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Industry and government decision makers and others
with a stake in the energy sector all need WEO-2012. It
presents authoritative projections of energy trends through
to 2035 and insights into what they mean for energy security,
environmental sustainability and economic development.

I

Oil, coal, natural gas, renewables and nuclear power are all
covered, together with an update on climate change issues.
Global energy demand, production, trade, investment and
carbon-dioxide emissions are broken down by region or country,
by fuel and by sector.

Special strategic analyses cover:

—

I

® What unlocking the purely economic potential for energy
efficiency could do, country-by-country and sector-by-sector,
for energy markets, the economy and the environment.

f

® The Iraqi energy sector, examining both its importance in
satisfying the country’s own needs and its crucial role in
meeting global oil and gas demand. =

']

® The water-energy nexus, as water resources become
increasingly stressed and access more contentious.

® Measures of progress towards providing universal access
to modern energy services.

There are many uncertainties; but many decisions cannot
wait. The insights of WEO-2012 are invaluable to those who
must shape our energy future.
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INTERNATIONAL ENERGY AGENCY

The International Energy Agency (IEA), an autonomous agency, was established in November 1974.
Its primary mandate was — and is — two-fold: to promote energy security amongst its member

countries through collective response to physical disruptions in oil supply, and provide authoritative
research and analysis on ways to ensure reliable, affordable and clean energy for its 28 member

countries and beyond. The IEA carries out a comprehensive programme of energy co-operation among
its member countries, each of which is obliged to hold oil stocks equivalent to 9o days of its net imports.
The Agency’s aims include the following objectives:
Secure member countries’ access to reliable and ample supplies of all forms of energy; in particular,
through maintaining effective emergency response capabilities in case of oil supply disruptions.
Promote sustainable energy policies that spur economic growth and environmental protection
in a global context — particularly in terms of reducing greenhouse-gas emissions that contribute

to climate change.
Improve transparency of international markets through collection and analysis of

energy data.
Support global collaboration on energy technology to secure future energy supplies
and mitigate their environmental impact, including through improved energy
efficiency and development and deployment of low-carbon technologies.
Find solutions to global energy challenges through engagement and
dialogue with non-member countries, industry, international

organisations and other stakeholders. .
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Foreword

In the Foreword to last year’s World Energy Outlook, | stressed the need for detailed,
meticulous, objective and original analysis as a foundation for sound energy policy making.
Important political decisions shaping the energy future have since been taken, in many
cases drawing on the analysis in the World Energy Outlook. They include the specification,
in many countries, of principles to guide the development of unconventional gas resources
and new commitments, from all parts of society, to boost investment towards the goal of
providing universal energy access.

Dr. Fatih Birol and his team in the Agency’s Directorate of Global Energy Economics
again present us this year with detailed information on what has happened across the
energy sector and visions of where we are heading. They do so with the greatly valued
participation of many experts from across the world, whose commitment and contribution
| acknowledge and commend.

We have been privileged this year to work with representatives of the Iraqgi government and
other experts on Iraq to produce a special study of that country’s energy prospects. Many
people do not realise that Iraq is, already, the third-largest oil exporter in the world. The
future level of Iraqg’s oil (and natural gas) production will not only determine the country’s
economic future but will also shape future world oil markets.

Efficiency in energy use is just as important to the future energy balance as unconstrained
energy supply. Despite years of persistent pursuit, the potential of energy efficiency remains
largely untapped. This year we demonstrate the full extent of that potential through an
Efficient World Scenario, showing what can be achieved simply by adopting measures which
fully justify themselves in economic terms. By 2035, we can save energy equivalent to 18%
of global energy consumption in 2010. Global GDP would be 0.4% higher. The financial
savings on reduced fuel consumption would be in excess of $17 trillion. We would have
reduced oil consumption by nearly 13 mb/d. And we would have gained precious time in
which to act decisively in pursuit of our global climate goal.

Water is needed for energy and energy is needed to produce and supply water. In an
increasingly water-constrained world, we analyse this mutual dependence for the first time
this year. We quantify energy’s call on global water supplies and set it in context. A volume
of water which exceeds that carried annually by the Ganges River is needed by the energy
sector each year.

Finally, one remarkable feature of the market, to which we draw attention this year, is an
energy transformation in the United States. Due to a combination of new technology, free
markets and policy action, the United States is well on the way to becoming self-sufficient
in energy, in net terms. We show how this is coming about and discuss its far-reaching
implications.
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I have only touched here on the scope of this WEO. All policy makers in energy and related
fields will find here material to increase their knowledge and contribute to the quality of
their decisions.

Maria van der Hoeven
Executive Director

This publication has been produced under the authority of the Executive Director of the
International Energy Agency. The views expressed do not necessarily reflect the views or
policies of individual IEA member countries.
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Executive Summary

A new global energy landscape is emerging

The global energy map is changing, with potentially far-reaching consequences for energy
markets and trade. It is being redrawn by the resurgence in oil and gas production in the
United States and could be further reshaped by a retreat from nuclear power in some
countries, continued rapid growth in the use of wind and solar technologies and by the
global spread of unconventional gas production. Perspectives for international oil markets
hinge on Iraq’s success in revitalising its oil sector. If new policy initiatives are broadened and
implemented in a concerted effort to improve global energy efficiency, this could likewise be
a game-changer. On the basis of global scenarios and multiple case studies, this World Energy
Outlook assesses how these new developments might affect global energy and climate
trends over the coming decades. It examines their impact on the critical challenges facing
the energy system: to meet the world’s ever-growing energy needs, led by rising incomes and
populations in emerging economies; to provide energy access to the world’s poorest; and to
bring the world towards meeting its climate change objectives.

Taking all new developments and policies into account, the world is still failing to put the
global energy system onto a more sustainable path. Global energy demand grows by more
than one-third over the period to 2035 in the New Policies Scenario (our central scenario),
with China, India and the Middle East accounting for 60% of the increase. Energy demand
barely rises in OECD countries, although there is a pronounced shift away from oil and coal
(and, in some countries, nuclear) towards natural gas and renewables. Despite the growth
in low-carbon sources of energy, fossil fuels remain dominant in the global energy mix,
supported by subsidies that amounted to $523 billion in 2011, up almost 30% on 2010 and six
times more than subsidies to renewables. The cost of fossil-fuel subsidies has been driven up
by higher oil prices; they remain most prevalent in the Middle East and North Africa, where
momentum towards their reform appears to have been lost. Emissions in the New Policies
Scenario correspond to a long-term average global temperature increase of 3.6 °C.

The tide turns for US energy flows

Energy developments in the United States are profound and their effect will be felt well
beyond North America — and the energy sector. The recent rebound in US oil and gas
production, driven by upstream technologies that are unlocking light tight oil and shale
gas resources, is spurring economic activity — with less expensive gas and electricity prices
giving industry a competitive edge — and steadily changing the role of North America in
global energy trade. By around 2020, the United States is projected to become the largest
global oil producer (overtaking Saudi Arabia until the mid-2020s) and starts to see the
impact of new fuel-efficiency measures in transport. The result is a continued fall in US oil
imports, to the extent that North America becomes a net oil exporter around 2030. This
accelerates the switch in direction of international oil trade towards Asia, putting a focus
on the security of the strategic routes that bring Middle East oil to Asian markets. The
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United States, which currently imports around 20% of its total energy needs, becomes all
but self-sufficient in net terms —a dramatic reversal of the trend seen in most other energy-
importing countries.

But there is no immunity from global markets

No country is an energy “island” and the interactions between different fuels, markets
and prices are intensifying. Most oil consumers are used to the effects of worldwide
fluctuations in price (reducing its oil imports will not insulate the United States from
developments in international markets), but consumers can expect to see growing linkages
in other areas. A current example is how low-priced natural gas is reducing coal use in the
United States, freeing up coal for export to Europe (where, in turn, it has displaced higher-
priced gas). At its lowest level in 2012, natural gas in the United States traded at around
one-fifth of import prices in Europe and one-eighth of those in Japan. Going forward, price
relationships between regional gas markets are set to strengthen as liquefied natural gas
trade becomes more flexible and contract terms evolve, meaning that changes in one part
of the world are more quickly felt elsewhere. Within individual countries and regions,
competitive power markets are creating stronger links between gas and coal markets, while
these markets also need to adapt to the increasing role of renewables and, in some cases,
to the reduced role of nuclear power. Policy makers looking for simultaneous progress
towards energy security, economic and environmental objectives are facing increasingly
complex — and sometimes contradictory — choices.

A blueprint for an energy-efficient world

Energy efficiency is widely recognised as a key option in the hands of policy makers
but current efforts fall well short of tapping its full economic potential. In the last year,
major energy-consuming countries have announced new measures: China is targeting
a 16% reduction in energy intensity by 2015; the United States has adopted new fuel-
economy standards; the European Union has committed to a cut of 20% in its 2020 energy
demand; and Japan aims to cut 10% from electricity consumption by 2030. In the New
Policies Scenario, these help to speed up the disappointingly slow progress in global energy
efficiency seen over the last decade. But even with these and other new policies in place, a
significant share of the potential to improve energy efficiency — four-fifths of the potential
in the buildings sector and more than half in industry — still remains untapped.

Our Efficient World Scenario shows how tackling the barriers to energy efficiency
investment can unleash this potential and realise huge gains for energy security, economic
growth and the environment. These gains are not based on achieving any major or
unexpected technological breakthroughs, but just on taking actions to remove the barriers
obstructing the implementation of energy efficiency measures that are economically viable.
Successful action to this effect would have a major impact on global energy and climate
trends, compared with the New Policies Scenario. The growth in global primary energy
demand to 2035 would be halved. Oil demand would peak just before 2020 and would be
almost 13 mb/d lower by 2035, a reduction equal to the current production of Russia and
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Norway combined, easing the pressure for new discoveries and development. Additional
investment of $11.8 trillion (in year-2011 dollars) in more energy-efficient technologies
would be more than offset by reduced fuel expenditures. The accrued resources would
facilitate a gradual reorientation of the global economy, boosting cumulative economic
output to 2035 by $18 trillion, with the biggest gross domestic product (GDP) gains in India,
China, the United States and Europe. Universal access to modern energy would be easier
to achieve and air quality improved, as emissions of local pollutants fall sharply. Energy-
related carbon-dioxide (CO,) emissions would peak before 2020, with a decline thereafter
consistent with a long-term temperature increase of 3 °C.

