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Big questions abound in global energy in 2015:

B Could oil prices stay lower for longer? What would it take for this to happen
and what would it mean for energy security and for the energy transition?

B India is set for a period of rapid, sustained growth in energy demand: how
could this re-shape the energy scene?

B What do new climate pledges mean for the way that the world meets its
rising needs for energy?

B What are the implications of the rising coverage of energy efficiency
policies and the growing competitiveness of renewables?

B |[s the unconventional gas revolution going to go global, or to remain a
North American phenomenon?

These issues —and many more — are discussed here, with a special focus on
India accompanying the customary, in-depth WEO analysis of the prospects
for all fossil fuels, renewables, the power sector and energy efficiency
around the world to 2040.
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Foreword

We cannot know what the future holds, but it is crucial that we try and understand it.
The World Energy Outlook is a leading example of such an effort, and this edition covers
all of the big questions — on energy prices, climate pledges and many others — that a very
fast-moving energy scene has raised over the last year. | salute the highly expert and well-
informed team in the IEA that has put this Outlook together. | also take this chance to
reflect — from a slightly greater distance than usual — on the result.

This Outlook, as ever, builds a coherent picture of how the energy system might evolve. But
it will be no surprise to find, in five or twenty-five years’ time, that the outcome doesn’t
match the figures in the WEO. So, why do we bother? What is the value of describing how
the global energy economy will evolve under the influence of different sets of policies, if it
is not going to turn out that way in practice?

| can answer this confidently: the reason that we look into the future is to trigger key policy
changes in the present.

Policy-makers and all others with a stake in the energy sector need to have well-based
expectations about the future, as an influence on their decision-taking. If the outcomes
depicted in our scenarios are sub-optimal or, even, unacceptable, then policies and other
decisions need to change. Success lies in stimulating those changes, not in matching our
(by then) distant projections.

This desire to underpin needed change lay behind our decision to publish in June this
year our latest analysis of the role of energy in climate change (rather than as part of this
WEO, though you will find frequent cross references, updates and relevant new analysis
in this text). Negotiators preparing for COP21 in Paris in December 2015 needed time
to take sober stock of the way the future is shaping up. “Every act of creation is first an
act of destruction”, said Pablo Picasso. We look to the negotiators in Paris to destroy our
projections in our central scenario, which we show to be unsustainable, in order to create
a new world in which energy needs are fully met without dangerously overheating the
planet and in a secure and affordable way. It can be done; and, in another scenario, we
have shown how.

The energy world has seen many changes since WEO-2014. Foremost among them is the
sudden drop in oil prices; new pledges have been made before COP21; and India’s looming
emergence in energy markets is no less significant. The projections of our central scenario
encompass these changes and the analysis probes related questions, such as the right
way to measure the competitiveness of renewable energy and the extent to which energy
policies cover and affect energy use. Could low oil prices last through to 2040 and what
would be the implications? How will Indian energy choices change the scene in India and
the world at large?
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These questions are addressed here (among many others) in analysis that has enjoyed the
support of the Indian government and many other experts. The findings are ours; but it
is this sort of co-operation in our work which enables us to perform the role of providing
data, objective analysis and policy recommendations to the global energy community.
I thank all our partners in this endeavour.

Dr. Fatih Birol
Executive Director
International Energy Agency
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Executive Summary

Signs of change in global energy have multiplied in the 12 months since the last World
Energy Outlook (WEQ). Qil prices fell sharply, with the prices of other fuels moving in
tandem in many parts of the world. Countries including India and Indonesia took advantage
of the oil price decline to move ahead with their phase-out of fossil-fuel subsidies. Amid
turmoil in parts of the Middle East, a clear pathway opened up that could lead to the return
of Iran, one of the world’s largest hydrocarbon resource-holders, to oil markets. China’s
role in driving global trends is changing as it enters a much less energy-intensive phase in
its development. Renewables contributed almost half of the world’s new power generation
capacity in 2014. The coverage of mandatory energy efficiency regulation worldwide
expanded to more than a quarter of global consumption. There was also a tantalising hint
in the 2014 data of a de-coupling in the relationship between CO, emissions and economic
activity, until now a very predictable link. As countries prepare for the critically important
UN climate summit in Paris (also known as COP21) and its legacy, it is more important
than ever for policy-makers, industry and other stakeholders to have a clear understanding
of the state of the energy sector today, to see which changes are transient or cyclical,
which are here to stay, what risks and opportunities might lie ahead — and what can be
done to put the energy system on a more secure and sustainable footing. The WEO-2015,
with scenario-based analysis looking out to 2040 and multiple case studies along the way,
provides insights on all of these questions.

Pledges made in advance of COP21 promise to give new impetus to the move towards
a lower-carbon and more efficient energy system, but do not alter the picture of rising
global needs for energy. Energy use worldwide is set to grow by one-third to 2040 in our
central scenario, driven primarily by India, China, Africa, the Middle East and Southeast
Asia. Non-OECD countries account together for all the increase in global energy use,
as demographic and structural economic trends, allied with greater efficiency, reduce
collective consumption in OECD countries from the peak reached in 2007. Declines are led
by the European Union (-15% over the period to 2040), Japan (-12%) and the United States
(-3%). The preparations for COP21 have been a rich source of guidance on future energy
policy intentions and the energy-related components of COP21 pledges are reflected,
based on a country-by-country assessment, in our central scenario. They provide a boost
to lower-carbon fuels and technologies in many countries, bringing the share of non-fossil
fuels up from 19% of the global mix today to 25% in 2040. Among the fossil fuels, natural
gas — the least-carbon intensive — is the only one that sees its share rise.

China re-tunes the engine of global energy demand

China’s transition to a less energy-intensive model for growth has major implications for
global trends. China carries huge weight in the world of energy: it remains by a distance the
world’s largest producer and consumer of coal throughout our Outlook period; it deploys
more renewable power generation capacity than any other country; and by the 2030s it
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overtakes the United States as the biggest consumer of oil and has a larger gas market
than the European Union. China’s total energy demand in 2040 is almost double that of
the United States. But structural shifts in the economy, favouring expansion of the services
sector rather than heavy industry (both steel and cement production are likely to have
peaked in 2014), mean that 85% less energy is required to generate each unit of future
economic growth than was the case in the past 25 years. Policy choices also change the
face of China’s energy system and the pace at which it expands. China is set to introduce an
emissions trading scheme in 2017 covering the power sector and heavy industry, helping
to curb the appetite for coal. From a mere 3% in 2005, half of China’s energy use today
is already subject to mandatory efficiency standards, and continued improvements in
efficiency, alongside large-scale deployment of wind, solar, hydro and nuclear power, lead
to a flattening and then a peak in China’s CO, emissions around 2030.

India seizes the centre of the world energy stage

India — the subject of an in-depth country focus in WEO-2015 — contributes the single
largest share of growth, around one-quarter, in global energy demand. India today is
home to one-sixth of the world’s population and its third-largest economy, but accounts for
only 6% of global energy use and one in five of the population — 240 million people — still
lacks access to electricity. With policies in place to accelerate the country’s modernisation
and develop its manufacturing base (via the “Make in India” programme), population and
incomes on the rise and an additional 315 million people anticipated to live in India’s cities by
2040, India is entering a sustained period of rapid growth in energy consumption. Demand
for coal in power generation and industry surges, increasing the share of coal to almost half
of the energy mix and making India by a distance the largest source of growth in global coal
use. Oil demand increases by more than in any other country, approaching 10 mb/d by the
end of the period. India also steps up its deployment of low-carbon technologies, although
uncertainty over the pace at which new large dams or nuclear plants can be built means
strong reliance on solar and wind power (areas where India has high potential and equally
high ambition) to deliver on its pledge to have a 40% share of non-fossil fuel capacity in the
power sector by 2030.

Meeting India’s energy needs requires a huge commitment of capital and constant
vigilance as to the implications for energy security and the environment. Pressing ahead
with the overhaul of India’s energy regulatory framework is critical to secure the estimated
$2.8 trillion of investment that is needed in energy supply to 2040. Three-quarters of this
investment goes to the power sector, which needs to almost quadruple in size to keep up
with projected electricity demand but which remains beset for now by high network losses
and high financial losses among the local distribution utilities. The expansion of coal supply
makes India the second-largest coal producer in the world, but also, already by 2020, the
world’s largest coal importer, overtaking Japan, the EU and China. Oil production falls
well behind the growth in demand, pushing oil import dependence above 90% by 2040.
A rapidly expanding energy sector could exacerbate already serious challenges with water
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stress and local air pollution: integrated policies on land use and urbanisation (the “smart
cities” initiative), pollution controls, technology development, and a relentless focus on
energy efficiency can mitigate these risks and avoid locking in an inefficient capital stock.

A faster pace is essential to reach the 2030 goal of universal energy access

India makes rapid gains in bringing energy access to its people, but the world as a whole
is falling short of its ambition to provide affordable, reliable, sustainable and modern
energy for all. Despite the serious efforts already made, today an estimated 1.2 billion
people — 17% of the global population — remain without electricity, and 2.7 billion people
—38% of the global population — put their health at risk through reliance on the traditional
use of solid biomass for cooking. The newly agreed UN Sustainable Development Goals
embrace a goal on energy, a move long advocated by the IEA, including the target to
achieve universal access to energy by 2030. In our Outlook, the number of people without
electricity falls to 800 million by 2030 and the number without access to clean cooking
fuels declines only gradually to 2.3 billion in 2030.

Oil prices head higher as markets work off the excess supply, but risks remain

The process of adjustment in the oil market is rarely a smooth one, but, in our central
scenario, the market rebalances at $80/bbl in 2020, with further increases in price
thereafter. Demand picks up to 2020, adding an average of 900 kb/d per year, but the
subsequent rise to 103.5 mb/d in 2040 is moderated by higher prices, efforts to phase out
subsidies (provided that momentum behind reform is maintained, even as oil prices pick
up), efficiency policies and switching to alternative fuels. Collectively, the United States,
EU and Japan see their oil demand drop by around 10 mb/d by 2040. On the supply side,
the decline in current upstream spending, estimated at more than 20% in 2015, results
in the combined production of non-OPEC producers peaking before 2020 at just above
55 mb/d. Output growth among OPEC countries is led by Iraq and Iran, but both countries
face major challenges: the risk of instability in Iraq, alongside weaknesses in infrastructure
and institutions; and the need in Iran (assuming the path to sanctions relief is followed
successfully) to secure the technology and large-scale investment required. An annual
$630 billion in worldwide upstream oil and gas investment — the total amount the industry
spent on average each year for the past five years — is required just to compensate for
declining production at existing fields and to keep future output flat at today’s levels. The
current overhang in supply should give no cause for complacency about oil market security.

The short investment cycle of tight oil and its ability to respond quickly to price signals
is changing the way that the oil market operates, but the intensity with which the tight
oil resource is developed in the United States eventually pushes up costs. US tight oil
production stumbles in the short term but resumes its upward march as prices recover,
helped by continued improvements in technology and efficiency improvements. But tight
oil’s rise is ultimately constrained by the rising costs of production, as operators deplete the
“sweet spots” and move to less productive acreage. US tight oil output reaches a plateau in
the early-2020s, just above 5 mb/d, before starting a gradual decline.
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What if prices stay lower for longer?

A more prolonged period of lower oil prices cannot be ruled out. We examine in a
Low Qil Price Scenario what it would take for this to happen — and what it would mean
for the entire energy sector if it did. The oil price in this scenario remains close to $50/bbl
until the end of this decade, before rising gradually back to $85/bbl in 2040. This trajectory
is based on assumptions of lower near-term growth in the global economy; a more stable
Middle East and a lasting switch in OPEC production strategy in favour of securing a higher
share of the oil market (as well as a price that defends the position of oil in the global energy
mix); and more resilient non-OPEC supply, notably from US tight oil. With higher demand,
led by the transport sector, pushing oil use up to 107 mb/d in 2040, the durability of this
scenario depends on the ability and willingness of the large low-cost resource-holders to
produce at much higher levels than in our central scenario. In the Low Qil Price Scenario, the
Middle East’s share in the oil market ends up higher than at any time in the last forty years.

The likelihood of the oil market evolving in this way over the long term is undercut by
the effect on producer revenues: OPEC oil export revenue falls by a quarter relative to
our central scenario, despite the higher output. Lower prices are not all good news for
consumers. The economic benefits are counterbalanced by increasing reliance on the
Middle East for imported crude oil and the risk of a sharp rebound in price if investment
dries up. Concerns about gas supply security would also be heightened if prices stay too
low to generate the necessary investment in supply. Lower oil prices alone do not have a
large impact on the deployment of renewable energy technologies in the power sector,
but only if policymakers remain steadfast in providing the necessary market rules, policies
and subsidies. The outlook for biofuels is hit by cheaper conventional transport fuels, as is
the uptake of vehicles powered by electricity and natural gas and the incentive to invest in
more efficient technologies. In a Low Qil Price Scenario, longer payback periods mean that
the world misses out on almost 15% of the energy savings seen in our central scenario,
foregoing around $800 billion-worth of efficiency improvements in cars, trucks, aircraft and
other end-use equipment, holding back the much-needed energy transition.

No plain sailing for natural gas

Where it replaces more carbon-intensive fuels or backs up the integration of renewables,
natural gas is a good fit for a gradually decarbonising energy system: a consumption increase
of almost 50% makes it the fastest-growing of the fossil fuels. China and the Middle East are
the main centres of gas demand growth, both becoming larger consumers than the European
Union, where gas use does not return to the peak reached in 2010. With gas prices already
low in North America, and dragged lower elsewhere by ample supply and contractual linkages
to oil prices, there is plenty of competitively priced gas seeking buyers in the early part of the
Outlook. But the extent of the longer term expansion is constrained by efficiency policies,
notably in the buildings sector, and competition from renewables and (in some countries)
from coal in power generation; and could be limited further if deferred investment in the
current low-price environment brings tighter markets in the 2020s. One-fifth of the projected
rise in global demand consists of gas transported over long distances via very capital-
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intensive pipeline or LNG projects. Keeping these project costs under control (contrary to
numerous recent examples of overruns) will be vital to the future competitive positioning of
gas. Emissions of methane, a powerful greenhouse gas, along the supply chain will dent the
environmental credentials of gas if there is no concerted policy action to tackle these leaks.
Unconventional gas accounts for some 60% of the growth in global gas supply, but the spread
of its development beyond North America, the home of the shale gas revolution, is more
gradual and uneven. The pace of China’s unconventional gas growth is a major uncertainty:
policies encouraging this development are in place — with production projected to exceed
250 bcm by 2040 — but aspects of the geology, limited water availability and population
density in some key resource-rich areas, alongside regulatory issues related to pricing, access
to resources and to domestic pipelines, militate against a very rapid rise in output.

And turbulent times ahead for coal

Coal has increased its share of the global energy mix from 23% in 2000 to 29% today,
but the momentum behind coal’s surge is ebbing away — and the fuel faces a reversal of
fortune. Expectations within the industry of continued strong demand growth, especially
in China, triggered major investments in supply in recent years but actual coal use has
fallen well short, resulting in over-capacity and plummeting prices. In our projections, the
fuel that met 45% of the increase in global energy demand over the last decade meets
only around 10% of further growth to 2040, largely due to a tripling in coal demand in
India and in Southeast Asia.! Consumption in the OECD, where coal use faces strong policy
headwinds, is projected to drop by 40% over the same period: coal consumption in the
European Union in 2040 falls to around one-third of current levels. From a position as a
perceived safe bet, China is becoming the wild card of coal markets, with the risks to our
projection of a plateau and then a slow decline in coal demand arguably weighted to the
downside. By 2040, Asia is projected to account for four out of every five tonnes of coal
consumed globally, and coal remains the backbone of the power system in many countries
in our central scenario. However, its continued use around the world is compatible with
stringent environmental policies only if it is used in the most efficient way, with advanced
control technologies to reduce air pollution, and if progress is made in demonstrating that
CO, can be safely and cost-effectively captured and stored.

The power sector is leading the charge to decarbonise

Electricity gains ground in many end-use sectors, making up almost a quarter of final
energy consumption by 2040; the power sector leads the way towards a decarbonised
energy system. Non-OECD countries account for seven out of every eight additional units
of electricity demand. With 60 cents of every dollar invested in new power plants to 2040
spent on renewable energy technologies, global renewables-based electricity generation
increases by some 8 300 TWh (more than half of the increase in total generation),

1. The energy outlook for Southeast Asia was the subject of a WEO-2015 special report, released in October
2015. Download at: www.worldenergyoutlook.org/southeastasiaenergyoutlook/.
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equivalent to the output of all of today’s fossil-fuel generation plants in China, the United
States and the European Union combined. The net result is that the share of coal in the
global electricity mix drops from 41% to 30%, with non-hydro renewables gaining a similar
amount, while gas, nuclear and hydro broadly maintain their existing shares. By 2040,
renewables-based generation reaches a share of 50% in the European Union, around
30% in China and Japan, and above 25% in the United States and India: by contrast, coal
accounts for less than 15% of electricity supply outside of Asia. Despite both more costly
technologies and rising fossil-fuel prices, electricity is set to become more affordable,
relative to GDP, in most regions. With more generation from renewables and nuclear
power, and more efficient thermal plants, CO, emissions from power generation are set
to grow at only one-fifth of the rate at which power output rises to 2040; this was a one-
to-one relationship over the last 25 years. To realise these projections, the world needs
to add more capacity by 2040 than is globally installed today, while average utilisation
rates for capacity go down because of the need to integrate variable renewable energy
technologies. This raises questions in many countries about the appropriate market
mechanisms that can generate the necessary investment in generation and grids.

And efficiency measures are gathering strength

Energy efficiency plays a critical role in limiting world energy demand growth to
one-third by 2040, while the global economy grows by 150%. Mandatory targets in
China and India (following on from first-mover Japan) have increased the global coverage
of efficiency regulation in industry from 3% in 2005 to more than a third today, and
such energy policies continue to expand their reach and effectiveness through to 2040.
In OECD countries, efficiency measures reduce demand growth to 60% of what would
otherwise be expected. But our central scenario far from exhausts the potential for
efficiency improvements. We estimate that the energy efficiency of new equipment
bought worldwide in 2030 can be increased by a further 11%, with the average cost of
the energy saved being $300 per tonne of oil equivalent (toe), far below the weighted
average energy price of $1 300/toe. Energy consumption in trucks and heavy-duty
vehicles is currently regulated only in the United States, Canada, Japan and China, with
regulation planned also in the European Union: wider geographical coverage and more
stringent standards could cut oil demand from new trucks in 2030 by 15%. Changing
product design, re-use and recycling (“material efficiency”) also offers huge potential for
energy saving; for energy-intensive products such as steel, cement, plastics or aluminium,
efficient use and re-use of materials can save more than twice as much energy as can be
saved by efficiency measures in the production process to 2040.

The balance is shifting towards low-carbon technologies

Policy preferences for lower carbon energy options are reinforced by trends in
costs, as oil and gas gradually become more expensive to extract while the costs of
renewables and of more efficient end-use technologies continue to fall. Oil and gas
production costs increase for most resource types as operators are forced to move to
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smaller, more remote or more challenging reservoirs, although the effect is dampened
by technology and efficiency improvements. By contrast, cost reductions are the norm
for more efficient equipment and appliances, as well as for wind power and solar PV,
where technology gains are proceeding apace and there are plentiful suitable sites for
their deployment. Fossil-fuel consumption continues to benefit from large subsidies:
we estimate this global subsidy bill at around $490 billion in 2014, although it would
have been around $610 billion without reforms enacted since 2009. Subsidies to aid the
deployment of renewable energy technologies in the power sector were $112 billion in
2014 (plus $23 billion for biofuels). Supportive government policies and related subsidies
continue to be critical to most of the capacity deployed, as only a few countries put a
significant price on carbon in our central scenario. The need for subsidies however, is
restrained by a shift in deployment to countries with higher quality renewable resources,
by continued cost reductions and higher wholesale prices. A 50% rise in subsidies, to an
estimated $170 billion in 2040, secures a five-fold increase in generation from non-hydro
renewables (without the cost reductions and higher wholesale prices, the subsidy bill in
2040 would exceed $400 billion). The share of non-hydro-renewables that is competitive
without any subsidy support doubles to one-third.

The direction of travel is changing, but the destination is still not 2 degrees

Despite the shift in policy intentions catalysed by COP21, more is needed to avoid the
worst effects of climate change. There are unmistakeable signs that the much-needed
global energy transition is underway, but not yet at a pace that leads to a lasting reversal
of the trend of rising CO, emissions. Annual investment in low-carbon technologies in
our central scenario increases, but the cumulative $7.4 trillion invested in renewable
energy to 2040 represents only around 15% of total investment in global energy supply.
The steady decarbonisation of electricity supply is not matched by a similarly rapid shift
in end-use sectors, where it is much more difficult and expensive to displace coal and gas
as fuels for industry, or oil as a transport fuel. The net result is that energy policies, as
formulated today, lead to a slower increase in energy-related CO, emissions, but not the
full de-coupling from economic growth and the absolute decline in emissions necessary
to meet the 2 °C target. A WEO special report released in June 2015, Energy and Climate
Change, showed what more can be done, at no net economic cost, to bring about a peak
in energy-related emissions by 2020 — an essential step if the door to a 2 °C outcome is
to remain open:

B Increasing energy efficiency in the industry, buildings and transport sectors.

®  Progressively reducing the use of the least-efficient coal-fired power plants and
banning their construction.

B Increasing investment in renewable energy technologies in the power sector from
$270 billion in 2014 to $400 billion in 2030.

B Phasing out of remaining fossil-fuel subsidies to end-users by 2030.

®  Reducing methane emissions in oil and gas production.
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The conclusion, reinforced by projections from our WEO-2015 central scenario, is that
the framework for climate action agreed at COP21 needs to provide a procedure which
will secure progressively stronger climate commitments over time if the world is to keep
to an emissions trajectory consistent with the 2 °C goal. A clear and credible vision of
long-term decarbonisation is vital to provide the right signals for investment and to allow
a low-carbon, high-efficiency energy sector to be at the core of international efforts to
combat climate change.
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PART A
GLOBAL ENERGY TRENDS

Part A of this WEO (Chapters 1-10) presents energy projections to 2040. It covers the
prospects for all energy sources, regions and sectors and considers the implications for
climate change, energy security and the economy. The main focus is on the New Policies
Scenario — the central scenario in WEO-2015. However, three other scenarios are also
presented —the Current Policies Scenario, the 450 Scenario and the Low Qil Price Scenario.

Chapter 1 defines the scenarios and details the policy, technology, macroeconomic and
demographic assumptions utilised in the analysis.

Chapter 2 summarises the projections for global and regional energy trends and the
implications for CO, emissions, investment needs and trade. It also includes detailed
updates on global progress in fossil-fuel subsidy reform and energy access.

Chapter 3 analyses the outlook for oil and Chapter 4 presents a new scenario, the Low Oil
Price Scenario, which assesses the implications of a prolonged period of low prices on
markets, policies, investment, the fuel mix and emissions.

Chapter 5 focuses on the outlook for natural gas. Chapter 6 details the outlook for
unconventional gas globally, with an evaluation of the evolution of production in the
United States, the prospects of unconventional gas in China, and the response of the
regulatory regimes to social and environmental concerns associated with development of
unconventional gas resources.

Chapters 7 analyses the outlook for coal, with detailed insights on prospects for major
producing and consuming countries.

Chapter 8 analyses the outlook for the power sector, with an in-depth focus on the
prospects for coal-fired power generation.

Chapter 9 provides the outlook for renewables, a guide to evaluating the competitiveness
of renewables-based power generation and a quantification of the estimated share that
is competitive.

Chapter 10 examines recent trends and future prospects for energy efficiency and tracks
the evolution, the extent and impact of efficiency policies around the world. For the
first time, the analysis examines how material efficiency can contribute to energy and
emissions savings.
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Chapter 1

Infroduction and scope
How do we project energy trends?

Highlights

® The New Policies Scenario — the central scenario in WEO-2015 — takes into account the
policies and implementing measures affecting energy markets that had been adopted as
of mid-2015 (as well as the energy-related components of climate pledges in the run-up to
COP21, submitted by 1 October), together with relevant declared policy intentions, even
though specific measures needed to put them into effect may not have been adopted.
The Current Policies Scenario takes into account only policies enacted as of mid-2015. The
450 Scenario depicts a pathway to the 2 °C climate goal that can be achieved by fostering
technologies that are close to becoming available at commercial scale. Against a backdrop
of uncertainty over economic growth and a persistent oil market imbalance, a Low Qil Price
Scenario explores the implications of sustained lower prices on the global energy system.

e Thelevel and pattern of economic activity and demographic changes will be important
determinants of future energy trends. World GDP is assumed to grow at an average
annual rate of 3.5% over 2013-2040, meaning it expands to more than two-and-a-half-
times its current size. Supported by the anticipated rebalancing of Chinese growth
away from manufacturing, and despite Indian intentions to stimulate manufacturing,
nearly two-thirds of the growth comes from the services sector, which is the
least-energy intensive part of the global economy. The world’s population is assumed
to rise from 7.1 billion in 2013 to 9 billion in 2040, with the increase concentrated in
Africa, India, Southeast Asia and the Middle East. India overtakes China to become
the world’s most populous country by the mid-2020s.

