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Foreword

Few propositions gain unanimity as readily as the case for rapidly developing sub-Saharan
Africa’s energy infrastructure; while few issues are so controversial between nations as the
place nuclear power should take in future global energy supply.

Controversy and challenge, however, do not daunt Dr. Fatih Birol and his team as they
bring objective information and projections to bear on energy issues, nor do they hesitate
to draw out the implications of their findings. In this year’s World Energy Outlook, they
explore in depth the energy needs and possibilities of Africa and the situation and prospects
for nuclear power. These are the themes of this year’s special features, set alongside the
comprehensive coverage of other fields and energy issues so familiar to our readers, with
projections now extending to 2040.

Increasing access to modern forms of energy is crucial to unlocking faster economic and
social development in Africa, specifically in sub-Saharan Africa. More than two-thirds of
the population live without electricity, and many more rely on dangerous, inefficient forms
of cooking. A better functioning energy sector is vital to ensuring that the citizens of Africa
can fulfil their aspirations.

The share of nuclear power in global electricity generation peaked at 18% almost
twenty years ago and has been in decline ever since. Its future prospects are now
particularly uncertain in many parts of the world. But whatever happens —retreat, recovery
or renaissance — nuclear power is and will remain an important part of energy policy as
it inherently works on long timelines. Plants require extensive planning and construction
time and, once built, operate for decades while producing radioactive waste that needs to
be safely isolated for thousands of years.

The IEA has argued for many years that energy supply can be regarded as secure only if it is
produced and delivered in a manner compatible with modern environmental expectations.
But winning public acceptance today goes well beyond that; and social acceptance, in this
broader sense, is a constant theme of the WEO. Advocates of particular energy solutions
must convince a sceptical public that they have satisfactory answers to the full range of
related social, environmental and safety issues. This is particularly true for nuclear power,
where proponents and opponents alike need to convince their citizens of their answers to
the challenges that may arise from its use or from its abandonment. Sub-Saharan African
economies will not take off until entrepreneurs and investors are convinced that they can
have confidence in the continuity of electricity supply and the integrity of the business
environment. Those concerned about climate change must be assured that energy will be
supplied by means which are compatible with international climate goals.

Foreword 3
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| trust that readers will find within this report analysis and insights that will help them
make better energy choices. | also encourage those interested in diving further into any
of the subjects covered in this WEO to also take a look at other IEA publications, such as
our Medium-Term Reports and our Energy Technology Perspectives series —the WEO is a
flagship publication of the IEA, which is complimented by many others that cover a broad
range of topics and time horizons.

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

Maria van der Hoeven
Executive Director
International Energy Agency
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Executive Summary

An energy system under stress

The global energy system is in danger of falling short of the hopes and expectations
placed upon it. Turmoil in parts of the Middle East — which remains the only large source
of low-cost oil — has rarely been greater since the oil shocks in the 1970s. Conflict between
Russia and Ukraine has reignited concerns about gas security. Nuclear power, which for
some countries plays a strategic role in energy security (and which is examined in depth in
this edition of the World Energy Outlook [WEO-2014]), faces an uncertain future. Electricity
remains inaccessible to many people, including two out of every three people in sub-
Saharan Africa (the regional focus in WEO-2014). The point of departure for the climate
negotiations, due to reach a climax in 2015, is not encouraging: a continued rise in global
greenhouse-gas emissions and stifling air pollution in many of the world’s fast-growing
cities.

Advances in technology and efficiency give some reasons for optimism, but sustained
political efforts will be essential to change energy trends for the better. Signs of stress
would be much more serious, were it not for improvements in efficiency and continuous
efforts to innovate and reduce the cost of emerging energy technologies, such as solar
photovoltaics (PV). But global energy trends are not easily changed and worries over the
security and sustainability of energy supply will not resolve themselves. Actions from well-
informed policy-makers, industry and other stakeholders are needed. WEO-2014, with
projections and analysis extended to 2040 for the first time, provides insights that can help
to ensure that the energy system is changed by design, rather than just by events.

Energy: the answer to — and the cause of — some urgent problems

Global energy demand is set to grow by 37% by 2040 in our central scenario, but the
development path for a growing world population and economy is less energy-intensive
than it used to be. In our central scenario, growth in global demand slows markedly, from
above 2% per year over the last two decades to 1% per year after 2025; this is a result
both of price and policy effects, and a structural shift in the global economy towards
services and lighter industrial sectors. The global distribution of energy demand changes
more dramatically, with energy use essentially flat in much of Europe, Japan, Korea and
North America, and rising consumption concentrated in the rest of Asia (60% of the global
total), Africa, the Middle East and Latin America. A landmark is reached in the early 2030s,
when China becomes the largest oil-consuming country, crossing paths with the United
States, where oil use falls back to levels not seen for decades. But, by this time, it is India,
Southeast Asia, the Middle East and sub-Saharan Africa that take over as the engines of
global energy demand growth.
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By 2040, the world’s energy supply mix divides into four almost-equal parts: oil, gas, coal
and low-carbon sources. Resources are not a constraint over this period, but each of these
four pillars faces a distinct set of challenges. Policy choices and market developments that
bring the share of fossil fuels in primary energy demand down to just under three-quarters
in 2040 are not enough to stem the rise in energy-related carbon dioxide (CO,) emissions,
which grow by one-fifth. This puts the world on a path consistent with a long-term global
average temperature increase of 3.6 °C. The Intergovernmental Panel on Climate Change
estimates that in order to limit this temperature increase to 2 °C —the internationally agreed
goal to avert the most severe and widespread implications of climate change — the world
cannot emit more than around 1 000 gigatonnes of CO, from 2014 onwards. This entire
budget will be used up by 2040 in our central scenario. Since emissions are not going to
drop suddenly to zero once this point is reached, it is clear that the 2 °C objective requires
urgent action to steer the energy system on to a safer path. This will be the focus of a WEO
Special Report, to be released in mid-2015 in advance of the critical UN climate talks in Paris.

Energy security concerns on the rise

The short-term picture of a well-supplied oil market should not disguise the challenges
that lie ahead as reliance grows on a relatively small number of producers. Regional
oil demand trends are quite distinct: for each barrel of oil no longer used in OECD
countries, two barrels more are used in the non-OECD. Increased oil use for transport and
petrochemicals drives demand higher, from 90 million barrels per day (mb/d) in 2013 to
104 mb/d in 2040, although high prices and new policy measures gradually constrain the
pace of overall consumption growth, bringing it towards a plateau. Investment of some
$900 billion per year in upstream oil and gas development is needed by the 2030s to meet
projected demand, but there are many uncertainties over whether this investment will be
forthcoming in time — especially once United States tight oil output levels off in the early
2020s and its total production eventually starts to fall back. The complexity and capital-
intensity of developing Brazilian deepwater fields, the difficulty of replicating the US tight
oil experience at scale outside North America, unresolved questions over the outlook
for growth in Canadian oil sands output, the sanctions that restrict Russian access to
technologies and capital markets and — above all — the political and security challenges in
Iraq could all contribute to a shortfall in investment below the levels required. The situation
in the Middle East is a major concern given steadily increasing reliance on this region for oil
production growth, especially for Asian countries that are set to import two out of every
three barrels of crude traded internationally by 2040.

Demand for natural gas grows by more than half, the fastest rate among the fossil
fuels, and increasingly flexible global trade in liquefied natural gas (LNG) offers some
protection against the risk of supply disruptions. The main regions that push global gas
demand higher are China and the Middle East, but gas also becomes the leading fuel in the
OECD energy mix by around 2030, helped by new regulations in the United States limiting
power sector emissions. In contrast to oil, gas production increases almost everywhere
(Europe is the main exception) and unconventional gas accounts for almost 60% of global
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supply growth. The key uncertainty — outside North America — is whether gas can be made
available at prices that are attractive to consumers while still offering incentives for the
necessary large capital-intensive investments in gas supply; this is an issue of domestic
regulation in many of the emerging non-OECD markets, notably in India and across the
Middle East, as well as a concern in international trade. Import needs are set to rise across
much of Asia as well as in Europe, but concerns about the security of future gas supply
are allayed in part by a growing cast of international gas suppliers, a near-tripling of global
liquefaction sites and a rising share of LNG that can be re-directed in response to the short-
term needs of increasingly interconnected regional markets.

While coal is abundant and its supply secure, its future use is constrained by measures
to tackle pollution and reduce CO, emissions. Global coal demand grows by 15% to 2040,
but almost two-thirds of the increase occurs over the next ten years. Chinese coal demand
plateaus at just over 50% of global consumption, before falling back after 2030. Demand
declines in the OECD, including the United States, where coal use for electricity generation
plunges by more than one-third. India overtakes the United States as the world’s second-
biggest coal consumer before 2020, and soon after surpasses China as the largest importer.
Current low coal prices have put pressure on producers worldwide to cut costs, but the
shedding of high-cost capacity and demand growth are expected to support an increase
in price sufficient to attract new investment. China, India, Indonesia and Australia alone
account for over 70% of global coal output by 2040, underscoring Asia’s importance in
coal markets. Adoption of high-efficiency coal-fired generation technologies, and of carbon
capture and storage in the longer term, can be a prudent strategy to ensure a smooth
transition to a low carbon power system, while reducing the risk that capacity is idled
before recovering its investment costs.

Prices and policies have to be right to get more efficiency into the mix

Energy efficiency is a critical tool to relieve pressure on energy supply and it can also mitigate
in part the competitive impacts of price disparities between regions. A renewed policy focus
on efficiency is taking hold in many countries and the transport sector is in the front line. With
more than three-quarters of global car sales now subject to efficiency standards, oil transport
demand is expected to rise by only one-quarter despite the number of cars and trucks on the
world’s roads more than doubling by 2040. New efficiency efforts have the effect of suppressing
total oil demand growth by an estimated 23 mb/d in 2040 — more than current oil production
of Saudi Arabia and Russia combined —and measures mainly in power generation and industry
hold the growth in gas demand back by 940 billion cubic metres, more than current gas outputin
North America. Aside from reducing energy-import bills and environmental impacts, efficiency
measures can also help in part to address the concern, felt in some import-dependent regions,
that relatively high prices for natural gas and electricity put their energy-intensive industries
at a competitive disadvantage. But regional energy price disparities are set to persist and
North America, in particular, remains a relatively low-cost region through to 2040: the average
amount spent on a unit of energy in the United States is expected even to fall below that of
China in the 2020s.
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Fossil-fuel subsidies totalled $550 billion in 2013 — more than four-times those to
renewable energy — and are holding back investment in efficiency and renewables. In the
Middle East, nearly 2 mb/d of crude oil and oil products are used to generate electricity
when, in the absence of subsidies, the main renewable energy technologies would be
competitive with oil-fired power plants. In Saudi Arabia, the additional upfront cost of a
car twice as fuel-efficient as the current average would, at present, take about 16 years
to recover through lower spending on fuel: this payback period would shrink to 3 years
if gasoline were not subsidised. Reforming energy subsidies is not easy and there is no
single formula for success. However, as our case studies of Egypt, Indonesia and Nigeria
show, clarity over the objectives and timetable for reform, careful assessment of the
effects and how they can (if necessary) be mitigated, and thorough consultation and good
communication at all stages of the process are essential.

Power sector is leading the transformation of global energy

Electricity is the fastest-growing final form of energy, yet the power sector contributes
more than any other to the reduction in the share of fossil fuels in the global energy
mix. In total, some 7 200 gigawatts (GW) of capacity needs to be built to keep pace with
increasing electricity demand while also replacing existing power plants due to retire by
2040 (around 40% of the current fleet). The strong growth of renewables in many countries
raises their share in global power generation to one-third by 2040. Adequate price signals
will be needed to ensure timely investments in the new thermal generation capacity, which
is necessary, alongside investment in renewables, to maintain the reliability of electricity
supply. This will require reforms to market design or electricity pricing in some cases.
The shift towards more capital-intensive technologies and high fossil fuel prices lead to
increasing average electricity supply costs and end-user prices in most countries in the
world. However, end-use efficiency gains help reduce the proportion of household income
spent on electricity.

Renewable energy technologies, a critical element of the low-carbon pillar of global energy
supply, are rapidly gaining ground, helped by global subsidies amounting to $120 billion
in 2013. With rapid cost reductions and continued support, renewables account for almost
half of the increase in total electricity generation to 2040, while use of biofuels more than
triples to 4.6 mb/d and the use of renewables for heat more than doubles. The share of
renewables in power generation increases most in OECD countries, reaching 37%, and
their growth is equivalent to the entire net increase in OECD electricity supply. However,
generation from renewables grows more than twice as much in non-OECD countries, led by
China, India, Latin America and Africa. Globally, wind power accounts for the largest share
of growth in renewables-based generation (34%), followed by hydropower (30%) and solar
technologies (18%). As the share of wind and solar PV in the world’s power mix quadruples,
their integration both from a technical and market perspective becomes more challenging,
with wind reaching 20% of total electricity generation in the European Union and solar PV
accounting for 37% of summer peak demand in Japan.
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A complex set of elements in decision-making on nuclear power

Policies concerning nuclear power will remain an essential feature of national energy
strategies, even in countries which are committed to phasing out the technology and
that must provide for alternatives. Global nuclear power capacity increases by almost
60% in our central scenario, from 392 GW in 2013 to over 620 GW in 2040. However,
its share of global electricity generation, which peaked almost two decades ago, rises by
just one percentage point to 12%. This pattern of growth reflects the challenges facing all
types of new thermal generation capacity in competitive power markets and the specific
suite of other economic, technical and political challenges that nuclear power has to
overcome. Growth is concentrated in markets where electricity is supplied at regulated
prices, utilities have state backing or governments act to facilitate private investment.
Of the growth in nuclear generation to 2040, China accounts for 45% while India, Korea
and Russia collectively make up a further 30%. Generation increases by 16% in the United
States, rebounds in Japan (although not to the levels prior to the accident at Fukushima
Daiichi) and falls by 10% in the European Union.

Despite the challenges it currently faces, nuclear power has specific characteristics that
underpin the commitment of some countries to maintain it as a future option. Nuclear
plants can contribute to the reliability of the power system where they increase the
diversity of power generation technologies in the system. For countries that import energy,
it can reduce their dependence on foreign supplies and limit their exposure to fuel price
movements in international markets. In a Low Nuclear Case — in which global capacity
drops by 7% compared with today — indicators of energy security tend to deteriorate in
countries that utilise nuclear power. For example, the share of energy demand met from
domestic sources is reduced in Japan (by 13 percentage points), Korea (by six) and the
European Union (by four) relative to our central scenario.

Nuclear power is one of the few options available at scale to reduce carbon-dioxide
emissions while providing or displacing other forms of baseload generation. It has
avoided the release of an estimated 56 gigatonnes of CO, since 1971, or almost two years
of total global emissions at current rates. Annual emissions avoided in 2040 due to nuclear
power (as a share of projected emissions at that time) reach almost 50% in Korea, 12% in
Japan, 10% in the United States, 9% in the European Union and 8% in China. The average
cost of avoiding emissions through new nuclear capacity depends on the mix and the costs
of the fuels it displaces, and therefore ranges from very low levels to over $80/tonne.

Almost 200 reactors (of the 434 operational at the end of 2013) are retired in the period
to 2040, with the vast majority in Europe, the United States, Russia and Japan; the
challenge to replace the shortfall in generation is especially acute in Europe. Utilities need
to start planning either to develop alternative capacity or to continue operating existing
plants years in advance of nuclear plants reaching the end of their current licence periods.
To facilitate this process, governments need to provide clarity on their approach to licence
extensions and details of the regulatory steps involved well ahead of possible plant closures.
We estimate the cost of decommissioning nuclear plants that are retired in the period
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to 2040 at more than $100 billion. Considerable uncertainties remain about these costs,
reflecting the relatively limited experience to date in dismantling and decontaminating
reactors and restoring sites for other uses. Regulators and utilities need to continue to
ensure adequate funds are set aside to cover these future expenses.

Public concerns about nuclear power must be heard and addressed. Recent experience
has shown how public views on nuclear power can quickly shift and play a determining role
in its future in some markets. Safety is the dominant concern, particularly in relation to
operating reactors, managing radioactive waste and preventing the proliferation of nuclear
weapons. Confidence in the competence and independence of regulatory oversight is
essential, especially as nuclear power spreads: in our central scenario, the number of
economies operating reactors rises from 31 to 36 as newcomers outnumber those that
phase out nuclear power. The cumulative total of spent nuclear fuel doubles to more than
700 thousand tonnes over the projection period, but, to date, no country has opened a
permanent disposal facility to isolate the most long-lived and highly radioactive waste
produced by commercial reactors. All countries that have ever produced radioactive waste
should have an obligation to develop a solution for permanent disposal.

Power to shape the future in sub-Saharan Africa

Those who have no access to modern energy suffer from the most extreme form of energy
insecurity. An estimated 620 million people in sub-Saharan Africa do not have access to
electricity, and for those that do have it, supply is often insufficient, unreliable and among
the most costly in the world. Around 730 million people in the region rely on solid biomass
for cooking, which — when used indoors with inefficient cookstoves — causes air pollution
that results in nearly 600 000 premature deaths in Africa each year. Sub-Saharan Africa
accounts for 13% of the global population, but only 4% of global energy demand (more
than half of which is solid biomass). The region is rich in energy resources, but they are
largely undeveloped. Almost 30% of global oil and gas discoveries made over the last five
years were in the region, and it is also endowed with huge renewable energy resources,
especially solar and hydro, as well as wind and geothermal.

The sub-Saharan energy system is set to expand rapidly but, even so, many of the existing
energy challenges will be only partly overcome. By 2040, the region’s economy quadruples
in size, the population nearly doubles and energy demand grows by around 80%. Power
generation capacity quadruples and almost half of the growth in generation comes from
renewables, which also increasingly provide the source of power for mini- and off-grid
systems in rural areas. Overall, nearly one billion people gain access to electricity, but more
than half a billion still remain without it in 2040. Output from Nigeria, Angola and a host
of smaller producers means that sub-Saharan Africa remains an important centre of global
oil supply — although an increasing share of output is consumed within the region. The
region emerges also as an important player in gas, as development of the major east coast
discoveries off Mozambique and Tanzania accompanies increased production in Nigeria
and elsewhere.
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Sub-Saharan Africa’s energy sector can do more to support inclusive growth. In an
“African Century Case”, three actions in the energy sector — if accompanied by more general
governance reforms — boost the sub-Saharan economy by a further 30% in 2040, delivering
an extra decade’s worth of growth in per-capita incomes:

B Anupgraded power sector: additional investment that reduces power outages by half
and achieves universal electricity access in urban areas.

® Deeper regional co-operation: expanding markets and unlocking a greater share of the
continent’s hydropower potential.

B Better management of energy resources and revenues: more efficiency and
transparency in financing essential improvements to Africa’s infrastructure.

A modern and integrated energy system allows for more efficient use of resources and
brings energy to a greater share of the poorest parts of sub-Saharan Africa. Concerted
action to improve the functioning of the energy sector is essential if the 21st is to become
an African century.
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PART A
GLOBAL ENERGY TRENDS

Part A of this WEO (Chapters 1-9) presents energy projections to 2040 and considers
the implications for energy security, the economy and climate change. The main focus
isonthe New Policies Scenario—the central scenarioin WEO-2014. However, two other
scenarios are also presented — the Current Policies Scenario and the 450 Scenario.

Chapter 1 defines the scenarios and provides a detailed description of the policy and
modelling assumptions underpinning each of them.

Chapter 2 summarises the projections for global energy trends and their implications
for CO, emissions, investment needs and energy access. It also includes a detailed
evaluation of the value and volume of trade in energy over the projection horizon.

Chapters 3-7 analyse the outlook for oil, natural gas, coal, power and renewables.

Chapter 8 examines recent trends and future prospects for energy efficiency
and analyses the link between energy efficiency and economic and industrial
competitiveness.

Chapter 9 provides an update on fossil-fuel subsidies, analyses their impact on clean
energy investment and proposes some guiding principles for countries seeking to
make reforms to energy pricing.
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Chapter 1

A framework for our energy future
How do we project energy demand and supply?e

Highlights

® The New Policies Scenario — the central scenario in WEO-2014 — describes a pathway
for energy markets based on the continuation of existing policies and measures as
well as the implementation (albeit cautiously) of policy proposals, even if they are yet
to be formally adopted. The Current Policies Scenario only takes account of policies
that were enacted as of mid-2014. The 450 Scenario illustrates what it would take
to achieve an energy trajectory consistent with limiting the long-term increase in
average global temperature to 2 °C.

® The rate of GDP growth is a principal driver of energy demand. In WEO-2014, world
GDP growth averages 3.4% per year over 2012-2040. Growth slows in almost all parts
of the world during the projection period. The economies of sub-Saharan Africa (led
by Nigeria at 6.4% per year) and non-OECD Asia (led by India at 6.0% per year) see
the fastest growth. China’s annual rate of GDP growth averages 5.0%, compared with
an estimated 7.5% in 2013 and almost 10% over 2000-2012.

® The rate of population growth is a second key assumption. WEO-2014 assumes world
population expands from 7.0 billion in 2012 to 9.0 billion in 2040. Population growth
averages 0.9% per year during the projection period but decelerates in line with the
historical trend. The majority of growth occurs in Africa and non-OECD Asia. China’s
population peaks around 2030 and India becomes the world’s most populous country
around the same time. Populations increasingly concentrate in urban areas, whose
growth accounts for all of the net increase in the global population over 2012-2040.

® Energy prices, which are derived from iterative runs of our World Energy Model, vary
across the three scenarios, in part due to the strength of policies to address energy
security and environmental challenges. In the New Policies Scenario, the average
IEA crude oil import price edges upward from $106/barrel in 2013 to $112/barrel (in
year-2013 dollars) in 2020 and $132/barrel in 2040. Natural gas prices rise in Europe
and North America, but fall marginally in Japan, contributing to a narrowing of price
differences across markets. The average OECD steam coal import price reaches just
over $110/tonne in 2040. Assumptions for CO, prices also vary across the scenarios,
both in terms of price levels and geographical coverage.

e Rates of technological development and deployment, and their impact on energy
efficiency, vary by scenario. They take into account the current status of technologies
and R&D, the potential for further improvements, the degree of policy support and
other sector-specific factors, notably the rate of retirement and replacement of
capital stock. No fundamental technological breakthrough is assumed.
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Scope of the report

The World Energy Outlook (WEQ) assesses the prospects for global energy markets and
considers the implications for energy security, the economy and the environment. The aim
is to provide policy-makers, industry and energy consumers with a rigorous quantitative
framework to understand the drivers of future energy trends and to evaluate the impact of
government policies designed to address energy-related challenges.

Based on an initial update of events since WEO-2013, this edition provides a full update of
energy demand and supply projections by fuel, sector and region, as well as projections of
international energy prices. It also gives an updated outlook for trends in energy efficiency,
energy-related carbon-dioxide (CO,) emissions, investment in energy supply infrastructure,
and subsidies to fossil fuels and renewable energy sources. The projection period is
extended by five years, to 2040.

Part A of this report (Chapters 2-9) details the results of our projections under three
scenarios: the New Policies Scenario, the Current Policies Scenario and the 450 Scenario.
As in previous editions, these scenarios use common assumptions on key drivers such as
the rates of economic and population growth, but differ with respect to assumptions about
future policies. Chapter 2 summarises the projections for global energy trends and their
implications for CO, emissions, investment needs and energy access. Chapters 3-8 review
the outlook for oil, natural gas, coal, power, renewables and energy efficiency (including
its role in boosting international energy competitiveness, an issue first addressed in depth
in last year’s WEO). Chapter 9 sets out the results of our updated analysis of fossil-fuel
subsidies.

The rest of WEO-2014 focuses on two special topics:

B Outlook for Nuclear Power (Part B, Chapters 10-12): Several uncertainties cloud the
future for nuclear power, including the nature of government policy, public confidence
issues, the availability of financing in liberalised markets, the competitiveness of
nuclear power versus alternatives and the implications of the looming large-scale
retirement of ageing plants. Part B assesses the outlook for nuclear power and its
implications for global energy markets, energy security and climate change.

B Africa Energy Outlook (Part C, Chapters 13-16): Part C analyses of the current status
of the African energy sector and outlook, focusing on sub-Saharan Africa. It includes
newly collected data and new projections at the regional and country levels. It reviews
the prospects for improving access to modern energy services and for developing the
region’s huge energy resources in a way that contributes best to local economic and
social well-being, but also to international energy markets.
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Methodological approach
Modelling framework

The World Energy Model (WEM) is the principal tool for producing the energy projections in
this report.! The model is a large-scale simulation model, designed to replicate how energy
markets function. Developed over more than 20 years, it consists of three main modules
covering final energy consumption (including industry, transport, buildings, agriculture and
non-energy use), fossil fuel and bioenergy supply, and energy transformation (including
power and heat generation, refinery and other transformation). The primary outputs from
the model for each region are energy demand and supply by fuel, investment needs and
CO, emissions.

The WEM is a very data-intensive model that covers the entire global energy system. The
current version divides the world’s energy demand into 30 regions, modelling 13 countries
individually. Global oil and gas supply is modelled for 120 countries and regions; global
coal supply is modelled for 31 countries and regions. Most of the data on energy demand,
supply, and transformation, as well as energy prices, are obtained from IEA databases of
energy and economic statistics.? These are supplemented by additional data from many
external sources, including governments, international organisations, energy companies,
consulting firms and financial institutions. These sources are indicated in the relevant
sections of this document.

The WEM is constantly reviewed and updated to ensure that it provides an accurate
representation of regional and global energy markets.® The latest improvements to the
WEM include the following:

B For the Africa Energy Outlook, the number of separately modelled energy demand
regions in Africa was increased from three to eight. The energy demand model now
consists of two country models (Nigeria and South Africa) and six regional models
(Mozambique and Tanzania, North Africa, Western Africa, Southern Africa, Central
Africa and Eastern Africa). Africa’s oil and gas supply is modelled for 43 countries and
regions, and coal supply is modelled for Mozambique, South Africa and two aggregate
regions.

B Anew power sector module related to electricity access was added to enhance analysis
of generation, capacity and investment in off-grid and mini-grid systems.

B The residential module in Africa has been improved with new data on energy use,
costs and efficiency by end-uses and technologies, enhancing the analysis of clean
cooking and electricity access.

1. A complete description of the WEM is available at www.worldenergyoutlook.org/weomodel/.
2. Many of these data are available at www.iea.org/statistics.

3. The development of the WEM benefits from expert review within and outside the IEA, including through IEA
participation in a number of leading conferences for the energy modelling community.

Chapter 1 | A framework for our energy future 35




© OECD/IEA, 2014

B Inthe industry module, the modelling of petrochemical feedstock has been enhanced
using detailed bottom-up estimation by product. Simulation of industry carbon capture
and storage (CCS) deployment has been improved by introducing a detailed sector-by-
sector cost analysis.

B The road-transport module has been enhanced to improve the representation of
passenger light-duty vehicle sales and to improve projections of freight loads to reflect
regionally specific drivers of economic growth.

B Investment cost assumptions along the entire energy supply chain on both the demand
and supply sides have been updated through detailed surveys of industry and research
bodies.*

Defining the scenarios

WEQO-2014 continues the approach of using scenarios to prepare detailed quantitative
projections of long-term energy trends. Three scenarios, differing in their assumptions
about the evolution of government policies with respect to energy and the environment,
are presented: the New Policies Scenario and the Current Policies Scenario, which were
introduced in 2010, and the 450 Scenario, first presented in detail in 2008. Differences in
government policies lead to divergent trends in energy markets, notably through the level
of subsidies or prices, which affect learning and deployment. Details of the key policies and
measures taken into account in each scenario can be found in Annex B.> For each scenario,
we offer a set of internally consistent projections to 2040. None should be considered
forecasts: the Current Policies Scenario and New Policies Scenario are indications of where
we are heading unless things are changed; the 450 Scenario is an illustration of how radical
change could be effected. The starting year for the projections is 2013, as reliable market
data for all countries were available only up to 2012 at the time the modelling work was
completed. However, where preliminary data for 2013 were available (which was often the
case), they have been incorporated.

The New Policies Scenario is the central scenario of WEO-2014. It takes into account the
policies and implementing measures affecting energy markets that had been adopted as of
mid-2014, together with relevant policy proposals, even though specific measures needed
to put them into effect have yet to be fully developed. These proposals include targets
and programmes to support renewable energy, energy efficiency, and alternative fuels and
vehicles, as well as commitments to reduce carbon emissions, reform energy subsidies and
expand or phase out nuclear power. We make a case-by-case judgement (which is often
cautious) of the extent to which policy proposals will be implemented. This is done in view
of the many institutional, political and economic obstacles which exist, as well as, in some
cases, a lack of detail in announced intentions and about how they will be implemented.

4. The new cost assumptions are available at www.worldenergyoutlook.org/weomodel/investmentcosts.

5. A policies and measures database, detailing policies addressing renewable energy, energy efficiency and climate
change is available at www.iea.org/policiesandmeasures.
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Box 1.1 = Notable developments in energy policy in selected regions

In June 2014, the United States Environmental Protection Agency (EPA) proposed the
Clean Power Plan, which aims to cut power sector emissions in 2030 by 30%, compared
with 2005 levels, as well as to reduce soot and smog pollution by over 25%. States have
the flexibility to propose their own individual plans or develop multi-state plans to
meet the targets for power plants. Four “building blocks” are to be used: improved
efficiency at coal-fired power plants; expanded utilisation of combined-cycle gas
turbines; more nuclear and renewables; and improved end-use energy efficiency. We
assume in the New Policies Scenario that the proposals are implemented as proposed.

In January 2014, the European Commission proposed a climate and energy policy
framework for the European Union for 2030. Its centrepiece is a goal to reduce
greenhouse-gas emissions by 40% below 1990 levels to keep the region on track to cut
emissions by at least 80% by 2050. The target is to be met, in part, by increasing the
share of renewables in total EU energy use to at least 27%. The targets are still subject
to approval by the European Council and the European Parliament. The New Policies
Scenario assumes cautious movement in the direction of these targets, strengthened
by progressive implementation of the European Energy Security Strategy, released by
the European Commission in May 2014.

In September 2013, the State Council in China announced an Action Plan for Prevention
and Control of Air Pollution, with targets to control coal consumption and phase out
heavily polluting vehicles. A speech by Chinese President Xi Jinping in June 2014 called
for a “revolution” in energy consumption, energy supply, energy technology and energy
governance, while the Chinese Premier announced a “war on pollution” in March 2014.
These speeches are expected to set the tone for the 13th Five-Year Plan. As details of
this plan are not yet known, it is not yet included in the New Policies Scenario.

Japan’s new Strategic Energy Plan, approved by the government in April 2014 following
an energy policy review in response to the Fukushima Daiichi nuclear accident
provides for nuclear power to remain an important source of baseload electricity. As
of September 2014, none of the country’s 48 reactors was operating, but the new plan
calls for them to be restarted once regulatory approvals have been obtained. Targets
for the future energy mix are expected to be announced later, with the contribution of
renewable energy expected to increase. In the New Policies Scenario, we assume that
most idled nuclear plants steadily return to service after receiving regulatory approval.

In early 2014, India announced new vehicle fuel-economy standards of 4.8 litres per
100 kilometres (/100 km) by 2021-2022 (a 15% improvement). Also in discussion are
whether to subsidise the purchase of electric and hybrid vehicles and to increase the
ethanol blending mandate. Saudi Arabia has announced fuel-economy labelling for new
cars, fuel-economy standards of up to 5.4 1/100 km by 2019-2020 for imported vehicles
(depending on the size), insulation standards for new buildings and tightened minimum
energy performance standards for air conditioners. Elsewhere, Dubai has introduced
building codes and Qatar has introduced efficiency standards for air conditioners.
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Thus, the policies taken into account in the New Policies Scenario include a number of
proposals that have been announced over the past year, but are not yet formally adopted
( Box 1.1). Examples are regulations in the United States to cut greenhouse-gas emissions
from power plants, the European Union’s 2030 policy framework for climate and energy
policies, and changes to energy subsidy schemes (for fossil fuels and renewables) in many
countries.

The Current Policies Scenario, by contrast, takes into consideration only those policies and
implementing measures that had been formally adopted as of mid-2014. In other words, it
describes a business-as-usual future in which governments fail to follow through on policy
proposals that have yet to be backed-up by legislation or other bases for implementation
and do not introduce any other policies that affect the energy sector. The scenario is
designed to offer a baseline picture of how global energy markets would evolve without
any new policy intervention. It provides a series of points of reference against which the
potential impact of new energy and environmental policies can be assessed.

The 450 Scenario takes a different approach, adopting a specified outcome — the
international goal to limit the rise in long-term average global temperature to
two degrees Celsius (2 °C) — and illustrating how that might be achieved. The scenario
assumes a set of policies that bring about a trajectory of greenhouse-gas emissions from the
energy sector that is consistent with the goal (Box 1.2). In this scenario, the concentration
of greenhouse gases in the atmosphere peaks by 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 ultimately unattainable. The concentration of greenhouse
gases stabilises after 2100 at around 450 ppm. The 450 Scenario is not given the same
coverage in this Outlook as in previous editions for two main reasons: first, specific short-
term opportunities for action in the energy sector to mitigate climate change and their
potential results were covered in detail in recent WEO Special Reports (Redrawing the
Energy-Climate Map [IEA, 2013a] and World Energy Investment Outlook [IEA, 2014a]); and
second, another WEO Special Report on climate change will cover this in detail in 2015.¢
The results of the 450 Scenario are nonetheless included for reference purposes in many
of the tables and figures throughout this report, as well in the detailed tables in Annex A.

As in previous Outlooks, we deliberately focus on the results of the New Policies Scenario
to provide a clear picture of where currently planned policies would take us. Nonetheless,
this scenario should not be interpreted as a forecast: even though it is likely that many
governments around the world will take firm policy action to tackle energy-related
problems, the policies that are actually put in place in the coming years may deviate
markedly from those assumed in this scenario.

6. A WEO Special Report on Climate Change will be released in mid-2015. It will aim to inform international climate
policy negotiations in the run-up to the critical meeting in Paris in November 2015, which will try to reach an agreement
on policy action in the period after 2020.
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Box 1.2 = A change in the way the 450 Scenario is built in WEO-2014

The 450 Scenario in this report differs in important ways from preceding versions.
Concerted global policy action before 2020 is now unlikely, as this is the earliest date
by which any agreement reached at COP-21 (the meeting of the Conference of the
Parties to the UN Convention on Climate Change, which is due to take place in Paris
2015) could be expected to take effect. Near-term policy assumptions for the period to
2020 draw on measures that were outlined in the WEO Special Report Redrawing the
Energy-Climate Map, which were welcomed and encouraged by energy ministers who
attended the IEA 2013 Ministerial meeting (IEA, 2013a). Emissions reductions to 2020
come from four sets of measures that, taken together, have no net economic cost:

Targeted energy efficiency improvements in industry, buildings and transport.
Limits on the use and construction of inefficient coal-fired power plants.

Curbs on methane emissions in upstream oil and gas production.

The partial phase-out of fossil-fuels subsidies to end-users.

In the period after 2020, it is assumed that one of the main deficiencies of current
climate policy is remedied: a CO, price is adopted in Organisation for Economic
Co-operation and Development (OECD) countries and other major economies in the
power generation and industry sectors, at a level high enough to make investment
in low-carbon technologies attractive. It is implemented in OECD countries first and
then progressively extended to other major economies. We assume that all fossil-fuel
subsidies are removed in all regions except the Middle East (where some element of
subsidisation is assumed to remain) by 2035 and that CO, pricing is extended to the
transport sector everywhere, accelerating energy efficiency improvements. There is
also a further extension and strengthening of minimum energy performance standards
in the transport and buildings sectors.

Main non-policy assumptions
Economic growth

Economic activity is the principal driver of demand for each type of energy service. The
projections in all three scenarios described in this Outlook are, therefore, highly sensitive
to the underlying assumptions about the rate of growth of gross domestic product (GDP)
in each region. Energy demand tends to grow in line with GDP, though typically at a
lower rate — especially in the most advanced economies, where saturation effects curb
income-driven increases in demand and a shift toward services occur (Figure 1.1). Over
1990-2012, for example, world primary energy demand increased by 0.6% each year on
average for every percentage point of GDP growth (expressed in real purchasing power parity
[PPP] terms). The income elasticity of demand, as this ratio is termed, has fluctuated over
time: it averaged 0.5 in the 1990s, rose to 0.7 in the 2000s and fell back to 0.5 in the early
2010s (mainly as a result of structural changes in the economy and more efficient energy use).
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Figure 1.1 = Total primary energy demand and GDP in selected countries,
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There are considerable differences across regions in the amount of energy used per
dollar of GDP (energy intensity) and trends over time. Leading emerging economies have
remained on a broadly linear path, with the exception of China, which saw its energy use
accelerate relative to GDP in the 2000s with the boom in energy-intensive manufacturing.
In OECD countries, the link between GDP and energy use has weakened to some degree.

Near- to medium-term economic prospects are improving at a moderate and uneven pace.
Economic activity expands at a relatively firm rate in the United States though growth
in Europe continues to be slow. Despite experiencing weaker economic growth than
previously forecast, emerging and developing economies are still expected to account for
the bulk of future growth. According to the International Monetary Fund (IMF), world GDP
expanded by an estimated 3.3% in 2013, down marginally from 3.4% in 2012, but growth
rate is projected to rebound to 3.3% in 2014 and 3.8% in 2015 (IMF, 2014). There remain
large downside risks to these projections: persistent geopolitical risks, renewed financial
volatility in emerging markets and deflation in advanced economies (especially in Europe).

Our assumptions about trends in economic growth over the long term are little changed
from last year.” In all three scenarios in this Outlook, world GDP is assumed to grow at an
average annual rate of 3.4% over 2012-2040 ( Table 1.1).% This means the global economy

7. GDP growth assumptions to 2020 are based on the April 2014 IMF forecasts, with some adjustments to reflect
information from regional, national and other sources. Thereafter, they are based on our assessment of developments
in the labour force, accumulation of capital stock (investment) and total factor productivity, supplemented by projections
made by various economic forecasting bodies, including the OECD.

8. Across the scenarios presented in this Outlook, the policies that are assumed to be introduced and the energy price
levels that prevail could be expected to lead to some variations in GDP. 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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is about two-and-a-half times the present level at the end of the projection period than
in 2012. For the period to 2035 (the end point of our projections last year), the average
overall rate of growth, at 3.5%, is almost the same as that assumed in last year’s Outlook
—though this disguises a downward revision to rates in the period to 2020 and a matching
upward revision for the period thereafter. For the period as a whole, the biggest upward
revision occurs in Africa, which is now assumed to grow by 4.7% over 2012-2040, reflecting
an improved outlook for productivity and employment in sub-Saharan Africa.® The biggest
downward revisions are in Russia and Brazil. Growth in the OECD is marginally slower.

Table 1.1 = Real GDP growth assumptions by region

Compound average annual growth rate

1990-2012 2012-2020 2020-2030 2030-2040 2012-2040

OECD 2.2% 2.2% 2.0% 1.7% 1.9%
Americas 2.6% 2.6% 2.2% 2.0% 2.2%
United States 2.5% 2.6% 2.0% 1.9% 2.1%
Europe 1.9% 1.7% 1.9% 1.6% 1.7%
Asia Oceania 1.9% 1.9% 1.8% 1.3% 1.7%
Japan 0.9% 1.1% 1.1% 0.8% 1.0%
NonOECD ........................................... 4 9% ......................... 53% ......................... 4 9% ......................... 37% ......................... 45% .............
E. Europe/Eurasia 0.8% 2.8% 3.5% 2.7% 3.0%
Russia 0.7% 2.2% 3.5% 2.5% 2.8%
Asia 7.5% 6.3% 5.4% 3.9% 5.1%
China 9.9% 6.9% 5.3% 3.2% 5.0%
India 6.5% 6.2% 6.6% 5.3% 6.0%
Southeast Asia 5.1% 5.3% 4.6% 3.9% 4.5%
Middle East 4.4% 3.7% 3.9% 3.3% 3.6%
Africa 4.0% 5.1% 4.8% 4.4% 4.7%
Sub-Saharan Africa 4.1% 5.5% 5.2% 4.9% 5.1%
Latin America 3.4% 3.1% 3.5% 3.0% 3.2%
Brazil 2.9% 2.9% 4.0% 3.3% 3.4%
World 3.3% 3.7% 3.6% 3.0% 3.4%
European Union 1.7% 1.6% 1.8% 1.5% 1.6%

Note: Calculated based on GDP expressed in year-2013 dollars in purchasing power parity terms.
Sources: IMF (2014); OECD (2014); Economist Intelligence Unit and World Bank databases; IEA databases and analysis.

With these changes, the economy of sub-Saharan Africa expands at the fastest rate, at
5.1% per year on average over the period 2012-2040. Alongside it is non-OECD Asia,
where annual growth also averages 5.1% over the projection period, led by India (6.0%).

9. GDP growth rates in several African countries, most notably Nigeria, were also revised, as national administrations
have updated assessments of their economies (see Chapter 13).
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China’s rate of economic growth averages 5.0%, compared with an estimated 7.5% in 2013
and an average of almost 10% over the period 2000-2012, as its economy matures and
its population growth levels off. Rates of economic growth slow in almost all regions as
economies mature and their population levels off.

Our projections do not take account of a major revision to PPP rates which has been made
by the World Bank, since the IMF has not yet adjusted its GDP forecasts accordingly. When
it does, the GDP of the emerging economies will rise relative to the rest of the world,
boosting their weight in global GDP ( Box 1.3). Since they generally grow faster than OECD
countries, this boosts average growth rates for the world as a whole. This adjustment,
which is due to be completed in October (and so will be too late to be incorporated in this
year’s Outlook), will be taken on board in next year’s edition.

Box 1.3 = Revised purchasing power parity data shakes up global
economic rankings

In April 2014, the World Bank’s International Comparison Program (ICP) released
revised PPP data for 2011 — the first such revision for six years. PPPs allow comparison
of real levels of expenditure between countries, just as conventional price indices allow
comparison of real values over time, and are calculated by simultaneously comparing
the prices of similar goods and services among a large number of countries. PPPs are
published by the ICP only for a single benchmark year, although the OECD and Eurostat
(the statistics agency of the European Commission) publish estimates for 47 countries
on an annual basis. The IEA Energy Data Centre uses the revised indicators in its latest
publications.

In October 2014, the IMF, whose forecasts we use for the medium term, released new
historical figures and forecasts for GDP that have been adjusted using the new PPP
factors. This will result in large upward revisions to GDP in most emerging economies
—the opposite effect of the previous revision in 2008. For example, based on the IMF’s
new PPP rates, the GDP of Indonesia in 2013 is estimated to be 85% higher than what
we use in this edition. The new figures also boost GDP in China (by 20%), India (by 34%)
and the Middle East economies (by 59%). With the revision, China is set to become the
world’s largest economy in 2014, while the total GDP of non-OECD regions will have
already surpassed that of the OECD in 2010 (in the previous estimate, this did not
occur until 2017). The new figures from the IMF were published too late to be taken
into account in this edition of the WEO, but will be reflected in future ones.