We propose policy principles that can turn the Efficient World Scenario into reality.
Although the specific steps will vary by country and by sector, there are six broad areas that
need to be addressed. Energy efficiency needs to be made clearly visible, by strengthening
the measurement and disclosure of its economic gains. The profile of energy efficiency needs
to be raised, so that efficiency concerns are integrated into decision making throughout
government, industry and society. Policy makers need to improve the affordability of energy
efficiency, by creating and supporting business models, financing vehicles and incentives
to ensure that investors reap an appropriate share of the rewards. By deploying a mix of
regulations to discourage the least-efficient approaches and incentives to deploy the most
efficient, governments can help push energy-efficient technologies into the mainstream.
Monitoring, verification and enforcement activities are essential to realise expected energy
savings. These steps would need to be underpinned by greater investment in energy
efficiency governance and administrative capacity at all levels.

Energy efficiency can keep the door to 2 °C open for just a bit longer

Successive editions of this report have shown that the climate goal of limiting warming
to 2 °C is becoming more difficult and more costly with each year that passes. Our
450 Scenario examines the actions necessary to achieve this goal and finds that almost
four-fifths of the CO, emissions allowable by 2035 are already locked-in by existing power
plants, factories, buildings, etc. If action to reduce CO, emissions is not taken before 2017,
all the allowable CO, emissions would be locked-in by energy infrastructure existing at
that time. Rapid deployment of energy-efficient technologies — as in our Efficient World
Scenario — would postpone this complete lock-in to 2022, buying time to secure a much-
needed global agreement to cut greenhouse-gas emissions.

No more than one-third of proven reserves of fossil fuels can be consumed prior to
2050 if the world is to achieve the 2 °C goal, unless carbon capture and storage (CCS)
technology is widely deployed. This finding is based on our assessment of global “carbon
reserves”, measured as the potential CO, emissions from proven fossil-fuel reserves.
Almost two-thirds of these carbon reserves are related to coal, 22% to oil and 15% to gas.
Geographically, two-thirds are held by North America, the Middle East, China and Russia.
These findings underline the importance of CCS as a key option to mitigate CO, emissions,
but its pace of deployment remains highly uncertain, with only a handful of commercial-
scale projects currently in operation.
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Trucks deliver a large share of oil demand growth

Growth in oil consumption in emerging economies, particularly for transport in China,
India and the Middle East, more than outweighs reduced demand in the OECD, pushing
oil use steadily higher in the New Policies Scenario. Oil demand reaches 99.7 mb/d
in 2035, up from 87.4 mb/d in 2011, and the average IEA crude oil import price rises to
$125/barrel (in year-2011 dollars) in 2035 (over $215/barrel in nominal terms). The transport
sector already accounts for over half of global oil consumption, and this share increases
as the number of passenger cars doubles to 1.7 billion and demand for road freight rises
quickly. The latter is responsible for almost 40% of the increase in global oil demand: oil use
for trucks — predominantly diesel — increases much faster than that for passenger vehicles,
in part because fuel-economy standards for trucks are much less widely adopted.

Non-OPEC oil output steps up over the current decade, but supply after 2020 depends
increasingly on OPEC. A surge in unconventional supplies, mainly from light tight oil in
the United States and oil sands in Canada, natural gas liquids, and a jump in deepwater
production in Brazil, push non-OPEC production up after 2015 to a plateau above 53 mb/d,
from under 49 mb/d in 2011. This is maintained until the mid-2020s, before falling back
to 50 mb/d in 2035. Output from OPEC countries rises, particularly after 2020, bringing
the OPEC share in global production from its current 42% up towards 50% by 2035. The
net increase in global oil production is driven entirely by unconventional oil, including a
contribution from light tight oil that exceeds 4 mb/d for much of the 2020s, and by natural
gas liquids. Of the $15 trillion in upstream oil and gas investment that is required over the
period to 2035, almost 30% is in North America.

Much is riding on Iraq’s success

Iraq makes the largest contribution by far to global oil supply growth. Irag’s ambition
to expand output after decades of conflict and instability is not limited by the size of its
resources or by the costs of producing them, but will require co-ordinated progress all
along the energy supply chain, clarity on how Iraq plans to derive long-term value from its
hydrocarbon wealth and successful consolidation of a domestic consensus on oil policy. In
our projections, oil output in Iraq exceeds 6 mb/d in 2020 and rises to more than 8 mb/d
in 2035. Iraq becomes a key supplier to fast-growing Asian markets, mainly China, and the
second-largest global exporter by the 2030s, overtaking Russia. Without this supply growth
from Iraq, oil markets would be set for difficult times, characterised by prices that are
almost S15/barrel higher than the level in the New Policies Scenario by 2035.

Iraq stands to gain almost $5 trillion in revenue from oil exports over the period to
2035, an annual average of $200 billion, and an opportunity to transform the country’s
prospects. The energy sector competes with a host of other spending needs in Iraqg, but
one urgent priority is to catch up and keep pace with rising electricity demand: if planned
new capacity is delivered on time, grid-based electricity generation will be sufficient to
meet peak demand by around 2015. Gathering and processing associated gas — much of
which is currently flared — and developing non-associated gas offers the promise of a more
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efficient gas-fuelled power sector and, once domestic demand is satisfied, of gas exports.
Translating oil export receipts into greater prosperity will require strengthened institutions,
both to ensure efficient, transparent management of revenues and spending, and to set
the course necessary to encourage more diverse economic activity.

Different shades of gold for natural gas

Natural gas is the only fossil fuel for which global demand grows in all scenarios, showing
that it fares well under different policy conditions; but the outlook varies by region.
Demand growth in China, India and the Middle East is strong: active policy support and
regulatory reforms push China’s consumption up from around 130 billion cubic metres
(bcm) in 2011 to 545 bcm in 2035. In the United States, low prices and abundant supply
see gas overtake oil around 2030 to become the largest fuel in the energy mix. Europe takes
almost a decade to get back to 2010 levels of gas demand: the growth in Japan is similarly
limited by higher gas prices and a policy emphasis on renewables and energy efficiency.

Unconventional gas accounts for nearly half of the increase in global gas production to
2035, with most of the increase coming from China, the United States and Australia. But the
unconventional gas business is still in its formative years, with uncertainty in many countries
about the extent and quality of the resource base. As analysed in a World Energy Outlook
Special Report released in May 2012, there are also concerns about the environmental
impact of producing unconventional gas that, if not properly addressed, could halt the
unconventional gas revolution in its tracks. Public confidence can be underpinned by robust
regulatory frameworks and exemplary industry performance. By bolstering and diversifying
sources of supply, tempering demand for imports (as in China) and fostering the emergence
of new exporting countries (as in the United States), unconventional gas can accelerate
movement towards more diversified trade flows, putting pressure on conventional gas
suppliers and on traditional oil-linked pricing mechanisms for gas.

Will coal remain a fuel of choice?

Coal has met nearly half of the rise in global energy demand over the last decade, growing
faster even than total renewables. Whether coal demand carries on rising strongly or
changes course will depend on the strength of policy measures that favour lower-emissions
energy sources, the deployment of more efficient coal-burning technologies and, especially
important in the longer term, CCS. The policy decisions carrying the most weight for the
global coal balance will be taken in Beijing and New Delhi — China and India account
for almost three-quarters of projected non-OECD coal demand growth (OECD coal use
declines). China’s demand peaks around 2020 and is then steady to 2035; coal use in India
continues to rise and, by 2025, it overtakes the United States as the world’s second-largest
user of coal. Coal trade continues to grow to 2020, at which point India becomes the largest
net importer of coal, but then levels off as China’s imports decline. The sensitivity of these
trajectories to changes in policy, the development of alternative fuels (e.g. unconventional
gas in China) and the timely availability of infrastructure, create much uncertainty for
international steam coal markets and prices.
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If nuclear falls back, what takes its place?

The world’s demand for electricity grows almost twice as fast as its total energy
consumption, and the challenge to meet this demand is heightened by the investment
needed to replace ageing power sector infrastructure. Of the new generation capacity
that is built to 2035, around one-third is needed to replace plants that are retired. Half
of all new capacity is based on renewable sources of energy, although coal remains the
leading global fuel for power generation. The growth in China’s electricity demand over
the period to 2035 is greater than total current electricity demand in the United States and
Japan. China’s coal-fired output increases almost as much as its generation from nuclear,
wind and hydropower combined. Average global electricity prices increase by 15% to 2035
in real terms, driven higher by increased fuel input costs, a shift to more capital-intensive
generating capacity, subsidies to renewables and CO, pricing in some countries. There
are significant regional price variations, with the highest prices persisting in the European
Union and Japan, well above those in the United States and China.

The anticipated role of nuclear power has been scaled back as countries have reviewed
policies in the wake of the 2011 accident at the Fukushima Daiichi nuclear power
station. Japan and France have recently joined the countries with intentions to reduce
their use of nuclear power, while its competitiveness in the United States and Canada is
being challenged by relatively cheap natural gas. Our projections for growth in installed
nuclear capacity are lower than in last year’s Outlook and, while nuclear output still grows
in absolute terms (driven by expanded generation in China, Korea, India and Russia), its
share in the global electricity mix falls slightly over time. Shifting away from nuclear power
can have significant implications for a country’s spending on imports of fossil fuels, for
electricity prices and for the level of effort needed to meet climate targets.