® The international fossil-fuel prices used in this report reflect our judgement of the
price levels that would be needed to stimulate sufficient investment in supply to
meet projected long-term demand. In the New Policies Scenario, the average IEA
crude oil import price edges upward to $80/barrel (in year-2014 dollars) in 2020
and $128 in 2040. Natural gas prices, which have fallen sharply in Asia and Europe
over the last year, rise in all markets with price spreads between regions persisting,
despite a degree of convergence. The average OECD steam coal import price reaches
$108 per tonne in 2040. The share of global emissions covered by carbon pricing
increases from 12% of emissions today, to 27% in 2040.

e Deployment of increasingly efficient end-use technologies, renewables and other
low-carbon energy options continues to expand rapidly, buoyed by declining costs
and, in some cases, by dedicated policy initiatives and/or subsidies. This coincides
with a gradual increase in the cost of oil and gas extraction. We assume energy
technologies that are already in use or are approaching commercialisation achieve
ongoing cost reductions as a result of increased learning and deployment.
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Scope of the report

This edition of the World Energy Outlook (WEO-2015) presents an assessment of the
prospects for global energy markets for the period to 2040 and draws out the implications
for energy security, environmental protection and economic development. The objective
is to provide policy-makers, industry and other stakeholders with the data, analysis and
insights needed to make sound energy decisions. Based on the latest data and market
developments, the Outlook includes energy demand and supply projections, insights into
the trajectories of fossil fuels, renewables, the power sector and energy efficiency, and
analysis of trends in energy-related carbon-dioxide (CO,) emissions, subsidies to fossil fuels
and renewable energy, investment in energy supply infrastructure and universal access to
modern energy services.

Part A of this report (Chapters 1-10) focuses on the core projections to 2040. While
results for a number of scenarios are included, emphasis is placed predominately on
the results of the New Policies Scenario, to provide a clear picture of where planned
policies, with generally cautious assumptions about the timing and degree of their
implementation, would take us. Chapter 2 summarises the projections for global energy
trends and energy sector investment. It also draws out the implications of these trends
for CO, emissions and summarises areas for further action which have already been
identified by the Energy and Climate: World Energy Outlook Special Report as an input
to the climate change negotiations in Paris in December, 2015. Chapter 2 also continues
the WEO practice of analysing two crucial energy sector challenges: achieving universal
energy access; and phasing out fossil-fuel subsidies. Chapters 3-10 review the main pillars
of the energy system in turn: the outlook for oil (including a Low Qil Price Scenario),
natural gas (including a detailed look at the prospects for unconventional gas), coal,
power, renewables and energy efficiency.

An in-depth focus on India is presented in Part B (Chapters 11-14). Energy is critical for
India’s development and the country’s growing energy consumption also has broad
implications for the regional and global energy outlook. This analysis starts with a review of
the current state of India’s energy sector. It then looks forward to how India might address
the energy challenges arising from rapid economic growth and urbanisation, including the
need to improve access to electricity and the reliability of power supply, to mobilise the
investment that can expand domestic production of fossil fuels and renewable sources of
energy, and to manage the consequences for energy security and for the environment.

Methodological approach
Modelling framework

The World Energy Model (WEM) is the principal tool used to produce the energy projections
in this report.! The model is a large-scale simulation tool, designed to replicate how energy

1. A complete description of the WEM is available at www.worldenergyoutlook.org/weomodel/.
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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, oil refining 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 models global energy demand on the basis of 25 distinct regions, 13 of
which are individual countries. Global oil and gas supply is modelled based on 120 distinct
countries and regions; global coal supply is modelled based on 31 countries and regions.
Most of the historic data on energy demand, supply, and transformation, as well as on
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 reviewed and updated each year to ensure that it provides as accurate a
representation as possible of regional and global energy markets. The latest improvements
include the following:

®  The buildings module has had a number of enhancements: (i) energy use in appliances
has been further disaggregated by the addition of four new sub-sectors: refrigeration;
cleaning; brown goods (i.e. consumer electronics); and other appliances (which
together account for around half of all electricity use in the residential sector), making
it easier to capture the effects of efficiency measures, technology deployment and
price responses; and (ii) a new clean cooking access module has been linked to the
residential module for developing countries, enabling better representation of the
drivers of demand and the possible changes in the energy system resulting from the
increased use of improved cookstoves and substitution of liquefied petroleum gas
(LPG) and natural gas for biomass.

B The impacts of water constraints on coal-fired power plants have been captured. This
includes the development of a model for China and India that determines the least-
cost location of coal-fired power plants based on water availability, coal transportation
costs and the capital cost of cooling systems (differentiating between non-fresh water
and freshwater).

B The electricity price module in the WEM has been revised to better represent the
cost elements of the power system, from generation costs (including incorporating
more complete information for all regions on historical investment costs), to the costs
associated with transmission and distribution, and subsidies for fossil fuels, electricity
and renewable energy technologies.

2. Many of these data are available at www.iea.org/statistics.
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Defining the scenarios

As in past editions, WEO-2015 uses scenarios to present quantitative projections of long-
term energy trends. There are three core scenarios, which differ in their assumptions
about the evolution of energy-related government policies: the New Policies Scenario;
the Current Policies Scenario; and the 450 Scenario.? For this report, we also present a
Low Qil Price Scenario as a contribution to the debate about the possible consequences
of a long-term low oil price environment. The base year for all of the scenarios is 2013, as
comprehensive market data for all countries were available only up to the end of 2013 at
the time the modelling work was completed. However, where preliminary data for 2014
were available (which was often the case), they have been incorporated.

The New Policies Scenario is the central scenario of this Outlook. In addition to
incorporating the policies and measures that affect energy markets and that had been
adopted as of mid-2015, it also takes account of other relevant intentions that have been
announced, even when the precise implementing measures have yet to be fully defined.
This includes the energy-related components of the Intended Nationally Determined
Contributions (INDCs), submitted by national governments by 1 October as pledges in
the run-up to the United Nations Framework Convention on Climate Change (UNFCCC)
Conference of the Parties (COP21) (Spotlight). It also includes all policies announced but
yet to be implemented and we take a generally cautious view in the New Policies Scenario
of the extent and timing of their implementation, given the institutional, political and
economic circumstances that could stand in the way. These policies include programmes
to support renewable energy and improve energy efficiency, to promote alternative fuels
and vehicles, carbon pricing, reform of energy subsidies, and the introduction, expansion
or phase-out of nuclear power.

As in previous Outlooks, we devote most attention to the results of the New Policies
Scenario in order to provide the clearest picture possible of the outcome of continuing with
the policies that are in place and those that are currently planned. The results however, do
not constitute a forecast. New policies, as yet unformulated, will certainly be adopted over
the course of the next twenty-five years. Indeed, one purpose in projecting the future is to
demonstrate the need for their adoption.

The Current Policies Scenario takes into consideration only those policies for which
implementing measures had been formally adopted as of mid-2015 and makes the
assumption that these policies persist unchanged. This scenario, though clearly extremely
unlikely to be realised, offers a picture of how global energy markets would evolve without
new policy intervention, thereby providing a benchmark to make it possible to ascertain
the value of the additional measures taken into account in the New Policies Scenario and,
perhaps, to point the way to promising avenues for further improvement.

3. Details of the key policies and measures taken into account in each scenario can be found in Annex B. 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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SPOTLIGHT

Throughout the year, governments across the world have been submitting new
greenhouse-gas reductions pledges — known as Intended Nationally Determined
Contributions (INDCs) — to the UNFCCC in advance of the COP21 summit, forming a
foundation for the negotiations (Table 1.1). This has brought notable commitments
from a number of countries, with significant contributions from some of the world’s
largest emitters, including China and the United States. As of 1 October 2015, almost
150 countries across the economic spectrum, responsible for around 85% of energy-
related CO, emissions have set out their targets. Also notable is that, for the first time,
even countries that have only thus far contributed nominally to global greenhouse-gas
emissions are opting to outline their strategies, including for example over 20 countries
in sub-Saharan Africa, as well as many countries in Asia and Latin America. A detailed
analysis of the implications of full implementation of the energy-related measures
announced in the INDCs is presented in the Energy and Climate Change: World Energy
Outlook Special Report 2015, which was released in June and took into account all
INDCs and intentions announced by mid-May 2015. An update of this analysis was
made in October 2015, incorporating the latest available energy sector data. In this
World Energy Outlook, in line with our usual New Policies Scenario methodology, we
took those INDCs into account that had been submitted by 1 October, with a focus on
explicit energy sector targets. The degree to which these pledges are implemented
in the New Policies Scenario is guided by the availability of policies to support them.

The 450 Scenario takes a different approach, adopting a specified outcome — the international
goal to limit the rise in the long-term average global temperature to two degrees Celsius
(2 °C) — and illustrating how that might be achieved. This scenario assumes a set of policies
that bring about a trajectory of greenhouse-gas (GHG) emissions from the energy sector
that is consistent with that goal. In this scenario, the concentration of greenhouse gases
in the atmosphere peaks by around the middle of this century; the level is 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. While the results of the 450 Scenario are included for reference
purposes in many of the tables and figures throughout this report, as well in the detailed
tables in Annex A, a broader discussion is limited, as the energy sector’s potential role in
mitigating climate change was set out in detail in Energy and Climate: World Energy Outlook
Special Report, which was deliberately released in June 2015, ahead of this World Energy
Outlook 2015, in order to make a timely contribution to the preparations for COP21.°

4. The findings of this update are available at: www.worldenergyoutlook.org/indc/.
5. The report can be downloaded free at: www.worldenergyoutlook.org/energyclimate/.
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Table 1.1 = Greenhouse-gas emissions reduction goals in submitted INDCs
for top-ten CO, emitters (as of 1 October 2015)¢

UNFCCC Party Intended Nationally Determined Contribution (INDC)

Peak GHG emissions by 2030 or earlier and reduce carbon intensity of GDP

China by 60-65% below their 2005 levels by 2030.

United States . Reduce net GHG emissions by 26-28% below 2005 levels by 2025.

European Union . Reduce EU domestic GHG emissions by at least 40% below 1990 levels by 2030.
India . Reduce the emissions intensity of GDP by 33-35% below 2005 levels by 2030.
Russia . Reduce anthropogenic GHG emissions by 25-30% below 1990 levels by 2030

subject to the maximum possible account of absorptive capacity of forests.

Reduce energy-related CO, emissions by 25%, reduce non-energy CO, emissions by
Japan 6.7%, CH, by 12.3%, N,O by 6.1%, and fluorinated gases by 25.1% compared with
2013 levels by 2030.

Korea Reduce GHG emissions by 37% by 2030 compared with a business-as-usual

scenario.
Canada . Reduce GHG emissions by 30% below 2005 levels by 2030.
Brazil . Reduce GHG emissions by 37% compared with 2005 levels by 2025.
Mexico . Reduce GHG and short-lived climate pollutant emissions unconditionally by 25% by

2030 with respect to a business-as-usual scenario.

The Low Oil Price Scenario illustrates the impact of a persistently lower oil price than that
modelled in the New Policies Scenario — the subject of much recent debate — not just
for the oil sector, but on the global energy system as a whole. In this scenario, market
equilibrium is not attained until the 2020s, with prices in the $50-60/barrel range (in year
2014 dollars), after which the price starts to edge higher, reaching $85/barrel in 2040.
A number of oil supply and demand side assumptions differentiate this scenario from
the New Policies Scenario. On the supply side, the main such assumptions is persistent
commitment by the countries holding the world’s largest and lowest-cost resources to
pursue higher market share and to keep the oil price at a level that limits substitution away
from oil. Greater resilience in a lower price environment is also assumed in some important
non-OPEC sources of supply, notably tight oil in the United States. A key assumption on the
demand side is a slightly lower pace of near-term economic growth.

Main non-policy assumptions
The economy

Economic activity remains a primary driver of demand for energy. The projections
described in this Outlook are, therefore, highly sensitive to the underlying assumptions
about the rate and pattern of growth in gross domestic product (GDP). The modelling is
undertaken on the basis of GDP expressed in real purchasing power parity (PPP) terms.
PPPs allow meaningful comparisons of value between countries, just as conventional

6. Afull list of the INDCs submitted can be accessed at: www.unfccc.int/submissions/indc/.
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price indices allow prices within a country to be compared over time. They are calculated
by simultaneously comparing the prices of similar goods and services among a large
number of countries. Following a revision of PPPs in 2014 by the International Comparison
Program and subsequently the International Monetary Fund, the estimated size of the
global economy has been revised upwards significantly. Global GDP is now estimated
to be about 20% higher than it was previously, with the largest upward revisions in the
emerging economies. We have also gained insights on how energy policies impact the
broader economy from the coupling of the World Energy Model with ENV-Linkages’, the
OECD computable general equilibrium model.

Table 1.2 = Real GDP growth assumptions by region

Compound average annual growth rate

1990-2013 2013-2020 2020-2030 2030-2040 2013-2040

OECD 2.1% 2.2% 1.9% 1.7% 1.9%
Americas 2.5% 2.6% 2.2% 2.1% 2.2%
United States 2.5% 2.5% 2.0% 2.0% 2.1%
Europe 1.8% 1.9% 1.8% 1.6% 1.7%
Asia Oceania 1.9% 1.7% 1.7% 1.3% 1.5%
Japan 0.9% 0.6% 0.9% 0.7% 0.8%
Non-OECD  49%  49%  50%  38%  4.5%
E. Europe/Eurasia 0.9% 1.4% 3.3% 2.8% 2.6%
Russia 0.7% 0.2% 3.1% 2.7% 2.2%
Asia 7.3% 6.3% 5.7% 3.9% 5.2%
China 9.9% 6.4% 5.3% 3.1% 4.8%
India 6.5% 7.5% 7.0% 5.3% 6.5%
Southeast Asia 5.1% 5.3% 5.0% 3.7% 4.6%
Middle East 4.3% 3.1% 3.9% 3.4% 3.5%
Africa 4.0% 4.8% 4.83% 4.3% 4.6%
Latin America 3.4% 1.7% 3.5% 3.2% 2.9%
Brazil 3.1% 1.4% 3.8% 3.3% 3.0%
World 3.4% 3.7% 3.8% 3.1% 3.5%
European Union 1.6% 1.8% 1.7% 1.5% 1.6%

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

7. The version of ENV-Linkages that has been used includes 25 regions and 18 economic sectors, with a focus on those
that are most energy intensive. It models monetary flows between economic sectors, households and governments, as
well as inter-regional trade in various commodities. A full description of the ENV-Linkages model is available at the OECD
iLibrary: http://dx.doi.org/10.1787/5jz2qck2b2vd-en.
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In each of the core scenarios of this Outlook, world GDP is assumed to grow at an average
annual rate of 3.5% over 2013-2040, which means it expands to more than two-and-a-
half-times its current size over the period (Table 1.2). The exception is the Low Qil Price
Scenario, in which a slightly slower near-term rate of growth is one of the assumptions
underpinning the scenario. The recent revisions to PPPs have contributed to a slight
increase in our assumption for global GDP growth, compared with WEO-2014, as they have
meant that emerging economies, which are typically expected to grow at faster rates than
other parts of the world in the decades ahead, start the period accounting for a greater
share of the global economy.

India’s economic growth, at 6.5% per year on average in the period 2013-2040, outpaces
all others. The recent rebasing of India’s historical GDP and changes in the way its GDP is
calculated have contributed to upward revisions to growth estimates for the country, which
is already the world’s third-largest in PPP terms. The services sector has been the main
source of GDP growth in India in recent years, but the manufacturing industry is expected
to play an increasingly important role. By contrast, the composition of China’s GDP is
expected to shift away from industry towards services, a long-anticipated rebalancing, with
similarly important implications for energy demand. The growth prospects of several key
oil producers, including countries in the Middle East, Russia, Canada and Brazil, have all
been revised downwards, compared to last year’s Outlook, particularly in the period to
2020, as a result of lower energy prices.

While the fall in energy prices since mid-2014 has been an economic boon for many
energy importers, alleviating fiscal strains and allowing money to be freed up to stimulate
other parts of the economy, it by no means has eliminated the uncertainty about growth
prospects in the world’s advanced economies. In the United States, the outlook to 2020 is
dampened by the strong dollar, an anticipated slowdown in productivity growth and the
demographics of an ageing population. Canada slipped into recession in the first-half of
2015. In Europe, the legacy of the economic downturn continues to subdue demand and
remains a hindrance to higher levels of growth, while lingering doubts over the durability
of Greece’s agreement with its creditors adds a further layer of uncertainty. In Japan, lower
oil and natural gas prices, higher real wages, higher equity prices and a weaker yen have
improved the outlook.

From an energy perspective, the contributions that different economic sectors make to
total GDP can be as important as the overall rates of growth, as the extent to which they
use energy as an input to generate economic output (or value added) varies significantly.
Over the projection period, the services sector, which requires a relatively low level of
energy per unit of output, contributes an increasing share of global GDP (Figure 1.1). While
activity in the services sector has, in the past, been dominated by the OECD countries,
whose services sector has accounted for a quarter of global economic growth since 1990,
Chinais set to take a leading role into the injection of growth in the global economy through
its services sector which, alone, accounts for around 15% of global growth to 2040. In India
a push towards greater reliance on manufacturing will mean the effect of growth in its
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services sector is more subdued than it otherwise would have been, but, its services sector
still provides the second-largest contribution to the overall growth in the global economy

to 2040.

Figure 1.1 = Change in value-added GDP contribution by sector, 2014-2040
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Box 1.1 = Are economic growth and carbon emissions decoupling?

In most parts of the world, economic activity remains the principal driver of demand for
energy and is therefore strongly correlated with carbon emissions. This has been the
case for the past 40 years in which the IEA has collected emissions data. During these
four decades, there have been only three instances in which emissions have remained
flat or declined relative to the previous year and each case has been associated with
economic weakness in major economies.

However, a noticeable shift occurred in 2014, with emissions failing to increase despite
a 3.3% expansion of the global economy (Figure 1.2). This development can be largely
attributed to changing patterns of energy consumption in China and OECD countries.
In China, 2014 saw greater generation of electricity from renewable sources, such as
hydropower, solar and wind, and less burning of coal, alongside a shift in the structure
of economic output from energy-intensive industries towards the services sector.
In OECD economies, recent efforts to promote more sustainable growth — including
greater energy efficiency and more renewable energy — are producing the desired
effect of decoupling economic growth from greenhouse-gas emissions. The experience
of 2014 provides a timely reminder of the dividends that can be expected from
sustained efforts to decarbonise the energy supply. But one swallow does not make a
summer — emissions are more than likely to resume their upward climb in 2015. The
projections in this Outlook continue to be highly sensitive to assumptions about the
rates and patterns of GDP growth.
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Figure 1.2 = Energy-related CO, emissions and economic growth, 2005-2014
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Notes: Gt CO, = gigatonnes of carbon dioxide. Percentage shows year-on-year change in emissions. GDP growth is
calculated using 2014 dollars in PPP terms.

Demographic trends

Population and demographics are important drivers of energy demand and changes in the
energy mix. This edition of the WEO adopts the same approach as in previous years, taking
the medium variant of the latest United Nations’ projections (UNPD, 2015) as the basis for
population growth in all scenarios. According to these projections, the world population is
expected to grow by 0.9% per year on average, from 7.1 billion in 2013 to 9 billion in 2040
(Table 1.3). The increase in the global population is concentrated in Africa, India, Southeast
Asia and the Middle East. Africa experiences the fastest rate of growth, resulting in a near
doubling of its population to almost 2 billion people. India overtakes China to become
the world’s most populous country in the mid-2020s, with its population approaching
1.6 billion people by the end of the period. A number of countries see their population
peak and begin to decline in our projection period, including Japan (whose population in
2040 is almost 10% smaller than it is today), Korea, Russia and Germany. China’s population
peaks in the early 2030s and begins to decline thereafter.

Populations increasingly concentrate in cities and towns, pushing the urbanisation rate
up from 53% in 2013 to 63% in 2040, meaning that the absolute number of people living
in rural areas falls. Urbanisation tends to increase demand for modern forms of energy
as such forms of energy are more readily available and levels of income and economic
activity tend to be higher, although this energy growth can be mitigated through a strategic
approach to planning and transport policy.
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Table 1.3 = Population assumptions by region

Population growth* P?n;:::ia:;:;n Urbanisation

1990-2013 2013-25 2013-40 2013 2040 2013 2040

OECD 0.7% 0.5% 0.4% 1265 1402 80% 85%
Americas 1.1% 0.8% 0.7% 492 593 81% 86%
United States 1.0% 0.8% 0.7% 321 383 81% 86%
Europe 0.5% 0.3% 0.2% 568 604 75% 82%
Asia Oceania 0.4% 0.1% 0.0% 206 205 89% 93%
Japan 0.1% -0.3% -0.4% 127 115 92% 97%
Non-OECD | 1.5% . 1.1% . 1.(7)%7 5 857 R 77633 B 747‘7% - 59%
E. Europe/Eurasia 0.0% -0.1% -0.2% 341 327 63% 68%
Russia -0.1% -0.3% -0.4% 144 128 74% 79%
Asia 1.3% 0.9% 0.6% 3714 4413 43% 57%
China 0.8% 0.4% 0.1% 1365 1414 53% 73%
India 1.6% 1.1% 0.9% 1252 1599 32% 45%
Southeast Asia 1.5% 1.0% 0.8% 616 760 46% 60%
Middle East 2.4% 1.7% 1.4% 218 313 69% 76%
Africa 2.5% 2.4% 2.2% 1111 1999 40% 51%
Latin America 1.4% 1.0% 0.8% 473 581 79% 84%
Brazil 1.3% 0.7% 0.5% 200 229 85% 90%
World 1.3% 1.0% 0.9% 7122 9036 53% 63%
European Union 0.3% 0.1% 0.1% 508 516 74% 81%

* Compound average annual growth rates.

Sources: UN Population Division databases; IEA analysis.

Carbon-dioxide prices

The pricing of CO, emissions affects demand for energy and the composition of the fuel
mix by altering the relative costs of using different fuels. Momentum to price the cost
associated with greenhouse-gas emissions continues. As of mid-2015, a total of 39 carbon
pricing initiatives had been taken, in the form of taxes or cap-and-trade schemes, covering
around 3.7 gigatonnes (Gt) (12%) of global energy-related CO, emissions and with an
aggregate value of $26 billion. Since the last World Energy Outlook edition, Korea launched
a cap-and-trade programme to limit emissions to 2017 to just under 1.7 million tonnes (Mt)
of CO, equivalent, and Mexico and Portugal® established carbon taxes. The effectiveness of
the European Union Emissions Trading Scheme (EU ETS), by far the world’s largest carbon
market, remains constrained by a surplus of allowances that has kept the price of carbon

8. Acarbon tax of €5 per tonne CO, equivalent was introduced for sectors not currently covered by the EU ETS.
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too low to incentivise low-carbon investment. In a bid to improve its effectiveness, the EU
agreed in 2015 to introduce a Market Stability Reserve in 2019 that would regulate the
surplus by withdrawing allowances when necessary.

Our assumptions on carbon pricing vary across the scenarios, reflecting the extent of
policy interventions to curb growth in CO, emissions. We assume that all the schemes
currently in place remain throughout the Outlook period, with their prices gradually rising
in each case (Table 1.4). In the New Policies Scenario, the price of CO, in Europe increases
from $9/tonne in 2014 to $22/tonne in 2020 and $50/tonne in 2040. Having started at
around $7.3/tonne, the price of permits in Korea rises to levels similar to those in Europe
in 2040. China’s recently-announced carbon trading scheme, which replaces a current pilot
programme covering seven cities, is due to come into force by the start of 2017, and will
cover six sectors including power, iron and steel; chemicals; building materials, paper, and
nonferrous metals. This increases by two-and-a-half-times the share of global emissions
covered by carbon pricing, which will reach 27%. We also assume that all investment
decisions in the power sector in Canada, the United States and Japan are made on the
basis of an implicit “shadow” carbon price® that starts at $13/tonne from today and rises
to $40/tonne in 2040. Our assumptions in the 450 Scenario are for more widespread and
aggressive carbon pricing, which is adopted in all OECD countries and reaches $140/tonne
in 2040.