Demographic trends

The level of population is an important driver of both overall demand for energy services
(through its impact on economic activity) and the mix of fuels to provide those services. The
rates of population growth assumed in the Outlook for each region —the same for all three
scenarios — are based on the most recent projections by the United Nations (UNPD, 2013).

42 World Energy Outlook 2014 | Global Energy Trends



© OECD/IEA, 2014

World population is projected to grow by 0.9% per year on average, from an estimated
7.0 billion in mid-2012 (and 7.1 billion in 2013) to 9.0 billion in 2040. These projections
are based on the “medium-variant” projection, which assumes a decline in fertility rates in
those countries where large families are still prevalent and a slight increase in fertility rates
in several countries which currently have fewer than two children per woman on average.
The rate of population growth slows progressively over the projection period, in line with
the long-term historical trend, from 1.0% per year in 2012-2025 to 0.8% in 2025-2040. The
global population expanded by 1.6% per year from 1980 to 2012.

Table 1.2 = Population assumptions by region

Population growth* Population Urbanisation
(million)
1990-2012 2012-25 2012-40 2012 2040 2012 2040
OECD 0.7% 0.5% 0.4% 1258 1403 80% 86%
Americas 1.1% 0.8% 0.7% 488 594 82% 87%
United States 1.0% 0.8% 0.7% 318 383 83% 88%
Europe 0.5% 0.3% 0.2% 566 604 75% 82%
Asia Oceania 0.4% 0.1% 0.0% 205 205 89% 94%
Japan 0.1% -0.2% -0.4% 128 115 92% 97%
NonOECD ...................................... 15% ................... 11% ................... 10%5783750147%50% .........
E. Europe/Eurasia 0.0% 0.0% -0.2% 341 326 63% 69%
Russia -0.1% -0.3% -0.4% 144 127 74% 80%
Asia 1.3% 0.8% 0.6% 3678 4382 42% 58%
China 0.8% 0.4% 0.1% 1358 1416 52% 74%
India 1.6% 1.1% 0.8% 1237 1566 32% 46%
Southeast Asia 1.5% 1.0% 0.8% 608 760 45% 61%
Middle East 2.4% 1.7% 1.4% 213 313 68% 74%
Africa 2.5% 2.4% 2.2% 1083 1998 40% 52%
Sub-Saharan Africa 2.7% 2.5% 2.4% 914 1771 37% 51%
Latin America 1.4% 1.0% 0.8% 468 581 79% 85%
Brazil 1.3% 0.7% 0.5% 199 229 85% 90%
World 1.3% 1.0% 0.9% 7 042 9 004 53% 64%
European Union 0.3% 0.1% 0.1% 507 516 74% 81%

* Compound average annual growth rates.

Sources: UN Population Division databases; IEA analysis.

Most of the projected increase in global population occurs in Africa and non-OECD Asia
(Table 1.2). Africa experiences the fastest rate of growth over 2012-2040, at 2.2% per
year, resulting in a near doubling of the continent’s population. China’s population peaks
around 2030, at which time India becomes the world’s most populous country. Overall, the
population of non-OECD countries expands by 1.0% per year in the period to 2040, compared
with growth of only 0.4% per year in OECD countries. The only major non-OECD country
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that sees a decline in population is Russia. In OECD countries, the United States contributes
most of the increase; Europe’s population increases slightly, while the population of OECD
Asia Oceania is unchanged, with a decline in Japan. Populations increasingly concentrate in
urban areas, whose growth accounts for all of the net increase in the global population over
2012-2040. This trend will have a significant impact on energy demand, particularly in Africa
and non-OECD Asia, where modern energy services are more readily available in towns and
cities than in rural areas.

Projections for per-capita income, which is closely correlated with energy demand, are
derived from the assumptions for GDP and population. Average and median incomes rise in
all regions, underpinning increased demand for goods and services and, therefore, demand
for the energy needed to produce and operate the equipment and appliances used to
provide those services. Globally, GDP per capita increases by 2.5% per year, from $12 100
in 2012 to just over $24 000 in 2040 (based on GDP in PPP terms). Per-capita incomes grow
fastest in the emerging economies, though in 2040 these reach only one-third of the level
in OECD countries.

Carbon-dioxide prices

The pricing of CO, emissions affects demand for energy by altering the relative costs of
using different fuels. Regional and national carbon pricing initiatives — including cap-and-
trade schemes and carbon taxes — are continuing to spread, with 20 now operating globally.
Several trading programmes were launched in 2013 and 2014, including in Canada (the
province of Quebec), China (the provinces of Guangdong and Hubei and the cities of Beijing,
Shanghai, Shenzhen, Chongqing and Tianjin), Kazakhstan, and the United States (the state
of California). Switzerland’s scheme became mandatory. Some existing programmes have
recently been extended, including in Europe: the EU Emission Trading System (ETS) — the
world’s largest — grew when Croatia joined the European Union. Chile’s parliament passed
a carbon tax in 2014, which is to take effect in 2017. Korea plans to launch a new trading
scheme by 2015. South Africa, which had planned to do the same, has delayed the launch
by one year. There has also been some movement against carbon pricing: Australia’s new
government repealed an existing mechanism that was to have entered into full operation
in 2015 in response to concerns about higher electricity costs.

The extent of carbon pricing schemes and the level of CO, prices vary across the scenarios
according to the assumed degree of policy intervention to curb growth in CO, emissions.
It is assumed in each scenario that all existing carbon trading schemes and taxes are
retained (with the exception of Australia’s scheme in the Current Policies and New Policies
Scenarios) and that the price of CO, rises throughout the projection period(Table 1.3). In
the New Policies Scenario, the CO, price in Europe increases from less than $6/tonne in
2013 to $22/tonne (in year-2013 dollars) in 2020 and to $50/tonne in 2040.% Similar price

10. CO, prices under the EU ETS fell from around €30/tonne in mid-2008 to less than €3/tonne in early 2013, but have
recovered to average almost €6/tonne ($8/tonne) in 2014 (through September).

44 World Energy Outlook 2014 | Global Energy Trends



© OECD/IEA, 2014

levels are assumed from 2015 in Korea. In China, a national CO, price is introduced in
the New Policies Scenario in 2020, rising from $10/tonne initially to $35/tonne by 2040.
We also assume that from 2015 all investment decisions in the power sector in Canada,
the United States and Japan include an implicit, or “shadow”, carbon price that starts at
S13/tonne and rises to $40/tonne in 2040. In the 450 Scenario, it is assumed that carbon
pricing is eventually adopted in all OECD countries and that CO, prices in most of these
markets reach $140/tonne in 2040. Several major non-OECD countries are also assumed to
put a price on carbon in the 450 Scenario, with prices rising to a slightly lower level in 2040
than in OECD countries.

Table 1.3 = CO, price assumptions in selected regions by scenario
($2013 per tonne)

Sectors 2020 pLE]0) 2040

Current European Union Power, industry and aviation 20 30 40
POLICIES ~ ooooorermessosomemmes e e e

Scenario Korea Power and industry 20 30 40

New Policies European Union Power, industry and aviation 22 37 50
Scenario Ch,|epower ............................................................... 7 ................ 1 524 ......
KoreaPowerandmdustry223750 ......
Chma ................................................... A” ...................................................................... 1 02335 ......
SOUthAf”caPowerandmdustry ................................... 7 ................ 1 524 ......

450 Scenario United States and Canada Power and industry 20 100 140
EuropeanumonPower’mdustryandawahon22 ............. 100 ............. 140 ......
Japanpowerandmdustryzo ............. 100 ............. 140 ......
Koreapowerandmdustryzz ............. 100 ............. 140 ......
Austra|,aandNewzea|andpowerand,ndustry20 ............. 100 ............. 140 ......

China, Russia, Brazil and

H *
South Africa Power and industry 10 75 125

* All sectors in China.

Technology

The development and deployment of advanced energy technologies will have a major
impact on the evolution of energy markets over the long term and on the achievement
of socio-economic, energy security and environmental goals, not least those of limiting
greenhouse-gas emissions. The projections are, therefore, sensitive to rates of technological
development and how they affect energy efficiency, supply costs and fuel choice. The
chosen assumptions vary by fuel, sector and technology, taking into account the current
status of the technologies and the results of R&D programmes, the potential for further
improvement, the degree of policy support and other sector-specific factors, notably the
rate of retirement and replacement of capital stock ( Table 1.4).
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Table 1.4 = Recent developments and key conditions for faster deployment

Technology

Renewable °
power

of clean energy technologies

Recent developments

Investment declined by 10% in 2013,
reflecting technology cost reductions,
policy uncertainty and revisions to
support schemes in selected markets.

Wind investment declined by 30%,
while that in solar photovoltaics rose by
3%, on account of investment in China
and Japan (which together accounted
for over half of annual global capacity
additions).

Key conditions for faster deployment

e Minimise regulatory risks, including
retroactive changes to subsidy schemes.

e Promote renewables integration in
mature markets and create frameworks
to attract financing in developing
markets.

e Encourage increased RD&D spending in
emerging technologies.

Nuclear °
power

At the end of 2013, 76 gigawatts of
nuclear capacity was under construction,
of which about three-quarters was in
non-OECD countries.

Ten projects began construction in 2013.
Almost 40 countries are considering
developing their first plants; three

are committed to phasing out nuclear
power.

e Reductions in cost as investment moves
from first-of-a-kind to number-of-a-kind
reactor construction.

e Addressing public concerns about safety,

costs, proliferation and long-term waste
disposal.

Carbon e At the end of 2013, four large-scale e Scale up financial and policy

capture demonstration projects and eight commitments by governments

and storage enhanced oil recovery projects using to accelerate the transition from

(ccs) anthropogenic CO, were operating. demonstration to deployment.

e To comply with regulations proposed e A commercial market for captured CO,
by the US EPA in 2014, new coal- for enhanced oil recovery.
fired power plants would need to be
equipped with CCS within ten years.

Biofuels e After a steep decline in 2012, investment e Develop long-term policies to encourage
increased by about 30% in 2013, as investment in advanced biofuel projects.
production capacity was expanded. e Formulation and implementation of

e Two commercial-scale advanced biofuel sustainability criteria and standards.
production facilities opened in 2013 in
the United States and Europe.
Hybrid and e Hybrid vehicle sales reached 1.3 million e Improve the performance of batteries
electric in 2012, with 52% of sales in Japan and and significantly reduce their cost
vehicles 39% in the United States. to enhance competitiveness versus
e Electric vehicle recharging infrastructure conventional vehicles.
continued to expand rapidly in 2013. e Expand policy measures and
programmes to support manufacturers’
confidence.
e Continued expansion of charging
infrastructure.

Energy e Several new efficiency policies and e Policy action to remove the barriers

efficiency measures in major energy consuming obstructing the implementation of

countries were introduced in 2013 and
in the first half of 2014 (see Chapter 8).

energy efficiency measures that are
economically viable (see Chapter 8).

Source: IEA (2014b).
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It is assumed in all three scenarios that energy technologies that are in use today or
are approaching commercialisation achieve continued cost reductions as their wider
deployment contributes to more efficient production. The rates of improvement vary
by scenario, according to differences in the level of deployment, which is driven by the
policies assumed, as well as by energy and CO, prices. Though possible, no 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.

Energy supply costs and prices

Demand for an energy-related service is strongly influenced by the price for the service,
which in turn reflects the relative costs of the fuels and technologies used to provide
it. Other things being equal, an increase in the price of a fuel will depress demand for
it, and vice versa; an increase in the price of a fuel has the opposite effect on supply.
Higher energy costs will also cause a reduction in the energy intensity (relative to capital,
labour and materials) in an economy. The price elasticities of demand and supply, i.e. the
responsiveness of demand and supply to changes in price, vary across fuels and sectors
and over time. Among other factors, they depend on the scope for substituting the fuel
by another or adopting more efficient energy-using equipment, the need for the energy
service, the pace of technological change, inventory, spare production capacity, lead times
to build new production capacity, policies of resource-rich countries and the extent of
energy resources.

In each scenario presented, international energy prices result from an iterative modelling
exercise, underpinned by assumptions about the cost of supply of different fuels. First,
the demand modules of the IEA’s World Energy Model (WEM) are run under a given set of
international prices, which determine prices to energy users in each region (taking account
of any taxes, excise duties, CO, prices and subsidies). Once the resultant demand level is
determined, the fossil-fuel 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 different supply options (including upstream taxes and royalties) and the constraints on
the production rates of various types of resources.!! In the event that the price for a fossil
fuel is not sufficient to generate enough supply to cover the projected global demand, price
levels are increased and a new level of demand and supply is established. This procedure is
carried out repeatedly, with prices adjusting until demand and supply are in balance in each
year of the projection period. End-user electricity prices are based on projected wholesale
prices (either in regulated or competitive markets), network, retail and other costs, as

11. In the near to medium term, the fossil-fuel supply curves 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 rate of investment in different regions needed to turn these
resources into production. Our cost assumptions incorporate the results of an extensive survey of energy companies,
banks and other experts carried out this year as part of our special study of investment (Part B). A detailed discussion of
oil-supply costs and their link to oil prices can be found at the end of Chapter 13 in WEO-2013 (IEA, 2013b).
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well as the costs of renewables subsidies that are passed on to consumers. Wholesale
prices must be high enough to cover variable costs (including fuel and CO, costs) of all
power plants and ensure that new power plants recover all their costs (including capital
investment recovery, operation and maintenance, fuel and CO, costs).

The price paths vary across the three scenarios, in part due to differences in the strength
of policies to address energy security and environmental challenges and their respective
impacts on supply and demand ( Table 1.5). In the Current Policies Scenario, policies adopted
to reduce the use of fossil fuels are limited, so rising demand and supply costs combine
to push prices up. Lower energy demand in the 450 Scenario means that limitations on
the production rates 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.*?

Table 1.5 = Fossil-fuel import prices by scenario

New Policies Current Policies 450 Scenario
Scenario Scenario

2013 2020 2030 2040 2020 2030 2040 2020 2030 2040

Real terms (2013 prices)

IEA crude oil imports

(S/barrel) 106 112 123 132 116 139 155 105 102 100
Natural gas ($/MBtu)
United States 3.7 5.5 6.6 8.2 5.5 6.8 8.5 5.1 5.9 6.1
Europe imports 106 111 121 12.7 115 13.2 14.0 10.5 10.0 9.2
Japan imports 16.2 144 146 153 150 163 17.3 13.6 12.6 12.0
OECD steam coal
imports ($/tonne) 86 101 108 112 107 117 124 88 78 77

Nominal terms

IEA crude oil imports

($/barrel) 106 131 181 244 136 205 286 123 151 185
Natural gas (S/MBtu)
United States 3.7 6.4 9.7 15.2 6.4 10.0 15.7 6.0 87 114
Europe imports 10.6 13.0 179 235 135 195 259 123 1477 17.0
Japan imports 16.2 169 21.6 28.3 176 239 31.9 159 186 222
OECD steam coal
imports ($/tonne) 86 119 158 207 125 173 229 104 115 141

Notes: MBtu = million British thermal units. 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 2014.

12. In the 450 Scenario, the effect of lower international prices on final end-user prices is offset by increased taxes.
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Our assumptions about subsidies also differ across the scenarios. In the New Policies
Scenario, we assume 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, we assume they are phased out only if specific policies to that end have been
announced, in recognition of the difficulties these countries are likely to face in reforming
domestic energy pricing (see Chapter 9). In the Current Policies Scenario, no change in
subsidy rates is assumed, unless a formal reform programme is already in place. In the
450 Scenario, fossil-fuel subsidies are assumed to be removed in net-importing regions
within a decade and in net-exporting regions by the end of the projection period.*

Oil prices

Oil prices near and above $100/barrel have been a regular feature of the global energy
landscape since their rebound after the financial crisis. Support for prices at this level has
stemmed from rapid demand growth in non-OECD countries, which has more than offset
the aggregate decline in OECD countries. On the supply side, booming production of tight
oil in the United States has been a key source of incremental growth, though the increase
has been tempered by reduced production stemming from outages and turmoil in parts
of the Middle East and North Africa. The extended period of high oil prices has triggered
responses by consumers and producers alike. Oil demand in OECD countries has continued
to decline from a peak in 2005; even in several major emerging economies, growth rates
have slowed. Meanwhile, interest in developing resources that were previously considered
too costly or too difficult to produce has increased. Current trends point to a slight easing
of the global oil balance over the next few years, though geopolitical instability could
continue to support high prices. In the mid-2020s, however, a tighter market could well
emerge as non-OPEC output flattens and starts to fall back.

Figure 1.2 = Average IEA crude oil import price by scenario
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13. Except for the Middle East, where subsidisation rates are assumed to decline to a maximum of 20% toward the end
of the projection period.
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QOil prices in the scenarios vary according to the strength of policy action to limit demand
growth. In the New Policies Scenario, the average IEA crude oil import price — a proxy for
international oil prices —reaches $112/barrel (in year-2013 dollars) in 2020 and $132/barrel
in 2040 (Figure 1.2). In nominal terms, prices more than double over the projection period
to over $240/barrel. In the Current Policies Scenario, considerably higher oil prices are
needed to balance supply with faster growth in demand: crude oil prices reach $155/barrel
in 2040. In the 450 Scenario, oil prices are flat in the period to 2020 before falling demand
— the result of decisive policy action —and a consequent reduction in the need for oil from
costly fields in non-OPEC countries cause prices to drift down to around $100/barrel at
the end of the projection period. These long-term oil price trajectories are illustrated in
Figure 1.2 as smooth trend lines; in reality, prices will fluctuate in shorter time steps.

Natural gas prices

Natural gas price differentials across the main regional markets — North America, Asia
Pacific and Europe — have partially narrowed since mid-2013 but nonetheless remain wide
and well above historical levels. The regional spread in prices reflects differences in pricing
mechanisms, limited arbitrage options, the high cost of transport between regions and
local gas market conditions.

In North America, gas prices are determined by gas-to-gas competition at trading hubs.
Shale gas production growth in North America has kept prices relatively low, though they
increased temporarily in early 2014 as a result of higher demand from exceptionally cold
weather. In Asia-Pacific, trade is dominated by long-term contracts in which gas prices are
indexed to oil prices. The higher price that Asian importers continue to pay for imported
natural gas reflects oil price levels, transportation distances, a premium that buyers have
been obliged to pay for security of supply, the ability of regulated utility buyers to pass
on their costs to consumers and the region’s relatively tight market. In Europe’s more
competitive gas market, average import price levels have been moderated in recent years
by the increasing reference to European hub prices in import contracts, notably across
Northwest Europe (oil indexation remains the preferred pricing structure in the south of
the continent). This has allowed prevailing gas market dynamics, with subdued demand
and relatively ample supply, to feed through into European prices, although this has not
been enough to prevent gas losing out to coal in European power generation.

Over the projection period to 2040, pricing mechanisms for internationally traded natural
gas around the world are expected to become more flexible and sensitive to the underlying
balance of gas supply and demand in each market. This comes about because of fewer
restrictions in gas supply contracts on the destination or re-sale of the gas, and greater use
of indices linked to the prices on gas trading hubs to determine the level and movement
of prices, alongside or instead of traditional oil-based formulas. In Europe, the trend in
this direction is already clear: in the Asia-Pacific region, this process is likely to take longer.
With an increasing volume of gas — typically in the form of liquefied natural gas (LNG) — set
to be available without commitment to a specific destination and free to seek the most
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advantageous sales price, the result is to create new linkages between regional markets and
to narrow the price differences between them (Figure 1.3). There are, though, significant
constraints on the emergence of a more globalised gas market, the main one being the
capital intensity of gas infrastructure development and the consequently high cost —
compared with other fuels — of moving gas between markets. This means that long-term
contracting of gas to specific buyers, rather than sales on to competitive spot markets, is
likely to remain essential for the bankability of most large-scale LNG and pipeline projects.
And, even if LNG markets become more efficient and competitive, the significant costs of
moving gas between markets limits the scope for a single global gas price to emerge.

Figure 1.3 = Natural gas price by region in the New Policies Scenario
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Notes: MBtu = million British thermal units. Average import prices are shown for Japan and Europe; the wholesale price
is shown for the United States.

In the New Policies Scenario, gas prices in North America remain lower than in Europe
or the Asia-Pacific region, thanks to the region’s resurgent gas production outlook. These
prices nonetheless are expected to rise over time, reaching $8.2/MBtu in 2040, as lower-
cost resources are gradually depleted and the costs of production increase. Average import
prices to Japan are expected to decline over the coming years as the exceptional need
for additional gas to compensate for idled nuclear capacity starts to ease, but rise again
in the longer term to reach $15.3/MBtu in 2040. This is the anticipated average price of
LNG imported into the Asia-Pacific region, but it does not represent the natural gas price
that is expected to prevail in China, the main emerging regional gas consumer. In addition
to imported LNG, China has access also to imported pipeline gas from Turkmenistan
and Russia, as well as substantial projected domestic gas production, which keeps the
expected average domestic price to consumers in China closer to $10.9/MBtu in 2020 and
$12.4/MBtu in 2040. This is closer, in practice, to the average price of imports into Europe,
which reaches $12.7/MBtu by the end of our projection period.
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Coal prices**

Steam and coking (or metallurgical) coal prices have experienced downward pressure in
recent years. Australia, Colombia, Indonesia and South Africa have contributed to increased
supply. At the same time, demand in the United States has weakened, because of strong
competition from natural gas, and demand growth in China — by far the world’s largest
consumer and importer of coal — and other emerging markets has slowed. The average
price of OECD steam coal imports in 2013, at $86 per tonne was two-thirds of the peak
reached in 2008.

Figure 1.4 = Coal price relative to gas price by region in the New Policies
Scenario (in energy equivalent terms)
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The outlook for steam coal prices depends on how well this fuel is able to compete against
natural gas in power generation (Figure 1.4). Given the large difference in the carbon
intensity of coal and gas (compared with gas, coal emits about twice as much CO, per unit of
electricity generated), climate policies will have a major impact on inter-fuel competition.
Steam coal prices, therefore, follow markedly different trajectories in the three scenarios
presented. In the New Policies Scenario, the average OECD steam coal import price reaches
just over $100/tonne (in year-2013 dollars) in 2020. It then increases very slowly, reaching
a plateau of just over $110/tonne in the period 2035-2040 (though, in reality, prices will
tend to fluctuate around a trend). In the Current Policies Scenario, prices increase more
quickly, on stronger demand growth, while they fall in the 450 Scenario, as coal faces much
more stringent measures to curb CO, emissions. Coking coal prices follow similar trends.

14. Chapter 5 features an analysis of how coal supply costs drive our price assumptions.
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Chapter 2

Global energy trends to 2040
Change or be changed

Highlights

e |n the New Policies Scenario, which takes account of existing and planned
government policies, world primary energy demand increases by 37% between
2012 and 2040. Demand grew faster over previous decades; the slowdown in
demand growth is mainly due to energy efficiency gains and structural changes in
the global economy in favour of less energy-intensive activities.

® The share of fossil fuels in the primary energy mix falls through the Outlook period.
In 2040, oil, natural gas and coal each account for roughly one-quarter of demand;
low-carbon fuels (mainly renewable energy and nuclear power) make up the rest.
Oil remains the single largest energy source, but renewables use grows fastest.

® Almost all of the growth in energy demand comes from non-OECD countries. Asia
accounts for 60%, shifting the centre of gravity of energy markets decisively away
from the Americas and Europe. China is the dominant force behind global demand
growth for the next decade, accounting for more than one-third of the increase. But
after 2025, India takes over as Chinese growth slows down noticeably.

® Energy use per capita in non-OECD countries rises strongly over the Outlook period,
but, in 2040, is still well below the level that was reached in OECD countries in
the early 1970s. Technological progress and improved energy efficiency, however,
allow a higher level of demand for energy services to be satisfied per unit of energy.
Nevertheless, increasing energy prices and changes to economic structure increase
average spending on energy end-uses in non-OECD countries by close to 50%.

e World oil supply rises by 14 mb/d to 104 mb/d in 2040, but the trend hinges critically
on timely investments in the Middle East, which becomes the major source of global
supply growth once non-OPEC oil supply starts to fall back in the 2020s. All major
regions, except Europe, contribute to the more than 50% rise in natural gas output.

e The re-ordering of energy trade flows towards Asian markets gathers pace,
and the rising crude oil-import needs of China and India, from the Middle East
and other regions, increases their vulnerability to the implications of a possible
shortfall in investment or a disruption to oil supply. The share of natural gas in total
inter-regional trade rises by one-quarter to more than 20% by 2040; concerns
about gas security are eased by the increasing availability of LNG.

® |nthe run-up to the UN climate change summit in Paris in 2015, many governments
have announced new measures to curb CO, emissions; but emissions still rise by
20% in the New Policies Scenario — consistent with a long-term global temperature
increase of 3.6 °C. Increasing power sector decarbonisation through 2040 by about
25% would take the world half-way towards limiting the increase to 2 °C.
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Energy trends by scenario

Despite the inevitable uncertainties, some key features of the evolution of global energy
markets over the coming decades are already evident. These include the continuing
persistent rise in demand for energy services that results from a growing world population
and economy, and a continued shift in the centre of energy use to developing Asia and
other emerging economies. But although some major contours are clear and the global
energy system does not change direction easily (Box 2.1), this does not mean that its future
direction is set in stone. Choices made by individual countries, responding to their unique
local circumstances, can have far-reaching consequences for the global system, as with
the rapid rise in unconventional oil and gas production in North America or the growing
deployment of renewable technologies in many parts of the world. Choices can also be
motivated by challenges that are globally shared, as in the case of climate change, or by
reactions to other signs of stress in the system: for example, concerns over the security of
gas supply to Europe or questions, prompted by the current turmoil in parts of the Middle
East, over the outlook for oil supply. Market developments and individual and collective
policy choices interact in complex ways: our analysis of their effect on energy trade and
security, economic and social development, and the environment is introduced in this
chapter and then taken up, in more detail, in the remainder of this Outlook.

Box 2.1 = Global energy use maintains its steady upward trajectory

Comprehensive energy data for 2012 show a rise in global primary energy demand of
1.7%, a slightly slower rate of growth than the 1.9% seen in 2011. Coal use accounted
for the largest share of this growth, with 40% of the total: renewables (26%), oil (25%)
and natural gas (24%) also contributed, while the use of nuclear energy continued its
decline since the accident at Fukushima Daiichi (-14%). Energy demand declined by
1.0% in OECD countries, a lower rate of reduction than in 2011 (-1.8%), as contractions
in the European Union (-1.1%) and Japan (-2.1%) were lower than in the previous year,
moderating the stronger decline in the United States (-2.4%). The lower rate of increase
in overall global demand stems largely from much lower growth in China, at 5.1% in
2012, compared with 8.9% in 2011. Demand in India grew, by 4.8%, in Indonesia by
3.9% and Africa by 3.1% (where demand in North Africa rebounded from its decline
in 2011).

Preliminary indications for 2013 show a continuing rise in global energy use, estimated
at 1.9%, back to the same rate as in 2011. This figure hides markedly different trends
across countries. In the OECD, preliminary data suggests that demand bounced back
strongly in 2013, by an estimated 0.7%, after falling for two consecutive years. The
main reason behind this is strong demand in the United States, partly the result of
unusually cold winter weather. In non-OECD countries, the trend is in the opposite
direction, with the rate of demand growth slowing further in 2013.
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The three scenarios presented in this Outlook demonstrate, in particular, the impact of
the policy choices made by governments: rates of growth in energy use and the types of
fuels supplied are markedly different across those scenarios (see Chapter 1 for a detailed
description of the policy assumptions underpinning each scenario). In our central scenario,
the New Policies Scenario, which takes into account both existing and planned policies,
world primary energy demand is projected to increase on average by 1.1% per year
between 2012 and 2040, reaching almost 18 300 million tonnes of oil equivalent (Mtoe)
— an increase of around 4 900 Mtoe, or 37% (Figure 2.1). Demand expands much more
rapidly in the Current Policies Scenario, in which no new government policies are assumed,
rising at an average rate of 1.5% per year to a level in 2040 that is 50% higher than in
2012. In the 450 Scenario, in which policies are assumed to be introduced to bring the
world onto an energy trajectory that provides a 50% chance of constraining the long-term
average global temperature increase to 2 degrees Celsius (°C), global energy demand grows
on average by only 0.6% per year; in 2040, demand is 17% up on 2012. The gap in 2040
between demand in the different scenarios is substantial: taking the New Policies Scenario
as the base, demand is 10% higher in the Current Policies Scenario and 15% lower in the
450 Scenario.

Figure 2.1 = World total primary energy demand by scenario
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The share of fossil fuels in the overall primary fuel mix, which has remained broadly constant
over the past three decades, falls in all three scenarios, though they remain dominant in
2040. Their share falls from 82% in 2012 to 80% in the Current Policies Scenario, to 74% in
the New Policies Scenario and to below 60% in the 450 Scenario (Table 2.1). The range of
outcomes is widest for coal and non-hydro renewable energy (excluding traditional use of
solid biomass), as these energy sources are affected most by the evolution of environmental,
energy security and climate policies worldwide. Coal demand rises by more than half between
2012 and 2040 in the Current Policies Scenario, but falls by one-third in the 450 Scenario.
Trends in the use of modern renewable energy run in the opposite direction: use is highest
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in the 450 Scenario and lowest in the Current Policies Scenario. Of all the sources of energy,
the variation across scenarios is smallest for hydropower, as its use is to a large degree
determined by the extent of technically exploitable resources. Among final fuels, the outlook
for electricity is the most constant, demand growing steadily in each scenario.

Table 2.1 = World primary energy demand by fuel and scenario (Mtoe)

New Policies Current Policies 450 Scenario

2020 2040 2020 2040 2020 2040
Coal 3879 4211 4448 4457 5 860 3920 2590
Oil 4194 4 487 4761 4584 5337 4363 3242
Gas 2 844 3182 4418 3215 4742 3104 3462
Nuclear 642 845 1210 838 1005 859 1677
Hydro 316 392 535 383 504 392 597
Bioenergy* 1344 1554 2 002 1551 1933 1565 2535
Other renewables 142 308 918 289 658 319 1526
Total 13 361 14 978 18 293 15317 20039 14 521 15 629
Fossil fuel share 82% 79% 74% 80% 80% 78% 59%
Non-OECD share** 60% 63% 70% 63% 70% 63% 68%

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

Energy trends in the New Policies Scenario

Demand

In our central scenario, the rate of growth in global primary energy demand slows
noticeably over the coming decades, compared with the recent past. Demand grew by
2.1% per year on average over the two decades to 2012, but this drops to an average of
1.3% per year in the period from 2012 to 2025 and then falls further to 1.0% per year from
2025 to 2040. The projected slowdown in demand growth is mainly the result of energy
efficiency gains and structural changes in the economy, which favour less energy-intensive
activities. It also reflects a slower pace of economic and population growth in some
non-OECD countries, as well as the effects over time of new efficiency policies that have
only recently been adopted or are yet to be implemented. Some of these policies continue
to affect demand over a period of many years, due to the slow turnover of energy-related
equipment, appliances and buildings.

Global demand for every primary energy source increases between 2012 and 2040, but the
rates of growth are markedly different (Table 2.2). The share of fossil fuels in the overall
primary fuel mix, which has remained broadly constant over the past three decades, falls
gradually through the Outlook period, though these fuels remain dominant in 2040, each of
the three fuels accounting for roughly one-quarter of demand. Renewable energy sources
and nuclear power together make up the remaining quarter (Figure 2.2), with the use of
renewables growing faster than that of any other fuel.
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Figure 2.2 > Fuel shares in world primary energy demand in the
New Policies Scenario
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The trend towards greater use of the low-carbon fuels such as renewables and nuclear
is most notable in OECD countries (Figure 2.3). Many of the leading economies see
significant changes in their energy mix over the next two-and-a-half decades, resulting to
some degree from major policy initiatives over the past few years. In many OECD countries,
where total primary energy demand barely grows over the Outlook period, low-carbon
fuels increasingly replace fossil fuels, in particular in the power sector. Growth in the use of
low-carbon fuels in absolute terms is about twice as large in non-OECD countries, although
it is exceeded by the growing use of fossil fuels, as countries use all possible means to
satisfy the strong growth in demand for energy services.

Figure 2.3 = Primary energy demand growth by region and fuel type in the
New Policies Scenario, 2012-2040
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Table 2.2 = World primary energy demand by fuel in the
New Policies Scenario (Mtoe)

2025 2030 2035 2040 23?933:0
Coal 2231 3879 4211 4293 4342 4392 4448  05%
oil 3232 4194 4487 4612 4689 4730 4761  0.5%
Gas 1668 2844 3182 3487 3797 4112 4418  1.6%
Nuclear 526 642 845 937 1047 1137 1210  2.3%
Hydro 184 316 392 430 469 503 535  1.9%
Bioenergy** 905 1344 1554 1675 1796 1911 2002  1.4%
Other renewables 36 142 308 435 581 744 918 6.9%
Total 8782 13361 14978 15871 16720 17529 18293  1.1%

*Compound average annual growth rate. ** Includes traditional and modern uses of biomass.

Outlook by fuel

Oil remains the single largest energy source throughout the projection period, though
its share of total demand falls from 31% in 2012 to 26% in 2040 — just ahead of coal and
natural gas. Demand growth slows gradually, from 0.9% per year until 2020 (in line with the
growth trend of the past three years) to 0.3% per year in the 2030s. In volume terms, oil
demand increases from 90 mb/d in 2013 to 104 mb/d in 2040. High prices, technological
advances and policies combine to drive energy efficiency improvements, switching to other
fuels (including gas in transport) and conservation. These factors offset, to some degree,
continuing growth in demand for transport and other oil-related services. Almost all of the
net increase in oil demand comes from transport, industry and use of oil as a feedstock for
petrochemicals. Oil consumption declines in other sectors, such as power generation, these
other uses accounting for 20% of total oil demand in 2040, compared with 28% in 2013.

For each barrel of oil no longer used in OECD countries, two barrels more are used in the
non-OECD. Among the OECD regions, US oil demand is reduced the most in absolute terms,
resting stable through to about 2020 and then drifting lower as new vehicle efficiency
standards take effect. Chinese oil demand continues to grow, China overtaking the United
States as the world’s largest consumer by around 2030; but demand growth decelerates
markedly in the 2030s, with a slowdown in the country’s population growth and then a
modest absolute decline, a gradual reduction in economic growth and policy-driven
efficiency improvements, in particular in transport. In volume terms, oil consumption rises
more in the 2030s than in the 2020s only in India, Indonesia and Africa (Figure 2.4). A rapid
growth in car ownership makes India and Nigeria the countries with the highest rates of
oil demand growth over the projection period. Oil demand in India overtakes that of the
European Union (EU) by the mid-2030s. The Middle East sees stronger absolute growth
in oil demand than any region outside Asia, driven by the transport and petrochemicals
sector and the assumed maintenance of widespread subsidies.

1. See Chapter 3 for the definition of oil demand used in the World Energy Outlook.
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Figure 2.4 > Incremental oil demand in selected non-OECD regions in the
New Policies Scenario
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Coal demand is projected to continue to grow through the projection period, but at a much
slower pace than over the past decade: demand expands on average by 1% per year in the
period 2012-2020, but by only 0.3% per year in the 2020s and just 0.2% per year in the
2030s. In 2040, coal consumption, at almost 6 400 million tonnes of coal equivalent (Mtce),
is still 15% up on the 2012 level of 5 540 Mtce, but its share of global demand dips from 29%
to 24%. Coal has been the fastest-growing major fuel over the last decade, supplying nearly
half of global incremental energy demand between 2002 and 2012; more than 85% of the
increase came from China — now the world’s biggest consumer, producer and importer. But
growing concerns about the environmental impact of coal use and flagging gross domestic
product (GDP) growth are set to temper coal demand growth in China. Coal use expands
in most other non-OECD regions, notably Southeast Asia and India, which overtakes the
United States to become the world’s second-largest consumer by 2020 (though its demand
remains about a third of China’s even in 2040). By contrast, demand in almost all OECD
regions continues to shrink: despite the current surge in coal use, EU demand falls by well
over a half over the Outlook period (mostly after 2020 due to climate and local pollution
policies), while US demand contracts by a third between 2012 and 2040.

Worldwide, coal use remains heavily concentrated in the power sector, where it remains
the single largest energy source (though renewables as a whole overtake coal). Its share of
total world power production nonetheless drops ten percentage points, to 31%, between
2012 and 2040. The use of coal in industry peaks during the projection period and then
declines as it is substituted by natural gas and electricity. It also dwindles in the buildings
sector. By contrast, coal inputs to coal-to-liquids plants grow strongly.

Global demand for natural gas is projected to grow faster than that for either of the two
other fossil fuels and grows more, in absolute terms, than that for any other fuel between
2012 and 2040. It rises in an almost linear fashion from 3.4 trillion cubic metres (tcm) in
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2012 to 5.4 tcm in 2040 —an increase of 57%, or 1.6% per year. Consumption of gas reaches
the level of coal, in energy-equivalent terms, by around 2040. The share of gas in global
primary energy demand edges up three percentage points to 24%. Non-OECD countries
account for around four-fifths of the increase, led by China — which overtakes the EU in
terms of gas demand by around 2035 — and the rest of developing Asia. Demand also grows
strongly in the Middle East.

The more mature gas market in North America sees continued expansion, as measures
to cut emissions in the United States power sector favour the use of gas over coal. Gas
demand in Europe, though, struggles to retain a competitive foothold in the power mix,
its use increasing largely on the back of retiring coal-fired and nuclear capacity. Russian
demand grows at an even slower pace and our projection of gas consumption in Japan is
lowered by the envisaged restart of the nuclear programme and the push for renewables
and efficiency. In almost all regions, power generation is the largest user of gas and
therefore the leading driver of increased gas use, although gas also starts to make inroads
into road transport and more quality constrained marine bunkers.

Nuclear power generation increases by almost 90% over the Outlook period, to more
than 4 600 terawatt-hours (TWh) in 2040 (see Part B). Installed capacity increases from
392 gigawatts (GW) in 2013 to 624 GW in 2040, with its share of electricity supply increasing
only marginally from the current level of 11% to 12% (having peaked at 18% in 1996). The
number of economies operating reactors rises from 31 to 36, as newcomers outnumber
those that phase out nuclear power. AlImost two-fifths of the existing nuclear fleet is retired
in the period to 2040, involving the closure of almost 200 reactors. The projected level of
capacity in 2040 involves a construction rate of new plants of 14 GW per year on average.
This rate is slower than the peak rate in the 1980s, but significantly faster than the rate
realised in the more recent past.

The use of renewable energy sources (excluding fuelwood and charcoal — a form of solid
biomass) grows briskly through the projection period, driven by subsidies, technological
advances (which are expected to reduce costs), projected high fossil-fuel prices and,
in several cases, rising carbon-dioxide (CO,) prices. The share of renewables in world
primary energy demand reaches 15% in 2040, compared with 8% in 2012.> The power
sector contributes most to this increase: the share of renewables in total generation
increases from 21% in 2012 to 33% by 2040. Around half of this increase is due to solar
and wind power, generation from the two sources together growing at a combined rate
of almost 8% per year on average. Hydropower also expands, but at a more modest rate
of 1.9% per year, as much of the resource’s technical potential is already being exploited,
and environmental and economic factors limit the exploitation of the undeveloped
resources (mainly in non-OECD regions). The use of biofuels also expands substantially
over the same period, from 1.3 million barrels per day (mb/d) to 4.6 mb/d, with an
increasing contribution coming from advanced biofuels after 2020. By contrast, the use

2. The share of renewables was 13% in 2012 and reaches 19% in 2040 when including fuelwood and charcoal.
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of fuelwood and charcoal for domestic heating and cooking, mainly in poor developing
countries, declines. More than one-third of fuelwood and charcoal consumption is in
sub-Saharan Africa, where its use peaks around 2030 and then starts to decline gradually.

Among the leading fuels used in final applications (after transformation of primary energy),
electricity sees the biggest absolute increase and the fastest rate of growth in demand.
Worldwide, electricity consumption nearly doubles between 2012 and 2040, growing at
an annual average rate of 2.1%, and its share of final energy consumption climbs from 18%
to 23% (Figure 2.5). As with all other fuels, the bulk of the increase occurs in non-OECD
countries.

Box 2.2 = Technology, diverging prices and fuel switching

Technological developments and shifting relative prices are increasing the scope for
fuel switching in a range of end-uses and transformation activities, adding to the
uncertainty surrounding the prospects for specific fuels and sectors. The last few
years have seen some large falls in the cost of some types of renewables, notably
solar photovoltaic (PV), which have brought them closer to being commercially viable
and boosted their deployment where government incentives are in place. Further cost
reductions and technological advances could lead to even higher levels of deployment
and further transform the way the world meets its rapidly growing demand for
electricity. Solar energy (photovoltaics and concentrating solar power) provides 4% of
the world’s electricity supply in 2040 in the New Policies Scenario, while wind power
contributes 8%. Onshore wind power technology has already matured to the point
where it is competitive in some locations well-endowed with wind resources, without
the need for subsidy; strong cost reductions are expected for offshore wind as well
over the Outlook period, but they still require subsidies in most regions in 2040.

Road transport is poised for a shift, in this case away from oil products, which
dominate today: at 95%, oil product share of total energy use in that sector worldwide
is barely lower than just before the first oil price crisis in 1973. The share of biofuels
grows rapidly, thanks mainly to government support, usually in the form of blending
mandates; it reaches 8% in 2040, almost triple the current share. This prospective rate
of growth is uncertain, however, as policy support in the main consuming regions is
waning. Natural gas, in compressed or liquefied form, is also set to play a bigger role in
transport in countries where its price is low, notably North America, or where it enjoys
government support, as in China. But the need for costly investment in refuelling
infrastructure and modifying vehicles is likely to constrain demand in many cases. The
prospects for electric vehicles (EVs) — plug-in hybrids and battery-electric vehicles — are
also highly uncertain, as the breakthrough to fully commercial models has yet to come
and consumers would have to adjust to the characteristics of the new vehicles. Our
projections point to only modest growth in the EV fleet, but a breakthrough in battery
and recharging technology could revolutionise road transport in the longer term.
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Figure 2.5 > Fuel shares in global final energy consumption in the
New Policies Scenario
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Outlook by region

A feature of the changing global energy map is the increasing predominance of non-OECD
countries in global energy demand. Energy demand in non-OECD countries overtook that
of OECD countries in 2005, and continues its rise over the Outlook period as a result of
much faster rates of economic and population growth. In the New Policies Scenario, 97% of
the growth in demand comes from non-OECD countries (excluding international bunkers),
of which the developing Asian countries — led by China —account for 65% (Table 2.3). These
trends shift the dynamics of global energy consumption decisively away from the Americas
and Europe towards Asia and, to a lesser extent, the Middle East and Africa (Figure 2.6).