Renewables take their place in the sun

A steady increase in hydropower and the rapid expansion of wind and solar power has
cemented the position of renewables as an indispensable part of the global energy
mix; by 2035, renewables account for almost one-third of total electricity output. Solar
grows more rapidly than any other renewable technology. Renewables become the world’s
second-largest source of power generation by 2015 (roughly half that of coal) and, by 2035,
they approach coal as the primary source of global electricity. Consumption of biomass
(for power generation) and biofuels grows four-fold, with increasing volumes being traded
internationally. Global bioenergy resources are more than sufficient to meet our projected
biofuels and biomass supply without competing with food production, although the land-
use implications have to be managed carefully. The rapid increase in renewable energy
is underpinned by falling technology costs, rising fossil-fuel prices and carbon pricing,
but mainly by continued subsidies: from $88 billion globally in 2011, they rise to nearly
$240 billion in 2035. Subsidy measures to support new renewable energy projects need to
be adjusted over time as capacity increases and as the costs of renewable technologies fall,
to avoid excessive burdens on governments and consumers.
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A continuing focus on the goal of universal energy access

Despite progress in the past year, nearly 1.3 billion people remain without access to
electricity and 2.6 billion do not have access to clean cooking facilities. Ten countries
— four in developing Asia and six in sub-Saharan Africa — account for two-thirds of those
people without electricity and just three countries — India, China and Bangladesh —account
for more than half of those without clean cooking facilities. While the Rio+20 Summit did
not result in a binding commitment towards universal modern energy access by 2030, the
UN Year of Sustainable Energy for All has generated welcome new commitments towards
this goal. But much more is required. In the absence of further action, we project that
nearly one billion people will be without electricity and 2.6 billion people will still be
without clean cooking facilities in 2030. We estimate that nearly $1 trillion in cumulative
investment is needed to achieve universal energy access by 2030.

We present an Energy Development Index (EDI) for 80 countries, to aid policy makers in
tracking progress towards providing modern energy access. The EDI is a composite index
that measures a country’s energy development at the household and community level. It
reveals a broad improvement in recent years, with China, Thailand, El Salvador, Argentina,
Uruguay, Vietnam and Algeria showing the greatest progress. There are also a number of
countries whose EDI scores remain low, such as Ethiopia, Liberia, Rwanda, Guinea, Uganda
and Burkina Faso. The sub-Saharan Africa region scores least well, dominating the lower
half of the rankings.

Energy is becoming a thirstier resource

Water needs for energy production are set to grow at twice the rate of energy demand.
Water is essential to energy production: in power generation; in the extraction, transport
and processing of oil, gas and coal; and, increasingly, in irrigation for crops used to
produce biofuels. We estimate that water withdrawals for energy production in 2010 were
583 billion cubic metres (bcm). Of that, water consumption — the volume withdrawn but
not returned to its source — was 66 bcm. The projected rise in water consumption of 85%
over the period to 2035 reflects a move towards more water-intensive power generation
and expanding output of biofuels.

Water is growing in importance as a criterion for assessing the viability of energy projects,
as population and economic growth intensify competition for water resources. In some
regions, water constraints are already affecting the reliability of existing operations and they
will increasingly impose additional costs. In some cases, they could threaten the viability
of projects. The vulnerability of the energy sector to water constraints is widely spread
geographically, affecting, among others, shale gas development and power generation in
parts of China and the United States, the operation of India’s highly water-intensive fleet of
power plants, Canadian oil sands production and the maintenance of oil-field pressures in
Irag. Managing the energy sector’s water vulnerabilities will require deployment of better
technology and greater integration of energy and water policies.
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PART A
GLOBAL ENERGY TRENDS

Part A of this WEO (Chapters 1-8) presents energy projections to 2035. Global energy
demand, production, trade, investment and carbon-dioxide emissions are broken
down by region or country, by fuel and by sector. There are three core scenarios
presented in Part A: the New Policies Scenario, the Current Policies Scenario and the
450 Scenario.

Chapter 1 defines the scenarios and sets out their underlying assumptions.

Chapter 2 defines the results of the projections for global energy in aggregate and
discusses their implications for energy security, the environment and economic
development. While results for each of the scenarios are shown, more focus is given
to the results of the New Policies Scenario, to provide a clear picture of where planned
policies, if implemented in a relatively cautious manner, would take us. The chapter
ends with a special feature on the resurgence of oil and gas production in the United
States and what it means for the world’s energy landscape.

Chapters 3-7 analyse the outlook for each of the main energy sources and carriers —
oil, gas, coal, electricity and renewables.

Chapter 8 presents our analysis of climate change mitigation. This includes a review
of recent developments in climate policy and trends in carbon-dioxide emissions,
followed by a focus on the 450 Scenario, which sets out a global energy pathway
compatible with limiting warming to 2 °C. Comparisons to other WEO-2012 scenarios
are given in order to illustrate the extent of the additional efforts that would be
necessary to achieve the climate goal.
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Chapter 1

Understanding the scenarios
What are the drivers of our energy future?¢

Highlights

® Though there are some underlying trends which are difficult to shift, government
policy action has a strong influence on energy markets. Our scenarios accordingly
reflect different levels of government action. Our central scenario, the New Policies
Scenario, takes into account existing policy commitments and assumes that those
recently announced are implemented, albeit in a cautious manner. The Current Policies
Scenario assumes no implementation of policies beyond those adopted by mid-2012.
The 450 Scenario assumes policy action consistent with limiting the long-term global
temperature increase to 2 °C. As a special feature of WEO-2012, we also present an
Efficient World Scenario, reflecting adoption of all economically viable steps to improve
energy efficiency.

® The level of economic activity plays a key role in global energy trends, introducing
important uncertainties to our projections, particularly in the near to medium term.
We assume a modest rebound in global GDP in the near term and an average rate of
growth in real terms of 3.5% per year through to 2035, with growth slowing gradually
as the emerging economies mature.

® Demographic change affects the size and composition of energy demand, directly
and through its impact on economic growth and development. World population is
assumed to rise from 6.8 billion in 2010 to 8.6 billion in 2035 — another 1.7 billion
energy consumers, mainly in Asia and Africa. India’s population exceeds 1.5 billion in
2035, after overtaking China soon after 2025.

® Energy prices are another key determinant of energy trends. In the New Policies
Scenario, the average IEA crude oil import price approaches $125/barrel (in year-2011
dollars) in 2035. The ratio of natural gas to oil prices (on an energy-equivalent basis)
remains lower than the historical average, due in large part to brighter prospects for
unconventional gas, which also contributes to a degree of price convergence between
regional gas markets. Coal prices rise less rapidly than oil and gas prices, as a result
of strong competition from gas in power generation and abundant coal resources.
In the New Policies Scenario, CO, prices in parts of the OECD rise to $45/tonne in
2035 and CO, pricing (or shadow pricing influencing investment decisions) is gradually
introduced in some other countries. In the 450 Scenario, more regions adopt CO,
pricing and prices are markedly higher.

e The rate at which the efficiency of current energy technologies improves and new
technologies are adopted will be a crucial determinant of future energy trends. Key
uncertainties relate to the prospects for carbon capture and storage, solar power,
advanced biofuels, advanced vehicle technologies and nuclear power.
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Defining the scenarios

Drawing on the latest data and policy developments, this year’s World Energy Outlook
presents projections of energy trends through to 2035 and insights into what they mean for
energy security, the environment and economic development. Over the Outlook period, the
interaction of many different factors will drive the evolution of energy markets. As outcomes
are hard to predict with accuracy, the report presents several different scenarios, which are
differentiated primarily by their underlying assumptions about government policies. The
starting year of the scenarios is 2010, the latest year for which comprehensive historical
energy data for all countries were available at the time of writing, though preliminary data
for 2011 have been incorporated in many cases.

The New Policies Scenario — our central scenario — takes into account broad policy
commitments and plans that have already been implemented to address energy-
related challenges as well as those that have been announced, even where the specific
measures to implement these commitments have yet to be introduced (Table 1.1). New
commitments include renewable energy and energy efficiency targets, programmes relating
to nuclear phase-out or additions, national targets to reduce greenhouse-gas emissions
communicated under the 2010 Cancun Agreements and the initiatives taken by G-20 and
Asia-Pacific Economic Cooperation (APEC) economies to phase out inefficient fossil-fuel
subsidies. The New Policies Scenario assumes only cautious implementation of current
commitments and plans: for example, countries that have set a range for a particular target
are assumed to adopt policies that are consistent with reaching the less ambitious end of
the range. In countries where climate policy is particularly uncertain, it is assumed that the
policies adopted are insufficient to reach the declared target. This caution stems from the
widely recognised distinction between political commitments and implementing action or,
in some cases, the limited details available about how new initiatives might be designed.
Some targets involve a range, while others are conditional on funding or on comparable
emissions reductions in other countries. And some targets relate to energy or carbon
intensity, rather than absolute energy savings or emissions reductions.

To illustrate the outcome of our current course, if unchanged, the Current Policies Scenario
embodies the effects of only those government policies and measures that had been
enacted or adopted by mid-2012. Without implying that total inaction is probable, it does
not take into account any possible, potential or even likely future policy actions. Several of
the policy commitments and plans that were included in the New Policies Scenario in the
World Energy Outlook 2011 (WEO-2011) have since been enacted, so are now included in
the Current Policies Scenario. These include, for example, energy and climate targets in
China’s 12t Five-Year Plan for the period 2011-2015 and new feed-in tariffs for renewable
energy technologies in Japan.

The basis of the 450 Scenario is different. Rather than being a projection based on past
trends, modified by known policy actions, it deliberately selects a plausible energy pathway.
The pathway chosen is consistent with actions having around a 50% chance of meeting
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the goal of limiting the global increase in average temperature to two degrees Celsius
(2 °C) in the long term, compared with pre-industrial levels. According to climate experts,
to meet this goal the long-term concentration of greenhouse gases in the atmosphere
needs to be limited to around 450 parts per million of carbon-dioxide equivalent (ppm
CO,-eq) — hence the scenario name. For the period to 2020, we assume policy action
to implement fully the commitments under the Cancun Agreements. After 2020, OECD
countries and other major economies set emissions targets for 2035 and beyond that
collectively ensure an emissions trajectory consistent with ultimate stabilisation of the
greenhouse-gas concentration at 450 ppm. This is in line with the agreement reached at
the United Nations Framework Convention on Climate Change (UNFCCC) 17t Conference
of the Parties (COP-17) in December 2011 to establish the “Durban Platform on Enhanced
Action”, which is intended to lead to a new climate regime. We also assume from 2020
that $100 billion in annual financing is provided by OECD countries to non-OECD countries
for abatement measures.

Table 1.1 = Definitions and objectives of the WEO-2012 scenarios

Current Policies New Policies . Efficient World
" . 450 Scenario .
Scenario Scenario Scenario
Definitions Government policies Existing policies Policies are adopted  All energy efficiency

that had been are maintained and  that put the world investments that

enacted or adopted  recently announced  on a pathway that are economically

by mid-2012 commitments and is consistent with viable are made

continue unchanged. plans, including having around a 50% and all necessary
those yet to be chance of limiting policies to eliminate
formally adopted, the global increase in  market barriers to
are implemented in a average temperature energy efficiency are
cautious manner. to 2 °Cin the long adopted.

term, compared
with pre-industrial

levels.

