounting for almost half
of the increase in global electricity generation over 2011-2035.

2. In each of the scenarios the rate of growth for electricity generation is actually slightly lower than that for
demand, reflecting falling shares of transmission and distribution losses, and own use by power generators.
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Table 5.3 = Electricity generation by source and scenario (TWh)

New Policies Current Policies 450 Scenario
2020 2035 2020 2035 2020 2035
OECD 7629 10796 11827 13104 11990 13835 11415 12123
Coal 3093 3618 3529 2775 3681 3835 2961 1116
Gas 770 2630 2 855 3398 2979 3710 2813 2307
Oil 697 345 149 84 153 92 126 44
Nuclear 1729 2087 2 300 2412 2273 2246 2355 2826
Hydro 1182 1388 1490 1615 1476 1586 1523 1730
Other renewables 157 728 1504 2820 1428 2367 1637 4099
Non-OECD 4189 11317 16172 23983 16799 26018 15139 20173
Coal 1333 5522 7 089 9 537 7901 12296 6043 3544
Gas 960 2217 3128 4915 3242 5463 2958 3686
Oil 635 717 652 472 666 522 578 278
Nuclear 283 497 1100 13881 1049 1668 1191 3011
Hydro 963 2102 3 065 4212 2936 3891 3144 4 665
Other renewables 15 263 1138 2 965 1004 2177 1225 4989
World 11818 22113 27999 37087 28789 39853 26554 32295
Coal 4426 9140 10618 12312 11582 16131 9 004 4 660
Gas 1730 4847 5983 8313 6222 9173 5771 5993
Qil 1332 1062 801 556 819 614 705 323
Nuclear 2013 2584 3400 4294 3322 3914 3546 5837
Hydro 2144 3490 4 555 5827 4412 5478 4 667 6394
Other renewables 173 992 2 642 5785 2432 4544 2 861 9 089

The evolution of the power mix in OECD countries is markedly different from that in non-
OECD countries, with a stronger shift towards low-carbon technologies, mainly renewables
(Figure 5.3). In OECD countries, coal-fired generation declines in absolute terms by almost
one-quarter, compared to the level in 2011, and oil-fired generation by three-quarters.
By contrast gas-fired generation grows as does nuclear generation (to a lesser degree).
Output from renewables sees the strongest growth, increasing by slightly more than the
net growth in generation in OECD countries, primarily led by the increase in wind power.

In non-OECD countries, by contrast, coal remains the largest source of generation by a
wide margin with coal-fired generation meeting more than 30% of the growth of electricity
demand, increasing the most of any source in absolute terms. However, generation from all
forms of renewables taken together increase even more in absolute terms and account for
almost 40% of non-OECD incremental generation from 2011-2035, led by hydropower and
wind. In absolute terms the second-largest increase in non-OECD generation from a single-
energy source comes from gas, primarily in the Middle East, China and India, due to the
combination of burgeoning energy needs, the availability of gas and policies that support
gas use in the power sector. Nuclear is the second-fastest growing source of generation
from a single energy source, behind non-hydro renewables.
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Figure 5.3 > Electricity generation by source in the New Policies Scenario
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Relative costs, which are partly influenced by government policies, are one of the main
drivers of the projected changes in the types of fuels and technologies used to generate
power. For fossil-fuelled generation, especially natural gas, the cost of generation is very
sensitive to fuel prices, while for nuclear power and renewables the capital cost of the plant
is far more important. Generating costs for each technology vary widely across regions and
countries, according to local fuel prices, regulations and other cost factors (IEA/NEA, 2010).
Water scarcity, which can pose reliability risks for coal-fired and nuclear plants that use
large amounts of water for cooling, can influence the generation mix and generating costs
(IEA, 2012). In some regions, including particular areas in Europe and the United States,
public opposition to building power infrastructure of almost all types — coal-fired plants
as well as wind turbines and transmission lines — is becoming a more important factor in
determining the pace at which new projects can be completed.

Capacity retirements and additions

In the New Policies Scenario, generation capacity increases by almost three-quarters from
5 649 gigawatts (GW) in 2012 to 9 760 GW in 2035 in order to satisfy growing demand
needs and after allowing for capacity closures over the period (Figure 5.4).3 Over the
projection period, gross capacity additions total 6 050 GW, with about one-third replacing
the retirement of 1 940 GW (34% of current installed capacity). The majority of new plants
are powered by gas (1 370 GW), wind (1 250 GW) and coal (1 180 GW).

Inthe Outlook, generating capacity is retired once it reaches the end of its technical lifetime.*
The technical lifetimes of hydropower, coal and nuclear plants are longest (assumed to be
70 years for hydropower, 50 years for coal, and 40-60 years for nuclear depending on the
country), followed by gas plants (40 years) and, wind turbines and solar PV installations
(20 years). Where the economic case is sound, owners may choose to invest in upgrades or

3. All electrical capacities presented in this Outlook are expressed in gross capacity terms.

4. Power plant lifetimes are expressed in both technical and economic terms. The technical lifetime corresponds
to the design life of the plant. The economic lifetime is the time taken to recover the investment in the plant and
is usually shorter than the technical lifetime (Table 5.5).
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refurbishments to extend the lifetime of an ageing plant rather than to retire it and build a
new one. In addition, refurbishing an existing power plant may offer a short-term solution
to manage the risks from developing environmental regulations, given the long lifetimes
for new thermal power plants.

Figure 5.4 > Installed capacity by source in the New Policies Scenario
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Thermal power plants are older, on average, in OECD countries than in non-OECD countries,
meaning that a higher proportion of OECD plants face retirement during the projection
period. At the end of 2012, almost two-thirds of the coal-fired capacity in OECD countries
was more than 30 years old (Figure 5.5). By contrast, almost three-quarters of coal-fired
capacity in non-OECD countries is less than 20 years old. The majority of gas-fired capacity
in OECD countries, particularly in the United States and European Union, is young as new
plants in the last two decades have been largely gas (and renewables). Age profiles for
nuclear power capacity reflect its earlier development in OECD countries and recent growth
in developing countries, where most plants in operation were built after 1990.

Figure 5.5 = Age profile of installed thermal capacity by region, end-2012
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Sources: Platts World Electric Power Plants Database, December 2012 edition; IAEA (2013).
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o:,; Table 5.4 = Cumulative capacity retirements by region and source in the New Policies Scenario, 2013-2035 (GW)
(o]]] Nuclear Bioenergy Hydro Wind thc::r(:al Solar PV CSP* Marine Total
OECD 265 178 147 81 60 80 231 6 124 3 0 1176
Americas 109 104 59 10 19 36 86 3 13 1 0 440
United States 98 96 46 10 16 22 74 3 12 1 - 377
Europe 123 31 41 45 34 35 135 1 81 2 0 530
Asia Oceania 33 42 46 26 7 10 10 1 31 0 0 205
Japan 10 35 42 25 5 7 5 1 27 - - 157
= Non-OECD 195 183 103 36 22 20 167 4 36 0 0 765
% E. Europe/Eurasia 92 113 17 32 1 1 5 0 2 - - 262
g Russia 43 80 5 20 1 - 0 0 0 - - 149
% Asia 78 17 25 2 13 9 150 3 31 0 0 329
% China 43 1 3 - 7 3 122 0 26 0 0 205
% India 26 3 2 1 3 3 26 - 3 - - 68
g Middle East 0 30 38 - 0 1 1 - 0 - - 69
© Africa 2 13 10 - 0 2 2 0 1 - - 50
§' Latin America 3 10 14 1 7 7 10 1 1 - - 54
";" Brazil 2 1 1 1 5 5 8 - 1 - - 24
g World 460 361 249 117 82 100 398 10 160 3 0 1941
5 European Union 130 33 43 42 34 27 134 1 81 2 0 528

§ *CSP = concentrating solar power.
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Q Table 5.5 = Cumulative gross capacity additions by region and source in the New Policies Scenario, 2013-2035 (GW)
Q
-‘% Oil Nuclear Bioenergy Hydro Wind S Solar PV CSP*  Marine Total
a thermal
__U OECD 117 525 21 83 113 147 611 24 367 24 13 2 046
% Americas 34 266 8 23 49 60 231 12 104 13 2 802
% United States 27 206 6 19 40 32 169 8 92 11 1 611
8" Europe 52 156 5 31 49 66 325 4 165 9 9 870
é Asia Oceania 32 102 8 29 15 21 55 8 98 3 3 374
;O_; Japan 9 77 7 3 10 15 27 4 79 - 1 232
g Non-OECD 1065 850 63 219 134 593 635 18 385 45 1 4007
E. Europe/Eurasia 84 177 1 51 10 29 21 3 7 - 0 384
Russia 38 116 0 33 7 18 6 2 1 - - 222
Asia 902 353 11 150 94 370 534 11 302 18 1 2745
China 454 142 1 114 57 188 384 2 177 13 0 1533
India 288 100 2 26 16 82 106 0 92 4 0 717
Middle East 1 153 31 7 4 12 26 - 32 14 - 281
Africa 70 87 11 5 10 61 18 2 26 11 - 302
Latin America 8 79 9 5 17 120 36 2 17 3 - 295
Brazil 4 32 5 3 12 72 29 - 9 1 - 166
World 1182 1374 84 302 247 740 1246 42 752 70 14 6 052
European Union 49 129 5 29 47 48 311 3 162 9 9 800
Average economic lifetime (years) 30 25 25 35 25 50 20 25 20 20 20

6L1

*CSP = concentrating solar power.




Future gross additions of baseload generation using coal, hydropower and nuclear are
concentrated overwhelmingly in non-OECD countries. Gross additions of gas-powered
plants during the projection period are also greater in non-OECD countries, which
have installed a lower proportion of gas-fired capacity to date. More than 3 100 GW of
renewables is added worldwide, nearly double the present installed capacity, though
these installations usually generate less electricity overall than the equivalent thermal
counterpart, due to the lower capacity factors typically associated with variable resources
(see Chapter 6).

In non-OECD countries, most capacity additions are built to meet new demand. China
installs more than 1 530 GW during the projection period (Figure 5.6). Of this, 630 GW is
non-hydro renewables, accounting for over one-quarter of the global total in that category
(about as much as the European Union and Japan combined). Significant additions also
come from coal (30% of the total), hydropower (12%) and gas (9%). China adds more
nuclear capacity than the total installed nuclear capacity in the United States at present. Its
total capacity additions are more than twice those of India, where coal-fired plant makes
the biggest contribution to gross capacity additions (about 40%) over 2013-2035. These
coal-fired plants are split almost evenly between subcritical and supercritical technologies.
Deployment of supercritical technologies helps to raise the average efficiency of Indian
coal-fired generation from its very low present level. Non-hydro renewables account for
some 30% of India’s additions, boosted by the National Solar Mission target and other
support policies.

Figure 5.6 = Power generation gross capacity additions and retirements by
selected region in the New Policies Scenario, 2013-2035
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In OECD countries, replacing retired capacity and decarbonising the power mix capacity
are the main drivers of capacity additions. In the European Union, significant retirements
(530 GW) and large-scale deployment of non-hydro renewables — which require greater
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capacity additions to ensure adequate system reliability — mean that the European Union
sees the second-largest gross capacity additions in the world during the projection period
(Figure 5.7). Two-thirds of its additions effectively replace capacity that is retired (including
some wind and solar PV). The United States also installs significant capacity to replace
retired units (62% of total gross additions). One-third of additions are gas, followed by wind
(28%) and solar PV (15%). Limited coal capacity (4%) is added, with operators choosing
to retire or refurbish existing plants. Net additions in Japan over 2013-2035 are relatively
low, but 54% of capacity operating today is retired and has to be replaced (mainly gas and
renewables).

Figure 5.7 = Power capacity changes in selected regions in the New
Policies Scenario
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Around 20% of the global gross additions of thermal capacity projected through 2035,
or about 590 GW, are already under construction. Nearly all of this capacity will be in
operation by 2018, though some nuclear reactors will come online later. Of the thermal
capacity being built at present, 56% is coal-fired and 28% is gas-fired. These figures may
understate the role that is likely to be played in the medium term by gas, as gas-fired plants
can be built much faster than coal-fired plants: combined-cycle gas turbines (CCGTs) can
usually be built within 2-3 years and open-cycle gas turbines in 1-2 years, while coal-fired
power plants often take more than four years to start generating electricity.

Fossil-fuelled generation

The amount of generation from fossil fuels (coal, gas and oil) in each of the three scenarios
depends, among other things, on policy factors such as the implementation and level of
carbon prices, the strength of support for renewables and nuclear, and the stringency of
environmental regulations. In the New Policies Scenario, the share of fossil fuels in total
generation falls from 68% to 57%.
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In this scenario, global coal-fired generation increases from 9 140 TWh in 2011 to
12 310 TWh in 2035 (or by 35%), despite its share of total generation falling from 41%
to 33%. All of the growth comes from non-OECD countries, which are projected to
continue to rely on coal as a secure and affordable means to support economic growth
and development. In China, generation from coal grows by half during the projection
period, though the average rate of growth slows from 2.2% per year until 2020 to 1.2%
per year thereafter (Figure 5.8). Notwithstanding strong efforts to diversify its power
sector, China’s coal-fired generation in 2035 is projected to exceed present generation
from all sources in the United States and Japan combined, at more than 5500 TWh.
India’s coal-fired generation more than doubles, making it the second-largest user of coal
in the power sector by the end of the projection period. In OECD countries, the improving
competitiveness of alternatives, resting on policies that increasingly promote low-carbon
sources of generation, lead to a 23% decline in coal-fired generation over 2011-2035.

Figure 5.8 = Coal-fired power generation by region in the New Policies
Scenario
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The average efficiency of coal-fired generation worldwide improves from 36% to 40%
during the projection period as old plants, based on subcritical technology, are retired and
are increasingly replaced by supercritical and other higher efficiency technologies, such as
ultra-supercritical, integrated gasification combined-cycle (IGCC) and combined heat and
power (CHP) plants. Contributing to the shift in technologies are increases in carbon pricing
(see Chapter 1) and the fuel savings resulting from higher efficiency, which result in lower
fuel costs, and can reduce import dependency. The development of carbon capture and
storage (CCS) remains limited in the New Policies Scenario, with 56 GW of coal-fired power
plants fitted with CCS generating about 390 TWh in 2035, around 3% of total coal-fired
power generation.

For each region, the average level of efficiency of coal-fired generation reached at the end
of the projection period depends on the extent of retirement of old subcritical plants, the
rate of construction of new plants, the type of technologies chosen for new plants and the
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way that the coal-fired fleet is operated. In China, the share of generation from supercritical
and high efficiency coal capacity rises from one-third to two-thirds over 2011-2035,
raising average efficiency from 36% to 40% (Figure 5.9). The present average efficiency
of India’s coal-fired generation is extremely low because of heavy reliance on an ageing
subcritical fleet and the use of low quality coal. The projected addition of new plants,
some of which use subcritical and supercritical technologies, improves average efficiency
by eight percentage points, from 28% to 36%. In the European Union the efficiency of coal-
fired generation increases from 38% to 44% as subcritical plants are almost entirely phased
out of service by 2035. In the United States, little coal-fired capacity is added during the
projection period (limiting opportunities to deploy high efficiency technologies) and many
existing plants are refurbished to extend their lifetime, resulting in only a small gain in the
overall efficiency of coal-fired generation.

Figure 5.9 = Share of coal-fired power generation by technology and average
efficiency in selected regions in the New Policies Scenario
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Gas-fired generation rises from 4 847 TWh in 2011 to 8 310 TWh in 2035 (or by 72%),
its share of total generation remaining constant at 22%. Gas-fired generation fitted with
CCS accounts for less than 1% of total gas-fired generation. Nearly 80% of incremental
generation over 2011-2035 comes from non-OECD countries. Around 20% of incremental
generation comes from the Middle East. In China, driven by the policy of increasing gas use
to diversify the energy mix (Figure 5.10), gas generation is expected to increase eight-fold
by 2035, to reach an absolute level slightly exceeding that of the European Union today. In
the United States, the availability of relatively cheap gas throughout the projection period
— the combined result of booming shale gas production and a competitive gas market —
underpins a 38% expansion of gas-fired generation. For countries in the European Union,
the combination of low electricity demand growth, support to renewables, high gas-to-
coal price spreads and low CO, prices stifles additional gas-fired generation in the period
to 2020; beyond that, gas-fired generation increases as inefficient coal capacity is retired,
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CO, prices rise and the need for system flexibility becomes greater (to complement the
large-scale deployment of renewables). Despite the higher gas prices in the European and
Asia-Pacific markets, gas-fired generation still has characteristics that make it an attractive
option relative to the alternatives, notably, lower capital costs, shorter construction times,
greater operational flexibility and lower emissions.

Figure 5.10 > Gas-fired power generation by selected region in the New
Policies Scenario
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Box 5.1 = Coal-to-gas switching in the power sector

In power systems which have sufficient spare capacity (e.g. in the United States),
competition between coal-fired plants and combined-cycle gas turbines (CCGTs) can
result in fuel switching between coal and gas. Dispatch choices depend on which
of the plants can be run at lower cost and, consequently, on plant efficiencies and
relative fuel prices. Coal and gas prices vary across regions and fluctuate over time, so
the potential for fuel-switching also varies. In some cases, as in the European Union,
relative fuel prices are affected by CO, prices that benefit gas-fired generation because
of its lower carbon intensity relative to coal.

Fuel switching results from the changing circumstances of relative prices in the
underlying coal and gas markets. Sustained coal-to-gas switching requires either a
substantial expansion of gas supply, leading to falling gas prices, (shale gas development
in China, for example), stronger carbon pricing or environmental regulations, or gas
pricing reforms that encourage gas pricing based on gas-to-gas competition, rather
than oil-indexation. Such fuel switching is unlikely to happen in rapidly growing and
tight power systems in Asia or Africa.

The rapid growth in shale gas production over the last several years has caused a
dramatic fall in natural gas prices in the United States. They averaged $2.7 per million
British thermal units (MBtu) in 2012, leading to an unprecedented switch from coal to

184 World Energy Outlook 2013 | Global Energy Trends



gas in the US power sector (and a significant drop in CO, emissions). But as of mid-
2013, gas prices had risen to around $3.7/MBtu, allowing coal to regain some market
share. Without environmental or other regulations to set a price on CO, emissions,
the bulk of the coal-fired fleet becomes competitive with CCGTs at current efficiencies
when gas prices are in the range of $4.5-5/MBtu.

Figure 5.11 = Electricity generating costs for coal and gas by selected
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Notes: MWh = megawatt-hour. The assumed coal-fired plant efficiency is 40%; gas-fired plant efficiency
is 57%. Fuel prices are assumed to be the spot prices for central Appalachian coal and Henry Hub gas
in the United States; the spot prices for ARA coal and NBP gas in Europe; the MCR Japanese marker for
coal and LNG import price for gas in Japan. Generating costs in Europe include CO, prices.

In Europe, fuel switching depends on the interplay of prices for coal, gas and emitted
CO,. The combination of softening CO, prices, low coal prices (the result of ample coal
availability on the international market) and high gas prices has recently favoured coal-
fired generation in Europe, leading to a gas-to-coal switch. Taking the coal, gas and CO,
prices in the New Policies Scenario, coal looks set to remain economically preferable to
gas in Europe through 2020. For the CO, price to alter the outlook, it would have to be
much higher than it is at present. For example, in 2020 a highly efficient CCGT would
require a CO, price of more than $60/tonne to displace a typical coal-fired plant with
an efficiency of 39%. Fuel switching potential in the Asia-Pacific region is very limited,
due to very high prices for imported liquefied natural gas. In Japan and Korea, the
limitations are exacerbated by tight power systems that lack spare capacity for large-
scale fuel switching. In the longer term, the potential for a switch from coal to gas will
also be influenced by the increasing need for flexible plants as the share of variable
renewables grows (see Chapter 6).
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Oil-fired generation is projected to decline from 1 062 TWh in 2011 to just below 560 TWh
in 2035 (or by 48%), continuing its long-term historical decline, its share of total generation
falling from 5% to 1.5% during the projection period. In the OECD countries, it falls to a
mere 0.6%. High oil prices, cuts to expensive fuel price subsidies in some countries and the
falling relative costs of alternatives make the economics of oil-fired generation increasingly
unattractive. In most regions, oil is consigned to only a marginal role as emergency backup
and in distributed applications in remote areas, or is used where gas distribution networks
are under-developed. The use of oil for power generation falls in almost all regions. The
decline is slowest in Africa and in the Middle East, the latter accounting for almost half
of global oil-fired generation in 2035, because of the assumed persistence of fuel price
subsidies in several countries and strong electricity demand growth.

Nuclear power®

There were 437 nuclear reactors in operation worldwide at the end of 2012, with a capacity
of 394 GW (IAEA, 2013).¢ More than 80% of capacity is in OECD countries, 11% in Eastern
Europe and Eurasia, and 8% in developing countries. Though their share of installed
capacity is low today, non-OECD countries will account for the bulk of future growth. Of
the 73 GW presently under construction, about 80% is in non-OECD countries.

In the United States, lower electricity prices (as a result of cheap gas) and high repair costs
have led to the retirement of four reactors at three power plants in 2012-2013. Construction
has begun on two new units and a further two units have received construction licences.
In Korea, the second National Basic Energy Plan is currently under discussion, including a
review of the future role of nuclear. Several reactors were temporarily shut down in Korea
in 2012 and 2013 during a thorough safety review. As of June 2013, ten of the country’s 23
nuclear reactors (including those undergoing scheduled maintenance) were offline, or 37%
of Korea’s total nuclear capacity. In Japan, electricity companies submitted applications
to restart fourteen reactors of the 50 in place that were shut down following the accident
at Fukushima Daiichi. Subject to conformity with the new regulatory requirements of the
Nuclear Regulation Authority, the plants could come online in late 2013/early 2014 at the
earliest. In the United Arab Emirates, where plans for nuclear plants have advanced very
quickly in a short period, due to the availability of financing and fast regulatory approval,
construction is underway on two of four planned units. Saudi Arabia is considering the
development of nuclear power as well, to meet rapidly growing demand and to reduce
the need for oil-fired generation. In China, construction of new nuclear plants has once
again started, following a temporary suspension while a safety review was conducted.
Construction began on four plants in 2012, though this rate of build is considerably lower
than the average of eight per year over 2008-2010.