Table 1.4 = CO, price assumptions in selected countries and regions by
scenario ($2014 per tonne)

Region Sectors 2020 2030 2040
Current European Union Power, industry and aviation 20 30 40
Policies . :
Scenario Korea Power and industry 20 30 40
European Union Power, industry and aviation 22 37 50
Chile Power 6 12 20
New Pc_)llcnes Korea Power and industry 22 37 50
Scenario . . . .
China Power and industry 10 23 35
South Africa Power and industry 7 15 24
United States and Canada  Power and industry 20 100 140
European Union Power, industry and aviation 22 100 140
Japan Power and industry 20 100 140
450 Scenario  goreq Power and industry 22 100 140
Australia and New Zealand Power and industry 20 100 140

China, Russia, Brazil and

South Africa Power and industry 10 75 125

9. This is an assumed price, taken into account in investment decisions, to reflect the expectation that some form of
action is or will be taken to penalise CO, emissions in the future.
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Technology

Advanced energy technologies could fundamentally alter the long-term evolution of energy
markets and have a major bearing on efforts to meet environmental goals, including those
linked to greenhouse-gas emissions. The projections in this report are therefore sensitive
to assumptions on the rates of technological change and how they affect energy efficiency,
supply costs and fuel choices. This Outlook does not make allowances for technological
breakthroughs, as it is impossible to determine what form these will take, when they might
occur, or how quickly they can be commercialised. But, each of the scenarios presented in
this Outlook incorporates a process of technology learning on both the demand and supply
sides that affects the costs of different energy technologies (both those in use today and
those that are judged to be approaching commercialisation) and therefore the patterns of
investment in different sources of energy supply and in energy efficiency (Table 1.5). The
rate of technological improvement is related in many cases to the level of deployment
(which is driven in turn by the policies assumed, as well as by energy and CO, prices),
although the resulting costs can be offset by depletion effects of some resources in a given
location. This is a discernible factor affecting renewable resources in some countries and
regions, for example where the most advantageous sites for wind turbines have been fully
exploited and developers have to look to second-tier sites. It is a much more important
consideration for the costs of upstream oil and gas, as producers work their way through the
resource base in a given area and over time move to more difficult and complex reservoirs.
This depletion effect in oil and gas outweighs the impact of technology learning in many
cases, explaining why the average costs of oil and gas production rise in many instances to
2040, while the costs of other energy technologies fall (Figure 1.3).

Figure 1.3 > Evolution of energy technology costs per unit in the
New Policies Scenario, 2014-2040
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Over the projection period, the cost of renewables declines materially. For example,
continued deployment of solar photovoltaics (PV) and technology improvements further
reduce the cost of PV modules, which have been in rapid decline in recent years. Strong
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savings are also made in “soft costs” for new installations, including design, labour,
permitting and inspection. Together, these lead to cost reductions of 30-50%, relative to
those of today. Onshore wind turbines also benefit from technology cost reductions, though
they are offset, to a degree, by quality of resource characteristics and site availability as the
most favourable sites are fully developed. In most regions, the technology cost reductions
are more than enough to offset this, with the levelised cost of electricity for onshore wind
projects declining by 10-20%.

Carbon capture and storage (CCS), still nascent, has only a few commercial-scale
projects underway today. As deployment picks up pace, learning-by-doing presents an
opportunity for substantial cost reductions over the period to 2040, though deployment
will also critically depend on improved information becoming available about CO, storage
opportunities (IEA, 2015).

Efficient batteries are the key to the future deployment of electric vehicles (EV). There
remains significant scope for battery cost reductions, some of which materialise in the
New Policies Scenario. But widespread market uptake of electric cars does not depend on
cost reductions alone: consumers also need to be convinced that the performance of an
electric vehicle is at least as attractive as that of a conventional vehicle, even if its purchase
comes at higher initial cost. That means overcoming limitations to driving range, reducing
long recharging times and ensuring the widespread availability of recharging stations.
Between 20-25% of the reduction can be attributed to regional variations.

Technological improvements in energy efficiency provide cost savings. For example in
lighting, the costs of compact fluorescent lamps (CFL) and light-emitting diode (LED) lamps
have followed a particularly steep downward trajectory in some developing countries. Over
the projection period, policies to ban the use of the least-efficient incandescent light bulbs
in a number of countries, and the bigger market shares captured by CFL and LED lighting,
serve to further reduce costs and improve efficiency, decreasing cost for the same level of
lighting by 47-55%.

Sharp changes will occur in oil and gas production costs in 2040, relative to 2014, reflecting
changing geological conditions and the relative maturity of extraction technologies.
Technology learning will continue to bring down the extraction cost of abundant resource
types that are currently very expensive to develop (kerogen oil, also known as oil shales,
is a good example), while the effects of depletion will be minimal because of the huge
size of the resource base. Other already more intensively developed resource types will
see an opposite trend. In the New Policies Scenario tight oil output in the United States,
for example, continues to benefit from rapid technology learning, but the technology cost
reductions do not keep pace with the extra costs stemming from reservoir complexity as a
more limited resource base is depleted and thus development costs rise.®

10. Asdiscussed in the oil and gas chapters, the size of the ultimately recoverable tight oil (and shale gas) resource base
is one of the most influential uncertainties in our Outlook. The range of cost escalation for oil and gas by 2040 is also
particularly sensitive to the chosen base year due to the recent volatility of oil prices and development costs.
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Table 1.5 = Recent developments and key conditions for faster deployment
of low-carbon energy technologies

Technology Recent developments Key conditions for faster deployment
¢ Installation of renewables-based power Ensure a predictable and reliable long-
generation technologies hit a record term market to mitigate investment
high in 2014, helped by the continuing risks.
zznwiv:ables decline in technology costs. Promote a regulatory framework that
Onshore wind capacity increased by supports cost-effective remuneration,
45 GW, with China alone adding 20 GW. avoiding high cost incentives and the
Solar PV grew by around 40 GW. possibility of retroactive change.
In 2014, 72 GW of nuclear capacity were Promote incentives for all types of low-
under construction. carbon solutions to provide financing
Three projects began construction in certainty for investment.
Nuclear 2014, down from ten in 2013. Recognise the security of supply,
power Almost 40 countries are considering reliability and predictability that nuclear
developing first nuclear plants. Three power offers.
countries have committed to phasing
out nuclear power.
The first large-scale power plant CO, Demonstrate financial and policy
capture was demonstrated in 2014. commitment to CCS demonstration
Carbon Thirteen large-scale CCS projects were and deployment. Help to mitigate
capture investment risks.

and storage
(ccs)

online, capturing a total of 26 Mt CO,
per year by the end of 2014.

Two large-scale CCS power projects are
under construction in the United States.

Carbon pricing that expands the
commercial value of CO, beyond its use
in enhanced oil recovery.

Impacted by the price declines in crude
oil, there is ongoing uncertainty over
future biofuel demand and investment.

Develop long-term policies,
demonstration-scale and pilot plants to
advance technology development.

Biofuels Investment in new biofuels capacity has Formulate and implement sustainability

focused on hydro-treated vegetable oil criteria and standards.

in Europe and cellulosic plants in the

United States.

Global sales of light-duty passenger Continue and enhance research and

electric vehicles grew by 50% in 2014, development, infrastructure roll-out
Hlybric.i and compared with 2013. and government incentives to support
seehciz:; Battery costs continued to fall, and development of EVs.

vehicle range increased for several EV Extend promotion of EVs for modes

models. other than passenger transport.

The share of the world’s energy Strengthen and expand efficiency
Energy consurr'lpt'io'n covered by efﬁcien'cy regulation ar.\d incrgase policy ac'tion to
efficiency regulations increased from 12% in 2005 remove barriers to implementation of

to 27% in 2014 with the largest increase
in China (see Chapter 10).

energy efficiency measures.

Note: GW = gigawatt.

Source: IEA (2015).
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Energy supply costs and prices

Price is one of the key drivers of energy trends: prices paid by consumers affect the amount
of each fuel they choose to consume and their choice of technology and equipment to
provide an energy service. The price that producers receive strongly influences their
investment decisions and therefore the level of future production. In each of the scenarios
in this Outlook, the international fossil-fuel price reflects analysis of the price level that
would be needed to stimulate sufficient investment in supply to meet the projected level
of demand over the period. Average retail prices in end-uses, power generation and other
transformation sectors in each region are derived from iterative runs of the WEM, which
take into account local market conditions, including taxes, excise duties, carbon prices and
relevant subsidies. The price paths for fuels vary across the scenarios, largely reflecting the
differences in the relative strength of the policies introduced to address energy security,
environmental and other issues, and their respective impacts on supply and demand. These
include policies for subsidies. In the Current Policies Scenario, there is no change in current
subsidy rates, unless a formal programme is already in place. The New Policies Scenario, on
the other hand, assumes a complete phase out of fossil-fuel subsidies in all net-importing
countries and regions within ten years; while in the 450 Scenario, subsidies are removed
within ten years in net-importing regions, and are removed in all net-exporting regions
except the Middle East within 20 years.

Inthe 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 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. But this does not flow through to lower final end-user prices as the
cost savings are assumed to be offset by increased taxes. There is, however, a benefit in
terms of lower national energy import bills.

Oil prices

After a period of relatively stable but historically high prices from 2010 until mid-2014, at
which point oil traded at around $115/barrel, international benchmark oil prices fell by
well more than 50% into 2015 and have remained in the $40-60/barrel range for much
of 2015. The collapse in prices was driven by a marked slowdown in demand growth and
record increases in supply, particularly tight oil from North America, as well as a decision by
the Organization of Petroleum Exporting Countries (OPEC) countries not to try to rebalance
the market through cuts in output (Figure 1.4).

These market developments provide a new, much lower, starting point for the formulation
of the oil price trajectories used in each of the scenarios in this Outlook, compared with
those in WEO-2014. Prices remain lower for much of the early part of the projection period,
although the gap progressively narrows in all scenarios (except the Low Oil Price Scenario)
as markets work through the current supply overhang and rebalance at higher price levels.
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The rebound in prices occurs most rapidly in the Current Policies Scenario, because of
higher oil consumption, with the average IEA crude oil import price — used as a proxy for
international oil prices — approaching $83/barrel (in year-2014 dollars) in 2020 in this
scenario. In the New Policies Scenario, the market tightens less quickly and the oil price
reaches $80/barrel in 2020.

Figure 1.4 = Non-OPEC supply cost curves for 2015 and 2040 in the
New Policies Scenario
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Notes: EHOB = extra-heavy oil and bitumen. The vertical green line indicates the amount of production required between
2015 and 2040 in the New Policies Scenario

The oil price trajectories are determined by the level needed to stimulate sufficient investment
in supply in order to meet projected demand in each scenario. Higher demand in the
Current Policies Scenario means a higher call on oil from costly fields in non-OPEC countries.
Conversely, in the 450 Scenario, more aggressive policy action to curb demand means that
market equilibrium can be found at a lower price. The non-OPEC supply cost curves for 2015
and 2040, derived from the WEM, help to illustrate the underlying logic behind the various
long-term trajectories (Figure 1.4). As might be expected, a higher oil price allows an increased
volume of resources to be developed, including larger volumes of unconventional oil. But the
picture also changes over time: the 2040 cost curves, illustrated here for different non-OPEC
resource categories in the New Policies Scenario, are higher and steeper than those for 2015,
as capital and operating costs are pushed higher by the gradual depletion of the resource
base and the need to develop more challenging or remote fields.!! The relationship between
the supply cost curves and oil prices is not straightforward, but the inference is that a price
in the range of $80-120/barrel is likely to be required to enable supply to meet demand in

11. The situation is complicated by the two-way interaction between costs and prices: an increasing oil price pushes up
industry activity levels, tightening markets for upstream supplies and services (and meaning that higher prices also tend
to lead to higher costs). Likewise, as shown in 2014-2015, an oil price fall is accompanied by strong pressure on supply
and service providers to reduce costs. This correlation between oil prices and industry costs is captured in the way that
costs are modelled in the World Energy Model.
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the New Policies Scenario to 2040. Provision for various limitations, including geopolitical and
logistical constraints on the rate of growth in both OPEC and non-OPEC countries, leads to
a situation in which oil prices are typically maintained at a higher level than the supply cost

curves would suggest, which is why the oil price in the New Policies Scenario in 2040 reaches
$128/barrel.

Figure 1.5 = Average IEA crude oil import price by scenario
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In this Outlook, we change some of the key assumptions underlying the New Policies
Scenario to model a Low Oil Price Scenario, in which lower cost oil from OPEC countries is
much more readily available and production from some key non-OPEC producers — notably
the United States — is also assumed to be more resilient at lower prices. There are also
some changes to assumptions on the demand side, including a diminished near-term GDP
outlook in some emerging economies. These factors allow the oil price to remain lower
for longer, prices remaining flat until the 2020s, in the $50-60/barrel range, and rising only
gradually thereafter, to $85/barrel by 2040 (Figure 1.5).

Box 1.2 = Run-up to an oil price fall

To better understand the reasons behind the fall in the price of crude oil in 2014-2015,
it is worthwhile first to examine the factors behind the rise that preceded it and
why these were not sustained. At one level, the explanation for the price decline is
ultimately quite simple — high oil prices encouraged a growing imbalance between
buoyant supply and flagging demand — but some of the underlying dynamics and
reasons for the timing of the eventual fall are more complex.

There were fundamental reasons for tighter markets after the 2008 global economic
crises, notably the strong rebound in demand, but also on the supply side, there were
a number of one-off factors that kept prices high. These included output disruptions
in 2011 and 2012 in Libya, Syria and Nigeria, as well as the tightening of sanctions
against Iran at that time. A rapid expansion of refinery runs in Russia also contributed
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to the decreasing availability of crude oil in international markets??, while the refining
sector in Europe (and to a lesser degree elsewhere) did not adjust its crude intake and
rationalise capacity as quickly as market conditions would have implied. Between 2008
and 2013, while oil demand in OECD Europe declined by 1.8 million barrels per day
(mb/d), refinery runs decreased by only 1.3 mb/d, while imports of middle distillates,
the only deficit product in Europe, were increasing. Effectively, crude oil prices were
being supported at higher levels by refiners absorbing negative refining margins.

Into this picture came increasing volumes of US oil production, which had bottomed
out in 2008 after two decades of decline. Between 2012 and 2014, the output of oil
by producers in the Atlantic basin®® increased by 3.8 mb/d (compared with no growth
over 2009-2011). Refiners in the United States started processing increasing volumes of
tight oil and of heavy crudes, which were trading at a discount to international crudes,
displacing West and North African oil and some heavier Middle Eastern crudes from the
North American market. At the same time, increasing output of natural gas liquids (NGLs)
meant more competition from ethane and LPG for petrochemical feedstocks based on
crude oil (naphtha). On the oil demand side, annual consumption growth of 0.5 mb/d
in 2014 was one of the lowest in a number of years. The growth in oil demand in China
decelerated perceptibly, reflecting a cooling economy and the start of a rebalancing away
from heavier manufacturing industry. The weaker exchange rates of many currencies
against the dollar, in both the emerging markets and the European Union, also curbed
the appetite for oil consumption and dollar-denominated imports.**

Accelerating production growth from the United States, rising production from Iraq,
slowing demand and an easing of some of the special one-off elements that had kept
markets tight started to push crude prices down from the late second-quarter 2014.
This presented a challenging picture to OPEC delegates when they met in November,
ultimately convincing Saudi Arabia and other OPEC member countries that an attempt
to rebalance the market by cutting back OPEC output would not be effective. The
decision to leave the OPEC production target unchanged was then the trigger for
further price falls — setting the stage for a different type of market rebalancing, with
the oil price as the mediator — and non-OPEC production on the front line.

12. The refined products were being exported to international markets, so the total oil exports out of Russia were
growing, but crude oil prices first of all are affected by crude oil supply and demand, while product markets then affect
the difference between product and crude prices, i.e. cracking and refining margins.

13. In oil trading, the world is typically considered (at the highest level of aggregation) in two parts: the Atlantic basin
and the East of Suez region. The former includes countries around the Atlantic rim, i.e. the Americas, Europe, West
and North Africa, and also Russia and Caspian countries that generally export towards Europe. The East of Suez region
consists of the Middle East, Asia, East Africa and Australia.

14. Another factor that may ultimately have weighed down on the oil price was the switch in the Atlantic basin in 2012-2013
from being a netimporter to a net exporter of crude oil to the rest of the world. The two most important oil futures, Brent and
WTI, are in the Atlantic basin (Brent in the North Sea and WTI essentially for North and Central American output); these prices
no longer need to incentivise net inflows of oil to Atlantic markets, but rather the net evacuation of oil from the Atlantic region
towards the growing refining sector of Asia.
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Natural gas prices

There is for the moment no global pricing benchmark for natural gas, as there is for oil.
Instead, there are three major regional markets — North America, Asia-Pacific, and Europe —
each with different pricing mechanisms and gas market conditions. In North America, gas
prices are determined at hubs, and reflect local gas supply and demand dynamics, while in
Asia-Pacific, trade is dominated by long-term contracts that are often linked to the price of
oil. Gas trade in continental Europe was also governed by long-term oil-indexed contracts
in the past, but is increasingly gravitating towards arrangements which allow prices to be
set by gas-to-gas competition, which account for around half of European gas trade today.

In WEOQ-2015, gas price spreads between regions persist, but gradually come to levels that
are more consistent with the costs of moving gas between the markets. This convergence
comes about because of greater availability of liquefied natural gas (LNG) on a flexible
basis, with a portion of LNG sellers free to seek out the best available price in the various
import markets. A degree of segmentation between markets remains, because of the
effect (including a large legacy effect) of long-term contracts that retain more restrictive
price or destination requirements. The high costs and long-lead times of developing gas
infrastructure also create strong inertia within the system —and the high gas transportation
costs rule out the prospect of a single global gas price; but the overall effect is that markets
become more interconnected and that price changes in one market are reflected more
quickly in others. Differences between the price levels in the Current Policies, New Policies
and 450 Scenarios are largely explained by the variations in global and regional demand;
different oil price trajectories also play a strong role in price-setting in some regions.

Of the three main regional gas markets, North American prices remain the lowest in each
of the scenarios, but they do rise over time in line with the rising breakeven costs of gas
supply, reaching $7.5 per million British thermal units (MBtu) in 2040 in the New Policies
Scenario. Average import prices vary across the Asia-Pacific region. In Japan, prices have
already come down from their post-Fukushima highs and the re-commissioning of nuclear
plants over the coming years relieves much of the exceptional demand for imported gas.
Average import prices rise steadily over the longer term to reach $14/MBtu in 2040. China,
whose options for supply are more varied and include domestic production as well as
various pipeline and LNG import options, has a lower average import price than Japan
(as do many other Asia-Pacific markets). It rises to $12/MBtu in 2040 in the New Policies
Scenario, a similar level to that in Europe.

The Low Qil Price Scenario presents an interesting variation on the price outlook for gas.
Importers with oil-indexed contracts generally stand to benefit, but this scenario also
accelerates the de-linking of the two prices, as otherwise gas prices would be too low to
bring forward the supply necessary to meet gas demand. Overall, Japan and Europe see
prices that are 12% and 8% lower, respectively, than in the New Policies Scenario. In the
United States, by contrast, prices — and the commercial case for natural gas production
— do not change much in the Low Oil Price Scenario: producers tend to benefit from
lower upstream costs for services and supplies, but the economics of gas production are
worsened by the lower value that they receive for NGLs.
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Coal prices

The global coal market consists of a number of regional sub-markets that are typically
separated by geography, coal quality and infrastructure constraints. As a result, coal prices
vary markedly between regions and even within a country (Figure 1.6). Around one-fifth
of global steam coal production is traded inter-regionally, with the remainder used close
to where it is mined. Nevertheless, the price of coal on the international market acts as a
useful barometer of the dynamics within the market itself.

Figure 1.6 = Coal price relative to gas price by region in the
New Policies Scenario (in energy equivalent terms)
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The downward pressure on prices in recent years can be attributed to two primary causes.
On the supply side, a period of surging demand between 2007 and 2011 triggered a large
increase in mining investments in Australia, Colombia, Indonesia and South Africa. These
mines have come online at a period of dampened demand growth in China, where local air
pollution concerns have led to a shift away from coal towards gas and renewables in the
power sector and, to a lesser extent, in the United States, where cheap shale gas has led to
some coal being displaced.

The outlook for coal prices differs by scenario: prices are a function of the demand growth
and the cost of the production to meet it. In all of the scenarios, the international coal
market returns to balance by 2020, after which prices are fundamentally determined by the
marginal cost of supply. In the New Policies and Current Policies Scenarios growing demand
and trade put upward pressure on prices and increase the call on supply from mines that
are currently operating at a loss. More rigorous climate action after this period is reflected
in lower demand in the New Policies Scenario compared with the Current Policies Scenario
to 2040, and as a result, there is a significant price divergence, with the OECD steam coal
import price reaching $108/tonne in the New Policies Scenario compared with $123/tonne
in the Current Policies Scenario. In the 450 Scenario, more stringent climate policies slash
long-term global coal demand, but the effects are already noticeable in the medium term.
Loss-making mines are shut while those with favourable costs stay in business and support
a coal price that is kept flat at current levels.
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Chapter 2

Global energy trends to 2040
Business-as-usual or a brave new world?

Highlights

® Government policies play a powerful role in determining the evolution of the energy
sector. World energy demand grows in all WEO scenarios, but policies dictate the
pace and the extent to which emissions follow the same path. In the New Policies
Scenario, global energy demand increases by 32% from 2013 to 2040, with all of the
net growth coming from non-OECD countries and OECD demand ending 3% lower.

e The largest energy demand growth story of recent decades is near its end; coal use
in China reaches a plateau, close to today’s levels, as its economy rebalances and
industrial coal demand falls. The world’s biggest oil consumer (United States) sees
the biggest drop in demand, together with the European Union (both down 4 mb/d).
Broad-based growth in gas demand (up 47%) is led by China and the Middle East.

® Electricity consumption grows by more than 70% to 2040, but 550 million people
still live without any access to electricity at that time. Renewables overtake coal as
the largest source of power generation by the early-2030s and account for more
than half of all growth over the Outlook. By 2040, renewables-based generation
reaches 50% in the EU, around 30% in China and Japan, and above 25% in the United
States and India. In contrast, coal is just 13% of electricity supply outside of Asia.

® The oil market is in unfamiliar territory: facing a well-supplied market and lower
prices, producers have cut operating costs and investment plans. Qil production
grows by 12% from 2014, to over 100 mb/d in 2040, led by non-OPEC countries
initially (to around 2020) and OPEC later on. By 2020, US unconventional gas output
has grown to exceed the total gas production of any other country in the world.

® Energy trade relationships continue to be rewritten, with Asia the final destination
for 80% of regionally traded coal, 75% of oil and 60% of natural gas in 2040. China
becomes the world’s largest oil importer before 2020 and India the second-largest
around 2035. Middle East oil exports accelerate after 2020 and gas exports rebound
after 2025. North American gas net exports are 45 bcm by 2020 and the region is
self-sufficient in oil by the mid-2020s. EU gas imports grow by 30%, but also diversify.

e World energy sector investment totals $68 trillion from 2015 to 2040, of which
37% is in oil and gas supply, 29% in power supply and 32% in end-use efficiency.
Fossil-fuel subsidies were $493 billion in 2014, but would have been $610 billion
without reforms since 2009. Recent changes prove reform is possible: low oil prices
give net importers the room to reform and reinforce the need for exporters to do so.

® The energy sector must be at the heart of global action to tackle climate change.
Despite some positive signs that a low-carbon transition is underway, energy-related
CO, emissions are projected in the New Policies Scenario to be 16% higher by 2040.
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Introduction

A changing world is asking challenging questions of the established energy powers.
Is there a new master of the oil market? Will fossil fuels surrender their supremacy in
the electricity sector? To what extent will Asian energy demand dominate markets and
energy trade alliances be rewritten? And can the nations of the world strike an effective,
collective climate bargain? The last year has been awash with energy market and policy
developments. Lower oil prices have squeezed capital investment, boosted demand, put
pressure on exporters and emboldened some countries to reform fossil-fuel subsidies. But
key questions remain around the lifespan of OPEC’s current strategy and how long higher
cost producers can endure lower oil prices. Consequent pressure on natural gas prices is
also set in the context of an impending wave of new global liquefied natural gas (LNG)
capacity. Natural gas security continues to occupy Europe’s policy-makers, while Russia’s
pivot towards China is proceeding slowly. The rapid expansion of traded coal supply in
recent years, coupled with the first decline in global demand this century, has prompted
a sharp drop in coal prices. Global investments in renewables have been strong while
costs have continued to fall, but government support remains essential in most markets.
Energy efficiency policies are having a notable impact on demand, but lower prices also
bring the risk that consumption grows more strongly and policy efforts falter. Energy has
been at the heart of many international policy discussions, with the G7 focusing on energy
sector decarbonisation and energy security, the G20 delivering action plans on energy
efficiency and energy access, the United Nations including energy explicitly within its
post-2015 Sustainable Development Goals and intense efforts by policy-makers to prepare
the ground for the critical climate meeting in Paris in December 2015 (COP21). Rarely
has energy featured so prominently in so many fora, but will the world’s energy system
undergo a gradual transition or a rapid and fundamental transformation in the decades
to come?