Objectives  To provide a baseline To provide a To demonstrate a To explore the results
that shows how benchmark to plausible path to of improving energy
energy markets assess the potential  achieve the climate  efficiency in every
would evolve if achievements (and target. way that makes
underlying trends limitations) of recent economic sense.
in energy demand developments in
and supply are not energy and climate
changed. policy.

The Efficient World Scenario, the results of which are presented in Chapters 10-12, has
been developed especially for the World Energy Outlook 2012 (WEO-2012). It enables us to
quantify the implications for the economy, the environment and energy security of a major
step change in energy efficiency. It is based on the core assumption that all investments
capable of improving energy efficiency are made so long as they are economically viable
and any market barriers obstructing their realisation are removed. The scale of the
opportunity is determined, by sector and region, on the basis of a thorough review of the
technical potential to raise energy efficiency, and our judgement of the payback periods
that investors will require in order to commit funds to energy efficiency projects.
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The projections for each of the scenarios are derived from the IEA’s World Energy Model
(WEM) — a large-scale partial equilibrium model that is designed to replicate how energy
markets function over the medium to long term.! The WEM comprises six modules,
covering final demand (by sector and sub-sector), power and heat generation, refining and
other transformation activities, supply (by primary energy source), carbon-dioxide (CO,)
emissions and investment in energy supply infrastructure. Improvements to the WEM for
WEO-2012 include more detailed representation of energy efficiency policies, and fuel and
technology choices in the industry and buildings sectors; development of a specific module
for road-freight transport, which endogenously determines fuel-economy improvements;
more detailed modelling of wholesale electricity pricing for baseload, mid-load and peak
load and of end-user prices, based on wholesale prices, network costs, renewable subsidies
and retailing costs; more detailed modules for biomass supply and biofuels production;
and the inclusion of a separate module for Irag (see Chapter 13). Some 3 000 policies have
been reviewed in developing the assumptions for each of the scenarios presented. The
most important ones are summarised in Annex B, categorised by scenario.

Non-policy assumptions

Economic growth

Demand for energy is strongly correlated to economic activity, so our projections are
highly sensitive to the underlying assumptions about the rate of growth of gross domestic
product (GDP). Rarely has the near-term outlook for the global economy been so uncertain.
The world economy bounced back strongly in 2010 from the recession of 2008-2009, but
experienced a slowdown in 2011, with some economies dipping back into recession.
According to the International Monetary Fund (IMF), only a gradual strengthening
of economic activity is expected during the course of 2012 (IMF, 2012a). Furthermore,
downside risks to the economic outlook remain acute. An escalation of the euro-zone
crisis or failure of the United States to avoid the looming “fiscal cliff” (which would lead to
automatic tax increases and spending cuts) could have harmful spill-over effects on the rest
of the global economy. There are also clear signs of slowing in the key emerging economies,
including China, India and Brazil, which have served as engines of global growth over the
past decade. The threat of higher oil prices that could result from heightened geopolitical
tensions is another threat to the global economy.

This Outlook bases its medium-term GDP growth assumptions primarily on IMF projections,
with some adjustments to reflect information available from regional, national and other
sources (Table 1.2). Longer-term GDP assumptions are based on projections made by
various economic forecasting bodies, as well as our assessment of prospects for the growth
in labour supply and improvements in productivity. We assume world GDP (in purchasing
power parity [PPP] terms)? will grow by an average of 3.5% per year over the period 2010-

1. A full description of the WEM is available at www.worldenergyoutlook.org/weomodel.

2. Purchasing power parities measure the amount of a given currency needed to buy the same basket of goods
and services, traded and non-traded, as one unit of the reference currency — in this report, the US dollar. By
adjusting for differences in price levels, PPPs, in principle, can provide a more reliable indicator than market
exchange rates of the true level of economic activity globally or regionally.
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2035. This is marginally lower than in last year’s WEO, although growth in several countries
and regions — including Africa and Latin America, Korea and Australia — has been revised
upwards. Our assumed rate of growth in world GDP slows gradually as the emerging
economies mature.

Table 1.2 = Real GDP growth assumptions by region

Compound average annual growth rate

1990-2010 2010-15 2010-20 2010-35
OECD 2.2% 2.1% 2.2% 2.1%
Americas 2.5% 2.6% 2.7% 2.4%
United States 2.5% 2.5% 2.6% 2.4%
Europe 2.0% 1.5% 1.8% 1.8%
Asia Oceania 1.9% 2.0% 2.0% 1.8%
Japan 0.9% 1.2% 1.2% 1.2%
Non-OECD 4.9% 6.1% 5.9% 4.8%
E. Europe/Eurasia 0.5% 3.9% 3.8% 3.4%
Russia 0.4% 4.0% 3.9% 3.5%
Asia 7.5% 7.5% 7.0% 5.5%
China 10.1% 8.6% 7.9% 5.7%
India 6.5% 7.3% 7.1% 6.3%
Middle East 4.3% 3.7% 3.9% 3.8%
Iraq 3.1% 10.0% 10.6% 6.9%
Africa 3.8% 4.4% 4.6% 3.8%
Latin America 3.4% 4.2% 4.1% 3.4%
Brazil 3.1% 3.6% 3.8% 3.6%
World 3.2% 4.0% 4.0% 3.5%
European Union 1.8% 1.3% 1.7% 1.8%

Note: Calculated based on GDP expressed in year-2011 dollars in PPP terms.

Sources: IMF (2012b); OECD (2012); Economist Intelligence Unit and World Bank databases; IEA databases
and analysis.

The non-OECD countries as a group continue to grow much more rapidly than the OECD
countries through to 2035, driving up their share of world GDP. China continues to set
the pace during the first half of the projection period, although its growth rate is likely
to tail off as the country gets richer and its working-age population starts to shrink. By
the mid-2020s, India overtakes China to become the fastest-growing WEO region, thanks
to its rapidly growing population, rising labour participation rates and its earlier stage
of economic development. Nonetheless, India’s growth rate slows, too, as its economy
matures. As explained in Chapter 13, variations in the assumptions about national GDP
are an integral part of the analysis presented in our special feature on Iraq, reflecting the
dominance of oil revenues in the Iragi economy; but in each of the scenarios modelled, the
assumed GDP growth rate is well above the rate for the Middle East as a whole.
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SPOTLIGHT

What is the biggest source of uncertainty for energy prospects?

As Niels Bohr said, “it is tough to make predictions, especially about the future”. In
common with all attempts to describe future market trends, the projections in WEO-
2012 are subject to a wide range of uncertainties. Indeed, it is unlikely that the future
will follow any of the precise paths described in our scenarios. But that is not the aim
of the WEO: none of the scenarios is a forecast. Each is intended to demonstrate how
markets could evolve under certain conditions. How close those scenarios are to reality
not only hinges on how well the model represents the way energy markets work and
the validity of the assumptions that underpin that model, but also on the occurrence
of “game changer” events in the economy at large. Many past forecasts and outlooks
have been confounded by events such as the 1997-1998 Asian financial crisis, the US
subprime mortgage crisis and subsequent recession and the more recent “Arab Spring”.

Key drivers of energy markets are hard to predict, in part because they interact with
each other. Yet some are inherently easier to predict than others, especially in the near
term. Population, even by region, is unlikely to deviate much from the assumptions used
for this Outlook. And we can be reasonably confident about how technology is likely to
evolve in the short to medium term, even if there are surprises, such as the improved
technologies that have recently unlocked huge unconventional gas and oil resources in
the United States and elsewhere.

Economic prospects in the near term are much more uncertain and, given the strong
link between economic growth and energy demand in most countries, are perhaps the
biggest source of uncertainty in the medium term — even more so than usual, given the
fragile state of the global economy. But most forecasts of economic growth at the world
and regional levels over the long term fall within a relatively narrow range, even if there
may be significant divergence between countries.

History has shown that energy prices are notoriously difficult to predict. But even if
prices follow a very different path than what we have assumed, the overall impact on
demand may not be very pronounced: demand for some forms of energy is less sensitive
to price changes than demand for many other goods. Nevertheless, the dramatic five-
fold increase in the oil price that we have witnessed over the last decade could still have
an unexpectedly large impact on long-term demand, especially if (as our assumptions
suggest) these price levels persist.

In the very near term, even government policy is reasonably predictable, as changes
tend to be incremental: short of a breakthrough agreement on climate change or a major
geopolitical event, it is unlikely that any policy moves in the next twelve months would
have a large impact on key global energy trends in the medium term. But in the longer
term, policy making is the area in which the greatest uncertainty exists, particularly
when it comes to issues such as the extent to which action is taken to mitigate climate
change, developments in energy subsidies, decisions on nuclear power, and the pricing
and production strategies of the major oil and gas exporters.
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Population

Population growth is an important driver of energy use, directly through its impact on the
size and composition of energy demand and indirectly through its effect on economic growth
and development. The rates of population growth assumed for each region and in all the
scenarios are based on the most recent projections by the United Nations (UNPD, 2011).
World population is projected to grow from an estimated 6.8 billion in 2010 to 8.6 billion
in 2035, or by some 1.7 billion new energy consumers. In line with the long-term historical
trend, population growth slows over the projection period, from 1.1% per year in 2010-
2020 to 0.8% per year in 2020-2035 (Table 1.3). Yet population still increases substantially
in absolute terms each year: the projected annual increase in 2035 is 56 million, compared
with 78 million in 2010.