Regional trends in energy use over the first and second halves of the projection period vary
markedly. In the period to 2025, China remains the dominant driving force behind the rise
in global demand, accounting for more than one-third of the total increase (Figure 2.7).
China overtook the United States to become the world’s biggest energy consumer in 2009
and continues to pull away as the global leader in the medium term. By 2025, China makes
up 24% of global energy demand against a share in 2012 of 22% and just 12% ten years
earlier. The picture over the period 2025-2040 is very different, as economic growth in
China slows down and population growth first levels off and then starts to decline slowly
after 2030. By around the late 2020s, India takes over from China as the main source of
global demand growth, as the Indian population exceeds that of China, while GDP per
capita by the late 2020s reaches the level of China today and continues to grow rapidly
thereafter.® By 2040, India’s total energy use is fast approaching that of the United States,
which remains the world’s second-largest consumer. Other non-OECD regions also account
for a bigger share of demand growth after 2025, increasingly diversifying global energy
demand and leading to the emergence of multiple major demand centres.

3. Following the regional focus on sub-Saharan Africa in WEO-2014, India will be the focus region of the World Energy
Outlook 2015.
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Table 2.3 = World primary energy demand by region in the
New Policies Scenario (Mtoe)

1990 2012 2040 ZS?ZA- (;2:0
OECD 4522 5251 5436 5423 5392 5399 5413 0.1%
Americas 2260 2618 2781 2782 2771 2793 2821 0.3%
United States 1915 2136 2256 2233 2197 2192 2190 0.1%
Europe 1630 1769 1762 1738 1717 1704 1697 -0.1%
Asia Oceania 631 864 893 903 905 903 895 0.1%
Japan 439 452 447 440 434 429 422 -0.2%
Non-OECD 4 059 7760 9151 10031 10883 11656 12371 1.7%
E. Europe/Eurasia 1538 1178 1194 1238 1286 1340 1384 0.6%
Russia 880 741 730 748 770 798 819 0.4%
Asia 1588 4 551 5551 6115 6 653 7118 7527 1.8%
China 879 2 909 3512 3802 4019 4145 4185 1.3%
India 317 788 1004 1170 1364 1559 1757 2.9%
Southeast Asia 233 577 708 784 870 967 1084 2.3%
Middle East 211 680 800 899 992 1070 1153 1.9%
Africa 391 739 897 994 1095 1203 1322 2.1%
Latin America 331 611 709 784 857 926 985 1.7%
Brazil 138 278 337 384 427 465 494 2.1%
World** 8782 13361 14978 15871 16720 17529 18293 1.1%
European Union 1642 1641 1615 1582 1552 1534 1523 -0.3%

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

Figure 2.7 = Primary energy demand growth by selected region in the
New Policies Scenario

g 1000 W 2012-2025
= 200 2025-2040
600
400
200 I I
AERRTR N
-200

China India Africa Southeast Middle Latin E. Europe/ OECD
Asia East America Eurasia

64 World Energy Outlook 2014 | Global Energy Trends



© OECD/IEA, 2014

Despite the dominant role of non-OECD countries for global energy demand growth,
on a per-capita basis, average levels of energy demand in non-OECD (at 1.3 tonnes
of oil equivalent [toe] per capita in 2012) remain more than three-times below those
in the OECD (4.2 toe). There is some degree of convergence in these indicators over
the period to 2040, with the OECD figure falling slightly to 3.9 toe per capita and the
non-OECD average rising slightly to 1.6 toe per capita. But, in practice, the trend in
non-OECD countries is proceeding along a path quite distinct from the route followed
earlier by the OECD, as technology advances and more efficient use of energy, triggered
by higher prices and by energy efficiency policies in some countries, are changing the
link between incomes and energy use. By 2040, average per-capita incomes in non-OECD
countries are projected to reach a comparable level to that of OECD countries in 1971.
Yet the energy use associated with similar per-capita incomes at these two points in
time is quite different. Back in 1970, this level of per-capita income in OECD countries
required more than twice the energy than that anticipated for non-OECD consumers
in 2040 (Figure 2.8). The reason is that technological progress and increased energy
efficiency allow in 2040 to satisfy a higher level of demand for energy services per unit
of energy than in the 1970s.

Figure 2.8 = Energy demand and GDP per capita, and corresponding oil
price in the New Policies Scenario
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The United States is among the countries facing the most significant changes in its energy
mix over the projection period. Demand peaks by around 2020 and is barely higher
than today in 2040. But the fuel mix undergoes a very dramatic change: oil loses almost
10 percentage points to 27% and is overtaken by gas before 2030 as the dominant fuel in
the energy mix. Qil use (in volumetric terms) drops by around 2030 to levels not seen for
decades and continues its decline thereafter. Coal also loses market share and is overtaken
by renewables in the 2030s. Those changes are a result of several policy initiatives and
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the boom in domestic production of shale gas. Recent policy efforts include a proposal by
US Environmental Protection Agency (EPA) to reduce carbon emissions from the power
sector by 30% in 2030, relative to 2005, and the announcement of the extension of fuel-
economy standards for heavy-duty vehicles into the next decade. Other measures involve
efficiency standards to reduce the average fuel consumption of road passenger vehicles
and to improve the efficiency of appliances and lighting in the buildings sector, together
with incentives for the use of efficient motors in the industry sector.

Similar changes are projected in the European Union, where the decline in primary energy
demand until 2040 continues at much the same rate as over the past decade. Coal demand
falls particularly fast (its share drops by about half to just 9% in 2040), while the share of
renewables rises to more than one-quarter and natural gas demand also expands modestly.
These trends are mainly driven by the power sector, where the share of renewable energies
in electricity generation almost doubles to 46% in 2040, posing challenges to the design of
power markets and threatening the adequacy of investment in thermal generation.* The
projected changes are largely driven by policy efforts in Europe to decarbonise the power
sector; existing goals to 2020 are assumed to be extended on the lines proposed in the
2030 framework for climate and energy, the objective being to reduce greenhouse-gas
emissions by 40%, relative to 1990. They also take account of the provisions to promote
energy security by reducing the energy intensity of the economy through energy efficiency.

In Japan, demand continues its slow decline with 2040 levels 7% lower than 2012. In
contrast, electricity demand expands by 11% and nuclear power output is assumed to
recover progressively over the period to 2020 to three-quarters of the level prevailing just
before the Fukushima Daiichi accident, reducing the need to burn gas and oil for power.
In the longer term, nuclear generation increases modestly (in line with the government’s
announcement that nuclear should continue to play an important role) though its share in
total generation (21% in 2040) does not reach levels prior to the accident. The recent wave
of investment in non-hydro renewables — particularly solar PV — slows over the Outlook
period, but still boosts their share in total power generation by more than four-times over
2012 levels, to 22% in 2040 (Chapter 7).

Energy demand in Russia grows by 11%, but the fuel mix changes less than in the other
major economies, primarily because the policy push is less pronounced. Gas remains far
and away the leading source of energy, still meeting well over half of the country’s energy
needs in 2040. Oil demand plateaus and declines as of the mid-2020s, as vehicles become
more efficient, resulting in a somewhat reduced market share for oil. The share of coal
in the primary mix drops, offset by a rise in the share of nuclear power and non-hydro
renewables, though their share remains modest.

The energy sector of China is confronted with a host of challenges, meeting an overall
increase in energy demand of 44% by 2040, while dealing with rising energy security

4. See the World Energy Investment Outlook, published in June 2014, for a discussion of the European power sector
(IEA, 2014): www.worldenergyoutlook.org/investment.
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concerns and environmental pollution. In June 2014, the president called for a “revolution”
in energy consumption, energy supply, energy technology and energy governance. The
Action Plan for Air Pollution Prevention and Control, released by China’s State Council in
September 2013, is an important programme to curb coal consumption and increase non-
fossil energy use. As a result, our projections point to a significant slowdown in the growth
of coal use, with coal use peaking around 2030 and being just 7% above 2012 levels in
2040. The share of coal in the energy mix drops from two-thirds in 2012 to around half
in 2040. As the engine of growth moves away from heavy industries, the power sector
becomesincreasingly importantin setting the country’s primary demand trends, accounting
for almost 75% of primary demand growth, compared to less than 50% in the period
2000-2012. Electricity generation is set to double to 2040, with coal and non-hydro
renewables accounting each for around 30% of growth. Despite efforts to improve energy
efficiency in transport, oil demand in China continues to rise. But the rate of Chinese
consumption growth slows noticeably over the projection period: 90% of the total increase
in oil use occurs prior to 2030; thereafter, growth is minimal as vehicle fuel-economy
policies take effect, industrial production slows and the population starts to slowly
decline. Nonetheless, China overtakes the United States in the early 2030s as the largest
oil-consuming country and is projected to use 15.7 mb/d of oil in 2040.

India energy demand more than doubles, as per-capita consumption increases and access
to modern energy expands. The power sector has experienced financial difficulties in recent
years and continues to struggle to secure adequate returns on investment, indicating the
scale of the challenge.® In recognition of this problem, the Indian government is taking
steps to improve the financial situation of utilities (see Chapter 6). In our projections, coal
use for power continues to rise with booming electricity demand, leading to increasing
reliance on coal imports, even though the share of coal in the fuel mix in generation and
in the overall primary fuel mix falls, as gas plays an increasing role. India becomes the
largest coal importer, with import needs in 2040 twice as large as China today. The use of
oil also rises strongly as car ownership takes off, household incomes rise (boosting demand
for modern cooking fuels) and business activity expands. India becomes the key centre
of global oil demand growth after 2030, consolidating its position as the world’s third-
largest oil consumer after China and the United States. By contrast, the use of fuelwood
and charcoal in India falls, its share of final fuel use plummeting from a quarter at present
to below 10% by 2040, due to a shift to electricity and other modern forms of energy.

Energy demand in sub-Saharan Africa has been growing strongly over the past decade,
but demand per capita is still among the lowest in the world today: at 0.6 toe, per-capita
energy consumption is only one-third of the world average. About 620 million people in
the region, or two-thirds of the entire population, lack access to electricity, and more
than 700 million rely on the traditional use of solid biomass for cooking. Strong economic

5. See the World Energy Investment Outlook for a discussion of the Indian power sector (IEA, 2014):
www.worldenergyoutlook.org/investment.
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expansion, increasing urbanisation and a legacy of unmet demand mean that energy
demand will increase at a rapid pace, almost doubling to around 1 000 Mtoe in 2040.
However, there continue to be significant disparities within sub-Saharan Africa (the subject
of an in-depth analysis in Part C), as more than half of energy demand growth occurs in
Nigeria and the countries of Southern Africa. Overall, despite a large resource base and
some improvements in the performance of its energy sector, energy supply still falls short
of sub-Saharan Africa’s needs in the New Policies Scenario: the region accounts for one-
fifth of the global population in 2040 and yet only around one-twentieth of world energy
demand. But there are ways in which stronger growth could be achieved (discussed in
detail in Chapter 16): increased investment in the power sector to improve the reliability
of supply, increased regional co-operation and a larger share of oil and gas revenues
reinvested in infrastructure would allow Africa’s energy sector to act as an engine for
economic transformation and growth, lifting the combined GDP of sub-Saharan Africa 30%
above the levels anticipated in the New Policies Scenario, an increase in regional output of
some S2 trillion.

The Middle East is central to the long-term outlook for oil, not only as a supplier to global
oil markets, but also because it becomes a major centre of oil demand over the Outlook
period — the third-largest market after China and the United States. The prevalence of
fossil-fuel consumption subsidies (see detailed analysis in Chapter 9) undermines efforts
to improve energy efficiency in many countries in the region and mean that oil demand
growth in the region is among the fastest in the world. Growth is strongest in the transport
and petrochemicals sectors. Qil continues to be used on a large scale for power generation,
an expensive way to generate electricity and a practice that is rare anywhere else in the
world. The use of gas grows more strongly than that of oil, driven by the power and industry
sectors. The use of non-hydro renewables expands at double-digit rates, their share of
power generation reaching 14% by 2040.

Outlook by sector

More than half of the projected increase in global primary energy demand over the Outlook
period comes from the power sector — the result of the continuing electrification of the
world economy. Power generation already absorbs just under 40% of global primary energy
and that share increases to 42% in 2040, demand for inputs to generation being dragged
higher by steadily rising demand for electricity in all end-use and other transformation
sectors (Figure 2.9), despite further improvements in the efficiency of energy conversion
in power stations. The share of coal in power generation drops by ten percentage points to
31% in 2040, as the use of renewables (whose combined share overtakes coal in the early
2030s) and, to a lesser extent, natural gas gains ground.

Among the final sectors, demand is projected to grow fastest in industry, at 1.4% per year
on average over the projection period, just ahead of transport and buildings (i.e. residential
and commercial sectors). Almost 50% of the growth in industrial energy demand occurs in
China and India, with the rest spread in almost equal parts across other emerging regions.
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Among the OECD regions, only North America sees any significant increase in industrial
energy use, thanks to relatively strong economic growth and the boost in competitiveness
provided by relatively low energy prices there. In aggregate, OECD industrial energy demand
increases slowly through to 2020, levelling off thereafter. Over the whole projection period,
the OECD contributes just 2% to the global growth in industrial energy demand.

Figure 2.9 = World energy demand by selected sector in the New Policies
Scenario
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The number of vehicles on the world’s roads doubles between 2012 and 2040, but the
increasingly widespread adoption of vehicle fuel-economy standards mitigates the impact
on transport demand, which rises on average by 1.2% per year — a significantly slower
pace than in recent decades (Chapters 3 and 8). Mexico, India and Saudi Arabia are among
the countries that have announced adoption of vehicle fuel-economy standards over the
past year. Airplanes and ships also become a lot more fuel efficient, offsetting part of the
projected rise in demand for air travel and maritime freight. All of the growth in transport
demand comes from non-OECD countries, notably China; it declines in the OECD, where
efficiency gains more than outweigh a modest expansion of the vehicle fleet (Figure 2.10).
Oil-based fuels continue to dominate transport energy demand, even though alternative
fuels, in particular biofuels, take a gradually increasing share of the total. Of the transport
fuels, diesel demand grows strongest and diesel overtakes gasoline as the dominant oil
product in the transport sector by mid-2030s. The use of kerosene for aviation also grows
strongly.

In the buildings sector, energy use grows at an average rate of 1.0% per year through the
Outlook period, with about one-third of the growth coming from developing Asia and most
of the rest from the Middle East, Africa and Latin America. Electricity accounts for most of
the increase — mainly because of strong growth in demand for air-conditioning, computing
facilities, refrigerators and other appliances such as mobile phones — and natural gas for
most of the rest (mostly for water heating and cooking).
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Figure 2.10 = Change in energy demand by sector and region in the
New Policies Scenario, 2012-2040
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Box 2.3 = Fossil-fuel transformation gets more complex

New ways of converting fossil fuels into higher value end-use products are set to play
an increasingly important role in meeting global energy needs in the coming decades.
Traditionally, the main fossil-fuel transformation pathways are oil refining and power
generation. But things are becoming more complex. The high price of oil in recent years
has stimulated investment in plants to convert natural gas and coal into liquid fuels that
can either substitute for oil products or be blended into them. Coal-to-gas conversion is
also gaining some ground, notably in China. Price differentials are expected to continue
to boost this trend over the longer term, though the attraction of these processes is
dimmed by their energy-intensive nature and the associated emissions.

Gas-to-liquids (GTL) production jumped in 2011 with the start-up of the 140 thousand
barrels per day (kb/d) Pearl GTL plant in Qatar, taking global capacity to 215 kb/d. All
existing plants use the Fischer-Tropsch (FT) process, producing mainly diesel, gasoline
and lubricants. One other such plant, in Nigeria, produced its first liquids this year while
two others are in the front-end engineering design phase in Uzbekistan and the United
States. Some others are being considered, for example in Canada, Algeria and Russia.
Together, they could bring global capacity to more than 400 kb/d by 2025. Beyond
that, advances in small-scale production units may make it economically feasible to
develop small, remote pockets of gas using GTL technology, permitting a more rapid
growth. GTL output is projected to climb to more than 360 kb/d by 2025 and almost
1 mb/d by 2040 in the New Policies Scenario.

Technology to convert coal into oil products is developing rapidly. Coal-to-liquids (CTL),
or coal liquefaction converts coal into diesel, gasoline and other oil products, and has
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been commercially used in South Africa since the 1950s, based on FT technology.
Capacity there today stands at approximately 70 kb/d of transport fuels, meeting
about 20% of the country’s needs. The relatively low price of coal and energy security
concerns are driving interest in CTL technology in China and other coal-producing
countries, though there are question marks over the economics and the environmental
implications — carbon emissions are high in the absence of capture and storage and the
technology relies on large volumes of water. The first Chinese CTL plant using direct
conversion technology, with a capacity of 30 kb/d, was commissioned at Ordos in 2009
and others are under development. In total, CTL production worldwide is projected to
reach 450 kb/d in 2025 and 1.1 mb/d in 2040, with most of the capacity being built in
Asia.

Coal is also likely to be used increasingly as a feedstock for producing a range of
petrochemicals. China already has a large industry to convert coal to methanol — an
intermediate product for the chemical industry and a blend-stock for transport-fuel
— with capacity standing at around 45 million tonnes (Mt) today. The conversion of
coal to olefins — producing ethylene and/or propylene, intermediate products for
making plastics and other chemicals — via methanol in an integrated process is growing
rapidly in China: capacity has jumped from zero to around 4 Mt/year in just the past
few years and is expected to reach 16 Mt by the end of the current decade. As with
CTL, further expansion is likely to be constrained by the technology’s high carbon
and water intensity. China is also planning to convert coal into synthetic gas (similar
to conventional methane, but typically with more impurities) in order to reduce its
dependence on gas imports. Two coal-to-gas (CTG) plants are already operational,
providing about 3 bcm of natural gas, and there are plans by other companies for an
additional 65 bcm of capacity. CTG output is projected to increase to over 50 bcm by
2040, accounting for 14% of China’s total natural gas production.

Energy prices and energy spending

The final prices of energy paid by consumers, be they business or households, is a
combination of international prices, the domestic costs of transformation and delivery,
profit margins and prevalent tax regimes. Taking all end-user prices as a whole, weighted
by consumption, can yield a measure of an economy’s spending on a unit of energy. Such
weighted average end-use spending has risen sharply over the past decade, particularly
in OECD countries, closely mirroring international fuel price developments (Figure 2.11).
It was on average more than 50% higher in 2012 than in 2000 in OECD countries. In
non-OECD countries, spending rose by only 10% over the same period, partly because of
subsidies. Today, the average spending per unit of energy is more than twice as high in
OECD countries as that in non-OECD countries. Such differences spring from a variety of
causes. Some of these, such as access to cheaper fossil resources, are here to stay. In the
New Policies Scenario, the average spending on energy use in OECD countries in 2040 is still
more than 50% higher than in non-OECD countries.
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Figure 2.11 = Weighted average spending on energy end-use by region in
the New Policies Scenario
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Increasing energy prices and rising energy spending are one reason for the new wave
of energy efficiency policies adopted in recent years in many OECD countries. Their
implementation helps to moderate the effect of increasing fuel prices in OECD countries: as
final energy demand barely grows in the New Policies Scenario, the total spending on the
use of energy across all end-use sectors remains, despite increasing energy prices, broadly
constant until 2040 in the New Policies Scenario (Figure 2.12).

Figure 2.12 = Spending on energy end-use by selected region in the
New Policies Scenario
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Note: Subsidy data are not available for the year 2000.
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In non-OECD countries, however, the picture is very different. Demand for energy services
is increasing rapidly, driven by population and economic growth, which means that the
spending on the use of energy is set to rise considerably, moderated only by increased
energy efficiency. The effect of rising energy demand on total energy spending is further
augmented by structural shifts in the economy in many non-OECD countries. In China,
for example, the gradual shift away from energy-intensive industries increases average
spending per unit of energy in the industry sector, as energy prices paid for by energy-
intensive industries are below the average of those of other industry sectors, in particular
for electricity. Policies to displace coal in the industry sector by other, more expensive fuels
further increase the average spending on energy. The strong increase in transport service
demand in many non-OECD countries is another factor that contributes to higher spending
on the use of energy in those countries.

Some countries are using subsidies to fossil fuels to shield their citizens from international
fuel price developments. Adding in the cost of fossil-fuel subsidies, however, boosts the
spending discussed above to much higher levels, in particular in the Middle East, and
indicates the significance of subsidies as a burden on the overall economy. When the cost
of fossil-fuel subsidies is included, the spending on energy use relative to GDP in the Middle
East in 2040 is higher than in the other major energy-consuming regions.

Box 2.4 = Current status of energy access

Worldwide 1.3 billion people — a population equivalent to that of the entire OECD —
continue to live without access to electricity. This is equivalent to 18% of the global
population and 22% of those living in developing countries (Table 2.4). Nearly 97% of
those without access to electricity live in sub-Saharan Africa and developing Asia.® The
latest estimate for sub-Saharan Africa has been revised up by 22 million, illustrating
how rapid population growth can continue to outpace the rate of electrification in
many countries and conceal the progress that has been made (see Chapter 13). In
developing Asia, the general trend shows an improving picture, but the pace varies.
The largest populations without electricity are in India, Nigeria, Ethiopia, Bangladesh,
Democratic Republic of Congo (DR Congo) and Indonesia.

Nearly 2.7 billion people — almost 40% of the world population and about half of those
living in developing countries —rely on the traditional use of solid biomass for cooking,
an increase of 38 million compared with last year. Here, the issue is much more skewed
towards developing Asia, which accounts for nearly 1.9 billion of the total. India, alone,
has more than 800 million people using inefficient, polluting means for cooking — a
greater number than in the whole of sub-Saharan Africa.

6. See Part C for an in-depth study of energy access in sub-Saharan Africa.
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Table 2.4 = Number of people without access to modern energy services by
region, 2012 (million)’

Without access Traditional use of
to electricity biomass for cooking*
Population p(i:z::t?;n Population pf)l:)iligt?;n

Developing countries 1283 24% 2679 49%
Africa 622 57% 728 67%
Sub-Saharan Africa 621 68% 727 80%
Nigeria 93 55% 115 68%
Ethiopia 70 77% 87 95%
DR Congo 60 91% 61 93%
North Africa 1 1% 1 1%
Asia 620 17% 1875 51%
India 304 25% 815 66%
Bangladesh 62 40% 138 89%
Indonesia 59 24% 105 42%
Pakistan 56 31% 112 62%
China 3 0% 448 33%
Latin America 23 5% 68 15%
Brazil 1 1% 12 6%
Middle East 18 8% 8 4%
World** 1285 18% 2679 38%

* Based on World Health Organization (WHO) and IEA databases. ** Includes OECD countries and Eastern Europe/Eurasia.

Note: The estimate for India’s electrification rate is in line with those published in India’s 12th Five-Year Plan. However,
a number of recent sources have resulted in a range of electrification rates, particularly in rural areas, that could
change the estimate of the total number of people without access to electricity in India significantly. The Five-Year Plan
recognised the issue of discrepancies across sources, stating that it may be due to differences in questionnaire design
and needed to be examined further. WEO-2015 will include a special focus on energy developments in India, including
the critical issue of energy access.

Supply
Resources

Remaining economically exploitable resources of fossil fuels and uranium worldwide are
easily sufficient to meet the projected growth in demand through to 2040 in the New
Policies Scenario (and the Current Policies Scenario, in which demand for each fossil fuel
is higher). But whether these resources will actually be developed is far less certain, given
uncertainties about the investment climate stemming from the confluence of geopolitical,
economic and policy-related factors, and the impact of technological change. If it proves

7. For a complete country-by-country breakdown, see the World Energy Outlook electricity access database at:
www.worldenergyoutlook.org/resources/energydevelopment.
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that they are developed more slowly than we project, then market prices would be higher
and production rates and demand correspondingly lower. Similarly, more concerted action
to rein in the use of fossil fuels for environmental reasons than assumed here would reduce
the pace at which resources would need to be extracted.

Remaining economically recoverable coal resources are particularly large, representing
around 2 900 years of production at current rates (Figure 2.13), though less than 5% of
these resources have as yet been proven (see Chapter 5). In the New Policies Scenario,
only around 1% of these resources are produced between 2012 and 2040, though that is
still well in excess of the amount that could be produced without overshooting the 2 °C
climate target (unless a far higher proportion of the carbon released by burning coal or
gas were captured and stored and/or much less oil and gas consumed than is projected).
Natural gas reserves and resources, though much smaller in both energy terms and years
of potential production, have grown in recent years, as a result of technological advances
(which have made possible the exploitation of resources that were previously considered
too difficult or expensive to recover) (see Chapter 4). Gas resources are now equal to more
than 230 years of production at current rates, and reserves over 60 years. Qil resources
show a smaller forward coverage: resources cover almost 190 years of current production
and reserves more than 50 years. A significant proportion of oil resources are categorised
as unconventional — mainly extra-heavy oil and bitumen (EHOB), tight oil and kerogen oil
(see Chapter 3). Total remaining oil resources at end-2013 amounted to 6 trillion barrels.

Figure 2.13 > Lifetimes of fossil-fuel and uranium resources*
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* Expressed as number of years of produced and remaining resources based on estimated production rates in 2013.
For uranium, proven reserves include reasonably assured and inferred resources (see Chapter 11 for more details).
Sources: BGR (2013); 0&GJ (2013); USGS (2012a); USGS (2012b); BP (2014); NEA/IAEA (2014); IEA estimates and
analysis.

Remaining uranium resources are also substantial: total identified resources would last
more than 120 years at current rates of consumption. There are also large (in some cases,
infinite) technically recoverable resources of renewable energy. With the exception of
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hydropower and bioenergy, only a small proportion is as yet economically exploitable,
though the share will undoubtedly increase with continued progress in reducing the cost
of emerging renewable technologies (see Chapter 7).

Production trends

Worldwide production of all types of modern energy increases over the projection period
in the New Policies Scenario.® In line with demand, natural gas output sees the biggest
increase in absolute terms. Most of the projected increase in total production occurs in
non-OECD countries, as their demand grows fastest and their resources are generally larger
(Figure 2.14). They account for over 80% of the global gross production growth between
2012 and 2040 for coal, almost 75% for oil and almost 80% for gas. OECD countries contribute
a bigger share of the growth in renewables — 42%, excluding hydro and bioenergy.

Figure 2.14 = Change in energy production by region in the
New Policies Scenario, 2012-2040
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World oil production (i.e. net of processing gains) rises from 87 mb/d to 101 mb/d in 2040.
Total production of conventional crude stays at around 68 mb/d until the early 2030s,
before dipping to 66 mb/d by the end of the period, meaning that the task of meeting rising
demand is left entirely to unconventional production and to natural gas liquids. The first
half of the projection period is one in which non-OPEC production continues to rise, pushed
higher in the main by developments in the Americas: deepwater projects in Brazil, oil sands
in Canada and the continuing vitality of tight oil (and, to a lesser extent, deepwater) in
the United States. However, in the 2020s, non-OPEC supply flattens and then starts to fall
back, as a result of declines in conventional output in Russia, China and Kazakhstan and,
eventually, a tailing off in US production. Projected output increases in Brazil and Canada

8. Globally, the supply of each source and form of energy balances demand in every year of the projection period. In
the case of oil, supply equals production plus processing gains (volume increases in supply that occur during crude oil
refining).
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(as does global production of natural gas liquids, from a number of sources), but, with
global consumption inching steadily higher, reliance for production growth increasingly
shifts to the large resource-holders in the Middle East, raising questions — particularly in
the light of the current turmoil in Iraq — about whether the necessary investment will be
made in time to avert a period of tighter markets and higher prices (Spotlight).

Coal production worldwide is projected to climb from 5670 Mtce in 2012 to almost
6 400 Mtce in 2040, with most of the growth coming from non-OECD countries in the
period to 2025. Eight countries account for 90% of the global coal production, a share
that barely changes over the projection period. China, India, Indonesia and Australia
alone account for over 70% of global coal output by 2040, highlighting the importance of
developments in Asian markets for coal demand, trade and pricing. As with coal demand,
coal production trends differ sharply between OECD and non-OECD producers. All the
leading OECD producers see large declines, with the exception of Australia, which becomes
the largest OECD coal producer by around 2035, as it achieves continued strong growth in
export markets. The United States remains one of the largest coal producers in the world,
though it is the only major producing country that sees a decline in production, with output
plummeting by more than a third, mainly due to lower domestic demand. Non-OECD coal
production increases almost 900 Mtce, with India and Indonesia together accounting for
60% of the projected growth. With a near doubling of coal production, output in both
India and Indonesia overtakes declining US production soon after 2030, making these
countries the world’s second- and third-largest coal producers. China sees the third-largest
production increase among non-OECD countries, its production peaking around 2030, at
levels around 10% higher than today, in line with a peak in domestic demand. At around
2 800 Mtce by 2040, China remains by far the world’s largest coal producer and requires
only 8% of its domestic demand to be covered by imports.

Global production of natural gas rises in a near-linear fashion through the Outlook period,
from 3 480 bcm in 2013 to almost 5 400 bcm in 2040. Conventional sources continue to
provide the bulk of production, but unconventional gas — primarily shale gas, and also
coalbed methane and tight gas — plays an increasingly important role, its share in total gas
output rising from 17% to 31%. Gas production increases in all major countries and regions
of the world, with the exception of Europe, where the downward trend that started around
the mid-2000s persists throughout the projection period. Gas resources are more than
sufficient to meet this increase in demand, but the requirement for more than $11 trillion
in investment along the gas supply chain (about 70% in the upstream and a further 30%
in pipelines and liquefied natural gas [LNG] infrastructure) nonetheless represents a stern
challenge, with the way that gas will be priced on domestic and international markets a
key uncertainty. Within many non-OECD countries, including India and across the Middle
East, and in some international negotiations, finding a price level and pricing mechanisms
acceptable to consumers but nonetheless sufficient to incentivise large new investments in
gas supply is proving challenging.
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SPOTLIGHT

Although technologies and high prices are unlocking new types of resources, our
Outlook for oil production rests heavily on the performance of a relatively small group
of countries. In the period to 2025, non-OPEC countries are to the fore: tight oil (and,
to some extent, deepwater) from the United States, oil sands in Canada and deepwater
developments in Brazil all contribute to output growth, while Russia is able to combat
the effects of decline at existing fields and to maintain production above 10 mb/d,
at least until the 2030s. In the latter part of our projection period, Canada and Brazil
continue to achieve growth in production, but others start to fall back, increasing the
call on major resource-holding countries in the Middle East, notably Iraqg, but also
Saudi Arabia (Figure 2.15).

There are other countries with the resource base to join this select group. But it is
too soon for the moment to confidently judge the impact of Mexico’s energy reforms
on long-term production growth. There are few signs yet of the resolution of Iran’s
negotiations with the international community that is a pre-condition to an eventual
rise in output. Political uncertainty in Venezuela continues to forestall an increase in
investment. Although resources are large, tight oil production is not expected to spread
far enough and fast enough outside North America to act as the engine for long-term
oil production growth. Thus, although supply developments in a number of countries
could turn out more positively than we project, the task of bringing production up
above 100 mb/d — and of sustaining upstream investment at an average of more than
half a trillion dollars per year — rests, in our projections, on a fairly limited number of
shoulders.

Investment at these levels should not be taken for granted. Brazil’s deepwater pre-salt
fields are large and prolific, but also highly complex and capital-intensive, factors that
could lead to further delays in project implementation. Achieving a large expansion
in Canadian production depends on new transportation capacity to bring it to
market, obtaining the approval for which is proving far from straightforward. Some
of Russia’s upstream ambitions are being curtailed or pushed back because of the
sanctions, imposed in response to events in Ukraine, that are now restricting access to
Western capital markets and technology. Most important of all, the political, security
and logistical challenges to growth in Iragi output have been highlighted by renewed
conflict in the north of the country: while this has not had any marked impact on
production or export, it hardly encourages the large-scale commitments of capital that
are needed for the next phase of Iraq’s oil development. Given the long lead times for
upstream projects, the consequences of a shortfall in investment may not be apparent
for some time. But clouds are starting to form on the long-term horizon for oil supply,
holding out the possibility of stormy conditions ahead.
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Figure 2.15 = Change in oil production relative to the level in 2013 in the
New Policies Scenario (mb/d)
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Nuclear power generation rises from a starting point of 2 461 TWh in 2012 to more than
4 600 TWh in 2040, its share of total electricity supply remaining fairly constant over the
period. Trends at the global level, however, mask significant differences in the fortunes of
nuclear power regionally. It fares best in markets where prices are regulated, utilities have
state backing or where governments act to facilitate private investment. China alone accounts
for 46% of incremental world nuclear generation to 2040, surpassing the United States as the
largest producer just after 2030. India, Korea and Russia collectively account for a further
28% of the global increase. Nuclear generation rebounds in Japan, albeit not to the level just
prior to the Fukushima Daiichi accident, and falls by 10% in the European Union.

Globally, the supply of renewable energies is not limited by the availability of resources;
but the extent of use of renewables is constrained by geographical and economic factors
and currently requires policy support in many regions. The use of renewables almost
doubles between 2012 and 2040, supported by government policies, technological
advances and higher fossil-fuel prices, which render renewables more competitive. The
share of renewables in primary energy use has remained broadly constant at 13% over
the past decade, but it rises sharply to 19% by 2040, driven by the growth in solar and
wind energy which outpaces the growth of all other fuels. While supply of fuelwood and
charcoal falls over the course of the projection period, the output of modern renewables
expands substantially in all regions and sectors, with the biggest increases occurring in
China, North America and Europe. China sees the largest expansion, more than six-fold, led
by a further significant rise in wind power output. India also sees a significant expansion,
with increasing expansion of wind and solar PV.

World electricity production rises steadily through the Outlook period, by around
three-quarters between 2012 and 2040 to around 40 000 TWh, with non-OECD countries
contributing more than four-fifths of the increase. Coal remains the leading source of
power production, accounting for a third of the total — down from 41% in 2012. The share
of oil drops from 5% to 1% (with the Middle East and parts of Africa being the regions
where oil is still used for power generation by 2040), while that of natural gas increases by
more than one percentage point, to 24%, and that of nuclear power to 12%. The share of
hydro (16%) stays flat. By contrast, the share of non-hydro renewables in power production
more than triples to 17%. These trends hide significant differences across countries and
regions, largely according to the degree of economic maturity and policy push, and the
local resource endowment. The share of renewables in electricity production grows more
in OECD countries; the European Union reaches one of the highest shares, at 46% — almost
double the current share. The use of coal remains more widespread in non-OECD countries,
especially China and India.

Inter-regional trade

Inter-regional energy trade is set to take a gradually rising share of global energy supply.
The patterns of trade are also changing, in line with the new geography of global production
and consumption. This means a major shift in trade away from the Atlantic Basin — where
the Americas are increasingly becoming a net provider of energy to the rest of the world
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— and towards the Asia-Pacific region. The growing import markets of China, India and
Southeast Asia, alongside the traditionally import-dependent markets of Japan and Korea,
are set to absorb an increasing share of internationally traded fossil fuels from all parts of
the world (Table 2.5).

Table 2.5 = Energy net import/export shares* by fuel and region in the
New Policies Scenario

Bioenergy Total

2012 2040
OECD 52% 22% @ 25% 18% @ 7% 21% @ 0% 3% = 26% 9%
Americas 25% 19% 2% 6%  14% 15% 1% 1% 7%  10%
United States ~ 47%  24% = 6% 3% @ 14% 13% @ 1% 1%  16% 4%
Europe 71%  74%  47% 66%  46% 56% 1% 5%  42%  43%
Asia Oceania 92% 85%  70% 20% 3% 55% 1% 10%  52% 5%
Japan 99% 98% . 97% 99% . 100% 100% . 6% 22% . 94%  69%
Non-OECD 41% 21% @ 19% 11% @ 3% 4% @ 0% 1% : 18% 7%
E.Europe/Eurasia  66%  58% 21%  33% 22%  27% 3% 9% 36%  35%
Russia 72% 69% . 28% 36% @ 33% 44% 5% 10% .  45%  44%
Asia 58% 82% 2% 32% 2% 11% 0% 0%  13%  26%
China 54%  77% . 27% 39% 8% 8% 0% 1% .  15%  22%
India 74% 92% . 32%  46%  25% 39% 0% 2% . 30%  45%
SoutheastAsia  41%  76% . 28% 1%  69% 30% 1% 4% . 22% 7%
Middle East 75%  73%  25% 24%  77% 82% 4% 5%  62%  56%
Africa 64% 38% = 44% 38%  30% 28% 0% 0% 37%  23%
latin America  27%  42% . 9% 7%  66% 56% 1% 7% 20%  25%
Brazil 7% 41% . 40% 7% 80% 88% 1% 9% . 11%  18%
World 50% 52% i 21% 22% i 18% 23% @ 0% 2% @ 25% 24%
European Union  85% 89% = 66% 82% = 42% 54% 1% 5% @ 51%  50%

* Net trade between main WEO regions, not including trade within regions. Shaded numbers indicate net imports.

Notes: Import shares for each fuel are calculated as net imports divided by primary demand. Export shares are calculated
as net exports divided by production. Column “Total” additionally includes nuclear and other renewables. All values are
calculated on an energy-equivalent basis.

Oil remains the most heavily traded fuel, both in volume terms and as a share of world
production. As of 2013, the Asia-Pacific region imports around 18 mb/d of crude oil,
roughly half of the total inter-regional trade in crude oil. By 2040, this import requirement
rises to around 29 mb/d, two-thirds of the 44 mb/d total. The Middle East can satisfy only
a part of this increase: squeezed by rising domestic demand and refinery runs, crude oil
exports from the Middle East rise by more than 4 mb/d (to 22 mb/d in total). The share of
the Asia-Pacific region in Middle East crude oil export flows goes up from an estimated 75%
today to around 90% in 2040, but Asian importers also draw in supplies from a variety of
other exporting countries and regions (a process that is helped by the concurrent reduction
in North American import needs). This reorientation in global trade means that the share
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of Europe in Russia’s crude oil exports, currently around 80%, falls to less than 60% in
2040, by which time more than half of Caspian crude oil exports also have Asian markets
as their ultimate destination. Exports from Latin America, Africa and Canada are subject to
the same dynamics: for example, over two-thirds of crude oil exported from Latin America
heads for Asia in 2040, compared with just over one-third today. Alongside this importance
in crude oil trade, Asia also accounts for an increasing share of global trade in oil products,
as increases in projected refinery runs do not keep pace with rising demand.

This shift in international oil trade has implications for efforts to ensure security of oil
supply. Any oil supply disruption to one market, if not contained and dealt with promptly,
will have implications for other regions; but specific vulnerability to a possible physical
shortage in supply and to high and volatile oil-import bills becomes increasingly
concentrated in the major emerging oil-importing economies of Asia: China and India in
particular. These countries, both with a high degree of current and projected dependency
on oil imports from the Middle East, are already developing capacity to deal with the
possibility of disruptions to supply, by building up oil stocks and creating other mechanisms
for emergency preparedness. International co-operation in these areas is an increasingly
important feature of strategies to ensure the integrity of long-term oil supply.

Figure 2.16 = World fossil-fuel production and trade* in the
New Policies Scenario
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* Net trade between main WEO regions, not including trade within regions.

Concerns about the security of gas supply are also rising, at least in Europe, in light of
the conflict in Ukraine. However, in this area — in contrast to oil — there are some more
encouraging signs in the longer term outlook, despite the rising import needs in many
countries. Among all fuels, natural gas sees, in energy terms, the biggest increase in trade
(Figure 2.16), boosting its share of total inter-regional fossil-fuel trade from 17% in 2012
to 22% in 2040. LNG trade grows more quickly than pipeline trade, accounting for almost
60% of the increase. All the current gas-importing regions become even more dependent
on imports, with the exception of Brazil and North America (rising production turns both
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countries from importers to exporters). The European Union remains the main destination
for internationally traded gas, its imports rising by almost 50% to more than 450 bcm;
but China’s imports expand most in volumetric terms — by almost 200 bcm — making the
country by far the largest single importing country (overtaking Japan before 2020). India
also becomes a major importer (most of its gas needs today are met by local production).

Rising import needs are matched by a growing cast of producers and exporters. The main
contributors to increased trade are Russia (both piped gas and LNG), the Caspian region
(piped gas), Australia (LNG), the Middle East (both piped and LNG) and North and East Africa
(largely via LNG). Several countries are expected to join the ranks of LNG-exporting nations
in the next few years, including the United States, Canada, Mozambique and Tanzania.
What is more, the LNG-led development of a more diverse, flexible and integrated system
of international gas trade is set to provide a more robust way to mitigate the impact of
shortfalls or disruptions to supply.

The geography of coal trade is set to shift markedly over the coming two-and-a-half
decades. Import needs in China — the world’s biggest importer today — are projected to
peak by around 2020, while demand and imports in Europe, Korea and Japan fall back; by
contrast, India’s imports surge, overtaking those of China early in the next decade. Australia
and Indonesia consolidate their position as the leading coal exporters, ahead of Colombia,
Russia, South Africa and the United States.

The value of trade

The New Policies Scenario projections imply a significant increase in the overall value
of global energy trade — the result of a rise in both volumes and international prices
(Figure 2.17). Net spending on imports as a whole has risen sharply in the last few years,
with the jump in prices and growth in demand: in 2012, energy-import bills in importing
regions reached almost S2 trillion (in year-2013 dollars). But trends in energy-import bills
in the main importing countries and regions diverge markedly. In 2012, it reached highs of
$270 billion in China, $140 billion in India, and $280 billion in Japan, though spending fell
back slightly to $530 billion in the European Union and $340 billion in the United States, in
both cases mainly due to lower oil imports. Oil accounts for the bulk of the spending in all
five countries/regions.

The level of spending on energy imports is projected to continue to rise substantially
to reach $2.9 trillion in 2040, driven mostly by non-OECD countries where spending on
energy imports nearly triples. This is mainly a result of surging demand, which outstrips
indigenous production in many non-OECD countries; in China, oil and gas account for most
of the increase, while coal is also an important contributor to the increase in India. Among
the countries importing gas and coal, India is the only one where spending is higher for coal
than for gas in 2040. Import bills remain at similar levels as in 2012 in the European Union,
as falling oil and coal demand and, therefore, need for imports helps to offset the effect
of rising gas imports and higher international fossil-fuel prices. In Japan and the United
States, spending falls — heavily in the United States — thanks to lower oil demand and, in
the US case, sustained production of oil and gas.
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Figure 2.17 = Value of net frade in fossil fuels in the New Policies Scenario
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* The United States is a net coal exporter already and becomes a net gas exporter over the Outlook period.