The 2015 edition of the International Energy Agency’s World Energy Outlook (WEO-2015)
seeks to put latest developments into perspective and explore their implications for global
energy security, economic development and the environment. WEO-2015 projects key
energy and climate trends by fuel, region and sector for the period 2013 to 2040. While
the base year is 2013, more recent energy data are incorporated in the Outlook where
available, as are energy market and policy developments (up to mid-2015). WEO-2015
presents three main scenarios that are differentiated by their energy and climate policy
assumptions (see Chapter 1), with the future energy picture that they portray varying
significantly. The New Policies Scenario — the central scenario — describes a pathway for
energy markets based on the continuation of existing policies and measures, as well as the
cautious implementation of announced policy proposals, even if they are yet to be formally
adopted. The Current Policies Scenario takes account only of those policies that were
enacted as of mid-2015, and therefore offers a baseline against which to assess the impact
of new policies. The 450 Scenario is an outcome-oriented scenario, illustrating an energy
trajectory consistent with a 50% chance of limiting the long-term increase in average global
temperatures to no more than 2 degrees Celsius (°C) — the internationally agreed global

54 World Energy Outlook 2015 | Global Energy Trends



climate goal. In addition, WEO-2015 presents some tailored scenarios and cases as a means
to unlock new findings for decision-makers, including a Low Oil Price Scenario in Chapter 4,
a Material Efficiency Scenario in Chapter 10 and an Indian Vision Case in Chapter 14.

Overview of energy trends by scenario

Global energy demand increases in all WEO scenarios, but government policies play a
powerful role in dictating the degree of growth and the degree to which energy-related
emissions decouple from energy use (Figure 2.1). Overall, new energy and climate policies
— either those that have been announced or those that are prescribed to meet the world’s
climate goal — serve to restrain the pace at which energy demand grows and to weaken,
or break (in the case of the 450 Scenario), the link between growth in energy demand and
in energy-related emissions (a crucial consideration for COP21). Between 1990 and 2013,
world primary energy demand increased by 55% to 13 560 million tonnes of oil equivalent
(Mtoe) and it is projected to grow by a further 45% to 2040 in the Current Policies Scenario,
32% in the New Policies Scenario and 12% in the 450 Scenario.! Energy demand projections
are lower than in WEO-2014 (in all cases, down more than 2% in 2025 and 2040), the
net effect of new market, economic and policy developments serving to push and pull
components of the global energy system in different directions (IEA, 2014a). For instance,
the upward push from lower oil and gas prices in the near term is offset by a downward
revision to gross domestic product (GDP) growth in some key markets.

Figure 2.1 = World primary energy demand and CO, emissions by scenario
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No country in the world has fully utilised the potential to improve the energy efficiency
of its economy and most still have scope to go considerably further. Energy efficiency
regulations have been adopted more widely in recent years and covered 27% of global
energy consumption in 2014, up from 14% in 2005 (see Chapter 10). In 2014, final energy
consumption expanded by 0.7%, but without efficiency improvements the growth would
have been around three-times higher. Despite this positive indicator, policy-makers must

1. In this chapter, world totals include international marine and aviation bunkers, but regional totals do not.
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remain vigilant in their energy efficiency efforts, as periods of lower energy prices can
tempt consumers to be more profligate and weaken the case for households and businesses
to make efficiency investments. While increasing numbers of governments recognise the
multiple benefits that improved energy efficiency can bring, such as enhanced energy
security, more affordable energy services and reduced local air pollution (IEA, 2014b),
strong and sustained policy action is often required to help remove the barriers to progress.
The degree to which governments introduce and tighten energy efficiency policies is a key
differentiator across the WEO scenarios. While the global economy grows to two-and-a-
half-times its current size by 2040 in each of the three main scenarios, the enactment of
progressively stronger energy efficiency policies sees the energy consumed per dollar of
GDP decline by nearly 45% in the Current Policies Scenario, nearly 50% in the New Policies
Scenario and over 55% in the 450 Scenario.

Despite efforts to decarbonise the world’s energy system, the share of fossil fuels in the
global energy mix has changed little over the last thirty years (81% in 2013), while coal (the
most carbon-intensive fossil fuel) has attained, in 2013, its highest share of the energy mix
for at least 40 years. In all scenarios, fossil fuels remain the dominant source of energy supply
to 2040, but their share of the energy mix falls, just slightly in the Current Policies Scenario but
much more rapidly in the 450 Scenario (Table 2.1). In the Current Policies Scenario, demand
for coal overtakes oil around 2030 to make coal the largest component of the energy mix,
while it is natural gas which experiences the highest growth in demand (in absolute terms)
through to 2040. Renewables increase significantly, but their growth only just outpaces that
of total energy demand, meaning that their share of the energy mix changes little. Similarly,
nuclear sees little change. In the New Policies Scenario, demand for all fossil fuels increases,
but growth in coal demand stays at low levels, and natural gas use nearly reaches the level of
coal by 2040. In the 450 Scenario, the consumption of fossil fuels is still far from trivial but,
utilising only commercial and near-commercial technologies, global demand for both coal
and oil reaches its peak by 2020 and then moves into a clear decline, while the use of natural
gas levels-off around 2030. The outlook for all forms of low-carbon energy (renewables,
nuclear power and carbon capture and storage [CCS]) is more positive in the 450 Scenario
and they collectively meet 46% of primary energy demand by 2040.

The world is at a critical juncture in its efforts to combat climate change and the build-up
to COP21 has prompted a surge in policy activity designed to reduce greenhouse-gas (GHG)
emissions. For instance, the United States and China made a landmark joint announcement
on climate change and clean energy co-operation in 2014 (and a joint presidential
statement on climate change in September 2015); the European Union (EU) has agreed
an energy and climate package for 2030; and India has established ambitious targets
for renewables deployment. Governments from around the world have submitted their
Intended Nationally Determined Contributions (INDCs) for COP21. More broadly, the head
of the Catholic Church, the Pope, issued an encyclical on the environment, Islamic religious
leaders and scholars issued a Declaration on Climate Change and the UN Sustainable
Development Goals have been adopted. As energy production and use account for around
two-thirds of the world’s GHG emissions, actions to reduce them must come first and
foremost from the energy sector. In June 2015, the IEA set out its views on the challenge
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of tackling climate change and the opportunities for effective action in the energy sector in
Energy and Climate Change: World Energy Outlook Special Report (IEA, 2015a).2 The report
emphasised the need for INDCs to be viewed as a base upon which to build and proposed
four key pillars to help ensure that COP21 achieves a successful outcome (Spotlight).

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

Current Policies New Policies .
Scenario Scenario 450 Scenario

2020 2040 2020 2040 2020 2040
Coal 2343 3929 4228 5618 4033 4414 3752 2 495
Qil 3669 4219 4539 5348 4461 4735 4356 3351
Gas 2067 2901 3233 4610 3178 4239 3112 3335
Nuclear 676 646 827 1036 831 1201 839 1627
Hydro 225 326 380 507 383 531 384 588
Bioenergy* 1023 1376 1537 1830 1541 1878 1532 2331
Other renewables 60 161 296 693 316 937 332 1470
Total 10063 13559 15041 19643 14743 17934 14308 15197
Fossil-fuel share 80% 81% 80% 79% 79% 75% 78% 60%
Non-OECD share** 46% 60% 63% 70% 63% 70% 63% 69%
CO, emissions (Gt) 23.2 31.6 34.2 44.1 33.1 36.7 31.5 18.8

* Includes the traditional use of solid biomass and modern use of bioenergy. ** Excludes international bunkers.

The WEO-2015 scenarios demonstrate the huge impact that government policies can have
on energy-related emissions. The Current Policies Scenario sees the growth in energy-
related carbon-dioxide (CO,) emissions average 1.2% per year over the Outlook period,
maintaining a broadly consistent pace through to 2040. Total OECD emissions in 2040 are 7%
lower than 2013 levels, while non-OECD emissions are more than 65% higher. The growth
in emissions is much slower in the New Policies Scenario, but total emissions still fail to
peak by 2040.3 In both scenarios, therefore, the world moves further away from achieving
its agreed 2 °C climate goal, but at differing speeds. In the 450 Scenario, the long-standing
trend of increasing energy-related CO, emissions is quickly halted and emissions then
decline by more than 2% per year (on average), to stand at around 19 gigatonnes (Gt)
in 2040. Key policy and technology drivers that underpin this change in direction include
stronger support for renewables deployment in the power sector, CCS (in power and
industry), carbon pricing, more rapid reform of fossil-fuel subsidies, and broader adoption
and stronger application of energy efficiency policies and low-carbon forms of transport.

2. Energy and Climate Change: World Energy Outlook Special Report is available to download free at
www.worldenergyoutlook.org/energyclimate.

3. The energy-related aspects of INDCs that had been submitted by 1 October 2015 are incorporated, albeit in a cautious
manner, within the assumptions of the New Policies Scenario (see Chapter 1). Such an approach is consistent with the
treatment of other announced policies.
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SPOTLIGHT

The weight of the energy sector in global GHG emissions means that any agreement
reached at COP21 must have the energy sector at its core. The Energy and Climate
Change: WEO Special Report, published on 15 June 2015, proposed the following four
key pillars to make COP21 a success from an energy perspective:

1. Peak in emissions — set the conditions to achieve an early peak in global energy-
related emissions.

2. Five-year revision — review national climate targets regularly to test the scope to
raise their ambition.

3. Lock-in the vision — translate the agreed climate goal into a collective long-term
emissions goal, with shorter term targets consistent with the long-term vision.

4. Track the transition — establish an effective process for tracking progress in the
energy sector.

Of these pillars, the first is the most critical. As a means to achieve such a peak in
energy-related emissions by 2020, the report put forward a bridging strategy (presented
as the Bridge Scenario) based upon five energy sector measures:

B Increasing energy efficiency in the industry, buildings and transport sectors.

B Progressively reducing the use of the least-efficient coal-fired power plants and
banning their construction.

B Increasing investment in renewable energy technologies in the power sector to
reach $400 billion in 2030.

Gradually phasing out fossil-fuel subsidies to end-users by 2030.

Reducing the methane emissions arising from oil and gas production.

The peak can be achieved using only proven technologies and policies, and without
changing the economic and development prospects of any region (i.e. taking any
region as a whole, the measures are, at worst, GDP neutral). The measures in the
Bridge Scenario apply flexibly across regions, with energy efficiency and renewables as
key measures worldwide. For countries that have submitted their INDCs, the proposed
strategy identifies possible areas for over-achievement. Their adoption would be
insufficient, alone, to put the world on track for reaching the 2 °C target; but they
would put the world on a course consistent with the later adoption of further emissions
reductions. They would lock-in recent trends that decouple economic growth from
emissions growth in some regions and broaden that trend (Figure 2.2).

The second pillar addresses the need for climate pledges for COP21 to be viewed as the
basis from which to create a process of increasing ambition. It advocates a five-year
review cycle to test the scope for further action. Both the situation and the available
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solutions are evolving rapidly: the world’s shrinking “carbon budget” means that no
promising new action should be deferred, while the pace of energy sector innovation
makes a five-year cycle a reasonable basis for reviewing national targets.

Figure 2.2 > Energy-related CO, emission levels and GDP by
selected region in the Bridge Scenario
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As a third pillar, the goal of keeping the increase in long-term average global
temperatures to below 2 °C should be complemented by a long-term GHG emissions
target, making it more straightforward to apply in the energy sector. Such a target
would help anchor future expectations, guide investment decisions, provide an
incentive to develop new technologies, drive needed market reforms and spur the
implementation of strong domestic policies, such as carbon pricing.

The fourth pillar is that the COP21 agreement should establish a strong process for
tracking progress in the energy sector. Tracking national progress would both provide
clear evidence of results, reassuring the international community that others are acting
diligently, and identify countries that are struggling with implementation, enabling
assistance to be provided if needed.

Since its release, the WEO Special Report and the four pillars have been endorsed by
a range of senior government and energy sector stakeholders, including the United
Nations Framework Convention on Climate Change (UNFCCC) Secretariat and the
French Presidency of COP21. The UNFCCC has utilised the analysis when conducting
their appraisal of submitted INDCs. An update of the WEO analysis on the energy and
emissions impact of INDCs was also released in October 2015, taking into account all of
the latest submissions. Finally, the WEO Special Report and its INDC analysis are to be
key contributions to the IEA’s Ministerial meeting on 17-18 November 2015.
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Across the WEO scenarios, the main impact of government policies is not to change
the scale of global energy investment, but rather the balance across fuels and sectors,
and across supply and demand (Figure 2.3). Total investment in fossil-fuel supply varies
significantly across the scenarios, mainly due to shifts in oil and gas investment that stem
from changes in demand levels and the underlying costs. Investment in coal supply declines
across scenarios, but accounts for only around 2-3% of total fuel supply investment.
Investment in fossil-fuelled power generation capacity differs across scenarios by less than
might be expected, as CCS features more prominently in the 450 Scenario, serving as a
form of asset protection strategy. By 2040, around 5 Gt of energy-related CO, emissions are
captured annually in this scenario (around 60% in the power sector, followed by industry).
Investment in nuclear power generation is around 65% higher in the 450 Scenario than
the Current Policies Scenario, but remains concentrated in a relatively small number of
markets. Significant investment in renewables-based power supply occurs across a much
larger number of markets, and strengthens across the scenarios. The investment decisions
made by energy consumers will have a huge impact on the scale and makeup of future
demand. In recent years, relatively high energy prices and rising spending on energy
have inspired more focus on energy efficiency in many countries with related investment
increasing in all scenarios.* The majority is spent on improved efficiency in transport (split
fairly evenly between road and non-road transport), a smaller share on improved efficiency
in buildings (mainly insulation, appliances and lighting) and the remainder is in industry.

Figure 2.3 = Cumulative world energy sector investment by sector and
scenario, 2015-2040
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4. Energy efficiency investment is the expenditure on a physical good or service that delivers the equivalent energy
service and leads to future energy savings, compared with the energy demand expected otherwise.
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Energy trends in the New Policies Scenario
Energy demand

Events of the last year, coupled with emerging and long-standing socio-economic trends,
have changed many aspects of the Outlook, but have not altered the overall view of a world
whose appetite for energy continues to grow through to 2040. In the New Policies Scenario,
global primary energy demand increases by nearly one-third between 2013 and 2040 to
reach 17 900 Mtoe. The annual average rate of growth in primary energy demand slows
over time: from 2.5% in 2000-2010, it falls to 1.4% in the current decade, 1% in the next
and below 1% in the 2030s. A deceleration of global economic and population growth,
coupled with more robust energy efficiency and other policies all play a role, particularly
the slowing of economic expansion in some key economies (such as China).

The link between economic growth and energy demand weakens over time in the
New Policies Scenario, reflecting the changing nature of economic development (Figure 2.4).
More markets approach a saturation point in demand for energy services and more energy
efficient technologies are adopted, together with policies that allow these services to be
provided more effectively. Many economies also continue to undergo structural change,
either in the form of a transition towards less energy-intensive forms of economic activity
(i.e. services and light industry), such as in China, or industrialisation, such as in India.

Figure 2.4 = Primary energy demand and GDP by selected region in the
New Policies Scenario, 1990-2040
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In the case of China, energy consumption has grown at a pace close to that of economic
growth in recent decades, but there is an increasing divergence over the Outlook period.
India traces a similar but less energy-intensive industrial path, relative to its overall
economy. At their very different stage of economic development, the United States and
the European Union have already experienced significant deindustrialisation, with services
playing a much greater role in economic growth and energy efficiency policies being
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implemented across all sectors. In the New Policies Scenario, the US economy continues to
grow, but primary energy demand remains relatively stable in absolute terms, while, in the
European Union, energy demand falls while the economy continues to expand.

The world’s population has doubled in a little over 40 years and is projected to expand by
one-quarter to reach nine billion people in 2040; but the weight of this growth moves away
from the largest global centre of energy demand growth (Asia) and towards regions that
currently have very low levels of energy use (led by Africa). The world average of per-capita
energy demand remains close to existing levels in the New Policies Scenario, but masks a
large disparity across regions (low but rising in much of Asia, Latin America and others; high
but declining in Canada, United States etc.), which narrows only slowly over time.

Outlook by fuel

In the New Policies Scenario, primary energy demand for all fuels grows through
to 2040 (Figure 2.5). Of this growth, renewables collectively account for 34%, natural gas
for 31%, nuclear for 13%, oil for 12% and coal for 10%. Non-hydro renewables and natural
gas see growth accelerate after 2025, while demand growth for oil slows notably over time
and for coal it stays relatively low throughout the projection period. By 2040, oil and coal
collectively relinquish a 9% share of the global energy mix, while renewables see their
share grow (by 5%), as does natural gas (+2%) and nuclear (+2%).

Figure 2.5 > Primary energy demand by fuel in the New Policies Scenario
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World oil demand increases by 15% in the New Policies Scenario, reaching 103.5 million
barrels per day (mb/d) in 2040 (see Chapter 3). Demand growth slows gradually over time,
from an average of around 0.85 mb/d per year to 2020 to around 0.4 mb/d thereafter.
A boost to demand in the near term, stemming from low oil prices, is progressively
counter-balanced by a combination of lower economic growth expectations in some key
economies, the impact of efficiency and emissions policies and, over time, a rebound in
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oil prices reflecting a cut in capital investment by the oil industry. In a scenario where oil
prices stay lower for longer (the Low Oil Price Scenario in Chapter 4), global oil demand
is 3.7 mb/d higher than the New Policies Scenario in 2040 (over 107.2 mb/d), mainly as a
result of higher transport demand.

Oil demand becomes even more concentrated in the transport and petrochemicals sectors
in the New Policies Scenario, as its use continues to be backed out of power generation
(from already low levels) and buildings in favour of cheaper or otherwise more desirable
alternatives. Transport demand for oil grows by around 11 mb/d over the Outlook period,
with road transport accounting for 60% of this increase. Demand for diesel (led by trucks in
Asia) is the main source of growth, with use of diesel overtaking gasoline in the mid-2030s.
Gasoline use peaks at around 24 mb/d in the early-2030s and then falls slightly as growth in
non-OECD markets slows and the decline in OECD markets dominates. Strong demand for
petrochemical feedstocks, which goes from 10 mb/d in 2013 to 16 mb/d in 2040, pushes up
naphtha and ethane consumption (in the Middle East, China and elsewhere), while aviation
demand does the same for kerosene. Industrial oil demand (beyond petrochemicals)
remains relatively unchanged at a global level, as does the mix of oil products used. Qil use
in buildings declines gradually over time, mainly due to lower diesel consumption, but is
still 5.8 mb/d in 2040. In the power sector, oil demand continues its long-term decline, as
countries either shift to alternative forms of generation (mainly in the Middle East) or return
to them (such as nuclear power in Japan). As transport and petrochemicals are projected to
be key drivers of future oil demand trends, so policies around efficiency and modal change
in transport, and recycling of petrochemical products could be particularly important. For
instance, while fuel-efficiency standards for cars are now common, they remain rare for
freight transport. The aviation and shipping sectors are working on international agreements
to improve their fuel efficiency, but progress has been slow.

The world’s largest oil consumer — the United States — experiences one of the world’s
largest reductions in oil demand over the Outlook period (the largest reduction when
measured in energy-equivalent terms) (Figure 2.6), with consumption declining by around
4 mb/d (around 25%). This is mainly due to the strengthening fuel-efficiency standards for
passenger vehicles in transport (CAFE standards) and the recent extension of standards
for heavy-duty vehicles beyond 2018. India is projected to experience the largest increase
in oil demand of any country in the world (6 mb/d), followed by China (5 mb/d). China
overtakes the United States as the world’s largest oil consumer soon after 2030, but this
is accompanied by demand growth slowing to a crawl by 2040 (when oil demand reaches
15.3 mb/d), as population growth and vehicle sales slow and fuel-efficiency standards have
a greater impact. Oil use in Asia as a whole grows to more than 35% of the world total
by 2040. Having dropped below China in 2015, oil demand in the European Union falls
below that of the Middle East around the mid-2020s and of India in the early-2030s. In the
EU, oil demand reaches 6.6 mb/d in 2040, a level similar to Latin America or Southeast Asia
at that time. Tighter energy efficiency policies, coupled with the backing-out of oil in power
generation, see oil use in Japan drop by nearly half by 2040. In the Middle East, oil demand
grows by 3.7 mb/d and the region remains one of the largest oil users on a per-capita basis.
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Figure 2.6 = Change in demand by fuel and selected region in the
New Policies Scenario
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In the New Policies Scenario, global coal demand grows by around 10% by 2040, to exceed
6 300 million tonnes of coal equivalent (Mtce), reflecting the net outcome of declining or
stable demand in some markets and growing demand in others (see Chapter 7). All of the
growth in demand is for steam coal (up nearly 20% to 2040), with the use of coking coal
ending 17% lower than 2013 levels and lignite 13% lower. The power sector accounts for
the majority of the increase in coal use and continues to account for over 60% of world coal
consumption. Coal’s share of global electricity generation drops from 41% in 2013 to 30%
in 2040, but this hides a major disparity between developing Asia (where it goes from 68%
to below 50%) and the rest of the world (from 27% to 13%). Industry accounts for much of
the remaining growth in coal demand, resulting from higher levels of industrialisation in
India, Indonesia and other parts of Asia (excluding China). Meanwhile, coal use in buildings
drops by nearly 30%, as households (mainly in China) move to cleaner burning fuels. Coal
input to coal-to-liquids plants grows to 110 Mtce in 2040, led by parts of Asia and southern
Africa, as they seek to generate additional revenues from their coal reserves.

The single largest energy demand growth story of recent decades is near its end. Recent
years have seen a marked slowdown in global coal demand growth, led by China, and, in
the New Policies Scenario, China’s coal use is projected to have all but reached a plateau,
that is broadly maintained through to 2040 (Figure 2.7). Economic and energy trends
appear to bear out China’s transition to a so-called “new normal”, with economic growth
rates moderating and economic activity shifting to a greater emphasis on services and
domestic consumption. In the New Policies Scenario, coal demand in China’s power sector
is tempered, but still increases by 14% before levelling-off in the mid-2030s. This growth
is offset by changes in industrial coal use, which falls by more than 35% by 2040. These
trends bring forward to the very near term a plateau that was, in WEO-2014, expected
around 2020, at levels only a few percent higher than today. While China’s coal market
supremacy does not disappear, its dominant role in the growth of global coal demand is
taken over by other countries in Asia. India’s appetite for coal leads the growth picture, both
in the region and globally, and it soon overtakes the United States to become the world’s
second-largest consumer (though its demand is, at this stage, only about one-fifth that of
China). India’s industrial sector sees coal demand more than triple by 2040, reflecting a
greater focus on the industrialisation of its economy, with the government having stated its
intention to boost the share of manufacturing in overall economic output. Southeast Asia,
led by Indonesia, but also Viet Nam, Philippines and Malaysia, sees total coal demand more
than triple over the projection period. By 2040, Asia is projected to account for four out of
every five tonnes of coal consumed globally (in equivalent terms).

In contrast, coal demand declines in almost all OECD regions. Coal demand in the United
States, peaked in 2005 and has since fallen by more than one-fifth. This trend continues
in the New Policies Scenario, as the United States registers one of the largest drops in
demand over the Outlook period, with consumption ending more than one-third lower
than 2013 in 2040. The decline is driven by a combination of low natural gas prices (which
encourage coal-to-gas switching), increased renewables-based power generation capacity
and regulations governing power sector emissions. By the end of the Outlook period, coal
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use in the European Union is barely more than one-third of 2013 levels. The European
Union, the regional home of the original industrial revolution, relies on coal for only 7% of
its primary energy mix in 2040 and 6% of power generation (down from 28% today).

Figure 2.7 = Coal demand by region in the New Policies Scenario
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In 2014, natural gas markets continued to demonstrate significant diversity across regions,
with strong natural gas demand in the United States, the Middle East and China, and a weak
market in Europe. In the New Policies Scenario, the global market for natural gas expands
by 47% to reach 5 160 billion cubic metres (bcm) in 2040, registering steady growth of
around 1.4% per year and coming close to rivalling coal as the second-largest fuel in the
energy mix (see Chapters 5 and 6). In almost all regions, power generation is the largest
user of natural gas and the main driver of demand growth, although natural gas is also
used more extensively in industry in some markets (Middle East, China) and starts to make
a dent in road transport in some cases. Despite this, the global Outlook for natural gas is a
little less golden than last year — around 220 bcm lower in 2040 — reflecting a combination
of efficiency policies, more sluggish electricity demand in some (mainly OECD) markets and
its ongoing rivalry with other fuels and technologies.