Table 1.3 = Population assumptions by region

Population growth* Population (million) Urbanisation rate

2010-20 2020-35 2010-35 pLok ] 2035 2010 2035

OECD 0.5% 0.3% 0.4% 1237 1373 77% 84%
Americas 0.9% 0.7% 0.7% 474 571 82% 87%
United States 0.8% 0.7% 0.7% 314 377 82% 88%
Europe 0.4% 0.2% 0.3% 560 599 74% 82%
Asia Oceania 0.2% -0.1% 0.0% 203 203 74% 81%
Japan -0.1% -0.4% -0.3% 127 118 67% 75%
Non-OECD 1.2% 0.9% 1.0% 5606 7183 45% 57%
E. Europe/Eurasia 0.1% -0.1% 0.0% 335 331 63% 70%
Russia -0.1% -0.4% -0.3% 142 133 73% 78%
Asia 0.9% 0.6% 0.7% 3583 4271 39% 53%
China 0.3% 0.0% 0.1% 1345 1387 47% 65%
India 1.3% 0.9% 1.0% 1171 1511 30% 43%
Middle East 1.8% 1.4% 1.6% 199 293 67% 74%
Iraq 3.0% 2.5% 2.7% 30 58 66% 71%
Africa 2.3% 2.0% 2.1% 1032 1730 40% 53%
Latin America 1.0% 0.7% 0.8% 456 558 80% 86%
Brazil 0.8% 0.4% 0.5% 195 224 87% 92%
World 1.1% 0.8% 0.9% 6843 8556 51% 61%
European Union 0.2% 0.1% 0.1% 502 518 74% 81%

* The assumed compound average annual growth rates are the same for all scenarios presented in this
Outlook.

Sources: UNPD and World Bank databases; IEA databases.
Almost all of the increase in global population is expected to occur in non-OECD countries,

mainly in Asia and Africa. India overtakes China soon after 2025 to become the most
populous country and its population exceeds 1.5 billion in 2035. Africa sees the fastest
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rate of growth, its population increasing over the Outlook period by more than the current
population of Europe. Russia is the only major non-OECD country that experiences a decline
in its population. The population of the OECD increases by 0.4% per year on average over
2010-2035. The share of the world’s population living in urban areas continues to increase,
from 51% in 2010 to 61% in 2035, with implications for the amount and type of energy
demanded. People living in urban areas in the developing world typically have higher
incomes and better access to energy services, and therefore use more energy. This income
effect usually outweighs energy efficiency gains that come from higher density settlements
in urban areas. By contrast, city and rural residents in developed countries tend to enjoy
similar levels of energy service.

Energy prices

Price remains an important determinant of energy trends. Actual prices paid by energy
consumers affect the amount of each fuel they choose to consume and their choice of
technology and equipment used to provide a particular energy service, while the price
received by producers affects their production and investment decisions. Our assumptions
differ across the scenarios, reflecting the impact of government policies on the demand
and supply of each fuel.? The assumed paths for each form of energy reflect our judgment
of the prices that would be needed to encourage sufficient investment in supply to meet
projected demand over the Outlook period. Although the price paths follow smooth trends,
prices in reality may be expected to deviate from these assumed trends — widely at times —
in response to economic, energy market or geopolitical developments. For example, if the
exceptionally challenging economic environment at present leads to a further deterioration
in global growth, this could prompt a slump in energy demand that might temporarily drive
prices well below the levels we assume.

Our assumptions about international fossil fuel prices (summarised in Table 1.4) are used
to derive average retail prices in end-uses, power generation and other transformation
sectors in each region. These end-use prices take into account local market conditions,
including taxes, excise duties, CO, emissions penalties and pricing, as well as any subsidies
for fossil fuels and/or renewables. In all scenarios, the rates of value-added taxes and excise
duties on fuels are assumed to remain unchanged throughout the projection period, except
where future tax changes have already been adopted or are planned. In the 450 Scenario,
administrative arrangements (price controls or higher taxes) are assumed to be put in
place to keep end-user prices for oil-based transport fuels at a level similar to those in the
Current Policies Scenario. This assumption ensures that the lower international prices that
result from policy action over and above what is assumed in the Current Policies Scenario
do not lead to a rebound in transport demand via lower end-user prices.

3. Energy prices are an exogenous (i.e. external) determinant of energy demand and supply in the World Energy
Model. However, the model is run in an iterative manner, adjusting prices so as to ensure that demand and
supply are in balance in each year of the projection period.
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Table 1.4 = Fossil-fuel import price assumptions by scenario (dollars per unit)

Real terms (2011 prices)

IEA crude oil imports
Natural gas
United States
Europe imports
Japan imports

OECD steam coal imports

New Policies Scenario

Unit 2011 2015 2020 2025 2030 2035

barrel 107.6 116.0 119.5 1219 123.6 125.0

MBtu 4.1 4.6 5.4 6.3 7.1 8.0

MBtu 9.6 11.0 115 119 122 125

MBtu 14.8 15.0 143 145 147 148

tonne 123.4 1085 112.0 113.0 114.0 115.0

Current Policies Scenario

2015 2020 2025 2030 2035

118.4 128.3 135.7 141.1 145.0

4.6 5.5 6.4 7.2 8.0

11.2 121 129 134 137

153 147 152 156 16.0

110.0 115.0 119.2 1225 125.0

450 Scenario

2015 2020 2025 2030 2035

115.3 113.3 109.1 104.7 100.0

4.4 5.5 6.9 7.6 7.6

109 10.8 104 10.0 9.6

149 135 129 125 122

1053 975 89.0 78.0 70.0

Nominal terms

IEA crude oil imports

Natural gas
United States
Europe imports
Japan imports

OECD steam coal imports

barrel 107.6 127.0 146.7 167.6 190.4 215.7

MBtu 4.1 5.0 6.7 8.7 11.0 1338

MBtu 96 121 141 164 188 216

MBtu 148 164 17.5 199 226 255

tonne 123.4 118.8 137.4 155.4 175.6 198.5

129.7 157.4 186.6 217.4 250.3

5.0 6.7 8.8 11.1 1338

123 149 17.7 206 236

16.8 18.1 209 24.0 276

120.5 141.1 163.8 188.7 215.7

126.3 139.0 150.0 161.2 172.6

4.8 6.7 9.5 11.7 132

119 13.2 143 154 16.6

163 16.6 17.7 193 21.1

115.3 119.6 122.4 120.2 120.8

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

price prevailing on the domestic market. Nominal prices assume inflation of 2.3% per year from 2011.
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In recent years, momentum has been building to reform fossil-fuel subsidies. In September
2009, G-20 leaders gathered at the Pittsburgh Summit committed to “rationalize and
phase out over the medium term inefficient fossil-fuel subsidies that encourage wasteful
consumption”. In November 2009, APEC leaders meeting in Singapore made a similar
pledge, thereby broadening the international commitment to reform. Our assumptions
concerning the phase-out of fossil-fuel subsidies vary by scenario. In the Current Policies
Scenario, these subsidies are assumed to be phased out only where explicit policies are
already in place. In the New Policies Scenario, they are assumed to be phased out by 2020
(at the latest) in all net energy-importing countries and more gradually in those exporting
countries that have announced plans to do so. In the 450 Scenario, fossil-fuel subsidies are
phased out by 2035 (at the latest) in all regions except the Middle East, where they are
reduced to a maximum subsidisation rate of 20% by 2035.

Oil prices

Since trading at lows of around $30/barrel during the height of the financial crisis in late 2008,
oil prices have followed a general upward trend with some periods of sharp fluctuation. By
early October 2012, prices for benchmark Brent and West Texas Intermediate futures were
trading at around S115/barrel and $93/barrel, respectively. In the New Policies Scenario,
the average IEA crude oil import price — a proxy for international oil prices — rises to
$120/barrel (in year-2011 dollars) in 2020 and $125/barrel in 2035 (Figure 1.1). This rising
trend reflects the mounting cost of producing oil from new sources, as existing fields
are depleted, in order to satisfy increasing demand. In the Current Policies Scenario,
substantially higher prices are needed to balance supply with the faster growth in demand,
reaching $145/barrel in 2035. In the 450 Scenario, lower oil demand means there is less
need to develop oil from costly fields higher up the supply curve in non-OPEC countries. As
a result, the oil price is assumed to level off at about $115/barrel by 2015 and then decline
gradually to about $100/barrel by 2035.

Figure 1.1 = Average IEA crude oil price
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Note: In the 450 Scenario, administrative arrangements are assumed to be put in place to keep end-user
prices for oil-based transport fuels at a level similar to the Current Policies Scenario.
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Natural gas prices

Natural gas prices in North America, the United Kingdom and, to a somewhat lesser extent,
Australia, are established through hub-based pricing, meaning they move in line with
local supply and demand. Traditionally, most gas in continental Europe has been traded
under long-term contracts with oil-price indexation, but that is changing with a growing
share of prices now being set by gas-to-gas competition. Oil-price indexation remains the
predominant pricing mechanism in Japan and Korea. Outside the OECD, a wide range of
different natural gas pricing mechanisms is in use and in some cases prices are subsidised,
for example in the Middle East and Russia.

Differences in pricing mechanisms, limited arbitrage options, the cost of transport between
regions and local gas market conditions mean that prices across different regional markets
can diverge markedly. At their lowest levels in 2012, natural gas prices in the United States
briefly dipped below $2 per million British thermal units (MBtu), which at the time were
around one-fifth of import prices in Europe and one-eighth of import prices in Japan.
Significant price differentials across these main markets have reinvigorated debate about
how quickly gas prices will move away from oil indexation and whether this will result in
lower gas prices (relative to oil) and convergence of gas prices globally.

Figure 1.2 = Ratio of average natural gas and coal prices to crude oil prices
in the New Policies Scenario
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Note: Calculated on an energy-equivalent basis.

The outlook for natural gas prices depends both on demand-side factors, notably
competition between natural gas and coal in the power sector, and supply-side factors.
The gas prices assumed in this year’s Outlook point to a narrowing of price differentials
between the main regional markets (Figure 1.2). Prices in North America are assumed
to remain the lowest, thanks to abundant supplies of relatively low-cost unconventional
gas. Real prices there are expected to rise in absolute terms and relative to the other
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two regions as demand grows in response to lower prices, costs rise and export capacity
is built. In Europe, the move towards hub-based pricing helps to moderate gas price
increases, but this effect is offset by growing reliance on gas imports from more distant
sources, which are likely to cost more to transport. In Asia, increased reliance on local
supplies of unconventional gas, notably in China, and on spot purchases of LNG exert
some downward pressure on the import prices of LNG and piped gas under long-term
contracts. Globally, the gas prices assumed broadly follow the trend in oil prices, though
the ratio of the gas price to the average crude oil price remains well below historical
averages. Natural gas prices vary across the scenarios, reflecting the different assumptions
about policy intervention to curb growth in energy demand and CO, emissions. In the New
Policies Scenario, prices reach $12.5/MBtu (in year-2011 dollars) in Europe, $14.8/MBtu
in Japan and $8.0/MBtu in the United States by 2035.