5. The WE0-2014 will feature an in-depth analysis of the outlook for nuclear power.
6. Innet terms (excluding the own use of electricity within the plants) this is equivalent to 373 GW.
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In the New Policies Scenario global nuclear generation grows from 2 584 TWh in 2011 to
4300 TWh in 2035, its share of total generation remaining constant at 12%. Growth in
generation is underpinned by a corresponding expansion of capacity, which rises from
394 GW in 2012 to 578 GW in 2035. This is the net result of 117 GW of retirements and
302 GW of capacity additions during the projection period. The rate of expansion of
nuclear power continues to be mainly policy driven. It expands in markets where there is a
supportive policy framework, which in some cases actively targets a larger role for nuclear
in the mix in order to achieve energy security aims. But policy frameworks can also hinder
or eliminate nuclear power, often as a result of public opposition: even where there is no
explicit ban, long permitting processes, such as in the United States, can significantly hinder
development by increasing uncertainty about project completion and increasing costs.

Figure 5.12 = Nuclear power installed capacity by region in the New
Policies Scenario
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The largest nuclear gross capacity additions are in China, which adds 114 GW during
the projection period (or 38% of global nuclear additions before taking into account
retirements). Of the total projected to be added, 28% is already under construction,
with building expected to begin on several other plants by 2015. Russia adds 33 GW,
the second-largest total globally (though around 60% is needed to replace units that
are retired). Among OECD countries, Korea sees the biggest growth in installed capacity
during the projection period, with gross capacity additions of 27 GW (Figure 5.12). If Korea
is excluded, the OECD’s capacity declines from present levels, with retirements of about
80 GW outweighing additions of 60 GW over 2013-2035. Capacity increases in the United
States, which builds new units but also uprates existing plants (through the modification
or replacement of certain plant components). Significant nuclear capacity is added in India
(26 GW) to meet rapid growth in electricity demand. Moreover, several countries that
aim to develop a nuclear power programme are projected to add their first units over the
projection period, notably the United Arab Emirates, Turkey and Vietnam.
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Renewables”

Generation from renewable energy sources continues to increase rapidly, growing more
than two-and-a-half times over the projection period, from 4 482 TWh to over 11 600 TWh
and accounting for almost half of total incremental generation over the period. This
growth is driven by improving competitiveness, a result of falling costs for renewables
technologies, rising fossil fuel prices and carbon pricing, but mainly government support,
in the form of subsidies to accelerate the deployment of renewables (see Chapter 6). The
share of renewables in the overall mix grows from 20% to 31% during the projection period.
Hydropower remains the largest source of renewables generation, continuing to provide
16% of total generation over the projection period. Similar to the absolute level of growth
in hydropower, wind generation grows by some 2 340 TWh, the third-largest increment
behind only gas and coal. Generation from solar PV increases at a much higher rate than
wind, reaching 950 TWh in 2035.

Figure 5.13 > Renewables-based power generation and share of total
generation by region in the New Policies Scenario
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Two-thirds of incremental growth in renewables generation occurs in non-OECD countries.
China, which is already the world’s largest producer of renewable electricity, accounts for
28% of global growth (more than the combined growth of the European Union, the United
States and Japan), its renewables generation more than tripling from 814 TWh in 2011
to 2 800 TWh in 2035 (Figure 5.13). The United States and the European Union both see
generation from renewable sources double. Hydropower plays a much more significant role
in some regions than in others. It accounts for 44% of incremental renewables generation
in non-OECD countries, where a sizeable amount of cost-competitive potential is untapped
at present. OECD countries, by contrast, have already developed much of their economic
hydropower potential and incremental renewables generation comes mainly from wind
(47%), biomass (16%) and solar PV (16%).

7. A more detailed analysis of the prospects for renewables for heat and power generation can be found in
Chapter 6.
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Transmission and distribution

Transmission and distribution (T&D) networks are critical to deliver electricity reliably to
end-users. Reinforcement and expansion of T&D networks will be necessary to maintain
or improve the quality of service to existing customers, provide access for new end-users
(mainly in developing countries) and connect new sources of generation. Bottlenecks exist
today in many T&D networks around the world and removing them would help reduce
losses and improve the access to available spare capacity that is needed in power systems.
However, like other energy infrastructure, T&D projects in several regions, particularly in
OECD countries, face public opposition that delays projects.

In the New Policies Scenario, the length of T&D lines globally expands from some 69 million
kilometres (km) in 2012 to 94 million km in 2035. Distribution networks deliver power
over short distances from substations to end-users, whereas transmission grids transport
power over long distances from generators to local substations near customers. Because
of their much higher density, distribution networks account for more than 90% of the total
length of T&D networks at present and more than 85% of growth during the projection
period. T&D networks increase most in China (7 million km) and India (3.5 million km),
to cover increasing demand and the connection of new end-users (Figure 5.14). By 2035,
around 50% of today’s grid infrastructure will have reached 40 years of age, which is the
average technical lifetime of T&D assets, highlighting the need for significant investment
in refurbishments and replacements during the projection period.® The age of the grid
varies across regions: younger grids can be found in regions with recent and ongoing
infrastructure expansions (such as China, Southeast Asia and Africa), while in Europe, the
United States and Russia current grid infrastructure is older and 60% or more need to be
refurbished or replaced over the Outlook period.

Figure 5.14 > Existing and additional kilometres of transmission and
distribution lines by selected region in the New Policies Scenario
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8. The average technical lifetimes of T&D assets vary according to the type of asset, the conditions under which
they are used and maintenance performed. In some cases, they operate much longer than 40 years.
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T&D networks play a fundamental part in enhancing system flexibility and in providing
for increased use of renewables. The best sites for some renewable energy technologies
are located far from demand centres and additional high-voltage transmission lines are
needed to exploit them. The growing contribution of power generation from renewables
necessitates increased co-ordination between grid infrastructure and renewable projects
(see Chapter 6). Future grids are expected increasingly to deploy smart grid technologies,
such as digital communication and control technologies, to co-ordinate the needs and
capabilities of electricity generators, end-users and grid operators. Additional benefits
include greater system reliability, a lower cost of electricity supply (through fuel savings
and avoided investment in additional generation capacity) and reduced environmental
impact.

CO, emissions

Increasing penetration of low-carbon technologies and improvements in the thermal
efficiency of fossil-fuelled power plants help to temper the growth in CO, emissions from
the power sector. In the New Policies Scenario, CO, emissions from the global power sector
rise from 13.0 gigatonnes (Gt) in 2011 to 15.2 Gt in 2035, including some 1.3 Gt from heat
production throughout the period. Emissions growth slows with time, falling from 0.9%
per year over 2011-2020 to 0.5% per year during the remaining period, while electricity
generation grows by 2.7% per year and 1.9% per year, over the respective periods.

Globally, the CO, emissions intensity of electricity generation falls from 532 grammes of
CO, per kilowatt-hour (g CO,/kWh) in 2011 to 374 g CO,/kWh in 2035 (an improvement
of 30%). In the Current Policies Scenario, emissions from the world power sector total
19.1 Gt in 2035. Increased use of low-carbon technologies (including a small amount of
CCS) is responsible for 42% of the savings in the New Policies Scenario, compared with the
Current Policies Scenario, reduced energy demand is responsible for 53% and coal-to-gas
switching and improvements in the average efficiency of coal- and gas-fired power plants
are responsible for the rest.

A shift toward higher efficiency coal-fired plants lowers the CO, emissions intensity of India’s
power sector by one-third, though a significant expansion of generation causes emissions
to double during the projection period (Figure 5.15). China sees its CO, emissions intensity
decline by 36% for similar reasons (in addition to a strong effort to diversify the mix towards
low-carbon sources) while emissions from electricity generation increase in total by one-
third. OECD power sector CO, emissions fall throughout the projection period, as limited
growth in electricity demand is provided by a power mix with a steeply declining emissions
intensity. Today, the emissions intensity of the European Union (345 g CO,/kWh) is slightly
lower than the average of a CCGT plant® (355 g CO,/kWh), but by 2035 it is around 45% of
the present average (160 g CO,/kWh), reflecting the large increment of generation that
comes from renewables over 2011-2035.

9. With an assumed 57% efficiency.
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Figure 5.15 = CO, emissions intensity in the power sector and electricity
generation by region in the New Policies Scenario
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Investment?'®

Substantial investments in the power sector will be required over the projection period to
satisfy rising electricity demand and to replace or refurbish ageing infrastructure. In the
New Policies Scenario, cumulative global investment in the power sector is $17.0 trillion
(in year-2012 dollars) over 2013-2035, averaging $740 billion per year (Figure 5.16).** New
generating capacity accounts for 58% of total investment, while the remainder is needed

10. A WEO special report analysing the investment and financing needs of the world’s energy infrastructure will
be published in mid-2014.

11. Investment assumptions can be found at www.worldenergyoutlook.org/weomodel/investmentcosts/.
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in T&D networks. Renewables account for 62% of investment in new power plants, led by
wind, hydropower and solar PV. The share of investment in renewables is higher than their
share of capacity additions (just over half), reflecting their higher capital costs compared
with fossil-fuelled capacity. Average annual investment in renewables rises marginally to
2025, before picking up at a faster rate due to an escalated rate of deployment at the end
of the projection period (which is partly due to the retirement of renewables capacity).
Reductions in the costs of renewable technologies partially offset the effect of elevated
deployment towards the end of the projection period.

Figure 5.16 = Power sector cumulative investment by type and region in the
New Policies Scenario, 2013-2035
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Cumulative investment in T&D infrastructure projected over 2013-2035 in the New
Policies Scenario is $7.1 trillion, or about 42% of total power sector investment. Two-
thirds of the cumulative investment takes place in non-OECD countries, where strong
growth in electricity demand necessitates the construction of new T&D lines. While 68%
of T&D investment in non-OECD countries goes to the installation of new lines, 29% goes
to the refurbishment and replacement of existing lines, with the remaining investment
needed for supporting the integration of increasing renewables capacity. China accounts
for one-quarter of the investment in T&D infrastructure worldwide. In OECD countries,
refurbishment and replacement of existing assets accounts for the bulk of T&D investments,
while one-third goes to build new lines that satisfy demand growth. This is due to the
age structure of the assets, but also reflects relatively stable energy demand. Increasing
renewables deployment means that 5% goes to renewables integration.

Electricity prices

End-user electricity prices are determined by the underlying costs of supplying electricity
— including the cost of generating electricity, transmitting and distributing it through the
network, and selling it to the final customer — and by any taxes or subsidies applied by
governments to electricity sales. In many countries, the costs of subsidies to renewable
energy are also passed on to the consumers through the electricity price.

192 World Energy Outlook 2013 | Global Energy Trends



Differences in wholesale electricity prices are a primary driver of differences in end-
user electricity prices between regions, although subsidies, taxes, grid costs and support
mechanisms can have a significant influence. In the United States, wholesale prices
are projected to be among the lowest in the world, having fallen in recent years. This
expectation stems mainly from cheaper gas from abundant domestic shale gas supplies,
which reduce fuel costs and investment costs, as CCGT plants have one of the lowest capital
costs. Wholesale prices in the European Union are projected to be 75% higher than in the
United States in 2035. Strong deployment of wind and solar PV lowers fuel costs in the
European Union, but raises operation and maintenance (O&M) costs and investment costs.
Slowly rising gas prices — gas-fired generation maintaining a share of around 20% of the mix
throughout the projection period — and increasing CO, costs also drive up European Union
wholesale prices over time.

Japan’s power system has been under extreme stress following the accident at Fukushima
Daiichi and the subsequent reduction in generation from nuclear power plants. Japan’s
fossil-fuelled power plants have had to run much more frequently to meet electricity
demand (even with strong efforts to reduce demand). For example, the Japanese fleet of
oil-fired power plants ran at an average capacity factor of 20% in 2010, but over 40% in
2012. As Japan relies heavily on high-cost imported fossil fuels, total fuel costs for power
generation have risen substantially in recent years. With some of its nuclear power plants
expected to come back online and increased generation from renewable sources (wind,
solar and geothermal), expensive oil- and gas-fired generation is projected to fall, lowering
fuel import bills and reducing wholesale prices, improving competitiveness by the end of
the projection period. However, wholesale prices in Japan are still more than 90% higher
than in the United States in 2035.

China’s wholesale prices are also among the lowest in the world, though they increase
to 23% above the level of the United States in 2035. In large part, they are pushed up
by the assumed CO, price, though whether or not the associated costs will be passed on
to consumers depends on the eventual design of the market. Total CO, costs for power
generation in China reach nearly $150 billion at the end of the projection period, five times
its level of support for renewables in the same year. Continued expansion of generation
from nuclear, renewables and coal helps to keep the fuel cost per unit of generation
broadly constant, despite upward pressure from expanded gas-fired generation, but raises
investment costs per unit of generation.

Wholesale prices can vary markedly within countries or regions, such as in the United
States and Europe, depending on the design and characteristics of intra-regional electricity
markets. Moreover, they can fluctuate from year-to-year with changes in the weather,
economic conditions, fuel prices and unexpected events. Volatility in wholesale prices can
complicate the financing and building of new power plants, particularly capital-intensive
projects such as nuclear power plants, potentially limiting installed capacity and putting
upward pressure on prices. The projections of wholesale prices ensure that all plants in
operation recover the direct costs of generating electricity (the variable costs of generation),
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and that newly built power plants are able to recover all of their fixed costs in addition to
their variable costs. Based on gradual fuel price changes, electricity prices in the projections
tend to evolve smoothly over time. However, real-world prices will vary around these long-
term trends, due to short-term fuel price volatility and investment cycles.

Residential

Residential electricity prices are projected to increase in nearly all regions through 2035
along with generally rising fuel prices worldwide. In addition to the wholesale cost,
residential prices (excluding taxes) take account of transmission and distribution network
costs, retailing and, where appropriate, the cost of renewable energy subsidies passed
on to consumers. Wholesale prices remain low, helping to keep residential prices in the
United States amongst the lowest in OECD countries (Figure 5.17). Residential prices in
the European Union stabilise around 2030, despite continually rising wholesale prices.
This occurs largely due to the improving competitiveness of renewables and the expiration
of subsidy commitments to higher cost renewables, which receive decreasing subsidies
per unit of generation. Increased network costs stem principally from refurbishment and
extension of grid infrastructure, with a smaller part from renewables integration. Within
the European Union, current residential end-user prices (excluding taxes) span a wide
range, with prices in 2012 as high as $240 per megawatt-hour (MWh) in Ireland and as low
as $120/MWh in France, and this is expected to continue. In Japan, residential prices follow
the wholesale price trend, declining continually after 2012 as the power system stabilises.
In China, rising wholesale prices contribute to the more than 30% increase in residential
prices in real terms between 2012 and 2035. By 2035, residential prices in China are still
about one-third below the level of the United States.

Figure 5.17 = Average residential electricity prices (excluding taxes) by
region and cost component in the New Policies Scenario
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Residential electricity bills are projected to increase as a result of the combination of higher
prices and, in most regions, higher per-capita electricity consumption. Per-capita spending
on electricity in the New Policies Scenario rises by 26% in the European Union, to around
$375 in 2035; by 14% in the United States, to almost $600; and by only 2% in Japan, to
about $640. The share of income spent on electricity falls during the projection period, as
incomes increase more quickly than electricity bills in these OECD countries. In China, per-
capita spending on electricity triples, reaching $120 in 2035, as electricity prices increase
and per-capita electricity consumption rises sharply. Despite this rapid increase, income
per capita more than keeps up, reducing the share of income spent on electricity over time.

Industry

Projected electricity prices to industrial consumers in the New Policies Scenario show
a modest widening of differentials between the United States and regions such as the
European Union and China over 2012-2035 (Figure 5.18). This is partly explained by larger
increases of wholesale costs in the European Union and China. European Union industry
prices increase by 24% during the projection period and, by 2035, are the highest in
major industrialised countries and roughly twice the level of those in the United States.
Along with a decline in the cost of renewables subsidies, the European Union experiences
rising network, retail and other costs in the latter half of the Outlook period, in part due
to the rapid deployment of renewables. Industrial prices in Japan are extremely high at
present, given the extent of dependency on fossil fuel imports, but these fall over time to
levels similar to those in the European Union. China’s industrial prices rise by almost 20%,
remaining much higher than prices in the United States through 2035. The competitive
implications of these differences in prices between regions are discussed in Chapter 8.

Figure 5.18 = Average industry electricity prices (excluding taxes) by region
and cost component in the New Policies Scenario
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Chapter 6

Renewable energy outlook
Basking in the sun?

Highlights

® The share of renewables in primary energy use in the New Policies Scenario rises to
18% in 2035, from 13% in 2011, resulting from rapidly increasing demand for modern
renewables to generate power, produce heat and make transport fuels. Limiting
this rapid growth is the continued shift away from the use of traditional biomass in
developing countries in favour of modern energy services.

® Power generation from renewables increases by over 7 000 TWh from 2011 to 2035,
making up almost half of the increase in total generation. Renewables become the
second-largest source of electricity before 2015 and approach coal as the primary
source by 2035, with continued growth of hydropower and bioenergy, plus rapid
expansion of wind and solar PV. Almost two-thirds of the increase in power generation
from renewables is in non-OECD countries. The increase in China is more than that in
the European Union, United States and Japan combined.

e Consumption of biofuels increases from 1.3 mboe/d in 2011 to 4.1 mboe/d in 2035, to
meet 8% of road-transport fuel demand in 2035. The United States, Brazil, European
Union and China make up more than 80% of all biofuels demand. Advanced biofuels,
helping to address sustainability concerns about conventional biofuels, gain market
share after 2020, reaching 20% of biofuels supply in 2035.

® Cumulative investment of $6.5 trillion is required in renewable energy technologies
from 2013 to 2035, only 5% of which is for biofuels. Renewables account for 62% of
investment in new power plants through to 2035. In addition, investments in new
transmission and distribution lines of $260 billion are needed for the integration of
renewables. Increasing generation from wind and solar PV has impacts on power
markets and system operation, which can reduce the profitability of other generators,
but also stimulate changes in market design.

® Renewable energy technologies are becoming more competitive compared to
wholesale electricity prices, but their continued growth hinges on subsidies to
facilitate deployment and drive further cost reductions. Subsidies to renewables
reached $101 billion in 2012, up 11% relative to 2011. Almost 60% of these were paid
in the European Union. Global subsidies to renewables increase to over $220 billion
by 2035. Wind becomes competitive in a growing number of regions, as does solar PV,
but only in a limited number of markets.

® Along with reducing CO, emissions, deploying renewables delivers co-benefits,
including reduction of other pollutants, enhancing energy security, lowering fossil-fuel
import bills and fostering economic development. The challenge is to design creative
renewable support schemes that are effective and cost-efficient, but also take into
consideration existing and planned infrastructure in order to minimise adverse effects.
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Recent developments

Renewables are steadily becoming a greater part of the global energy mix, in particular
in the power sector and in regions that have put in place measures to promote their
deployment. Double-digit growth rates have been observed in the last decade for some
renewable energy technologies and renewables are projected to continue to grow strongly
over the Outlook period to 2035, provided that the necessary support measures are kept
in place. However, the situation is nuanced across the three main energy uses: electricity,
heat and transport. Electricity generation from renewable sources is growing rapidly
for most technologies; while renewable energy use for heat is growing more slowly and
remains under-exploited. After a period of rapid expansion, the rate of growth of biofuels
use has recently slowed, due largely to adverse weather conditions that reduced harvests
and increased feedstock prices, as well as sustainability concerns. Investment in renewable
power generation has also been rising steadily but it fell, for the first time, in 2012. In part,
this reflects falling unit costs; but it is perhaps also a sign that the prospects for renewables
are becoming more complex.

In Europe, rapid expansion of renewable power generation, particularly wind and solar, has
occurred in recent years, driven by the requirements of the European Union’s Renewable
Energy Directive and national targets. However, low rates of power demand growth and
a difficult economic situation raise doubts about the timelines of future investments and
policymakers in several countries have started to express concerns about the affordability
of high shares of certain types of renewable power generation. These concerns relate,
particularly, to higher than anticipated rates of deployment of solar photovoltaic (PV)
systems, driven, in some countries, by generous and unlimited subsidy schemes and
rapidly falling PV system cost. For example, Spain acted in 2010 to adjust over-generous
renewables subsidies and, more recently, a moratorium has been put on further subsidies
to renewables. Difficulties about integrating high levels of variable renewables into the
electricity system are also emerging in some European countries.