Non-OECD markets account for 85% of the growth in global natural gas demand in the
New Policies Scenario, with the largest increases occurring in China and the Middle East.
Demand almost doubles in the Middle East making it the second-largest natural gas
consumer in the world and the largest consumer in power generation. Latin America (Brazil,
Argentina), Africa (Nigeria, Tanzania and others) and India all see natural gas use grow,
but at varying rates. The United States remains the world’s largest natural gas consumer,
demand increasing by 15% to reach 850 bcm in 2040. In the European Union, there is every
sign that natural gas use peaked in 2010. In the New Policies Scenario, demand returns to
the (lower) 2013 levels only as 2025 approaches and flattens out at around that level. LNG
demand in Japan remains robust in the near term but, in the longer term, it is squeezed
out of the power sector by the restart of nuclear capacity and the growth of renewables.
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In the New Policies Scenario, renewables meet around 35% of the total growth in
primary energy demand, driven by a combination of supportive government policies and
technological advances that help to improve their competitive stance (see Chapter 9).
By 2040, renewable energy accounts for one-third of total electricity generation, one-sixth
of heat demand and more than 5% of all transport fuel consumption. Biofuel blending
mandates are now in place in around 60 countries and, in the New Policies Scenario, demand
for biofuels in transport is projected to triple over the Outlook period, exceeding 4 mboe/d
by 2040. The United States (targeting 36 billion gallons of renewable fuels by 2022), Brazil
(biofuel blending mandate recently increased to 27%) and the European Union (targeting
10% of transport energy from renewable sources by 2020) continue to be the key markets
(all of them more than double in size), with China and India also expanding the use of
biofuels over time. In 2040, the consumption of bioenergy for cooking and heating still
accounts for a large share of the use of renewable energy in the buildings sector (especially
in Africa and parts of Asia), with the electricity consumed from rooftop solar photovoltaics
(PV) a noteworthy complement.

The world continues to electrify, with electricity demand growing by more than 70%
by 2040 (see Chapter 8). Non-OECD markets account for more than 85% of the growth, led
by China (one-third of the global increase), followed (some way behind) by India, Southeast
Asia, Africa, the Middle East and Latin America. The European Union and Japan both see
electricity use grow by less than 10% to 2040. Total non-OECD electricity demand is double
that of the OECD countries by 2040, but per-capita demand remains much lower in most
cases. The means by which electricity demand is met is covered in subsequent sections.

Regional trends

Regional energy trends (and within regions) are already widely diverse and they continue
to be so in the New Policies Scenario. The shift in the weight of world energy demand
towards Asia and, more broadly, to emerging economies, masks strong demand growth
in some markets and demand reductions in others. Fossil fuels are powering progress in
some countries, while others are reducing this reliance. Renewables have a bright future
in most markets, but some rely on wood and charcoal, while others use solar panels and
wind turbines. Some have discarded the nuclear option, while others pursue a nuclear
policy or, at least, keep their options open. Per-capita energy use also differs hugely, with,
for example, each person consuming more than ten barrels of oil per year in some parts
of the world (on average) and ten people consuming less than one barrel in some others.

Non-OECD markets drive all of the growth in world primary energy demand from 2013
to 2040, their consumption ending 55% higher in the New Policies Scenario (Figure 2.8);
but average per-capita levels in non-OECD countries are still only around 45% of the OECD
average at that time. Aggregate OECD energy demand peaks by 2020 at levels little higher
than today, before falling and ending 3% lower than today. By 2040, the share of world
energy demand accounted for by the OECD has shrunk to 30% (having been 54% in 2000).
The United States drops to 12%, OECD Europe to below 9%, Japan to 2%; collectively,
they are broadly on a par with China (22%). Looked at by fuel, non-OECD demand has
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overtaken that of the OECD for coal (1990), hydropower (early-2000s), natural gas (2008)
and oil (2012) and is projected to do so in solar PV (mid-2020s) and wind (late-2030s). The
OECD’s share of global demand for coal drops to just 14% in 2040, for oil it drops from just
under half to around one-third and for natural gas it drops from 47% to around 35%.

Figure 2.8 > Primary energy demand and energy intensity of GDP in the
New Policies Scenario
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In the New Policies Scenario, the economy of the United States expands by more than 75%
as the population grows by nearly 20%, but primary energy use falls slightly from 2013
levels, standing at just above 2 100 Mtoe in 2040 (Table 2.2). As a result, the United States
is producing 80% more economic output per unit of energy input at that time. The share of
fossil fuels in the energy mix drops by 10% (mainly coal, with natural gas increasing), while
renewables expand considerably (led by wind, solar PV and biofuels). Qil use drops by one-
quarter (around 4 mb/d) by 2040, retreating to levels last seen before a US astronaut first
set foot on the moon in 1969. This has a positive impact on energy security and the trade
balance, reducing the net oil import bill from $275 billion in 2013 to $120 billion in 2040.

Coal demand in the United States declines by around 35% over the Outlook period, with
a combination of price and policies (such as the Mercury and Air Toxic Standards, Carbon
Pollution Standards, the Clean Power Plan and the US INDC for COP21, which targets a
26-28% reduction of GHG emissions in 2025, relative to 2005 levels) contributing to coal’s
share of electricity generation dropping from around 40% in 2013 to nearer 20% in 2040.
In April 2015, the United States generated more of its electricity from natural gas than from
coal for the first time (and recorded the lowest CO, emissions from the US power sector in
more than 25 years); this may be a temporary switch, but is one that is expected to prove
a prescient indicator of the future direction for the power sector. Already an important
part of the US energy mix, natural gas becomes the largest single component late in the
projection period (overtaking oil), accounting for one-third of primary energy demand
in 2040. While a combination of lower prices and policies support natural gas demand in
the medium term (led by power and industry), this shows signs of moderating in the longer
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term, as the wholesale price rises and industrial gas use starts to reach saturation. Federal
tax credits and state-level renewable portfolio standards help renewables-based electricity
to surpass output from coal in the early-2030s. The power sector becomes less carbon-
intensive (down 35% by 2040), while electricity demand grows across all end-use sectors.

Table 2.2 = World primary energy demand by region in the
New Policies Scenario (Mfoe)

2020 2025
OECD 5294 5324 5344 5264 5210 5175 5167 -0.1%
Americas 2 698 2694 2749 2721 2707 2713 2746 0.1%
United States 2270 2185 2221 2179 2143 2123 2125 -0.1%
Europe 1764 1760 1711 1658 1620 1586 1554 -0.5%
Asia Oceania 832 870 884 885 884 876 866 0.0%
Japan 519 455 434 424 414 406 399 -0.5%
Non-OECD 4497 7 884 9008 9822 10688 11505 12239 1.6%
E. Europe/Eurasia 1004 1139 1152 1188 1231 1278 1316 0.5%
Russia 620 715 702 716 735 758 774 0.3%
Asia 2215 4693 5478 6023 6592 7 094 7 518 1.8%
China 1174 3037 3412 3649 3848 3971 4020 1.0%
India 441 775 1018 1207 1440 1676 1908 3.4%
Southeast Asia 386 594 718 800 890 983 1071 2.2%
Middle East 356 689 822 907 1002 1089 1171 2.0%
Africa 497 744 880 969 1067 1180 1302 2.1%
South Africa 111 139 144 149 156 164 172 0.8%
Latin America 424 618 678 735 797 864 932 1.5%
Brazil 184 291 319 351 388 426 460 1.7%
World** 10063 13559 14743 15503 16349 17166 17934 1.0%
European Union 1690 1624 1563 1503 1455 1415 1377 -0.6%

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

In the European Union, primary energy demand declines by 15% by 2040 while the
economy expands by 55%. In the process, the European Union becomes one of the least
carbon-intensive energy economies in the world, having achieved a major reorientation of
the energy system. The EU 2030 framework for energy and climate policies sets out targets
for a 40% cut in domestic GHG emissions (relative to 1990 levels), the share of renewable
energy to reach at least 27% (of final energy consumption) and for energy efficiency savings
of at least 27% (relative to a projected reference level for 2030).° The EU has also agreed
to implement reforms to its Emissions Trading System (EU ETS) to help tackle the surplus of
allowances that has been depressing prices.

5. The emissions reduction target is also captured in the EU’s INDC for COP21.
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Over the Outlook period, improved fuel efficiency and the use of alternative fuels helps oil
demand in the European Union drop by almost 40% (to 6.6 mb/d). Overall coal demand
drops by 65% (continuing a long-term declining trend), as renewables and (to a lesser
extent) natural gas reduce its share of the power mix. By 2040, renewables are projected
to account for around half of electricity generation in the European Union, assuming
that the integration of variable renewables with other forms of supply is successfully
accomplished (a challenge for many countries around the world). The EU’s Energy Union
strategy proposes better interconnection between national markets, aiding the integration
of variable renewables and reinforcing energy security more generally. Having dropped
for the fourth straight year in 2014, EU natural gas demand never returns to its peak
level of 2010 and returns to its 2013 level only in the mid-2020s — remaining close to
that level through to 2040 (ending at around 465 bcm). The economic outlook and energy
efficiency efforts serve to dampen future EU energy demand. European natural gas import
dependence is projected to grow significantly (to over 80%), as domestic production drops
more quickly than demand; but new sources of LNG supply permit import diversification.

In the New Policies Scenario, primary energy demand in Japan drops by more than 10% to
stand at around 400 Mtoe in 2040, while energy intensity — an imperfect proxy indicator
for energy efficiency — declines by 1.2% per year, on average. All fossil fuels see significant
reductions in power sector demand, as they make room for nuclear (the first restart of a
nuclear power plant unit occurred in August 2015, but uncertainty remains around the pace
at which the rest of Japan’s nuclear fleet will do so) and a major expansion of renewables-
based generation, led by solar PV and wind. Japan deployed an additional 7 gigawatts (GW)
of solar PV in 2013 and 10 GW in 2014, supported by feed-in tariffs and efforts continue
to improve grid interconnection across the country. Overall, renewables grow to account
for around 30% of electricity generation in 2040 in the New Policies Scenario (nuclear is
around 20% at that time), supporting Japan’s INDC target to reduce GHG emissions by 26%
in 2030, relative to 2013. Total oil demand declines from 4.3 mb/d in 2013 to 2.3 mb/d
in 2040, as its use drops in all sectors (efficiency policies driving a 40% cut in transport
demand for oil). Reduced power sector demand results in natural gas use in Japan dropping
by around 25 becm (20%) by 2020, but then remaining relatively stable (at around 100 bcm)
through to 2040.

As China’s economic transformation enters a new phase, so too does its energy sector,
with domestic and global implications. The transition from investment-led and export-led
growth to one more focused on domestic consumption is becoming clearer (Box 2.1), as are
the effects of energy and environmental policies announced in recent years (moving China
to a more efficient, less polluting energy system). This economic transition flows through
to a slowing of the rate of economic growth (from averaging 10% per year in the last two
decades, to around 7% this decade and around 5% in the next), as well as signs that major
industrial sectors (steel, cement) may already be at or close to their peak output levels. In
turn, China’s energy demand growth slows, marked first by the deceleration of the growth
in industrial energy demand (Figure 2.9), and an end to growth in its CO, emissions (energy
sector and process emissions combined) around 2030 (consistent with its INDC target).
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Box 2.1 = China’s energy data in the balance

The IEA uses official data published by the Chinese National Bureau of Statistics (NBS)
to produce its energy statistics for China. In 2015, the NBS postponed its scheduled
spring release of energy data for 2013, so as to allow it to integrate the findings from a
national economic census covering all years since 2000.° As a result, the IEA estimated
China’s energy demand and related CO, emissions for 2013, based on available official
sources and assumptions on consumption patterns. This estimate is used in WEO-2015.

As of end-September 2015, the NBS released new energy balances for the years 2000
to 2013 — a development that is very much welcomed by the IEA. The latest data
solves several detailed issues, most importantly the unallocated coal demand that has
appeared in recent Chinese energy balances (shown as the “statistical difference”) has
now been allocated primarily to industry. For 2013, the latest official energy demand
data for China is similar to that of the IEA estimate: total primary energy demand is
0.4% lower, with the main changes being coal use (1% lower in energy-terms) and oil
use (1.3% higher). However, related CO, emissions for 2013 are further apart, with
those based on NBS data 5% (430 million tonnes) higher. This is because there are no
CO, emissions originating from the unallocated coal demand as, following the sectoral
approach of the guidelines set out by the Intergovernmental Panel on Climate Change
(IPCC), there are no emissions associated with a statistical difference.

While the latest energy data from the NBS is not reflected in WEO-2015, it is estimated
that doing so would change the projections in the New Policies Scenario only a little:
energy demand in China would be 0.9% higher in 2040, with a 2% decrease in coal
demand, and a 1.7% increase in energy-related CO, emissions in that year.

In the New Policies Scenario, China’s primary energy demand grows by one-third, to exceed
4 000 Mtoe in 2040 (22% of global demand at that time). This is a downward revision
relative to WEO-2014 — demand is down by around 4% in both 2025 and 2040 — consistent
with emerging signs of economic and energy sector transformation. For most other
countries, these revisions would be nationally significant, but not internationally so. For
China, the change in cumulative energy demand over the period to 2040 is equivalent
to nearly two years’ of current US energy demand. Nearly 90% of this shift relates to a
downward revision to coal demand, which has now effectively reached a plateau that
remains through to 2040 (it is slightly lower than 2013 levels in 2040). China’s steel output
declines by around 30% over the Outlook period and cement output by 40% (most of the
decline occurring after 2025), with related energy demand following a similar course. As
the engine of growth moves away from heavy industries, the power sector becomes more
important in setting the country’s energy demand trends, accounting for around 80% of
primary demand growth from 2013 to 2040, compared with 45% from 2000 to 2013.

6. See www.iea.org/statistics.
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Figure 2.9 = Change in world energy consumption in industry in the
New Policies Scenario
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China has a range of supportive policies and targets in place for renewables. By 2040,
its renewables-based power generation capacity is projected to be equivalent to that in
the United States and the European Union combined (wind capacity having expanded by
300 GW, solar PV by over 245 GW and hydropower by 195 GW). Coal’s share of electricity
generation drops from three-quarters in 2013 to half in 2040, while wind and nuclear both
increase from around 2% to 10%, natural gas increases to 8% and solar (PV and concentrating
solar power) to 4%. China’s passenger transport fleet grows at a remarkable rate, with
the penetration of passenger light-duty vehicles (PLDVs) going from around 70 vehicles
per 1 000 people in 2013 to 360 vehicles by 2040 (a fleet of around 510 million vehicles,
one-quarter of the world total at that time) and oil use in transport rises from 4.7 mb/d
to 9.2 mb/d. The case for natural gas in China is a strong one, given the growth in energy
demand, the scope for fuel switching in some sectors and the role it can play in improving
urban air quality. China’s natural gas use is projected to more than triple by 2040, reflecting
major growth in the power sector, but also in industry (partially substituting for coal) and
in the residential sector. While natural gas and electricity use grows, the traditional use of
bioenergy and coal declines, bringing both a change to the primary energy balance and a
greater change in terms of the quality of energy services.

India is the world’s number one source of energy demand growth in the New Policies
Scenario, seeing consumption of energy services expand rapidly through to 2040. The
energy sector makes a critical contribution to India’s economic and social goals, including
fuelling its burgeoning industrial sector and providing access to electricity. India’s large (and
growing) population, low (but increasing) levels of energy use per capita and high levels
of economic growth are all powerful drivers serving to push energy demand 55% higher
than 2013 by 2025 and two-and-a-half-times higher by 2040, when it reaches 1 900 Mtoe
(around 40% higher than the European Union at that time) (Figure 2.10). See Part B for
more on India’s energy outlook and the domestic and global implications.
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Figure 2.10 = Primary energy demand by selected region in the
New Policies Scenario, 2040

China

United States
India

European Union
Africa

Middle East
Southeast Asia
Latin America

Russia

500 1000 1500 2 000 2500 3000 3500 4000
Mtoe

[l Coal MOil M Gas Nuclear B Hydro M Bioenergy [ Other renewables

In the New Policies Scenario, primary energy demand in Southeast Asia rises by 80%, as the
regional economy more than triples in size.” Per-capita energy demand rises by around 45%
to 2040, and yet remains low by international standards. This is one of the few regions in
the world in which fossil fuels increase their share in the primary energy mix: coal demand
more than triples (in Indonesia it quadruples), while natural gas use grows by 65% and oil
by 45% (reaching 6.8 mb/d). The share of renewable energy in the mix declines, as the
decrease in bioenergy use more than offsets the increase in geothermal, hydropower, wind
and solar PV. This is despite some notable targets for renewables within the region, such
as Indonesia’s aim to have 23% of primary energy from new renewable sources by 2025.
Electricity demand nearly triples, to around 2 000 terawatt-hours (TWh) in 2040, with
the generation mix shifting towards coal (50% in 2040) and renewables, coal often being
favoured because of its price advantage and the abundance of indigenous supply in some
countries. Industrial energy use doubles, and the role of natural gas grows. Energy demand
in transport is 60% higher by 2040, but growth in oil use slows over time, as subsidies are
phased out, vehicle efficiency improves and mass transit projects are completed.

Russia’s near-term economic outlook has been materially affected by the combination
of lower oil prices and the imposition of sanctions, which constrain its ability to access
international capital markets and technology. In the New Policies Scenario, Russia’s
primary energy demand increases by 8% to 2040, with its population declining by around

7. The |EA’s Southeast Asia Outlook: World Energy Outlook Special Report (IEA, 2015b) is available to download free at
www.worldenergyoutlook.org.
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15 million over the same period. Inefficient capital stock and cold weather mean that Russia’s
per-capita energy use remains among the highest in the world. While energy efficiency
policies help improve what is today a relatively poor picture, this improvement does not come
as rapidly as in some other regions. Qil demand remains similar to current levels, at around
3 mb/d in 2040. Already the most important fuel in the Russian energy mix (accounting for
more than half of its total primary energy demand in 2013), natural gas also sees demand
in 2040 (around 465 bcm) at close to 2013 levels, albeit with fluctuations over the Outlook
period. A gradual increase in the efficiency of Russia’s gas-fired power generation fleet means
that its fuel use in this application falls by around 15% (nearly 50 bcm) by 2040. This is offset
partially by rising natural gas use in buildings, industry and transport.

Driven by the region’s own energy wealth, increasing incomes and very low end-user energy
prices in some countries, primary energy demand in the Middle East grows by 70% in the
New Policies Scenario, exceeding 1 170 Mtoe in 2040. The outlook within the region varies
by country, and hinges critically on respective resource endowments, resulting in a dividing
line between energy importers and major exporters. For exporters, lower prevailing oil
and natural gas prices have impacted on their major source of revenue, reducing expected
economic growth and, for some, meaning that they have to contend with significant fiscal
deficits. However, lower prices do not persist in the New Policies Scenario, relieving a key
source of pressure and, overall, do relatively little to derail the region’s position as a major
source of future energy demand growth. The expected lifting of sanctions gives a boost to
Iran’s economy and, as a consequence, its energy demand but, in contrast, conflicts within
Iraq and Syria weigh heavily on their energy outlooks in the near term. By 2040, some
countries have expanded their use of renewables and nuclear (Saudi Arabia, United Arab
Emirates and others), but domestic oil and natural gas still meet more than 90% of total
primary energy demand in the Middle East at that time. By 2040, regional oil demand has
increased from 7.4 mb/d to over 11 mb/d (mainly in road transport and petrochemicals,
while decreasing in power generation) and natural gas demand grows from 420 bcm to
740 bcm (mainly in power generation, industry and buildings).

In the New Policies Scenario, primary energy demand increases by more than half in
Latin America, to 990 Mtoe in 2040, but the region succeeds in expanding the already
relatively high share of renewables in its energy mix (to around 35% in 2040). Oil’s share
of the energy mix drops by ten percentage points, as demand for other fuels grows much
more quickly (mainly natural gas and renewables). Brazil’s multi-year drought is currently
having a major impact on its power sector, reducing hydropower output (the backbone of
its power sector) and increasing reliance on other forms of generation to fill the gap, notably
gas-fired power generation (which has tripled in recent years). Over the Outlook period,
Brazil continues to expand its hydropower capacity, but also broadens its generation mix
somewhat, with increasing supply coming from natural gas and wind, the latter growing to
13% of the generation mix by 2040. Across Latin America as a whole, biofuels consumption
(led by Brazil) increases from 0.3 mboe/d to 1 mboe/d in 2040, meaning that the region
continues to be one of the world leaders in biofuels use; but biofuels are still far from
supplanting oil products as the dominant transport fuel.
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Africa’s energy system expands rapidly (growing by 75% to 1 300 Mtoe in 2040), to meet
the needs of a population that grows by 80% and an economy that expands to more than
three-times its currentsize. The IEA’s Africa Energy Outlook: WEQ Special Report® highlighted
the plight of a region that is rich in energy resources but often very poor in energy supply
for its citizens (IEA, 2014c); and, while much of North Africa is on a more positive track,
the majority of sub-Saharan countries have yet to see even close to half of their population
attain access to modern energy. The largest part of Africa’s energy mix is the traditional
use of bioenergy (cooking and heating) and demand for this grows by more than 10% in
the New Policies Scenario. Lower oil prices than those projected in WEO-2014 are a curse
for the region’s major oil and gas exporters (Libya, Algeria, Nigeria, Angola), while being a
blessing for importing countries that often rely on oil products not just for transport but
also for electricity. Oil demand grows by 70% to 6.2 mb/d in 2040, while natural gas use
grows from 120 bcm in 2013 to reach 285 becm. Africa’s power generation capacity expands
rapidly, reaching 565 GW in 2040. The power mix also becomes more diverse, with coal
and hydropower being joined by even greater use of natural gas (Nigeria, Mozambique,
Tanzania), and major growth in solar power (Morocco, South Africa and others) and
geothermal power (Kenya, Ethiopia). By 2040, renewables account for nearly 40% of total
power generation capacity in Africa.

Sectoral trends

Among the end-use sectors, energy demand grows most quickly in industry,® increasing by
more than 40% in the New Policies Scenario to exceed 4 900 Mtoe in 2040 (Figure 2.11).
At the global level, there is rising industrial demand for all forms of energy, but electricity
and natural gas grow strongly while coal use grows only a little. The huge expansion of
infrastructure and economic growth that is expected to occur in many developing countries
is the source of much of this industrial energy demand. Approaching half of the global
growth occurs in just two countries (India, followed by China) and Asia overall accounts
for 60% of the total. Within the OECD, the United States and Canada see relatively modest
increases in industrial energy demand, while Japan, Europe and Korea see a decline. China’s
industrial energy demand continues to dwarf all others, but its economic transformation
sees industrial demand growth slow to a stop by the mid-2030s. There is also an important
shift in fuel use in China’s industrial sector, with coal consumption declining by more
than 35% (360 Mtce), and natural gas and electricity increasing to fill the gap. In contrast,
India’s industrial energy demand is on a steep upward trajectory and by 2040 it is close to
overtaking China as the world’s largest consumer of coal in industry. The Middle East and
China lead the growth in natural gas use in industry, while the United States sees some
increase in the near term on the back of relatively low prices. Globally, oil demand in the
petrochemicals sector grows by 5.7 mb/d to 2040.

8. The IEA’s Africa Energy Outlook: World Energy Outlook Special Report is available to download free at
www.worldenergyoutlook.org.

9. Unless otherwise stated, energy demand in industry includes blast furnaces, coke ovens and petrochemical
feedstocks.
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Figure 2.11 > World energy demand by fuel and sector in the
New Policies Scenario, 2040 (Mtoe)
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* Transformation of fossil fuels (e.g. oil refining) into a form that can be used in the final consuming sectors. This excludes
energy demand in blast furnaces and coke ovens, which is attributed to industry. ** Includes fuel consumed in oil and
gas production, transformation losses and own use (except blast furnaces and coke ovens), generation lost or consumed
in the process of electricity production, and T&D losses.

Note: Other includes agriculture and other non-energy use (mainly asphalt and lubricants).