Export earnings in the exporting countries grow, especially in the Middle East. OPEC oil
revenues jump from $1.2 trillion in 2012 to $1.8 trillion in 2040 as a result of higher oil-
export volumes and prices. Russia also sees a rise in export earnings, thanks to increased
gas exports to Europe and to Asia, in particular China; Russian oil-export earnings increase
until the mid-2020s and then drop with declining output, while the value of coal exports
rises modestly.

Energy investment’®

Over the period to 2040, the investment required each year in energy supply infrastructure
in order to meet projected demand in the New Policies Scenario rises steadily to around
S2 trillion per year (in year-2013 dollars), compared with just over $1.6 trillion in 2013. In
cumulative terms, this amounts to over S51 trillion over the projection period (Figure 2.18).
Fossil-fuel extraction, transport and oil refining make up $S30 trillion, or almost 60%, of this
total; $21 trillion, or about 40%, goes to the power sector, of which low-carbon technologies
— renewables ($7.4 trillion) and nuclear (S1.5 trillion) — account for more than 40%, while
$8.7 trillion is invested in transmission and distribution. Spending on energy efficiency,

9. Investment figures cover capital expenditure for the creation or refurbishment of assets, but do not reflect operating
expenses. Energy efficiency investments cover the money spent by end-users on energy-consuming products, relative to
a 2012 baseline. Prospects for global energy investment were analysed in the World Energy Investment Outlook, released
in June 2014 and available for download at www.worldenergyoutlook.org/investment. The investment projections here
are slightly different to those in that report, as underlying projections have been updated and extended to 2040.
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which moderates energy supply investment needs, totals $14.5 trillion over 2014-2040, an
average of more than $500 billion per year, bringing the overall global investment bill to
about $66 trillion.

Less than half of the investment in energy supply goes to meet growth in demand; the
larger share is required to offset declining production from existing oil and gas fields and
to replace power plants and other assets that reach the end of their productive life before
2040. These declines and retirements set a major investment challenge for policy-makers
and the industry, but they also represent a real opportunity to change the nature of the
energy system by switching fuels or deploying more efficient technologies.

Nearly two-thirds of energy supply investment takes place in non-OECD countries, with the
focus for investment moving beyond China to other parts of Asia, Africa and Latin America.
But ageing infrastructure and climate policies also create large requirements across the
OECD. The largest share of energy efficiency spending is in the European Union, China and
North America.

Figure 2.18 = Cumulative global energy supply investment by fuel and type
in the New Policies Scenario, 2014-2040 ($2013 billion)
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Decisions to commit capital to the energy sector are increasingly shaped by government
policy measures and incentives, rather than by signals coming from competitive markets
(IEA, 2014). In the oil sector, reliance on countries with more restrictive terms of access
to their resources is set to grow, as output from North America flattens from around 2030
onwards. Geopolitical turmoil, asin Iraq, Libya and other parts of the Middle East and North
Africa underlines the downside risks to long-term oil production, indicating that there is a
significant risk that investment will fail to pick up in time, during the present decade, to
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avert a shortfall in supply after 2020. In the electricity sector, administrative signals or
regulated rates of return have become by far the most important drivers for investment
and have stimulated particularly strong growth in the use of renewable energies in many
countries. A continued flow of investment is needed though to meet low-carbon power
generation targets over the long-term, but also to ensure system adequacy in particular
in power markets with an ageing fleet. Against this backdrop, mobilising private investors
and capital will require a concerted effort to reduce political and regulatory uncertainties.
Market reforms may be necessary to reassure investors about the adequacy of prospective
financial returns in the future.

New types of investors in the energy sector are emerging, but the supply of long-term
finance on suitable terms is still far from guaranteed. Much of the dynamism in energy
markets is coming from smaller market players or new entrants; these players tend to rely
on external sources of financing. Outside North America (where external financing is more
readily available), there is a need to unlock new sources of finance, via the growth of bond,
securitisation and equity markets and, potentially, by tapping into the large funds held by
institutional investors, such as pension funds and insurers. This would help to diminish
undue reliance on the relatively short maturity of loans available from the banking sector,
which may be constrained by new capital adequacy requirements (the Basel lll accord) in
the wake of the financial crisis.

Energy-related CO, emissions*®

Recent developments

The latest Assessment Report from the International Panel on Climate Change (IPCC) — the
fifth in the series — reports that the global average temperature of land and ocean surface
combined increased by 0.85 °C over the period 1880 to 2012, and that it is extremely likely
that human influence has been the dominant cause of this observed warming since the mid-
20th century (IPCC, 2014). The evidence of human influence has grown since the previous
Assessment Report, which was released in 2008. Higher temperatures are expected to be
associated, among other things, with an increase in the frequency and intensity of extreme
weather events. In September 2014, the World Meteorological Organization reported that
the concentration of CO, in the atmosphere reached 142% of the pre-industrial era and
that radiative forcing — the warming effect on our climate — had increased by 34% since
1990, due to long-lived greenhouse gases, such as CO,."*

International climate negotiations under the United Nations Framework Convention on
Climate Change (UNFCCC) are moving into a critical phase. Countries have been invited to
communicate their intended nationally determined contributions (INDCs) to the climate

10. A WEO Special Report on climate change will be released in mid-2015, as a follow-up analysis of the 2013
Redrawing the Energy-Climate Map: World Energy Outlook Special Report.

11. See www.wmo.int/pages/mediacentre/press_releases/pr_1002_en.html.
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agreement in the first quarter of 2015.*? The intention is to reach an agreement in Paris
in December 2015 and to apply its terms from 2020: its first round of targets will set the
course for the important decade from 2020 to 2030. In putting forward their contributions,
countries with lower capacity to take action are expected to emphasise what can be
achieved by unilateral action, but also to indicate their full potential, with assistance. For
countries with high potential to reduce emissions quickly, but with low domestic capacity,
the technology, finance and capacity building elements of the UNFCCC framework will be
critical. To shift energy sector investment onto a low-carbon track, the 2015 agreement will
need to send a strong signal to private and public energy investors that all major countries
are committed to long-term decarbonisation.

Because the energy sector accounts for around two-thirds of all greenhouse-gas emissions,
its opportunities and constraints need to be a strong influence on the climate negotiations
and the sector will play a full part in effective implementation of the outcome. The point
of departure is not very encouraging: global energy-related emissions of CO, — the leading
greenhouse gas — reached 31.6 gigatonnes (Gt) in 2012. Compared with 2011, this is an
increase of around 400 million tonnes (or 1.2%). Coal — the most carbon-intensive fuel —
contributes 44% of total emissions, oil 36% and gas — the least emissions-intensive — the
remaining 20%. CO, emissions fell in the United States (-4.1%) and the European Union
(-1.2%), but all of the other major emitters contributed to the global emissions increase in
2012.CO, emissionsincreased by 3.1% in Chinaand 6.8%in India; in both cases anincreasing
demand for coal in power generation was the primary cause. Emissions increased by 4.0%
in the Middle East, 8% in Brazil (a result of several consecutive dry years that curtailed
hydropower output) and 0.3% in Russia. Emissions also increased in Japan, at 3.4%, a result
of the nuclear shutdown that lead to an increasing use of fossil fuels.

Emissions and climate impact in the New Policies Scenario

Many governments are in the process of formulating policies to address climate change,
directly or indirectly, and a whole range of climate-relevant policy proposals has been
formulated over the past year. These policies include additional measures to reduce air
pollution from the use of coal and improve energy efficiency in China, a plan to cut power
sector emissions and extend fuel-economy and emissions standards for heavy-duty vehicles
in the United States, a proposed climate and energy package for 2030 in the European
Union, and building codes and fuel-efficiency standards for passenger vehicles in India.

In the New Policies Scenario, all these and other measures announced by governments
around the world have been taken into account. The sobering news is that they are not
sufficient to reach the 2 °C target: CO, emissions increase to 38.0 Gt in 2040 — an increase
of 6.4 Gt, or 20%, over 2012. Projected out to 2050 and beyond, and taking account of
emissions of other greenhouse gases from all sources, this trend is consistent with an
increase in the greenhouse-gas concentration in the atmosphere to over 700 parts per

12. INDCs may also cover climate change adaptation, finance, technology and capacity building, but this section
considers mitigation only.
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million of carbon-dioxide equivalent (ppm CO,-eq) in 2100, leading, therefore, to a long-
term global temperature increase of 3.6 °C, compared with pre-industrial levels. Additional
emissions could result from irreversible changes (for example slowly melting permafrost),
but those are not yet factored into models. It is possible that if they were factored in,
it would drive temperatures beyond 3.6 °C even in the New Policies Scenario. With 4 °C
warming, severe and widespread changes are expected in human and natural systems,
including substantial species extinction and large risks to global and regional food security.

The IPCC estimates that to have a 50% chance of meeting the internationally agreed goal
of limiting the temperature increase to 2 °C over and above pre-industrial levels to avert
irreversible and catastrophic climate change, the world cannot emit more than a total of
around 1 000 Gt of CO, from 2014 onwards. We are fast eating into this carbon budget:
in the New Policies Scenario, the entire budget is used up by around 2040. Were this to
happen, emissions would need to drop to zero immediately thereafter in order to stay
within that budget. In other words, achieving the objective requires urgent action now to
steer the energy system onto a lower emissions path (IEA, 2013).

In the New Policies Scenario, coal remains the principal source of global energy-related CO,
emissions, though growth from this source levels off after 2020, as coal use flattens out
and carbon capture and storage (CCS) starts to be deployed, albeit on a relatively limited
scale before 2030 (Figure 2.19). By contrast, emissions from natural gas and oil continue
to increase, with the strong rise in gas demand making this fuel the largest contributor to
emissions growth over the Outlook period. But, even though gas consumption approaches
that of coal in energy terms, the lower carbon content of gas means that emissions from
this source are still more than one-third lower than those of coal in 2040.

Figure 2.19 = Global fossil-fuel energy-related CO, emissions and total
cumulative CO, emissions in the New Policies Scenario
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Emission trends diverge across regions, depending largely on the policies currently in place
and in preparation to address climate change directly or indirectly. Growth in emissions
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slows down gradually, but there are only a handful of regions in which emissions peak
and then actually decline over the projection period. These include some of the largest
emitters, in particular the United States (which sees emissions peak before 2020), China
(peaking soon after 2030), and the European Union (for which emissions have already
peaked). The recent policy initiatives in the United States (which, together with policies
announced earlier, lower emissions by 1.3 Gt in 2040 compared with the Current Policies
Scenario) and China (2.9 Gt savings in 2040) bear fruit, but they are not sufficient to offset
the global growth. Moreover, despite these efforts, China remains the world’s largest
emitter by a wide margin until 2040 in the New Policies Scenario, and approaches the
United States as the country with the largest historical emissions (Figure 2.20).

Figure 2.20 = Cumulative energy-related CO, emissions by region in the
New Policies Scenario
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India overtakes the United States in terms of annual CO, emissions just before 2040, but
its cumulative emissions and per-capita emissions remain low. US per-capita emissions, at
10.7 tonnes, are still almost four-times higher in 2040 than those of India (2.9 tonnes), and
more than twice the global average (4.2 tonnes). Per-capita emissions in China (7.1 tonnes)
and the Middle East (7.9 tonnes) in 2040 are higher than in most other regions.

450 Scenario

In the 450 Scenario, energy trends and the associated greenhouse-gas emissions trajectory
are consistent with stabilisation of the concentration of those gases in the atmosphere at
450 ppm CO,-eq and the international target of containment of the temperature increase to
no more than 2 °C above pre-industrial levels. The reductions in emissions, relative to the
New Policies Scenario, result from the assumption of much stronger government policies,
including a set of measures that, if adopted together, do not harm economic growth, and
that are adopted before 2020 — the year when a new international climate agreement, to
be negotiated in Paris in 2015, is due to come into effect. These measures include energy
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efficiency, limits to the use and construction of inefficient coal power stations, minimising
methane emissions from upstream oil and gas and accelerating the phase-out of fossil-fuel
consumption subsidies (IEA, 2013) (Box 2.5). After 2020, further rapid action is needed
fundamentally to reset the course of the energy sector. The policies adopted depend on
national circumstances, and reflect the current policy framework, but also the long-term
abatement potentials and costs of each region. Various policy instruments are used to
achieve decarbonisation, including pricing carbon in the power sector for major regions
(Chapter 1).

Box 2.5 = Reducing methane emissions from upstream oil and gas

The reduction of CO, emissions is imperative to mitigating climate change, given their
weight in overall greenhouse-gas emissions and their long lifetime in the atmosphere.
But the reduction of short-lived climate pollutants, such as methane or black carbon,
is an important complementary strategy to mitigate the rate of climate change in the
short term.

Past work in the WEO series has analysed the impact of reducing methane emissions
from the oil and gas sector, highlighting is as one of the four key measures to keep
the door open to 2 °C (IEA, 2013). During upstream production, methane is released
to the atmosphere through leaks, vents, incomplete combustion and operational
upsets. A number of initiatives exist, at global as well as company level, to mitigate
such emissions (the most recent being the Oil & Gas Methane Partnership launched
in September 2014), but emissions were still in the order of 1 Gt CO,-eq in 2013. In
the New Policies Scenario, methane emissions from oil and gas production remain
at similar levels until 2020 and then gradually rise to 1.1 Gt CO,-eq in 2030 and to
1.2 Gt CO,-eq in 2040, broadly following the trend of conventional crude oil production
(with related associated gas) and assuming that new infrastructure leaks less than past
equipment.

So far, announced policies for the reduction of methane emissions are largely
confined to the United States. Several of the main obstacles remain, such as lack of
measurement and the low value assigned to the gas. Successful and (cost) effective
policies to reduce methane emissions from upstream oil and gas production must
be informed by reliable measurements and could include policies to reduce flaring
and regulations that encourage best practice standards. Their implementation in the
450 Scenario, which already has a lower output of oil and gas, helps reduce emissions
to 0.9 Gt CO,-eq in 2020, 0.3 Gt CO,-eq in 2030 and 0.1 Gt CO,-eq in 2040. The largest
scope for reductions is in the Middle East, Russia and Africa.

In the 450 Scenario, energy-related emissions of CO, peak at 33.0 Gt before 2020 and
then fall back to 25.4 Gt in 2030 and 19.3 Gt in 2040, which is almost 50% lower than
in the New Policies Scenario (Figure 2.21). Already in 2020, CO, emissions are 1.7 Gt, or
5%, lower as a result of these four key policy measures. Owing to the sheer size of their
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economies, the three-biggest contributors to emissions reductions are China, at one-third
of cumulative emissions savings, the United States (almost 15%) and India (about 10%).
They are followed by the European Union (6%) and the Middle East (5%). Globally, per-

capita emissions of CO, are cut by almost half, to 2.1 tonnes, in 2040.

Figure 2.21 > Reduction in energy-related CO, emissions in 450 Scenario
relative to the New Policies Scenario
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The power sector offers the largest possibility of additional abatement, despite already
being the focus of much government action: new measures are needed, both in developed
and developing countries, to further cut emissions in 2040, by more than 25% in total.
Such increased emissions reductions in the power sector would deliver almost 110 Gt of
cumulative CO, savings over the projection period and reduce the emissions gap between
the two scenarios by around half (Figure 2.22).

Figure 2.22 = Cumulative CO, emissions reduction by sector and region in
the 450 Scenario relative to the New Policies Scenario
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Stepping up efforts in industry, including through more stringent efficiency measures to
reduce electricity consumption, would reduce the gap by an additional 17%. The transport
sector is the second-largest source of CO, emissions today, accounting for 23% of global
energy-related CO, emissions. As much of the global vehicle market is already covered by
fuel-economy standards, the need for additional abatement from the transport sector is
comparatively lower than for the power and industry sectors, at 16% of the total savings
required in the 450 Scenario, relative to the New Policies Scenario. While the buildings
sector contributes only 14% to the total savings in the 450 Scenario, the relative effort
required is largest among all sectors, a reduction of 37%. Many of the impacts of the
measures in the buildings sector will have long-lasting impacts beyond the projected time
horizon, given the long asset lifetimes in this sector.

Figure 2.23 = Average annual capacity additions of low-carbon technologies
by scenario and cumulative CO, savings in the power sector in
the 450 Scenario relative to the New Policies Scenario
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The vast majority of emissions reductions in the 450 Scenario occur after 2030, accounting
for around 70% of cumulative savings relative to the New Policies Scenario. This is largely
a result of the long lead times required to build up low-carbon technologies in the market,
underlining the urgency of action before 2030. In the power sector, almost every third GW
of new capacity installed worldwide over the past decade was low-carbon (predominantly
sourced from renewables), amounting to about 60 GW per year on average (Figure 2.23).
Average annual low-carbon capacity additions double to around 120 GW by 2020, but
a significantly larger effort is required after 2020. At 250 GW per year, average annual
installations between 2021 and 2030 in the 450 Scenario are far higher than is achieved
under planned policies (140 GW). This means that three out of four GW of new capacity
added need to be low-carbon to achieve the necessary reductions after 2030. Beyond
2030, almost all new capacity installed is required to be low-carbon in the 450 Scenario.

Achieving the 2 °C goal will entail a substantial transformation in the ways we produce
and consume energy, involving major improvements in energy efficiency and a switch to
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low-carbon energy sources and technologies. Around the world, many of the challenges
are broadly similar, including the need to reduce the amount of energy required to produce
a unit of GDP and to channel investment towards low-carbon technologies and energy
efficiency (Table 2.6). The best ways to achieve these goals will differ across countries,
something that will need to be accounted in structuring the global climate deal in 2015.

Table 2.6 = Energy- and climate-related indicators by Scenario

New Policies 450 Scenario

2020 2030 2040 2020 2030 2040

Energy-related CO, emissions (Gt)

World 31.6 342 363 380 325 254 193
United States 5.0 5.1 4.5 4.1 4.8 3.0 1.9
European Union 3.4 3.1 2.7 2.3 3.0 2.0 1.4
Japan 1.2 1.0 0.9 0.8 1.0 0.7 0.4
China 8.2 9.5 10.2 10.0 9.0 6.3 3.6
India 2.0 2.5 3.5 4.5 2.4 2.3 2.2
Energy intensity (toe/GDP in $2013 MER)

World 0.18 0.16 0.13 0.11 0.16 0.12 0.09
United States 0.13 0.11  0.09 0.07 0.11 0.08 0.07
European Union 0.09 0.08 0.07 0.06 0.08 0.06 0.05
Japan 0.09 0.08 0.07 0.07 0.08 0.07 0.06
China 0.33 0.23 0.16 0.12 0.23 0.14 0.10
India 0.44 035 0.25 0.19 0.34 0.21 0.15
Carbon intensity (tCO,/toe)

World 2.4 2.3 2.2 2.1 2.2 1.7 1.2
United States 2.4 2.2 21 1.9 2.2 1.5 1.0
European Union 2.1 1.9 1.7 1.5 1.9 1.4 1.0
Japan 2.7 2.3 21 1.9 2.2 1.7 1.1
China 2.8 2.7 2.5 2.4 2.6 1.8 1.0
India 2.5 2.5 2.5 2.6 2.4 2.0 1.6
Clean energy investment* (billion $2013)

World 355 709 987 1238 881 1814 2411
United States 57 98 151 184 124 268 280
European Union 109 172 215 217 241 350 341
Japan 16 27 34 43 37 64 77
China 77 165 184 227 197 341 452
India 14 32 65 98 40 157 252
Energy-import bills (billion $2013)

United States 325 205 142 147 197 111 35
European Union 531 522 542 531 477 377 269
Japan 278 218 207 198 198 145 101
China 271 409 653 761 373 481 374
India 137 216 357 521 198 243 265

* Notes: Clean energy in this table includes energy efficiency, renewables, nuclear, and CCS in the power
and industry sectors. Energy efficiency investment is measured relative to a 2012 baseline efficiency level.
MER = market exchange rate; tCO,/toe = tonnes of carbon dioxide per tonne of oil equivalent.
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Chapter 3

Oil market outlook
Calm before the storm?

Highlights

e Qil demand rises by 14 mb/d to reach 104 mb/d in 2040 in the New Policies Scenario.
The pace of demand growth decreases markedly, from an annual average of 0.9%
over the period to 2020 down to only 0.3% per year in the 2030s, moving towards a
plateau in global oil consumption. Prices that reach $132 per barrel in 2040 (in real
terms) and policy measures to improve energy efficiency and promote fuel switching
constrain oil use. By 2040, nearly 75% of oil use is concentrated in just two sectors
where substitution is most challenging: transport and petrochemicals.

® The net growth in oil demand comes entirely from non-OECD countries: for each
barrel of oil eliminated from demand in OECD countries, two additional barrels of
oil are consumed in the developing world. India and Nigeria are the countries with
the highest rates of oil demand growth. China becomes the largest oil-consuming
country in the early 2030s, but higher efficiency and lower rates of growth in
industrial activity and in demand for mobility (as population numbers level off in the
2030s) mean that, by 2040, oil demand growth all but comes to a halt in China.

e Growth in the Americas, led by US tight oil, Canadian oil sands and Brazilian
deepwater output, pushes non-OPEC production higher until the early-2020s. As US
tight oil output flattens and then starts to fall back, Canadian oil sands emerge as the
engine of North American supply. Despite a gradual spread of tight oil production to
Argentina, Russia, China and elsewhere, non-OPEC supply falls back to 51 mb/d by
2040, slightly higher than today’s levels but on a declining trend. Mexico offers some
potential upside to the non-OPEC outlook following recent energy sector reforms.

® Meeting long-term demand depends increasingly on the large OPEC resource-
holders in the Middle East. OPEC production increases by less than 1 mb/d over the
remainder of this decade, but then needs to increase substantially in the 2020s (by
more than 6 mb/d) and by almost as much again in the 2030s. Renewed turmoil in
Iraq, Libya and other parts of the Middle East and North Africa has underlined the
downside risks to oil production. The apparent breathing space provided by the rise
in non-OPEC output over the next decade is in many respects illusory, given the long-
lead times of new upstream projects. With a legacy of under-investment, Iranian
production would take time to bounce back even if sanctions were removed.

® The global refining sector has to adjust to the new geography of oil demand and
supply and the changing composition of feedstocks, a process that looks particularly
difficult for Europe, which continues to have a large excess of refinery capacity over
projected refinery runs. By 2040, two out of every three barrels of crude oil traded
internationally are destined for Asia, up from less than half today, drawing into Asia a
rising share of the available crude from the Middle East and beyond.
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Global overview

Before the most recent decline, which took oil below $90 per barrel in October 2014,
the relative stability of prices since 2011 — trading in a fairly narrow range around
$100 per barrel —had provided few hints as to the underlying dynamism in the oil sector and
to the uncertainties concerning its future.! On the supply side, there has been remarkable
strength in oil production in the United States, which has surged above 10 million barrels
per day (mb/d). Yet the impact of this increase (tight oil output in the United States has
risen by 2 mb/d since 2010) has been partly offset by under-performance elsewhere in the
world. Outages, both scheduled and unscheduled, project delays, and turmoil in parts of
the Middle East and North Africa invite the question, examined below, about who can step
up to support longer term growth once US production eventually levels off.

Onthe demand side, elevated price levels, government policies, technological advances and
concerns about the environmental and financial cost of increasing oil use are stimulating
changes in the nature and location of oil consumption. Demand in non-OECD countries is
already higher than within the OECD, but across the board there is a gradual increase in
the deployment of more efficient technologies and some signs of fuel switching, where
possible. Oil remains central to the global energy economy — and retains its position as
the largest single fuel in the global energy mix even out to 2040 — but these developments
suggest that economic and population growth may not automatically push oil demand
inexorably higher, as they have done in the past. How this plays out in practice is the subject
of analysis in this chapter. In our scenarios, the key variable affecting the trajectory for oil
production and use is whether —and how — government policies evolve (see Chapter 1).

Table 3.1 = Oil and liquids demand by region and scenario (mb/d)

New Policies Current Policies 450 Scenario

2020 2040 2020 2040 2020 2040
OECD 38.9 41.5 40.2 31.3 40.9 35.7 39.5 21.5
Non-OECD 23.4 41.6 48.2 63.1 49.4 70.4 46.7 43.9
Bunkers* 3.9 7.0 7.6 9.5 7.7 10.4 7.3 6.5
World oil 66.1 90.1 96.0 103.9 98.0 116.6 93.4 71.9
Share of non-OECD 35% 46% 50% 61% 50% 60% 50% 61%
World biofuels** 0.1 1.3 2.2 4.6 1.8 3.6 2.1 8.7
World total liquids 66.3 91.4 98.1 108.5 99.8 120.2 95.5 80.7

* Includes international marine and aviation fuels. ** Expressed In energy-equivalent volumes of gasoline and diesel.

Note: More information on methodology and data issues (including an explanation of differences with the
IEA Medium-Term Oil Market Report) is on the WEO website www.worldenergyoutlook.org/weomodel/.

1. The oil price is the average price for crude oil imports into IEA countries, used as a proxy for international oil prices.
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In the Current Policies Scenario, the influence of population and economic growth —
particularly in emerging economies —is constrained only by rising oil prices and government
policies already in place today, so global oil demand rises relatively rapidly to reach almost
117 mb/d by 2040 (Table 3.1 and Figure 3.1). Conversely, the impact of policy action
on efficiency and carbon dioxide (CO,) emissions is much stronger in the 450 Scenario,
leading to a peak in oil demand already by around 2020 and a subsequent decline in
consumption to 72 mb/d by the end of the projection period. In the New Policies Scenario,
our central scenario and the focus for analysis in this chapter, demand grows but at a
steadily decreasing pace to just under 104 mb/d in 2040. Economic and population growth
is increasingly offset by the dampening impact of greater efficiency and the deployment of
alternative vehicle fuels and technologies, stimulated by policies in place as well as those
that are under discussion.

Figure 3.1 = World oil demand and oil price by scenario
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In 2013, the IEA crude oil import price remained at a level above $100 per barrel for the
third consecutive year (5106 per barrel in year-2013 dollars). The oil price required to
balance demand and supply out to 2040 differs markedly across the scenarios, according
to how different forms of policy intervention affect the underlying market conditions. In
the New Policies Scenario, it reaches $S118/barrel in 2025 and $132/barrel in 2040 (in real
terms). The price rises more quickly in the Current Policies Scenario, reaching $155/barrel
in 2040, as higher prices are needed to keep supply in line with higher demand, because
existing reserves are depleted faster and oil companies are forced to turn sooner to more
costly new sources of oil. In the 450 Scenario, the oil price hovers around $105/barrel
until 2020 and then gradually declines to $100/barrel in 2040, as policy action causes
oil demand to fall steeply; the impact of lower international prices is not reflected in a
rebound in consumption in this scenario, as governments are assumed to act to keep end-
user prices in the transport sector at higher levels through taxation and, in some cases, the
removal of subsidies.
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Demand
Regional trends

Global oil demand grew at an average rate of 1.4% per year over the first decade of this
century, but has since slowed considerably, to 1.0% per year, dampened by weak global
economic growth, improved energy efficiency and persistently high international crude oil
prices. Global oil demand reached 90.1 mb/d in 2013, and is projected to continue to rise
at an average 0.9% per year until 2020 in the New Policies Scenario. Oil demand growth
then slows to 0.5% per year until 2030 and then 0.3% until 2040, as fuel efficiency policy
in the transport sector changes the vehicle stock and saturation effects become more
widespread, in particular in OECD countries. By 2040, demand for oil reaches 104 mb/d
and biofuels use boosts total liquid fuel demand to 108.5 mb/d (Table 3.2).

Table 3.2 = Oil demand by region in the New Policies Scenario (mb/d)

2013-2040

2020 2025 2030 2035 2040 Delta CAAGR*

OECD 38.9 41.5 40.2 38.1 35.4 33.4 31.3 -10.2 -1.0%
Americas 19.4 21.9 22.2 21.2 19.7 18.6 17.6 -4.3 -0.8%

United States 16.0 17.5 17.8 16.8 15.4 14.4 13.4 -4.1 -1.0%
Europe 12.6 12.0 11.2 10.5 9.7 9.0 8.3 -3.7 -1.3%
Asia Oceania 6.9 7.7 6.8 6.4 6.0 5.7 5.4 -2.3 -1.3%

Japan 5.1 4.4 3.7 33 3.0 2.8 2.6 -1.8 -1.9%
Non-OECD 23.4 41.6 48.2 53.1 57.3 60.4 63.1 21.5 1.6%
E. Europe/Eurasia 9.3 4.9 5.1 5.2 5.2 5.3 5.2 0.3 0.2%

Russia 5.2 3.2 3.2 3.2 3.2 3.2 3.2 -0.0 0.0%
Asia 6.3 19.7 23.9 27.1 30.0 32.0 335 13.7 2.0%

China 2.4 9.8 12.0 13.9 15.1 15.6 15.7 5.9 1.8%

India 1.2 3.7 4.9 5.8 7.0 8.2 9.2 5.5 3.5%
Middle East 2.8 7.6 8.7 9.6 10.2 10.7 11.3 3.7 1.5%
Africa 1.9 3.6 4.3 4.7 5.1 5.6 6.2 2.5 2.0%
Latin America 3.1 5.7 6.1 6.5 6.8 6.9 7.0 1.3 0.7%

Brazil 1.2 2.5 2.7 3.0 33 3.5 3.5 1.1 1.3%
Bunkers** 3.9 7.0 7.6 8.1 8.6 9.0 9.5 2.6 1.2%
World oil 66.1 90.1 96.0 99.2 101.3 102.8 103.9 13.8 0.5%
European Union 12.4 11.0 10.1 9.4 8.5 7.8 7.2 -3.8 -1.6%
World biofuels *** 0.1 13 2.2 2.8 34 4.1 4.6 33 4.7%
World total liquids 66.3 91.4 98.1 102.0 104.8 107.0 108.5 17.1 0.6%

* Compound average annual growth rate. ** Includes international marine and aviation fuels.
*** Expressed in energy-equivalent volumes of gasoline and diesel.
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The share of OECD countries in global oil use has decreased from about 60% in 2000 to
around 45% today, as demand growth in emerging economies outpaced OECD demand
growth. Indeed, OECD oil consumption has been in actual decline since 2005, and continues
to shrink by an average of 1.0% per year over the Outlook period, such that, by 2040,
OECD countries account for less than one-third of global oil use. This decline is pushed
by a renewed focus on energy efficiency in the transport, industry and buildings sectors
in almost all countries. The United States sees the largest fall in absolute terms, with oil
use contracting by more than 4 mb/d: fuel-economy standards, both for passenger and
for heavy-duty vehicles, exploits the large untapped potential for efficiency gains in this
sector.?

Japan sees the most rapid rate of decline in oil consumption of all the regions and countries
individually modelled in our World Energy Model (WEM). Between 2013 and 2040 it sheds
40% of its current oil demand, under the impetus of energy efficiency policy, saturation
effects in transport and the rapid decline of oil use in the power sector following the
temporary increase in the aftermath of the Fukushima Daiichi accident. Oil demand from
the Japanese petrochemical industry declines, as 30% of its capacity is closed over the
projection period, due to weak domestic demand and high feedstock prices. Projected
demand in Korea falls by around 20%, or 0.4 mb/d, mostly due to lower petrochemical
output, fuel substitution in buildings and increased transport efficiency. Demand also falls
across most of the European continent, although some countries in Eastern and Southeast
Europe, outside the European Union (EU), see an increase in consumption. Almost half of
the total drop of 3.8 mb/d in EU demand to 2040 is in road transport, where the EU has been
moving in recent years towards the adoption of a long-term strategy on mobility to 2050,
which includes a shift towards rail and waterborne transport, creation of an EU-wide core
network of transport corridors and a framework for urban road pricing, alongside policies
oriented at improving the fuel-economy of vehicles and promoting alternative fuels.

For each barrel of oil that is eliminated from consumption in OECD countries, two additional
barrels of oil are consumed in the developing world (Table 3.2). Qil consumption grows by
more than 21 mb/d in non-OECD countries over the period to 2040, at an average rate of
1.6% per year. Two-thirds of this comes from developing Asia, with China (5.9 mb/d) and
India (5.5 mb/d) adding almost equal parts to global oil demand growth. Although Saudi
Arabia has announced the introduction of its first-ever vehicle fuel-economy standards,
the Middle East as a whole emerges as an important centre of global oil demand growth,
adding 3.7 mb/d to reach 11 mb/d in 2040. There is strong growth in demand from the
Middle East transport and petrochemical sectors, where continuing fossil-fuel subsidies
in the region (Iran and Saudi Arabia are the countries with the largest subsidies in the
world today) impede the market uptake of fuel-efficient vehicles. Some countries with
large fossil-fuel subsidies recognise the need to reduce them or are even beginning to do

2. These standards target the vehicle model years to 2025 in the case of passenger light-duty vehicles, and 2014 to 2018
for heavy-duty vehicles. In early 2014, the administration announced its intention to further develop the heavy-duty
vehicle standards into the next decade.
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so, including Iran, but often they face consumer resistance (see Chapter 9). Oil demand
in Africa (subject to detailed analysis in Part C), has been revised upward, compared with
previous Outlooks, and reaches 6 mb/d in 2040.

Figure 3.2 = Growth in world oil demand by region in the
New Policies Scenario
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Nigeria and India, both of which currently subsidise oil consumption, are the countries
among those modelled individually in the WEM that have the highest rates of demand
growth to 2040: 3.5% per year. By 2040, oil demand in both countries is around 2.5 times
today’s levels, pushed up mainly by strong growth in transport (70% of the growth in India,
and almost 60% in Nigeria) and in the residential sectors (10% of the growth in India, and
almost 20% in Nigeria). On a per-capita basis, however, India still uses only half of the
global average in 2040, and Nigeria just one-quarter. Oil demand in East Africa grows at a
very high pace as well, at 3.9% per year, but generally oil use per capita in Africa remains
at a very low level. The notable exception is South Africa, where consumption per capita
exceeds the world average for the first time during the 2030s.

Non-OECD consumption growth occurs despite important measures already being taken
in many countries to dampen this trend (see transport section). In China, where security
of oil supply is an important strategic issue, a combination of transport policies — notably
fuel-economy standards — and slowing growth in industrial production and population (the
latter peaking in the 2030s) have a large impact on the growth rate of oil consumption
in China. Ninety percent of the total increase in oil demand occurs prior to 2030, after
which average growth is only 0.4% per year. The trend is more than enough for China to
overtake the United States in the early 2030s as the largest oil-consuming country, but the
implication is that a plateau in Chinese oil demand starts to come into view, even though it
does not materialise before 2040 in the New Policies Scenario.
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Sectoral trends

Projected global oil demand is increasingly concentrated in two sectors where substitution
is most challenging, transport and petrochemicals (Table 3.3). By 2040, these sectors
account, in volumetric terms, for almost three-quarters of total oil consumption, up from
around two-thirds today. Oil use continues to fall back in power generation and in the
residential and commercial sectors, while its use in industry (excluding petrochemicals)
remains flat. By 2040, two-thirds of the remaining consumption of oil for power generation
is in the Middle East, parts of Latin America and sub-Saharan Africa (see Part C). Oil use
in buildings remains largely confined to the residential sector, with India and countries of
sub-Saharan Africa the main sources of consumption, in the form of liquefied petroleum
gas (LPG) or kerosene for cooking purposes. Qil demand is projected to remain steady in
the agriculture sector, while it decreases in energy transformation, as a result of higher
efficiency. The use of bitumen and lubricants increases by almost 30% due to the overall
rise in economic activity.

Table 3.3 = Oil demand by sector in the New Policies Scenario (mb/d)

2013-2040

Delta CAAGR¥*

Total oil demand 66.1 90.1 96.0 99.2 101.3 102.8 1039 13.8 0.5%
Power generation 7.0 5.8 4.4 3.6 3.0 2.7 2.5 -3.3 -3.1%
Transport 30.5 48.7 53.1 56.2 58.5 59.9 60.8 12.1 0.8%
Petrochemicals 6.3 111 13.6 14.7 15.4 16.1 16.8 5.6 1.5%

of which feedstocks 5.4 9.7 11.9 12.9 13.7 14.4 15.0 5.3 1.6%
Other industry 5.5 5.0 5.0 5.1 5.1 5.1 5.1 0.1 0.1%
Buildings 7.0 7.8 7.4 7.0 6.6 6.4 6.4 -1.5 -0.8%
Other** 9.8 11.7 12.4 12.7 12.7 12.6 12.4 0.7 0.2%

* Compound average annual growth rate. **Other includes agriculture, transformation, and other non-energy use
(mainly bitumen and lubricants).

Note: The 2013 data show some marked differences with those for 2012 (published in WEO-2013) due to updates in
volumetric conversion factors and reallocation of sectoral oil demand in some regions.

As a share of total consumption in each sector (i.e. considering all fuels) the share of oil is
actually retreating everywhere — even in its strongholds of transport and petrochemicals.
While oil still accounts for 85% of total transport demand in 2040, this is a lower share
than today’s 93%, as alternative fuels, such as natural gas, biofuels and electricity, gain
ground. The deployment of alternative fuels is higher in OECD countries, where they
account for more than 20% of total transport demand by the end of the projection period.
In petrochemicals, the share of oil likewise declines, from 74% today to 71% in 2040, as the
share of both coal and natural gas rises slightly. In other sectors, where oil has already been
displaced to a large degree, its share of total demand continues to ebb.

Chapter 3 | Oil market outlook 101




© OECD/IEA, 2014

Without the impact of fuel switching and efficiency gains, the increase in oil demand
implied by our projections (e.g. from increased vehicle ownership and rising industrial
activity) would result in an increase in consumption of 53 mb/d by 2040 (Figure 3.3). But
this — purely theoretical — increase is moderated in practice by the switch to alternative
fuels (a reduction of 17 mb/d) and adoption of more efficient technologies (a reduction
of 23 mb/d): in the New Policies Scenario energy efficiency has a stronger impact on
moderating oil demand growth than fuel switching in transport, while fuel switching plays
a more important role in power generation and buildings.

Figure 3.3 = Impact of fuel switching and efficiency on the change in global
oil demand by sector in the New Policies Scenario, 2013-2040
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Note: This analysis uses a rolling decomposition technique on a sub-sector level to distinguish three effects: changes
in the demand for energy services, such as mobility (“demand”), changes due to the switch from one fuel to another,
e.g. from oil to gas in transport (“fuel switching”), and changes related to the use of more efficient equipment
(“efficiency”).

Transport

Around 2000, the transport sector crossed a threshold to account for more than half of
total oil demand and it has not looked back. The projected share of the transport sector
continues to increase from 55% today to more than 60% in 2040, despite increased fuel
efficiency and the growth of alternative fuels. More than three-quarters of transport oil
demand comes from road transport today, a share which is set to remain broadly unchanged
until 2040. Although aviation is the fastest-growing of all transport sectors, road transport
is set to account for over two-thirds of transport oil demand growth. The growth in oil
demand for transport occurs almost exclusively in emerging and developing countries,
transport oil demand in OECD countries declines across all sub-sectors, except aviation.

The main oil products used in transport today are gasoline (22 mb/d) and diesel (18 mb/d),
but the balance between them is set to change, with diesel projected to overtake gasoline
as the largest oil product in transport during the 2030s. The main reason for this reversal
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is that while gasoline is used almost exclusively in road transport, mostly for passenger
and commercial light-duty vehicles (where fuel-economy standards have a large impact
on demand), diesel predominates in the fast-growing road freight sector (where efficiency
measures are less common) and it is also a more versatile fuel, used also in rail and
navigation. Among the other fuels used in the transport sector, kerosene, at 5.5 mb/d, is
used only in aviation, while heavy fuel oil, at 3.4 mb/d, is exclusively used in navigation.

Figure 3.4 = World transport oil demand change by main products and
sub-sector in the New Policies Scenario, 2013-2040
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Over the Outlook period, demand for all oil products used for transport increases, with
the exception of heavy fuel oil (Figure 3.4). Diesel growth is strongest in absolute terms
because of strong growth in road freight transport, in particular in developing countries.
Gasoline demand growth is underpinned by the increasing stock of passenger light-duty
vehicles (PLDVs), which more than doubles to 1.9 billion vehicles in 2040 (although the
influence of this growth on oil demand will also depend on the way that driving habits
evolve, [Box 3.1]); but growth is held back by the growing application of fuel-economy
standards. Over the course of the past year, additional fuel-economy standards for PLDVs
have been adopted in Mexico, targeting the model years until 2016. In an attempt to reduce
air pollution, China is reportedly planning to remove from the road more than 5 million cars
that fail fuel standards. The Indian government also introduced fuel efficiency norms in
early 2014, with a target fuel usage of 4.8 litres per 100 kilometres by 2021-22: possible
subsidies for the purchase of electric cars and hybrid vehicles are under discussion. Saudi
Arabia, too, is taking some first steps to curb oil demand growth from PLDVs through fuel-
economy labels and standards for imported vehicles starting in 2015/2016, although the
prevalence of fossil-fuel subsidies is likely to counteract these efforts.
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Box 3.1 = Vehicle occupancy: empty seats and extra barrels

For oil demand and vehicle emissions, what matters is not just how many vehicles are
owned, but how they are used. People use cars for a variety of purposes, including
travel to work, shopping and errands, and for social or recreational purposes. While
the perceived attractiveness of cars is in decline in some countries (IEA, 2013a), leading
to discussions of a possible peak in car use and, even, a possible reduction, there are
many places in the world where people simply rely on the use of a personal vehicle due
to the lack of other options.

One option to reduce car mileage is through ride-sharing. In the United States, vehicle
occupancy per trip averaged 1.9 people per car in the late 1970s, a value that declined
to 1.59 in the mid-1990s, boosting oil demand (US Department of Transportation,
2009). Vehicle occupancy has since risen again, to 1.67 people per car in 2009, partially
thanks to efforts to support ride-sharing, e.g. car-pooling priority lanes. The use of
modern telecommunications has helped to revitalise the concept of ride-sharing,
with countless websites aiming to match spare car seats with potential passengers
in return for a share of the fuel costs. With the advent of smart phones and mobile
applications, the idea is gaining further traction: a French start-up, operating since
2006, attracted S100 million in venture capital in a recent fund-raising, indicating
investors’ expectations of strong growth in this sector.

Assessing the possible impact of trends in vehicle occupancy on long-term oil demand
is a challenging task. Most of the examples and impacts thus far are concentrated in
OECD markets; but the most interesting implications may be for those fast-growing
emerging economies that are increasingly concerned about oil security and local
pollution. In the New Policies Scenario, the average global vehicle occupancy drops
from around 1.9 people per car today to 1.8 in 2040, because of an assumed decline in
occupancy levels in non-OECD countries, following the historical trend. If more seats
were occupied and global occupancy levels remained, on average, at today’s levels, oil
demand in 2040 would be lower by 1.5 mb/d.