Steam coal prices

Only a relatively small fraction of coal consumption is traded internationally. While in
certain regions international prices play an important role in setting domestic prices, in
others, domestic prices are more closely related to indigenous production costs (such as
in the United States) or are controlled by the government. The prices of internationally
traded coal have become much more volatile in the last few years in response to rapid
changes in coal production, use and trade. Following a collapse in prices from record highs
in 2008, prices rose strongly from early-2009 through to mid-2011, falling back thereafter
on weak demand, due to the recession, and increased availability on international markets.

The outlook for coal prices depends heavily on demand-side factors, the most important
being competition between natural gas and coal in the power sector. The average OECD
steam coal import price use is used as a general proxy for international prices and also
drives our assumptions about coking coal and other coal qualities. In the New Policies
Scenario, the average OECD steam coal import price is assumed to remain around $110 per
tonne (in year-2011 dollars) to 2015 and then rise slowly to about $115 per tonne in 2035.
Coal prices increase less in percentage terms than oil or gas prices, partly because coal-
production costs are expected to rise less rapidly and because coal demand levels off by
around 2025. Coal prices rise more quickly in the Current Policies Scenario, on stronger
demand growth, but fall sharply in the 450 Scenario, reflecting the impact of much stronger
policy action to reduce CO, emissions (which lowers coal demand).

CO, prices

The pricing of CO, emissions (either through cap-and-trade programmes or carbon taxes)
affects demand for energy by altering the relative costs of using different fuels. Several
countries have implemented emissions trading schemes to set CO, prices, while many
others have schemes under development, some at an advanced stage of design. Other
countries have introduced carbon taxes — taxes on fuels linked to related emissions — or
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are considering doing so. The EU Emissions Trading System (ETS) is currently the world’s
largest, covering all 27 member states, plus Norway, Iceland and Liechtenstein. CO, prices

under the programme had been driven to record lows by mid-2012, primarily due to the
dampening effect of the economic recession on energy demand. A debate followed on
reform options to ensure that prices rise sufficiently to encourage investment in low-
carbon technologies. Programmes that put a price on CO, emissions are also currently
operating in New Zealand and in Australia (having started in July 2012, it will progressively
be linked to the EU ETS between 2015-2018). Obligations in California’s emissions trading
scheme will take effect in 2013, phasing in to cover 85% of state-wide emissions in 2015.
Korea has adopted a law (May 2012) to establish a scheme, with trading due to begin in
2015. In its 12 Five-Year Plan, China included plans to put a price on carbon and separately
has announced plans to introduce city and provincial level pilot carbon emissions trading
schemes in the near future.

The prevalence of carbon pricing and the level of CO, prices vary across the scenarios
(Table 1.5):

B |n the Current Policies Scenario, only the existing and the planned programmes
described above are taken into consideration. The price of CO, is assumed to rise
under each programme over the projection period; in Europe it increases from an
average of $19/tonne in 2011 to $30/tonne (in year-2011 dollars) in 2020 and
S45/tonnein 2035 (the same price levelsin 2020 and 2035 are also reached in Australia
and New Zealand).

® In the New Policies Scenario, we assume a carbon price (starting at a low level) is
introduced in China from 2020 covering all sectors, in line with the current Five-Year
Plan.* In addition, we assume that from 2015 onwards all investment decisions in the
power sector in the United States, Canada and Japan factor in an implicit or “shadow”
price for carbon, to take account of the expectation that some form of action will be
taken to penalise CO, emissions, although we do not assume that an explicit trading
programme is introduced. In these countries, power projects get the go-ahead only if
they remain profitable under the assumption that a carbon price is introduced. Given
the uncertainty that surrounds future climate policies, many companies around the
world already use such an approach as a means of ensuring that they are prepared for
the possible introduction of a carbon tax or cap-and-trade programme.

B |nthe 450 Scenario, we assume that pricing of CO, emissions is eventually established
in all OECD countries and that CO, prices in these markets begin to converge from
2025, reaching $120/tonne in most OECD countries in 2035. Several major non-OECD
countries are also assumed to put a price on CO, emissions. Although we assume no
direct link between these systems before the end of the projection period, they all
have access to offsets, which is expected to lead to some convergence of prices.

4. Recent IEA analysis explores the conditions needed for effective functioning of a CO, emissions trading
system in China’s electricity sector (Baron, et al., 2012).
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Table 1.5 = CO, price assumptions in selected regions and countries by
scenario ($2011 per tonne)

Region Sectors 2020 2030 2035
European Union PO.WPTr’ industry and 30 40 45
. aviation
Current Policies
Scenario Australia and New Zealand All 30 40 45
Korea Power and industry 23 38 45
European Union Po.we:r, e igity e 30 40 45
aviation
New Policies Australia and New Zealand All 30 40 45
Scenario )
Korea Power and industry 23 38 45
China All 10 24 30
United States and Canada Power and industry 20 90 120
European Union Power, industry and 45 95 120
aviation
Japan Power and industry 25 90 120
450 S i
cenario Korea Power and industry 35 90 120
Australia and New Zealand All 45 95 120
China, Russia, Brazil and Power and industry* 10 65 95

South Africa

* All sectors in China.

Note: In the New Policies Scenario, a shadow price for CO, in the power sector is assumed to be adopted
as of 2015 in the United States, Canada and Japan (starting at $15/tonne and rising to $35/tonne in 2035).

Technology

The types of energy technology that are developed and deployed, for application to energy
supply and energy use, will affect investment decisions, the cost of supply of different
forms of energy, and the level and composition of future energy demand. Our projections
are, therefore, sensitive to assumptions about how quickly existing and new technologies
will be deployed and fully used. These assumptions vary by fuel, end-use sector, location
and scenario, and are based on our assessment of the current stage of technological
development, how far the optimal scope for deployment will be realised and the potential
for further gains, as well as our analysis of how effectively different policy assumptions will
drive technological advances. While no breakthrough technologies are deployed in any
of the scenarios, we assume that technologies that are in use today or are approaching
the commercialisation phase will achieve further cost reductions as a result of increased
learning and deployment. On the supply side, exploration and production techniques
are also expected to improve, which could lower unit production costs and open up new
opportunities for developing resources.
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Some of the key uncertainties in our scenarios relate to prospects for carbon capture and
storage (CCS), solar power, advanced biofuels, advanced vehicle technologies and nuclear
power. At present, in liberalised markets that have relatively low gas and/or coal prices,
new nuclear reactors are generally not an economically attractive option without some
form of government support. Moreover, the accident at the Fukushima Daiichi nuclear
power plant in March 2011 has thrown into doubt plans to expand capacity, particularly in
OECD countries. Public resistance to nuclear power has grown and several countries have
decided, based on their own assessments of nuclear energy’s benefits and risks, to phase
out their nuclear programmes. Although there is little evidence that events at Fukushima
have changed policies in the countries that were expected to drive its expansion, there
remains the possibility that tighter safety regulations could push up the cost of new
reactors and thereby slow their deployment.

The pace of development of CCS technology remains highly uncertain. It could prove to be
critical to the prospects for coal use in many regions, while in the longer term it is also likely
to be critical to the prospects for natural gas and energy-intensive industries globally. The
technology exists to capture CO, emissions from power stations and industrial plants, and
to transport and permanently store the gas in geological formations, but only a handful of
commercial-scale CCS projects are currently operating. Experience yet to be gained from
the operation of further large demonstration projects, particularly in the power sector,
will be critical to public acceptance, driving down costs and, hence, to the prospects for
its widespread deployment. CCS technology is deployed only on a very limited scale in
the power sector in the New Policies Scenario, but much more widely in the 450 Scenario
thanks to stronger CO, price signals and faster cost reductions.

The resource potential for solar photovoltaics (PV) and concentrating solar power (CSP)
is enormous. Their economic exploitation depends on further advances in technology,
especially related to energy storage and cost reductions. Prospects for solar PV are
particularly encouraging, as costs have declined dramatically in recent years, as experience
and economies of scale have shifted costs down the learning curve. Details about cost
assumptions for renewables-based generating technologies can be found in Chapter 7.

Electric vehicles and plug-in hybrids are commercially available, but their deployment has
been limited. Around 40 000 electric vehicles and plug-in hybrids were sold worldwide in
2011, which represents less than 0.05% of the entire vehicle market. There is still a need
for further progress on a number of technical issues, on overcoming drivers’ reservations
(such as driving range) and on reducing the costs of batteries. While a few plants producing
advanced biofuels at demonstration scale already exist, widespread commercialisation
hinges on further technological progress and additional policies to encourage investment.
In the 450 Scenario, advanced biofuels, including those from lignocellulosic feedstocks, are
assumed to reach commercialisation by around 2015 and, in the Current Policies Scenario,
by 2025.
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Chapter 2

Energy trends to 2035
How will global energy markets evolve?e

Highlights

e Despite their very different policy assumptions, a number of fundamental trends
characterise each of the scenarios presented in this Outlook: rising incomes and
population push energy needs higher; energy-market dynamics are increasingly
determined by the emerging economies; fossil fuels continue to meet the bulk of the
world’s energy needs, from an ample resource base; and providing universal energy
access to the world’s poor remains an elusive goal.

® |nthe New Policies Scenario, our central scenario, global primary energy demand rises
by over one-third in the period to 2035. Oil demand reaches 99.7 mb/d in 2035, up
from 87.4 mb/d in 2011. Coal demand rises by 21% and natural gas by a remarkable
50%. Renewables are deployed rapidly, particularly in the power sector, where their
share of generation increases from around 20% today to 31%. Growth in nuclear power
is revised down relative to our previous projections, in large part due to policy moves
following Fukushima Daiichi. These trends call for $37 trillion of investment in the
world’s energy supply infrastructure to 2035.

® China accounts for the largest share of the projected growth in global energy use, its
demand rising by 60% by 2035, followed by India (where demand more than doubles)
and the Middle East. OECD energy demand in 2035 is just 3% higher than in 2010, but
there are dramatic shifts in its energy mix as fuel substitution sees the collective share
of oil and coal drop by fifteen percentage points to 42%.

® A renaissance of the US energy sector is reshaping the world’s energy landscape, with
far-reaching implications. The United States currently relies on imports for around 20%
of its primary energy demand, but rising production of oil, shale gas and bioenergy
means that it becomes all but self-sufficient in net-terms by 2035. By contrast, most
other energy importers become more dependent on imports.