In the United States, the market for renewables has been growing strongly, in large part
due to the continuation of stimulus policies directed at renewable energy, such as the
provision of cash grants (instead of a tax credit) of up to 30% of investment costs for eligible
renewable energy projects (US Treasury 1603 Program). This programme expired at the
end of 2012, but many projects were able to pre-qualify and will receive this support if
completed by the end of 2016. An investment tax credit and production tax credits also
provided support for renewables in the United States, despite uncertainty over the future
of the programmes. Indeed, doubts about their renewal at the end of 2012 led to high
growth in that year; as developers pressed to complete projects in time to receive support.
(Uncertainty surrounding future policy support measures has often caused “boom and
bust” cycles for capacity additions of renewables). Renewable portfolio standards, currently
in effect in 30 states and the District of Columbia, continue to provide an important
incentive to boost deployment. Along with blending mandates, annually increasing volume
requirements under the Renewable Fuels Standard (RFS) have been a major driver for
higher consumption of biofuels each year since its enactment in 2005.
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With rapidly growing power demand and concerns over energy security and local pollution,
deployment of renewables has been accelerating and is expected to continue to do so in
non-OECD countries. In China, the energy development plan, published in January 2013
as part of the 12th Five-Year Plan, sets ambitious renewables targets with mandatory
2015 targets for non-fossil energy use, energy intensity, carbon intensity and particulate
emissions. India’s 12th Five-Year Plan foresees an increase in grid-connected renewable
generation capacity of 11 GW from large hydropower and 30 GW from other renewable
sources by 2017. Major increases in renewables capacity are planned in the coming years
in Brazil, led by hydropower, bioenergy and onshore wind (see Chapter 10). Tendering
schemes in South Africa, the United Arab Emirates and Morocco are prompting investment
in wind, solar PV and concentrating solar power (CSP), and many other countries with rising
power demand are also embarking on large-scale deployment (IEA, 2013a).

After global biofuels production more than doubled between 2006 and 2010, driven by
supportive policies in Brazil, the United States and the European Union, growth in 2011
and 2012 stagnated, despite high oil prices. A combination of physical and policy-related
issues was to blame. Ethanol output in Brazil and the United States was affected by poor
sugarcane and corn harvests, leading to a lack of feedstock supply and high prices. In
Europe, high feedstock prices and poor margins, as well as strong competition from non-
European producers, posed challenges for biodiesel producers. Provision for the blending
of more than 10% ethanol in the gasoline pool in the United States has raised technical
and economic challenges, while doubts about the sustainability of biofuels production in
the European Union have led to a proposal to limit the use of food-crop derived biofuels
to 6% of transport fuel. The production of advanced biofuels — which offer the prospect of
requiring less land, improving greenhouse-gas balances and lower competition between
food and fuel — has been expanding, but only slowly.

The portion of modern renewable energy for heat in total final heat demand has risen only
slowly and is currently just above 10%. Most of this contribution comes from bioenergy,
although solar thermal and geothermal are playing an increasing part as they become
progressively more cost competitive in a number of markets and circumstances. However,
these technologies face distinct market and institutional challenges to deployment, with
renewable heat receiving much less policy attention than electricity from renewables or
biofuels. To date, only 35 countries have policy frameworks supportive of renewable heat
(mostly within the European Union stemming from the Renewables Directive).

Renewables outlook by scenario

There is a rapid increase in the use of renewable energy in each of the three scenarios
presented in this Outlook (Table 6.1). This is primarily the result of the creation of an
environment, through policy, in which costs can be driven down so that renewable energy
technologies become more competitive with other energy sources. In a limited, but
growing, number of cases, they become fully competitive.

Reflecting differences in the assumed level of policy action across the scenarios, the share
of renewables in total primary energy demand in 2035 varies markedly, from 26% in the
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450 Scenario, to 18% in the New Policies Scenario and 15% in the Current Policies Scenario.
By comparison, renewables met 13% of the world’s primary energy demand in 2011.
Because renewables include both traditional and modern forms, its growth is the net result
of two opposing trends. Dominant is a dramatic rise in demand for modern renewable
energy (albeit from fairly low levels). The other is a shift away from the use of traditional
biomass — mostly fuel wood, charcoal, animal dung and agricultural residues used for
heating and cooking — in favour of modern forms, such as gas, electricity and liquefied
petroleum gas (LPG). Reducing traditional biomass brings important health benefits by
limiting exposure to local air pollutants (see Chapter 2). In the New Policies Scenario, the
share of traditional biomass in total primary energy demand drops from 5.7% in 2011 to
3.9% in 2035, as the reduction of traditional biomass use in Asia more than offsets the
population-driven increase in Africa.

Table 6.1 = World renewable energy use by type and scenario

New Policies Current Policies 450 Scenario

2020 2035 2020 2035 2020 2035
Primary energy demand (Mtoe) 1727 2193 3059 2130 2729 2265 3918
United States 140 196 331 191 282 215 508
Europe 183 259 362 250 326 270 452
China 298 392 509 373 445 405 690
Brazil 116 148 207 146 204 150 225
Share of global TPED 13% 15% 18% 14% 15% 16% 26%
Electricity generation (TWh) 4482 7196 11612 6844 10022 7528 15483
Bioenergy 424 762 1477 734 1250 797 2 056
Hydro 3490 4555 5827 4412 5478 4667 6394
Wind 434 1326 2774 1195 2251 1441 4337
Geothermal 69 128 299 114 217 142 436
Solar PV 61 379 951 352 680 422 1389
Concentrating solar power 2 43 245 35 122 56 806
Marine 1 3 39 3 24 3 64
Share of total generation 20% 26% 31% 24% 25% 28% 48%
Heat demand*(Mtoe) 343 438 602 432 551 446 704
Industry 209 253 316 255 308 248 328
Buildings* and agriculture 135 184 286 177 243 198 376
Share of total final demand 8% 10% 12% 9% 11% 10% 16%
Biofuels (mboe/d)** 1.3 2.1 4.1 1.9 3.3 2.6 7.7
Road transport 1.3 2.1 4.1 1.9 3.2 2.6 6.8
Aviation*** - - 0.1 - 0.1 = 0.9
Share of total transport 2% 4% 6% 3% 4% 5% 15%
Traditional biomass (Mtoe) 744 730 680 732 689 718 647
Share of total bioenergy 57% 49% 37% 50% 40% 47% 29%
Share of renewable energy demand ~ 43% 33% 22% 34% 25% 32% 17%

* Excludes traditional biomass. ** Expressed in energy-equivalent volumes of gasoline and diesel.
*** Includes international bunkers. Note: Mtoe = million tonnes of oil equivalent; TPED = total primary
energy demand; TWh = terawatt-hour; mboe/d = million barrels of oil equivalent per day.
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Renewables outlook by use in the New Policies Scenario

Renewables contribute an increasing share to total primary energy in the New Policies
Scenario and reach 18% in 2035, with the share increasing for all uses and in almost all
regions (Figure 6.1). Demand for modern renewable energy — including hydropower,
wind, solar, geothermal, marine and bioenergy — rises almost two-and-a-half times, from
983 million tonnes of oil equivalent (Mtoe) in 2011 to almost 2 400 Mtoe in 2035. Its share
of total primary energy demand increases from 8% to 14%. A rapid uptake of hydropower
occurs mainly in non-OECD countries, where significant resources remain untapped and
offer a cost-effective means of meeting fast-growing electricity demand. For most other
technologies, the growth is driven by continued support, although other factors, such as
falling technology costs and, in some regions, rising fossil fuel prices and carbon pricing
also contribute. Traditional biomass remains an important energy source in parts of the
world that continue to lack access to clean cooking facilities, although at the global level its
use drops from 744 Mtoe in 2011 to 680 Mtoe in 2035.

Figure 6.1 = Renewable energy share in total primary energy demand by
category and region in the New Policies Scenario, 2011 and 2035
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Power generation

Inthe New Policies Scenario, renewables power generation expands by over 7 000 terawatt-
hours (TWh) between 2011 and 2035. This is equivalent to around one-third of current
global power generation, and almost half of the projected increase in total power
generation to 2035 (see Chapter 5). The share of renewables in the global power mix rises
from 20% in 2011 to 31% in 2035 (Table 6.2). Collectively, renewables become the world’s
second-largest source of power generation before 2015 and approach coal as the primary
source by the end of the period. There is rapid expansion of wind and solar PV, coupled
with steady increases in both hydropower and bioenergy.
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Table 6.2 = Renewables-based electricity generation by region in the New
Policies Scenario (TWh)

Share of variable

Share of total o
renewables* in

Renewables generation

ESRSISteE total generation

2020 2030 2011 2035 2011 2035

OECD 2116 2994 3943 4434 19.6% 33.8% 3.6% 14.2%
Americas 1014 1313 1733 1965 19.0% 29.6% 2.6% 11.0%
United States 544 740 1039 1211 12.6% 23.0% 2.9% 10.7%
Europe 900 1353 1710 1889 24.9% 45.2% 6.3% 21.0%
Asia Oceania 203 329 500 581 10.9% 25.5% 1.1% 10.9%
Japan 133 213 304 343 12.7% 28.2% 0.9% 11.4%
Non-OECD 2 365 4202 6 099 7178 20.9% 29.9% 1.0% 7.8%
E. Europe/Eurasia 290 357 457 528 16.9% 21.8% 0.2% 2.3%
Russia 169 200 265 312 16.1% 20.5% 0.0% 1.1%
Asia 1173 2569 3787 4423 16.9% 27.2% 1.4% 9.1%
China 814 1888 2515 2 804 17.1% 28.0% 1.5% 9.9%
India 183 350 666 850 17.4% 25.2% 2.3% 10.4%
Middle East 21 48 141 226 2.4% 12.9% 0.0% 6.8%
Africa 116 205 403 550 16.8% 36.0% 0.4% 5.6%
Latin America 765 1023 1312 1451 69.0% 71.0% 0.4% 6.2%
Brazil 463 614 782 862 87.1% 79.5% 0.5% 8.9%
World 4482 7196 10042 11612 20.3% 31.3% 2.2% 10.0%
European Union 696 1113 1427 1580 21.4% 43.8% 6.9% 23.1%

* Variable renewables include solar PV and wind power.

Two-thirds of the increase in power generation from renewables occurs in non-OECD
regions, with these countries accounting for 62% of total renewables generation in 2035,
up from 53% in 2011. China alone accounts for 28%, or 1 990 TWh, of the total growth
in generation from renewables, more than the European Union, United States and Japan
combined (Figure 6.2). Considerable growth is also seen in Latin America, India, Africa and
Southeast Asia, mainly driven by policy interventions. The increase in the United States,
which contributes over 70% of the increase in its total generation over the period, comes
despite strong competition from natural gas and also thanks to the decline in coal-fired
generation. It is driven by federal tax credits and state-level renewable energy standards,
which are assumed to continue also beyond 2020. In the European Union, the increase in
generation from renewables far exceeds the increase in total generation, as output falls
from coal-fired and nuclear plants. In Japan, mainly in response to the generous support
policies recently put in place, electricity generation from renewables increases by 160%,
its share increasing from 13% in 2011 to 28% in 2035. Policy action is also the main
driver of growth in India, where ambitious targets have been set to scale-up renewable
energy capacity in order to overcome electricity shortages and increase access. There is
an eleven-fold increase in generation from renewables in the Middle East, reflecting the
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region’s considerable solar and wind resources and growing recognition of their potential
importance in satisfying rapid growth in power demand, while freeing up oil and natural
gas for export.

Figure 6.2 > Incremental electricity generation from renewables in selected
regions, 2011-2035
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More than 3 100 gigawatts (GW) of renewables capacity are added over the period,
equivalent to almost three times the present total installed capacity of the United States.
After taking account of the retirement of older installations, this results in installed capacity
of renewables increasing by a factor of around 2.5, from almost 1 600 GW in 2012 to nearly
4 000 GW by 2035. Annual capacity additions rise steadily over the period, with a brief
downturn around 2020, when rapid expansion of hydropower in China slows as higher-
quality sites become scarcer (Figure 6.3). Including the replacement for retiring capacity,
annual gross capacity additions are around 180 GW by the end of the projection period,
compared with over 115 GW in 2012.

Figure 6.3 = Average annual increases in renewables-based capacity* by
region in the New Policies Scenario
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Renewable energy technologies make up more than 50% of gross capacity additions in
the power sector, pushing their share of installed power capacity from 28% in 2012 to
40% in 2035. Wind, with gross capacity additions of almost 1 250 GW, makes the largest
contribution to the growth, followed by solar PV (750 GW) and hydro (740 GW) (Figure 6.4).

Figure 6.4 = Cumulative global renewables-based capacity additions
and retirements by technology in the New Policies Scenario,
2013-2035
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Electricity generation from bioenergy more than triples over the projection period, with
China, United States and the European Union accounting for over half of the growth. Its
share of total generation doubles from 2% to 4%. The share of hydropower in total power
generation stays stable throughout the Outlook period, at about 16%. Hydropower remains
the leading source of renewables-based power, although its share of renewable electricity
generation falls from almost 80% today to around half in 2035, as the scope for further
additions is gradually reduced and other renewable technologies are deployed at a faster
rate. Hydropower output rises from almost 3 500 TWh in 2011 to 5 800 TWh in 2035, based
on an increase in installed capacity from 1 060 GW to 1 730 GW over the same period. The
expansion is concentrated in non-OECD countries. China accounts for almost 25% of the
increase in generation, its capacity rising from 246 GW in 2012 to 430 GW in 2035. China
added 16 GW of new hydropower capacity in 2012 and further strong growth is projected
until around 2020, when growth slows as China gets closer to utilising its full potential.
Brazil also continues to rely heavily on hydropower to meet electricity demand, adding
around 70 GW of capacity over the projection period, to reach an installed capacity of
151 GW in 2035 (see Chapter 10). In the OECD, generation from hydropower increases by a
modest 16%, with the growth focused in North America and the European Union.

Biofuels

Consumption of biofuels is projected to rise from 1.3 million barrels of oil equivalent per
day (mboe/d) in 2011 to 2.1 mboe/d in 2020, and 4.1 mboe/d in 2035 (Table 6.3). By 2035,
biofuels meet 8% of total road-transport fuel demand, up from 3% today. Ethanol remains
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the dominant biofuel, making up about three-quarters of global biofuels use throughout
the period. Consumption of biodiesel in road transport more than triples over the Outlook
period, to 1.1 mboe/d in 2035. Combined, the United States, Brazil, the European Union,
China and India account for about 90% of world biofuels demand throughout the Outlook
period, with government policies driving the expansion in these regions. These projections
are similar to those made in WEO-2012, despite a drop in investment in the sector last
year and a temporary slowdown in production growth, due primarily to poor harvests in
the United States and Brazil. Continued policy support and a return to normal harvests put
biofuels consumption back on track over the long term. In addition to the use of biofuels
in road transport, its use in aviation begins to make inroads over the projection period.

Table 6.3 = Ethanol and biodiesel consumption in road transport by region in
the New Policies Scenario (mboe/d)

Share of road

Ethanol Biodiesel Biofuels total transport energy

use
2011 2035 2011 2035 2011 2035 2011 2035
OECD 0.7 1.5 0.2 0.8 0.9 2.3 4% 12%
Americas 0.6 1.3 0.1 0.3 0.7 1.6 4% 13%
United States 0.6 1.2 0.1 0.3 0.7 1.5 5% 15%
Europe 0.0 0.2 0.2 0.5 0.2 0.7 4% 12%
Non-OECD 0.3 1.4 0.1 0.4 0.4 1.8 2% 5%
E. Europe/Eurasia 0.0 0.0 0.0 0.0 0.0 0.0 0% 2%
Asia 0.0 0.7 0.0 0.1 0.1 0.8 1% 4%
China 0.0 0.4 0.0 0.0 0.0 0.4 1% 4%
India 0.0 0.2 0.0 0.0 0.0 0.2 0% 4%
Latin America 0.3 0.8 0.1 0.2 0.4 1.0 10% 20%
Brazil 0.2 0.6 0.0 0.2 0.3 0.8 19% 30%
World 1.0 2.9 0.4 1.1 1.3 4.1 3% 8%
European Union 0.0 0.2 0.2 0.5 0.2 0.7 5% 15%

The United States remains the largest biofuels market, spurred on by the Renewable
Fuel Standard (RFS) through 2022 and assumed continuation of support thereafter, with
consumption increasing from around 0.7 mboe/d to 1.5 mboe/d in 2035, by which time
biofuels meet 15% of road-transport energy needs. Driven by blending mandates and strong
competition between ethanol and gasoline, Brazil remains the second-largest market and
continues to have a larger share of biofuels in its transport fuel consumption than any
other country. In 2035, biofuels meet 30% of Brazilian road-transport fuel demand up from
19% today. Supported by the Renewable Energy Directive and continued policy support,
biofuels use in the European Union more than triples over the period to 0.7 mboe/d in
2035, representing 15% of road-transport energy consumption. In China, government plans
for expansion lead to demand for biofuels reaching 0.4 mboe/d in 2035, many times the
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current level. India established an ambitious National Mission policy on biofuels in 2009,
but the infancy of the ethanol industry and difficulty in meeting current targets constrains
future demand growth in the projections.

The outlook for biofuels is highly sensitive to possible changes in government subsidies
and blending mandates, which remain the main stimulus for biofuels use. Over the past
year much uncertainty has developed about how biofuel policies in several key markets
will evolve. At the time of writing, discussions in the European Union were continuing on
the possible introduction of a 6% cap on the amount of conventional biofuels that can be
counted towards the level of renewable energy in transport mandated in the Renewable
Energy Directive. These discussions are driven by sustainability issues, including concern
that feedstock production for biofuels contributes to deforestation or pre-empts land that
could be used to grow food. The European Union has also placed temporary anti-dumping
duties on biofuel imports from the United States, Argentina and Indonesia, with material
impact on trade in biofuels, so clouding the picture for future trade. In the United States, a
review of the federal RFS is underway, which could significantly alter the long-term outlook
for ethanol, amid widespread concerns that the supply targets for 2022 are not achievable.
One key concern is the amount of ethanol that can be consumed by vehicles on the road
(often referred to as the “blend wall”), due to strong resistance from various parts of
the industry to blending levels higher than 10% (E10) and logistical barriers to supplying
the current flex-fuel vehicle fleet with high-ethanol content fuels, such as E85. A second
concern is whether domestic production of cellulosic biofuels can meet official volume
goals, as cellulosic biofuel supply targets have had to be lowered in the past few years. On
the other hand, Brazil has made policy changes over the last year pointing to higher growth
for biofuels, including restoring the ethanol blending mandate to 25%, after reducing it to
20% in late 2011 due to poor sugarcane harvests.

Advanced biofuels offer the prospect of increasing biofuels supply while reducing or
eliminating sustainability concerns for biofuels. Cellulosic ethanol is a promising advanced
biofuel that can be derived from a variety of feedstocks, including bagasse and agricultural
residues, as well as dedicated energy crops. Much work on advanced biodiesel at present
is concentrated on the use of feedstocks with far higher yields than conventional feedstock,
including palm oil, rapeseed and jatropha. But all the feedstocks depend on conversion
technologies that are mainly in the research and development, pilot or demonstration
phases. If developed successfully, they hold the promise of achieving lower overall unit
costs and imposing lower land requirements than conventional biofuels. While a few
commercial-scale units and about 100 plants at pilot or demonstration scale already exist,
widespread deployment will require lower costs which further technological progress
could bring (IEA 2013b). Because of the lack of commercial scale production of advanced
biofuels, the supply mandate for cellulosic biofuels under the RFS in the United States was
reduced again in 2013. In the New Policies Scenario, advanced biofuels become available at
commercial scale around 2020, with their share of total biofuels supply rising from below
1% today to almost 20% in 2035, led by the United States, Europe, China and Brazil.
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Heat

Heat is the largest energy service demand worldwide, typically used for process applications
inindustry, and for space and water heating, and cooking in the buildings sector. The energy
use required to meet this service demand accounts for around half of total final energy
consumption. Currently, most of the contribution of renewables to heat production comes
from biomass used in traditional ways for cooking and heating in developing countries
(Figure 6.5). The use of traditional biomass for heat amounted to 744 Mtoe in 2011 and
made up 18% of total global energy use for heat. Such use is often unsustainable because
of the low efficiency with which the fuels are converted, the emissions produced (leading
to potential health problems) and the difficulty in maintaining supply. More modern and
efficient technologies utilising renewable energy — (non-traditional) bioenergy, geothermal
and solar thermal in particular — are playing an increasing role in heat supply and met 8%
of total global demand for heat in 2011.

Figure 6.5 > Share of renewables in heat production in the residential sector
for selected regions in the New Policy Scenario
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In the residential sector, more than 40% of the heat supplied globally today by modern
renewables is consumed in Europe, mainly in the form of bioenergy for space heating.
The United States and China account for 14% and 11% of modern renewable use for
heat respectively. Recent growth in China has outpaced all other regions. In the last five
years, China accounted for almost 40% of global growth in the use of modern renewable
energy for heat in the residential sector, driven by the rapid deployment of solar water
heaters, which are increasingly cost competitive with conventional fuels (Eisentraut and
Brown, 2013), and household biogas systems. In industry, 70% of renewable energy use
for heat is in the light industry sector such as food, tobacco and machinery. Almost all of
it is bioenergy, which accounts for 11% (136 Mtoe) of global light industry’s total energy
demand.
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Global modern renewable energy use for heat production increases by 75% in the New
Policies Scenario, reaching 600 Mtoe in 2035. By the end of the period, modern renewables
meet 12% of total heat demand, compared with 8% in 2011. The use of traditional biomass
for heat production falls some 10%, to 680 Mtoe in 2035. It continues to be the main source
of heat in the residential sector in many developing countries, although in others the switch
to modern energy services is made possible by rising incomes, ongoing urbanisation and
programmes to foster access to modern energy sources. Demand for modern renewables
for heat in the residential sector almost doubles, growing from 88 Mtoe in 2011 to
165 Mtoe by 2035. Most of the growth occurs in China and Europe, with modern bioenergy
remaining the dominant source even though solar and geothermal both grow at much
faster rates, largely driven by the use of solar thermal heaters in China.