After improvements in efficiency, the in-roads made by alternative fuels, such as natural
gas, biofuels and electricity, are the next most important factor curbing transport oil
demand growth. The largest effect comes from biofuels, the use of which more than triples
in the New Policies Scenario and displaces 4.5 million barrels of gasoline, diesel and some
kerosene by 2040 (see Chapter 7). The use of natural gas, too, increases, mainly in the
United States, India and China. In the United States, low prices relative to oil incentivise the
use of liquefied natural gas (LNG) in road freight transport (IEA, 2013a). In China, 2013 was
the third consecutive year of strong increases in natural gas vehicle sales, both in the light-
duty and heavy-duty segments. Globally, the use of natural gas in road transport displaces
2.8 million barrels of oil equivalent per day (mboe/d) by 2040. Sales of plug-in hybrids and
electric vehicles increase to 5.7% of total PLDV sales in 2040, from less than 0.2% today,
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helped by subsidies in several countries: they displace almost 800 thousand barrels per day
(kb/d) of gasoline in road transport by 2040. At this point, our projections do not anticipate
any contribution from hydrogen fuel cell vehicles to oil demand reduction, even though
Toyota recently announced the launch of a first commercial model for 2015.

In most cases, alternative fuels cannot compete, without support, with oil products in the
passenger car segment (Figure 3.5). The reasons vary, depending on the fuel and region in
guestion. While for electric vehicles and hydrogen fuel cell vehicles, the high upfront cost
of the vehicle currently cannot be offset by lower running cost, this is generally less of an
issue for natural gas vehicles, where the additional upfront investment is usually around
$2 000 to $3 000. In the case of natural gas (and also for hydrogen and electric vehicles),
the lack of refuelling infrastructure holds back wider market penetration. Policy support is
therefore very important to the penetration of alternatives to gasoline-powered passenger
vehicles. In addition, as with any emerging technology, the expansion of new vehicle types
can be projected only on the basis of present knowledge of likely technology and cost
evolutions, which are key determinants of the pace of market uptake, as all vehicles offer
basically the same service, i.e. mobility. As in other fields, technology breakthroughs or a
big fall in cost could lead to a more rapid uptake of new vehicle and fuel technologies: this
is a market which, so far, has remained resistant to rapid change ever since the car was
introduced.

Figure 3.5 = Discounted total annual costs of passenger light-duty vehicles in
selected regions in the New Policies Scenario, 2020
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Notes: Assumes a common vehicle lifetime of 12 years and a discount rate of 8% for the purpose of comparison. The
average annual mileage is assumed to be equal for each vehicle type and is 20 000 km in the United States, 15 000 km
in the European Union and 10 000 km in Japan and China. Fuel prices exclude taxes but include the costs of the retail
infrastructure for gas and electricity (from the World Energy Model).
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Petrochemicals

After transport, petrochemicals is the sector that sees the highest growth in oil demand,
consumption increasing by more than 5 mb/d to reach 15 mb/d in 2040, an annual growth
rate of 1.6%. This is closely linked to the output of the most important petrochemical
intermediary product, ethylene, where output grows by close to 2% per year, due to
robust demand for resins, fibres and plastics as a relatively low-cost, versatile and resistant
packaging material. However, oil use in this sector grows more slowly than over the past
two decades (when annual growth was over 3%) as a consequence of saturation effects
in developed countries, of coal gaining ground as a feedstock in China, and of the higher
recycling rates that are anticipated in the future.

Figure 3.6 = Global demand for petrochemical feedstock by oil product in
the New Policies Scenario
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Most feedstock for petrochemical products originates from steam crackers or from refinery
units (catalytic reforming and catalytic cracking). The most important oil-based feedstock
is naphtha, which currently accounts for more than half of all inputs (Figure 3.6). While
naphtha demand for petrochemicals grows by around 2 mb/d over the period to 2040,
mainly because of higher consumption in Asia, the relative importance of naphtha declines.
This a consequence of quickly growing demand for lighter feedstocks — LPG and ethane —
particularly in North America and the Middle East.

Together with China and the Middle East, the United States sees the highest increase in oil
consumption for petrochemicals to 2025. Thanks to a surge in natural gas liquids from wet
gas plays, the United States is, at present, experiencing oversupply of ethane, which has
driven down the price for this petrochemical raw material. Responding to the anticipated
growth in ethane supply, chemical companies have announced plans for ten new steam
crackers (almost all producing more than 1 million tonnes per year) and several capacity
expansions at existing plants. In our projections, US ethylene production increases by
about 9 million tonnes (Mt) to 2025 (an increase of almost 40% compared with today),
levelling off in the later 2020s. Currently, the ethane price in the United States trades close
to the natural gas price, as this represents a lower bound for ethane prices (ethane can be
retained in the natural gas stream up to a certain limit). In the first nine months of 2014,
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the US ethane price of $5 per million British thermal units (MBtu) has compared to a price
of $21/MBtu for naphtha in Europe (the principal petrochemical feedstock in that region),
providing US crackers with healthy margins.

These large regional price differences for petrochemical feedstocks are set to result in
an expansion of international trade. The possibility to import lower priced LPG from the
United States has already prompted European flexible fuel crackers to switch from naphtha
to LPG as a feedstock. As a consequence LPG exports from the United States have increased
substantially and are expected to pick up further in the near future. There are currently no
exports of ethane as — in contrast to LPG (but similar to LNG) — it needs to be refrigerated
for transport and currently no suitable infrastructure exists. But, as of mid-2014, there are
plans for four European crackers (one of them to be converted from naphtha to ethane)
and for one cracker project in India to import ethane from the United States. Further
ethane exports to Europe are possible but would be complicated by the need for significant
changes to enable existing steam crackers to handle ethane instead of heavier feedstocks.
Moreover, the price advantage of ethane would lessen if the balance of ethane supply and
demand becomes tighter as a result of higher demand (as recently as 2012, US ethane
prices were above $10/MBtu).

In the long term, the Middle East accounts in our projections for the largest increase in
petrochemical oil demand, which more than doubles from 2013 to 3.3 mb/d in 2040.
This development is helped both by the region’s competitive position as the lowest cost
producer of petrochemicals (largely due to cheap ethane) and by its geographical position
of relative proximity to the large import markets in Asia. After the Middle East, China sees
the second-largest rise in petrochemical oil demand of 1.6 mb/d to reach 2.8 mb/d in
2040, due to strong domestic demand and the desire to increase self-sufficiency in plastics
production. However, oil demand growth in this sector in China is somewhat dampened by
the use of coal as a (comparatively cheap) feedstock in coal-to-olefin (CTO) and methanol-
to-olefin (MTO) plants.?China currently has an annual capacity to produce 6 Mt of ethylene
and propylene from CTO/MTO plants and we project this to increase to about 20 Mt by
2025.%

Europe, Japan and Korea all see a decline in petrochemical production in the future as they
are the highest cost producers, leading to a reduction of 0.6 mb/d in oil demand for these
three regions. In OECD countries, lower refinery runs in the future mean that less naphtha
is available for steam crackers, and the throughput in catalytic crackers (the main source
of propylene) and catalytic reformers (the main source of aromatics) declines as gasoline
production in these regions is scaled back, due to decreasing demand. The anticipated
decline in propylene production from refineries is expected to be compensated for by
the construction of propane dehydrogenation facilities that produce propylene from LPG,
particularly in the United States and China.

3. These plants either produce methanol from coal or import it to produce olefins (mainly ethylene and propylene).

4. At present, China is the only country using methanol on a large scale to produce olefins, although a plant exists in
Europe and plans have been announced in the United States for an MTO plant using natural gas as a feedstock.
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Trends by product

The trends identified in the various demand sectors, with the increasing concentration of
oil use in transport and in petrochemicals, are reflected in the outlook for the oil products
that make up overall oil supply (Figure 3.7). Consumption of ethane and naphtha, both
exclusively used in petrochemicals, grow from 2013 levels of 2.8 mb/d and 5.2 mb/d,
respectively, to reach 4.4 mb/d and 7.2 mb/d in 2040. Ethane use growth is generally limited
to regions with local supply (particularly North America and the Middle East), although we
do project some exports from the United States to Europe and Asia. LPG increases its share
as a petrochemical feedstock since it is cheaper than naphtha (as it comes from relatively
low-cost natural gas liquids [NGLs] fractionation) and it is easier to transport in sea tankers
than ethane. The transport sector is another area of growth for LPG — consumption doubles
from 0.7 mb/d in 2013 — but its global use in other sectors (including industry, residential
and services) is either flat or on a gradually declining trend. Overall, LPG demand grows
from 7.4 mb/d in 2013 to 9.5 mb/d in 2040.

Figure 3.7 = World oil demand growth by product in the New Policies Scenario
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Gasoline, which is almost exclusively a road transport fuel, grows by almost 2 mb/d to
2040, but by the end of our projection period its global use is in decline. The cumulative
impact of the passenger vehicle efficiency policies in many major economies and continued
substitution by other transport fuels and products induces a peak in gasoline demand, at
around 24.2 mb/d, in the early 2030s. Among the middle distillates, kerosene demand rises
to 9.4 mb/d by 2040 (a higher overall volume growth than gasoline) thanks to the expansion
in demand for aviation. The dominant fuel among the oil products, though, both in terms of
current consumption and in terms of volume growth to 2040, is diesel: consumption rises
by 4.7 mb/d to 30.4 mb/d in 2040. The increase in diesel use is even higher in the transport
sector — rising by 6.6 mb/d — but this is offset in part by declining consumption elsewhere.

One significant shift in oil product consumption over the coming decades is the continued
decline in global demand for residual fuel oil, as consumers switch both to other fuels (to
natural gas, nuclear and renewables in the power sector; to natural gas or electricity in
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industry) and, in some cases, to other oil products. In domestic and international navigation,
which currently account for 45% of fuel oil use, fuel oil consumption remains static in
volume terms, which means that all of the increase in demand in this sector is picked up by
diesel (and, to a smaller degree, by LNG) and the share of fuel oil in navigation fuel demand
goes down from 75% to less than 60%. That this share does not decline further, despite
tighter environmental standards for maritime shipping, is a result of refining economics
and product price differentials (Box 3.2). Among the other oil products, use of refinery fuel
increases in line with higher refinery runs and demand for products for non-energy use
(asphalt, lubricants, solvents) likewise increases. There is, though, a decline in the direct
burning of crude oil, from 1.4 mb/d in 2013 to 0.4 mb/d in 2040, which brings the overall
consumption in this category slightly down.

Box 3.2 = Marine bunkers: a sea change?

Although data for the sector are weak, of the estimated current 4 mb/d of global marine
bunker fuel demand the predominant fuel is fuel oil (around 80%), with the remainder
largely marine diesel. However, the prospect of stricter emissions controls, focusing
initially on the sulphur content of fuels but possibly extending to other pollutants in
the future, is expected to shift this balance over the Outlook period.®

The measures being introduced or contemplated for the maritime sector highlight a
key disadvantage of the heavier components produced during the process of crude
distillation. Sulphur molecules are disproportionately more attached to the heavier
components of crude oil than to the lighter components. The sulphur content in
residual fuels can, accordingly, be several times that of the original crude. For example,
Russia’s main export, Urals grade crude with 1.35% sulphur, will mostly produce
residual fuels with 3.5% sulphur. By contrast, its atmospheric gasoil, coming straight
from the distillation tower, can have 0.8% sulphur which, in the case of fuel for export
to European markets, is then additionally hydrotreated to remove all but 0.001% of
sulphur (or 10 parts per million, [ppm]), the allowed specification in the EU for road
diesel fuels. Gasoil for heating purposes is allowed to have 50 ppm.

Residual fuels are the main component in marine bunkers, which have long had a very
high-sulphur content. As sulphur content restrictions are introduced, the options for
compliance include a switch to lower sulphur oil products, such as marine diesel, the
adoption of “scrubber” technologies that remove bunker fuel gases before they are
released to the atmosphere (allowing for continued use of higher sulphur fuels) or
switching to a lower emissions fuel, such as LNG.

5. Key regulations include the introduction in coastal Emission Control Areas (ECA) of a 0.1% limit to the sulphur content
of a ship’s fuel as of 1 January 2015. ECAs currently include the North Sea, the Baltic Sea and coastal areas in North
America and the US Caribbean Sea. Other areas are currently under discussion. The International Maritime Organization
(IMO) also aims to restrict sulphur content in areas outside ECAs from the current limit of 3.5% to 0.5%, although the
timing is as yet unclear: the application of the new fuel standard is scheduled for 2020, but could be pushed back to 2025.
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None of these options is cost free. Low-sulphur bunker fuels cannot be produced
at the scale required in the current refinery configuration and the hydrotreating
process, used for diesel and gasoline, is expensive. Adopting or retrofitting scrubber
technologies is not only a costly investment in itself, but (for retrofits) requires taking
vessels out of service while the work is being done. Switching to LNG requires LNG-
powered vessels and new refuelling infrastructure (see Chapter 4). This may point to
a switch to marine gasoil, which, as a middle distillate fraction, is produced with lower
sulphur content. However, middle distillates are already the fastest-growing market in
the world, which is putting pressure on refiners. To fully replace fuel oil in navigation
demand by 2030 would mean a further reduction in the consumption of residual fuels,
by 3.4 mb/d, and the addition of a similar amount to demand for middle distillates.
This would imply additional massive investments in the refining sector to reduce the
fuel oil yields practically to zero and to produce diesel instead. The process of cracking
fuel oil, however, yields not only diesel, but other by-products, i.e. a barrel of fuel
oil would yield less than a barrel of diesel. In our view, this would result in the price
spread between these two fuels increasing to the point at which either scrubbing or
refinery fuel oil hydrotreating becomes economic. Thus, for now, we do not envisage a
large-scale switch to marine gasoil in global bunkers demand.

Production
Resources and reserves

Even with the extension of our Outlook to 2040, remaining technically recoverable resources
of oil are sufficient to meet anticipated demand in all the scenarios (Table 3.4). Estimates
of remaining recoverable oil resources are at similar levels as discussed in detail in World
Energy Outlook-2013 (WEO-2013) (IEA 20134, see also IEA 2013b), i.e. considerably higher
than the 944 billion barrels of cumulative oil production required in the New Policies
Scenario (and likewise for the 836 billion barrels and 995 billion barrels required in the
450 Scenario and Current Policies Scenario, respectively).

Although the range of overall resource estimates for conventional oil has not changed, the
United States Geological Survey (USGS) has released some additional details over the last
year — notably the split, for undiscovered oil, between onshore and offshore resources.
To recall, the WEO resources database relies extensively on USGS data, which divides the
overall conventional resource base for oil into three parts:

Known oil, including both cumulative production and reserves in known reservoirs.

B Reserves growth, an estimate of how much oil may be produced from known reservoirs
on top of the “known oil”.

B Undiscovered oil, a basin-by-basin estimate of how much more oil may be found.
In the latter category, out of the mean value of around 565 billion barrels of undiscovered
conventional crude oil resources, almost two-thirds (367 billion barrels) are estimated to

lie offshore. For NGLs, of the mean value of 167 billion barrels of undiscovered resources,
almost three-quarters (122 billion barrels) are offshore.
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Table 3.4 = Remaining recoverable oil resources and proven reserves,
end-2013 (billion barrels)

Conventional Unconventional
resources resources et
Crt{de NGLs Kero.gen Tight oil  Resources O
oil oil reserves
OECD 316 99 810 1016 114 2355 250
Americas 247 54 807 1000 80 2187 230
Europe 63 34 3 4 17 121 15
Asia Oceania 6 11 - 12 18 47 4
Non-OECD 1923 377 1068 57 230 3 655 1449
E.Europe/Eurasia 342 83 552 20 78 1074 136
Asia 110 29 3 4 56 202 45
Middle East 968 179 14 30 0 1190 814
Africa 284 55 2 - 38 379 131
Latin America 219 32 497 3 57 809 323
World 2239 476 1879 1073 344 6 010 1699

Sources: IEA databases; 0GJ (2013); BP (2014); BGR (2013); US EIA (2013).

Notes: Proven reserves (which are typically not broken down by conventional/unconventional) are usually defined as
discovered volumes having a 90% probability that they can be extracted profitably. EHOB is extra-heavy oil and bitumen.
The IEA databases do not include NGLs from unconventional reservoirs (i.e. associated with shale gas) outside the
United States, because of the lack of comprehensive assessment: unconventional NGLs resources in the United States
are included in conventional NGLs for simplicity.

The size and likely location of undiscovered conventional oil resources remains significant
for the global oil outlook, even though — at nearly 1700 billion barrels, including
unconventional oil — today’s proven reserves are already sufficient to meet projected
consumption on their own. The explanation for this apparent paradox lies, in part, with the
location of the world’s proven reserves. The largest, lowest cost reserves are in Organization
of Petroleum Exporting Countries (OPEC), many of which may limit their production rates
(to balance supply and demand at an oil price that meets their financial requirements or
to preserve resources for the longer term). This creates a market opportunity for others
to produce and sell a large amount of oil, as well as continued incentives for companies to
engage in exploration for, and appraisal of, new resources.

Our projections suggest that a distinct share of future conventional production is set to
come from fields that are yet to be found: 16 mb/d by 2040 in the New Policies Scenario
and 10 mb/d even in the 450 Scenario. The discoveries implied by our scenarios are not,
though, excessive by comparison with historical rates of discovery (Figure 3.9). The role
of discoveries in our scenarios is one reason why today’s proven reserves should not be
taken as accurate guide to the oil that is actually likely to be developed and produced over
the coming decades. Another contributing factor is the importance to our projections of
unconventional resources, for which data are not as broadly available as for conventional
resources (Box 3.3).
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Box 3.3 = What is the right burden of proof for unconventional oil and gas?

Deposits of unconventional resources, such as tight oil, shale gas, Canadian oil sands
or extra-heavy oil in the Venezuelan Orinoco Belt, tend to be spread over large
geographical areas, with only a small amount of hydrocarbons recoverable per well.
Their exploitation requires a large number of wells, each with a small “drainage area”,
i.e. the extent of rock feeding the production from the well. This large number of wells
may be drilled over a long period of time: for example, in the Bakken tight oil play in
North Dakota, it is thought that some 40 000 wells could be drilled over 20 years.

One result of these characteristics is that, under present classification systems, the
reserves in unconventional deposits, whether 1P (proven) or 2P (proven + probable)
are not representative of the extent of likely long-term production. Indeed, to be
classified as reserves under the Petroleum Resources Management System (PRMS)
classification, the hydrocarbons need to be ready to be produced by a “project” that
is either approved (investment decision taken) or likely to be approved. As such, only
the production from wells already likely to be approved for drilling can be counted as
reserves; wells that might be drilled 20 years from now do not qualify.

Yet, it is quite likely that the locations that will be drilled in 20 years will produce
hydrocarbons. Such resources are classified under PRMS as “contingent resources”, 1C,
2C or 3C with geological likelihood of 90%, 50% or 10%. This situation is in contrast to
many conventional oil and gas reservoirs, for which the reserves figure (even though it
tends to grow with time, as some contingent resources move to the reserves category),
gives a more representative indication of possible future production. Indeed in tight oil
plays, proven reserves can even fluctuate from one year to the next, as drilling can be
put on hold due to volatility in oil prices.

But the contingent resources category is a catch-all that encompasses all resources
that are known to exist and to be technically recoverable but which are not sufficiently
close to commercial exploitation to be classified as reserves. Some may be too
expensive to produce under current or reasonably forecasted economic conditions,
some may not have the required approvals to be produced, some may just be kept for
future development by the entity having the rights to exploit them. This is why PRMS
recommends assigning contingent resources to different sub-classes: development
pending; development on hold or unclarified; and development not viable (Figure 3.8).°

Although, historically, companies have tended not to report contingent resource
numbers, and, even less, the various sub-classes, there is a growing trend of such
disclosure, spearheaded in particular by the Alberta Stock Exchange and the Calgary
Society of Petroleum Evaluation Engineers, who provided guidance for such disclosures

6. PRMS is the most widely used classification system in the oil and gas industry, but broader internationally recognised
systems, such as the United Nations Framework Classification for Fossil Energy and Mineral Reserves and Resources,
provide analogous sub-classes, for example F2.1, F2.2 and F2.3.
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in their Resources Other Than Reserves study. This trend is very welcome and
should be encouraged, as it will enable energy analysts to put projections of future

unconventional oil and gas production on a firmer footing.

Figure 3.8 =~

Schematic of the PRMS* classification

* PRMS: Petroleum Resources Management System.

More detailed disclosure of contingent resources would also be welcome for
conventional reservoirs, for example to provide a better basis for a company’s valuation
or a better understanding of resources in OPEC countries. Indeed in countries with
very large conventional resources, such as Saudi Arabia, Irag or Iran, the situation is
somewhat similar to that for unconventional oil: ample hydrocarbons are known to
exist and to be economically recoverable that will not be produced for many years;
under PRMS those amounts should properly be considered contingent resources,
rather than reserves, and some of the reserves numbers given by such countries might

be better classified as 1P + 1C (or even 2P + 2C).”
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7. PRMS leaves quite a bit of freedom to the resource owner on what constitutes “near-commerciality” or “development
decision”, so a national oil company is, in principle, entitled to consider as near-commercial, (and therefore reserves),
amounts that will be developed only in a number of years time.
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Figure 3.9 = Volumes of global conventional oil discovered by decade
versus discoveries required in the New Policies Scenario
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Oil production, including crude oil, NGLs and unconventional oil, follows the same trajectory
as demand in each of the three scenarios (Table 3.5); capacity in excess of production is
not modelled in our WEM and therefore is implicitly assumed to remain unchanged. In
the New Policies Scenario, oil supply (including processing gains) rises from 89 mb/d in
2013 to 104 mb/d in 2040, with all of the increase coming from NGLs and unconventional
oil. Output of crude oil (excluding tight oil, which we classify as unconventional) in this
scenario fluctuates between 68 mb/d and 66 mb/d over the Outlook period, finishing at
the low end of this range.

Oil production to 2040 in the New Policies Scenario can usefully be divided into two periods,
with the transition between them occurring in the 2020s (Figure 3.10). The first period is
characterised by continued buoyancy in non-OPEC production: tight oil (and to some extent
deepwater) from the United States, oil sands in Canada, deepwater developments in Brazil
and rising output of NGLs from a variety of sources all push non-OPEC output up towards
a high point of 56 mb/d in the early 2020s. But then non-OPEC supply flattens and falls
back, due to declines in conventional output in Russia, China and, later, in Kazakhstan and,
eventually, a tailing off in US production. With global consumption inching steadily higher,
the onus for growth in supply then shifts. Canada and Brazil remain major contributors,
but a steadily larger role is played by the major OPEC resource-holders, notably those in
the Middle East. After remaining stable at just over 40%, the share of OPEC in global oil
production starts rising again in the 2020s, reaching 49% by 2040.

8. For detail on the production outlook for Africa, refer to Part C.
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Table 3.5 = Oil production and liquids supply by source and scenario (mb/d)

New Policies Current Policies 450 Scenario

2020 2040 2020 2040 2020 2040
OPEC 23.9 36.8 37.3 49.5 37.8 54.8 36.4 33.1
Crude oil 21.9 30.0 29.1 36.4 29.5 40.8 28.6 23.9
Natural gas liquids 2.0 6.0 6.7 9.9 6.8 10.4 6.3 7.1
Unconventional 0.0 0.7 1.5 3.2 1.5 3.5 1.4 2.1
Non-OPEC 41.7 50.5 56.1 51.2 57.6 58.2 54.5 36.2
Crude oil 37.7 38.6 38.9 30.0 39.9 33.1 38.0 21.5
Natural gas liquids 3.6 6.4 7.9 8.3 8.0 9.1 7.6 6.2
Unconventional 0.4 5.4 9.3 13.0 9.7 16.0 9.0 8.6
World oil production 65.6 87.3 93.4 100.7 95.4 113.0 90.9 69.4
Crude oil 59.6 68.6 68.0 66.4 69.3 73.9 66.6 45.4
Natural gas liquids 5.6 12.5 14.6 18.2 14.9 19.5 13.8 13.3
Unconventional 0.4 6.1 10.8 16.2 11.2 19.6 10.4 10.7

Pmcessmggams ................................. 13 ............ 22 ............ 25 ............ 32 ............... 25 ............ 35 ............... 25 ............ 26 ......

World oil supply* 66.9 89.4 96.0 103.9 98.0 116.6 93.4 71.9
World biofuels supply** 0.1 1.3 2.2 4.6 1.8 3.6 2.1 8.7

World total liquids supply 67.0 90.8 98.1 108.5 99.8 120.2 95.5 80.7

* Differences between historical supply and demand volumes shown earlier in the chapter are due to changes in stocks.
** Expressed in energy-equivalent volumes of gasoline and diesel. The average energy to volume conversion factor is
close to 7.8 barrels per tonne of oil equivalent throughout the projection period in the New Policies Scenario, reflecting
the projected share of biodiesel versus ethanol.

Note: More information on methodology and data issues (including an explanation of differences with the IEA Medium-
Term Oil Market Report) is on the WEO website www.worldenergyoutlook.org/weomodel/.

Figure 3.10 = Change in oil production by selected region in the
New Policies Scenario
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One source of uncertainty over the oil market outlook, underlined by the current turmoil
in Iraq, is which countries might be ready to pick up the baton to meet long-term growth in
oil demand, if anticipated production from any of the main sources in our projections falls
short. One possible answer to this question is that the current upswing in non-OPEC supply
will, in practice, be more durable than we project due, for instance, to higher output of tight
oil from the United States and more rapid exploitation of tight oil worldwide (a question
discussed in the next section), or to the availability of ample transportation capacity
for higher production from Canada’s oil sands, or to faster conventional development
elsewhere (for example, in Mexico, where the current reforms could unlock a larger share
of a very large resource base). Alternatively, the upside could come from countries like
Iran or Venezuela, for which we currently have only modest expectations of growth, but
which have huge remaining resources that could be developed more quickly if the political
climate were to encourage an upswing in investment. But another distinct possibility is that
a shortfall in investment and production would become manifest in tighter markets and
higher prices (and consequently lower oil demand) — an outcome that we have examined
in numerous recent analyses.’

A focus on production growth can present a misleading picture of the scale of the
challenges facing the industry. Signs of strain affecting global oil supply can appear not
just in countries that are aiming to increase output, but also in those that are attempting
to maintain production at high levels. Russia, for example, faces a significant challenge
to compensate for declines at its main production areas in Western Siberia and to keep
production at around 10 mb/d. As examined in detail in the World Energy Investment
Outlook (IEA, 2014a), by far the greater part of upstream investment over the coming
decades is needed just to maintain production at today’s levels. The requirement for total
upstream oil and gas investment is estimated at $22.5 trillion over the period to 2040 (out
of a total for the oil and gas sectors, including transportation and refining, of $29 trillion),
with annual average upstream expenditure rising above $900 billion by the 2030s. Of this,
80% is required just to keep output at today’s levels.

Conventional crude oil production from existing fields is set to fall by 58% by 2040,
meaning that, by the end of the projection period, 38 mb/d of production has to come
from conventional oil fields that are at present either awaiting development or, in some
cases, awaiting discovery (Table 3.6). Because a significant part of the undiscovered oil is
thought to be offshore, in particular in deepwater (defined in WEO as water depth greater
than 400 metres), this explains why the share of deepwater in total production gradually
increases from 7% in 2013 to 11% in 2040, reaching a level of almost 11 mb/d.

For many producers, extracting more oil from old reservoirs makes more and more sense
compared to exploring for new oil fields in remote places. This is reflected in our projections
in an increasing importance of enhanced oil recovery (EOR) technologies, such as CO,
injection, chemical injection and, to a lesser extent, steam techniques, which gradually

9. See the Deferred Investment Case in WEO-2011 (IEA, 2011), the Low Iraq Case in WEQO-2012 (IEA, 2012) or the
Delayed Case in the World Energy Investment Outlook (IEA, 2014a).
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gain in importance through the period, The contribution from EOR projects is projected
to grow from 1.4 mb/d to 5.8 mb/d (Table 3.6), with large producers in the Middle East
instrumental to this increase.?

Table 3.6 = Woirld oil production by type in the New Policies Scenario (mb/d)

2013-2040
1990 2013 2020 2025 2030 2035 2040 Delta CAAGR*
Conventional 65.2 81.1 82.6 83.8 84.1 84.2 84.6 3.4 0.2%
Crude oil 59.6 68.6 68.0 68.4 67.8 67.0 66.4 -23  -0.1%
Existing fields 58.6 67.3 52.8 43.0 35.1 29.1 229 -44.3 -3.9%
Yet to be developed - - 13.2 17.4 18.7 19.3 213 21.3 n.a.
Yet to be found - - 0.5 5.5 10.3 13.8 164 16.4 n.a.
Enhanced oil recovery 1.0 1.4 1.6 2.4 3.6 4.8 5.8 4.4 5.5%
Natural gas liquids 5.6 12.5 14.6 15.4 16.4 17.2 18.2 5.7 1.4%
Unconventional 0.4 6.1 10.8 12.6 14.3 15.6 16.2 10.0 3.6%
Tight oil - 2.9 5.5 6.2 6.6 6.4 5.4 2.5 2.3%
Total 65.6 87.3 93.4 96.4 98.4 99.8 100.7 13.4 0.5%

* Compound average annual growth rate.

With conventional crude output below today’s levels in 2040, rising production of
unconventional oil (including tight oil) and NGLs accounts for all of the net growth in oil
production. Decline rates for individual tight oil wells are higher than for conventional wells,
implying a greater intensity of drilling to maintain overall production at a given level. This
explains, in part, how difficult it is for tight oil to act as a continued engine of supply growth
throughout the projection period. Instead, it is other sources of unconventional oil, notably
extra-heavy oil, coal-to-liquids and gas-to-liquids projects, as well as NGLs, which see
sustained increases over the period to 2040. In the case of unconventional oil, this is largely
attributable to production from the oil sands in Canada and the Orinoco Belt in Venezuela,
supplemented by smaller volumes of bitumen or extra-heavy oil from Russia and China.

The main additions to the supply of NGLs come from North America, the Middle East (where
gas generally has a higher liquids content than in most other regions) and from a reduction
in the flaring of associated gas in Nigeria, Russia and Iraq (associated gas, likewise, tends
to be relatively rich in NGLs). Growth in oil production over the coming decades therefore
tends to be either at the light end of the spectrum (tight oil, NGLs) or at the heavy end
(extra-heavy oil). By 2040, conventional crude oil accounts for only 66% of total production,
compared with 88% as recently as 2000. As discussed later in this chapter, this bifurcation
of oil supply and the squeeze that it exerts on the share of conventional crude is one of the
challenges facing the global refining sector (Figure 3.11).

10. Volumes recovered with enhanced oil recovery (EOR) technologies are included as a component of production
from existing fields. WEO-2013 (IEA, 2013a) provides a detailed explanation of how we derive the contribution of EOR.
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Figure 3.11 = Change in world oil production by type in the
New Policies Scenario

B 2013-2025
Crude oil 2025-2040
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* Includes coal-to-liquids and gas-to-liquids projects, production of additives and of kerogen oil.

Update on tight oil developments

Tight oil production in the United States continues to race ahead, with the Bakken, the Eagle
Ford (which have both now passed the 1 mb/d mark) and now the Permian plays setting
production record after production record, complemented by soaring NGLs production
from the Marcellus and Utica shale gas plays. This raises two fundamental questions for
our oil outlook: how long is this surge in growth going to last in the United States; and will
we see similar revolutions in other countries?

The future growth of tight oil in the United States is all a question of economics. With the
steep decline rates for each well, the two determining variables are the cost of drilling
and completing a well and the extent and value of the average amount of oil recovered
from each well: the value of the latter needs to exceed the former. The industry has been
very successful in reducing the cost per well, through optimisation of the process: small
mobile rigs, batch drilling and completion on pads with multiple wells maximise equipment
and crew utilisation, while increased knowledge of the geology allows optimisation of well
length, well patterns and the number of hydraulic fracturing stages. In the most active
plays, such as the Bakken and the Eagle Ford, this cost optimisation has probably reached
its limit; in other plays it continues and, in some cases, a cost-effective set of practices
has yet to be found (this is why, for example, the US Energy Information Administration
[EIA] recently downgraded its estimate of recoverable resources in the Monterey shale in
California: the oil is still there, but none of the standard practices has yet to yield economic
recovery).

The amount of oil recovered per well is very much a function of geology: each play typically
has “sweet spots”, where recovery per well is high (often due to the presence of natural
fractures in the rock, or to zones that are not as tight) and the rest of the target formation,
where recovery is lower. This leads to the expectation that, as the sweet spots are depleted
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and drilling moves to less productive zones, the economics will start to deteriorate, leading
to stabilisation and then a decrease in production. Further improvements in technology
could well offset this effect: at present, oil recovery rates in shales often do not exceed
a few percent of the oil originally in place; there is plenty of room for new technologies
(pumping, injection of water or chemicals) to increase the recovery per well, even if, so far,
none has proven effective. In addition, the value of the recovered oil is a function of the
wellhead oil price; this is affected by international prices, but also by regional prices as in
the United States (which are affected in turn by infrastructure constraints and the current
ban on crude oil exports), by the need for and capacity of refineries to process the light
crude that is being produced and by transportation costs, whether by pipeline or rail.

In our Outlook, we assume that, one way or another, wellhead prices will be strongly
linked to international prices and that, while technology learning continues, there will be
no technological breakthroughs on the supply side.* The result is that — with the current
estimates of US recoverable resources —tight oil production in the United States is projected
to level off in the 2020s and then to start a gradual decline, as it becomes less economically
attractive, compared with other sources.

Current estimates of tight oil resources around the world are close to 350 billion barrels,
and the United States represents only about 17% of the global resource base. If all
resource-endowed regions were to proportionally reproduce the 4.5 mb/d production peak
projected for the United States, the effect on oil markets would be extraordinary. It is often
said that the system of the United States is uniquely supportive to tight oil production,
due to the legal structure of mineral rights ownership, the existence of numerous small
and innovative producing companies, easy access to capital, a well-developed upstream
services industry and upstream expertise, and so on. But there are fundamental geological
and geographical issues also at work. For tight oil to be attractive one needs:

B Anoil-bearing sedimentary basin in which conventional reservoirs are largely depleted
(tight oil is almost always more expensive to extract than conventional oil, so if there
are conventional opportunities left, these will be favoured); this excludes for example
most of the Middle East, where tight oil resources are likely to be large, but are
currently largely unknown.

m A fairly large and easily accessible land mass. With the current state of production
technology, tight oil production in offshore basins is simply too expensive. Similarly,
onshore basins in remote, difficult to access locations are generally too expensive:
tight oil requires drilling a large number of wells over a large geographical area; this is
difficult in, for example, the middle of tropical forests or in harsh northern climates.
In Western Siberia, for example, the very extensive Bazhenov shale is likely to be
exploited only in the vicinity of existing conventional fields, where infrastructure is in
place to facilitate the extensive drilling required.

11. Technology learning puts downward pressure on costs, offsetting in part the impact of resource depletion,
i.e. the transition to more challenging resources over time. However, we do not model or assume any technological
breakthroughs that might have a more dramatic impact on the productivity of wells.
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B Arelatively sparsely populated landscape, typically mostly agricultural. The nuisances
linked to extensive drilling make public acceptance less likely in densely populated
areas. In the United States, with the exception of the Barnett shale which extends
close to the Dallas metropolis, most successful plays meet this criterion.

B Reasonable access to water. Desert areas, though not impossible (water from saline
aquifers is usually available, or waterless hydraulic fracturing technologies can be
used), usually entail additional costs that prejudice the economics.

With these factors in mind, what are the most other promising countries and regions for
tight oil production? The first port of call is Canada, which benefits from many of the same
advantages as the United States. Although development started later than south of the
border, interest is growing with production of around 330 kb/d in 2013. This is expected to
grow gradually to more than 700 kb/d in the mid-2020s, before falling back below 300 kb/d
in 2040 (Figure 3.12). The growth rate is, to some extent, slowed by the competition for
capital with oil sands projects and by the constraints on access to markets other than the
United States. Mexico has good shale resources and the ongoing reform of the upstream
sector could unleash tight oil production from the Burgos and other basins from 2025. For
Mexico, we project over 400 kb/d in 2040.

Figure 3.12 = Tight oil production by country in the New Policies Scenario
mb/d

1 2 3 4 5 6 7
2013

2025

2040

M United States Russia Argentina M Mexico M China Canada Rest of world

Argentina, an old hydrocarbon province with a well-developed oil and gas industry, has
very promising shale formations, notably the Vaca Muerta. Both YPF and foreign companies
are actively drilling the first wells, and tight oil production started in 2013. We project it
will steadily grow to 200 kb/d in 2025 and 470 kb/d in 2040, though the recurring debt
problems of the country could hinder investment. Elsewhere in Latin America, Colombia
is thought to have sizeable resources in the Magdalena basin; it is still early days, with
the regulatory framework being developed, but interest in both shale gas and tight oil is
growing as conventional production approaches its peak. A first well drilled in the La Luna
shale by Canacol reportedly tested at an initial rate of 590 barrels per day of oil, significant
by shale standards.
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Russia has good potential in the Bazhenov in Western Siberia, though we expect only a
small part of this very extensive formation to be exploited. The Volga Ural region is possibly
an even better candidate with a well-developed industrial base, accessible agricultural
land and geography not unlike that of North Dakota. The results of the Statoil-Rosneft
collaboration in the Domanik shale near Samara will be an important indicator. Overall we
project tight oil production in Russia will grow to 500 kb/d in 2030 and 600 kb/d in 2040.

In China, the current focus is on shale gas. Tight oil is not yet a priority for the government,
but it could become so if shale gas is confirmed to be a success. Indeed, resources are likely
to be significant and China is one of the few countries likely to be able to reach a scale
of operation comparable to that of the United States. Obstacles are population density
and water scarcity. We project growth to 330 kb/d in 2040 in the New Policies Scenario.
In other parts of Asia, Indonesia is likely to have tight oil resources and strong motivation
to exploit them, as the level of conventional production has been on a steep decline for
the last 20 years and is now only half of the peak level. Activity has yet to start, though,
So we remain conservative in our projections through to 2040. India, with conventional oil
production probably nearing its peak and rapidly growing demand, is interested to explore
its tight oil resources, though it is too early to tell if this will lead to successful exploitation.
Japan has started drilling for both shale gas and tight oil, but the resources are small and,
while any domestic production is good news for the country, the impact on global markets
will be marginal at best. Australia has a dynamic oil and gas industry which is beginning to
show interest in shale gas and tight oil. Exploration has started and production could start
in earnest in the next five years; it reaches 170 kb/d in 2040 in our projections.

Among OPEC countries, Algeria has tight oil resources, which are thought to be significant,
and is expected to exploit them as a way of offsetting its dwindling conventional production.
However, the decline in conventional production is not just due to resource depletion; it is
also affected by above-ground barriers to investment (the regulatory regime and concerns
about security). Those same barriers are likely to hamper tight oil production, which we
project will reach only 110 kb/d in 2040. In other OPEC countries, the large remaining
conventional resources remove any incentive to exploit tight oil and, indeed, even the
potential resources are largely unknown at the moment.

Overall we expect North America to remain the dominant contributor to tight oil
production for a long time, supplying 85% of global output in 2025 and 68% in 2040, (even
though production is in steep decline by then). The sheer scale of the activity required
for significant production cannot be attained quickly in other countries. The Bakken shale
alone currently uses more than 150 drilling rigs, and the Eagle Ford around 300; each is an
order of magnitude greater than the total number of rigs available in most other countries,
with the exception of China and, to a lesser extent, Russia. In many countries, importing a
new drilling rig or a new set of hydraulic fracturing equipment can take the best part of a
year. To scale up to the intensity of large-scale production of tight oil will take considerable
time.
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Non-OPEC production

At a high point in the early 2020s, non-OPEC countries are projected to produce 56 mb/d
of oil, almost 12 mb/d higher than in 2000 and 5.8 mb/d above the level of 2013. But, by
2040, non-OPEC production falls back to 51 mb/d, slightly higher than today’s levels, but
on a declining trend. Production growth over the period as a whole is concentrated in
the Americas, thanks mainly to the United States, Canada and Brazil, although potentially
supplemented by Mexico. In other parts of the world, the only non-OPEC region that sees
growth in production is the Caspian, and expectations there have been revised downwards
since WEO-2013, as some of the large-scale projects in Kazakhstan continue to experience
significant delays. Europe, Russia, the rest of Asia and Africa all see a net decline in output.
This geographical asymmetry is accompanied by a shift in the quality of the oil produced.
Among the large producers, only Brazil and Kazakhstan achieve growth in conventional oil
production (in both cases developing large but challenging deposits); in the United States
and Canada, output growth is concentrated in tight oil and oil sands respectively, with NGLs
generally increasing across the board. Non-OPEC countries account for 56% of the barrels
produced over the projection period, but for around three-quarters of the estimated
$14.5 trillion in cumulative investment in upstream oil, with North America alone (including
Mexico) accounting for 30% of the global total.

Almost half of the present oil output in the United States comes from just two states,
North Dakota and Texas, which are at the epicentre of the unconventional oil boom; this is
supplemented by NGLs from gas developments in the Appalachian basin that are close to
markets which are short of petroleum products. As described in the previous section, tight
oil and to some extent deepwater resources in the Gulf of Mexico continue to push overall
US production higher, surpassing the previous record for US output (11.3 mb/d in 1970)
and setting a new high-water mark of 12.5 mb/d in the latter part of this decade. After a
plateau above 12 mb/d until the late 2020s, production starts to fall back, as tight oil and
NGLs join conventional oil production on a downward trend. By 2040, US production is
around the 2013 level, some 2.5 mb/d below its peak.

Canadian production growth relies heavily on output from oil sands to achieve the
anticipated increase from 4 mb/d in 2013 to 7.4 mb/d in 2040, the second-largest rise
among non-OPEC countries, after Brazil. The main uncertainty over this projection is not
related to the resource base, but rather to the transport capacity required to get the oil to
market, bearing in mind the reduced import needs of the United States, Canada’s traditional
export market. Three main pipeline projects have been proposed to carry Canadian oil to
international markets; all of them face regulatory and political hurdles. In June 2014, the
Canadian pipeline operator Enbridge’s Northern Gateway project, designed to transport
just over half a million barrels a day of oil sands output west from Alberta to a port in
British Columbia, was conditionally approved by the Canadian government.*? Keystone XL,

12. This was followed shortly afterwards by a landmark Supreme Court ruling confirming the title of Tsilhgot’in First
Nation over a territory in British Columbia, which covers a section of the proposed route. The ruling means that the
project will additionally need to obtain the consent of the title-holder.
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the pipeline proposed to take Canadian oil south to the refining hubs of the United States
or to Gulf coast ports for export, saw no change in its status. Another project, proposed
by the same operator, Transcanada, aims to move 1.1 mb/d of crude eastwards to feed
both domestic refiners and export outlets through Atlantic ports. In the same direction,
the operator of the existing 240 kb/d Line 9 pipeline, originally carrying imported crude oil
from Montreal to a port on the Great Lakes, has successfully obtained regulatory approval
for the reversal of the line to carry crude from both western Canada and the US tight oil
plays to refineries in eastern Canada.