Primary energy demand for transport reaches 3 400 Mtoe in 2040, with 85% of this
being met by oil. While the coverage of fuel-efficiency standards for new passenger car
sales has continued to broaden (and heavy-duty vehicles in a few countries, such as the
United States and China), the road transport sector remains the leading source of global
oil demand growth in the New Policies Scenario. Fuel-efficiency standards help to reduce
oil demand growth in all regions, but there continues to be a significant disparity in the
average efficiency of national car fleets, the number of vehicles on the road and the vehicle
kilometres driven (Figure 2.12). For example, the United States and China are projected to
have fleets with similar levels of efficiency (on average) in 2025, but the US vehicle fleet
travels much further (despite the size of the fleet being smaller than that of China) resulting
in higher oil demand. India’s passenger vehicle fleet is projected to have a lower efficiency
than that of the European Union in 2025, but vehicle kilometres travelled are also much
lower. A lower oil price environment has already brought with it the risk that consumer
expectations will shift and lead to a trend back towards purchasing larger, less efficient
vehicles and/or driving greater distances. However, there are indications that changing
demographic and social norms are also influencing transport demand in some markets,
with the driving age population starting to shrink, fewer young people learning to drive,
and those living in urban areas driving shorter distances and using car-sharing schemes.
Beyond road transport, aviation is the second-largest contributor to sectoral oil demand
growth, with consumption growing by two-thirds to reach 9 mb/d in 2040 (see Chapter 3).
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Figure 2.12 > Average fuel economy of PLDVs and vehicle kilometres
travelled by region in the New Policies Scenario, 2025
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In relation to other transport fuels, government support for biofuels (often in the form
of blending mandates) is assumed to continue and plays an important role in boosting
demand to more than 4 mboe/d in 2040 (up from 1.4 mboe/d in 2013). By 2040, road
transport still does not account for even 1% of global electricity consumption, only around
half the level consumed by rail transport at that time, and certainly much lower than
many government targets suggest policy-makers would like it to be. In many cases, cost
constraints and consumer preferences are barriers that are only slowly overcome. In the
near term, prospects for the use of natural gas in transport are constrained by lower oil
prices, but they strengthen in the longer term as oil prices rise once again and, by 2040,
natural gas use exceeds 160 bcm (from 43 becm in 2013).

In the buildings sector, higher incomes, a growing population, demographic changes
and structural changes in many economies contribute to energy demand increasing by
nearly one-quarter in 2040 (to 3 700 Mtoe). In the residential sector, average floor space
per capita increases generally (but more rapidly in non-OECD markets) as incomes rise and
the number of people per dwelling declines. This helps to push up demand for energy
services, such as space heating and cooling. Globally, energy demand for household
appliances more than doubles in the New Policies Scenario: in non-OECD markets it more
than trebles, while across the OECD it increases by less than 30%. In many OECD markets,
saturation effects and the existence of effective energy efficiency standards for larger
appliances help restrain growth, but these standards are often not replicated for smaller
appliances. In many non-OECD regions, low ownership rates prevailing today and increasing
incomes over the projection period mean that demand for energy services is pushed higher
though, at the same time, energy efficiency standards remain less common and so do not
work to hold back this growth (see Chapter 10). In terms of fuels, the use of natural gas
in the residential sector declines in the United States and the European Union (supported
by policies to promote better insulation, water heating systems and building codes), but it
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increases globally, led by China (where natural gas replaces coal or liquefied petroleum gas
[LPG]) and the Middle East. Globally, the use of oil products in the residential sector drops
by one-quarter and becomes more concentrated in Africa and India. The traditional use of
bioenergy also declines, but the improving picture is not uniform.

The world’s appetite for electricity grows strongly and, in parallel, there is a concerted
effort to reduce the environmental consequences of its generation. In the New Policies
Scenario, the power sector accounts for 55% of the growth in primary energy demand, its
share of the overall energy mix increasing to 42% in 2040. Electricity retail prices are pushed
higher, as rising fuel costs and a move to higher cost technologies serve to boost generation
costs in most parts of the world (18% higher in the United States in 2040, 14% higher in
the European Union, 25% higher in China). But this acts as a limited restraint on what
remains a strong upward trajectory in electricity demand (increasing at 2% per year, on
average), with incomes typically increasing more quickly than electricity prices (helping to
make it more affordable over time). The share of electricity in final energy consumption
has doubled since the 1970s and continues to grow in the New Policies Scenario, going
from 18% in 2013 to 24% in 2040. The buildings sector is the largest electricity consumer,
with demand rising by 75% to 2040, while industrial electricity use grows by two-thirds.

Energy supply
Energy resources'®

The world’s energy resources are plentiful and capable of meeting energy demand far
beyond 2040; but many are also dispersed unevenly and they are not all inexhaustible.
To bring forth these resources at the scale that is required will demand huge and timely
investments and effective execution across global supply chains. Such activities have to be
conducted against a backdrop of complexity and uncertainty, as they are buffeted by the
prevailing geopolitical winds, the changeable economic outlook, the investment climate
and the rapidly evolving technological landscape. While the assessed abundance of energy
resources seldom changes dramatically from one year to the next, the circumstances
surrounding their successful exploitation never stand still.

Estimated global remaining technically recoverable oil resources stand at around
6 100 billion barrels (as of end-2014). Of these resources, around 2 800 billion barrels
are conventional oil (crude oil and natural gas liquids [NGLs]), 1 900 billion barrels are
extra-heavy oil and bitumen (EHOB), 1 100 billion barrels are kerogen oil and 350 billion
barrels are tight oil (see Chapter 3). Proven oil reserves stand at 1700 billion barrels,
equivalent to 52 years of current production (Figure 2.13). All else being equal, the drop in
oil prices should result in some proven reserves being re-categorised as “contingent”, but
such a revision takes time to filter through to published estimates.

10. Estimates of resources and proven reserves in this section draw on sources including: BGR (2014), BP (2015), Cedigaz
(2015), OGJ (2014), US DOE/EIA/ARI (2013), USGS (2012a and b) and IEA analysis. Proven reserves (which are typically
not broken down by conventional/unconventional categories) are usually defined as discovered volumes having a 90%
probability that they can be extracted profitably.
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Figure 2.13 = Proven reserves and production in the New Policies Scenario
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As of end-2013, the world’s proven reserves of coal are estimated to have stood at
970 billion tonnes (BGR, 2014), equivalent to 122 years of production at current rates.
Of total proven reserves, around 70% are steam and coking coal and the remainder
lignite. Over one-quarter of global coal reserves are located in non-OECD Asia, the main
demand centre, with China being the largest single holder in the region (13% of the world
total), followed by India (9%) and Indonesia. Significant reserves exist also in the United
States (26%), Russia (17%), Australia (11%) and Europe (8%). Total remaining recoverable
resources of coal are more than twenty-times the size of proven reserves, making coal by
far the most abundant of the fossil fuels. Both coal reserves and resources are distributed
relatively widely.

Remaining recoverable natural gas resources are estimated to be 780 trillion cubic
metres (tcm), a downward revision resulting from lower estimates of remaining
conventional recoverable resources in the Middle East, OECD Europe and Russia. The
world’s unconventional natural gas resources remain relatively poorly understood and
so are subject to future revisions. In addition, at the prices now prevailing, there may
be delays in reserves being “proved-up”. As of end-2014, proven reserves of natural gas
(conventional and unconventional) are estimated to have been 216 tcm, enough to sustain
current production levels for 61 years. The largest holders of proven reserves are Russia,
Iran and Qatar.

The world’s renewable energy resources (including bioenergy, hydro, geothermal, wind,
solar and marine) are vast and, if all harnessed, could meet projected energy demand
many times over. These resources are also very well spread geographically. In a number of
cases, the cost of exploiting them is currently prohibitive, but the share of resources that
are economically viable is expected to increase as costs decline, in some cases quickly.

Identified uranium resources are more than sufficient to meet the world’s needs through
to 2040. They are estimated to be sufficient to meet global requirements for over 120 years,
at 2012 rates of consumption (NEA/IAEA, 2014).

Production outlook

Over the last year, discussions of oil prices and the role of OPEC in the market have
been intense. In short, the absence of an OPEC production cut in response to lower oil
prices shifted the onus of finding demand-supply equilibrium onto the broader market.
All producing countries and companies have had to consider how to live with reduced
revenues, how quickly and how deeply they can cut operating costs and capital investments,
and whether lower prices might stimulate a surge in global oil demand. Cost reductions are
already evident in the industry, with the IEA’s Upstream Investment Cost Index!! falling
by 13% in 2015, relative to 2014 (though investment cuts will, in most cases, take some
time to show up as lower production). The oil industry in the United States has been

11. This index reflects prices for cement, steel and other construction materials and equipment, as well as the cost of
hiring skilled personnel and contracting drilling rigs and oilfield services.
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quick to respond, with strong efforts to cut costs and implement efficiencies in tight oil
production, countering expectations that lower prices would precipitate a rapid decline in
output in this sector. In the New Policies Scenario, oil production costs are still projected to
rise over time, with productivity improvements helping to restrain the inflationary effects
of moving to more challenging production areas. Oil prices rise to around $100/barrel in
the mid-2020’s and go on to reach $128/barrel by 2040.

World oil production grows throughout the Outlook period, but slows over time and the
geographical focus shifts, primarily from non-OPEC to OPEC countries.*? In the New Policies
Scenario, global oil production increases from 89.5 mb/d in 2014 to 95.3 mb/d in 2025 and
exceeds 100 mb/d in 2040 (see Chapter 3).** The discovery and development of new fields,
and the application of enhanced oil recovery techniques, do not arrest the gradual decline
in conventional crude oil production. Despite this, crude oil still accounts for two-thirds of
total production in 2040, with an increasing share coming from deepwater offshore fields,
such as those in Brazil and the Gulf of Mexico. Increases in NGLs and unconventional oil
account for all of the net growth in oil production over the Outlook period. NGL additions
come mainly from the Middle East, North America, Africa (aided by reduced flaring
in Nigeria and Angola) and Russia. Additional output of EHOB comes from Canada and
Venezuela. The outlook for tight oil production beyond the United States (Russia, Canada,
Argentina, Mexico, China and others) remains relatively limited, reflecting the prevailing
market conditions and the non-trivial technical, economic and regulatory challenges still
to be overcome. Collectively, tight oil production outside the United States is projected to
reach 1.7 mb/d by 2040. Global refinery runs increase by 8.3 mb/d from 2014 to 2040, but
there are very different regional trends, with around an 8 mb/d drop in refinery output
across the OECD and an increase of 16 mb/d across non-OECD countries.

In the New Policies Scenario, there is a clear shift in emphasis back towards a reliance
on OPEC countries to fuel oil production growth over the Outlook, in contrast to recent
trends, where the United States has led the way (Figure 2.14). The effect of investment
cuts in non-OPEC countries start to be felt by the end of this decade, with Brazil, Russia and
Canada among the most affected (relative to WEO-2014). In addition to lower oil prices,
each country faces its own specific challenges, such as infrastructure constraints in Canada,
capital constraints in Brazil and economic sanctions in Russia. Production in the United
States fares better than many may have expected in the lower oil price environment, with
tight oil output increasing to 5.1 mb/d by 2020 (before falling to 3.3 mb/d in 2040). Total
US oil production (including NGLs) increases to 13.2 mb/d in 2020 before dropping back
to 10.6 mb/d in 2040. In aggregate, the remaining non-OPEC producers face a collective
decline of 3.8 mb/d from 2014 to 2040, but this masks a mix of ups and downs. Over the
Outlook period, production rises in Mexico (supported by sectoral reforms), Kazakhstan

12. Numbers shown here are for oil production and so exclude processing gains. World oil supply in 2040 (i.e. including
processing gains) is 103.5 mb/d. See Chapter 3 for definitions of oil supply and production.

13. In the New Policies Scenario, oil prices are expected to rebound in the relatively near term, but the demand and
supply implications of them staying lower for longer are explored in Chapter 4.
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(Kashagan project), Australia (offshore) and Argentina (tight oil), while production levels
decline in Europe (United Kingdom and Norway), China (a mix of onshore and offshore,
partially offset by some tight oil production), India and Southeast Asia (led by drops in
Indonesia'* and Thailand).

Figure 2.14 = Oil production by region in the New Policies Scenario
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As many OPEC countries are highly dependent on oil export revenues, a period of lower
oil prices can give rise to serious economic challenges. While some OPEC producers have
used the higher oil revenues received in recent years to build substantial financial buffers
to protect against such an eventuality (such as Saudi Arabia, Kuwait, Qatar and United Arab
Emirates), a number of others have seen the greater part of their revenues go to current
government spending. In such circumstances, a significant drop in the oil price can curtail
planned government spending, including investment in future oil production. In aggregate,
OPEC oil production in the New Policies Scenario increases from nearly 37 mb/d in 2014 to
42 mb/d in 2025 and over 49 mb/d in 2040. Saudi Arabia retains its central position in the
global oil market, maintaining its crude production capacity at around the stated 12.5 mb/d
target and regaining around the mid-2020s its status as the world’s largest producer. The
United Arab Emirates (UAE), Qatar (mainly NGLs and gas-to-liquids after 2030) and Kuwait
(investments to boost recovery from existing fields) also see increases in production over
the Outlook period.

Some of the countries with the greatest potential to increase oil production are also those
that face some of the biggest challenges in mobilising investment. While the potential may
be apparent, this does not necessarily translate easily into actual output growth, given
persistent security concerns (as in Iraq), broader political and policy-related questions (as
in Iran) and the squeeze on finances that is evident in many countries (such as in Venezuela,

14. In September 2015, Indonesia applied to OPEC to reactivate its membership, but this is not expected to be confirmed
until December 2015. For the purposes of WEO-2015, Indonesia is included in non-OPEC.
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Angola and Nigeria). Despite Iraq’s oil production performing strongly over the past year,
domestic security challenges and a reported intention to throttle-back upstream investment
suggest an increasingly uncertain outlook. In the New Policies Scenario, oil production in
Iraq reaches 5.7 mb/d in 2025 and 7.9 mb/d in 2040. The prospective lifting of sanctions
helps to reduce uncertainty for Iran and offers the potential of a production renaissance
after much-needed remedial work has been completed, and output is projected to reach
4.7 mb/d in 2025 and 5.4 mb/d in 2040. In Africa, Nigeria and Angola have both felt the
pain of lower oil prices. In Nigeria, oil output dips slightly to 2020 but then picks up to reach
2.9 mb/d in 2040. In Angola, oil production stabilises around 1.5 mb/d (though it could be
higher if there were a breakthrough in the pre-salt areas). In Venezuela, significant financial
constraints amplify other sources of uncertainty over the oil production outlook; in the
New Policies Scenario, existing production levels are broadly maintained to the mid-2020s
(the rise in extra-heavy oil and bitumen output offsetting the decline in conventional oil),
but then start to increase gradually.

Coal grew faster than any other major fuel in the last decade, but becomes the slowest
growing fuel in the decades to come, with global coal production in the New Policies Scenario
increasing by around 10% by 2040 (reaching 6 300 Mtce). The initial challenge facing the coal
industry is to tackle existing excess capacity, with coal companies in most regions expected to
close mines and restructure their operations. The largest production cuts (in absolute terms)
over the Outlook period as a whole are projected to take place in the United States where
annual output drops by 240 Mtce (35%), as environmental constraints tighten and exports
provide only a limited relief valve. Coal production in the European Union sees the largest
relative drop (around 70%), as domestic demand declines and it struggles to compete with
imports. Australia boosts production by around 30% to meet export demand.

Non-OECD producers generally experience coal output growth in the New Policies Scenario,
although at very different rates. China (already the world’s largest coal producer by far)
sees production stay broadly flat (at around 2013 levels) and then go into a very slow
decline from around 2030, ending around 2% below 2013 levels by 2040. The absolute
growth in coal production in India is greater than in any other country, serving, in particular,
to help meet domestic demand for power generation. India coal output is more than
two-and-a-half-times existing levels by 2040 (reaching 925 Mtce), making it easily the world’s
second-largest producer. The majority of the increase occurs in the period after 2020, when
it accounts for more than 90% of global coal production growth. Indonesia also achieves
a very large production increase in the New Policies Scenario (almost all after 2020),
and becomes the third-largest coal producer around 2030 (reaching 580 Mtce in 2040).
While historical production growth in Indonesia was primarily export driven, in the long
run additional production will increasingly serve domestic consumers. Southeast Asia as
a whole sees its coal production grow by nearly 45% over the Outlook period, reaching
a level similar to that of the United States today. Coal production in Africa grows by
around 40% from 2013 levels by 2040 in the New Policies Scenario (reaching 310 Mtce), led
by Mozambique. Latin American production increases by 40% (reaching 120 Mtce), with
output continuing to be dominated by Colombia.
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Lower natural gas prices are making it more challenging for those trying to make the
case for new long-term investments in supply, and some investment decisions have
been delayed (especially large-scale, long lead-time projects). However, world natural
gas production is not derailed in the longer term, increasing by 47% in the New Policies
Scenario to stand just below 5.2 tcm in 2040. Over the Outlook period, conventional
supply continues to account for the bulk of production, but unconventional supply (shale
gas, coalbed methane, tight gas and coal-to-gas) accounts for around 65% of the growth
in production. By 2040, unconventional gas production has almost tripled (increasing by
more than 300 bcm in each decade) and accounts for nearly one-third of total natural gas
production (see Chapter 6).

Natural gas production increases in all major world regions, save one (Europe). In the
United States, the world’s largest gas producer, robust output growth continues until
around the mid-2020s, at which point prices start to deter demand growth. Total output
reaches 860 bcm in 2040. Shale gas has grown from being just 6% of US natural gas
production in 2005 (and 1% of global output) to 50% of US output in 2014 (and 10% of the
global total). In the New Policies Scenario, US unconventional gas production continues
its breath-taking performance in the near-term and, by 2020, is greater than the total
gas production of any other country in the world (overtaking Russia). With significant
expansion of unconventional gas production also occurring in Canada and Mexico, North
America retains its position as the global epicentre of unconventional gas production.
Elsewhere in the OECD, Australia sees significant growth of natural gas production
to 2020, as its wave of seven LNG facilities comes online, but prospects for a second wave
have been dented by investment cutbacks: total gas output is 175 bcm in 2040. In Europe,
conventional gas output declines in Norway, the Netherlands and the United Kingdom.
With few exceptions, Europe’s appetite for unconventional gas development appears to
have diminished over the past year, due to a combination of poor drilling test results,
environmental concerns and moratoria expected to weigh heavily on the potential for
future production.

Countries beyond the OECD account for 80% of global natural gas supply growth through
to 2040. China’s production nearly triples over the Outlook period (reaching around
355 bcm) and is heavily reliant on increases in unconventional gas output, which grows
steadily, to reach 260 bcm in 2040. While China’s unconventional gas resources are
estimated to be the largest in the world and policies encouraging their development are in
place, considerable geological, technical and market challenges have yet to be overcome.
If they were to be overcome, there is considerable upside potential to this projection; but,
if not, there is also significant downside risk. In the near term, Russia’s gas production
is constrained by the demand outlook domestically and in Europe, its principal export
market. Russia’s capacity to tap into new markets is slowed by sanctions and the economic
impact of lower oil prices, but its production is expected to pick up from the 2020s, as a
combination of LNG capacity and new pipeline capacity (into China) allows it to tap into a
broader customer base. By 2040, production is 5% higher than in 2013. The Caspian region
sees natural gas production almost double (reaching 360 bcm by 2040), led by projects in
Turkmenistan (the super-giant Galkynysh gas field) and Azerbaijan. The Middle East sees
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gas production increase by 65%, reaching 900 bcm in 2040, of which 290 bcm comes from
Iran. Natural gas output in Africa more than doubles (mainly after 2025), led by both an
expansion by traditional producers (Algeria, Angola and Nigeria) and the emergence of new
producers (Mozambique and Tanzania).

Perhaps nowhere else are global efforts to transition to a low-carbon energy system
more evident than in electricity supply, with widespread evidence of the increased use of
renewables, a move to less carbon-intensive fossil fuels (i.e. from coal to natural gas), and
the improved efficiency of fossil-fuelled power generation (reducing fuel demand) and of
all types of electricity-consuming products (curbing electricity demand). In the New Policies
Scenario, global power generation capacity grows by over 70% from 2014 to 2040 (reaching
10 600 GW) (see Chapters 8 and 9 for the power sector outlook and renewables outlook
respectively). Nearly all types of generation capacity increase (oil being the exception), but
by very different magnitudes (coal by 28%, natural gas by 61%, nuclear by 55%, hydropower
by 57%, wind by nearly 300% [total capacity is almost 1 400 GW in 2040], and solar PV by
500% [total capacity exceeds 1 000 GW]). Overall, capacity additions of renewables-based
technologies in the New Policies Scenario exceed those of all other types of power plants
combined. Power generation capacity expands in all regions, with a general distinction
between many OECD markets, which are more focused on replacing retiring capacity, and
non-OECD markets, where the focus is on expanding capacity rapidly. In absolute terms,
the largest increase of installed capacity over the period is in China (nearly 1 400 GW) and
India (approaching 800 GW), followed by Africa (collectively 380 GW), Southeast Asia, Latin
America, the Middle East, the European Union and the United States.

Figure 2.15 > World electricity generation by type in the
New Policies Scenario
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Globally, coal is the largest single source of power generation today, contributing almost
twice as much as the second-largest source (natural gas). In the New Policies Scenario,
the share of coal in electricity generation decreases significantly, but it still accounts
for 30% of world supply in 2040 (Figure 2.15). However, this only tells part of the story,
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as the growth in coal use (and the related emissions) moves at a slower pace than the
increase in coal-fired electricity generation, thanks to efforts to improve the efficiency
of the coal-fired power fleet in key markets (Box 2.2). In addition, many countries are
determined to increase renewables-based electricity generation, not only as a means to
reduce GHG emissions but, often, also to improve air quality and enhance energy security.
World electricity generation from renewables surpassed gas-fired generation in 2014 by a
notable margin, on the back of government support (renewables-based power generation
is estimated to have received $112 billion in subsidies in 2014) and declining costs
(e.g. since 2010, solar PV capital costs have declined by around half in OECD countries,
on average, and by three-quarters in China). In the New Policies Scenario, renewables
continue to expand rapidly, becoming (collectively) the largest source of electricity
supply by the early-2030s and going on to account for more than one-third of the world’s
electricity supply in 2040. The increase in renewables-based electricity generation
is led by wind power, followed by hydropower and then solar PV; but hydropower still
accounts for around 46% of all renewables-based electricity generation in 2040 (down
from 74% in 2013). Lower prevailing oil prices are not expected to have a major impact
on the deployment of renewables in the power sector, as they compete directly with
conventional power plants only in a few markets.

Box 2.2 = Power plant efficiency is critical

Given the huge amount of energy that is lost in the process of converting primary
fuels into electricity (typically 40-60% of the primary energy input), a relatively small
improvement in power plant conversion efficiency can have a marked impact on
overall energy demand and related emissions. Globally, relatively inefficient subcritical
coal-power plants make up two-thirds of the coal fleet, and account for more than
one-quarter of total power generation and half of total CO, emissions from power
generation. However, over the last decade (2004-2014), the global average efficiency
of coal-fired power generation has improved (by around two percentage points),
mainly as a result of China adding more efficient capacity to its existing fleet. Over this
period, China moved away from the construction of subcritical power plants (which
accounted for around 95% of China’s coal-fired capacity additions in the early-2000s),
towards more efficient ultra-supercritical power plants (almost 50% of coal-fired
capacity additions in 2014). As a result of this shift, combined with the retirement
of old, inefficient power plants, the average efficiency of coal plants in China (by far
the world’s largest coal-fired fleet) reached that of the OECD in 2013 and has since
surpassed it (Figure 2.16). In the New Policies Scenario, the average efficiency in India’s
coal-fired power fleet is also projected to improve significantly, as supercritical power
plants play a larger role. By 2040, the average efficiency of India’s coal-fired power
plants is more than four percentage points higher than the existing level, and reaches
today’s OECD average level. Despite this, around 45% of India’s coal-fired power
generation capacity remains subcritical in 2040.
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Figure 2.16 > Average efficiency of coal-fired power plants by region in the
New Policies Scenario
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Hydropower is an important but often overlooked part of the world’s power system,
providing relatively reliable renewable energy at both large and micro scale. As just
one example, the expansion of hydropower output in China over the last ten years has
comfortably exceeded the increase of natural gas-fired generation in the United States
or the growth in all renewables-based generation in the European Union over the same
period. Hydropower can also play an important role in facilitating the integration of variable
generation from solar and wind, as seen in the Nordic power system. However, recent
experiences in Brazil and parts of the United States (droughts) and in China (a wet year
in 2014) have reconfirmed that even hydropower has an element of unpredictability. In the
New Policies Scenario, hydropower continues to account for 16% of total power generation
through to 2040. Collectively, other renewables (led by wind power and solar PV), make
great gains over the period, rising from 6% of total generation today to 18% by 2040.
Installations of solar PV in buildings have been the dominant form to date (as in the EU),
accounting for over 60% of global solar PV capacity in 2014. However, utility-scale solar
PV is projected to lead the way in terms of future capacity additions in the New Policies
Scenario (led by China, India and the United States).