Focus on power generation from variable renewables

Unlike dispatchable power generation technologies, which may be ramped up or down to
match demand, the output from solar PV and wind power is tied to the availability of the
resource.! Since their availability varies over time, they are often referred to as variable
renewables, to distinguish them from the dispatchable power plants (fossil fuel-fired,
hydropower with reservoir storage, geothermal and bioenergy). Wind and solar PV power
are not the only variable renewables — others include run-of-river hydropower (without
reservoir storage) and concentrating solar power (without storage) — but PV and wind
power are the focus of this section as they have experienced particularly strong growth in
recent years and this is expected to continue.

The characteristics of variable renewables have direct implications for their integration into
power systems (IEA, forthcoming 2014a). The relevant properties include:

B Variability: power generation from wind and solar is bound to the variations of the
wind speed and levels of solar irradiance.

®  Resource location: good wind and solar resources may be located far from load
centres. This is particularly true for wind power, both onshore and offshore, but less
so for solar PV, as the resource is more evenly distributed.

®  Modularity: wind turbines and solar PV systems have capacities that are typically on
the order of tens of kilowatts (kW) to megawatts (MW), much smaller than conventional
power plants that have capacities on the order of hundreds of MW.

B Uncertainty: the accuracy of forecasting wind speeds and solar irradiance levels
diminishes the earlier the prediction is made for a particular period, though forecasting
capabilities for the relevant time-frames for power system operation (i.e. next hours to
day-ahead) are improving.

1. Electricity generation from (non-dispatchable) variable renewables, such as wind and solar, is weather
dependent and can only be adjusted to demand within the limits of the resource availability.
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B Low operating costs: once installed, wind and solar power systems generate electricity
at very low operating costs, as no fuel costs are incurred.

®  Non-synchronous generation: power systems are run at one synchronous frequency:
most generators turn at exactly the same rate (commonly 50 Hz or 60 Hz), synchronized
through the power grid. Wind and solar generators are mostly non-synchronous, that
is, not operating at the frequency of the system.

The extent to which these properties of variable renewables pose challenges for system
integration largely depends on site-specific factors, such as the correlation between the
availability of wind and solar generation with power demand; the flexibility of the other
units in the system; available storage and interconnection capacity and the share of
variable renewables in the overall generation mix. The speed at which renewables capacity
is introduced is also important, as this influences the ability of the system to adapt through
the normal investment cycle. Effective policy and regulatory design for variable renewables
needs to co-ordinate the rollout of their capacity with the availability of flexible dispatchable
capacity, grid maintenance and upgrades, storage infrastructure, efficient market operation
design, as well as public and political acceptance.

Wind power

Generating power from wind turbines varies with the wind speed. Although there are
seasonal patterns in some regions, the hourly and daily variations in wind speed have a
less predictable, stochastic pattern. Geographically, good wind sites are typically located
close to the sea, in flat open spaces and/or on hills or ridgelines, but the suitability of a site
also depends on the distance to load centres and site accessibility.

For onshore wind turbines, capacity factors — the ratio of the average output over a
given time period to maximum output — typically range from 20% to 35% on an annual
basis; excellent sites can reach 45% or above. The power output from new installations is
increasing, as turbines with larger rotor diameters and higher hub heights (the distance
between the ground and the centre of the rotor) can take advantage of the increased
wind speeds at higher altitudes. Moreover, wind projects are increasingly being tailored to
the characteristics of the site by varying the height, rotor diameter and blade type. Wind
turbines that are able to operate at low wind speeds offer the advantage of a steadier
generation profile, reducing the variability imposed upon the power system, but likely
reducing annual generation.

Wind turbines located offshore can take advantage of stronger and more consistent sea
breezes. Wind speeds tend to increase with increasing distance from the shore, but so too
does the seafloor depth, requiring more complex foundation structures. Capacity factors
are generally higher ranging from 30% to 45% or more, as distance from the shore or hub
height increases. However, offshore wind turbines are more expensive to install because of
the high costs associated with the foundations and offshore grid connections. Bottlenecks
can also occur due to a shortage of specialised installation vessels.
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Recent trends and projections

After experiencing growth of around 25% per year over the past decade, wind power made
up 2.3% of global power generation in 2012. Globally, wind capacity rose by 44 GW in
2012, a record year, to 282 GW. This is almost five times the capacity in place in 2005. New
installations were concentrated in China (adding 13 GW in 2012) and the United States and
the European Union (both adding 12 GW). There was a surge in installations in the United
States, as developers sought to secure production tax credits, which were set to expire
at the end of 2012. Additions in China were 5 GW lower than in 2011 due to bottlenecks
for connections to the grid. Out of this total, offshore wind saw a 32% increase in global
installed capacity in 2012, a rise of 1.3 GW to 5.4 GW, the highest annual capacity addition
to date. Some 90% of this was added in the European Union, mainly in the United Kingdom,
Germany, Belgium and Denmark.

In the New Policies Scenario, electricity generation from wind (onshore and offshore)
is projected to increase at an annual average rate of 6% between 2011 and 2035. Wind
generation approaches 2 800 TWh in 2035, when its share of global power supply is 7.5%,
and total capacity reaches 1 130 GW. Around 80% of the capacity additions are onshore,
although offshore wind installations gradually increase in importance. While today the
European Union has the largest share of global wind capacity, China has the largest share
in 2035 (Figure 6.6).

Figure 6.6 > Installed wind power capacity by region in the New Policies
Scenario
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Solar photovoltaics

Power generation from solar PV installations varies with the level of solar irradiation they
receive. Geographically, solar irradiation increases with proximity to tropical regions and is
more uniformly distributed than wind. Seasonal and daily patterns in output from solar PV
systems can be fairly well forecast — on a clear day, solar generation follows a bell shape,
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reaching its maximum around midday — but there remains an element of unpredictability,
such as the extent of cloud cover or interference through snow, sand or dust cover.

Capacity factors vary widely, but generally lie within 10% and 20%, or above. The last ten
years brought important technology progress, with significant cost reductions. Newer
technologies, such as thin film technologies, are gaining growing market shares and bring
further potential for cost reductions. Systems which include sun tracking systems can
reduce variability, as can an array of panels with differing orientations, but in both cases
costs are increased.

Recent trends and projections

Solar PV generation expanded by 50% per year worldwide over the last decade, reaching
almost 100 TWh in 2012. In this year, total installed capacity of solar PV increased by 43%,
or 29.4 GW, representing 15% of the total growth in global power generation capacity.
Germany alone, under the impetus of strong government support, accounted for more than
one-quarter of the increase with 7.6 GW of additions. Other countries with major additions
include Italy (3.6 GW), China (3.5 GW), United States (3.3 GW), Japan (2.0 GW) and India
(1.1 GW). In each country, the growth was driven by government support programmes and
subsidies.

Figure 6.7 > Installed solar PV capacity by region in the New Policies

Scenario
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In the New Policies Scenario, electricity produced from solar PV rises to 950 TWh in
2035, as its share of global electricity generation increases from 0.4% to 2.6%. This
is underpinned by a seven-fold increase in installed solar PV capacity over the Outlook
period, reaching 690 GW in 2035 (Figure 6.7). Generation from solar PV increases faster
than installed capacity due to technical improvements and deployment in regions with
high quality resources. Solar PV on buildings accounts for the majority of installations, its
share declining over the Outlook period as large-scale facilities operated by utilities gain
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market share. Driven by big increases in China (150 GW) and India (90 GW), non-OECD
regions account for almost 60% of the increase in global solar PV capacity. Large increases
also occur in the European Union and the United States (both around 80 GW), and Japan
(50 GW). Through ongoing reductions, generation costs become comparable to retail
electricity prices in several countries, but growth of solar PV will continue to be closely
linked to the provision of government subsidies as, over the course of the Outlook period,
solar PV is expected to become competitive in only a limited number of circumstances
when compared to the average wholesale electricity price (Spotlight).

Implications for electricity systems and markets

The impact of a growing component of variable renewables on the power system depends
on the timing and co-ordination of renewables capacity additions, the investment cycles
in the power system and the rate of deployment of measures to facilitate their integration
into the system. The main impacts of location constraints and modularity are on the
transmission and distribution network, while variability and uncertainty impact the way
other power plants in the mix are operated.

Implications for grids

The location of good variable renewable resources can be remote from demand centres,
making transmission grid extensions necessary. Early and integrated planning of
transmission corridors is necessary to maximise use of good resources and reduce public
opposition. In some locations, transmission corridors will have to cross state or national
borders, requiring co-operation between transmission system operators and regulators.

The transmission system costs involved to connect and integrate variable renewables
depend on the distance to be covered, the status of development of the existing grids
and the amount of capacity of variable renewables to be integrated. Costs range between
$100 and $250 per kW of added variable renewables capacity (Dena, 2010; EnerNex, 2011;
NREL,2010). Intotal,about $170 billion orsome 10% of the global investmentin transmission
grids in the New Policies Scenario is required to extend the grid to accommodate the
growth in renewables. The amount varies significantly by region. In Europe and Japan,
high levels of deployment mean that the integration of renewables accounts for a share of
overall transmission investment of about 25% and 20% respectively. The comparable figure
is about 10% in the United States, China and India.

The modularity of variable renewables can also have significant impacts on distribution
grid needs. Bypassing the high-voltage transmission grids that transport power from
large conventional power plants, wind and solar generators are typically connected at
the distribution level (wind at mid-voltage and solar mainly at low-voltage). At low levels
of installed wind and solar capacity, their generation can be consumed close to the
production site (especially for solar PV) and may reduce the strain on distribution grids. At
higher levels, the capacity of the distribution grid may need to be raised to accommodate
increasing volumes of electricity sold back to the grid by distributed generators. Voltage
transformers can be an initial bottleneck; a need to upgrade line capacities may follow.
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The amount of investment to upgrade distribution grids also depends on their current
condition. If these grids are in need of refurbishment, the additional costs may be low. In
France and Germany, for example, each kilowatt of new variable renewables capacity will
add an estimated $100 to $300 to the costs of the distribution grids (Lédl, et al., 2010;
Dena, 2012; CRE, 2012). In the New Policies Scenario, total investment in distribution grids
to accommodate variable renewables amounts to over $90 billion globally, or about 2% of
total distribution investment. Bringing together transmission and distribution (T&D) costs
attributable to variable renewables, the additional investment is about $260 billion, or
some 4% of total T&D investment over the Outlook period.

Implications for dispatchable power plants

In the absence of a widespread uptake of the measures available to alleviate the challenges
posed by variables renewables (Box 6.1), an increase in generation from wind and solar
power has implications for the operation and use of dispatchable plants as well as for
investment in such plants.

Box 6.1 = Reducing the challenges posed by variable renewables

A number of operational and infrastructure measures can be taken to address the
challenges posed by variable renewables. These include:

B Adapting the operation of power systems. This can include the application of
advanced forecasting techniques, and adapting the market and power plant
dispatch rules, for example reducing the time between the commitment of power
plants to generate electricity and real-time operation.

B Extending the transmission grid to capture remote resources and increase cross-
border trade, so as to reduce the effects of variations in solar irradiation and wind
speed on the system. This can be especially effective for wind (Schaber, et al., 2012).

B Promoting demand-side integration. Modifying electricity demand according to
the variable supply could reduce the system impacts of wind and solar and also
avoid the need for other integration measures.

B Investing in storage (such as pumped hydro storage, compressed air, hydrogen
or batteries). If deployed on a small scale (such as batteries for solar PV), storage
can help to sustain reliance on local generation and defer grid investment
(IEA, 2014b).

B Balancing fluctuations from variable renewable output with flexible forms of
generation, such as gas turbines.

B Curtailing extreme wind and solar power generation peaks, when variable
renewables output is very high compared to electricity demand, to reduce the
ramping up and down of power output from other sources (Baritaud, 2012).

While all measures may be advantageous individually, co-ordination between the
integration measures is needed to maximise their benefits.
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Electricity demand varies considerably during the course of a day, but it generally follows
a predictable profile. For example, on a weekday demand may peak in the early evening as
people arrive home and be lowest during the early hours of the morning when most people
are asleep. However, generation from wind and solar power is tied to the availability of
their resources and is often not well matched with the electricity demand profile. The
pattern of the remaining electricity demand, after variable renewables production has been
taken into account, also called residual electricity demand, can differ markedly from the
total electricity demand (Figure 6.8). The variability of wind and solar generation alters the
peaks and troughs in the residual demand profile which requires the dispatchable plants
to adjust their output level accordingly. However, where variable renewables generation
is well correlated with electricity demand (e.g. solar PV coinciding with air conditioning
loads at midday) their generation pattern — up to a certain level of deployment — may be
advantageous to the system by smoothing the demand profile.

The greater the variability of residual demand, the greater the flexibility of dispatchable
power plants must be to be able to respond to changes not only of demand but also to
supply side changes. This can raise their operational costs (through not running at optimal
efficiency) and increase the wear-and-tear of power plant components. These “balancing
costs” vary from system to system, depending on the presence of storage, the flexibility of
the power plant fleet and also the quality of wind and solar resources and forecasts.

Figure 6.8 > Indicative hourly electricity demand and residual electricity
demand with expanding deployment of solar PV
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In regions where the electricity generation of variable renewables increases faster than
demand, utilisation of existing plants is reduced. In the New Policies Scenario, total wind
capacity increases by around 850 GW and solar PV by almost 600 GW in the period to 2035
with about 40% of this increase occurring before 2020 (in the 450 Scenario wind and solar
capacity increases by 1 400 GW and some 900 GW until 2035, respectively [Box 6.2]). Until
2020, many of the existing dispatchable power plants will continue to be needed, but will
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likely experience less use, especially in regions that see major expansions of wind and solar
generation, such as Europe. In countries with fast-growing power demand, such as China,
this effect is less pronounced.

Despite the increasing capacity of wind and solar, their variable and uncertain generation
profile mean that the need for dispatchable capacity is not reduced significantly. The
reason is that the share of installed wind and solar capacity that can be confidently relied
upon at times of high demand is much lower than for dispatchable plants. This share is
referred to as “capacity credit”. It depends on the respective correlation of wind and
solar supply with the load profile and the level of penetration of variable renewables.?
For example, in the European Union, it typically falls between 5% and 10% for wind and
0% to 5% for solar PV.

In the New Policies Scenario, wind and solar account for about 19% of global installed
power capacity in 2035, reaching almost 35% in the European Union (Figure 6.9). However,
globally they contribute only about 2% to firm capacity (capacity that can be relied upon
to generate electricity at any given time). The provision of sufficient dispatchable capacity
can entail additional costs. Assuming that additional gas turbines are used to meet this
requirement, these adequacy costs are estimated to range from between $3-5 for each
megawatt-hour (MWh) of additional generation from variable renewables (IEA, 2011).
Since the use of other power plants declines with increasing levels of variable renewables,
the capacity mix gradually shifts to less capital-intensive power plant types, such as gas-
fired power plants, for which profitability at low utilisation rates is easier to achieve.

Figure 6.9 > Shares of wind and solar power capacity and generation in the
New Policies scenario
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* Firm capacity of wind and solar is computed based on the capacity credit.

2. For solar, the capacity credit can be higher in systems where peaks in electricity demand are driven by
demand for air conditioning, for example. Through interconnection over larger geographic areas, smoothing can
be achieved, and the capacity credit can also be raised.
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Box 6.2 > Variable renewables in the 450 Scenario

The stronger deployment of renewable energy technologies is one of the key features
of the 450 Scenario. By 2035, their share of global power generation increases to 48%,
compared to 31% in the New Policies Scenario. The global share of wind and solar
power generation in the 450 Scenario increases to 18% in 2035 (compared to 10% in
the New Policies Scenario), with important implications for the power system. Total
wind and solar capacity reaches 2 700 GW, which corresponds to 50% of peak demand
in 2035. At a regional level, the capacity of variable renewables compared to peak load
can be considerably higher; for example, in Europe it is more than 90% of peak demand
and in China and Japan about 60% of peak demand. This means that the likelihood of
momentary regional excess supply increases, when wind and solar generate electricity
at their full capacity. In that case, there would be an important challenge for stable
operation of the system, due to the non-synchronous generation of wind and solar
power. A solution, such as keeping online a share of thermal generators at all times,
would have to be considered. The commercial viability of these other power plants is a
challenge, since they would operate at a very low utilisation rate. Moreover, additional
investments would be required in T&D grids, as well as in other integration measures.

Implications for market price formation

In most liberalised electricity markets, spot wholesale prices are largely determined by the
operational costs of the most expensive generating unit used. Whenever low marginal cost
power from wind and solar is fed into the system, generators with high operating costs, at
the upper end of the merit order,® are needed less and the wholesale electricity price is, in
consequence, lowered. Electricity end-users might benefit from this decrease depending
on how much of the cost subsidies to renewables is passed through to them (see Chapter 8).
The merit order effect may also reduce profit margins for all power generators, to the point
that some generators become unprofitable. This has been observed recently, for example,
in some European markets, and has put in question whether some utilities will be able to
recover the investment costs of dispatchable plants under current market conditions. This
could potentially jeopardise the reliability of power supply if the situation worsens.

Market reforms have been introduced or are under consideration in several countries
where there is concern that price signals resulting from this effect may not be sufficient to
stimulate timely and sufficient investment in new dispatchable power plants or to maintain
older plants in operation. The options include different forms of capacity remuneration or
regulatory obligation to maintain strategic reserve capacity or to allow hourly wholesale
prices to increase unconstrained during times of scarcity (for example, when peak demand
periods coincide with limited generation from variable renewables). Discussion of these
issues remains open. One possibility is to incorporate measures which can reduce capacity
needs, such as storage or demand-side management.

3. The merit order ranks the different generating units that are available in a power market in terms of their
marginal cost of generation. It is often used to determine which units will be used to supply expected demand,
with the cheapest units being used first.
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Competitiveness and unit costs

The cost of producing electricity from solar PV and wind has fallen dramatically over the
last decade, leading to debate about whether they are now competitive, without subsidies,
with the costs of power generated from fossil fuels. When measuring the competitiveness
of different renewable energy technologies, it is important to distinguish between
generating power for sale and power produced by households for auto-consumption.* The
latter typically involves solar PV.

Competitiveness of variable renewables as a wholesale power generation source

For electricity produced to sell on wholesale markets, it is usually considered that breakeven
is achieved when the levelised cost of electricity (LCOE)® of a technology does not exceed
the average wholesale electricity price received for generation over its lifetime. Variable
renewables, however, have limited or no means to adjust their power output across the
day to maximise their revenues. At increasing rates of penetration in the power mix, the
price that they would receive in the market is likely to decrease over time, due to the so-
called merit order effect (Hirth, 2013; Mills and Wyser, 2012).

One consequence of decreasing prices over time is that the support needed would be
higher than currently calculated in the New Policies Scenario, where the benchmark is
the average annual wholesale price. If the reference price considered for the calculations
of the wind and solar PV subsidies were to be lower than the annual average by 10%, the
subsidies for wind and solar PV would be 12% higher. With a price 20% lower, they would
be 25% higher. For the end-user, the higher cost of subsidies would, at least in part, be
compensated by the lower wholesale prices.

Competitiveness of solar PV for households

For household auto-consumers, the break-even point for solar PV has typically been
considered to be when the cost to the consumer reaches “grid parity” or “socket parity”,
that is, the point at which the levelised cost of electricity (excluding subsidies) falls to
the average retail price for electricity. However, this approach has shortcomings and we
guestion whether it is the appropriate metric to evaluate the competitiveness of solar PV
in households. An alternate approach, that takes account of other relevant costs, is to
measure competiveness on the basis of “cost parity”. This is the break-even point for the
costs incurred, on the one hand, by a household with a solar PV system and, on the other
hand, by a corresponding household that is solely reliant on the grid (Spotlight).

The distinction between grid parity and cost parity has important real-world implications.
In most markets, the fixed costs are only partially recovered through a fixed component
in the electricity bills and the remaining part (often larger) is recovered through the

4. Auto-consumers are defined as those households which generate principally for their own consumption, with
any excess being sold to the grid.

5. The levelised cost of electricity represents the average cost of producing electricity from a given technology,
including all fixed and variable costs, expressed in terms of the present value equivalent.
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variable component. From the single household perspective, under such an electricity tariff
structure, it might, therefore, be economically attractive to invest in PV, where grid parity is
reached. This could lead to a significant additional amount of PV installations.

However, from a system perspective, this creates a free-rider effect, where households
with PV systems do not pay fully for their share of the system’s fixed costs, shifting the
burden to households without PV systems. This could concentrate fixed costs on fewer
households, raising the retail prices against which the competitiveness of PV systems is
measured according to grid parity. These system level issues require thorough assessment
and attention from policymakers, regulators and retailers, who may need to consider the
use of time-based metering and pricing, and tariffs adjusted to user profiles to ensure both
the full recovery and fair allocation of system costs.

SPOTLIGHT

A fall of over 40% in the price of solar panels since 2010 has led some parties to make
the case that electricity generated from residential solar PV installations has become
— or is fast becoming — competitive with electricity generated from fossil fuels. These
arguments have often been based on the concept of “grid parity”. But is grid parity the
right criterion to measure the full competitiveness of residential PV, after which it can
stand on its own without the need for subsidies?

The short answer is no, at least for households that remain connected to the grid. The
reason is that fixed system costs are not included in the calculations of grid parity. The
fixed costs of a power system include costs such as the construction and maintenance of
the transmission and distribution grids, metering and billing. From a system perspective,
these costs always need to be recovered. When allowance is made for these costs, the
cost of generation from solar PV systems would have to fall below grid parity to become
competitive.

Take an example, in which residential solar PV has just reached grid parity. In the first
case, the household does not install solar PV. It pays $300 per year in fixed charges
(assuming all fixed costs are passed through) and another $400 per year for the 4 MWh
it consumes, to give an average retail price of $175/MWh (Figure 6.10a).