Despite its large resource base, until recently Mexico was not able to generate much
excitement in its upstream industry. Pemex, the sole entity allowed to explore for and
produce oil and gas in the country, in 2013 produced less hydrocarbons than ExxonMobil
(3.7 mboe/d versus 4.2 mboe/d), while employing twice as many people (150 000 versus
75 000). The giant Eagle Ford unconventional play, which extends from Texas into Mexico,
is extensively developed on the US side of the border, but activity drops abruptly south of
the border; the same situation prevails in offshore developments in the Gulf of Mexico.
This disparity is set to narrow with the implementation of the energy reforms launched in
Mexico last year (Box 3.4).

Oil production in OECD Europe is expected to drop to 2.2 mb/d by 2040 compared with
3.3 mb/d today. This is despite efforts to increase recovery and develop new, smaller
deposits in the North Sea, as well as more remote fields on both the United Kingdom and
Norwegian sides. These bear fruit in the medium term, but are not sufficient to stem the
underlying difficulties and rising costs of this mature producing area. We do not anticipate
any significant unconventional oil production in Europe.

Russia’s large resource base gives it scope to counteract falling output from its traditional
production areas in Western Siberia by moving to even more remote regions in Eastern Siberia
or offshore in the Arctic, or by tapping into tight oil formations. This will require continued
improvements in operational efficiency, major capital investment (a cumulative $1 trillion over
the period to 2040 for upstream oil), a more supportive fiscal and regulatory environment and
the deployment of modern technologies. Partnerships with major international companies
should help in all of these areas, although such arrangements are threatened if the current
sanctions, imposed in response to events in Ukraine, remain in place for an extended time.
The potential impact arises less on the technology side (although this is an issue for Arctic
developments) and more from restricted access to capital. This presents downside risk to our
projection that Russia will be able to maintain production at or above 10 mb/d until the 2030s,
with output still at 9.7 mb/d in 2040. The development of offshore Arctic resources plays only
a relatively limited role in the early years of this projection, until production ramps up from the
early 2030s, reaching 250 kb/d by 2040. Tight oil (600 kb/d in 2040) and NGLs (an additional
0.8 mb/d by 2040, on top of today’s 0.8 mb/d) both play a more significant role (Table 3.7).

Kazakhstan’s battered flagship project, Kashagan, suffered another setback in late 2013,
when leaks were discovered in the gas line to the shore and, subsequently, in oil lines too,
meaning that production ceased almost as soon as it started (first oil had originally been
scheduled for 2005). Given the need to complete investigations and perform necessary
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repairs, production is now not expected to resume until 2017. The continued problems
with Kashagan are pushing the possibility of Phase Il development — beyond the 300 kb/d
foreseen for Phase | — further back into the 2020s. The Caspian Sea, with all the challenges
associated with offshore production, plus wide seasonal variations in climate and difficult
access, is set to remain an expensive place for oil production, even if the massive costs of
Kashagan are not necessarily typical. Even so, on the back of Kashagan, expansion projects
at Tengiz and Karachaganak, Kazakhstan remains the only non-OPEC producer outside
the Americas with an identified potential to deliver a substantial increase in oil output.
Although revised downwards since WEO-2013, production in Kazakhstan rises to 2.5 mb/d
in the late 2020s, before tailing off to 1.8 mb/d in 2040.

Table 3.7 = Non-OPEC oil production in the New Policies Scenario (mb/d)

2013-2040

1990 2013 2020 2025 2030 2035 2040 Delta CAAGR*

OECD 18.9 20.7 24.5 24.5 24.3 24.0 23.7 2.9 0.5%
Americas 13.9 17.0 20.6 21.2 21.3 21.0 20.7 3.7 0.7%
Canada 2.0 4.0 5.3 5.8 6.1 6.4 7.4 3.4 2.3%
Mexico 3.0 2.9 2.9 3.2 3.4 3.4 3.3 0.4 0.5%
United States 8.9 10.1 12.3 12.2 11.9 11.2 10.0 -0.1 0.0%
Europe 4.3 3.3 3.1 2.5 2.2 2.2 2.2 -1.1 -1.5%
Asia Oceania 0.7 0.5 0.8 0.8 0.8 0.8 0.8 0.3 1.7%
Non-OECD 22.7 29.8 31.6 31.6 30.5 29.0 27.5 -2.2 -0.3%
E. Europe/Eurasia 11.7 14.1 14.2 14.2 13.6 12.8 12.1 -2.0 -0.6%
Kazakhstan 0.5 1.7 2.0 2.4 2.5 2.1 1.8 0.0 0.1%
Russia 10.4 10.9 11.0 10.7 10.2 9.9 9.7 -1.3 -0.4%
Asia 6.0 7.9 7.6 6.9 6.4 6.1 5.8 -2.0 -1.1%
China 2.8 4.3 4.4 4.1 3.8 3.6 3.4 -0.9 -0.9%
India 0.7 0.9 0.8 0.7 0.7 0.7 0.7 -0.2 -1.0%
Middle East 1.3 13 1.3 1.3 1.4 1.2 1.0 -0.3 -1.1%
Africa 1.7 2.3 2.5 2.3 1.9 1.6 1.4 -0.9 -1.8%
Latin America 2.0 4.2 6.0 6.9 7.3 7.4 7.2 3.0 2.0%
Brazil 0.7 2.1 3.7 4.9 5.5 5.8 5.7 3.6 3.7%
Total non-OPEC 41.7 50.5 56.1 56.0 54.8 53.0 51.2 0.7 0.1%
Non-OPEC share 64% 58% 60% 58% 56% 53% 51% -7% n.a.
Conventional 41.3 45.0 46.8 45.3 42.9 40.2 38.2 -6.8 -0.6%
Crude oil 37.7 38.6 38.9 37.3 34.9 32.2 30.0 -8.6 -0.9%
Natural gas liquids 3.6 6.4 7.9 8.0 8.0 8.0 8.3 1.8 0.9%
Unconventional 0.4 5.4 9.3 10.7 11.9 12.8 13.0 7.5 3.3%
Canada oil sands 0.2 1.9 3.0 3.3 3.7 4.2 5.2 3.2 3.7%
Tight oil - 2.9 5.5 6.2 6.5 6.3 5.3 2.4 2.3%
Coal-to-liquids 0.1 0.1 0.2 0.5 0.7 1.0 1.1 1.0 9.4%
Gas-to-liquids 0.0 0.0 0.0 0.1 0.3 0.5 0.5 0.5 10.3%

* Compound average annual growth rate.
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Box 3.4 = Mexico - start of a new oil and gas era?

In 2013, Mexico embarked on a major reform of its energy sector, focusing in particular
on hydrocarbon exploration and production. Several constitutional changes and a new
energy bill have opened the door to exploitation of hydrocarbon resources by foreign
companies for the first time since 1938, introducing a prospect of competition for
Pemex, the national oil company. The details of the new regime, including a decision
on which fields will be reserved for Pemex, were finalised in August 2014. The result
is expected to be a reversal of the gradual decline in Mexican oil production observed
since 2004, when production was 3.8 mb/d (it has now dipped below 3 mb/d). The
turnaround could start about 2017 (IEA, 2014b) with the aim to reach production of
around 3.6 mb/d by 2027, the target stated in Mexico’s National Energy Strategy.

Figure 3.13 = Oil production by type in Mexico in the New Policies Scenario
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Resources are abundant, both in the offshore deepwater of the Gulf of Mexico, in
the form of heavy oil on land, and tight oil in several parts of the country, not least
in the Burgos Basin, where the Eagle Ford shale extends into Mexican territory. New
developments have so far been hampered by the limited investment budget available
to Pemex, inefficiencies and limited access to the latest technologies. Not only will
the reform bring in much-needed capital and technology, but it will also let Pemex
(which will remain the dominant player, but with a new status of state enterprise and
a new tax regime) focus on optimising its operations. We project that the reforms will
be effective, though more slowly than planned, with Mexican oil production reaching
3.4 mb/d by 2030 but declining slowly thereafter to 3.3 mb/d in 2040. If above-
ground conditions are supportive, the ample resource base would allow for a larger
contribution to global production after 2025, at a time when aggregate production
from other non-OPEC countries is expected to level out and then decline. In this
case, Mexico could play an important role in mitigating potential risks of reliance of
production growth in the Middle East.
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In Latin America, the outlook for Brazil is likewise slightly lower than envisaged in WEO-2013,
due to some slippage in project timetables. The major investment already made in new pre-
salt fields is starting to translate into production growth after two years of flat or declining
output, but the technological and investment challenges are still formidable. The cumulative
upstream capital expenditure associated with our oil projections to 2040 is almost $1.5 trillion
(or an average of $53 billion per year), two-thirds of the figure for the whole of the Middle East
(S2.2 trillion and an annual average of $80 billion). Brazil, together with Canada, is the major
source of anticipated non-OPEC production growth over the coming years. Total output in
Brazil is projected to reach 3.7 mb/d by 2020 and 5.7 mb/d by 2040. In Colombia, total output
crossed the million barrel threshold in 2013, almost double the levels of mid-2000s. However,
with increased instances of attacks on oil infrastructure, resulting in shutdowns, production
so far in 2014 has been at lower levels. Colombian heavy crude is facing competition in the
US market not only from growing US output, but also from Canadian bitumen shipments to
the United States: the search for new markets in Asia will be aided by the construction of the
Pacific Pipeline project, linking the Llanos production basin in eastern Colombia to the Pacific
coast through the Andes, the construction of which is expected to start by 2020. Production
edges up to 1.1 mb/d by 2016 before a gradual decline sets in. In Argentina, production is
buoyed by rising tight oil production, as well as NGLs, and reaches 0.8 mb/d in 2040.

In the Asia-Pacific region, oil output in China and India, the world’s fastest-growing
refining centres, drops by 1.1 mb/d in total over the period to 2040. In China, significant
volumes of tight oil and coal-to-liquids projects do not manage to offset fully the decline
in conventional oil. Falling production is a common theme in other parts of the region:
despite the ambitions of the Indonesian government to see oil production restored to
around 1 mb/d (with chemical and steam EOR techniques playing an important role),
we project a gradual decline from the second-half of this decade onwards, with output
falling to 0.7 mb/d by 2040. In other Southeast Asian countries, which are emerging as a
major new source of global oil consumption growth, oil production is likewise declining,
both crude oil and NGLs. In the Middle East, the major non-OPEC producer, Oman, sees
oil output flattening out at around 1 mb/d, thanks to EOR, before it drops to 0.7 by 2040.

OPEC production

Oil output from OPEC countries rises by a relatively modest 0.6 mb/d in aggregate over
the period to 2020, compared with production of 37 mb/d in 2013 (this includes both
crude and NGLs). However, production thereafter builds rapidly, 6.3 mb/d being added to
the total in the 2020s and a further 5.9 mb/d in the 2030s, bringing combined output to
49.5 mb/d by the end of the projection period (Table 3.8). As events in Libya and Iraq have
underlined, the risks to oil production in this region remain substantial and the anticipated
rise in other parts of the world over the period to 2020 is no reassurance. Long-lead times
for upstream projects mean that bringing production up from the early 2020s requires
increased investment in the immediate future. If this investment is not made in time,
because of an uncertain investment climate or because fiscal and demographic pressures
lead to spending being diverted to other areas, then — as examined in the World Energy
Investment Outlook (IEA, 2014a) — tighter and more volatile oil markets lie ahead.
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The patterns of growth and the types of oil produced in OPEC countries differ considerably
from those in non-OPEC countries. The relative abundance of accessible conventional
resources means that the share of conventional crude oil remains high and the role of
unconventional oil production is much more subdued. Venezuelan extra-heavy oil volumes
do not reach half the level of projected Canadian output from the oil sands, despite a
comparably large resource base. Tight oil and other unconventional oil is not produced at
any scale, with the exception of an increase in anticipated gas-to-liquids output in Qatar.
One area of commonality, though, is the increasing importance of NGLs, which contribute
20% to overall OPEC production in 2040 (similar to the 16% seen in non-OPEC countries).

Table 3.8 = OPEC oil production in the New Policies Scenario (mb/d)

2013-2040

Delta CAAGR*
Middle East 164 26.7 273 298 325 349 36.9 10.2 1.2%
Iran 3.1 3.3 3.8 4.1 4.3 4.5 4.7 1.4 1.3%
Iraq 2.0 3.2 4.6 5.8 6.7 7.6 8.2 5.1 3.6%
Kuwait 1.3 3.1 2.5 2.7 2.9 3.1 34 0.3 0.4%
Qatar 0.4 2.1 2.0 2.2 2.5 2.8 2.9 0.8 1.2%
Saudi Arabia 71 116 108 115 124 13.0 134 1.9 0.6%
United Arab Emirates 2.4 3.5 3.6 3.6 3.8 4.0 4.2 0.7 0.6%
Non-Middle East 75 100 100 106 111 119 126 2.6 0.9%
Algeria 1.3 1.6 1.5 1.5 1.5 1.7 1.8 0.2 0.4%
Angola 0.5 1.8 2.0 1.8 1.6 1.5 1.4 -0.4 -1.0%
Ecuador 0.3 0.5 0.4 0.4 0.3 0.3 0.3 -0.2 -2.1%
Libya 1.4 1.0 1.0 1.6 1.9 2.0 2.2 1.2 3.1%
Nigeria 1.8 2.5 2.2 2.3 2.5 2.8 3.1 0.6 0.8%
Venezuela 2.3 2.7 2.9 3.0 33 3.6 3.9 1.2 1.4%
Total OPEC 23.9 36.8 37.3 40.4 43.6 46.8 49.5 12.7 1.1%
OPEC share 36%  42%  40% @ 42%  44%  47%  49% 7% n.a.
Conventional 239 36.1 359 385 413 439 463 10.2 0.9%
Crude oil 219 30.0 29.1 311 329 347 364 6.4 0.7%
Natural gas liquids 2.0 6.0 6.7 7.4 8.4 9.2 9.9 3.9 1.9%
Unconventional 0.0 0.7 1.5 1.9 2.3 2.8 3.2 2.5 5.7%
Venezuela extra-heavy 0.0 0.4 1.1 1.4 1.7 2.1 2.4 2.0 6.6%
Gas-to-liquids - 0.2 0.2 0.2 0.3 0.3 0.4 0.3 3.8%

* Compound average annual growth rate. Note: Data for Saudi Arabia and Kuwait include 50% each of production from
the Neutral Zone.

Saudi Arabia has projects underway which are designed to keep the country’s production
capacity around the official target level of 12.5 mb/d. The offshore Manifa field, which
started production in 2013, is expected to reach full production capacity of 900 kb/d already
by the end of 2014; upgrades to the Shaybah and Khurais onshore fields are expected to
follow. These developments will allow for some easing of reliance on Ghawar, allowing
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for additional efforts to improve extraction and recovery rates at the world’s largest field.
Looking further ahead, there is room for further onshore expansion at the Zuluf and Berri
fields, as well as more heavy oil offshore at Safaniyah. Possible difficulties in achieving
Iraqi production growth underline the importance of a timely second wave of expansion
projects in Saudi Arabia. Although the complexity of Saudi developments is anticipated to
increase —a trend, along with the search for gas, that is already reflected in its increased rig
count —average costs are, nonetheless, expected to remain among the lowest in the world.
We project Saudi production to reach 13.4 mb/d in 2040, of which 2.8 mb/d will be NGLs,
preserving 2 mb/d of spare crude capacity, even if the latter is not raised from the current
official target of 12.5 mb/d.

Uncertainty over the outlook for Iraq has risen again with the turmoil in large parts of the
north of the country. The confrontation thus far has had only limited direct impact on the
country’s oil sector: although it has disrupted the northern export route as well as the
operation of the country’s largest refinery, the conflict has been far away from the main
centres of Iraqi oil production in the south, around Basrah. But events have underlined the
political hazards facing Iraq and the grave weakness of national institutions, factors that
are likely to hold back large-scale investment in production growth in the years to come.
Our expectation for Iraqi production is revised downwards this year to 4.6 mb/d by 2020
and 7.6 mb/d by 2035. Iraq remains the largest source of global oil production growth over
the entire period to 2040, even though our outlook is progressively getting closer to the
“Delayed Case” examined in WEO-2012, in which institutional and political obstacles were
assumed to hold back upstream investment in Iraq. Any further shortfall in anticipated Iraqi
output would bring new threats to oil markets, particularly in the period after 2020 when
the global market starts to rely on a smaller number of producers for additional production.

The outlook for production in Iran, a country with similar resource potential to Iraq, is also
shrouded by the political uncertainties relating to the international sanctions imposed on
the country in response to its nuclear programme. A resolution that would allow for a
normalisation of Iran’s place in the international energy system still seems some way off,
so much remains to be done to open up the longer term possibility of a level of production
commensurate with Iran’s huge remaining resource base (Box 3.5).

In the United Arab Emirates, there is a short-term risk of under-investment in Abu Dhabi’s
mature onshore fields because of continued uncertainty over the renewal of the concession
contracts that expired in 2014 (other offshore contracts are due to expire in 2018). These
ageing fields require the application of sophisticated technology to maximise recovery.
Nonetheless, overall production is expected to rise in the medium term with the expansion
of the production capacity of the Upper Zakum fields to 750 kb/d and the start-up of other
smaller fields. In our Outlook, United Arab Emirates total oil production, including NGLs, is
projected to climb from 3.5 mb/d in 2013 to 4.2 mb/d in 2040.
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Box 3.5 = What would it take for Iran to bounce back?

With reported proven reserves of 157 billion barrels of crude and natural gas liquids
and 34 trillion cubic metres of gas, Iran is one of the richest oil and gas resource-holders
on the planet. Yet sanctions and under-investment reduced crude oil output to just
2.8 mb/d in the first half of 2014, the lowest level since 1989, although this was slightly
offset by a large rise in the production of NGLs, to more than 600 kb/d, most of the
volume coming from the development of the world’s largest gas field, South Pars (the
field straddles the Qatari border where it is called the North field).*

Figure 3.14 = Conventional oil production in Iran in the New Policies Scenario
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Most of the reduction in oil output from Iran has been a direct result of customers
cutting their purchases because of sanctions, but the lack of access to new technologies
and under-investment has also meant a reduction in effective capacity. This will take time
to replace. Iran’s large fields, such as Gachsaran and Marun, have been in production
for over 50 years and are in sore need of rehabilitation to stem decline rates of nearly
8% per year. Our projections allow for a positive outcome of negotiations over sanctions
stemming from Iran’s nuclear programme, but, even in that event, there will still be
major uncertainties over the pace at which Iran’s oil industry can bounce back: in our
projections, production rises above 4 mb/d only in the early 2020s, reaching 4.7 mb/d
(of which 1.2 mb/d are NGLs) by 2040. This modest increase reflects the numerous
questions that remain, not least how investment will be affected by institutional
inefficiencies and domestic competition for influence across the oil industry; what terms
might be available for upstream investors if, as seems likely, the unfavourable “buy-back”
contract terms in place since 1979 are replaced; and whether Iran will be successful in
raising domestic energy prices and holding back rapidly increasing domestic demand.

13. Export of NGLs has fared better in Iran than export of crude since international sanctions came into force; a

continued focus on wet gas leads to NGLs output growing faster than gas output over the coming years.
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Kuwait’s oil production prospects continue to depend on the country’s ability to access
the necessary expertise for heavy oil and EOR projects, requiring, in turn, a resolution of
the longstanding political debate over the participation of international companies in the
upstream. The official target is to reach 4 mb/d of capacity by 2020. We are more cautious
at this point, in the absence of greater clarity on how new development projects will move
ahead. Our projections for Kuwait production see smaller projects not quite offsetting
declines at mature fields, with output dropping to around 2.7 mb/d until 2025 before
edging higher to 3.4 mb/d by 2040. In Qatar, all of the projected 800 kb/d growth in oil
production to 2.9 mb/d in 2040 comes from NGLs and gas-to-liquids projects, the former
bolstered by an eventual post-moratorium expansion of gas production and LNG exports.
This more than offsets the declining production at the country’s mature fields, including
the offshore Al-Shaheen field, which, 20 years after first production, still delivers more than
40% of the country’s daily output.

The Middle East accounts for by far the largest share of OPEC projected output over the period
to 2040 (Figure 3.15). The next largest contribution comes from the African OPEC members.
The two sub-Saharan African countries, Nigeria and Angola, are discussed in the focus on
Africa in Part C. In North Africa, oil output in Libya has rebounded since mid-2014, but the
prospects remain very uncertain in the light of continued violence, political fragmentation
and rows over control of key oil infrastructure. An improvement in the security situation is
vital if Libya is to see a sustained increase in output; but prolonged shut-in of fields or damage
to infrastructure could lead to significantly lower operational capacity. In our projections,
Libya’s oil production recovers by the mid-2020s, but the prospects for further growth are
limited by weak institutions and by political and regulatory risks. Assuming longer term
improvements in these areas, Libyan oil production rises to 2.2 mb/d by 2040.

Figure 3.15 = OPEC oil production by region and type in the
New Policies Scenario
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Notes: Other OPEC unconventional includes gas-to-liquids and production of additives. Venezuela extra-heavy oil and
bitumen (EHOB) is from the Orinoco Belt.
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Algeria is likewise facing political and technical uncertainties, with a fall in discoveries and
a decline in production since 2007 to around 1.6 mb/d in 2013. Despite the absence of new
security alerts this year, the country is still feeling the consequences of the attacks on the In
Amenas gas facilities in 2013. Only 4 blocks out of 31 on offer in a new bidding round, held
in 2014, were awarded, indicating that concerns about security and hesitations about the
attractiveness of the updated upstream terms on offer are still having an impact on the level
of interest from companies, despite the large size of Algeria’s remaining resource base. This
affects our anticipated outlook into the 2020s (when output falls below 1.5 mb/d) although
production does pick up again towards the end of the projection period, reaching 1.8 mb/d
by 2040.

The production prospects for Venezuela are affected in the immediate future by the
legacy of under-investment by the national company, PDVSA, ongoing political tensions
(albeit generally far from oil production areas) and state politics that have deterred or cut
international involvement in upstream opportunities. Conventional oil production is set to
decline by 0.8 mb/d by 2040, but over the projection period as a whole, this is more than
outweighed by a stronger increase in extra-heavy oil production in the Orinoco Belt (even
though, here too, current projects have been persistently delayed). Total production is set to
increase from 2.7 mb/d in 2013 to 3.9 mb/d in 2040. Ecuador, the smallest OPEC producer,
is projected to raise production as new fields come online following the controversial
government approval of developments in the Amazon region, but these projects do not
stem the long-term decline in output, which falls from 0.52 mb/d in 2013, to 0.45 mb/d in
2020, and 0.29 mb/d in 2040.

Refining and trade

The composition of oil supply is changing. An increasing share of products is finding its way
to market without passing through the refining sector at all. Products derived from NGLs
at fractionation facilities, fuels (usually diesel and gasoline) produced via coal-to-liquids
(CTL) or gas-to-liquids (GTL) technologies, and additives that go into gasoline volumes all
decrease the market share of the refining industry.'* As a result, while total liquids demand
(including biofuels) grows by 17 mb/d between 2013 and 2040, demand for refined
products grows only by 10 mb/d (Table 3.9)

Refining capacity (including condensate splitters) increases by 16 mb/d between 2013
and 2040. This is a net number, around 19 mb/d of new-built capacity being offset by
about 3 mb/d of shutdowns (either already planned or considered likely) affecting mostly
old excess capacity that is already in poor condition. China accounts for one-third of the
net capacity growth, with the Middle East and India following closely. Africa, Brazil and
Southeast Asia also see significant net capacity additions. With global refining capacity

14. We estimate that, in 2013, about 60% of global NGLs were fractionated into products, such as ethane, LPG and light
naphtha, with condensate accounting for the remainder. This changes very little over the projection period: by 2040:
the share of condensate increases by some 6 percentage points. Condensate is then refined in condensate splitters or
refineries, yielding mostly light and middle distillate products.
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exceeding 108 mb/d, while refinery runs go up to only to 87 mb/d, the excess of refining
capacity over refinery runs continues to rise, implying continued pressure on refining
margins and the likelihood of additional decisions to cut capacity, most notably in Europe.

Table 3.9 = Global total demand for liquids, products and crude throughput
in the New Policies Scenario (mb/d)

2013 2020 2040

Total liquids demand 91.4 98.1 108.5
of which biofuels 1.3 2.2 4.6
Total oil demand 90.1 96.0 103.9
of which CTL/GTL and additives 0.9 1.1 3.1
of which direct use of crude oil 1.4 1.0 0.4
Total oil product demand 87.8 93.8 100.4
of which fractionation products (from NGLs) 7.7 9.1 10.2
Refinery products demand 80.1 84.8 90.2

Table 3.10 = World refining capacity and refinery runs in the
New Policies Scenario (mb/d)

2013 Net capacity Refinery runs Capacity at risk
capacity additionsto ———
2040 2013 2020 2040 2020
Europe 16.8 -0.6 13.3 12.0 10.0 2.3 4.6
North America 20.8 0.9 18.3 18.8 16.5 0.1 2.7
China 11.6 5.6 9.4 12.1 14.6 0.4 0.2
India 4.4 3.2 4.3 4.9 7.4 = =
OECD Asia 8.0 -1.4 6.6 5.7 4.7 0.5 1.1
Southeast Asia 4.8 1.8 3.9 4.2 6.0 0.2 0.1
Russia 6.2 0.3 6.0 6.1 5.2 - 0.4
Middle East 7.7 4.0 6.6 8.5 10.6 - -
Brazil 2.0 1.3 2.0 2.4 3.1 - -
Africa 3.5 0.8 1.9 2.4 3.4 0.6 0.4
Other 6.8 0.2 5.0 5.3 5.5 0.6 0.7
Total 92.6 16.1 77.3 82.4 86.9 4.7 10.1

Notes: “Capacity at risk” is defined for each region as the difference between refinery capacity, on one hand, and refinery
runs, on the other, with the latter including a 14% allowance for downtime. This is always smaller than the spare capacity,
which is the difference between total capacity and refinery runs.

As with refinery capacity development, the net changes in refinery runs involve significant
reductions in some regions and large-scale increases in others. Refinery runs decrease by
more than 7.8 mb/d in Europe, North America, OECD Asia and Russia, but rise by about
17.4 mb/d elsewhere, especially in China, India and the Middle East (Table 3.10). The main
driver for these changes is the trajectory of local demand. European refiners are poorly
placed to compete in a world where oil demand shifts to Asian markets. Local European
consumption is in structural decline, while Russian and US refiners are set to export
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products in ever greater volumes, their margins supported by local crude oil. European
refiners are thus competing with other refiners, both at home and in their main export
markets, such as North and West Africa. At the same time, China and India, whose local
crude production is projected to stay well below their demand levels, are able to increase
refining capacity and runs, supported by their growing inland markets and the cost of long-
distance transport of refined product.

Trade in crude oil and oil products

We estimate that the crude oil import requirements of Asia have recently caught up
with the volume of crude available from the Middle East, so that the East of Suez region
(comprising the Middle East and Asia-Pacific regions) is already a net importer of crude oil,
reversing the historical situation. More and more crude oil and condensate is flowing to
Asia to feed increasing refinery runs there and also to replace lower levels of local crude
production. By 2020, the East of Suez region requires almost 5 mb/d of imports from the
rest of the world, and by 2040 this number grows to 7.7 mb/d (Figure 3.16). The required
additional volumes come from Russia (which reduces supplies to Europe), from Brazil and
from other countries in Latin America. Canada likewise emerges as a significant exporter
to Asia: both Korea and India have recently shown high-level interest in the possibility
of importing Canadian crude, with the Korean government offering to cover part of the
transportation costs from Canada to encourage its refiners to decrease their reliance on
the Middle East. Exports from West Africa, another key oil producing region, are expected
to decline, as local output declines and local demand increases, with higher projections of
refinery runs (see Part C).

Figure 3.16 > Asian imports versus Middle Eastern exports of crude oil in the
New Policies Scenario
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For different reasons, the requirement for crude oil imports from some of today’s large
importers tails off. North America reduces its reliance on international oil markets, thanks
to output in the United States, rising Canadian and Mexican production, and, lower
refinery runs due to lower demand. The North American net requirement for imported
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crude oil, 5 mb/d in 2013, disappears by 2040. However, since some Canadian exports are
anticipated to go to Asian markets, there will be corresponding imports into the United
States from other regions. Overall, the United States is still expected to import 6 mb/d to
feed its refining system by 2040. Against this backdrop, if the export ban for crude is lifted
it may result in episodic or even regular exports of condensate but not, in our projections,
of medium or heavy US crudes.’ At the same time, Alaskan crude is losing its main market,
the US west coast refineries, to tight oil and — because it is not subject to the export ban —it
may become profitable to move Alaskan crude to Asian markets instead. In Europe, local
production of crude oil and condensate decreases by 40% from the current 3 mb/d, but
anticipated refinery runs decrease even more, and this has the effect of reducing crude oil
imports from over 10 mb/d in 2013 to 8 mb/d in 2040.

Overall, the volume of global interregional trade in crude oil grows by some 7 mb/d,
reaching just over 44 mb/d in 2040 of which two-thirds, around 29 mb/d, will be flowing
to Asian ports (compared with less than half today). This is likely to result in changes to
the global crude pricing system, regional markers and trading hubs. Global product trade
volumes also grow, by over 4 mb/d to close to 18 mb/d in 2040, with imports to Asian
countries again an important destination. Despite significant increases in refinery runs, the
region is still not able to meet its oil product demand in full. Product imports into Europe
at first increase, into the 2020s, as a result of local refinery shutdowns, but they drop to
close to current levels by 2040 as demand falls back. The Middle East and the United States
emerge as large product exporters, the former thanks to higher refinery runs, the latter
thanks to a combination of lower internal demand and a robust refining system. Russian
product exports increase in the first half of our projection period, but fall back below
current levels in 2040 (although Russia remains a larger product exporter than the United
States). Unsurprisingly, gasoline and diesel are expected to be the most traded products,
with the United States expected to become a net exporter of gasoline by the 2020s.¢

15. Some cargoes of condensate were exported from the United States to Asian markets in the summer of 2014.
However, this seems to have resulted from a very specific interpretation of condensate stabilisation as a manufacturing
process, enabling shippers to avoid being subject to the export ban on crude. Usually, condensate stabilisation is
regarded as an integral part of upstream operations.

16. As detailed in the discussion on petrochemicals, the United States is also set to start a steady flow of ethane exports
to Europe and India, a first in long-distance seaborne transportation of ethane.
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Chapter 4

Natural gas market outlook
LNG fo the rescue?

Highlights

® Global gas use continues to grow in all scenarios compared with today’s levels,
although consumption trajectories diverge strongly, especially post-2020, depending
on the way that government policies evolve. In the New Policies Scenario, gas demand
of 5.4 tcm in 2040 means that gas draws level with coal as the second-largest fuel in
the global energy mix, after oil.

® The main regions pushing global gas demand higher are China, which becomes a
larger gas consumer than the European Union around 2035, and the Middle East.
Gas plays an important role in mitigating coal use and related air pollution in China’s
cities, and in limiting oil use for power generation in the Middle East.

e Within the OECD, US gas demand grows to 900 bcm by 2040 and becomes the largest
fuel in the US energy mix, while in Japan consumption falls back to pre-Fukushima
levels, in both cases influenced by new policy announcements affecting the outlook
for power generation. Gas consumption in Europe returns to 2010 levels only in the
early 2030s, with the outlook likewise heavily contingent on policy action, notably
on CO, pricing.

® On the supply side, production increases in every major region except Europe.
Unconventional gas accounts for almost 60% of the growth in global production,
helping China to register the fastest gas output growth among the major producers.
The United States remains the largest global gas producer, although production
levels off in the late 2030s as shale gas output starts to fall back.

® The way that gas will be priced on domestic and international markets is a key
uncertainty. Within many non-OECD countries, including India and across the Middle
East, and in some international negotiations (albeit not for US LNG export), finding
a price level and pricing mechanisms acceptable to consumers but nonetheless
sufficient to incentivise large new investments in gas supply is proving challenging.
2014 did, though, see the long-awaited agreement between China and Russia on gas
pipeline deliveries, unlocking the development of Russia’s East Siberian resources.

® Conflict between Russia and Ukraine has moved concerns about gas security back
up the agenda in Europe. The long-term outlook sees rising import needs in Europe
and across many parts of Asia, but also a growing cast of international suppliers and
a growing share of LNG in international trade. LNG becomes an important tool for
gas security, as trade flows can be re-directed in response to price signals coming
from increasingly interconnected regional markets. But the capital intensity of gas
infrastructure still represents a barrier to the globalisation of gas markets.
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Global overview

Growth in global gas demand was subdued in 2013, held back in part by developments
in the OECD.! Natural gas prices in the United States continued their gradual rise from
the low point reached in early 2012, triggering a partial switch back to coal for electricity
generation. European Union (EU) natural gas consumption fell to 476 billion cubic metres
(bcm), a level not seen since the turn of the century, because of a sluggish economy and
the continued inroads made by renewables and coal as power generation fuels. In Japan,
after the big increase in domestic gas consumption in recent years due to the shutdown of
nuclear plants, natural gas demand flattened — held back, in part, by efficiency measures
that reduced electricity consumption.

The levelling off of OECD gas demand in 2013 was accompanied by slightly higher
consumption growth in non-OECD countries. Estimates for 2013 show China’s gas demand
expanded at the fastest pace, with a growth of 18% year-on-year, pushed higher by policies
aimed at reducing the share of coal in the domestic energy mix and curbing local pollution.
Other faster-growing regions included Latin America, mainly Brazil, due to poor conditions
for hydropower. Subsidised prices helped to sustain the momentum behind rising gas
demand in the Middle East.

Under all of our scenarios, natural gas demand is expected to continue its expansion
throughout the projection period (Figure 4.1). In line with projections in previous Outlooks,
natural gas confirms its status as the fastest growing fossil fuel, although the pace of
expansion differs markedly between the 450 Scenario and the New and Current Policies
Scenarios (see Chapter 1). In the New Policies Scenario, demand for natural gas increases
from 3.4 trillion cubic metres (tcm) in 2012 to 5.4 tcm in 2040. In this scenario, the share
of natural gas in the global energy mix increases from 21% in 2012 to 24% in 2040, drawing
level with coal in the process. China, which in 2013 became the third-largest global gas
consumer behind the United States and Russia, accounts alone for about one-third of the
increase in non-OECD gas demand to 2040, bringing the non-OECD share of global demand
to 62% by 2040.

Demand rises more quickly in the Current Policies Scenario, at 1.9% per year, as the lack of
new government policies aimed at curbing energy consumption drives up demand for all
fuels. Natural gas demand in the 450 Scenario is held back as a consequence of reduced
electricity demand and the introduction of additional policies to reach the goal of limiting
the long-term global temperature increase to two degrees Celsius (increased deployment
of carbon capture and storage technology does though allow for a slight increase in
consumption in the 2030s). Whichever scenario is considered, non-OECD countries are set
to account for the largest part of the growth in natural gas consumption.

1. Gas in this chapter refers to fossil gas. Biogas is covered in Chapter 7 on renewables. All demand and supply numbers
in this chapter refer to “marketed production”, i.e. they do not include gas re-injected in oil fields or gas flared at oil
producing sites.

136 World Energy Outlook 2014 | Global Energy Trends



© OECD/IEA, 2014

Figure 4.1 = World natural gas demand by scenario
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In line with the variations in projections of global demand, gas production increases at
different rates across the scenarios, rising from 3.4 tcm in 2012 to between 4.2 tcm and
5.8 tcm in 2040 (Table 4.1). Unconventional gas production continues to expand its share
in total gas supply, rising from 17% to more than 30% in all three scenarios and helping
China to register the fastest gas production growth among the major producers. Gas supply
expands significantly also in the Middle East and in Eurasia. Thanks to Mozambique and, to
a lesser degree, Tanzania, the east coast of Africa emerges as an important gas-exporting
region from the mid-2020s (see Part C). Among the OECD regions, supply continues to
grow from North America and Australia, both of which cement their positions as significant
exporters, while production in Europe continues its steady decline.

Table 4.1 = Natural gas production by major region and scenario (bcm)

New Policies Current Policies 450 Scenario
2020 2040 2020 2040 2020 2040
OECD 881 1228 1423 1634 1421 1785 1387 1242
Non-OECD 1181 2210 2 448 3744 2492 4 009 2 393 2990
World 2063 3438 3872 5378 3913 5795 3779 4232
Demand

Regional trends

In the New Policies Scenario, the central scenario of this Outlook, non-OECD countries
continue to dominate natural gas demand growth: all of the fastest growing gas markets
are outside the OECD (Figure 4.2). As a whole, non-OECD natural gas demand grows on
average at 2.2% per year, accounting for almost 80% of the overall increase in global natural
gas demand. The main geographical centres of this growth are China and the Middle East.
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These are quite distinct cases (discussed below), with China relying in part on imported gas
and the Middle East benefiting more from an ample domestic resource: but the common
attraction of gas is the way that it reduces reliance on other fuels in the power sector,
mitigating the environmental cost of coal combustion in China and the financial cost of
burning oil for power in the Middle East. In these two markets alone, the projected rise in
gas demand in absolute terms is more than twice that of the rise in the whole of the OECD.

Figure 4.2 = Natural gas demand by selected region in the
New Policies Scenario
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Note: CAAGR = compound average annual growth rate.

The steady increase in the domestic gas price in the United States in recent years, from an
average around $2.75 per million British thermal units (MBtu) in 2012 to one higher than
$4.50 in the first eight months of 2014, has shifted the balance between gas and coal in
the power generation sector back slightly towards coal, but our long-term outlook for US
natural gas consumption is, nonetheless, slightly higher than in WEO-2013 (IEA, 2013a).
This is based on ample supply availability (albeit at steadily increasing prices) and new
policies, notably the Clean Power Plan put forward by the US Environmental Protection
Agency, which tend to favour gas utilisation over other fossil fuels in power generation
and in end-use sectors. Overall, demand is expected to grow by 0.7% per year on average,
reaching 900 bcm by 2040, with power generation accounting for more than one-third
of gas demand growth and the transport sector for more than 20%. These trends make
natural gas the only fossil fuel for which demand increases in the United States over the
Outlook period. Before 2030, natural gas is expected to overtake oil as the most utilised
fuel in the US energy mix.
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In Europe, natural gas demand is expected to rebound to 2010 levels only by around 2030
(in the case of OECD Europe) or 2035 (for the European Union), before increasing gradually
thereafter (Table 4.2). Power generation accounts for most of the incremental gas demand
between 2012 and 2040, given the expected rise in carbon prices to $30/tonne in 2025 and
S50/tonne by the end of projection period and the need to replace retiring coal-fired and
nuclear capacity. Europe’s gas use also grows in the buildings sector, mainly in space heating
with fuel switching from oil and coal, and in road transport. Substantial uncertainties exist,
as full implementation of the proposed 2030 energy and climate package? and potential
measures to reduce reliance on Russian gas imports could curb the outlook for gas in
Europe. In the New Policies Scenario, gas consumption in the European Union is set to fall
behind that of the Middle East by the mid-2020s.

Table 4.2 = Natural gas demand by region in the New Policies Scenario (bcm)

2012-2040
1990 2012

Delta CAAGR*

OECD 1036 1626 1724 1809 1888 1952 2004 378 0.7%
Americas 628 901 994 1048 1109 1146 1184 283 1.0%
United States 533 727 791 827 869 881 895 168 0.7%
Europe 325 507 531 558 572 595 610 103 0.7%
Asia Oceania 83 218 199 203 207 211 210 =7 -0.1%
Japan 57 127 99 99 101 103 102 -25 -0.8%
Non-OECD 1004 1806 2142 2431 2724 3035 3343 1537 2.2%
E.Europe/Eurasia 738 692 693 714 740 775 807 115 0.5%
Caspian 100 117 134 146 155 166 177 60 1.5%
Russia 447 471 455 459 471 488 504 33 0.2%
Asia 85 433 645 793 934 1086 1240 807 3.8%
China 16 148 295 387 471 545 603 455 5.2%
India 13 57 82 109 136 167 202 145 4.6%
Middle East 86 404 469 531 598 650 696 292 2.0%
Africa 35 120 156 185 215 250 294 174 3.2%
Latin America 60 156 178 208 237 273 306 150 2.4%
Brazil 4 32 38 54 66 81 96 64 4.0%
World 2040 3432 3872 4249 4 626 5007 5378 1946 1.6%
European Union 371 478 491 515 528 546 559 81 0.6%

* Compound average annual growth rate.

In Japan, after the steep rise in natural gas consumption in 2011 and 2012 (22% higher than
in 2010), dictated by the need to compensate for the shutdown of the country’s nuclear
capacity, gas demand levelled off in 2013 due to the effect of conservation measures

2. The European Commission climate and energy package, tabled in early 2014, proposes a reduction in greenhouse-gas
emissions of 40% below 1990 levels and a renewable energy target of at least 27% (see Chapter 1).

Chapter 4 | Natural gas market outlook 139



© OECD/IEA, 2014

triggered by high liquefied natural gas (LNG) import prices and the fact that gas-fired power
plants were already operating at high load factors. In April 2014, the government approved
a new Strategic Energy Plan which provides for a step-by-step reintroduction of nuclear
power into the domestic energy mix (see Chapter 10). The assumed implementation of
the Strategic Energy Plan means a downward revision of the gas consumption outlook,
compared with WEO-2013, due to its major emphasis on energy conservation measures
and the expansion of renewables, alongside the anticipated gradual return of nuclear. As a
result, Japan’s natural gas demand is expected to return to pre-Fukushima levels (around
100 bcm) by the end of the current decade and then to increase at a very moderate pace
throughout the rest of the projection period.

Box 4.1 = A gas thirsty Middle East

Natural gas demand in the Middle East rose by almost two-and-half-times between
2000 and 2012 to exceed 400 bcm. In 2011, gas overtook oil to become the largest
contributor to regional consumption, accounting for more than 50% of energy
use.’ This rapid expansion rests on growing demand for electricity (where end-user
prices are subsidised), for use in energy-intensive desalination plants, upstream and
downstream energy sector projects, and in industry, particularly for petrochemicals,
in each case supported by low prices for gas. Natural gas prices in the region —around
S0.75/MBtu in Saudi Arabia, $S0.8/MBtu in Kuwait and S1/MBtu in Qatar and the UAE —
are well below the international market value of the gas. These low price levels
undercut the economic attraction of other power generation technologies, such as
renewables, that governments in the region are trying to promote, as well as slowing
the uptake of more efficient technologies in end-use sectors (see Chapter 9).