® Growing water constraints are set to impose additional costs on the energy sector
and in some cases threaten the viability of projects. In the New Policies Scenario, the
volume of water consumed to produce energy increases by 85%, from 66 billion cubic
metres (bcm) in 2010 to 120 becm in 2035. This is more than twice the rate of growth
of energy demand, driven by more water-intensive power generation and expanding
output of water-thirsty biofuels.

® In the New Policies Scenario, energy-related CO, emissions rise from an estimated
31.2 Gt in 2011 to 37.0 Gt in 2035, pointing to a long-term average temperature
increase of 3.6 °C. Phasing out fossil-fuel subsidies, which totalled $523 billion in 2011
(outweighing subsidies for renewables by a factor of almost six), would sharply curb
growth in emissions.

Chapter 2 | Energy trends to 2035 49



© OECD/IEA, 2012

Global energy trends by scenario

Short-term changes in energy demand and the composition of the fuel mix are largely a
function of economic conditions, energy prices and the weather. But longer-term trends,
as is shown by the stark contrasts across the main WEO-2012 scenarios, can be significantly
changed by the manner in which governments intervene in markets to tackle energy-
related challenges. Nonetheless, across the scenarios several fundamental energy trends
persist: rising incomes and population push energy needs higher; energy-market dynamics
are increasingly determined by the emerging economies; fossil fuels meet most of the
world’s energy needs, from an ample resource base; and providing universal energy access
to the world’s poor remains an elusive goal.

The first of these fundamental trends is that the world’s energy needs are set to rise. With
the assumed expansion of the global economy of almost 140% (equivalent to some seven
times the current economic output of the United States) and an increase of 1.7 billion in
the world’s population (more than the current population of China and the United States
combined), more energy will be needed to satisfy growing demand for energy services,
even though new policies and programmes are put in place to encourage energy savings.
World primary energy demand increases by 35% between 2010 and 2035 in the New
Policies Scenario, or 1.2% per year on average (Figure 2.1 and Table 2.1). This represents
a sharp slowdown in the energy demand growth experienced over the past two decades,
testament to the anticipated effect that already implemented and planned policies would
have on energy markets. Not surprisingly, growth in energy demand is higher in the Current
Policies Scenario, in which no change in policies is assumed, at 1.5% per year over 2010-
2035. But even in the 450 Scenario, which involves a fundamental transformation of the
energy sector, energy demand still increases between 2010 and 2035, albeit by a modest
0.6% per year.

Figure 2.1 = World primary energy demand by scenario
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The second fundamental trend is that the dynamics of energy markets will be determined
by emerging economies. The non-OECD share of global primary energy demand, which
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has already increased from 36% in 1973 to 55% in 2010, continues to rise in each of
the scenarios. This reflects their faster rates of growth of population, economic activity,
urbanisation and industrial production, as well as saturation effects that curb increases in
demand for energy in the mature economies. The share of global energy demand in non-
OECD countries in 2035 averages 64% across the scenarios.

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

New Policies Current Policies 450 Scenario

2020 2035 2020 2035 2020 2035
Total 10097 12730 14922 17197 15332 18676 14176 14793
Coal 2378 3474 4082 4218 4417 5523 3569 2337
Oil 3659 4113 4457 4656 4542 5053 4282 3682
Gas 2073 2740 3266 4106 3341 4380 3078 3293
Nuclear 676 719 898 1138 886 1019 939 1556
Hydro 226 295 388 488 377 460 401 539
Bioenergy* 1027 1277 1532 1881 1504 1741 1568 2235
Other renewables 60 112 299 710 265 501 340 1151
Fossil fuel share in TPED 80% 81% 79% 75% 80% 80% 77% 63%
Non-OECD share of TPED** 45% 55% 60% 65% 61% 66% 60% 63%
CO, emissions (Gt) 23.7 30.2 34.6 37.0 36.3 44.1 31.4 22.1

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

Note: TPED = total primary energy demand; Mtoe = million tonnes of oil equivalent; Gt = gigatonnes.

The third trend is that fossil fuels — oil, coal and natural gas — will continue to meet most
of the world’s energy needs. Fossil fuels, which represented 81% of the primary fuel mix
in 2010, remain the dominant sources of energy through 2035 in all scenarios, although
their share of the mix in 2035 varies markedly. It is highest in the Current Policies Scenario
(80%) and lowest in the 450 Scenario (63%). Among the fossil fuels, the biggest uncertainty
with respect to future use relates to coal: demand increases by 59% between 2010 and
2035 in the Current Policies Scenario, while it declines sharply over the same period, after
peaking before 2015, in the 450 Scenario. Despite the persistent demand for fossil fuels in
all scenarios, demand for renewable sources of energy rises at a faster rate, giving them
a considerably higher share of the energy mix in each case. Their share is highest in the
450 Scenario, reaching 27% in 2035 from 13% in 2010.

The fourth trend is the persistent failure to provide universal energy access to the world’s
poor. Our latest estimate is that currently almost 1.3 billion people lack access to electricity
(around 20% of the global population), while 2.6 billion people rely on traditional biomass
for cooking (see Chapter 18). More than 95% of these people are in either sub-Saharan
Africa or developing Asia. Neither a business-as-usual approach nor the new commitments
so far announced, even if implemented in full, will do nearly enough to achieve universal
access to modern energy services within the timeframe of the Outlook. We project that
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990 million people will still lack access to electricity in 2030 (the date of the proposed goal
of universal access to modern energy services under the United Nations Sustainable Energy
for All initiative) and 2.6 billion people will still rely on traditional biomass for cooking.

One trend that does vary dramatically across the three scenarios is the trajectory of
carbon-dioxide (CO,) emissions. Based on preliminary estimates, energy-related CO,
emissions reached a record 31.2 gigatonnes (Gt) in 2011, representing by far the largest
source (around 60%) of global greenhouse-gas emissions (measured on a CO,-equivalent
basis). Emissions continue to rise in the New Policies Scenario, putting the world on a
path that is consistent with a long-term average global temperature increase of 3.6 °C
above levels that prevailed at the start of the industrial era (see Chapter 8 for analysis of
the linkages between energy and climate change) (Figure 2.2). As shown by the Current
Policies Scenario, without these new policies, we are on track for a temperature increase
of 5.3 °C. By design, the 450 Scenario is compatible with around a 50% chance of limiting
the temperature rise to 2 °C.

Figure 2.2 = Global energy-related CO, emissions by scenario
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Note: NPS = New Policies Scenario; CPS = Current Policies Scenario; 450 = 450 Scenario.

Energy trends in the New Policies Scenario
Primary energy demand

The remainder of this chapter focuses on the results of the New Policies Scenario, to provide
a clear picture of where currently planned policies, if implemented in a relatively cautious
way, would take us.? Global energy demand in the New Policies Scenario is projected to
increase by 35% between 2010 and 2035, rising from nearly 13 000 million tonnes of
oil equivalent (Mtoe) to around 17 000 Mtoe (Table 2.2). Growth slows from an average
of 1.6% per year in the period 2010-2020 to 1.0% per year in 2020-2035, as measures

1. Annex A provides detailed projections of energy demand by fuel, sector and region for each of the main
WEOQ-2012 scenarios.
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introduced to meet energy security and climate objectives take effect and as economic and
population growth rates drop in the key emerging economies.

Table 2.2 = World primary energy demand by fuel in the New Policies
Scenario (Mtoe)

1990 2010 2015 2020 2030 2035 2010-35*
Coal 2231 3474 3945 4082 4180 4218 0.8%
Qil 3230 4113 4352 4 457 4578 4 656 0.5%
Gas 1668 2740 2993 3266 3820 4106 1.6%
Nuclear 526 719 751 898 1073 1138 1.9%
Hydro 184 295 340 388 458 488 2.0%
Bioenergy** 903 1277 1408 1532 1755 13881 1.6%
Other renewables 36 112 200 299 554 710 7.7%
Total 8779 12 730 13 989 14 922 16 417 17 197 1.2%

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

Fossil fuels account for 59% of the overall increase in demand, remaining the principal
sources of energy worldwide (Figure 2.3). Global oil demand reaches 94.2 million barrels
per day (mb/d) in 2020 and 99.7 mb/d in 2035 — up from 87.4 mb/d in 2011. Demand
growth is slowed by planned policies, including efficiency measures, and by higher prices:
the crude oil price rises to $125/barrel (in year-2011 dollars) in 2035. Oil remains the most
important fuel in the primary energy mix, but its share drops to 27% in 2035, from around
32% today. Coal met 45% of the rise in global energy demand between 2001 and 2011,
growing faster even than total renewables. We project coal demand to continue to rise in
the medium term, with growth slowing from around 2020, reaching around 6 000 million
tonnes of coal equivalent (Mtce) in 2035, 21% higher than in 2010. Natural gas demand
bounced back by a remarkable 7.8% in 2010, after declining sharply in 2009, as a result of
the global recession. We project demand to rise from 3.3 trillion cubic metres (tcm) in 2010
to 5.0 tcm in 2035, an increase of 50%. Its share of the global energy mix rises from 22% in
2010 to 24% in 2035, all but catching up with coal.

In 2035, the share of renewables (including traditional biomass) in world primary energy
demand reaches 18%, from 13% in 2010. This rapid increase is underpinned by incentives
to overcome market barriers, falling technology costs, rising fossil fuel prices and in some
cases carbon pricing (see Chapter 1). Most of the growth occurs in the power sector, where
their share in total generation grows from 20% to 31%, a near tripling in actual generation.
Biofuel use increases from 1.3 mb/d in 2010 to 4.5 mb/d in 2035.

We project nuclear power to supply 12% of the world’s electricity in 2035, which is fairly
close to today’s level. Installed nuclear capacity rises to just over 580 gigawatts (GW) in
2035, with non-OECD countries accounting for 94% of the almost 200 GW net increase.
China sees the biggest increase in capacity, with a rise from almost 12 GW in 2011 to
128 GW in 2035, followed by Korea, India and Russia. The future of nuclear power became
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more uncertain in the wake of the accident at the Fukushima Daiichi nuclear power
station in Japan in March 2011. The projections for nuclear power in last year’s Outlook
already took account of immediate reactions, including accelerated nuclear phase-outs in
Germany and Switzerland and an abandonment of steps towards building new plants in
Italy; but more recent developments have also been taken into account this year, most
notably Japan’s new Innovative Energy and Environmental Strategy, which includes a goal
of reducing reliance on nuclear energy, and developments in inter-fuel competition. These
factors contributed to a downward revision in global nuclear generation in 2035 of nearly
300 terawatt-hours (TWh), or about 6% compared to WEO-2011, despite the maintained
commitment to nuclear power in parts of the world, especially outside of the OECD.