In the second case, the household installs a solar PV system which produces 1.6 MWh
for consumption on site, for a total cost of $280 (equal to 1.6 MWh x $175/MWh). It
additionally purchases 2.4 MWh from the grid at cost of $540 per year (including fixed
charges of $300, plus $240 for the energy consumed). This means that, at grid parity,
the consumer pays a total of $820 per year for electricity when installing the solar PV
system, higher than without it (Figure 6.10b).

A more accurate means of gauging the break-even point of solar PV is to consider “cost
parity”, which measures the point at which a household that installs a solar PV system
incurs the same overall costs as it would if solely reliant on the grid. Using the example,
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the cost of the PV system would have to drop to $160 (1.6 MWh x $100/MWh), well
below some current notions of grid parity, for it to make economic sense (Figure 6.10c).
This is equal to the variable cost that the PV system is displacing.

Figure 6.10 > Indicative breakeven costs of residential solar PV using the
“grid parity” and “cost parity” approaches
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There are several other factors that could influence the competitiveness of solar PV.
For example, the calculations would change if the household with the PV system did
not consume all its generation on site but sold the excess to the grid. In that case, for
the PV generator to be fully competitive, the electricity would have to be sold at the
actual wholesale market prices, i.e. the same price that other suppliers receive at that
time. Any higher price for electricity sales, if fixed by regulation, would result in windfall
profits for the PV generator. Also, if the renewables integration costs were passed on to
the seller, it would make competitiveness harder to achieve. On the other side, potential
savings through reduced infrastructure needs could lower costs.

Unit costs

Generating costs for solar PV and wind power vary significantly across regions, according to
local cost factors and the quality of the resources available (Figure 6.11). The evolution of
these costsislargely determined by two factors: reductions in capital costs and technological
advancements to harness more of the resource. Although increased deployment of wind
and solar PV leads to prime sites becoming increasingly scarce within each region, which
will tend to reduce capacity factors, at the global level this effect is expected to be more
than offset by technological improvements and deployment in regions with untapped
high-quality resources. Average capacity factors for wind onshore rise from 21% in 2012 to
26% in 2035, and for large-scale PV from 11% to 17% over the same period.
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Figure 6.11 = Renewable electricity production costs relative to the wholesale
prices for selected technologies and regions in the New Policies
Scenario
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Notes: The cost of production is the average levelised cost of electricity at deployed sites over the Outlook
period, based on a weighted average cost of capital, assumed at 8% for OECD countries and 7% for non-
OECD countries. Wholesale electricity prices are taken as the averages projected for respective regions in
the New Policies Scenario. In the mid-term, they include the recovery of investment costs for new capacity.
The pricing methodology can be found at www.worldenergyoutlook.org.

The global average investment cost of onshore wind was about $1 700/kW in 2012.
Average costs for offshore wind turbines are still hard to quantify, due to the small number
of projects in operation, but they are estimated to range from $3 000/kW to $4 500/kW. In
the New Policies Scenario, the global average investment costs for onshore wind decrease
by about 10%, partly due to learning effects and economies of scale, as well as a shift of new
installations towards non-OECD countries and related lower investment costs. Investment
costs for offshore wind decline by around one-third, with increased deployment.
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Due to stepped up deployment and overcapacity in manufacturing, the price of solar
PV systems dropped more than 40% between 2010 and end-2012. Demand for new
capacity was around 30 GW while production capacity was about 55 GW in 2012. Much
of the growth in production facilities occurred in China, raising concerns that subsidies
were enabling Chinese manufacturers to flood the European market with panels sold
below cost. An agreement has been reached, prescribing a cap of 7 GW per year and a
minimum price for exports from China to the European Union and it is expected to run
until end 2015. Assuming that learning and economies of scale lead to an average cost
decrease of about 20% each time capacity doubles (Frauenhofer ISE, 2012), about half of
the price decrease over the last two years has been due to overcapacity. As this temporary
situation is resolved, market prices will tend to return to the long-term trend. Investments
costs at the end of 2012 showed large regional differences. They ranged from some
$1800-5500/kW for residential rooftop systems and $1500-3 000/kW for large
installations, with China on the low side of the range, and the United States and Japan
towards the higher side. In the New Policies Scenario, by the end of the Outlook period, the
cost for both types declines by around 40%.

Bioenergy

Demand

Total global demand for bioenergy across all sectors increases from 1 300 Mtoe in 2011 to
about 1 850 Mtoe in 2035, about two-thirds of the primary energy demand for natural gas
today.® The largest proportion of demand for bioenergy is in the buildings sector (including
traditional biomass) throughout the Outlook period, though this declines in both absolute
terms and share over time, largely as a result of relatively high levels of demand in non-
OECD countries. Demand for bioenergy in the power sector increases most in absolute
terms from 2011 to 2035, by about 280 Mtoe, especially due to significant expansion
in non-OECD countries such as China, India and Brazil. This growth is mainly driven by
policies to reduce air pollution, boost productive use of domestic agricultural residues and
speed deployment of renewables. Also driven by government support policies, demand for
biofuels in the transport sector grows at the fastest rate over the Outlook period. It more
than doubles in OECD countries and increases five-fold in non-OECD countries. Biofuels
increase to more than 10% of total bioenergy demand (Figure 6.12).

Production and Trade

To meet strong demand growth in the New Policies Scenario, the supply of all types of
modern biomass will increase substantially, including biogas and municipal waste. Globally,
the potential supply of biomass exceeds the demand in 2035 by an order of magnitude,
without competing with food supply or displacing current forestry activities, although land

6. Global biomass use in the “other energy sector” in 2011 was reported at 65 Mtoe. In several cases, biomass
use in biofuels production was understated, and it is estimated that there were some 50 Mtoe of unreported
biomass use. If this amount would be included, it would result in an additional 200 Mtoe in 2035, or about 12%
of global primary biomass demand.
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use implications need to be carefully considered (IEA, 2012).7 On the one hand, for some
regions, it will be difficult for the domestic supply of various biomass feedstocks to keep
pace with growing demand. For example, the European Union has taken strong measures
to support the use of bioenergy in several sectors, including power and transportation, but
already imports large volumes of both biomass pellets and biofuels and will continue to do
so. India is another region that, despite having large supply potential for many feedstocks,
particularly agricultural residues, struggles to ramp up the collection of feedstocks to meet
the strong growth in domestic demand for bioenergy, for both power sector applications
and biofuels production. The challenge to meet the growing demand domestically will be
especially difficult where markets already exist for waste products from agricultural and
forestry activities. On the other hand, a few regions have ample supplies to meet both
domestic demand and international demand. Brazil, Canada and the United States stand
out in this group.

Figure 6.12 = World bioenergy use by sector in the New Policies Scenario
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The demand for bioenergy for power generation and heat increases from 136 Mtoe in
2011 to 420 Mtoe in 2035. Over 90%, of world demand is met from domestic resources
throughout the Outlook period. To meet the remaining demand, some regions will
increasingly turn to international supplies of solid biomass for power generation, most
commonly in the form of biomass pellets. ? In total, inter-regional trade of solid biomass
for power generation increases from a few percent of biomass consumption to generate
electricity to upwards of 8% by 2035.

7. This technical potential, based on conservative technological improvements, is an evaluation of available
supply of forestry products, energy crops, and residues from forestry and agricultural activities. For more
information, please see www.worldenergyoutlook.org.

8. A processed product that has a relatively high energy density is fairly uniform and easier to transport than
untreated biomass feedstocks.
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The European Union is the largest importer of biomass for power generation by 2035,
importing about 6.7 Mtoe. At current biomass pellet prices of $170 per tonne (Govan, 2012),
the cost of these imports, largely coming from the United States, Canada and Russia, would
reach almost $3 billion. Other regions may also become important players in this market,
including countries in Latin America and Africa. In Japan, policy support pushes demand
for biomass for power generation and heat well beyond available domestic resources,
driving up biomass imports to up to 4.4 Mtoe in 2035, coming mainly from Australia and
the United States. Korea and India also look set to become significant importers of solid
biomass for power generation. In India, demand for solid biomass in power generation
reaches 37 Mtoe, almost triple current levels, requiring some 100 million tonnes of dry
biomass feedstocks. While a similar order of magnitude of agricultural residues is available,
it will be difficult to collect and transport a high proportion of these to power plants at
reasonable costs. As for many fuels in the power sector, China will become the largest
consumer of biomass for power generation and heat by 2035. It also has one of the highest
supply potentials, through a combination of agricultural and forestry residues, as well as
forestry products. In the New Policies Scenario in 2035, China is a net exporter of biomass
to other regions in Asia, though, as has happened for other fuels such as coal, a small shift
in China’s supply and demand balance could have a large impact on global trade.

Figure 6.13 > Biofuels demand and production in selected regions
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The international market for biofuels increases from 0.2 mboe/d in 2012 to about
0.7 mboe/d in 2035, providing a broadly constant share of total biofuels demand over
time. The European Union is the largest net importer of biofuels in 2035, with over 20%
of its biofuels demand, about 0.2 mboe/d (Figure 6.13), met through imports from many
different countries, including Brazil, the United States and several countries in Asia and Latin
America. These trade patterns re-emerge despite recent action by the European Union to
impose anti-dumping duties on biofuel imports from Argentina, Indonesia and the United
States, and the need for exporters to Europe to first meet sustainability criteria, verifying
reductions in greenhouse-gas emissions and demonstrating limited direct and indirect
environmental impacts. Furthermore, a cap for conventional biofuels of 6% (at the time of
writing) in the transport sector is under discussion in the European Union, which could have
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important impacts on the global picture. The United States is both a major importer and
exporter of biofuels throughout the Outlook period, importing sugarcane-based ethanol
from Brazil to help meet rising targets for advanced biofuels under the Renewable Fuel
Standard and exporting to the European Union to help meet blending targets there. The
United States also continues to export lower volumes of ethanol to Canada and Mexico.
Brazil is the main supplier for international biofuel markets, especially for fuel ethanol,
and it is by far the largest exporter by the end of the Outlook period, providing about
0.2 mboe/d to the international market by 2035, about 40% of global biofuels trade.

China and India are both expected to increase their biofuels consumption several times
over by 2035, making it difficult for domestic supply to keep up (Figure 6.13). By 2035, both
require some imports to meet demand. They are expected to come mainly from Brazil, but
also from Indonesia and other countries in Asia. The assumed development of advanced
biofuels at commercial scale after 2020 affects the biofuels market in several ways. First,
it creates a single market for biomass feedstocks for the power and transport sectors. For
some regions, this limits available supply for one or both of these sectors. For example,
in India available supplies of residues become relatively scarce by the end of the Outlook
period due to demand from multiple sectors. The development of advanced biofuels also
allows some regions to reduce their reliance on imports of biofuels, as they are able to tap
alternative feedstocks to produce biofuels. For example, the European Union is able to limit
imports of biofuels after 2025 due to a rise in domestically produced advanced biofuels.

Investment

Cumulative investment of $6.5 trillion (in year-2012 dollars) is required in renewable energy
between 2013 and 2035 in the New Policies Scenario. This corresponds to $280 billion per
year on average. Annual investments increase over the period, reaching almost $370 billion
in 2035.° Renewables for power generation account for more than 95% of the total, with
the remainder for biofuels.

Projected investment for renewables in the power sector amounts to $6.2 trillion between
2013 and 2035 (Figure 6.14). Renewables account for 62% of investment in new power
plants over the projection period, providing just over half of total capacity additions. Wind
power accounts for one-third of the total investment in renewables capacity, followed by
hydropower (27%) and solar PV (23%). Investment for renewables in non-OECD countries
are $3.3 trillion, higher than the $2.9 trillion required in OECD countries at. Additional
global investment of $260 billion (4% of total grid infrastructure investment) is needed to
upgrade transmission and distribution networks to accommodate more renewables-based
capacity. Investment to meet the expansion of biofuels supply amounts to $330 billion over
2013-2035, or $14 billion per year on average. Conventional production of ethanol requires
the bulk of the total (60%), followed by conventional biodiesel (14%) and the remainder for
advanced biofuels. OECD countries account for around 60% of total investment.

9. Investments for renewables used for heat are included in the buildings sector investments (see Chapter 7).
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Figure 6.14 = Cumulative investment in renewables-based power generation
capacity, 2013-2035
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Subsidies

Renewable energy subsidies take a variety of forms, including blending mandates, quotas,
portfolio obligations, tax credits and feed-in tariffs, which all offer a higher return than
market prices, to offset higher costs. With schemes like feed-in tariffs, blending mandates
or portfolios and quota obligations, this remuneration is paid by the end-users (though
some schemes, such as tax credits are funded from government budgets). Many forms of
support mechanisms are specific to electricity produced by renewables capacity installed
in a particular year, and have a fixed duration, typically twenty years. Subsidies for biofuels
predominately take the form of blending mandates.

Hydropower and geothermal, have long been economic in many locations. Newer
technologies, such as wind and solar, are often an attractive option for generating electricity
in remote, isolated areas with limited or no existing grid infrastructure, but they require
policy support to foster their deployment in most countries. The costs of generation from
onshore wind are getting closer to the average wholesale price level in many countries
— and are already there in some, such as New Zealand, Brazil, Ireland and parts of the
United States. Reductions in production costs for conventional biofuels have not been
as pronounced and these costs remain vulnerable to high feedstock prices and weather
conditions. Outside Brazil and some parts of the United States, conventional biofuels
generally still cost more than oil-based gasoline or diesel. Advanced biofuels remain even
more costly, although there are promising signs that significant cost reductions in the
production process are on the horizon.

In addition to playing a crucial role in driving down the costs of renewable energy
technologies, subsidies to renewables can have important co-benefits (Box 6.3). But
support schemes for renewables need to be carefully designed to ensure their efficiency
and effectiveness. They should be predictable and transparent and, where possible,
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provide for competition between technologies best suited to meet short- and long-term
objectives. They need to be accompanied by ambitious, yet credible, targets and offer
support differentiated according to the maturity of each technology. As cost reductions
are achieved, the level of support provided for new installations needs to decline to avoid
unnecessary increases in the cost of energy services.

Box 6.3 = Multiple benefits of renewables

The contribution of renewable energy to global energy needs has continued to grow
in recent years, stimulated by policy initiatives in an increasing number of countries.
The benefits of renewables within a national energy portfolio can be summarised as:

B Energy security and diversity: renewable energy technologies can contribute to
energy security by providing more diversity in energy supply. They can also reduce
the need for fossil fuels, in turn, reducing fuel import bills.

B Environment: the deployment of renewables in the New Policies Scenario saves
some 4.1 gigatonnes (Gt) of CO, emissions in 2035 compared with the 2010 fuel
mix at the same level of total generation (IEA, 2012). Renewables also help reduce
local air pollution and emissions of other pollutants, such as sulphur dioxide and
nitrogen oxides.

B Economic benefits: the development and deployment of renewables can form part
of comprehensive strategies aimed at more sustainable economic growth (often
called “green growth”). Renewable energy has featured strongly in economic
recovery packages put in place in response to the global economic downturn.

B Energy access and affordability: renewables can play an important role in providing
electricity access modern energy services to the 1.3 billion people currently
without access to electricity and the 2.6 billion that still rely on traditional use of
biomass. Mini-grid and off-grid solutions, including solar PV, are often less costly
than grid extension to rural areas (see Chapter 2).

Based on a survey of established national policies, renewables are estimated to have
received $101 billion in subsidies in 2012, 11% higher than 2011.%° This includes $82 billion
to renewables for electricity generation and $19 billion to biofuels for transport. The rise
in 2012 was primarily due to the increase in solar PV capacity, increased generation from
capacity installed towards the end of 2011 and the increase of onshore wind capacity. The
level of renewables subsidies is less than one-fifth of the fossil-fuel consumption subsidies
in the same year (see Chapter 2). However, the geographical distribution is very different,
with OECD countries paying about 85% of the renewables subsidies. Subsidies were most
generous in the European Union ($57 billion) almost 60% of the total, the United States
($21 billion) and China (S7 billion). Ranked by generating technology, subsidies for solar PV
($35 billion) were the highest, followed by wind ($26 billion) and bioenergy ($17 billion).

10. The subsidy estimates do not include integration costs or subsidies for renewable energy use for heat.
See www.worldenergyoutlook.org for the methodologies on how renewables subsidies and fossil-fuel
consumption subsidies are calculated.
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Subsidies to biofuels declined by almost 20% in 2012 from the previous year. This is partly
due to reform of taxation levels (or tax incentives) in some of the main subsidising regions,
notably the United States and Brazil. In the United States, the US Congress did not extend
the ethanol import tariff nor the production tax credit for ethanol, which had been in place
for decades. In Brazil, subsidies to biofuels fell by more than half due to lower ethanol
supply, following a reduction in the blending mandate, and a decrease in the tax preference
provided to ethanol, when gasoline taxes were reduced in the middle of the year. China,
too, drastically lowered subsidies for ethanol from $155/tonne to $80/tonne and, although
biofuels use increased, the total subsidy level declined.

Figure 6.15 > Global renewable energy subsidies by source in the New
Policies Scenario
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The New Policies Scenario projects an almost six-fold increase in electricity generation from
non-hydro renewables and a tripling of the use of biofuels. Subsidies to renewable energy
amount to over $220 billion per year in 2035, after peaking just above $240 billion around
2030 (Figure 6.15). From 2013 to 2035, cumulative subsidies to renewables amount to
$4.7 trillion, or around 0.15% of cumulative global GDP. These estimates are calculated by
taking the difference between the levelised cost of electricity generated by the renewable
energy technology and the regional wholesale electricity price, multiplied by the amount
of generation. For biofuels, they are calculated by multiplying the volumes consumed by
the difference between their cost and the reference price of the comparable oil-based
products.

In total, annual subsidies for renewables for power generation reach $177 billion in 2035.
They peak around 2030 and then decline, thanks to increasing wholesale power prices,
the decreasing unit costs of most renewable energy technologies, and because older
installations are gradually retired, meaning that newer and cheaper units make up a larger
share of the installed capacity. Subsidies for onshore wind power peak just after 2020,
earlier than those for any other technology, reflecting the increasing competitiveness
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of this technology. Subsidies for biofuels continue to increase until 2030 to $50 billion,
reaching $45 billion in 2035. The bulk of this goes to conventional biofuels, which remain
uncompetitive in most locations with conventional gasoline or diesel.

Over the projection period, onshore wind becomes competitive in more and more regions,
generating over 33 300 TWh cumulatively, supported by subsidies of some $620 billion
(Figure 6.16), corresponding to a low level of subsidy per unit of output ($19/MWh on
average over the Outlook period, including non-subsidised generation). Solar PV requires
$1 600 billion of cumulative subsidies and generates almost 12 200 TWh, meaning a higher
average unit subsidy of $131/MWh. Where support policies are committed for many years
(typically twenty years for feed-in tariffs), subsidies for older capacity continue to be paid,
even after new projects reach competitiveness. For bioenergy, the unit subsidy remains
broadly constant through 2035, as costs are not expected to decline significantly. For this
reason, and due to a more than three-fold increase in bioenergy generation, subsidies to
bioenergy become the second-largest of all by 2035, behind solar PV.

Figure 6.16 > Global subsidies for renewable electricity generation and
generation by source in the New Policies Scenario, 2013-2035
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Similar to the global trend, total subsidies to electricity from renewables peak over the
projection period in the European Union and in China (Figure 6.17). In the European Union,
subsidies level off in 2020 at $60 billion per year, before declining to about half that level
by 2035, as the subsidies to some 52 GW of PV solar added in the last three years come
to an end and wholesale prices increase. The peak in China reaches about $35 billion per
year around 2030 and then falls to below $30 billion in 2035. The bulk of the increase is
attributable to bioenergy and solar PV. The share of wind decreases from 37% in 2012 to
26% in 2035. In the United States, subsidies increase from $13 billion in 2012 to just above
$30 billion in 2035, while generation from non-hydro renewables almost quadruples.
Subsidies to onshore wind decrease over the Outlook period, as the technology gains
in competitiveness, while subsidies to bioenergy increase strongly, due to a three-fold
increase in generation and the replacement of a large amount of aging capacity.
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Figure 6.17 = Renewables-based generation subsidies by source and

selected region in the New Policies Scenario
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Chapter 7

Energy efficiency outlook
On frack for more with lesse

Highlights

e A government-led renewed focus on energy efficiency, at a time of higher energy
prices, has accelerated the previously slow rate of improvement in global energy
intensity. The amount of energy used to produce a unit of GDP declined by 1.5% in
2012, compared with an average annual decline of just 0.4% between 2000 and 2010.
The biggest improvements in 2012 were in countries with energy intensities above
the global average, including China and Russia. China’s energy intensity has gone from
almost four times the world average in 1990, to less than twice the world average
now, driven by significant improvements in industry.

® Motivated both by competitiveness considerations and environmental factors, major
new energy efficiency policies are being implemented or discussed, including the EU
Energy Efficiency Directive, strengthened appliance standards in the United States
and initiatives under the US-China Climate Change Working Group to enhance truck
efficiency standards and efficiency in buildings in both countries. In the New Policies
Scenario, the implementation of policies for efficiency, which are under discussion,
leads to savings of 910 Mtoe in 2035 (compared with the Current Policies Scenario),
which is just over half of the current energy use of the European Union.

® Industry accounts for 37% and buildings for 26% of efficiency-related primary energy
savings in 2035 in the New Policies Scenario. In both sectors, the bulk of the savings
are made in the use of electricity, led by efficiency improvements in electric motor
systems, stricter standards for appliances, and more efficient lighting. Improved fuel-
economy standards in transport lead to oil savings of around 5 mb/d in 2035, or 31%
of the total primary energy savings. Improvements in the average efficiency of fossil
fuel-fired power plants, particularly in China, India and the United States, account for
most of the remainder.