The logic of using more gas at home, in order to free up more valuable oil for export,
is strong, but prices at such low levels mean that investment in non-associated gas has
been sluggish and supply has often struggled to keep up with demand. The region’s natural
gas resources are concentrated in three countries, Iran, Qatar and Saudi Arabia. Excluding
Qatar, a major exporter but a relatively small consumer, the region has only a small net
surplus of gas (in fact, the Middle East — excluding Qatar — was for a time in 2008-2009 a net
gas importer). Iran’s gas exports by pipeline to Turkey and the South Caucasus are broadly
balanced by imports from Turkmenistan. Oman, Yemen and Abu Dhabi are LNG exporters,
while Jordan and Bahrain are expected soon to join Kuwait and Dubai as LNG importers.

Natural gas use expands in the Middle East energy mix to reach 700 bcm by 2040,
continuing to account for more than half of the region’s total primary energy demand
(Figure 4.3). This makes the region the second-largest source of additional global gas
demand, after China. Reflecting announced intentions to reform domestic natural gas

3. Inaddition, around 80 bcm of gross natural gas production is re-injected into oil fields to maintain reservoir pressure:
this is the equivalent of around 15% of the region’s marketed production (re-injected volumes are not included in IEA
production data).
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pricing, notably in Iran and Saudi Arabia, but also the political challenge to implement
price increases in practice, end-user prices are assumed to rise only gradually in real terms,
but this is nonetheless enough to provide incentive for upstream activity and greater
efficiency. Power generation accounts for 40% of the growth in gas demand: gas-fired
generation more than doubles to 1 220 terawatt-hours (TWh). Industry is the second-
biggest source of incremental gas demand, but the rate of growth, at 2.2% on average per
year, is expected to be significantly lower than the rate experienced over the last decades.
Thanks mainly to Qatar, the region continues to be a net contributor to global gas supply.

Figure 4.3 = Natural gas demand in the Middle East by sector in the
New Policies Scenario
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Note: CAAGR = compound average annual growth rate.

China is the country expected to see the largest growth in natural gas demand between
2012 and 2040. Over the last few years, the Chinese government has targeted an expansion
of natural gas consumption as a way to diversify the energy mix, particularly in and around
large urban areas, where air quality and pollutants have become paramount issues of
social and political concern. This expansion will require the continuation of gas reform
initiatives that China has launched in recent years, bringing domestic prices to levels
that provide sufficient incentive to develop domestic resources as well as covering the
average costs of imported gas. Policies are assumed to be put in place to develop the
domestic gas infrastructure for transmission and distribution as well as for storage, with
various upstream players and shippers having reliable access to this infrastructure. China
has already tested the ground in many of these areas, including pilot programmes for gas
price reforms: in September 2014, the Chinese government raised the wholesale price of
natural gas for non-residential use by over 20% to about $10/MBtu, following a similar 15%
increase for non-residential gas consumers in July 2013.
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The result is that, in the New Policies Scenario, gas demand in China increases from 148 bcm
in 2012 to 390 bcm in 2025 and more than 600 bcm in 2040, accounting for 11% of the
country’s primary energy demand by the end of the projection period, compared with 4%
today. The largest increase by volume comes in electricity generation, where gas use reaches
185 bcm by 2040 — producing almost 900 TWh of power. Gas use grows by more than four-
times in industry (including feedstocks) and more than triples in the buildings sector. Gas
demand rises rapidly in the transport sector as China expands its natural gas vehicle (NGV)
fleet, which helps to mitigate urban air pollution problems and oil import levels.

The share of natural gas in India’s energy mix, 6% in 2012, was modest by international
standards, due to the combination of limited domestic supply, competition from low-cost
coal and the difficulty of accommodating relatively expensive LNG imports.* As in many gas
markets, pricing reform is key: domestic prices have been too low to stimulate domestic
investment or to bring new gas supplies profitably into the market. A long-awaited price rise
and simplified pricing scheme was announced in October 2014, with an average price set at
$5.6/MBtu, subject to revision every six months. Whether this pricing mechanism will be
acceptable to the key gas-consuming sectors (power generation, fertiliser and other industry,
and transport), while still ensuring adequate supply is a critical uncertainty. Even with reforms
in place, our expectation is that India’s natural gas market remains restrained over the next
few years, after which rising LNG imports and higher domestic production sustain demand
growth. India’s gas consumption increases from 57 bcm in 2012 to 82 bcm in 2020 and about
200 bcm in 2040, pushed higher by demand from the power sector (although the share of gas
there reaches only 12% by 2040) and for road transport.

In Russia, natural gas consumption of around 470 bcm in 2012 already accounted for more
than half of the primary energy mix (the highest proportion among the world’s major
economies), leaving limited scope for further growth, particularly given the huge efficiency
savings that are available throughout its gas infrastructure. Compared with last year’s
Outlook, we have revised downwards our projections for Russian gas demand, reflecting
slightly reduced expectations for economic growth, although this also implies a slower
renewal or replacement of inefficient capital stock, limiting the extent to which available
efficiency savings are exploited. Gas consumption in Russia is expected to fall back slightly
over the current decade and then rise at a relatively slow place, to reach 500 bcm in 2040.

In Africa, gas demand is expected to increase almost two-and-half-times, from 120 bcm in
2012 to 290 bcm in 2040. As discussed in more detail in Part C, there is potential to expand
gas use in sub-Saharan Africa further, particularly in the power sector, but this prospect
is constrained by limited gas infrastructure and the difficulty of finding viable business
models for new gas projects.

4. Preliminary 2013 data for India show a steep decline of natural gas consumption (11%) and production (13%)
compared with 2012, mainly due to the fall in production at the KG-D6 offshore block.
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In Latin America, natural gas continues to make inroads, with the largest increase by volume
seen in the industry and power sectors, but the most rapid growth is in road transport:
Brazil and Argentina already have almost 4 million NGVs on the road (equal to about one-
qguarter of the world NGV stock). Gas demand for power is also expected to increase in
Central America, as countries (including Panama, which is set to play an increasing role in
LNG trade with the widening of the Panama Canal) take advantage of their proximity to US
Gulf Coast export projects to substitute gas for expensive oil in the power sector. Overall,
gas demand in Latin America reaches 305 bcm by 2040, an average annual growth of 2.4%.

Sectoral trends

The power sector remains the single largest source of incremental gas demand over
2012-2040. Gas use for electricity (and heat) generation rises to more than 2.1 tcm by
2040, at an annual rate of 1.5% (Figure 4.4). Gas is the only fossil fuel whose share in
power generation increases (from 22% today to 24% in 2040), while that of coal declines
and oil use becomes marginal. Of the more than 700 bcm rise in gas consumption for
electricity generation over 2012-2040, about 80% is in non-OECD countries, where gas-
fired capacity more than doubles to 1 440 gigawatts (GW) by 2040. Gas is well placed
to enjoy a competitive advantage over many other fuels for power generation, given its
higher efficiency, greater flexibility, lower capital costs and shorter plant construction
times. However, the trend in gas use in the power sector remains very sensitive to its
cost competitiveness versus other fuels (a calculation in which carbon pricing can play
an important role), as well as to government policies aimed at diversifying the fuel mix
or reducing the environmental footprint of electricity generation. Gas overtakes coal in
electricity generation in OECD countries around the mid-2020s, but coal remains by far the
most favoured power generation fuel in non-OECD countries throughout the projection
period, due to less stringent environmental standards and cheaper supplies.

Figure 4.4 = World natural gas demand by sector in the
New Policies Scenario
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The second-largest sector for gas demand today is industry. In our Outlook, non-OECD
countries account for almost the entire net increase in gas demand for industry to 2040.
China, the Middle East and countries in Southeast Asia account for more than 60% of this
growth (Figure 4.5), although the United States also contributes because of the increased
competitiveness of the petrochemicals sector and the anticipated revival of production
of fertilisers. Use of natural gas in the energy sector increases by more than half to reach
625 bcm, or 12% of global gas demand by 2040, due to more upstream oil and gas activities,
larger volumes of natural gas used in the liquefaction and regasification processes for LNG,
and the conversion of gas-to-liquid fuels (GTL). Thanks to technological developments and
a favourable differential between oil and gas prices, GTL production is expected to rise in
the second-half of the Outlook period to almost 1 million barrels per day (mb/d) by 2040,
requiring some 90 bcm in gas feedstock.

Figure 4.5 = Change in natural gas demand by sector in selected regions in
the New Policies Scenario, 2012-2040
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The buildings sector (residential and services) currently accounts for one-fifth of total
gas consumption, mainly for space and water heating. Demand growth in this sector
is concentrated in non-OECD countries, as urban populations rise and residential gas
distribution networks expand. The share of non-OECD countries in total buildings sector
gas demand rises from 34% in 2012 to 44% by 2040, largely because of rising demand in
China.

Although use in volumetric terms is small at present, the transport sector is set to expand
its gas demand at the fastest pace (3.4% on average). High oil prices, environmental impacts
and, in many countries, concerns about oil import dependence have spurred the interest of
many governments in alternatives for mobility. The latest data available show that, at the
end of 2012, there were 16.7 million NGVs on the road (a 10% increase on a yearly basis),
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of which about 80% are found in Iran, Pakistan, Argentina, Brazil, China, India and Italy.®
The expansion of the NGV fleet worldwide has been accompanied by growth in the number
of natural gas refuelling stations, which increased from less than 15 000 in 2008 to more
than 21 000 by the end of 2012. Although the majority of NGVs are cars, there is increasing
interest in gas-powered buses and trucks (mainly fuelled by LNG), as the economic logic
for fuelling high-mileage vehicles with natural gas appears to be favourable, despite higher
upfront costs for the vehicle itself and the need to expand refuelling infrastructure (see
WEQO-2013). In our projections, natural gas use in the road transport is set to expand at
5.1% per year, from 40 bcm in 2012 to 160 bcm in 2040.

About 40% of the growth in natural gas use in road transport occurs in the United States
and China. China is advancing fast in the deployment of NGVs with almost 3 million NGVs
on the road at the end of 2013, a large increase from 2012. Of these, 169 000, mainly
trucks and buses, are fuelled by LNG. Furthermore, China is rapidly expanding its refuelling
infrastructure, having added 1 700 natural gas stations in 2013 for a total of 4 500 (of which
1 900 are for LNG-powered vehicles). The picture is similar in the United States, where the
expansion of natural gas in the transport sector is expected to be led by the use of LNG for
long-haul trucks. There is strong upside potential in these and other transport markets for
natural gas to make further gains, at the expense of oil product use; but in our projections
stronger penetration of natural gas in transport is constrained by a number of barriers,
including the need for strong and sustained policy support, the major investment required
in gas infrastructure and the need for incentives to encourage customers to switch to NGVs.
The recent increase in China’s domestic gas prices and the projected rise in US natural gas
prices also play a role in limiting the uptake of natural gas in the road transport sector. By
2040, the share of natural gas in total road transport demand reaches 5% on an energy-
equivalent basis, up from 2% in 2012.

The prospect of stricter emissions controls on the sulphur content of bunker fuels is
opening up new avenues for LNG use in the international maritime sector (see Chapter 3,
Box 3.2). Alongside LNG, options for compliance with new regulatory measures include a
switch to lower-sulphur oil products or the introduction of “scrubber” technologies that
clean up bunker fuel gases before they are released to the atmosphere. The prospects for
LNG in this sector are tempered by the high upfront capital costs of LNG-powered vessels
(or retrofits) and the need to build refuelling infrastructure. LNG bunkering for ships is
currently available only in a limited number of ports.® And, in a typical “chicken-and-egg”
situation, investment in infrastructure will depend on anticipated deployment of LNG-
fuelled ships, whose construction, in turn, hinges on confidence that LNG infrastructure
and supplies will be widely available. While these considerations slow the growth of LNG

5. Detailed statistics on NGV fleets are available at www.iangv.org.

6. The ports of Antwerp and Rotterdam in Europe already have facilities to supply LNG to inland barges and trucks, and
are aiming to start providing this service soon to sea-going vessels (in July 2014, GDF SUEZ, Mitsubishi and NYK signed a
framework agreement aiming to provide LNG bunkering supply service in Zeebrugge port from 2016). Rotterdam has its
own LNG import terminal while Antwerp uses LNG imported through Zeebrugge. Some German and Scandinavian ports,
and international shipping hubs such as Singapore, are also expressing interest in LNG bunkering.
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use in marine transport, it gains ground over the longer term, increasing gradually towards
15 bcm by 2030 and then doubling to 2040, by when it accounts for more than 10% of total
bunker fuel use (replacing the equivalent of about 0.5 mb/d of oil products).

Production

Resources and reserves

The remaining resources of natural gas are abundant and can comfortably meet the
projections of global demand growth included in all three scenarios of this Outlook to 2040
and well beyond. Proven reserves stood at 216 tcm at the end of 2013, equal to more
than 60 years of production at current rates. However, proven reserves are only a fraction
of total remaining technically recoverable resources, which provide a better indication of
the available resource base and are the key parameter used in our modelling of future gas
production. We estimate that, at the end of 2012, total remaining technically recoverable
resources amounted to more than 800 tcm, almost four-times larger than proven reserves
(Table 4.3).

Table 4.3 = Remaining technically recoverable natural gas resources by
type and region, end-2013 (tcm)

Conventional Unconventional
e ges methane SUbtol  Resources TR
E. Europe/Eurasia 143 11 15 20 46 189 73
Middle East 124 9 4 - 13 137 81
Asia-Pacific 43 21 53 21 95 138 19
OECD Americas 46 11 48 7 65 111 13
Africa 52 10 39 0 49 101 17
Latin America 31 15 40 - 55 86 8
OECD Europe 25 4 13 2 19 45 5
World 465 81 211 50 342 806 216

Notes: Shale gas resources are taken in large part from the US EIA/ARI study. Though this has broad coverage, it leaves out
many regions. The Middle East, in particular, is likely to have significantly larger shale gas resources than indicated, but
there is no assessment available. Resources of methane hydrates are not included in the table: they are vast, in all likelihood
significantly larger than all other types combined, but are not expected to play a major role during the projection period.

Sources: BGR (2013); BP (2014); Cedigaz (2013); O&GJ (2014); US EIA/ARI (2013); USGS (2000); USGS (2012a, 2012b);
IEA databases and analysis.

Gas production trends

More than 40% of the gas required to meet rising projected levels of consumption comes
from conventional sources, but unconventional gas plays an increasingly important role
in the overall supply picture to 2040. Unconventional gas — primarily shale gas, but also
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coalbed methane (CBM), tight gas and, to a much lesser extent, coal-to-gas and methane
hydrates’ — accounts for close to 60% of the growth in production, meaning that its share in
total gas output rises from 17% today to 31% by the end of our projection period (Figure 4.6
and Table 4.4). North America continues to be the largest single source of unconventional
output, even though signs of the impact of resource depletion appear in the trajectory of
US shale gas production in the second-half of the 2030s. But unconventional gas becomes
a much more widespread global phenomenon over the coming decades, as Australia and
China, then other countries such as India and Argentina pick up the baton. The motivation
for developing unconventional gas varies: even though production costs are higher outside
the United States and Canada, for importing countries such as China or India the incentive
is to reduce the need for costly LNG imports, while for some exporting countries, such
as Algeria, it is to replace declining conventional production. By 2040, half of the total
unconventional gas is produced outside the United States and Canada.

Figure 4.6 = World natural gas production by type in the
New Policies Scenario
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In the New Policies Scenario, gas production increases in all major countries and regions of
the world, with the exception of Europe, where the downward trend that started around the
mid-2000s is set to continue throughout the projection period (Table 4.5). Among Europe’s
major gas producers, Norway sees only a slight decline in output between 2012 and 2040,
while Netherlands gas production plunges steeply to around 20 bcm by 2040, due to the
decline of the giant Groningen field after 2020 (output is also capped by government-
mandated restrictions following recent seismic events). The decline in European gas supply

7. This edition of the World Energy Outlook for the first time takes into account coal-to-gas, a process in which mined
coal is first turned into syngas (a mixture of hydrogen and carbon monoxide) and then into “synthetic” methane, as well
as production from methane hydrate deposits. The former is planned to experience rapid growth in China with more
than 20 plants on the drawing board (IEA, 2014a). For methane hydrates we project only a modest contribution in Japan.
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would be even more pronounced if it were not for some unconventional output, mainly in
Poland and the United Kingdom. However, the contribution of unconventional supply to
domestic European production remains modest: in the EU, unconventional gas contributes
17 bcm to the outlook by 2040, some 15% of total production and only 3% of total demand.
The resource base would support significantly higher levels of output, but we expect the
industry to face an uphill struggle to gain public and political acceptance in many countries.

Table 4.4 = Global production of unconventional gas in the
New Policies Scenario (bcm)

2012-2040
2012 2020 2025 2030 2035 2040
Delta CAAGR*
Shale gas 279 454 610 772 895 954 675 4.5%
Coalbed methane 76 148 216 274 314 356 280 5.7%
Tight gas 237 294 292 291 308 327 90 1.2%
Coal-to-gas 0.3 32 42 47 49 51 51 20.4%
Methane hydrates - - 0.1 0.3 0.7 0.9 0.9 n.a.
Total 592 928 1160 1385 1567 1689 1097 3.8%

* Compound average annual growth rate.

The picture is completely different in North America, where unconventional gas production
pushes overall supply to more than 1 250 bcm by 2040. The United States is expected
to remain the largest global gas producer throughout the Outlook period, its production
expanding from 681 bcm in 2012 to a high point of around 930 bcm in the mid-2030s,
before a decline in shale gas output brings the total down slightly by 2040 (Box 4.2). Some
of this production is exported as LNG and by pipeline to Mexico, although in the New
Policies Scenario these volumes remain fairly modest (see concluding section).

In Canada, the increase in US gas production, by driving down prices and limiting demand
for Canadian exports, has created numerous challenges for upstream projects. As in the case
of oil, the task facing the gas industry in Canada is to open access to alternative markets,
with the obvious choice (at least for resource-holders in the Western Canada Sedimentary
Basin) to look to Asia. Canada does not have any LNG export facilities at present, nor does it
have infrastructure linking the production areas in Alberta and eastern British Columbia to
the coast, but a number of LNG and natural gas pipeline project proposals are looking to fill
these gaps. We assume that concerns from environmental groups and First Nations about
the construction of gas pipelines can be assuaged, and, as these outlets to international
markets start to become available, so Canada’s gas production increases gradually, climbing
to 235 bcm by 2040.
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Table 4.5 = Natural gas production by region in the New Policies Scenario (bcm)

2012-2040
2012 2020 2025 2030 2035 2040
Delta CAAGR*
OECD 881 1228 1423 1495 1554 1597 1634 406 1.0%
Americas 643 885 1036 1105 1168 1223 1254 369 1.3%
Canada 109 156 168 184 192 204 233 77 1.4%
Mexico 26 47 51 60 78 90 96 50 2.6%
United States 507 681 817 859 897 928 923 242 1.1%
Europe 211 278 253 234 225 218 210 -68 -1.0%
Israel 0 2 8 15 18 20 20 17 7.7%
Norway 28 115 111 105 103 103 101 -14 -0.5%
Asia Oceania 28 64 134 157 160 157 170 106 3.5%
Australia 20 56 128 152 157 154 167 111 4.0%
Non-OECD 1181 2210 2448 2753 3072 3409 3744 1534 1.9%
E. Europe/Eurasia 831 873 918 971 1029 1107 1198 325 1.1%
Azerbaijan 10 18 25 35 46 47 49 31 3.7%
Russia 629 658 667 669 680 736 788 130 0.6%
Turkmenistan 85 69 95 118 139 158 190 120 3.7%
Asia 132 423 527 600 682 763 841 418 2.5%
China 15 107 171 217 266 318 368 261 4.5%
India 13 40 50 64 83 98 112 72 3.8%
Indonesia 48 77 100 114 130 144 157 80 2.6%
Middle East 91 529 572 660 746 831 903 374 1.9%
Iran 23 156 153 170 195 232 272 115 2.0%
Qatar 6 159 164 183 207 224 237 78 1.4%
Saudi Arabia 24 81 92 103 118 130 139 58 1.9%
Africa 67 213 236 296 348 406 470 258 2.9%
Algeria 46 85 99 108 119 131 145 60 1.9%
Mozambique - 4 3 24 36 50 61 57 10.3%
Nigeria 4 41 45 52 60 72 85 44 2.6%
Latin America 60 172 196 227 267 302 331 158 2.4%
Argentina 20 41 42 54 76 94 109 68 3.6%
Brazil 4 19 30 52 74 89 102 83 6.2%
World 2063 3438 3872 4249 4626 5007 5378 1940 1.6%
European Union 213 174 144 129 123 114 106 -68 -1.7%
Unconventional
OECD 8% 45% 55% 60% 64% 66% 65% 20% n.a.
Non-OECD 0% 2% 6% 10% 13% 15% 17% 15% n.a.
World 3% 17% 24% 27% 30% 31% 31% 14% n.a.

* Compound average annual growth rate.
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Box 4.2 = Does depletion bring the end of the US shale boom into view?

In a similar way to tight oil, discussed in Chapter 3, the future production of shale gas
in the United States (or elsewhere for that matter) is driven by simple economics: the
value of the recovered gas per well needs to exceed the cost of drilling and completing
the well. As more production takes place, operators need to start drilling outside
the “sweet spots”, the zones yielding the best recovered gas volumes per well. As
activity moves to zones of the shale formation giving less gas per well, the economics
deteriorate (assuming no technology breakthroughs that cut costs or increase recovery
per well), eventually reaching the point at which the commercial economics fail. This
is what drives the peak and then the decline that we project for tight oil production in
the United States. So will the same happen for shale gas?

Yes, but this process will take some time. Because North America largely operates as
a closed gas market (currently there is very little import and no export; even after
LNG export starts, the exported volume will remain small compared with domestic
demand), the move to more expensive production does not result in a decline of
production, but rather an increase in price. This is the driver for our projected increase
in the US natural gas price (from $3.65/MBtu in 2013 to $8.20/MBtu in 2040). It is
only after the price becomes high enough for US shale gas to become uncompetitive,
either in international markets against other sources of LNG or in the domestic market
against other sources of gas, such as deepwater Gulf Coast, that production peaks and
starts declining. In our projections, this peak just comes into view before 2040. Its
exact timing will vary with different domestic and international gas prices and could
easily be pushed beyond 2040.2 But this serves as a reminder that, unlike diamonds,
shale gas is not forever.

With about 20 tcm of remaining technically recoverable resources, about 80% of which are
unconventional gas, Mexico has the potential to expand its gas production significantly.
The energy reforms introduced in December 2013 are opening up new prospects for the
Mexican gas sector, through the possibility of an influx of private investment and capital
(see Chapter 3, Box 3.4). In terms of unconventional production, Pemex, the national oil
company, has large-scale plans and has already invested about $S300 million in shale gas
exploration and drilled several wells, but greater involvement of private companies would
accelerate the process of developing these resources. Production prospects are affected by
the need to build transportation infrastructure, as well as by the stiff competition provided
by relatively cheap gas imports from the United States. In the New Policies Scenario, total
gas production in Mexico increases to 60 bcm by 2025 and accelerates slightly in the
second-half of the projection period to reach 96 bcm by 2040. Unconventional gas output
rises to 42 bcm by 2040, accounting for more than 80% of production growth.

8. Our modelling outcome assumes technology learning but no technology breakthroughs and no significant increase
above the current estimates of recoverable resources.
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Australia’s gas production is set to expand quickly over the period to 2020, due to the
start of seven LNG liquefaction plants before the end of the current decade. However, the
longer-term outlook is for slower growth, as the simultaneous construction of these plants
— three alone on Queensland’s Curtis Island — has put huge strain on labour and other
resources, pushing up costs and pushing back deadlines.® Together with the expectation
of increasing competition from North American LNG supplies and supplies from East Africa
after 2020, this has slowed final investment decisions for further expansion of Australia’s
LNG liquefaction capacity. Overall, Australia’s natural gas production rises from 56 bcm in
2012 to 130 bcm in 2020, then to almost 170 bcm by 2040.

Chinese production in 2012 of 107 bcm was enough to make it the sixth-largest gas producer
in the world, just ahead of Norway. Currently, the four largest production centres in China
are the Ordos Basin, in the northwest, the Tarim Basin in the west, the Sichuan Basin in the
southwest and the South China Sea.'® Given the large gas resource base (4.4 tcm of proven
reserves and almost 50 tcm of remaining technically recoverable gas resources) and the
strong political willingness to expand the role of gas in its energy mix, China’s output is set
to expand significantly over the next years. The main elements of the increase are shale
gas and coalbed methane, supplemented by coal-to-gas. Of the major Chinese companies
involved in unconventional gas development, Sinopec put itself in a leading position with
its announcement in March 2014 that the Fuling shale gas play would be producing 10 bcm
per year by 2017. This implies a reasonable likelihood of China meeting its 2015 production
target for shale gas of 6.5 bcm. The target for 2020, previously given as a range of
60-100 bcm, however, is under revision, and may — according to a recent announcement
by the Chinese National Energy Administration — be cut in half, i.e. to a low of 30 bcm.
In our projections, shale gas production rises towards 25 bcm in 2020, before growing
steadily thereafter to reach almost 110 bcm in 2040. Among the issues that may hold back
China’s production over the longer term are the relative scarcity of water resources in the
arid Tarim Basin (Box 4.3), constraints arising from population density, and production and
transport costs. Overall, China’s gas production expands by more than 260 bcm during the
period to reach 370 bcm by 2040, with almost 80% from unconventional sources.

India follows a path similar to China, albeit on a smaller scale. Its domestic gas production
more than doubles, from 40 bcm to over 110 bcm, due mainly to rising production from
shale gas and coalbed methane after 2020. In October 2013, India inaugurated a new
policy on shale gas, granting licenses to its state-owned companies (ONGC and Qil India) to
explore shale gas resources in 190 blocks. Following the drilling of the first shale gas wells
in the Cambay basin, ONGC has announced plans to drill an additional 30 shale gas wells in
2014 and 2015. However, some of the initial enthusiasm for India’s shale gas and coalbed
methane has cooled because of delays in introducing gas pricing reform.

9. For detailed analysis of LNG investment trends, see the World Energy Investment Outlook (IEA, 2014b).

10. Prospects for South China Sea gas production remain uncertain because of the disputed status of certain territorial
and maritime boundaries.
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Box 4.3 > Is water a constraint on shale gas production?

Water use and the risk of water contamination are key issues for unconventional
gas development; they are at the forefront of public concern about hydraulic
fracturing. Each well for hydraulic fracturing needs between a few thousand and
20 000 cubic metres of water. This has fed the public perception that unconventional
gas uses a disproportionate amount of water compared with other forms of energy
production although, in practice, this is not the case. Shale gas or tight gas developments
use more water per produced volume than conventional gas production, but often
less than that used for conventional oil production on an equivalent energy basis
(IEA, 2012).

Yet the issue of water nonetheless looms large for shale gas production, for four main
reasons. Transportation of water from its source to the well site — and away for disposal
— is a large-scale activity often carried out by truck, which can be disruptive for local
communities. In areas of water scarcity, the extraction of water for drilling and hydraulic
fracturing can have serious environmental consequences, as well as affecting the water
available for other users, for example in agriculture. The treatment and disposal of the
waste water that flows back to the surface in the days and weeks following the hydraulic
fracturing can give rise to concerns about environmental damage. There is also the risk
of contamination of local water supplies, whether from accidental spills at the surface,
leakage underground or poor management of waste water. Public concern has focused
on the risk of leakage of hydrocarbons or chemicals from the producing zone, where
the fracturing takes place, up into shallow aquifers, although there are typically many
hundreds of metres of intervening rock. In practice, as shown by recent groundwater
studies, in the limited number of cases where water contamination has occurred, the
most likely cause has been poor sealing of the cement column around the casing of a
well, indicating a need for rigorous construction standards and enforcement (Darrah et
al, 2014).

Dealing with the various water-related issues requires a multi-pronged approach,
starting with the measurement of key environmental indicators, including
groundwater quality, prior to commencing activity. During operations, there are
many ways to increase the efficiency of water use, notably through increased
re-use and recycling of waste water, and to ensure the safe storage, treatment
and disposal of any water that cannot be reused. To avoid competition with other
water uses, operators are reducing their water consumption and getting water
from alternative sources like deep saline aquifers. Pipeline networks for water can
obviate the need for many thousands of truck movements. And regulators have a
critical role to play in gaining and retaining public confidence in the rigour of their
supervision and the quality of the underlying analysis of the regional or basin-wide
impacts of water use: a good example comes from Queensland, Australia, where the
authorities have pioneered an approach assessing cumulative groundwater impacts,
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from coalbed methane production across the Surat basin. In some cases waterless
technologies, such as hydraulic fracturing using propane as a fluid, can be used, though
they have their own safety and environmental issues.

The possible hazards associated with water use in unconventional gas production —
and the ways to address them by industry and by regulators — were the focus of the
2014 IEA Unconventional Gas Forum, organised in Calgary. The next in the series of
these meetings will take place in April 2015, hosted by China — another pivotal country
for the future of unconventional gas.**

With around 140 tcm of remaining technically recoverable natural gas resources, the
Middle East has the potential to greatly expand its gas supply; but above-ground factors,
such as heavily subsidised domestic gas prices and geopolitical tensions, are expected to
limit gas production in many countries. Regional production is nonetheless projected to rise
from 530 bcm today to more than 900 bcm by 2040. Qatar, Iran, Saudi Arabia and Iraq are
the main contributors to long-term production growth, accounting for almost 90% of gas
output growth in the region to 2040. All face significant constraints on the pace of growth.

Inthe case of Qatar, the main limitation is by choice, in that the moratorium on new projects
tapping the huge North Field is set to remain in place, at least until the end of 2015. For
Iran, the prospects are clouded by international sanctions, which have largely closed access
to foreign investment and technology, affecting not only the development of the South
Pars field (part of the same deposit as the Qatari North Field) but also many other giant
and super-giant reservoirs, such as North Pars, Kish and Golshan. Over the longer term,
assuming that current political constraints can be lifted, the production profile is expected
to be driven by the size of Iran’s huge resource base, bringing overall production above
270 bcm by 2040.

The multiple challenges facing Iraq include greater utilisation of associated gas from the
huge oil fields in the south around Basrah, much of which continues to be flared, and
significant uncertainties over whether the security and political environment will allow for
production of non-associated gas and export from the northern Kurdistan region. In 2012,
Saudi Arabia completed its first offshore non-associated gas project, Karan, and it is also
proceeding with development work on the Wasit Gas Plant, which — together with Karan —
will increase the Kingdom’s gas processing capacity by around 40%. As with other countries
in the region, recovering the costs associated with the development of non-associated gas
is incompatible with present pricing and marketing arrangements based on associated gas,
which is available at very low cost as a by-product of investment in upstream oil projects.
The region’s massive production infrastructure also makes it the major source of leakage of
methane — a very potent greenhouse gas — into the atmosphere (Spotlight).

11. More information on the IEA Unconventional Gas Forum is available at www.iea.org/ugforum.
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SPOTLIGHT

Methane, the primary component of natural gas, accounts for 16% of all greenhouse-
gas (GHG) emissions resulting from human activities. Because methane is a powerful
GHG (though a relatively short-lived one compared with carbon dioxide), achieving
significant reductions would have a rapid effect on atmospheric warming. About 10%
of the anthropogenic methane emissions are associated with upstream oil and gas
output (IEA, 2013b). The main pathways through which methane could escape into the
atmosphere are leaks (in wellheads, pipelines, pumps), vents (of well casings, pneumatic
devices, storage tanks, dehydrators), incomplete combustion and operational upsets.
With sizeable oil and gas operations and an ageing and widespread stock of wells, pipes
and equipment, Russia (and Caspian countries) and the Middle East are the regions with
the highest estimated emissions of methane related to oil and gas extraction (Figure 4.7).
But with the large increase in the number of wells that are hydraulically fractured in
North America, emissions from this type of operations have also become a source of
controversy and a subject of regulatory focus in recent years.

Figure 4.7 > Estimated methane emissions associated with oil and
natural gas production, 2012
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Minimising methane emissions from upstream oil and gas operations is one of four
measures identified in the World Energy Outlook special report, Redrawing the Energy-
Climate Map (IEA, 2013b) as a means of keeping the door open to the 2 °C climate
target while negotiations continue on an international climate agreement. The United
States has announced that curbing methane emissions will be critical to the overall
effort to address global climate change and it is expected that the oil and gas sector will
contribute to that endeavour both through voluntary programmes (because methane
is in the end a valuable commodity) and as a result of targeted regulation.
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Better measurements of methane emissions along the entire energy chain, from
reservoir to power socket (or wheel) are indispensable to assess the environmental
impact of gas production and consumption and to test the widely held proposition that
gas brings greenhouse-gas emissions reductions compared with the other fossil fuels.
The need for sound data is underlined by studies that find a large discrepancy between
top-down (airborne measurement of atmospheric concentrations) and bottom-up
(equipment and activity inventories, multiplied by emission factors per activity) study
protocols. The University of Texas is leading a programme that collects data during
completion operations for hydraulically fractured wells and the Environmental Defense
Fund (EDF) is co-ordinating a programme to do the same in other parts of the value
chain. These studies will help to locate where the methane escapes and to assess what
the most cost-effective measures are to reduce the emissions.

Some measures to reduce methane emissions can produce quick returns: improving
operating practices through increased inspection and repairs; minimising emissions
during completion operations and work-overs; and reducing the frequency of start-
ups and blow-downs. A study prepared for the EDF suggests that 40% of methane
emissions in the United States can be eliminated by spending just $0.01 per thousand
cubic feet of natural gas (or per 28 cubic metres) (ICF International, 2014). The Gas
Star Program of the US Environmental Protection Agency (EPA) proposes specific cost-
effective improvements for equipment and practices. Our calculations, using these
suggestions, show that by spending an additional 1% of the total investments in oil
and gas production, methane emissions from the upstream sector could be reduced
by 40% worldwide before 2020.

Gas production in Eastern Europe and Eurasia, including Russia and the Caspian region,
expands by more than 320 bcm in the New Policies Scenario, to reach almost 1.2 tcm by
2040. Russia accounts for 40% of this growth, as it speeds up the development of its large
gas resources in eastern Siberia and the Russian Far East to feed new supply commitments
to Asia-Pacific markets, notably the agreement for Gazprom to supply up to 38 bcm/year
to China by pipeline, starting from the latter part of this decade (see next section). Russian
production is not limited by resources or production capacity but by markets: domestic
demand is not projected to grow significantly, nor the demand of its traditional European
customers (although Europe’s import needs grow more quickly); so growth comes mainly
from accessing Asian markets by pipeline and LNG.

Within Russia, an important trend over recent years has been the declining share of Gazprom
in total production; from more than 85% in 2005, Gazprom’s production fell to less than
three-quarters by 2013. The main contributing factor has been increased competition on
the domestic market, with Novatek and the major Russian oil companies, led by Rosneft,
increasing their sales to the wholesale market and to major gas consumers, offering gas at
prices below Gazprom'’s regulated domestic sales price. In the future, competitive pressures
are set to extend in part to Russian export markets, where Gazprom'’s grip has been loosened
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by the decision to allow selected Russian companies to participate in LNG export projects.
Novatek is set to be the first to take advantage of this partial liberalisation, as it made the final
investment decision on its Yamal LNG project in late 2013. Rosneft may soon follow suit with
its participation alongside ExxonMobil in a new LNG export project from Sakhalin (although
the timing of both of these may well be pushed back by the US and EU sanctions imposed in
2014 that limit Russia’s access to long-term financing and to certain technologies). We project
Russian output to increase by 130 bcm over the period to 2040, reaching 790 bcm (Figure 4.8).
Adding together their announced plans, Gazprom, Novatek and Rosneft anticipate that their
production will grow by around 100 bcm already by 2020, implying continued political and
commercial competition between them for markets both at home and abroad.

Figure 4.8 = Change in natural gas production in selected countries in the
New Policies Scenario
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Gas production in Turkmenistan increases to 95 bcm by 2020 and then doubles in the
second-half of the Outlook to reach 190 bcm in 2040. Production in Turkmenistan, until
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well into the 2020s, is contingent on the implementation of upstream projects linked to
gas exports east to China, as neither Russia or Iran, Turkmenistan’s other current export
markets, are likely to increase purchases. A milestone in 2013 was the start of production
from the huge Galkynysh field, the world’s second-largest, which is expected to account
for a major share of output growth. To accommodate increased exports, a third eastward
export line is due for completion by the end of 2015, boosting total export capacity to
China to 55 bcm/year. Construction work on a fourth line, expected to follow a different
route via northern Afghanistan, Tajikistan and Kyrgyzstan (thus by-passing Uzbekistan), is
scheduled for completion later in the decade. Further long-term expansion of exports from
Turkmenistan depends on the opening of new export routes to the south and/or west;
proposals for pipelines to Pakistan and India, as well as a trans-Caspian gas link, remain on
the table, but both need to overcome serious political and commercial obstacles if they are
to be realised. Our projections are consistent with a route to South Asia being opened in
the 2020s.

On the other side of the Caspian, in Azerbaijan, the long-awaited final investment decision
on phase Il of the Shah Deniz development was taken in late 2013, a decision that will
prompt the expansion of pipeline links across Georgia, Turkey, Greece, Albania and Italy.
Together with cross-border links into Bulgaria, this will make the much-discussed southern
gas corridor a reality, with additional gas starting to arrive in European markets towards
2020. With enhanced access to Europe, Azerbaijan’s production is expected to reach
50 bcm by 2040, with further development of Shah Deniz, deep gas layers at the ACG
complex and other fields, such as Absheron, all contributing to the growth.

Africa has significant potential as a gas producer: the prospects for sub-Saharan producers
in West Africa and the promise of new supply from Mozambique and Tanzania in the
east are covered in detail in Part C. The main established producers in North Africa —
despite ample resources — are all facing substantial medium-term difficulties in attracting
investment in order to raise output. Algeria is seeking to double its natural gas production
over the next decade, from around 85 bcm in 2012, partly by boosting unconventional gas
production. The resource base could undoubtedly support higher output and this eventually
materialises in our projections, which reach 145 bcm by 2040, but there are significant
obstacles. Algerian gas production has been declining over the past seven years and new
investment will have to compensate for the decline of mature gas fields, such as Hassi
R’Mel, while Sonatrach needs to develop the many discoveries made over the past years.
In early 2014, the Algeria government invited companies to bid for oil and gas exploration
rights in its fourth competitive exploration round, a test of investor appetite following the
attack on the In Amenas plant in 2013 and the adoption of new, more attractive contract
terms. However, only 4 of the 31 blocks on offer (and none of the several blocks with
unconventional gas potential) were awarded.

Egyptian production fell back to 54 bcm in 2012 and political uncertainty has since
added to other structural problems facing the country’s gas market. Since late 2012, the
Damietta liquefaction plant, run by Union Fenosa, a Spanish company, has been idle, while
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BG’s Idku plant has been running at around one-third of its capacity. Low domestic gas
prices are the key issue, encouraging wasteful consumption of natural gas, notably in the
power and industrial sectors, and deterring investment decisions where the gas is to be
sold on the domestic market. The gas price reform announced in July 2014 as part of a
broader reduction in energy subsidies could unlock substantial production in the longer
term. There is strong potential in Egypt’s Nile Delta area, where BP and Eni have made
recent discoveries. In our projections, current uncertainties drive gas production lower,
to around 45 bcm by 2025, before it recovers to about 55 bcm by 2040. Current turmoil
likewise affects the outlook for Libya, but — if political conditions allow — a large resource
base underpins longer term production of around 35 bcm.

Offshore discoveries made in the eastern Mediterranean make this an area of rich promise
but, with the exception of Israel’s Tamar field (that is already supplying the Israeli domestic
market), the timelines and volumes of gas development remain quite uncertain. Energy has
the potential to act as a stimulus towards greater co-operation. However, regional politics
complicate the various options for pipeline and LNG development and are likely to result in
prolonged delays to project execution. We anticipate that most of the gas produced in the
eastern Mediterranean will be sent to markets within the region. Turkey and Egypt are the
largest regional consumers, although there are also smaller markets across the Middle East,
such as Jordan, that are looking to import gas. Egypt’s difficulties in supplying gas to its LNG
export facilities are opening up a ready-made outlet for eastern Mediterranean projects.

In Latin America, natural gas production almost doubles, to reach 330 bcm by 2040.
Most of the growth occurs after 2020, thanks mainly to shale gas supply in Argentina and
associated gas from offshore fields in Brazil. Argentina holds the second-largest shale gas
resources in the world, and the 2014 settlement with Repsol, following the expropriation
of its share in YPF, has played a part in restoring investor confidence. Drawing on tax and
pricing reforms, shale gas production from Argentina is projected to rise in the 2020s to
reach 65 bcm by 2040, more than half of total gas output. In Brazil, the prospects for
natural gas production are linked mainly to the development of offshore associated gas;
Brazil’s gas output expands to 30 bcm by 2020 and reaches 100 bcm in 2040.

Outlook for gas supply security

The 2014 conflict between Russia and Ukraine has once again brought into focus the
issue of the security of gas supply. As during any period of heightened risk, an immediate
concern has been whether the system has the resilience to cope with any interruption
to supply. This has two main aspects: an external dimension, related to the availability
of gas from alternative international sources (or from existing suppliers via different
routes); and a domestic one, related to the functioning of markets and the adequacy of
the infrastructure, including gas storage, to deliver this gas to the consumers that may
be affected by a disruption. The projections for supply, demand and trade in the World
Energy Outlook can shed light on how one of these dimensions — external supply — might
evolve over the coming decades. Which countries or regions remain, or become, heavily
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dependent on imported gas? To what extent can these importers rely on a diverse mix of
imported supplies, including pipelines and LNG, or might they be, in some cases, heavily
dependent on a single source? Will markets and contractual mechanisms for internationally
traded gas, particularly for LNG, evolve so that more gas is potentially available on a short-
term basis? And are there risks to the adequacy of investment in the gas value chain that
could call into question the reliability and affordability of longer-term supply?

Rising gas import needs

There are two large current destinations for internationally traded gas (Table 4.6). The
European market is by far the largest; despite the travails of the continent’s gas market in
recent years, OECD Europe nonetheless imported some 230 bcm of gas in 2012, mostly by
pipeline.* In the Asia-Pacific region, imports are dominated by Japan and Korea, whose
combined imports of 174 bcm in 2012 accounted for more than 50% of global LNG trade.
Imports to China are though rising rapidly, reaching 41 bcm in 2012, split between pipeline
deliveries and imports of LNG.

Looking at the evolution of these flows in recent years, in Europe since 2010 there has
been a trend towards proportionally greater reliance on pipeline supply from Russia,
i.e. higher dependence on a single external supplier, and lower supplies in the form of LNG
(Figure 4.9).%3 This is partly a function of adjustments to pricing mechanisms that made
Russian gas more competitive with other sources, as well as problems that have restricted
imports from North Africa. There has also been a greater diversity of routes bringing
Russian gas to Europe, i.e. both Russia and Europe as a whole became less dependent on
transit through Ukraine.