Of the projected global increase in renewables-based electricity generation, 70% occurs
in non-OECD markets, with China very much in a league of its own (Figure 2.17). Half of
China’s investment in power plants through to 2040 goes into non-hydro renewables, more
than three-times the level of its investment in coal-fired capacity. In India, installation
of solar PV is in its early stages, but the government has announced its aim to increase
deployment dramatically, making India the second-largest market for solar PV over the
Outlook period. Across the OECD, renewables account for nearly 40% of total generation
in 2040 (around half of which comes from variable renewables). In the United States, the
increase of renewables generation is similar to that in the European Union (in absolute
terms), with the share of total generation continuing to rise and reaching 27% in 2040. In
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the European Union, more than half of electricity produced in the New Policies Scenario
in 2040 comes from renewables, led by wind and hydropower. The EU has long been the
world leader in wind power and government support helps it to triple its share of regional
power generation to almost one-quarter in 2040. In Japan, solar and wind lead the growth
in renewables-based generation, which accounts for almost 30% of total power generation
by 2040. Overall, changes to the world’s power generation mix result in the level of CO,
emissions per unit of electricity being 33% lower by 2040, with reductions of 66% in the
European Union, almost 50% in Japan and Mexico, 45% in the Middle East, over 40% in
Russia, approaching 40% in China and the United States and 30% in India.?®

Figure 2.17 = Growth in renewables electricity generation by region and type
in the New Policies Scenario, 2013-2040
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Inter-regional energy trade'®

The interconnected nature of the energy system becomes increasingly apparent as shifting
supply and demand trends in the New Policies Scenario prompt a progressive rewiring of
global energy trade relationships. Inter-regional energy trade increases for all fossil fuels
and biofuels. The energy security implications vary.

Oil remains the most heavily traded fuel, with inter-regional trade increasing by more than
7 mb/d over the Outlook period to reach nearly 48 mb/d in 2040. Overall, OECD net oil
imports fall to around 8 mb/d, driven by lower demand in some cases (Europe, Japan),
and a combination of decreasing demand and increasing supply in others (United States,

15. Measured as grammes of CO, per kilowatt hour.
16. Analysis is based on net trade of energy between WEO regions. See Annex C.
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Canada and Mexico). Collectively, the OECD’s role in inter-regional oil trade becomes more
marginal, as its share of total trade declines from more than half in 2013 to less than
one-fifth in 2040. North America becomes self-sufficient in oil in the mid-2020s (the United
States remains a net importer, Canada and Mexico are both exporters), and becomes
a net exporter of 3.7 mb/d by 2040 — a result of broadly equal increases in production
and decreases in demand across the region. (In a world where oil prices stay lower for
longer, the North American crude oil balance is worse-off, with lower Canadian production
meaning that net exports from the region are just 1.8 mb/d in 2040 [see Chapter 4]).
By 2040, Asia is the final destination for 75% of the oil traded inter-regionally, increasing its
exposure to the risks associated with oil supply disruptions. Net oil imports for the region
increase significantly, going from around 21 mb/d in 2013 to 36 mb/d in 2040 (Figure 2.18):
China’s imports double (close to 13 mb/d in 2040, nearly five-times those of the United
States at that time), and China is firmly established as the world’s single largest oil importer
before 2020. Net imports into Southeast Asia more than double (reaching 6.7 mb/d),
while India’s more than treble (reaching 9.3 mb/d) and supply more than 90% of domestic
demand in 2040, making security of oil supply a pressing policy issue. Asian import needs
pull in oil from all over the world, including the Middle East, West Africa, Russia, Latin
America and beyond. Over the Outlook period, export growth is led by the countries of
the Middle East (6.8 mb/d higher in 2040), Canada (3 mb/d higher) and Brazil (2.4 mb/d
higher). As oil prices gradually rebound in the New Policies Scenario, so too do the revenues
earned by oil exporters.

Coal trade between regions grows faster than coal use, increasing by nearly one-
fifth to reach 1290 Mtce in 2040. While inter-regional trade increases, overall, the
principal focus of this growth is Asia. The Asia-Pacific market accounts for nearly 70% of
inter-regional coal trade today and this rises to 80% by 2040. Imports into China (currently
the largest importer) decline significantly over the Outlook period. India supplants China
in the near term as the largest importer and accounts for one-third of world coal trade
by 2040. Australia and Mozambique are the primary suppliers of coking coal to India,
while Indonesia, Australia and South Africa are the main suppliers of steam coal. Demand
increases across much of Southeast Asia, with imports (outside of Indonesia, a coal
exporter) surpassing five-times existing levels by 2040, principally to Viet Nam, Philippines
and Malaysia. Indonesia and Australia continue to be key steam coal exporters, with
Australia being the world’s largest coal exporter. Located far from key import markets,
US coal net exports are projected to halve by 2040. Russian producers manage the
transition from exporting primarily into the Atlantic basin to being an important supplier
into the Asia-Pacific market, with Russian exports growing in total by around 40%.
South Africa sees its exports grow by 25% to 90 Mtce in 2040. Colombia remains the
dominant supplier in the shrinking Atlantic market.

In the New Policies Scenario, inter-regional trade of natural gas expands by 46% (or
330 bcm) to reach almost 1 050 bcm by 2040, with trade patterns altering considerably.
LNG trade grows more rapidly than trade via pipeline gas and accounts for close to half of
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all inter-regional gas trade by 2040. In the near term, lower prices and increasing supply
work in favour of importers; but these factors also risk discouraging capital investment
so as to tighten the market in the longer term. The European Union remains the world’s
largest importing market (imports rising to around 390 bcm), as demand stays relatively
flat but domestic output declines. Japan’s LNG needs drop back as nuclear capacity and
renewables come online, and then remain steady at around 100 bcm through to 2040.
China’s import needs grow rapidly and it overtakes Japan to become the second-largest
gas importer in the near term, reaching 140 bcm in 2020 and 240 bcm in 2040. China pulls
in these resources from a range of sources, including Russian pipeline supplies, which are
projected to reach around 75 bcm by 2040 in the New Policies Scenario (a level that is likely
to require both a, possibly expanded, eastern Siberia route and a contribution from the
Altai pipeline). The share of exports to China in overall Russian gas exports rises steadily,
reaching around 30% by 2040 (including Russian supply delivered as LNG). However, China’s
own prospects for unconventional gas supply make its import requirement particularly
uncertain when looking out further into the Outlook period (see Chapter 6).

Growth in inter-regional gas trade is dominated by Australia in the near term, with seven
new LNG projects either underway or starting production in the period to 2020, increasing
its exports from 26 bcm in 2013 to around 85 bcm in 2020. Over the same period, the
first of the US LNG export projects comes on-stream, with US LNG exports projected to
reach around 60 bcm in 2020 (joined later in the Outlook period by additional exports of
US LNG and projects in Canada, so that North American net exports are around 85 bcm
by 2030). There is also a large expansion projected for Africa, with East Africa making
the biggest contribution after 2025). While North America switches from being a net gas
importer to an exporter, Southeast Asia is expected to move in the opposite direction in
the 2030s, largely as a result of the region’s production failing to keep up with growing
domestic demand. Russia remains the largest natural gas exporter by far, but is confronted
by an increasingly competitive landscape in the near term, which (together with other
factors) slows the expansion of LNG capacity significantly (although it grows in the longer
term). As indicated, Russia sees strong growth in pipeline exports to China from the
early-2020s and, overall, its natural gas exports are nearly 25% higher in 2040, at
250 bcm. In the New Policies Scenario, the Caspian region (led by Turkmenistan) sees
natural gas exports grow significantly (mainly before 2030). The trend set in 2014,
when natural gas exports from the Caspian region to China overtook the region’s
exports to Russia, is expected to become more deep-set over time. As a region, the
Middle East sees natural gas exports fall in the first-half of the projection period,
as rapid domestic demand growth outpaces the increase in production, but this
balance shifts sharply after 2025 and, by 2040 exports have risen to comfortably
surpass 2013 levels and reach almost 160 bcm.
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Energy sector investment

The energy sector continues to depend on large-scale, high-cost capital assets, meaning that
investment decisions often have long-term implications. As a result, a prudent response to
rapid and unexpected market movements can sometimes be to retrench and take stock.
While investment projects that are sufficiently far advanced are likely to continue, because
of the capital already committed, those that are yet to begin may be delayed (awaiting a
more favourable investment climate) or postponed indefinitely. Of course, delay can bring
its own risks, potentially building in future cycles of market tightness and volatility.

In the New Policies Scenario, cumulative world energy sector capital investment (including
both energy supply and energy efficiency) is $68 trillion from 2015 to 2040 (in year-2014
dollars), equating to alittle over 2% of global GDP over the period. Investment needsincrease
gradually over time, largely reflecting growing global demand for energy services. Of total
investment, 37% is in oil and gas supply, 29% is in power supply (including transmission
and distribution) and 32% is in end-use efficiency across sectors, mainly transport and
buildings (the rest is in coal and biofuels supply). Average annual supply-side investments
are significantly lower (6%) than estimated in WEO-2014, driven by a range of factors, the
most significant of which are the drop in investment costs in the oil and gas sectors, the
decline in projected natural gas demand (reducing the need to invest in supply), a slightly
faster shift towards lower cost sources of oil supply, lower electricity demand in some key
markets (United States and European Union), and a drop in the construction of coal-fired
power generation capacity.

Around three-quarters of total oil and natural gas investment is in the upstream sector,
with more than 80% of this being required to compensate for the decline in output from
fields that are currently producing. The United States sees the largest investment in oil and
natural gas supply over the Outlook period, followed by the Middle East, which is more
skewed towards oil (Figure 2.19a). Relatively high levels of investment in Latin America
are, in large part, a reflection of the high costs associated with Brazil’s deepwater fields.
In Africa, oil investments are concentrated in the main existing producing countries while
natural gas investment involves both established and new players. Investments in biofuels
supply average $15 billion per year over the Outlook period and remain concentrated in
the United States, the European Union and Brazil, but with some expansion in parts of Asia.

Global cumulative power sector investment is near $20 trillion from 2015 to 2040. This is
split between investments in 6 700 GW of new power generation capacity ($11.3 trillion)
(Figure 2.19b), and 75 million kilometres of transmission and distribution lines
(8.4 trillion). The trajectory mapped out for the power sector in the New Policies Scenario
is one in which the world’s largest electricity-consuming countries continue to incentivise
investment in renewables-based supply and low-carbon supply more generally. Of the
investment in power generation capacity in the New Policies Scenario, more than 60% goes
to renewables, led by China (mainly wind, hydro and solar PV), the European Union (mainly
wind, followed by solar PV), the United States (wind and solar PV) and India (solar PV,
followed by wind).
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Figure 2.19 = Cumulative investment in energy supply by selected region in
the New Policies Scenario, 2015-2040

a) Primary energy supply by fuel

F ° W Biofuels
Sy
oy W Coal
2
© W Gas
2 3 )
c | Oil
2
= 2
[
1
8 2 8 S g & 3 3 8 s 3
© w S = = 2 o < < c c
& o IS < o & IS5 2 § > =
° o < o © c
[7] T Q ©
- — fd = [
'c = =] = o
> ] o e
wv =}
w
b) Power plants by fuel
’i 2.5 [ Renewable
& |
< 20 Nuclear
S ® oil
(o]
5 15
c M Gas
o
= I I -
[
0.5 .

India
Japan
Russia

China

European Union
United States
Southeast Asia
Latin America
Middle East

While often less prominently discussed, energy efficiency investment is no less prominent in
scale than investment in many other parts of the energy sector. It totals around $22 trillion
from 2015 to 2040. In the New Policies Scenario, the largest share of this investment is
in transport and, in particular more efficient passenger light-duty vehicles which, thanks
to the proliferation of fuel-efficiency standards, deliver a major improvement in average
fleet efficiency over the Outlook period. Investment in more efficient buildings (and
the appliances, etc. used within them) is around $5.8 trillion from 2015 to 2040, led by
investments in more efficient household and office appliances, as well as more efficient
forms of lighting, insulation, space heating and cooling. While the majority of efficiency
investment in buildings occurs in the major OECD markets, efficiency investment in industry
is nearly three-times higher in non-OECD markets (half of which is made in China).
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Energy-related CO, emissions

The use of low-carbon energy sources is expanding rapidly and there are some early
signs that growth in the global economy and energy-related emissions may be starting
to decouple. Renewables accounted for nearly half of all new power generation capacity
in 2014, the first commercial power plant with CO, capture came online in Canada, the
European Union agreed in 2015 to reform its Emissions Trading System (the world’s
largest) and China is working to implement a nation-wide scheme in 2017. The scale of the
challenge ahead should not be underestimated, but the action underway holds out hope
that meeting the world’s goal to keep the rise in global average temperatures below 2 °Cis
still achievable, though efforts need to be intensified.

In the New Policies Scenario, energy-related CO, emissions increase through to 2040,
reaching 36.7 Gt in that year, 16% higher than 2013.Y7 Having increased by 2.4% per year
since 2000, these emissions are now projected to increase at the relatively feeble rate
of 0.6% per year for the rest of this decade, and 0.5% per year in the 2020s and 2030s.
In addition, process-related CO, emissions (i.e. from industrial processes, such as cement
and aluminium production) increase from 2.7 Gt in 2013 to 3.8 Gt in 2040. These figures
confirm that, despite the expectations held out above, the cautious implementation of
new and announced policies embodied in the New Policies Scenario are, alone, well short
of being sufficient to move the energy sector onto a pathway consistent with the 2 °C goal.

Energy-related CO, emissions from oil increase by around 1 Gt (10% higher) over the
Outlook period. Emissions grow much more quickly in transport, but they are partially offset
by decreasing emissions from power generation and the buildings sector. Coal continues to
be the largest source of energy-related CO, emissions, but emissions from coal (1 Gt higher
in 2040) grow less than those from other fossil fuels, with coal use in power generation
dropping in many countries, but increasing strongly in others. While natural gas is the
least carbon-intensive fossil fuel, the growth in emissions from gas (3 Gt in 2040) easily
exceeds those of coal and oil combined because of its increasing place in the energy mix.
Overall, the power sector continues to account for more than 40% of all energy-related CO,
emissions in 2040, while transport sees the most rapid growth, with its share increasing
to 25%. Where a reduction in transport emissions is achieved, it tends to result from the
more efficient use of gasoline and diesel, rather than a large-scale shift to alternative fuels
(which could achieve a larger emissions reduction).

National emissions paths vary widely in the New Policies Scenario and different emissions
indicators can often seem to tell a different story (Figure 2.20). The United States sees
total energy-related CO, emissions decline by 21% (nearly 1.1 Gt), led by the power sector
(where the Clean Power Plan target of a 32% emissions reduction from 2005 levels by
2030 is assumed to be met) and transport. Energy-related CO, emissions in the European

17. Adoption of the 2006 Intergovernmental Panel on Climate Change (IPCC) guidelines has prompted a change in
definition to reflect updated emissions factors and the exclusion of emissions from non-energy use. This has altered the
level of energy-related CO, emissions relative to previous WEOs. Contrary to the IPCC guidelines, certain emissions from
energy-intensive industries are still included in order to try and better reflect total emissions from fossil-fuel combustion.
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Union are down 40% by 2040, by which time the EU is generating more than two-thirds of
its electricity from renewables and other low-carbon sources. Japan’s emissions are also
around 40% lower by 2040, as nuclear capacity comes back online, renewables expand and
strong additional energy efficiency gains are achieved. The United States, European Union
and Japan all see major cuts in per-capita emissions but, in the case of the United States,
from a much higher starting point.

Figure 2.20 > Change in energy-related CO, indicators by selected region in
the New Policies Scenario
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Non-OECD emissions are around 7.5 Gt (40%) higher in 2040, with three-quarters of this
growth in Asia. China’s energy-related CO, emissions are just 7% higher than 2013 in 2040,
having essentially stabilised by 2030 and begun to show some signs of decline before 2040
(when emissions reach 9.1 Gt). Emissions from China’s power sector plateau before 2040,
stay broadly flat in the buildings sector and decline by 30% in industry, but almost double in
the transport sector, as vehicle ownership grows strongly. India is by far the largest source of
growth of energy-related emissions to 2040 in absolute terms, but its per-capita emissions
remain low relative to much of the rest of the world. India’s economy expands to more than
five-times its current size, while energy-related CO, emissions grow by more than 3 Gt to
reach 5.1 Gt in 2040. Its power sector diversifies, but coal continues to command the major
share of the power mix. In line with its industrialisation strategy, India’s industrial sector
dominates the growth in emissions from end-use sectors. Over the Outlook period, energy-
related CO, emissions double in Southeast Asia, increase by two-thirds in Africa (except
South Africa, where emissions decline from their relatively high levels), by half in the Middle
East and by 30% in Latin America. In all cases, emissions growth lags economic growth by a
considerable margin, resulting in a lower emissions intensity of the economy. But, in some
cases, this also reflects a reduction in emissions (European Union, United States and Japan)
while, in other cases, it is more a reflection of the pace at which economic growth has
outpaced emissions growth (India, Southeast Asia and the Middle East).
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Topics in focus

This section presents new data and analysis on two key issues for the global energy system
that have been of long-standing focus in the World Energy Outlook. One is the gross
distortion that exists in a number of energy markets today in the form of inefficient fossil-
fuel consumption subsidies that fail to direct assistance efficiently to the poor and work
counter to many other energy and economic objectives. The other is level of achievement
in efforts to overcome a major impediment to social and economic development, namely,
the large number of people in the world who still live without access to modern energy.®

Fossil-fuel subsidies

Global progress with reform

World leaders gathered for the G20 Summit in Pittsburgh in 2009 committed to “rationalize
and phase out over the medium term inefficient fossil-fuel subsidies that encourage wasteful
consumption.” A similar commitment was made by Asia-Pacific Economic Cooperation
(APEC) Leaders in Singapore later that year. The rationalisation of inefficient subsidies
has also become one of the targets underpinning the Sustainable Development Goal to
“ensure sustainable consumption and production patterns,” as adopted by UN member
states at the Sustainable Development Summit in September 2015. However, none of these
commitments included a specific timetable for the phase-out or an agreed definition of
an “inefficient subsidy”. Including these features would represent a significant next step
in advancing the work that is being done under both initiatives, making the commitments
much more precise and easier to track. There have, however, already been a number of
policy interventions since 2009 that have reduced the economic, social and environmental
costs of fossil-fuel subsidies.

Based on the IEA’s latest survey, the value of fossil-fuel subsidies worldwide is estimated
at $493 billion in 2014.% By comparison, such subsidies amounted to $390 billion in 2009
(in 2014 dollars), the year the G20 and APEC commitments were made. The value of these
estimates has fluctuated from year-to-year in line with reform efforts, the consumption
level of the subsidised fuels, international prices for fossil fuels, exchange rates and general
price inflation. Decomposition analysis enables the effect of each factor to be identified.
This reveals that, while movements in world prices typically have the greatest impact
from year-to-year, policy interventions have played an important role as well. Without the
reforms adopted since 2009, the value of fossil-fuel subsidies would have been 24% higher
(5117 billion), putting the level of these subsidies at $610 billion in 2014 (Figure 2.21).

18. Definitions of modern energy access typically include the following elements: household access to a minimum level
of electricity; household access to safer and more sustainable cooking and heating fuels and stoves; access to modern
energy that enables productive economic activity (e.g. mechanical power); and, access to modern energy for public
services (e.g. for health facilities and schools). The remainder of this section focuses primarily on the issue of household
access to electricity and clean cooking facilities.

19. The IEA estimates cover subsidies to fossil fuels consumed by end-users (households, industries and businesses) and
subsidies to the consumption of electricity generated by fossil fuels.
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While reform programmes have had an impact on the value of subsidies at the global
level, their impact is, naturally, more pronounced in the individual countries concerned.
In Indonesia, for example, the value of subsidies would have been 38% higher in 2014
($38 billion instead of $28 billion) had there been no reforms. Moreover, these figures do
not yet incorporate the effects of the major reforms to gasoline and diesel prices that were
made in the context of Indonesia’s revised budget for 2015 and which have further reduced
the burden subsidies impose on public finances. Pricing reforms in India, mainly to gasoline
(2010) and diesel (2014) have cut the country’s subsidies bill in 2014 by $15 billion. In the
countries that have yet to introduce reforms, higher levels of consumption have been an
important factor in pushing up the cost of subsidy programmes. In the Middle East, a
region in which there have been some recent encouraging signs, but in which only limited
reforms were in place by the end of 2014, demand for fossil fuels has risen by almost
one-fifth since 2009, entailing an increase in the subsidies bill of $34 billion (20%) in 2014
(5204 billion).

Drivers of reform

Progress in phasing out fossil-fuel subsidies can be attributed to a wide range of
considerations, which vary from one country to another. They include, principally:

B Budgetary pressure: Subsidies become a major fiscal burden on the government
budgets of a number of countries as a result of fast-growing energy demand and
persistently high international energy prices in the five years up until mid-2014
(low international oil prices have since somewhat reduced this fiscal pressure, but this
is offset, in oil producing countries, by the loss of the revenues higher prices would
have brought to government budgets). For example, the number of cars on Malaysia’s
roads has more than doubled since 2000, leading, in association with other changes,
the budget for energy subsidies to grow six-times, to reach $9 billion in 2013. As
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part of a strategy to reduce its rising national debt and fiscal deficit, Malaysia ended
subsidies for gasoline and diesel in December 2014. Gasoline and diesel prices are
now set monthly to track movements in international markets.

Lower international energy prices: Somewhat paradoxically, the plunge in oil prices
since mid-2014 has made the withdrawal of subsidies less politically controversial;
since the subsidy per litre is now much lower, there is an opportunity to abolish
subsidies without having a major upward impact on prices or inflation. This appears
to have been the main consideration in at least ten countries that have introduced
reforms since mid-2014 (Table 2.3). These include Indonesia, which has abolished
gasoline subsidies and capped diesel subsidies, while committing to a formula-based
pricing system that tracks international benchmarks. A key challenge for all countries
that seize such an opportunity to reform is how to act when oil prices increase and
point to the need for upward adjustments in the consumer price. In the case of
Indonesia, increases in pump prices that were expected in April and May 2015 did
not occur, and time will tell if this proves to be a temporary or permanent situation.
In oil and gas-exporting countries, the opportunity cost of pricing domestic energy
below market levels has shrunk, perhaps reducing the incentive to reform; but export
revenues have also shrunk, making it more difficult to avoid rising budget deficits. A
number of key fossil-fuel exporters are implementing reforms, including Iran, Kuwait
and the United Arab Emirates.

Peer pressure: Peer pressure from the G20 and APEC working groups that are
implementing their leaders’ commitments is an important factor in the progress being
made. Since 2009, members of both the G20 and APEC have engaged voluntarily in
a process of periodically reporting on their fossil-fuel subsidies. These reports are
reviewed in a process aimed at deepening understanding of the challenges confronting
reform efforts and fostering mutual learning as to their solution. As of July 2015, China,
Germany, Mexico, and United States (G20) and New Zealand, Peru, and Philippines
(APEC) had either already been reviewed or committed to being reviewed.

Policy advice and technical assistance: A number of organisations and groups, including
the IEA, the International Monetary Fund (IMF), the Organisation for Economic
Co-operation and Development (OECD), World Bank, the Friends of Fossil-Fuel Subsidy
Reform (a group of countries that support subsidy reform) and the Global Subsidies
Initiative, have been active in providing policy advice and technical assistance to help
countries reform their subsidies. This has included efforts to raise awareness about
the true costs of subsidies and their adverse effects, and helping to build capacity
within governments to design and implement durable reforms.

Loan conditionality: Some loans by international lending agencies have been
made conditional on reforms of energy subsidies. The IMF, for example, approved
a $17.5 billion loan programme for Ukraine in March 2015 that was conditional on
increasing prices for district heating and natural gas.
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Table 2.3 = Recent fossil-fuel subsidy reforms in selected countries

Main fuels subsidised Recent developments

Angola Gasoline, diesel, In December 2014, reduced subsidies by increasing prices to
kerosene, electricity AOA 90 ($0.83) per litre for gasoline and AOA 60 ($0.55) per litre
for diesel.
China LPG, natural gas, In February 2015, announced plans to group existing and new
electricity industrial gas consumers under a single pricing mechanism.
Ghana LPG In June 2015, deregulated the prices of petroleum products.
India Kerosene, LPG, Stopped diesel subsidies in October 2014, following similar

natural gas, electricity  reforms to gasoline in 2010. Also introduced a new pricing formula
for domestically produced gas. In January 2015, introduced a cash
transfer scheme for residential LPG consumers to try to stop the
diversion of subsidised cylinders to commercial use.

Indonesia  Diesel, electricity In January 2015, abolished subsidies to gasoline (RON88) and
capped the diesel subsidy. In March 2015, increased the price of
non-subsidised 12-kg LPG canisters by IDR 5 000 ($0.38).

Iran Gasoline, diesel, In May 2015, increased the price of subsidised gasoline from
kerosene, LPG, natural IRR 7 000 ($0.28) per litre to IRR 10 000 ($0.35) per litre.
gas, electricity

Kuwait Gasoline, diesel, In January 2015, increased the price of diesel to KWD 0.170

kerosene, LPG, natural  ($0.56) per litre. At the end of January 2015, cut back prices of
gas, electricity diesel and kerosene to KWD 0.110 ($0.36) following political
pressure. Postponed plans to remove subsidies on gasoline and
electricity.
Malaysia LPG, natural gas, In January 2014, increased electricity tariffs by an average of
electricity 15%, and resumed fuel cost pass-through, based on international

gas price movements. In May 2014, increased natural gas prices
by up to 26% for certain users. In December 2014, abolished
gasoline (RON95) and diesel subsidies; prices are now set to track
international levels.