® Subsidies to energy consumption are a major barrier to investments in energy
efficiency. Depending on the region, the payback period can be extended up to nine
times. For example, in the Middle East, due to low gasoline prices, an investment in
a hybrid car is recovered through lower fuel costs only after almost eighteen years,
compared with four years in Europe.

e The New Policies Scenario gives rise to an additional $3.4 trillion of investment in
energy efficiency through to 2035 (on top of the $4.7 trillion required in the Current
Policies Scenario). These additional investments generate cumulative savings in energy
expenditures of $6.1 trillion. Household energy bills are reduced by $2.6 trillion
through energy efficiency. These savings free up disposable income, which leads to
an increase in the use of non-energy goods.
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Introduction

Although not always as visible as supply-side options, energy efficiency is an essential
component of a sustainable energy future. Policies to improve the efficiency of energy
use can start delivering benefits fairly quickly, including by improving energy security
and industrial competitiveness, cutting household energy bills and reducing problems
linked to local air pollution and climate change. In contrast to supply-side options, energy
efficiency options are often obscured by the fact that efficiency is rarely traded or priced.
Furthermore, improving efficiency involves a wide range of actions affecting a variety of
energy services across different sectors — including buildings, industry and transport — so
the overall achievement is often difficult to quantify.

Energy efficiency was the “fuel” of focus in the 2012 edition of the World Energy Outlook
(WEOQ) (Box 7.1). The report found that policies and measures that are enacted or are
currently under discussion will fall well short of tapping the full economic potential of
energy efficiency by 2035 (Figure 7.1). In order to raise the visibility of energy efficiency and
to put it on the same footing as its supply-side alternatives, we have decided to dedicate
a chapter of each year’s WEO to energy efficiency, along with the chapters on the primary
fuels and electricity.! This decision is designed to encourage and support the increasing
attention that is now being directed to energy efficiency policy in all parts of the world, not
least as a means of reducing costs and improving competitiveness (see Chapter 8).

Figure 7.1 = Proportion of long-term economic energy efficiency potential
achieved in the New Policies Scenario, 2012-2035
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Source: IEA (2012a).

This chapter first considers recent energy efficiency trends by region and sector and
discusses recent policy developments. It then focuses on the impact of energy efficiency
policies yet to be implemented or under discussion, as assumed in the New Policies

1. For similar reasons, alongside the medium-term market reports for different fuels, the IEA has recently
published the first edition of the Energy Efficiency Market Report (IEA, 2013a).
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Scenario. Energy efficiency is examined by sector, fuel and region. The analysis quantifies
the avoided energy use due to energy efficiency in the New Policies Scenario compared with
the Current Policies Scenario. Further, the chapter discusses energy efficiency investment
needs and describes the multiple benefits the energy efficiency policies under discussion
would provide, including macroeconomic benefits, savings in import bills and reduced
levels of local air pollution and carbon-dioxide (CO,) emissions.

Box 7.1 > The Efficient World Scenario - tackling competitiveness, energy
security and climate change simultaneously

To quantify the implications for energy markets, the economy and the environment

of undertaking all economically viable energy efficiency investments, the WEO-2012

(IEA, 2012a) presented the Efficient World Scenario, setting out the policies needed

to overcome the various barriers to the comprehensive adoption of energy efficiency

measures. This scenario shows that the policies under discussion, included in the

New Policies Scenario, achieve only one-third of the economic potential of energy
efficiency (Figure 7.1). The Efficient World Scenario provides a blueprint that identifies

the policies and measures required in each sector to unlock this full potential, along

with an estimate of the required investment. Those investments pay back well before

the end of the technical lifetime of the energy capital stock.

In the Efficient World Scenario, growth in primary energy demand through to 2035
is halved (in net terms, i.e. after taking the rebound effect into account), relative to
the New Policies Scenario. The vast majority of savings relative to the New Policies
Scenario are achieved by end-users: more than 40% in buildings,? 23% in industry
and 21% in transport. The Efficient World Scenario leads to a more efficient allocation
of resources and delivers economy-wide benefits. The global economy generates an
additional $18 trillion in cumulative output by 2035, corresponding to the combined
gross domestic product (GDP) of the United States, Canada, Mexico and Chile in 2011.
The energy security of importing nations increases, while exporters are able to sell
volumes, which would otherwise have gone to internal consumption. Along with
reduced local pollution, energy-related CO, emissions peak before 2020 and decline
thereafter, a trajectory consistent with a long-term temperature increase of 3 °C. This
is a significant improvement compared to the New Policies Scenario, though still falling
short, in isolation, of limiting the global temperature increase to 2 °C. The aim of the
Efficient World Scenario was to highlight the very large potential for energy efficiency.
As this does not change on a yearly basis, the Efficient World Scenario has not been
updated for this edition of the Outlook.

2. Buildings comprise the residential and services sector, including energy consumption for space and water
heating, cooking, lighting, appliances and cooling.
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Current status of energy efficiency
Recent progress

Global energy intensity, measured as the amount of energy required to produce a unit of
GDP, declined by 1.5% in 2012, which was similar to the improvement in 2011.% A renewed
policy focus on energy efficiency and higher energy prices have together accelerated
the previous slow pace of energy intensity improvement (Box 7.2). The decade to 2010
had seen an average annual improvement of only 0.4% per year with energy intensity
worsening in 2009 and 2010, partly because of colder-than-usual winters and the
economic recession.

Box 7.2 > Energy efficiency, energy intensity and energy savings

Energy intensity, in general defined as primary energy demand per unit of economic
output, is not a good indicator of energy efficiency as it is influenced by the structure
of an economy and climatic conditions (IEA, 2008 and 2012a). For analysis of past
trends, energy intensity is nevertheless often used as a proxy for energy efficiency in
the absence of more detailed data.

This chapter discusses trends in energy efficiency in the New Policies Scenario. Energy
savings are stated by reference to the Current Policies Scenario, which does not
attempt to capture the effect of policies under discussion but not yet adopted. These
savings can arise in end-use sectors (i.e. transport, buildings, industry and agriculture)
and in supply (i.e. power generation, oil and gas extraction and refineries).

Energy savings can be grouped in three broad categories: reductions in the demand
for energy services; savings due to fuel and technology switching; and savings due
to energy efficiency improvements. Changing end-user prices lead to changes in the
demand for energy services, reducing the demand for final energy consumption.
Fuel and technology switching, for example switching from gasoline cars to electric
cars, adopting heat pumps for space and water heating or producing steel in electric
arc furnaces instead of basic oxygen furnaces can reduce final consumption. Energy
efficiency savings, strictly defined, are different: they provide the same energy service
while consuming less energy. Such energy efficiency improvements may be provided
by adopting more efficient technologies, including, for example, better insulation of a
buildings shell, or by improving system efficiency through energy management systems
and process control. In order to distinguish these three different effects, we employ
a decomposition analysis based on our technology-rich World Energy Model results. 4

3. While energy intensity is presented here using GDP at market exchange rate (MER), it can also be expressed
in terms of purchasing power parity (PPP). For a discussion on the use of GDP at MER or PPP see also IEA/World
Bank (2013).

4. For more information on the decomposition analysis and the World Energy Model, see
www.worldenergyoutlook.org/weomodel/documentation/.
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Energy intensity in 2012 declined, in relative terms, mostly in countries where its level
was above the global average, leaving greater remaining potential for improvement
(Figure 7.2). Countries with the highest energy intensities often have considerable fossil
fuel resources and often subsidise fossil fuel consumption (IEA/World Bank, 2013). On
the contrary, those countries with the lowest energy intensities among the world’s top-
twenty energy consumers are all characterised by high energy prices and strict efficiency
legislation, e.g. Japan and members of the European Union.

Figure 7.2 = Primary energy intensity levels and frends in selected regions, 2012
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In 2012, the United States made the biggest relative improvement in energy intensity, as
a result of efficiency gains in industry and services, together with fuel switching in power
generation to natural gas. The second-biggest improvement was in Russia due primarily to
lower energy use per unit of output in industry and services. Russia was closely followed
by China, where efficiency improvements in industry (Box 7.3) and higher output from
hydropower and other renewables led to a 4% improvement in energy intensity in 2012.°
From being four times higher than the global average in 1990, China’s energy intensity is
now less than twice the global average. In the Middle East, in contrast to other regions,
energy intensity increased in 2012, mainly due to increased activity in energy-intensive
industry (e.g. petrochemicals) and rapid energy demand growth in buildings and transport.

At its simplest, assessment of the improvement in energy intensity simply involves
measuring the reduction in energy use per unit of GDP that has been achieved over a given
period. On this basis, energy intensity across almost all regions improved over the last two
decades. Between 1990 and 2000, global energy intensity (disregarding changes in the
regional make-up of regional GDP) improved by 1.4% per year, and 1.8% per year over the
period since 2000 (Figure 7.3).

5. The physical energy content method, applied by the IEA, uses the physical energy content of the primary
energy source as the primary energy equivalent. Accordingly, the conversion efficiency for hydro and wind power
is 100%.
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Box 7.3 = Energy efficiency does deliver®

There has been a long-standing debate on whether energy efficiency really can deliver
long-term energy savings, mostly due to different estimates of the rebound effect and
the extent to which demand savings will influence energy prices (IEA, 2012a; Sorrell,
2007; Frondel, Ritter and Vance, 2012). A common perception is that little progress
has been made in improving energy efficiency. However as measurement of energy
efficiency improves, it is possible to show evidence that it really is making a difference.
Here are three examples of recent policies and their impact:

B During its 11th and 12th Five-Year Plans, China introduced wide-ranging policies
to reduce energy use in industry, which accounts for about half of its total final
energy consumption. China’s industrial energy consumption is dominated by the
steel and cement sector, which previously consumed much more energy per unit
of output than the OECD average. Measures that have reduced industrial energy
intensity have included energy performance standards; targets for annual energy
consumption for the biggest companies; the closure of small and outdated plants;
energy audits and the introduction of energy management systems; and financial
incentives. Official reports and independent analysis estimate that China saved
105 million tonnes of oil equivalent (Mtoe) in its industrial energy demand over
four years (2006-2009) through its Top-1 000 Programme, an amount equivalent
to the entire annual energy demand of Poland (Jing, et al., 2012). The energy
intensity of China’s cement industry is now comparable with the OECD average.

B Japan’s Top-Runner Programme, set the first fuel-economy standards in the
transport sector in 1999. The goal was to reduce specific fuel consumption of new
passenger light-duty vehicles by about 23% within fifteen years. The target was
achieved in 2005, five years ahead of schedule. The Top-Runner Programme is
estimated to have saved around 0.2 million barrels per day in oil consumption in
2010 and thus cut annual fuel bills by almost $6 billion ($2012) in the same year
(GWPH, 2013).

B The German KfW Development Bank has a long record of providing low-interest
loans and other subsidies to incentivise renovations in existing buildings to
improve their energy efficiency (75% of German homes were built before any
energy efficiency regulations came into force). Renovations financed through the
Bank improved energy performance in houses and reduced their average energy
consumption by 30% in 2011. It has been independently estimated that the KfwW
programmes saved €690 in annual energy costs for each household in 2011.
Moreover, CO, emissions have been cut by 4 million tonnes per year between
2005 and 2011 while creating or securing around 220 000 jobs and leveraging
significant private investment (Diefenbach, et al., 2012; Schroder, et al., 2011).

6. Increased energy efficiency can lead beneficiaries to spend part of the revenue saved on new or additional
energy services, so offsetting part of the original efficiency savings. This is called rebound effect and is taken into
account in the World Energy Model projections.
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But, at the same time, countries with higher energy demand per unit of GDP were
increasing their share of global economic output: the shares of different regions in global
output were shifting. Taking this into account, there has been a significant slowdown in the
global rate of energy intensity improvement. Global energy intensity on this basis declined
by 1.3% per year on average in the 1990s, but the decline dropped to 0.4% per year during
the 2000s. The case of China illustrates this effect. China’s economy is significantly more
energy intensive than the world average. As its weight in the global economy increases, so
the global average improvement in energy intensity is dampened (Figure 7.3). At the start
of the 1990s, this effect was offset by the collapse of the Soviet Union and the consequent
decline in its economic activity.

Figure 7.3 = Annual relative change in global primary energy intensity by
driver, 1990-2012
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Notes: Changes in energy intensity are split into two drivers — energy intensity on a regional level and
regional GDP share — using a rolling decomposition analysis. Energy intensity is measured using GDP at
market exchange rate in year-2012 dollars.

Recent policy developments

Improvements in energy efficiency over the past two years have been accompanied by
encouraging signs of increasing action on the policy front in many regions (Table 7.1). In July
2013, China and the United States drafted a co-operation plan, pledging to make heavy-duty
vehicles and coal-fired power plants more efficient. Further, the US administration’s plan on
climate action, announced in June 2013, has strong energy efficiency components. The plan
includes: the imposition of carbon pollution standards on new and existing power plants
(which would lead to increased average fossil-fuel power plant efficiency); strengthening
fuel-economy standards for heavy-duty vehicles beyond 2018; and tightening efficiency
standards for electric appliances. In 2012, Canada extended fuel-economy standards for
cars to 2025, introduced stringent performance standards on new power plants (banning
the construction of coal-fired power stations, unless equipped with carbon capture and
storage technology) and introduced Minimum Energy Performance Standards (MEPS) for
several products, including lighting and water heating.
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Among others in OECD, the European Union’s Energy Efficiency Directive, which came
into force in December 2012, must be implemented by member states by mid-2014.
Several regulations for appliances, such as computers and vacuum cleaners, have been
implemented under the EU Ecodesign Directive. In Australia, the government has taken
further steps as part of the Clean Energy Future package to exploit the remaining energy
efficiency potential and financial support will be provided and research promoted through
the Clean Technology Program and the Clean Energy Finance Corporation. In industry, the
Energy Efficiency Opportunities programme has been opened up to medium-size energy
consumers. Discussion has also begun on setting efficiency standards for light-duty vehicles.
Japan added windows and heat-insulating materials to the Top-Runner Programme in May
2013, which is expected to promote technology innovation. Also in Japan, an evaluation
is to be carried out of industrial consumer’s efforts to reduce electricity use during peak
hours.

Action on energy efficiency has not been confined to OECD countries. The world’s biggest
energy consumer, China, introduced an extensive set of efficiency goals and measures at
the start of its 12th Five-Year Plan in 2011 with the objective of reducing energy intensity
16% by 2015 compared with 2010. Over the past year, some concrete policy actions have
been taken to realise the target. The National Development and Reform Commission
announced more market-oriented pricing for oil products and a price increase for natural
gas for businesses. Furthermore, Beijing plans to eliminate large coal-fired boilers from the
city centre by the end of 2015.

In India, the Energy Conservation in Building Code has become mandatory for large
commercial and residential buildings in several states, with the objective of reducing energy
consumption from lighting and hot water systems, and the MEPS for air conditioners have
been tightened. Southeast Asian countries are also increasingly turning attention to energy
efficiency, but subsidies remain commonplace across the region (IEA, 2013b). In Singapore,
the Energy Conservation Act has been implemented, requiring a co-ordinated industrial
approach to energy efficiency and, in Malaysia, a long-term National Energy Efficiency
Master Plan has been adopted.

Brazil has joined other countries in adopting incentives to increase energy efficiency in
the transport sector. The Inovar-Auto programme encourages technology innovation by
requiring car manufacturers to increase the efficiency of cars up to 2017 in order to qualify
for tax breaks. Its effective implementation is expected to increase the efficiency of light-
duty vehicles by at least 12% by 2017 (see Chapter 10). The Inovar-Auto programme is seen
as a first step towards the establishment of mandatory targets.

The Middle East saw some intensified action on limiting the spiralling electricity
consumption from air conditioners, which account for roughly half of electricity demand
in that region. Saudi Arabia strengthened MEPS for air conditioners, while the United Arab
Emirates introduced such regulation for the first time.
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Table 7.1 = Selected energy efficiency policies announced or infroduced in
2012 and 2013

Sector New policy measures

United Power Announcement of carbon pollution standards for new and existing power plants.

States Buildings/  Proposal of the Energy Savings and Industrial Competitiveness Act of 2013 to:

industry strengthen building codes; create a financing initiative; and incentivise the
application of efficient motors. Tighten efficiency standards for appliances.

Transport  Intention announced to increase fuel-economy standards for heavy-duty vehicles
beyond 2018.

Canada Transport  Proposed extension of emissions standards for passenger and commercial light-
duty vehicles beyond 2016; implementation of emissions standards for heavy-duty
vehicles.

Buildings  Increased stringency of MEPS for several products, including lighting, water
heating, air conditioners and appliances.

Power Introduction of performance standards requiring new power stations not to
exceed 420 tonnes of CO, per gigawatt-hour.
Japan Buildings/  Extension of the Top-Runner Programme to windows and insulating materials.
industry

Evaluation of industrial consumer efforts to reduce electricity use during peak
hours.

European Buildings Implementation of regulations for vacuum cleaners and computers within the
Union framework of the Ecodesign Directive.

Transport Agreement on a fuel-economy standard for new cars of 95 grammes of CO,/km by
2020.

Australia Industry  Clean Technology Program invests $1.2 billion to improve energy efficiency
and support research and extension of the Energy Efficiency Opportunities
programme. Establishment of the Clean Energy Finance Corporation endowed
with $10 billion fund to invest in clean energy including energy efficiency.

China General Energy price reform (more frequent adjustments in oil product prices and an
increase in natural gas price by 15% for non-residential users).

Buildings  Introduction of energy standards for new buildings and the refurbishment of
existing dwellings.

India Buildings  More stringent MEPS for air conditioners.

Energy Conservation in Building Code (ECBC) made mandatory in eight states. It
applies, among other things, to the building envelope, lighting and hot water.

Southeast Industry  Singapore: Energy Conservation Act came into force requiring reporting on energy
Asia use, appointing energy managers and elaborating efficiency improvement plans.

Malaysia: National Energy Efficiency Master Plan established an overall long-term
plan for efficiency, with a goal to reduce electricity consumption by 10% in 2020.

Brazil Transport  Inovar-Auto programme approved requiring car manufacturers to produce more
efficient vehicles to qualify for a tax discount.

Africa Buildings Economic Community of West African States (ECOWAS): phase-out of
incandescent lighting by 2020, adoption of appliance standards and labels by 2014
and development of region-wide standards for buildings.

Industry  South Africa: Manufacturing Competitiveness Programme of $0.6 billion with one
aim being to upgrade current production facilities.

Middle Buildings  Saudi Arabia: more stringent MEPS for air conditioners.

East
United Arab Emirates: introduction of MEPS for air conditioners and mandatory

energy labelling scheme for all domestic appliances.
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Recent sectoral trends

Diverging energy intensity developments by sector are apparent at a regional level
(Figure 7.4). Global industrial energy intensity decreased by only 3% between 2005 and
2012. In China it decreased by one-quarter, while in the Middle East it increased by one-
fifth.” In the United States, energy intensity in industry decreased only slightly over the
past seven years as efficiency improvements were almost fully offset by an increase in
oil and gas production and increased activity in the chemicals industry that shifted the
economy, to some extent, to more energy-intensive sectors. The European Union, on the
other hand, saw a decline of about 15% in its industrial energy intensity, partially linked to
the declining share of energy-intensive industry, such as iron and steel, in total industrial
output. Energy intensity levels in Japan’s industry sector decreased by about 9% from 2005
to 2012, helped by structural changes in the economy away from energy-intensive sectors,
including metals and paper.

Figure 7.4 = Energy intensity change by sector and region, 2005-2012
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Decomposition analysis for China shows that structural change from 2005-2010 played only
a minor part in the substantial improvement in its industrial energy intensity in those years,
meaning that the bulk of the improvement can be attributed to energy efficiency gains
(Hasanbeigi, et al., 2013). The share of energy-intensive industries in total industrial value
added did not change significantly during the 11th Five-Year Plan, due to strong growth
in cement and steel production. Driven by ambitious energy efficiency policies, including
the ten key projects and Top-1 000 Energy-consuming Enterprises Programme, efficiency
improvements were strongest in the cement and paper industries.

In the residential sector, which accounts for one-quarter of global final energy demand and
73% of total buildings energy demand, energy intensity fell by 20% over the past seven
years, but regional trends diverge.® In emerging economies, such as China, savings due

7. Industrial energy intensity is defined as energy consumed per unit of industrial value added.

8. Residential energy intensity is defined as modern residential fuel use per square metre and capita, calculated
only where the population has access to modern energy.
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to improvements in energy efficiency are more than offset by an increase in consumption
driven by higher wealth and living standards. In OECD countries, energy intensities in
households decreased over the period, mainly as a consequence of efficiency measures.
In countries where parts of the population lack access to electricity, such as India, the
intensity of energy use decreased markedly, as households gaining access to modern
energy supply normally consume relatively little compared with the country’s average
consumption of modern energy per capita and per square metre of floor space. This effect
strongly impacts the global intensity trend; therefore a decrease in energy intensity is not
entirely driven by efficiency improvements. In road transport, diverging regional trends
can also be observed from 2005: in Japan and the European Union, high fuel prices, fuel
standards and the sluggish economy led individuals to buy smaller cars, which reduced fuel
intensity; while in India fuel intensity stayed roughly constant.®

The outlook for energy efficiency

In the New Policies Scenario, energy demand to 2035 increases by one-third, compared
with almost 45% in the Current Policies Scenario, saving 1 260 Mtoe in 2035. Efficiency
accounts for almost three-quarters, or 910 Mtoe, of the energy savings in 2035, reflecting
the policies and measures already being discussed (Figure 7.5). The bulk of the savings
occur in end-use sectors, with a much smaller share achieved in energy supply and
transformation. The amount of energy required to generate a unit of GDP is reduced by
37% compared with today. Global energy intensity improvements average 1.9% per year,
compared with 1.6% in the Current Policies Scenario (and 2.5% in the 450 Scenario).