Over the same period, gas imports to Asia have increased substantially, because of
higher Japanese demand following the closure of its nuclear plants post-Fukushima
Daiichi, combined with the emergence of China as an LNG importer. These developments
underpinned a continued price premium in Asian markets that attracted most of the supply
available on a short-term basis. The rise in Asian LNG imports, alongside the reduction in
LNG import flows to Europe, could be seen as a sign that international LNG markets are
functioning well, responding flexibly to shifts in global consumption. But this is only partly
the case: the availability of “spare” gas in practice had a lot to do with sluggish European
gas demand and the collapse in North American LNG import needs: it was not necessarily
an indication of any broader flexibility in global LNG supply. The idea that LNG markets
already function as a significant gas security buffer should not be overstated.

12. This section discusses European imports primarily in terms of OECD Europe, rather than the European Union; the
countries covered in each category are defined in Annex C. Gas import data for the two differ in important ways, not
least because OECD Europe includes Norway, a significant gas exporter, and Turkey, a significant gas importer, both of
which are outside the European Union.

13. Europe had a large amount of under-utilised LNG import capacity in 2013, with actual LNG imports of 50 bcm,
compared with import regasification capacity of close to 200 bcm in 2013.
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Figure 4.9 = European natural gas imports by source
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Note: This figure is for imports for Europe as a whole (OECD and non-OECD) from external sources and so differs from
the net trade figures in Table 4.6.

The structure and pricing of internationally traded gas remains relatively rigid. In many
parts of the world, destination clauses and take-or-pay obligations limit the ability of either
buyer or seller to re-route cargoes, while oil indexation in long-term contracts, which
remains the prevalent pricing mechanism across the Asia-Pacific region and in many parts
of southern Europe, means that the prices of imported gas do not respond promptly to
shifts in the supply/demand balance for gas. The relatively low price elasticity of demand
in Japan and Korea (where there are few alternatives to imported gas and limited storage
capacity) similarly narrows the scope to free up gas for other parts of the world, if needed.
For the moment, there is also a concentration of market power on the supply side: Qatar
accounts for almost one-third of global LNG supply, a similar share to that of the next
four largest LNG exporters put together (Malaysia, Australia, Indonesia and Nigeria). The
current picture of relative lack of diversity plus structural rigidities indicates vulnerabilities.

The New Policies Scenario sees growing reliance on imports in major regions of the world:
OECD Europe’s gas imports reach 400 bcm by 2040, the combination of a slight growth in
demand together with declining indigenous production. Imports to Japan and Korea tail off
in volume terms (although dependence on imports remains close to 100%), but the more
dramatic shift takes place elsewhere in Asia, where rising gas use pushes imports to China
up to 235 bcm and to India up to 90 bcm by 2040. Moreover, increasing consumption within
Southeast Asia means that the net exportable surplus from this region (which includes two
major current LNG suppliers in Malaysia and Indonesia) disappears.'* Does this spell risks
for the global gas system in terms of the security and reliability of supply?

14. An example of the way that Southeast Asian production is increasingly directed to meet the region’s own needs was
the start of LNG deliveries in 2014 from Indonesia’s Tangguh field in West Papua to Indonesian domestic customers in
Sumatra and West Java.
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Table 4.6 = Natural gas net trade by region in the New Policies Scenario

Imports (bcm) Imports as a share of demand
Net importing regions -
2025 2012 2025 2040
OECD Europe -229 -324 -400 45% 58% 66%
China -40 -171 -234 27% 44% 39%
Japan & Korea -174 -151 -154 98% 99% 99%
India -18 -44 -91 31% 41% 45%
Other Asia -10 -20 -65 12% 20% 40%
Other Europe -70 -57 -52 67% 52% 41%
Southeast Asia?® 58 42 -8 n.a n.a 3%
European Union -304 -386 -453 64% 75% 81%
Exports (bcm) Exports as a share of production
Net exporting regions -
2025 2012 2025 2040
Russia 187 210 285 28% 31% 36%
Middle East 125 128 208 24% 19% 23%
Caspian 64 104 159 35% 41% 47%
Australia 20 106 114 34% 68% 68%
Sub-Saharan Africa 31 65 95 54% 54% 43%
North Africa 61 45 81 39% 27% 34%
North America -12 62 77 n.a 6% 6%
Latin America 16 20 24 9% 9% 7%

Notes: Positive numbers denote exports; negative numbers imports. The table shows inter-regional trade, i.e. trade
between the countries and regions given in this table. Trade within a region shown here is not included (so, for example,
trade between the United States, Canada and Mexico, or between Latin American countries is not counted as part of
inter-regional trade). Trade is ranked by volumes in 2040.

A growing cast of gas suppliers

Considering how growing gas needs are to be met, a first, broad issue is the extent of
future concentration in global gas supply, i.e. the degree to which global supply relies on
a small number of producers. The trends on this point are generally positive and quite
distinct from those in the oil sector (Figure 4.10). The share of the top-five global gas
producers in global supply drops below 50% by the end of the period to 2040 (a period over
which total gas production rises substantially) and there is also a tendency towards a less
skewed distribution of production among them, whereas, on the oil side, there are signs of
increasing reliance on a smaller number of producers, the share of the top-five producers
in total output rises from 44% to about 50%.

15. Southeast Asia refers to the countries of ASEAN: Brunei Darussalam, Cambodia, Indonesia, Lao PDR, Malaysia,
Myanmar, Philippines, Singapore, Thailand and Vietnam.
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Figure 4.10 > Share of top-five producers of oil and gas in total production in
the New Policies Scenario
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But a more pertinent consideration, particular in the case of gas, is diversity of sources of
internationally traded gas, i.e. the number of exporters (or even the number of liquefaction
sites).'® Because of its low energy density compared with other fossil fuels, gas is expensive
and difficult to transport. As a result, the majority of gas is consumed within its region of
origin. At present, only around 20% of the gas consumed globally is traded between the
regions shown in Table 4.6. This share increases very slightly over the projection period,
reaching 21% by 2040. But, within this share of internationally traded gas, there is a more
significant shift, away from gas traded by pipeline and towards gas traded by LNG. By 2040,
almost half of inter-regional trade in gas is in the form of LNG (Figure 4.11).

Figure 4.11 = Inter-regional natural gas trade by pipeline and LNG in the
New Policies Scenario

1200 B Trade by LNG
B Trade by pipeline

bcm

1000

800

600

400

200

2012 2020 2025 2030 2035 2040

16. The number of liquefaction sites operating worldwide (each of which can contain multiple projects or trains) has
doubled since 2000, reaching 26 in 2013. In the New Policies Scenario, the anticipated number of sites increases to more
than 70 by 2040.
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Inter-regional trade by pipeline is largely a Eurasian phenomenon. Considering the huge
resource base in Turkmenistan and inland Siberia, there are simply no other viable options
to move resources from the centre of the Eurasian landmass to the large consuming
markets. Over the projection period, we anticipate that pipeline capacities are strengthened
from the Caspian Sea and Middle East to Southeast and Southern European markets, and
from Turkmenistan to China, and that new infrastructure is put in place to bring gas from
Russia to China as a result of the agreement reached in 2014 and, eventually (and more
speculatively), from Turkmenistan southwards towards the expanding markets of South
Asia. Between them, Russia and the Caspian exporters account for almost 70% of inter-
regional pipeline gas trade in 2040.

A much greater degree of flexibility comes from international supplies of LNG, where
there is a much more visible shift in the cast of suppliers (Figure 4.12). Some existing LNG
exporters fade from prominence, in Southeast Asia but also in Africa (Egypt) and in the
Middle East (Abu Dhabi, Oman, Yemen); but this is more than compensated by the range
of major new exporters arriving on the scene or strengthening their existing presence. The
first of these is Australia, which steps up exports over the course of this decade and, by
early 2020s, is expected to export more than 100 bcm to international markets, up from
30 bcm exported in 2012. Australia is joined by North America from 2016.

Figure 4.12 > Inter-regional LNG exports by source in the
New Policies Scenario
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* Other includes OECD Europe and Other Developing Asia; anticipated exports from this region are less than 1% of the
total in both 2012 and 2040.

The initial North American export projects are concentrated in the US Gulf of Mexico,
but into the 2020s they are joined by western Canada, taking advantage of its relative
proximity to Asian markets. Total LNG exports from North America rise to 60 bcm by
2025, reach a peak above 80 bcm in 2035 and then slightly decline in the last part of the
projection period. The outlook for LNG exports from the United States is somewhat tighter
than in WEO-2013, as US policy and domestic wholesale prices push larger volumes of gas
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into domestic power generation and other end-use sectors, while the extension of our
Outlook to 2040 also brings into view a flattening of domestic gas production (based on our
current estimates of recoverable resources and assumptions about the pace of technology
learning, discussed above) as well as a continued rise in US wholesale gas prices, which
reach S8/MBtu by 2040."

There is also the prospect of an expansion in Russian LNG supply from the Yamal peninsula
and from the Pacific coast, as well as the emergence of East Africa as a major global LNG
player, based on the huge discoveries offshore Mozambique and Tanzania (see Part C).
Judging by the announcements from project developers, the start-up of many of these LNG
export projects is planned for around the end of this decade and into the early 2020s — a
period during which new pipeline supply from Russia to China is also scheduled to begin. In
practice, this means that some projects will be pushed back into a later period, as they will
not find the critical mass of committed buyers necessary to justify an early final investment
decision.

This more diverse picture, and the emergence of new business models for gas supply that
comes with it, will entail changes in the nature and allocation of risks along the gas value
chain. One aspect is that three of the enlarged cast of suppliers are OECD countries, a
consideration that may shift, in some cases, the perception of risks associated with reliance
on imported gas. Another, more fundamental change is in the way that gas is set to be
traded internationally, a transformation that is being led by LNG. In the past, LNG trade was
typically structured in a way that emulated point-to-point pipeline projects, as part of an
integrated project linking development of a specific resource to its use by a defined set of
buyers (who would often in turn have monopolistic franchise areas). Over time, the system
of international trade is set to become more open, with more of the characteristics of a
standard commodity market.

One catalyst for this is the process of market liberalisation, entailing the removal of
restrictions on trade, such as clauses limiting the re-sale of the gas. In Europe, against
a backdrop of growing competition and uncertainty over long-term market share, many
buyers have preferred more flexible contracts, often with shorter time horizons. A related
shift, notably in northern Europe, has been towards prices set by the interplay of gas supply
and demand, rather than prices indexed exclusively to oil or oil products. On the supply
side, a small but growing share of international trade is taken by LNG marketers (often
called aggregators), that sell gas from a global portfolio and look for arbitrage opportunities
between the various regional import prices. Over the projection period, we anticipate a
continued trend towards hub-based pricing and shorter term or spot sales in Europe. In
the Asia-Pacific region, contracting structures are also expected to become less rigid, albeit
at a slower pace, including greater availability of LNG with shorter contract terms and
diminishing reliance on oil indexation.

17. The relatively low numbers, compared to the volumes from proposed projects, is linked to the level of global demand
in the New Policies Scenario and the competition from other exporters (Australia, East Africa, Russia and others). In
the Current Policies Scenario, with its higher global demand, LNG exports from North America reach 160 bcm in 2040.
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The move towards a more interconnected and flexible global gas market does not mean the
end of long-term contracting, which remains an important way to improve the bankability
of new, capital-intensive gas infrastructure projects by guarding against the risk of their
under-utilisation (this long-term contracting can either be of the gas itself, as per the
traditional model of risk reduction, or of access to liquefaction capacity, as in the United
States). However, at the margin, it means that buyers and sellers are able to react more
readily to short-term circumstances. Buyers limit the risk of having to pay, under take-or-
pay provisions, for unwanted volumes, although face the possibility that prices may be high
if and when they need additional gas.!® Sellers tend to have fewer guaranteed clients for all
of their gas, but have the opportunity to seek the highest bidder and the most favourable
price for some portion of their sales.

A fundamental question for gas security is whether more competitive markets, including
those in which prices are set by gas-to-gas competition, can provide sufficient security
for new large-scale investments in the upstream and in gas transportation infrastructure.
Evidence from North America and liberalised parts of the European market suggests that
they can, and this message has been reinforced by the decision, taken in late 2013, to
proceed with Azerbaijan’s multi-billion dollar Shah Deniz project (which triggered, in
turn, plans to expand infrastructure along the route to Italy). The Shah Deniz project is
underpinned by multiple long-term contracts with different offtakers, with prices tied to
European hubs, mainly the TTF in the Netherlands.

A more challenging environment arises in the Asia-Pacific region, where delivered costs
for gas have been higher but buyers are determinedly seeking lower purchase prices.
The credibility of the traditional JCC pricing mechanism underpinning long-term import
contracts (linked to the average price of crude oil imports to Japan, or Japan Crude
Cocktail) is being called in question by the unwillingness of buyers to commit on this basis,
even though there are, for the moment, no obvious alternative reference prices that would
reflect supply and demand for gas in the region.? Until there is greater certainty about the
direction and speed of this commercial transition, there is a risk that both buyers and sellers
will adopt a “wait-and-see” approach. US export projects, priced off the US wholesale gas
price, are largely insulated from this debate (Box 4.4). But the uncertainty moderates our
expectation of the timing of new LNG liquefaction projects and could even contribute to a
tightening of LNG markets in the medium term.

18. One way for buyers to balance out these risks is to take equity positions in upstream projects, an increasingly
common aspect of the modern gas business.

19. Incorporating partial or full indexation to Henry Hub is a possibility, but North American indices by definition reflect
their own market dynamics. As mentioned below, China is a prime candidate to take on a role as a price-setter in the
region, but there is, for the moment, no suitable Chinese benchmark price.
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Box 4.4 > i tolls for thee: implications of the US LNG business model

LNG export projects in the United States have a distinctive business model, which has
potentially significant implications for the operation of global LNG markets. Instead
of the standard approach of concluding supply contracts with various purchasers,
those investing in the LNG plant seek long-term take-or-pay commitments for the use
of the plant’s liquefaction capacity. These are known as tolling arrangements. Gas
is not sourced from a specific upstream project, but is bought on the US wholesale
market. Once the contracts are in place for use of the liquefaction capacity, there are
no restrictions on the marketing of the LNG, the owners of which are free to seek
the most favourable international destination and price. The risks and rewards for the
owner of the liquefaction plant are largely set: they receive no share in any extra profit
if there is a large margin between US wholesale prices and prices in the destination
markets; their downside risk exposure is likewise limited.

The key risk for the offtakers arise if the price premium for sale into the non-US markets
narrows to the extent that it no longer covers the liquefaction (tolling) fee and the
costs of transportation. There might even come a point where the offtakers choose
to pay the tolling fee without actually taking delivery of any LNG (or, alternatively,
that they sell any contracted gas back on the North American market), rather than
continuing to export at a higher loss. This responsiveness to fluctuations in different
regional prices makes the business model fundamentally different from that of the
standard integrated project, where costs are locked in to a much larger degree and
there is always an incentive to keep export flows going.

Implications for the main importing regions

Gas imports into Europe (figures below are for OECD Europe) are set to become somewhat
more diverse over the projection period (Figure 4.13). After a contraction in the medium
term, there is a recovery in the volumes anticipated to come from North African suppliers.
The southern gas corridor permits both the Caspian and the Middle East to become
significant exporters to OECD Europe by pipeline. The share of LNG in total European
imports is expected to rise from 27% in 2013 to 32% in 2025 and then fall back to around
30% by 2040, coming from a reasonably diverse range of sources. Regasification capacity
is already at a level that could accommodate this level of LNG imports. The security of
European gas supply is likely to be improved over this period by the construction of new
interconnections (including provisions for reverse flows) that facilitate cross-border trade
across an increasingly integrated market.

Our projections do not anticipate large-scale delivery of gas from North America to
European markets, as the netbacks for these flows are not as attractive as those on offer
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from Asian importing markets.?° Export volumes from Russia rise in absolute terms, but
Russia’s share in supply to OECD Europe declines to around 40% in 2040, from above 50%
in 2012. Over the same period, Russian reliance on revenues from export to Europe also
falls back, as deliveries to China and other Asian markets grow. We estimate that OECD
Europe accounted for some 90% of total Russian gas export revenue in 2012; by 2040
this figure falls to 60%.>* Nonetheless, at the projected levels of European imports from
all sources (400 bcm in 2040), Russia could still (if it so chooses) out-compete on price
most other sources of gas supply to Europe, giving it market power over large parts of
the continent, even if Europe succeeded in creating a completely well-functioning and
interconnected gas market.?

Figure 4.13 = Natural gas imporits by source to OECD Europe in the
New Policies Scenario
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The Asia-Pacific market becomes the main destination for internationally traded gas over
the period to 2040. The main existing importers, Japan and Korea, are joined by two
emerging gas-consuming powers, China and India, and a host of other smaller consumers
(Figure 4.14). As net exports from Southeast Asia tail off, so Asian importers rely even
more, in the aggregate, on more distant supplies, as well as focusing — wherever possible —
on developing indigenous gas output. But, despite the large increase in import needs,

20. A note of caution for those expecting large volumes of US export to arrive in Europe (once the projects start
operating from 2015) was struck in the early months of 2014, when lower-than-expected demand for LNG in Europe
and in some of the main Asia-Pacific markets pushed the price in Europe well below the level required to make US LNG
exports to Europe economic.

21. In 2013, revenue from gas export accounted for around 15% of Russia’s total export sales; exports of crude oil and
oil products provide a much larger share of export revenue, more than half of the total.

22. Some of the structural changes in the European market have the potential to enhance Russia’s influence: prices set
by gas-to-gas competition have benefits in terms of efficiency and transparency, but they also open up the possibility of
Russian strategic behaviour on pricing (an option that is not open with oil-indexed deliveries).
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the overall outlook in terms of diversity of supply is relatively reassuring, in part through
the possibility of new pipeline links across Eurasia, but more pertinently from the array of
potential LNG suppliers from different regions.

Figure 4.14 = Gas imports by source to selected Asian markets in the
New Policies Scenario
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China becomes the cornerstone of Asian gas markets, not only because of the volume
of its consumption but also due to the diversity of its pipeline and LNG supply, as well as
its potential for sizeable domestic production. The gas agreement reached with Russia in
2014 (Box 4.5) confirmed that China appears to have a range of import options around the
$10-13/MBtu range. This opens up the possibility — if regulation and physical infrastructure
are in place — for domestic gas trading and transparent wholesale pricing, with the potential
to set a new gas pricing benchmark for the broader region. With the rise of China and other
emerging gas importers, the nature of Asia-Pacific import demand also has the potential to
change over time, becoming more market and price-responsive than at present (assuming
that contracting and pricing structures for LNG become less rigid). China’s large stock of
coal-fired power plants gives it greater scope, compared with Japan or Korea, to switch
away from gas, and it also has an expanding upstream sector of its own. This makes it more
probable that signals from a more integrated global gas market would elicit some kind of
market response, whether on the demand side or on the supply side.

Grounds for confidence in the adequacy and reliability of future gas supply do come with
some important qualifications. The various infrastructure and regulatory barriers that
hinder the efficient allocation of gas supplies across regions will not disappear overnight.
And, even if existing traded volumes can be re-directed efficiently in response to short-
term market signals, the extent and speed with which prices would then drive a broader
adjustment in supply and demand in the various regions is open to question. On the
supply side, the high cost of putting gas infrastructure in place means that there are few
commercial incentives to build slack into the system. Under-utilised liquefaction facilities
and pipelines increase the resilience of a gas supply system and bring benefits in terms
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of security of supply, but they are anathema to investors (which is precisely why such
infrastructure tends to be built only with long-term contractual guarantees underpinning
its use). So the expectation that a significant shortfall in a gas-importing region can quickly
or economically be compensated for by calling upon additional international supply may
be misplaced. On the demand side, it cannot be taken for granted that fuel switching
capability away from gas will increase over time; the opposite may well be the case in some
markets, notably in the OECD, as coal plants (the main source of substitution capability
today) are decommissioned.

Box 4.5 = What are the implications of the Russia-China gas agreement?

China and Russia have been negotiating a gas pipeline deal for more than ten years and
an agreement, including the long-standing missing link on price, was finally reached
in May 2014.?* It envisages that, once upstream and transportation infrastructure is in
place, pipeline deliveries will start towards the end of the current decade and rise to
38 bcm/year by the mid-2020s. The project is a hugely expensive undertaking, with
estimated capital costs in excess of $70 billion. The main sources of gas supply are
anticipated to be the Chayanda and Kovytka fields, both situated in very remote parts
of eastern Siberia. The new “Power of Siberia” pipeline to China would run along the
ESPO oil pipeline for part of its 4 000 km route; It nonetheless traverses some very
challenging terrain. Price provisions have not been reported, but are believed to be for
a delivered price of around $10/MBtu at the Chinese border.

The Russia-China gas agreement adds to the competition facing exporters to the Asia-
Pacific market, affecting the prospects and timing of some of the more marginal gas export
projects looking to supply the same market in the early to mid-2020s (and, potentially,
beyond if a mooted follow-on deal is concluded for additional volumes; we project that
pipeline supply from Russia to China expands to reach 55 bcm by 2040). Some European
commentary has viewed this development as a zero-sum game, in which gas exported
to Asia is not available to Europe: this is misleading. The opening of this new conduit for
gas trade is encouraging not just for China but also for other gas-importing countries.
The huge distances involved mean that there is no possibility of eastern Siberian gas
being developed with the European market in mind: it will either be developed for Asia
or remain in the ground. There is some competition for investment capital within Russia,
particularly while US and EU sanctions remain in place. But Russia has, for the moment,
ample production capacity to serve its westward export routes. And in a world where
markets are increasingly inter-linked, any investment in gas supply — wherever it takes
place, and particularly if the gas ends up on internationally traded markets — should be
welcome news for importing countries.

23. In practice, one of the very few current global supply routes with significant current redundancy in both gas
production and transport capacity is that from Russia to Europe.

24. Alongside the pipeline deal, CNPC and Novatek signed a 4.1 bcm per year 20-year contract for LNG supply.
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Nonetheless, the greater diversity and flexibility of gas trade flows, particularly of LNG, do
represent important gains for gas security in this evolving landscape. There are reasons
to believe that key gas-consuming markets will become generally more sensitive to shifts
in regional prices (that, in turn, are increasingly likely to be driven by the dynamics of
gas-to-gas competition rather than the price of oil). On the supply side, there is likewise a
picture of greater choice; not so much from the expansion of pipelines, which are by their
nature inflexible, but rather from a diverse range of LNG suppliers increasingly looking
for opportunities for arbitrage, rather than relying solely on fixed-term relationships with
a defined group of customers. There will be bumps along the road, but a more diverse,
flexible and more integrated system of international gas trade is set to provide a more
reliable mechanism for the world to respond to shortfalls or disruptions to supply.
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Chapter 5

Coal market outlook
India the leaping tiger, China a pausing dragon?

Highlights

® |n the decade to 2013, coal demand grew by over 50%, meeting almost half of the
increase in the world’s total primary energy needs. China was the principal source of
the surge in coal demand; OECD coal demand dropped by 8%. Today, coal demand is
approaching that of oil, while back in 2003 demand for oil was 45% higher. In the New
Policies Scenario, at 24% of the global energy mix in 2040, coal remains just ahead of
natural gas and behind oil. Renewables (including hydro) overtake coal around 2035 as
the leading source of electricity generation: coal’s share shrinks from 41% today to 31%.

® Global coal demand in the New Policies Scenario grows on average by 0.5% per year
between 2012 and 2040. This compares with growth of 2.5% per year over the past
30 years. Almost two-thirds of the projected increase in world coal demand occurs
in the next ten years. Coal demand to 2040 is projected to decline in all major OECD
regions, including the United States, where coal use for power plunges by more than
a third between 2012 and 2040. China’s coal demand growth also slows sharply,
peaking around 2030. India, where demand continues to rise briskly, overtakes the
United States as the world’s second-biggest coal consumer before 2020.

® Inabsolute terms, global coal trade grows by 40% to 2040; from 18% today to 23% of
global coal demand, driven by strong Asian demand. China surpassed the EU as the
world’s largest net coal importer in 2012 and it maintains this status over the current
decade. By 2025, when imports level off, China is overtaken by India, where imports
triple to 430 Mtce by 2040. Australia and Indonesia account for 70% of the global
increase in coal trade.

® China, India, Indonesia and Australia alone account for over 70% of global coal
output by 2040, underscoring Asia’s importance in global coal trade and pricing. Coal
prices have fallen by one-third from their 2008-2010 peaks, dropping to $86/tonne
in 2013. Low coal prices, caused by overcapacity, have put pressure on coal mine
owners worldwide to cut costs and close high-cost capacity. Coal prices in real terms
are projected to recover to over $100/tonne in 2020, but will still be lower than
international gas prices, on an energy-equivalent basis, especially in the key Asian
power sector. Prices increase further to over $110/tonne in 2040 as trade increases
and supply becomes more costly.

® In the absence of rapid and widespread adoption of high-efficiency coal-fired
generation technologies and, in the longer term, of CCS, the increased use of coal will
be incompatible with climate goals. Since deployment of CCS remains slow, in part due
to high costs, continued policy support is needed. New high-efficiency coal-fired plants,
with scope for later CCS retrofit, can form part of a shrewd asset management strategy.
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Overview

Coal’s share in the global primary fuel mix has increased by five percentage points over the
past decade to reach 29% in 2013, reinforcing its role as the second most important fuel
behind oil.? Today, coal demand is approaching that of oil, while back in 2003 the difference
was 45%. China’s economic and industrial development has been the driving force behind
this surge in global coal use (Box 5.2). In contrast, coal demand in the OECD has been
falling: in 2013, it was 8% lower than in 2003 as a result of several factors, including the
global financial crisis, the surge of unconventional gas production in the United States and
energy policies promoting energy efficiency and the decarbonisation of the power sector.

As the most carbon-intensive fossil fuel, coal is the leading source of carbon-dioxide
(CO,) emissions, as well as a major contributor to local air pollution. These problems are
aggravated where coal is consumed in inefficient power plants and industrial plants that
lack pollution control systems. But coal has positive attributes that translate to important
advantages for industrial competitiveness and affordability: it is an abundant, low-cost and
secure energy resource. The interplay of market signals, energy and climate policies, and
the development and deployment of low-carbon technology will determine the future role
of coal in the global energy system. Energy-related developments in non-OECD countries
will weigh most heavily on the outlook for coal, as these countries already account for
three-quarters of global demand.

In the New Policies Scenario, the central scenario in this World Energy Outlook (WEOQ),
global primary coal demand grows on average by 0.5% per year between 2012 and 2040,
reaching over 6 350 million tonnes of coal equivalent (Mtce).? This growth rate compares
with average annual growth of 2.5% over the past 30 years. The significantly slower pace
of growth in demand reflects the impact of government measures already adopted or
announced to improve energy efficiency, support low-carbon fuels and, in some cases, put
a price on CO, emissions (see Chapter 1).> AlImost two-thirds of the projected increase
in coal demand occurs in the next ten years, with the pace of growth slowing thereafter,
in large part because Chinese coal demand peaks by around 2030. China, together with
other developing Asian economies, accounts for nearly all the growth in coal demand in
non-OECD countries, while coal demand in the OECD is more than one-third lower by 2040,
as decarbonisation policies in the United States, Europe, Korea and Japan take effect. At
24% of the global energy mix in 2040, coal remains just ahead of natural gas and behind oil
(Figure 5.1). Renewables including hydro, overtake coal around 2035 as the leading source

1. For 2013, preliminary data for aggregate coal demand, production and trade by country are available; while the
sectoral breakdown for coal demand is estimated (complete data are available to 2012).

2. Atonne of coal equivalent equals 7 million kilocalories (kcal) or 0.7 tonnes of oil equivalent.

3. Despite these policy measures, global energy-related CO, emissions still rise in the New Policies Scenario by 20%
to 2040, leaving the world on a trajectory consistent with a long-term average temperature increase of 3.6 °C (see
Chapter 2).
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of electricity generation worldwide, with coal’s share of that market shrinking from 41% in
2012 to 31% by 2040 (although coal-fired power still grows by a third in absolute terms).
Global coal trade grows by 40% over the period 2012-2040 — a bigger increase than the
15% increase in coal demand, as many Asian countries require higher imports to cover
mounting domestic demand (Table 5.1). By 2040, 40% of global coking coal production
and 21% of steam coal production is traded internationally, compared with 30% and 17%
respectively in 2012.

Figure 5.1 = Share of world energy demand and electricity generation
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The outlook for coal is very different in the other two scenarios. In the Current Policies
Scenario, which measures where we are going if governments implement no additional
policies beyond those already formally enacted as of mid-2014, world coal demand grows
on average at 1.5% per year over 2012-2040, three times faster than in the New Policies
Scenario, with coal overtaking oil as the world’s leading fuel by around 2025. With a
share of 40%, a level similar to today, coal remains the leading source of global electricity
generation in 2040. Virtually all of the growth in coal demand is in non-OECD countries, coal
use in the OECD remaining essentially flat over the projection period. Relative to growth in
demand for coking coal in the New Policies Scenario, the increase in steam coal demand
by 2040 in the Current Policies Scenario is stronger, since fuel switching and substitution
is more readily available in the power generation sector compared with the iron and steel
industry. Inter-regional coal trade nearly doubles to over 1 850 Mtce by 2040, representing
22% of global coal production.

The outlook for coal use is weak in the 450 Scenario, which assumes that policies are
adopted to set the energy system on track to have a 50% chance of keeping the long-term
increase in average global temperature to 2 °C. Global coal demand is one-third lower in
2040 relative to 2012, returning to the level of use in the early 2000s. Demand peaks in the
current decade and then falls rapidly. 45% of the reduction relative to today’s level occurs in
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OECD countries. The share of coal in the global fuel mix and in electricity generation declines
by 12 and 27 percentage points respectively over the projection period, reaching 17% and
13% by 2040. Demand for, and trade in, steam coal, 70% of which is consumed in the power
sector today, is the coal type most affected by policies to promote decarbonisation of the
energy system (see Annex B). Global steam coal trade effectively halves by 2040, while
coking coal trade sees only an 8% decline, relative to 2012 levels, since there are fewer
alternatives to this type of coal in industrial applications.

Table 5.1 = Coal demand, production and trade by scenario (Mtce)

New Policies  Current Policies 450 Scenario

2020 2040 2020 2040 2020 2040

Demand 1543 1457 1378 931 1475 1486 1224 608
OECD
Production 1533 1361 1344 1172 1458 1697 1195 696
Demand 1643 4084 4637 5424 4892 6885 4376 3092
Non-OECD
Production 1661 4306 4671 5182 4909 6674 4405 3004
Demand 3186 5541 6015 6354 6367 8371 5600 3700
Steam coal 2244 4347 4757 5280 5076 7098 4413 2907
Coking coal 542 885 950 850 979 965 924 705
Lignite 400 309 309 225 312 308 263 88
World
Production 3194 5667 6015 6354 6367 8371 5600 3700
Inter-regional trade* 309 1022 1187 1432 1279 1856 1062 594
Steam coal 162 759 899 1101 966 1472 792 354
Coking coal 186 268 296 336 321 390 279 247

* 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.

The extent to which carbon capture and storage (CCS) technology is deployed varies
enormously across the three scenarios. In the Current Policies Scenario, CCS makes only
limited in-roads by 2040, with nearly 40 gigawatts (GW) of coal-fired power generation
capacity equipped with CCS, as the supportive government policies needed to drive its
deployment are notably absent. In the New Policies Scenario, about 70 GW of coal-fired
power generation — accounting for about 3% of total coal-fired power — is equipped with
CCS by the end of the projection period. China and the United States, which have a lot of
coal-fired plants and good access to CO, storage, account for over 60% of these installations.
Unsurprisingly, it is in the 450 Scenario that CCS plays the largest role in reducing emissions
from coal-fired generation. In this scenario, around 80 GW of CCS equipped coal and gas
capacity is projected to be operating by 2025, with a massive expansion then occurring
between 2030 and 2040. By 2040, globally, 580 GW of coal-fired power generation is
equipped with the technology — 40% of total coal-fired capacity, and this accounts for 80%
of coal-fired electricity generation (compared with just 4% in the New Policies Scenario). In
addition, 22% of gas-fired generation comes from plants fitted with CCS.

174 World Energy Outlook 2014 | Global Energy Trends



© OECD/IEA, 2014

The current rate of CCS demonstration and deployment needs to be stepped up sharply
if these projections are to be realised. At the same time, understanding of the role for
CCS in achieving climate goals — and the implications of its absence — is increasing. As an
illustration of the importance of CCS, in the 450 scenario, if CCS were not to be available
and the emission savings that are attributed to CCS had to be met by increased wind power,
wind generation would need to increase twenty-fold between 2012 and 2040, compared
with ten-fold if CCS were available.

To achieve high rates of CCS deployment in the power sector, more than 60% of power
plants would need to be retrofitted. Given the large energy losses involved in using CCS,
higher efficiency plants are likely to be retrofitted in preference to lower efficiency plants
(Box 5.1). This is another reason for building only coal plants of the highest possible
efficiency in the next decade or two (notably in non-OECD countries, where most new
builds are to be found). To do so will be to keep open the option of CCS retrofits later
in the projection period if the evidence justifying this becomes compelling (Spotlight). It
also highlights the importance of careful design of fossil-fuelled plants to facilitate the
future use of CCS and of taking this consideration into account in decisions on plant siting.
Providing today for possible later installation of CCS is an important asset management
strategy, not just for the coal mining sector, but also for those using coal-fired equipment,
notably power generators.

Box 5.1 = First steps in using CCS technology with coal

CO, emissions from coal-fired power plants can be reduced through the use of a
group of technologies known as carbon capture and storage. The first step in CCS
is the capture of CO,, which can be achieved by separating out the gas from the
fuel or flue gas or by altering the operation of the boiler so that combustion takes
place in pure oxygen rather than air. The captured CO, must then be transported
to a suitable storage site, where it is injected and the site monitored to ensure
that the gas does not escape into the atmosphere. While pipeline transport of CO,
(and similar fluids) is already widely practised, particularly in the United States,
identification and development of storage sites can be costly and time consuming.
Installation of CO, capture technologies is expected to increase the capital cost
of a coal-fired power plant by around 45% for pre-combustion capture from an
integrated gasification combined-cycle (IGCC) plant and 75% for post- and oxy-
combustion capture from a conventional pulverised coal plant. In addition to
increasing the capital cost, capture systems need heat to regenerate solvents and
electricity for operation of pumps and compressors. These additional energy use
requirements are expected to reduce the efficiency of the plant by 15-20%, and
may also result in increased water consumption. Costs for CO, storage depend on
the geology of the storage site and, thus, are highly variable: they are expected
to be in the order of a few dollars per tonne of CO,. The netresultis an increase in the
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levelised cost of electricity* of 40-75%. The costs of building and operating the handful
of demonstration plants that have so far been built have been relatively high, but costs
are expected to fall through learning-by-doing and technological innovation. Even with
these reductions, the effect of CCS on the cost of the ultimate product is clearly a
formidable barrier to its widespread adoption.

The first commercial-scale coal-fired power plant with CO, capture was commissioned
in October 2014 in Saskatchewan in Canada. The Saskpower Boundary Dam project
involves the addition of post-combustion capture to an existing pulverised coal unit
generating 110 megawatts (MW). The captured CO, is to be sold to the operator of
nearby oilfields to be used for enhanced oil recovery (EOR), a technique that involves
injecting the gas to increase pressure in an oilfield, raising oil output while utilising
and storing the gas. The total capital cost of the project is approximately $1.3 billion,
of which about two-thirds can be attributed to the capture and storage system and
the remainder to refurbishment of the 45 year-old unit. A second plant is expected
to begin operation in the state of Mississippi in the United States in early-2015. The
Mississippi Power Kemper County Plant is a new 582 MW IGCC unit. This plant will
demonstrate a new gasification technology developed specifically for low-grade coal,
with pre-combustion capture of 65% of the produced CO,. The developers envisage that
emissions will be comparable to those from an equivalent gas-fired combined-cycle gas
turbine (CCGT) plant. As with the Boundary Dam plant, the captured CO, will be sold
for use in EOR. The estimated capital cost of the plant has nearly doubled since the
start of construction, reaching $4.7 billion; it is due to be commissioned in early-2015.
The successful operation of these two CCS-equipped power plants will be an important
step in building confidence in the use of CCS for power generation (and in industry) and
accelerating CCS deployment. These projects are generating important lessons that are
expected to allow future plants to be developed at lower, albeit still substantial, cost.

Demand
Regional trends

In the New Policies Scenario, OECD coal demand is projected to fall substantially, pushing
down the OECD’s share in the global coal market from around one-quarter in 2012 to less
than 15% by 2040 (Table 5.2). More than four-fifths of the decline occurs after 2020 as
use of renewables, nuclear and natural gas for power expands, resulting in a 40% drop in
the use of coal in the OECD power generation fuel mix (a sector that today accounts for
four-fifths of OECD coal demand). By 2040 only 16% of OECD electricity generation comes
from coal, compared with almost a third today. The United States remains the largest
coal user in the OECD, despite a post 2020 decline in demand resulting from the assumed

4. 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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imposition of standards requiring limits on CO, emission from both new and existing coal-
fired power plants (see Chapter 2). Within the OECD, Europe sees the largest absolute drop
in coal use, with demand nearly halving over the projection period in response to policy
measures related to renewables, energy efficiency and CO, emissions. Korea and Japan also
see a significant decline in coal use by 2040, in response to policy support for renewables
and nuclear power aimed at improving their energy security and meeting climate goals.

Table 5.2 = Coal demand by region in the New Policies Scenario (Mfce)

1990 2012 2020 2025 2030 2035 2040 2002208
Delta CAAGR*
OECD 1543 1457 1378 1264 1105 992 931 - 526 -1.6%
Americas 701 656 647 588 505 468 450 - 206 -1.3%
United States 658 607 591 534 458 427 411 -196 -1.4%
Europe 645 462 404 362 306 253 234 -228 -2.4%
Asia Oceania 198 340 327 314 294 271 247 -93 -1.1%
Japan 109 160 153 147 142 130 120 -41 -1.0%
Non-OECD 1643 4084 4637 4869 5098 5283 5424 1340 1.0%
E. Europe/Eurasia 525 355 332 336 341 346 345 -10 -0.1%
Russia 273 191 167 169 171 168 162 -28 -0.6%
Asia 991 3543 4090 4293 4494 4651 4767 1224 1.1%
China 762 2824 3134 3174 3191 3149 3033 209 0.3%
India 148 506 647 748 863 975 1092 586 2.8%
Southeast Asia 18 127 210 258 310 381 474 347 4.8%
Middle East 1 4 6 6 7 7 7 3 1.8%
Africa 106 150 167 184 197 214 235 84 1.6%
South Africa 95 139 142 146 146 145 145 6 0.2%
Latin America 21 31 43 51 59 65 70 39 2.9%
Brazil 14 22 30 33 36 40 42 20 2.4%
World 3186 5541 6015 6133 6203 6275 6354 813 0.5%
European Union 651 420 356 312 257 206 187 -233 -2.9%

* Compound average annual growth rate.

Non-OECD coal use grows by one-third to 2040, as a result of robust economic and
electricity demand growth in Asian economies; but the relative importance of the leading
consuming countries changes markedly over the course of the projection period. China
remains the leading source of coal demand growth in the current decade, but growth slows
sharply thereafter, as policy action to limit the share of coal in the domestic energy mix
takes effect. China’s coal demand peaks by around 2030, at which stage India becomes the
largest source of incremental non-OECD coal demand through to the end of the projection
period. India becomes the world’s second-largest consumer of coal during the current
decade, overtaking the United States.

Inthe Southeast Asian countries, taken as a whole, coal demand almost quadruples by 2040,
to overtake the United States. Indonesia, today the world’s largest steam coal exporter,
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emerges as a key demand centre: its coal use reaches that of the European Union by 2040.
In addition to Indonesia, coal is the fuel of choice in the expansion of the power sectors
of Vietnam, Thailand and Malaysia. Coal demand also expands in Eastern Europe/Eurasia
countries (except Russia), Latin America and Africa. South Africa, which today accounts
for over 90% of Africa’s coal demand, sees its share decline to 62% by 2040, as installed
coal-fired power capacity in sub-Saharan Africa grows (see Chapter 14). Brazil is the largest
Latin American coal user, but although its coal use nearly doubles, coal continues to have
only a small share of demand, at 6%, in 2040.

Box 5.2 = Coal demand in the roaring 2000s

In the decade to 2013, coal demand grew by over 50%, meeting almost half of the
increase in the world’s total primary energy needs (Figure 5.2). China was the principal
source of this surge in coal demand, together with India and other emerging Asian
economies. OECD coal demand dropped by 8%. Today, China accounts for over half
of global coal demand (compared with 34% in 2003), while non-OECD Asia as a whole
accounts for two-thirds (up from 45%).

Figure 5.2 = Annual change in coal demand by key region

g 400 60% Rest of world
= B OECD
300 @0 50% _
- "O—--l China
[ | - e o € Shareof China
200 __o-—"'o' & 40% in world demand
o [ (right axis)
100 - 30%
0 — 20%
-100
-200
2003 2005 2007 2009 2011 2013

Just over half of the increase in coal demand over 2003-2013 came from the power
sector, with the remainder coming mainly from industry, especially steel and cement
production. China again was dominant, as its crude steel production more than tripled,
and its cement production and coal-fired generation nearly tripled. However, Chinese
economic growth is slowing and the economy is rebalancing towards less energy-
intensive industries, leading to a slowdown in coal demand. Over the period 2007-
2013, Chinese coal demand grew on average by 7.2% per year, compared with 11.6%
over 2001-2007. In 2013 and 2012, demand grew at the comparatively leisurely rate
of around 5% per year. There is little doubt that the growth in Chinese coal demand
will continue to taper off in the coming decades, though China will continue to play a
leading role in coal markets over the projection period.
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Sectoral trends

The power sector, which today accounts for more than 60% of global coal demand, is
projected to remain the leading sector, both in terms of its share of the coal market and
of incremental demand, in the New Policies Scenario. As in the past decade, coal use in
the OECD power sector declines over the projection period; the decline accelerating as
electricity end-use efficiency improves and ageing coal-fired plants are replaced (to a large
degree by natural gas and low-carbon sources). China remains the principal non-OECD user
of coal for power generation to 2030, with India and Southeast Asian countries gaining in
importance over the projection period.

The rise in industrial coal consumption (including its use in blast furnaces and coke ovens,
as a petrochemical feedstock and in other conversion processes) slows, and flattens out
after 2030, largely due to China’s industrial demand peaking around 2020 (Figure 5.3). The
decline in industrial coal use in China after 2020 results from improved efficiency, fuel
substitution and a shift towards less energy-intensive industrial activity. This is observed,
in part,