Morocco LPG Abolished gasoline and fuel oil subsidies at the start of 2014 and
diesel subsidies at the start of 2015.

Oman Gasoline, natural gas In January 2015, raised gas prices for industrial consumers by
100%, to OMR 0.041 per cubic metre ($3.01/MBtu). Introduced a
3% annual rise in gas prices for industries.

Thailand LPG, natural gas, In October 2014, increased the price of CNG for vehicles by THB 1

electricity ($0.03) per kilogramme. Ended subsidies for LPG in December
2014.
UAE Gasoline, diesel, From August 2015, started adjusting fuel prices monthly to match

natural gas, electricity  global prices.

Viet Nam  Natural gas, In March 2015, increased electricity tariffs by 7.5%.
electricity, coal

Note: LPG = liquefied petroleum gas; MBtu = million British thermal units; CNG = compressed natural gas; UAE = United
Arab Emirates.
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Focus on Middle East oil exporters

IEA estimates reveal that fossil-fuel subsidies are becoming increasingly concentrated in
the major oil- and gas-exporting countries. The share of Middle East oil exporters,? for
example, in the world total has risen from 35% to 40% over the last four years. The main
reason for this trend is that high oil prices over much of the period meant that they,
as net oil exporters, did not have the same fiscal incentive to reform energy pricing as
that in many other parts of the world. Instead, the rise in government revenues from oil
exports allowed an increase in government spending, often on social support programmes,
expanding infrastructure and subsidies to food and energy. Over the period 2009-2014,
fossil-fuel subsidies for this group of countries have, on average, been equivalent to more
than one-quarter of government expenditure (Figure 2.22).

Figure 2.22 = Government revenues and expenditures, and fossil-fuel
subsidies in the Middle East oil-exporting countries
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A fall in oil prices has direct implications for government budgets in the major producing
countries. After building a total surplus of almost $800 billion between 2009-2014, Middle
East oil-exporting countries are forecast to see a budget deficit of $150 billion in 2015
(IMF, 2015). Some of these countries will be better placed than others to weather the
downturn, as they have built up large reserve funds on the back of high oil prices over
much of the last decade, or have made more progress in diversifying their economies away
from dependence on oil. All domestic provision of oil and natural gas at a price below
the international price involves a loss of revenue to producing countries and, if prices
remain low, many may have to consider offsetting part of this revenue reduction by cutting
domestic subsidies, in preference to cutting other government expenditure. While subsidy
reform is unlikely to be rapid or easy, with governments particularly wary of inciting public
unrest, some moves in this direction have already been taken. For example, in August 2015

20. Countries included are Bahrain, Iran, Iraq, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Emirates.
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the United Arab Emirates deregulated gasoline and diesel prices, which are to be adjusted
monthly to track international levels, as part of the government’s strategy to diversify
sources of income, strengthen the economy and increase competitiveness, and build a
strong economy that is not dependent on subsidies. Other countries in the region that have
made reforms in recent years include Kuwait and Iran.

While fiscal consolidation is one driver for subsidy reform in energy-exporting countries,
there are a host of other reasons why price reforms might be pursued. One is to improve
the low efficiency of domestic energy use, which has been adding to sharply rising domestic
demand. In the Middle East, passenger cars use 75% more fuel per kilometre than the
average car in the OECD, partly because low gasoline and diesel prices reduce the incentive
to invest in a more efficient vehicle. Based on current levels of fuel economy, eliminating
subsidies to gasoline in Saudi Arabia would effectively leave each person around $680 per
year worse-off, on average, because of the volume of fuel consumed annually by each
car (if not compensated in other ways). If the passenger car fleet in Saudi Arabia had the
same level of fuel efficiency as that of the OECD average, however, this loss would be cut
to $410 per year, thereby reducing the impact of subsidy reform on household budgets. A
number of countries in the Middle East have started to make moves in this direction. For
example, Saudi Arabia has recently introduced fuel-economy labelling for new cars and
fuel-economy standards, while Iran adopted new energy conservation plansin 2014 to help
reduce gasoline and diesel use in the transport sector.

Access to modern energy*

The need to improve access to modern energy has moved into the mainstream of
international policy-making in 2015. The G7 has committed to “accelerate access to
renewable energy in Africa and developing countries in other regions with a view to
reducing energy poverty”, while the G20 has launched the first phase of its Energy Access
Action Plan. As long-advocated by the IEA, the newly agreed post-2015 Sustainable
Development Goals of the United Nations include a goal on energy, namely to “ensure
access to affordable, reliable, sustainable and modern energy for all”. In parallel, the UN
Secretary-General’s Sustainable Energy for All (SE4All) initiative continued to work to
galvanise and enhance global efforts to increase energy access and the 2015 edition of
the SE4AIll Global Tracking Framework — co-led by the IEA and the World Bank — has been
published (IEA and World Bank, 2015). This reports progress against the three SE4All goals.

Access to electricity — current status

The latest data demonstrates efforts to improve electricity access, but progress is patchy
rather than broad-based. An estimated 1.2 billion people — 17% of the global population —
did not have access to electricity in 2013, 84 million fewer than in the previous year. Many
more suffer from supply that is of poor quality (Box 2.3). More than 95% of those living

21. Estimates are based on 2013 data (when available) or on the latest available data. Data by country can be accessed
at www.worldenergyoutlook.org/resources/energydevelopment.

Chapter 2 | Global energy trends to 2040 101



http://www.world

without electricity are in countries in sub-Saharan Africa and developing Asia, and they
are predominantly in rural areas (around 80% of the world total). While still far from
complete, progress in providing electrification in urban areas has outpaced that in rural
areas two to one since 2000. As predicted last year in the IEA’s Africa Energy Outlook,
sub-Saharan Africa has now become the most electricity poor region in the world in terms
of the total number of people (surpassing Asia), as well as the share of its overall population
(IEA, 2014c). But the pace at which the picture in Africa has been deteriorating has slowed,
and rapid population growth can conceal the efforts and results that are taking place.

Around one billion people have gained access to electricity in developing Asia since 2000.
After accounting for population growth, this means that the number of people without
electricity has halved to around 525 million people. The latest estimate reflects a trajectory
that continues to improve, showing the share of the regional population now without
access below 15% for the first time. Of any country in the world, India continues to have
the largest population without electricity (accounting for one-fifth of the world total); but
the latest survey data show a major advance, led by rural areas (see Part B for more on
the energy access outlook for India). Indonesia has also made a substantial step forward,
with electricity access levels reaching 80% for the first time (it is targeting 90% by 2020),
reflecting the effectiveness of government actions. Several countries in developing Asia can
boast universal or near-universal access to electricity, including China, Malaysia, Thailand,
Singapore and Brunei Darussalam, while others have continued to make significant progress
over the years, such as Viet Nam, Lao PDR, Pakistan and Bangladesh.

Box 2.3 = With great power comes great opportunity

Even for those with relatively high and improving rates of electricity access, quality
of supply continues to be an issue that holds back consumers and the economy from
realising the full benefits of electricity access. Business surveys point to around thirty
electrical outages per month in Nigeria and the Central African Republic, and more
than sixty per month in Bangladesh (Figure 2.23), with each outage varying in length
from minutes to hours (World Bank, 2015a). The fact that these outages are often
unexpected, of unpredictable duration and at times of greatest inconvenience (during
waking hours and at times of peak electricity demand), only serves to magnify their
negative impact. Our special report, Africa Energy Outlook, found that for every
additional $1 of power sector investment in sub-Saharan Africa, incremental GDP
could be boosted by around $15 (IEA, 2014c). The underlying reasons for outages
include insufficient generation capacity, fuel shortages, excess strain on the system and
shutdowns for repairs and maintenance. Whatever the reason, the result is essentially
the same: an economy that is unable to operate at its full potential.
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Figure 2.23 = Number and duration of monthly electrical outages by
selected countries
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In sub-Saharan Africa, around 150 million people are estimated to have gained electricity
access since 2000, but this has lagged population growth, resulting in a worsening picture
overall — the latest estimates reveal that over two-thirds of the sub-Saharan population
(634 million people) are without access to electricity. Half of these people are located in
just five countries — Nigeria, Ethiopia, Democratic Republic of Congo, Tanzania and Kenya.
However, the lowest electrification rates are often found in other countries, such as South
Sudan, Malawi, Burundi and Sierra Leone (all below 10%). In the latest data, notable
improvements have been observed in Guinea, Liberia, Mauritania and Congo, while
Ghana stands out as an example where energy efficiency policies are playing a positive
role (Box 2.4). South Africa’s Integrated National Electrification Programme has electrified
over six million households over the last two decades, but the pace of progress has slowed
at an electrification level of around 85% (South African Department of Energy, 2015). While
most countries in the Middle East have attained universal electricity access, those in the
midst of conflict have (unsurprisingly) seen the situation worsen, due to damage to supply
infrastructure or fuel shortages. In Latin America, the electrification rate has improved
considerably since 2000 and now stands around 95%, with notable progress in countries
such as Brazil, Columbia, Peru and Bolivia. While the overall level of access to electricity in
Latin America is high, there are still some countries that have relatively low rates, such as
Honduras, Guatemala and Haiti.
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Box 2.4 > Energy efficiency and electricity access - the case of Ghana

Electricity consumption is projected to more than treble in sub-Saharan Africa by 2040.
Bringing electricity access to a fast-growing population, while also maintaining the
quality of supply, is an immense challenge. It is one that energy efficiency policies can
help to ease. Energy efficiency measures can help to reduce peak-load consumption
and thereby make it possible to increase access at lower cost, in terms of investment in
supply. In Ghana, electricity consumption is growing at 6-7% per year and, with seven
million people yet to get access, Ghana’s energy efficiency programme is an important
element in the plan to expand supply and meet future demand growth. It stands as a
positive example to other countries in the region.

Ghana developed the first standards and labelling programme in sub-Saharan
Africa in 2000 to solve a situation of repeated rolling blackouts. Minimum energy
performance standards (MEPS) were implemented for air conditioners, compact
fluorescent lamps (CFLs) and refrigerators. These have resulted both in considerable
energy savings (Figure 2.24) and an estimated saving of $840 million in new power
capacity investments (CLASP, 2015). The promotion of efficient lighting has proven
to be particularly successful, with the free distribution of 6 million CFLs to replace
incandescent light bulbs (all installed within three months). The penetration of CFLs
increased from 20% in 2007 to 79% in 2009, while the penetration of incandescent
lamps fell to just 3% (Ghana Energy Commission, 2013). In 2011, the government took
another step by removing import duty and value-added tax on light-emitting diode
(LED) lamps, so as to support their adoption.

Figure 2.24 > Household average electricity consumption of selected
equipment in Ghana with and without energy efficiency
standards, 2013
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Access to clean cooking — current status

In 2013, more than 2.7 billion people — 38% of the world’s population — are estimated to
have relied on the traditional use of solid biomass for cooking, typically using inefficient
stoves in poorly ventilated spaces. This is an increase of around 40 million since 2012.??
Developing Asia and sub-Saharan Africa once again dominate the global totals. While the
number of people relying on biomass is larger in developing Asia than in sub-Saharan
Africa, their share of the population is lower: 50% in developing Asia, compared with 80%
in sub-Saharan Africa. Overall, nearly three-quarters of the global population living without
clean cooking facilities (around 2 billion people) live in just ten countries. This deteriorating
global picture dispels any notion that the transition to cleaner cooking fuels and appliances
is straightforward. Economic development and income growth do not automatically lead
to the adoption of clean cooking facilities, meaning that specific government policies have
an important role to play. Despite this, clean cooking features much lower on government
priorities than promoting access to electricity.

A population similar to that of the European Union and the United States combined lives
without clean cooking facilities in India (840 million people), by far the largest national
population of any country in the world. Around one-third of China’s population have no
clean cooking facilities, illustrating the disconnect that can exist between rising incomes,
improving electricity access and clean cooking. Viet Nam is another example. Indeed, it is
a common story across much of developing Asia, with the number of people without clean
cooking facilities tending to track population growth more closely than incomes. Against
this general trend, Indonesia continues to make major efforts to promote clean and safe
cooking, following the success of its kerosene to LPG conversion programme.

In sub-Saharan Africa, the overall picture is deteriorating, with the number of people
without clean cooking facilities now above 750 million. Positive progress has been achieved
in Ghana through its programme to promote the uptake of LPG; and, Equatorial Guinea,
among the richest countries in Africa in per-capita terms, is another — one of few — to
register an improvement in the latest data. Nigeria, where households rely heavily on
solid biomass for cooking despite the country’s abundant fossil-fuel resources, has set a
national goal of helping 20 million households to switch to clean cooking facilities by 2020.
Countries in Latin America see a generally improving picture, although the pace varies and
the regional total without clean cooking facilities remains above 60 million. The latest data
reveals notable improvements in Brazil, Columbia, Peru and Argentina.

Financing energy access

Worldwide in 2013, an estimated $13.1 billion in capital investment was directed to
improving access to electricity and clean cooking facilities (Figure 2.25). Overwhelmingly,
these energy access investments went to the power sector, either to increase generation

22. This text focuses on the traditional use of biomass for cooking, but there are also 200-300 million people who rely
on coal for cooking and heating purposes, which can potentially have serious health implications when used in primitive
stoves.
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capacity or to extend transmission and distribution networks, with only 3% being directed
at increased access to clean cooking facilities. This figure of $13.1 billion is an increase,
relative to previous WEO estimates ($9.1 billion in 2009), but the estimate is tentative — it
may well be an under-estimate (IEA, 2011).%

Figure 2.25 > World energy access investment by type and source, 2013

Source (outer ring):

Bilateral aid Investment type
(inner ring):
B Multilateral aid Tota.l:_ Electricity
- eri " $13.1 billion
rivate finance Cooking

Developing
country budgets

This capital comes to the energy sector from a variety of sources: self-financing by the
energy investor; by an allocation from the state budget; or external financing, via bank
lending and the capital markets, but the information available is poor, particularly on
private sector investments, south-south investment flows (which can, as in the case of
China, be significant) and the financing of mini- and micro-scale projects. Our tentative
estimate is that the proportionate reliance on different sources is as follows: developing
countries’ own budgets, 37%; multilateral organisations, 33%; private investors, 18%; and,
bilateral aid 12%. While governments remain a critically important source of financing
for energy access, many have also opened up their energy sectors in full or in part to
private investors in recent years. The need for capital and expertise has made public-
private partnerships (PPPs) an important area of focus. The African Energy Leaders Group,
launched in January 2015, is working towards universal energy access through PPPs and
commercially viable regional power pools, and SE4AIl is working with countries to develop
energy investment prospectuses, often including PPPs.

Development assistance (through bilateral or multilateral channels) continues to be an
essential source for many energy access investments, typically in the form of loans at

23. The estimate includes capital investment made to provide households with electricity access and clean cooking
access. For on-grid electricity access, it includes the costs of the first connection, grid extension and the capital cost to
sustain an increased supply over time. For mini-grid and off-grid systems, the estimate includes capital costs and the
cost of distribution lines. Operating costs, such as fuel costs and maintenance costs, are not included. Broader technical
assistance, such as policy and institutional development advice, is also not included. Further information regarding the
methodology used in this analysis can be found at www.worldenergyoutlook.org/resources/energydevelopment.
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concessional rates or loans to projects deemed too risky by the commercial banking sector.
The African Development Bank has contributed to financing around 2 GW of new generation
capacity and over 15 000 km of transmission lines since 2009 (African Development
Bank, 2015), while the OPEC Fund for International Development has turned a $1 billion
pledge to alleviate energy poverty, made in 2012, into a revolving fund. The European
Union has committed €3.5 billion ($3.9 billion) with the intention that it should leverage
€30 billion ($33 billion) in power sector investments; and the US Power Africa initiative has
achieved financial closure on 4 GW worth of projects, involving $9 billion of commitments
from government and aid sources, and $20 billion from the private sector (USAID, 2015).
The Global Alliance for Clean Cookstoves (a PPP) remains a key source of funding for clean
cooking facilities, drawing on grants and investments from governments, corporations, civil
society and others to support its goal of providing clean cooking facilities to 100 million
households by 2020.

Increasing investment to the levels required to achieve universal access to modern energy
cannot be achieved without the private sector as a key contributor. To enable this to
happen, governments need to take steps to establish a supportive investment climate,
implementing strong governance and regulatory reforms, improving the creditworthiness
of the power sector and identifying and working with large anchor customers. This is
particularly important in those regions where the private sector is least involved today;
levels are reported to be particularly low in Africa (just 1%) (World Bank, 2015b).

Outlook for energy access in the New Policies Scenario

In the New Policies Scenario, the number of people without access to electricity declines
to around 810 million in 2030 and 550 million in 2040 (6% of the global population at that
time). The population growth that occurs in parallel masks the fact that around 1.8 billion
people gain access through to 2030, and that this increases to 2.7 billion by 2040. Global
progress continues to take place at a dual speed. Nearly one billion people in sub-Saharan
Africa gain access to electricity through to 2040, and yet half a billion remain without it
at that time, while in developing Asia, the number of people without electricity falls by
around two-thirds by 2030 (185 million) and stands at 50 million in 2040, just 1% of the
Asian population at that time (Figure 2.26). Electricity access investments increase over
time, and average $30 billion per year over the Outlook period. The additional global
electricity demand in 2040 resulting from new access is around 640 TWh reflecting the low
levels of per-capita consumption of many of those gaining access.

Sub-Saharan Africa starts to turn the corner around the mid-2020s, with the number
of people without access to electricity beginning to decline. Over time, the remaining
population without access becomes more concentrated in rural areas (around 90% of
the total in 2040). Renewables (led by hydro) and natural gas are projected collectively to
provide more than three-quarters of the additional on-grid electricity supply in 2040 for
those who have gained access. Renewables alone account for two-thirds of the mini- and
off-grid supply in 2040 having become increasingly competitive against diesel generation.
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The scale of hydropower projects (though the date of their entry into service is particularly
uncertain) means that they can have a huge impact on electricity access when they do
come online if suitable arrangements have been made to deliver the additional power
generation to households. Sub-Saharan Africa currently has a number of such projects
underway — such as the Grand Ethiopian Renaissance Dam, Gilgel Gibe Ill and IV, Inga Il
and the Mambilla dam — and has huge remaining hydropower potential. However, large
hydro projects alone will not solve energy poverty in rural areas: small-scale solutions, such
as solar PV, mini-hydro and small biogas, are also needed.

Figure 2.26 > Share of the population with access to electricity and clean
cooking facilities by region in the New Policies Scenario

Electricity Clean cooking

/

%

Middle East

Latin America

China W
Indonesia 7Z
India W/
V, Other Asia* w4
i Sub-Saharan Africa** iy
100% 75% 50% 25% 25% 50% 75% 100%
W 2013 Additional to 2030 Additional to 2040 Without access in 2040

* Includes rest of developing Asia. ** Excludes South Africa.

In the New Policies Scenario, around 260 million people gain access to electricity in the
countries of Southeast Asia, led by Indonesia, where universal access is attained by 2040.
Full electrification is achieved in urban areas of Southeast Asia by 2030 and the region
reaches almost universal access by 2040. India’s high level of economic growth and large
(and growing) population are strong influences on the pace of energy access. In the New
Policies Scenario, India’s national electrification rate reaches more than 95% by 2030 and
universal access is achieved by 2040 (see Part B for more on the energy access projections
for India). China is already reported to be very close to attaining universal access. In Latin
America, Brazil has achieved good progress through its Light for All programme, which aims
to achieve universal electricity access by 2018. Universal electricity access is reached in
Latin America by the mid-2020s. In the Middle East, most countries have already reached
electrification levels above 98%, but Syria and Yemen are lagging behind, with war and
conflicts even reversing earlier progress.

The number of people in the world without access to clean cooking decreases by one-
third to 1.8 billion in 2040 in the New Policies Scenario. Developing Asia still hosts the
biggest population in this category at the end of the projection period, with half a billion
people relying on the traditional use of biomass in India alone. In China, although universal
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access to electricity is achieved early in the projection period, the picture on access to
clean cooking facilities looks very different, with around 10% of the population still lacking
access in 2040. In sub-Saharan Africa, the switch to cleaner solutions is expected to happen
in parallel with rapid urbanisation. The price of charcoal, which is widely used in urban

areas of Africa today, is also expected to increase with higher demand and forest depletion,
and more efficient cooking solutions then provide fuel (and monetary) savings to users, as
well as better energy quality.

Globally, an average annual investment of $980 million ismade in clean cooking technologies
through to 2040. The largest portion is in LPG stoves in urban areas. LPG is also adopted in
rural areas, but improved biomass cookstoves also represent an attractive solution for poor
households, as capital and fuel costs are typically lower.
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Chapter 3

Oil market outlook
A new world of oile

Highlights

® The plunge in oil prices has set in motion the forces that will lead the market to
rebalance, via higher demand and lower growth in supply. This may take some time,
as oil consumers are not reacting as quickly to changes in price as they have in the
past, and, even though the rise of tight oil has created scope for more short-term
flexibility on the supply side, there is still a significant time lag in the response of
most sources of production to a change in price. In the New Policies Scenario the oil
price reaches $80/bbl in 2020 before rising further to $128/bbl by 2040.

e Demand grows by almost 900 kb/d per year on average until 2020 and then follows
a slower growth path to reach 103.5 mb/d in 2040. By then, India has added 6 mb/d
to its current demand and China 5 mb/d, while OECD consumption falls by 11 mb/d.
The transport and petrochemicals sectors are the main sources of growth, adding
over 16 mb/d to 2040. Oil demand for aviation rises at the fastest pace, reaching
9 mb/d in 2040, as travel demand grows by 3.9% per year. The aviation industry’s
goal of carbon-neutral growth post-2020 is out of reach without offsets from other
sectors. The lack of alternative fuels in aviation pushes up total kerosene use to
9.7 mb/d, behind only gasoline (23.3 mb/d) and diesel (30.2 mb/d).

® OQOPEC’s decision to leave its production target unchanged has thrust non-OPEC
producers into the front line of the market rebalancing. Cuts above 20% in upstream
investment by many oil companies in 2015 — offset only in part by lower costs
for supplies and services — feed through into lower medium-term projections of
production in Canada, Brazil and Russia, among others; US tight oil stumbles, but
ultimately continues its upward march, adding a further 1.5 mb/d by 2020.

® Non-OPEC production reaches a plateau at 55 mb/d before 2020 and then falls back,
leaving OPEC countries to meet the remaining demand — although the countries
with the largest potential to increase output, including Iran, Iraq and Venezuela,
face a range of financial and political uncertainties. Iran’s oil outlook has brightened
with the prospect of sanctions relief, but raising long-term output to our projected
5.4 mb/d will be a major investment challenge.

® With upstream costs pulled down, at least for the next few years, and production
shifting to lower cost areas in the Middle East, the average annual requirement
for upstream oil and gas investment to 2040 is around $750 billion. Almost 85% of
this sum is required to compensate for declining output at existing fields, rather
than to meet increased demand — a reason why the scale of investment, even in a
climate-constrained 450 Scenario, is not far from that of the New Policies Scenario,
despite considerably reduced global consumption.
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Oil price fall and the long-term outlook

One year on from the World Energy Outlook-2014 (WEO-2014), the starting point
for a discussion about the oil market is completely different (IEA, 2014a). The oil price
fell dramatically in the last months of 2014 and into 2015, as a further acceleration of
supply, notably from North America, coincided with slower than expected demand
growth, convincing Saudi Arabia and other key Organization of Petroleum Exporting
Countries (OPEC) producers that an attempt at price defence through OPEC management
of production would not be effective or warranted. The decision by OPEC members in
November 2014 to leave their production unchanged shifted the bulk of the task of finding
a new market equilibrium to the higher cost non-OPEC countries, with the oil price acting
as mediator. Thus the stage was set for a new drama in 2015, with the spotlight on three
issues: shrinking capital investment budgets in key non-OPEC producers — particularly in
the United States — and how quickly this might affect future supply; how OPEC producers
might weather the storm of reduced revenues; and how demand for oil in major consuming
countries might pick up in response to lower prices.

For a long-term outlook, the key question is how long the observed changes might last.
Are we witnessing a primarily cyclical event, part of the usual ebb and flow of commodity
markets? Or is the price decline a symptom of more deep-rooted structural changes in the
way that we produce and consume oil, which can be expected to result in changes, too, in
the strategic behaviour of the major resource-holders? In short: the question is whether
anything has really changed — or, alternatively, whether everything has changed. Our
answers to these questions span two chapters of this year’s Outlook. In the current chapter,
we focus on oil markets as they evolve in the New Policies Scenario (with brief consideration
of the Current Policies and 450 Scenarios) in which, although there are structural elements
at work, the recent price