Figure 7.5 = Change in global primary energy demand by category in the
New Policies Scenario relative to the Current Policies Scenario
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9. Transport energy intensity is defined as on-road fuel consumption in passenger light-duty vehicles in litres
per 100 kilometres.
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Apart from greater efficiency, other measures that contribute to reducing energy demand
include fuel switching and reduced demand for energy services.’® Fuel and technology
switching is particularly concentrated in the power sector being achieved by increasing
the share of generation from gas-fired power plants, solar photovoltaics (PV), wind and
hydropower, and, in the buildings sector, by the installation of heat pumps for space
heating. Demand for energy services is further reduced by higher prices resulting from
subsidy removal, CO, pricing and more expensive electricity generating technologies in the
power sector.

Trends by region

Roughly half of the global efficiency-related energy savings in the New Policies Scenario
are achieved in China, North America and Europe. This reflects not only their current
and expected shares in total global energy demand, but also their emphasis on efficiency
(Table 7.2).

In 2035, the largest share of the differential energy savings between the Current and
New Policies Scenarios is achieved in China, representing about 40% of the global total
(Figure 7.6). Due to energy efficiency, Chinese energy demand growth from 2011 to 2035
slows from an annual average of 2.2% to 1.9%. Energy efficiency, together with structural
changes in the economy, contributes to a decline in China’s energy intensity of 60%
between 2011 and 2035. The main contributing factor to energy savings in China in the
New Policies Scenario, compared to the Current Policies Scenario, is the more intense shift
in the Chinese economy from energy-intensive industries to light industry and services.

North America achieves the second-largest savings, at roughly 190 Mtoe in 2035, almost
halving the annual growth in its energy demand to 2035 compared with the Current
Policies Scenario. North American energy intensity declines by about 40%, based on more
ambitious energy efficiency policies in transport, industry and buildings. As a result, the
gap between energy intensity in North America and OECD Europe narrows: in 2011 North
America was using 49% more energy than Europe to produce one unit of GDP; by 2035 it
uses 37% more. Europe’s energy demand in the New Policies Scenario is 7% lower than in
the Current Policies Scenario (about 120 Mtoe in 2035). The main driver behind the energy
savings in Europe is the implementation of the EU Energy Efficiency Directive. The main
components that reduce final energy consumption are the energy efficiency obligation
scheme, together with, the renovation of the building stock, accurate and individual billing,
and mandatory energy audits in industry.

In the New Policies Scenario, India’s total primary energy demand more than doubles over
the Outlook period; annual growth averages 3.0%, compared with 3.3% in the Current
Policies Scenario. A key driver of the reduction is the assumed extension of the current
Perform, Achieve and Trade (PAT) scheme, which includes financing mechanisms to support

10. Demand for energy services (e.g. for transport, lighting or space heating) is different from final energy
consumption. The latter is a result of the fuel used and the efficiency of the end-use device chosen to satisfy the
energy service demand.
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the implementation of efficiency measures. Other developing countries in Asia, particularly
ASEAN countries, have recently stepped-up efforts to improve energy efficiency, using
regulations, market-based instruments and financial incentives. Compared to the Current
Policies Scenario, other developing countries in Asia save a total of around 60 Mtoe in
the New Policies Scenario in 2035, with almost 60% of the savings stemming from ASEAN
countries (IEA, 2013b). Persistent subsidies for fossil fuels in several countries in the region
increase the payback periods of energy efficiency measures and thus impede efficiency
gains.

Figure 7.6a > Energy intensity by region in the New Policies Scenario
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Figure 7.6b > Primary energy savings by region in the New Policies Scenario
relative to the Current Policies Scenario in 2035
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Table 7.2 = Key energy efficiency assumptions in major regions in the New
Policies Scenarios

New Policies Scenario

United Fuel-economy standards for new passenger light-duty vehicles (PLDV) at 54.5 miles per gallon
States (4.3 litres per 100 kilometres [I/km]) in 2025, and continued improvement thereafter.

Fuel-economy standards for new trucks (up to 20% by 2017/2018, depending on type).

Increased state and utility budgets for energy efficiency and continued improvement
thereafter.

MEPS extended and strengthened for a number of appliances.

European Partial implementation of the Energy Efficiency Directive by 2020 and improvements
Union thereafter.

MEPS for buildings, as specified in the Energy Performance for Buildings Directive.*

Mandatory environmental performance requirements for energy-using products, as specified
by the Ecodesign Directive. **

Fuel-economy standards for PLDVs at 95 g CO,/km in 2020 (3.8 1/100 km), light-commercial
vehicles at 147 g CO,/km (5.9 /100 km) in 2020.

Japan Measures to contain electricity demand growth.
Mandatory energy efficiency benchmarking and energy management.*
Efficient lighting, net zero energy use for all new buildings from 2030, Top-Runner Programme.

Fuel-economy standards for PLDVs at 20.3 km/I (4.9 1/100 km) in 2020* and strengthening
thereafter.

China Target in the 12th Five-Year Plan (2011-2015) to cut energy intensity by 16% including:
- Shift towards a more service-oriented economy.
- Top-10 000 Energy-consuming Enterprises Programme.**
- Small plant closure and phasing out of outdated capacity.*
- Incentives for buildings refurbishment, targets for energy efficiency in buildings.**
Fuel-economy standards for PLDVs at 5.0 /100 km in 2020, and strengthening thereafter.

Fossil-fuel subsidies phased out within ten years.

India Full implementation and extension of the National Mission on Enhanced Energy Efficiency.*
Fuel-economy standards for PLDVs: assumed annual improvement of 1.3% over 2012-2020.

Implementation of MEPS and labelling for equipment and appliances, as well as support of
efficient lighting.*

Fossil-fuel subsidies phased out within ten years.

Brazil Phasing out of incandescent lighting.**
Measures to increase efficiency in appliances and air conditioners.**
Enhanced action according to the national energy efficiency plan.

Inovar-Auto initiative targeting fuel efficiency improvement for PLDVs of at least 12% in
2017.*%*

Middle Partial phase out of fossil fuel subsidies.

East Measures to increase efficiency of lighting, appliances and air conditioners.

* Also implemented in the Current Policies Scenario. ** Partially implemented in the Current Policies
Scenario. Note: All fuel-economy standards refer to test-cycle fuel consumption.
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Trends by sector

Global primary energy demand in the New Policies Scenario in 2035 is 1 260 Mtoe, or 7%,
lower than in the Current Policies Scenario. Slightly more than half of the primary energy
savings come from the power sector. Only a small portion of the savings in the power
sector comes from improved efficiency in the sector itself, the vast majority of the savings
being attributable to lower electricity consumption in buildings and industry (Figure 7.7).
Once the electricity savings are recalculated into primary energy terms (accounting
for conversion losses), industry saves the most (37%), followed by transport (31%) and
buildings (26%). While electricity savings dominate the industry and buildings sectors, oil is
the dominant fuel in transport and shows the highest savings.

Figure 7.7 = Primary energy savings from energy efficiency by fuel and
sector in the New Policies Scenario relative to the Current
Policies Scenario in 2035
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* Electricity and heat demand savings in end-use sectors are converted into equivalent primary energy
savings and attributed to each end-use. The savings allocated to the power sector arise from the increased
efficiency of the plant and of grid and system management (efficiency improvements in transmission and
distribution are labelled as “electricity and heat” in power). Note: Energy savings of 17 Mtoe in agriculture
are not depicted, while non-energy use does not have any efficiency-related savings between the two
scenarios.

Industry

The industry sector is responsible for 30% of global final energy consumption and one- third
of energy-related CO, emissions (including indirect emissions from electricity and heat).
Over the projection period, industrial energy consumption grows to some 3 530 Mtoe
from today’s level of 2 550 Mtoe (Table 7.3). Most of this growth arises in non-energy-
intensive sectors, such as food, textiles, machinery and transport equipment, whose
energy consumption increases by 60%, while energy consumption in iron and steel grows
by only 16% and is almost flat in cement.
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Table 7.3 = Savings in industrial energy demand and CO, emissions from
energy efficiency in the New Policies scenario (Mtfoe)

Change versus Current Policies Scenario

Total Due to efficiency

2020 2035 2020 2035

Coal 727 848 814 -27 -73 -11 -35
Oil 324 355 348 -10 -30 -7 -20
Gas 502 624 783 -14 -61 -12 -46
Electricity 671 885 1134 -27 -98 -20 -66
Heat 126 143 148 -2 -10 -3 -9
Bioenergy* 199 242 300 -2 6 -6 -18
Total 2548 3096 3528 -82 -265 -59 -194
CO, emissions (Gt)** 9.7 11.8 12.3 -0.5 -2.0 -0.3 -0.9

* Includes other renewables. ** CO, emissions include indirect emissions from electricity and heat;
Gt = gigatonnes.

Compared with the Current Policies Scenario, industrial energy consumption is 7% lower
in the New Policies Scenario in 2035. Almost three-quarters of the reduction is driven by
energy efficiency gains. Most of the new policies currently under discussion focus on energy
audits, energy management systems and financial incentives, particularly for small and
medium-size enterprises. Many of these companies are in non-energy-intensive industries,
as heavy industries are generally dominated by large corporations. Consequently,
three-quarters of the efficiency-related savings come from light industries in 2035. The
optimisation of electric motor systems, including the increased adoption of variable speed
drives, is responsible for most of the electricity savings, given the large share of these
systems in consumption and their improvement potential (IEA, 2013c).

Reduced demand for energy services accounts for about one-quarter of the energy savings
in 2035 in the New Policies Scenario, compared with the Current Policies Scenario. Most
of these demand-related savings occur in China as a result of a shift from heavy industries
to lighter ones and to the services sector. While demand declines in regions that phase
out fossil-fuel subsidies, it slightly increases elsewhere, due to lower energy prices. The
effect of fuel and technology switching is minimal, as the positive effect from technology
switching (e.g. from primary to secondary steel making) is almost completely offset through
the growth in the share of bioenergy, which is usually less efficient than fossil fuels.

The steel sector is the world’s second most energy-consuming industry (after chemicals
and petrochemicals), consuming as much energy each year as Russia. There is over-capacity
in steel making, and since energy is an important cost factor, efficient energy use is a key
determinant of plant competitiveness (see Chapter 8). Energy intensity can be reduced in
many ways: by adopting more efficient technologies, by optimising and managing systems,

11. For the purpose of this analysis, the steel sector is defined to include coke ovens and blast furnaces.

246 World Energy Outlook 2013 | Global Energy Trends



and by process change (IEA, 2012a). In the steel sector, process changes include a shift
towards the use of scrap metal or direct reduced iron instead of pig iron for iron making,
and a shift from primary steel making via blast furnaces (BF) and basic oxygen furnaces
(BOF) (or open hearth furnaces) to the use of electric arc furnaces (EAFs). Process change
is particularly important in countries where a significant share of steel is produced via the
BF/BOF route and where scrap metal is available. These include Japan, the European Union,
Russia and China. Steel production from EAFs using scrap metal is less than half as energy
intensive as the BF/BOF route and most steel products nowadays can be produced in EAFs.
While energy costs and environmental considerations influence the choice of whether to
use EAFs, scrap metal availability and steel quality are stronger factors.

In the New Policies Scenario, process changes in the steel industry play an important role
in reducing energy intensity up to 2035, accounting for slightly more than half of all energy
savings (Figure 7.8). This means that improved energy efficiency is responsible for less than
half of the energy intensity reduction.

Figure 7.8 > Energy intensity reduction in the iron and steel sector by type of
improvement, 2011-2035
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Note: These regions account for almost 80% of global steel production.

Russia achieves significant energy savings by moving away from outdated open hearth
furnace technology. Steel production in China is currently dominated by BOFs. Increasing
the use of scrap metal in EAFs, as well as raising the share of steel production from EAFs by
nine percentage points reduces the energy consumption per unit of steel by 9%. For Japan,
we project in the New Policies Scenario a slightly higher domestic consumption of scrap
metal and higher production share from EAFs to a similar level as in the late 1990s. In the
European Union, increasing the share of secondary steel making from the current 43% to
58% in 2035 and higher use of scrap metal are responsible for the majority of the energy
intensity reduction. The United States and India do not make a big contribution to energy
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savings through process change because steel making via the EAF route already accounts
for around 60% in both countries. In India, most of the input to EAFs is from coal-based
direct reduced iron, which is significantly less efficient than the gas-based variant.

The remaining energy intensity reductions in steel production come from the adoption
of more efficient technical equipment and systems optimisation via process control,
automation and monitoring systems. Systems improvements account for roughly one-
fifth of the non-process related efficiency gains. The intensity reductions from technical
efficiency are particular significant in Russia, India and the United States. Further efficiency
improvements in China are limited, mainly due to the limited amount of new capacity
additions. China added substantial steel capacity over recent years and domestic steel
production is expected to peak around 2020, with declining production thereafter.

Transport

Almost 30% of global final energy consumption is in the transport sector. This sector is
heavily reliant on oil, with the notable exceptions of electricity in rail networks and natural
gas in the operation of pipelines. In the New Policies Scenario, energy consumption
increases by 1.3% annually to reach 3 300 Mtoe in 2035, which compares to a growth rate
of 2.1% per year over the past twenty years. The slowdown in growth mainly reflects trends
in road transport, but growth in rail travel and aviation outpaces growth in road travel in
the coming decades. Transport-related CO, emissions increase from 7 gigatonnes (Gt) in
2011 to 9 Gt in 2035, which is the fastest increase of all end-use sectors (Table 7.4).

Table 7.4 = Savings in transport energy demand and CO, emissions from
energy efficiency in the New Policies Scenario (Mfoe)

Change versus Current Policies Scenario

Demand Total Due to efficiency

2020 2020 2035 2020 2035

Coal 3 2 0 0 0 0 0
Oil 2264 2572 2878 -47 -348 -33 -248
Gas 93 122 186 5 39 22 =110
Electricity 25 35 63 1 12 -1 -1
Biofuels 59 101 192 13 40 -1 -19
Total 2444 2832 3319 -27 -258 -38 -278
CO, emissions (Gt) 7.0 8.0 9.0 -0.1 -0.9 -0.1 -0.8

Transport energy demand in the New Policies Scenario is about 260 Mtoe, or 7%, lower
in 2035 than in the Current Policies Scenario. Higher efficiency in transport decreases
consumption by about 280 Mtoe in 2035, mainly as a result of stricter fuel-economy
standards for light-duty vehicles. In several regions in the New Policies Scenario — namely
Southeast Asia, Latin America, the Middle East and China — efficiency improvements are
partly offset by the rebound effect, increased demand for road travel as a result of lower
oil prices.
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The approach most commonly used to improve energy efficiency in road transport is the
introduction of fuel-economy standards. The impact of such policies considered in the New
Policies Scenario on total fuel savings in road transport, are greatest in China, followed by
the United States and the European Union (Figure 7.9). In China, under the State Council’s
Development Plan for Energy Saving and the Automobile Industry for 2012-2020, the aim
is to reach an average level of fuel consumption of 5.0 litres per 100 kilometres (I/100km)
for new cars, saving roughly 12 Mtoe in 2020 in the New Policies Scenario relative to the
Current Policies Scenario. In the United States, the Corporate Average Fuel Efficiency
(CAFE) standards applicable to 2025 save 61 Mtoe by 2035, relative to the Current Policies
Scenario. These standards may undergo mid-term evaluation, thus making their outlook
uncertain not only in the United States but also in Canada, which has recently adopted
similar standards. In the European Union, the target of reaching an average emissions level
of 95 grammes of CO, per kilometre (g CO,/km) in 2020 for passenger light-duty vehicles
(PLDVs), which is still awaiting approval from the European Council, is responsible for the
majority of savings in the New Policies Scenario, totalling 24 Mtoe in 2035.

Figure 7.9 > Fuel savings from energy efficiency in road transport in the New
Policies Scenario relative to the Current Policies Scenario
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Compared with road transport, the energy efficiency of other transport sectors has so far
come under less scrutiny, but recently some encouraging developments have taken place.
After aviation was included in the EU Emissions Trading Scheme in 2012, international
airlines announced, for the first time, in early 2013 their readiness to curb their
greenhouse-gas emissions. The International Air Transport Association issued a resolution
urging governments to manage CO, from air travel from 2020 onwards, using a market-
based mechanism. The goal of the association is to increase fuel efficiency on average
by 1.5% per year until 2020, broadly in line with the efficiency improvements achieved in
the New Policies Scenario (IATA, 2009). In addition, the United Nations International Civil
Aviation Organisation also reached consensus in October 2013 on a roadmap to create a
market-based mechanism to reduce carbon emissions. In the maritime sector, the major
initiative to improve fuel efficiency is the Energy Efficiency Design Index for new ships.
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Adopted by the International Maritime Organization in 2011, it foresees the application
of progressively more stringent efficiency targets. The index entered into force in January
2013 and applies to all ships of 400 gross tonnage and above (which account for 70% of
CO, emissions from ships), though exemption from the requirements for new ships may be
available for up to a maximum of four years (Hughes, 2013).

Buildings

Final energy demand in the buildings sector grows from 2 890 Mtoe in 2011 to 3 690 Mtoe
in 2035, 180 Mtoe or 5% less than in the Current Policies Scenario (Table 7.5). Most of the
final energy savings arise from energy efficiency measures targeting the building shell, but
also from efficiency standards for lighting and other energy-consuming equipment, such
as heating systems and appliances, as well as from better use of automation and control
systems. A lower call for energy services is particularly important in countries phasing out
fossil-fuel subsidies for households, including China and Russia, with fuel and technology
switching playing a smaller role.

Table 7.5 = Savings in buildings energy demand and CO, emissions from
energy efficiency in the New Policies scenario (Mtoe)

Change versus Current Policies Scenario

Total Due to efficiency

2020 2035 2020 2035

Coal 118 117 95 -5 -16 -1 -2
oil 324 318 271 -11 -33 -3 -8
Gas 597 689 815 -12 -44 -5 -21
Electricity 839 1044 1417 -29 -105 -13 -64
Heat 149 158 167 -3 -9 =il -4
Modern renewables* 115 157 243 6 38 0 =1
Traditional biomass** 744 730 680 -2 -9 -1 -4
Total 2 886 3213 3688 -57 -178 -26 -103
CO, emissions (Gt)*** 8.1 8.7 9.4 -0.5 -1.9 -0.2 -0.7

* Modern renewables include wind, solar and geothermal energy as well as modern, efficient biomass
use. ** Traditional biomass includes fuelwood, charcoal, animal dung and some agricultural residues.
*#*% CO, emissions include indirect emissions from electricity generation and energy use for heat.

Around 60% of the savings between the Current Policies and New Policies Scenarios in
2035 are in electricity, with the amount saved representing more than the current annual
generation in Japan. Despite the large absolute savings, electricity becomes a more
important energy carrier over time, increasing its share of buildings energy use from 29%
today to 38% in 2035, as the relative importance of direct use of fossil fuels and traditional
biomass declines. Space and water heating contribute most to these savings in the New
Policies Scenario, closely followed by appliances and cooling. Savings in coal and oil use
account for around 30% of total savings, mainly driven by better insulation, which increases
the efficiency of buildings (and thus reduces demand for space heating/cooling) and the
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uptake of more efficient water heaters and cookstoves in developing countries. Traditional
biomass still makes up 26% of final energy consumption in buildings today, mostly used
for cooking in developing countries in fairly simple and mostly inefficient cookstoves (see
Chapter 2). With increasing household income and political support, modern fuels including
charcoal, kerosene, liquefied petroleum gas (LPG), gas and electricity could gradually take
the place of traditional biomass (IEA, 2010).

In the services sector, the energy consumption per unit of value added has been declining
in all regions and this trend is projected to continue, reaching 70% of its current value in
2035. In the residential sector, energy intensity, defined as consumption of modern fuels'?
per square metre and per capita, is projected to decrease by 39% in total, but shows larger
regional differences. In OECD countries, energy intensity in residential buildings decreases
by 25%, mainly driven by efficiency improvements. In non-OECD countries, energy intensity
decreases by more than 30%, while residential floor space increases by 60% by 2035. In
emerging economies, such as China, India and ASEAN countries, efficiency improvements
are partly offset by a significantly increased demand for energy services, reflecting
increased income per capita. In poorer developing countries, improved access to electricity
and reduced use of traditional biomass for cooking also play important roles: increasing
electricity access leads to increased modern fuel consumption, but the low consumption
of newly connected households reduces the energy intensity of the residential sector at a
national level.

China achieves about one-third of the global residential energy savings differential between
the Current Policies Scenario and New Policies Scenario, thanks to policies under discussion
and energy price reforms (Spotlight). Whether countries realise their economic potential
for savings is closely linked to the structure of the buildings sector and the conditions
governing energy supply. Savings in space heating in the residential sector in China, for
example, remain below the full economic potential, due to the flat rate tariff structure of
district heating systems in northern urban areas, which is a barrier to efficiency changes
(Figure 7.10). More stringent standards in appliances and air conditioners are expected
to deliver most of the savings in the residential sector. Cooling needs in China and other
developing countries in warm climate zones are expected to increase strongly over time as
people become more affluent, highlighting the importance of the prompt introduction of
relevant efficiency standards. Cooling needs also rise due to climate change (IEA, 2013c).

In Europe, the savings between the Currentand New Policies Scenario account for more than
15% of the global savings in households in 2035, as policies under discussion take effect.
Insulation and retrofit measures provide most of the gains, as a consequence of stricter
renovation policies and building codes under the EU Efficiency Directive (the impact of the
Energy Performance of Buildings Directive is mainly integrated into the Current Policies
Scenario). The implementation of building codes is mandatory in most OECD countries,
but, while progress has been made in non-OECD countries, implementation usually remains

12. Excluding traditional biomass.
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voluntary there. Achieving high compliance or designing effective building codes can be very
challenging. Policies currently in place tend to encourage action by individuals, such as the
replacement of windows or boilers, which has only a limited impact on the overall energy
consumption, compared to holistic measures, such as deep renovation of the building
shell (Saheb, 2013). Consequently, the impact of current policies on building’s energy
consumption remains limited, as large potential savings remain untapped. Nevertheless,
recent analysis shows that the market is starting to reward increased building energy
standards: they have been shown to contribute to higher rents and house prices in Europe
(BIO, IEEP and Lyons, 2013). The second-largest savings in the European Union come from
improvements in appliances and lighting, supported by the EU Ecodesign Directive.

In the United States, increased efficiency standards for appliances and air conditioners are
expected to deliver most of the savings in the residential sector, together with savings in
space and water heating, thanks to building codes.

SPOTLIGHT

China accounts for about one-third of the global savings in the buildings sector between
the Current and the New Policies Scenario. This is primarily due to the policies announced
in the 12th Five-Year Plan and the central co-ordination of building regulations in the
Ministry of Housing and Rural Urban Development (MOHURD).

China’s 12th Five-Year Plan introduced the concept of regulating the absolute level of
energy demand, rather than energy intensity. Although no cap has yet been announced,
this can be seen as an important shift in Chinese energy policy. In May 2012, the
MOHURD announced the Building Conservation Plan, which aims to contribute to the
overall national intensity target for 2015 by means of efficiency savings in the buildings
sector. The plan provides that 95% of new buildings should reduce space heating per
square metre (m?) by 55-65%, compared with 1980 levels, depending on the climate
zone. Furthermore, in the period to 2015, 450 million square metres of existing
buildings are to be refurbished (1% of the existing stock) and 800 million m? of new
“green buildings” built. The criteria for green buildings include resource savings and
environmental protection; examples are the deployment of solar PV or natural lighting
(Tsinghua University, 2013).

The MOHURD regulates the largest building industry in the world: growth in Chinese
residential floor space accounted for more than one-third of the floor space additions
worldwide in the last ten years. The MOHURD reports to the state council and supervises
provincial building departments. This structure allows the regulator to follow regional
developments closely and ensures high compliance with building regulations (up to 95%
and higher has been observed) (Zhou, McNeil and Levine, 2011).
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Figure 7.10a = Energy consumption by end-use in households by region in
the New Policies Scenario, 2011 and 2035
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Figure 7.10b = Final energy savings in households in the New Policies Scenario
relative to the Current Policies Scenario by region, 2035
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* Due to a lack of comprehensive data on the end-use of traditional biomass, it is assumed to be used
primarily for cooking, although it also serves space and water heating purposes.

In developing countries, e.g. in Africa and India, the increase in demand for electricity
resulting from greater access to electricity offsets the savings due to limited efficiency
improvements in lighting and appliances. Important savings in lighting can be achieved
by phasing out the use of incandescent bulbs. Legislation to this effect is in place in all
major OECD countries and in a number of non-OECD countries, including China, India, most
countries of West Africa and Brazil. This single change leads to a reduction in electricity
demand for lighting of around 5% in these regions, between the Current and New Policies
Scenarios. If all increases in lighting demand were met by the most efficient technology,
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global electricity demand from lighting could be reduced by more than 40% in 2035,
resulting in a reduction of 5% of total residential electricity demand. In countries with
limited access to electricity, lower demand as a result of improved efficiency by existing
customers provides an important offset to additional electricity generation.

Investment in energy efficiency

The Current Policies Scenario requires investment of $4.7 trillion in energy efficiency over
2013-2035 (Figure 7.11).%® Despite a diminishing share in global energy consumption,
OECD countries account for 60% of these total investments, due to more stringent policies
regulating efficiency in the OECD. In order to realise the energy savings in the New Policies
Scenario, additional investment of $3.4 trillion is needed in energy efficiency. As a result of
lower electricity demand, cumulative investment in electricity transmission and distribution
is $0.8 trillion lower in the New Policies Scenario than in the Current Policies Scenario, and
investment in power plants is reduced by $0.6 trillion, more than compensating for the
additional investment required to improve energy efficiency in the New Policies Scenario.
The $3.4 trillion additional investments in the New Policies Scenario generate savings on
energy expenditures of $6.1 trillion up to 2035.

Figure 7.11 = Average annual energy efficiency investment by scenario
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The transport sector accounts for almost 40% of the cumulative additional investments in
the New Policies Scenario. This reflects the large increase in the vehicle fleet (which almost
doubles to 2.9 billion vehicles in 2035) and the average amount spent on energy efficiency
for each vehicle ($300) throughout the projection period in the New Policies Scenario.
Efficiency investments in commercial and residential buildings increase substantially,
driven by higher insulation standards for new buildings, a more widespread adoption of

13. Energy efficiency investment (excluding international bunkers) is used to denote expenditure on a physical
good or service which leads to future energy savings, compared with the energy demand expected otherwise.
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efficient heating technologies, and more efficient lighting, appliances and cooling systems.
Investment in industrial energy efficiency in 2035 increases by about 70%, or $26 billion,
compared with the Current Policies Scenario, realising energy savings of almost 200 Mtoe
in the same year. About half of the investment goes to steam systems and furnaces, while
the other half is used to improve electric motor systems, appliances and lighting.

Though various market imperfections inhibit the adoption of energy efficiency measures,
energy prices play a key role in stimulating the adoption of efficient technologies. With high
energy prices in Europe and Japan, and persistent price subsidies in a few energy exporting
countries (see Chapter 2), the payback period for a more efficient technology can be up to
nine times higher depending on the region (Figure 7.12). This means that, in some cases,
the payback period can exceed the lifetime of the technology, making it uneconomic to
invest in such a measure (even if transaction costs are not counted). Including transaction
costs would double the payback period for certain countries and sectors (IEA, 2012a).

Figure 7.12 = Payback periods for selected technologies and regions, 2013
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Notes: VSD = installation of a variable speed drive in a compressed air system. LED = light-emitting diode
replacing an incandescent light bulb. Hybrid car = hybrid car replacing an internal-combustion engine car.

The economic incentive to improve efficiency is highest in Japan and the European Union.
Installing a variable speed drive (VSD), a device to control the speed of machinery, is one
of the best ways of achieving energy savings in industrial electric motor systems, which
account for up to 70% of all electricity consumption in industry. As industrial electricity
prices are highest in Japan and Europe, the payback period of a VSD is around one year,
while it is around two-and-a-half years in the United States, where electricity prices are less
than half of the European average. The payback period of a VSD is relatively low in India,
because the total cost of installing a VSD is lower, since labour costs are a fraction of OECD
levels and account for around one-third of the total costs (UNIDO, 2010).

Lighting accounts for roughly 20% of the current electricity demand in buildings. Light-
emitting diodes use around five times less energy than incandescent light bulbs. Given
the relatively low electricity prices for households in India, China and Russia, the payback
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period for installing LEDs, instead of incandescent light bulbs, is more than two years.
Because of even lower electricity prices in the Middle East, the payback period there is
around nine years. Oil prices are also low in the Middle East, meaning that payback for an
investment in a hybrid car stretches to eighteen years, while in Russia where the annual
mileage is relatively low, it is nine years. Although gasoline prices are significantly lower in
the United States than in Europe, higher vehicle mileage in the United States reduces the
difference in payback periods in this case.

Broader benefits

Improvements in energy efficiency not only reduce energy consumption and energy bills,
but have further benefits including lower energy imports, macroeconomic advantages, and
reduced levels of air pollution and CO, emissions.**

Energy imports

In net-importing regions, improved energy efficiency in the New Policies Scenario enhances
energy security by reducing energy demand and thereby lowering energy import bills. In
2035, avoided import bills stemming from energy efficiency in the New Policies Scenario
are highest in China, at $130 billion, and the United States, at $95 billion. On a per-capita
basis, however, avoided import bills are by far the highest in the United States, at $250 per
person in 2035 (Figure 7.13). Most savings result from higher efficiency in PLDVs, which
reduces oil use. Natural gas-related savings are significant in some countries, such as Japan
and Korea, where they account for more than 30% of total savings. Given China’s reliance
on coal, the fuel comprises almost 20% of China’s avoided energy import bills, despite its
significantly lower energy-equivalent price when compared with gas or oil.

Figure 7.13 = Avoided import bills from energy efficiency in the New Policies
Scenario relative to the Current Policies Scenario, 2035
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14. For a comprehensive overview of the multiple benefits of energy efficiency, see IEA (2012b).
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Impact on total household expenditure

The additional energy efficiency measures implemented in the New Policies Scenario affect
the broader economy and alter consumption patterns of all types of goods and services
(Figure 7.14). Firms increase investment in more energy-efficient production processes,
see a net reduction in their energy costs and spend more on non-energy inputs (e.g. capital
and labour). These economy-wide changes in consumption patterns follow adjustments
in the relative prices of different commodities. The prices of manufactured goods and
services, which have less energy embedded, are reduced, stimulating demand from firms
and households.

Figure 7.14 = Economic impacts of energy efficiency
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In parallel, households purchase more efficient electrical appliances, buy more efficient
cars and refurbish their homes to improve insulation. Stimulated activity in non-energy
manufacturing creates higher labour demand. This shift in employment benefits workers
through higher wages and therefore translates into higher disposable income. The overall
macroeconomic impact of improving energy efficiency is generally positive, as illustrated in
the Efficient World Scenario (IEA, 2012a).

In value terms, household expenditure currently accounts for more than half of global
GDP. In OECD countries, where 35% of total final energy savings are achieved in the New
Policies Scenario, the share of GDP household consumption is close to 70%. Moreover, it is
in residential energy demand and in PLDV fuel demand, the vast bulk of which is consumed
by households, that 37% of total efficiency savings are realised.

Energy efficiency measures adopted in the New Policies Scenario result in a net positive
outcome for households: the cumulative reduction in household energy spending through
to 2035 reaches $2.6 trillion (Figure 7.15), corresponding to about 3% of current global
GDP. Reduced energy spending is accompanied by reduced fuel prices in the New Policies
Scenario, which in turn bring down other production costs. These energy savings free
up disposable income, some of which is allocated to the consumption of cheaper non-
energy goods, including energy-efficient appliances. Almost 60% of the reduction in energy
spending is made by OECD households, while China accounts for another one-quarter.
However, only a small share of additional purchases of non-energy goods occur in OECD
countries, mainly because the same amount of disposable income for households in less
developed countries, with lower initial endowments, induces larger shifts in consumption
patterns. Furthermore, a degree of saturation in the consumption of certain durable goods
in OECD countries leaves less room for altering OECD consumption patterns.

European households currently pay among the highest energy prices in the world and their
total average spending on energy is more than 10% of their total spending (see Chapter 8),
making energy efficiency a particularly attractive option. In the New Policies Scenario, every
dollar saved per person in the European Union on energy bills in 2020 is largely offset by
additional spending on other goods. Over the projection period, European households see
their purchasing power essentially unchanged. Japanese households who spend a lower
share of their income on energy (about 8%) make modest gains, in the order of $30 billion.

Chinese households see their net real consumption increasing by about $100 billion over
the period. This amount, equivalent to just 0.2% of China’s GDP in 2035, is insufficient to
trigger a sizeable shift in private consumption in China. In other fast-growing non-OECD
countries, such as India and Indonesia, households with the lowest incomes can rarely
afford to upgrade inefficient home installations. Hence the potential for direct energy
savings in the residential sector is lower. Additionally, the impact of efficiency policies
on energy spending is often limited, as in the New Policies Scenario these measures
are assumed to be complemented by reforms to fossil-fuel subsidies (Chapter 2). The
combined effect of the two sets of measures leaves overall household expenditures
largely unchanged.
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Figure 7.15 = Change in annual per-capita household spending on energy
and non-energy goods and services in the New Policies
Scenario relative to the Current Policies Scenario
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Sources: IEA analysis using the World Energy Model and OECD analysis using the OECD ENV-Linkages model.
Local air pollution

As a result of lower demand for fossil fuels, improved energy efficiency leads to reduced
local air pollution, which helps to reduce respiratory diseases. Recent analysis shows that
each year more than three million people die from outdoor air pollution, mainly caused
by combustion of fossil fuels and bioenergy (Lim, et al., 2012). Today, China and India are
responsible for more than 40% of global sulphur dioxide (SO,) emissions, of which more
than one-quarter arise from coal power plants. SO, emissions are reduced by 10% in the
New Policies Scenario as a result of efficiency improvements with more than 70% of the
reduction achieved in the power sector of non-OECD countries. The largest source of
nitrogen oxides (NO,) emissions is currently the transport sector (around 50%), followed
by power and industry. The transport sector accounts for 20% of the reduction in NO,
emissions, with the bulk of the improvements seen in non-OECD countries. Particulate
matter (PM,.) emissions are caused by the use of traditional biomass and industrial
processes. PM, . emissions are reduced by 4% globally resulting from a reduction of
traditional biomass use as more clean cooking facilities are adopted.™

CO, emissions

In the New Policies Scenario energy-related CO, emissions increase from 31.5 Gt in
2012 to 37.2 Gt in 2035, which is about 5.9 Gt or 14% lower than in the Current Policies
Scenario (Figure 7.16). Energy efficiency measures account for about half of cumulative

15. This is estimated based on IIASA (2012).
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CO, emissions savings in the New Policies Scenario, with the share being even higher in the
short term. Energy efficiency measures, including in lighting and electric motor systems,
are in most cases quickly deployable and among the cheapest options to reduce CO,
emissions. Redrawing the Energy-Climate Map, a WEO special report, proposes a set of
four pragmatic policies that can have a significant impact by 2020, with no net cost to the
overall economy (see Chapter 2). Energy efficiency on its own is, however, not enough
to bring down emissions to the level compatible with limiting the long-term temperature
increase to 2 °C. It needs to be complemented by increased use of renewables across
all sectors and wider deployment of nuclear power, carbon capture and storage (CCS) in
power generation and industry, and electric vehicles in transport.

Figure 7.16 = World energy-related CO, emissions abatement in the New
Policies Scenario relative to the Current Policies Scenario
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The largest efficiency CO, emissions savings stem from end-use sectors, particularly in the
form of electricity savings in buildings and industry. While electric motor systems account
for the greater part of the electricity savings in industry, a phase-out of incandescent light
bulbs and stricter appliance standards contribute most to lower electricity consumption
in buildings. Efficiency savings in transport are mainly driven by increased fuel-economy
standards for new vehicles, which lead to CO, emissions savings equal to 12% of total
savings in 2035. Efficiency gains in power plants, transmission and distribution, refineries,
and oil and gas extraction are responsible for about 7% of savings in 2035. A large share
of these savings is achieved by reducing the use of inefficient coal-fired power plants and
switching to more efficient gas-fired electricity generation (IEA, 2013c).
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Chapter 8

Energy and competitiveness
How will price disparities alter global economic geography?

Highlights

® Disparities in energy prices between countries and regions, especially for natural gas
and electricity, have widened significantly in recent years with implications for economic
competitiveness. Natural gas prices have fallen sharply in the United States, largely as
a result of the recent shale gas boom, and today are about one-third of import prices
to Europe and one-fifth of those to Japan. Electricity price differentials are also large,
with Japanese and European industrial consumers paying on average more than twice
as much for electricity as their counterparts in the United States, and even Chinese
industry paying almost double the US level.

® Energy-intensive sectors (chemicals; primary aluminium; cement; iron and steel;
pulp and paper; glass and glass products; refining) account globally for about 20% of
industrial value added, 25% of industrial employment and 70% of industrial energy
use. Energy costs can be vital for the international competitiveness of energy-intensive
industries, particularly where energy accounts for a significant share of total production
costs and where the resulting goods are traded extensively. The importance of energy
in total production cost is greatest in the chemicals industry, where in some segments
it can account for around 80%, including in petrochemicals.

e Shifts in industrial competitiveness have knock-on effects for the rest of the economy.
Recent rising energy prices across many regions have resulted in significant shifts in
energy and overall trade balances, as well as in energy expenditures taking a growing
share of household income. While natural gas price differentials narrow in our central
scenario, gas and industrial electricity prices in the European Union and Japan remain
around twice the level of the United States in 2035. The European Union and Japan
see a strong decline in their shares of global exports of energy-intensive goods — a
combined loss of 30% of their current share — although the European Union still
remains the leading exporter. The United States sees a slight increase in its share of
exports, with the increase being stronger in many emerging economies, particularly in
Asia, where domestic demand growth for energy-intensive goods also supports a swift
rise in production.

® High energy prices do not have to result in onerous energy costs for end-users or the
national economy. Improvements in energy efficiency have a crucial role in mitigating
high energy costs. Policymakers can also boost energy competitiveness by supporting
indigenous sources of energy supply as well as by increasing competition in wholesale
and retail energy markets. A carefully conceived international climate change
agreement can help to ensure that the energy-intensive industries in countries that
act decisively to limit greenhouse-gas emissions do not face unequal competition from
countries that do not.
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Energy and international competitiveness

The role of energy in international competitiveness has become a live issue in political,
economic and environmental debate around the world in recent years, with the emergence
of pronounced disparities in energy prices among countries and regions at a time of weaker
economic growth (Box 8.1). The widening of regional price differentials has accompanied
the interplay of a number of important new trends. These include the rebound in United
States oil and gas production thanks to the development of shale and other unconventional
energy resources; the opening up of new hydrocarbon provinces in Africa and elsewhere;
and a shift in the energy balance away from fossil fuels and nuclear power towards
renewable energy sources, notably in the European Union.

Box 8.1 = Defining “competitiveness”

In this chapter, international competitiveness refers to the ability of both individual
firms and entire economies to compete internationally. As one of several components
of the cost of doing business, the price of energy can have a material impact on the
cost of production, or productivity. Differences in energy prices across countries can,
therefore, be an important factor in how effectively firms can compete in export
markets and with imported goods and services. The term energy competitiveness is
taken to mean the cost of providing energy services in one economy relative to others.

This chapter’s main focus is on the impact of divergences in energy prices on industrial
competitiveness — the ability of industry (particularly its energy-intensive segments)
in a given economy to compete internationally. The rationale for this is that energy
generally accounts for a far bigger share of production costs in industry than in services.

Economic competitiveness refers to the productivity of an entire economy relative
to others, thus capturing the competitiveness of both industry and services. The
productivity of an economy determines the level of prosperity that it can attain and the
rates of return on investments that can be achieved (WEF, 2013a). Higher productivity
allows national economies to grow faster over the longer term and sustain higher wage
levels, boosting the welfare of their populations.

The new global energy map that is taking shape has potentially important implications
for the relative cost of energy in different countries and, therefore, for the global
economic balances established through competition between companies operating in
different regions. Those countries facing relatively high primary fuel and end-user prices
are concerned that the impact on production costs might deter investment and lead to
production and jobs migrating to countries where energy prices are now significantly lower,
such as the United States. With many countries facing acute economic difficulties, concerns
about a loss of competitiveness are moving to centre stage, especially in energy-importing
countries, and these could erode international and national efforts to tackle trade barriers
and climate change. Conversely, those countries that are enjoying relatively low energy
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prices are hopeful of being able to exploit this advantage by boosting production and
exports of goods that require significant amounts of energy. To the extent that lower prices
on the internal market result from increased domestic energy production, the economy
benefits from an additional economic stimulus. That is why several countries with large
unexploited resources of unconventional gas are keen to replicate the US experience.

The debate about energy and competitiveness has proceeded without much hard data. This
chapter seeks to shed light on the question of how significant energy is to competitiveness
in reality, what persistent energy price disparities might mean for future global economic
balances and what policymakers can do to improve economic competitiveness, while at the
same time addressing energy security and environmental concerns.

The cost of energy is just one of several factors that affect the overall cost of producing
goods and services, and, therefore, profitability. Other costs, including labour, capital, other
raw materials and maintenance, also affect competitiveness significantly.® These costs —
and the overall attractiveness of an economy to potential investors — are influenced heavily
by institutional factors (including financial, monetary, tax, legal and regulatory systems),
politics and geopolitics, infrastructure, technology, education and labour markets (see the
example of Korea in the Spotlight). Financing costs can vary substantially from one country
to another. To some extent, non-energy costs are influenced by energy prices, as energy is
an input to the production of raw materials and to transportation.

Despite recent high energy prices, fuel supply and power generation make up just 5% of
the global economy today. In general, energy prices play a relatively minor part in the
calculation of competitiveness, as in most sectors and countries energy accounts for
a relatively small proportion of total production costs. But for some types of economic
activities the share can be much higher, reflecting their degree of energy intensity — the
amount of energy needed for each unit of value added. For those activities, marked
disparities in energy prices across regions can lead to significant differences in operating
margins and potential returns on investment, especially where the output is transported
over long distances at relatively low cost. In some cases, energy prices can be the single
most important factor in determining investment and production decisions. By contrast, the
international competitiveness of many service activities is less affected by price disparities,
as their energy intensity is often low and their output is sold mainly domestically (notable
exceptions include transport services and data centres).

Persistently high energy price disparities can, therefore, lead to important differences in
economic structure over time. Industry (including energy supply) makes up around 30%
of world gross domestic product (GDP in purchasing power parity [PPP] terms?), but in

1. IMD World Competitiveness Yearbook 2013 ranks the United States highest for overall competitiveness,
followed by Switzerland and Hong Kong (www.imd.org/uupload/imd.website/wcc/scoreboard.pdf).

2. Purchasing power parities measure the amount of a given currency needed to buy the same basket of goods
and services, traded and non-traded, as one unit of the reference currency — in this report, the US dollar. By
adjusting for dif