Figure 2.3 = World primary energy demand by fuel in the New Policies
Scenario
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Energy intensity and per-capita consumption

In the two years that followed the economic crisis of 2008, global energy demand grew
at a faster rate than the global economy. This disrupted the broad trend of declining
global energy intensity?, measured as energy demand per dollar of GDP, over the last
several decades. This discontinuity can be attributed to a number of factors: the financial
crisis delayed investment in more efficient buildings, vehicles and appliances; emerging
economies, where energy intensity is typically higher, were less affected by the global
recession; energy-intensive infrastructure projects received a boost from economic
stimulus programmes; some regions experienced unusually cold winters, which pushed
up demand for heating; with the downturn, many industrial facilities operated at less than
optimal capacity; and lower energy prices in the immediate wake of the downturn reduced
incentives to conserve energy. Preliminary data point to a 0.6% improvement in energy
intensity in 2011, indicating that the long-running trend may have been restored.

2. See Chapters 9-12 for detailed coverage of future prospects for energy intensity, an aggregate but imperfect
measure of energy efficiency.
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In the New Policies Scenario, global energy intensity (based on GDP at market exchange
rates [MER]) falls by 1.8% per year between 2010 and 2035, underpinned by improvements
in energy efficiency, structural shifts within the economy in favour of less energy-intensive
activities and the assumed rise in energy prices. Reductions are seen in all regions, but
are more pronounced in the emerging economies, where there remains greater scope for
gains (Figure 2.4). Between 2010 and 2035, energy intensity declines by an average of 37%
and 49% in OECD and non-OECD countries respectively. Yet average energy intensity in
non-OCED countries in 2035 of 0.16 tonnes of oil equivalent (toe) per thousand dollars of
GDP is still more than twice the OECD level. The most dramatic reduction is in China, with
the energy intensity of its economy dropping by 3.6% annually on average, meaning China
requires barely two-fifths as much energy in 2035, compared with 2010, to generate a unit
of GDP. China’s 12" Five-Year Plan includes a target to cut energy consumption per unit of
GDP by 16% between 2010 and 2015: we project that target to be met.

Figure 2.4 = World primary energy demand per unit of GDP and per capita in
the New Policies Scenario in selected regions and countries
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In contrast to energy intensity, per-capita energy demand tends to be much higher in
developed countries, as it is closely linked to a country’s stage of economic development,
even though other factors, such as lifestyle and climate, are also important. For the world
as a whole, it was 1.9 toe per person in 2010, 4.4 toe in the OECD and 1.2 toe elsewhere. In
the New Policies Scenario, a significant gap remains between per-capita usage in OECD and
non-OECD regions in 2035, although there is a convergent trend. Average per-capita energy
demand in the OECD drops by 7% between 2010 and 2035, while it increases by 25% in
the rest of the world. It declines most rapidly in the United States, from 7.0 toe per person
in 2010 to 5.8 toe per person in 2035. Among emerging economies, the fastest increase
occurs in India (even though the rate of growth is moderated by switching from traditional
biomass to more efficient modern fuels), reaching 1.0 toe per person in 2035, still less than
one-quarter of the current OECD average. China also sees a large increase, rising to 2.8 toe
per person in 2035.

Chapter 2 | Energy trends to 2035 55




© OECD/IEA, 2012

Regional demand

All but 4% of the projected rise in world primary energy demand between 2010 and 2035
comes from countries outside of the OECD, reflecting faster rates of growth in economic
activity, industrial output and population. Nonetheless, the average annual rate of growth
in non-OECD energy demand slows through the Outlook period, from 2.6% in 2010-2020 to
1.4% in 2020-2035. The 60% increase in non-OECD energy demand over the period results
in its share of world demand rising from 55% to 65% (Figure 2.5).

Figure 2.5 = Non-OECD primary energy demand by region in the New
Policies Scenario
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China is set to play a decisive role in global energy markets over the Outlook period. In
the New Policies Scenario, it makes the biggest contribution (33%) to the growth in global
energy use, its demand rising by 60% between 2010 and 2035, with growth decelerating
over time (Table 2.3). China consolidates its position as the world’s largest energy consumer
and, by 2035, its use is 77% higher than the second-placed United States (though China’s
use is 52% lower on a per-capita basis). China makes a major contribution to the increase in
primary demand for all fuels: oil (54%), coal (49%), natural gas (27%), nuclear power (57%)
and renewables (14%). Its reliance on coal declines from 66% of the country’s primary
energy use in 2010 to 51% in 2035, driven by the assumed continuation of provisions in
the 12™ Five-Year Plan to increase the proportion of natural gas and non-fossil energy in
the mix.

Energy use in India, which recently overtook Russia to become the world’s third-largest
energy consumer, more than doubles over the Outlook period. India makes the second-
largest contribution to the increase in global demand after China, although, to put the two
in perspective, the increase in India is just 57% of that in China. Despite the difficulties
India is currently facing in opening new coal mines, coal remains the dominant fuel in
its primary energy mix, with a share that remains at around 43%. Efforts to diversify the
fuel mix achieve growing shares for nuclear power and natural gas. In line with ongoing
programmes to improve rural electrification and encourage the use of efficient cook
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stoves, the share of the population with access to electricity rises from 75% to 90% (see
Chapter 18). Given that so much of the projected growth in global energy demand comes
from China and India, our analysis is highly sensitive to the assumptions made for the
parameters that will shape those countries’ energy consumption patterns, particularly the
level and composition of economic growth, and developments in policies related to energy
security, energy diversity and the environment (Figure 2.6).

Figure 2.6 > Share of China and India in net increase in global primary
energy demand by fuel and CO, emissions in the New Policies
Scenario, 2010-2035
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Russia remains the world’s fourth-largest energy user throughout the Outlook period. In the
New Policies Scenario, its total primary energy demand expands by 23%, at an average pace
of 0.8% per year. Russia remains among the world’s highest per-capita energy consumers,
at 6.6 toe in 2035. This is a function of the cold climate, heavy reliance on energy-
intensive activities and relatively inefficient (although improving) energy production and
consumption practices. Fossil fuels, particularly natural gas, remain dominant in Russia’s
domestic energy mix, with a share of 86% in 2035, down from 91% in 2010 as nuclear and
renewables make inroads.

Energy demand growth in the Middle East remains strong, underpinned by an expanding
population, rising incomes, rapid development and, in many cases, heavy subsidies
for fossil fuels. The region’s energy consumption rises by almost two-thirds in the New
Policies Scenario, growing at 1.9% per year on average between 2010 and 2035. Iraq sees
particularly rapid growth, with its energy demand increasing more than four-fold over
the period (see Chapter 15). Per-capita consumption in the Middle East is almost 85% of
the OECD average in 2035, up from 72% in 2010. The domestic energy mix in the region
remains heavily dependent on oil and natural gas.

Africa currently accommodates 15% of the world’s population, but accounts for just 5%
of global primary energy demand. In the New Policies Scenario, these statistics are even
more unbalanced by 2035: Africa’s share of the global population rises to one-fifth but
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its share of global energy demand is essentially unchanged. The continent’s total primary
energy demand increases at 1.4% per year over the period, with the energy mix remaining
heavily dependent on traditional biomass, although natural gas grows in importance. We
project that more than 650 million people in Africa, mainly in sub-Saharan Africa, will still
lack reliable access to electricity in 2030 and around 880 million will be without access to
clean cooking facilities.

Table 2.3 = World primary energy demand by region in the New Policies
Scenario (Mtoe)

1990 2000 2010 2015 2020 pLE) 2035 2010-35*

OECD 4521 5292 5404 5465 5530 5553 5579 0.1%
Americas 2 260 2 695 2677 2751 2792 2795 2 806 0.2%
United States 1915 2270 2214 2246 2260 2206 2187 0.0%
Europe 1630 1765 1837 1817 1829 1835 1847 0.0%
Asia Oceania 631 832 890 897 909 923 927 0.2%
Japan 439 519 497 472 465 450 447 -0.4%
Non-OECD 4058 4536 6972 8158 9 001 10424 11147 1.9%
E. Europe/Eurasia 2617 999 1137 1209 1250 1349 1407 0.9%
Russia 880 620 710 750 774 837 875 0.8%
Asia 1589 2248 3936 4808 5400 6351 6839 2.2%
China 881 1196 2416 3020 3359 3742 3872 1.9%
India 317 457 691 837 974 1300 1516 3.2%
Middle East 210 365 624 715 792 935 1012 1.9%
Iraq 21 28 38 77 113 145 160 5.9%
Africa 388 496 690 750 819 932 984 1.4%
Latin America 331 429 586 675 740 856 905 1.8%
Brazil 138 184 262 309 346 413 444 2.1%
World** 8779 10097 12730 13989 14922 16417 17197 1.2%

European Union 1633 1683 1713 1681 1678 1667 1670 -0.1%

*Compound average annual growth rate. ** Includes bunkers.

OECD energy demand in 2035 is just 3% higher than in 2010, but fuel substitution leads
to marked shifts in the primary energy mix (Figure 2.7). The share of fossil fuels declines
from 81% in 2010 to 70% in 2035. The shift is even more pronounced for oil and coal,
their collective share dropping by fifteen percentage points to 42%. OECD oil demand is
33 mb/d in 2035, down by around 21% from 42 mb/d in 2011, while coal demand falls by
24%. By contrast, natural gas and renewables both experience rising demand and their
shares of the OECD’s primary energy mix increase through to 2035. The biggest change is
for renewables, which make up one-third of OECD power generation in 2035, compared
with 18% in 2010. Following recent moves in Japan and parts of Europe to reduce reliance
on nuclear power, the share of nuclear power in OECD power generation falls from 21% in
2010to 19% in 2035. This represents a slight increase in absolute terms, as growth in North
America and Korea offsets reductions elsewhere.
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SPOTLIGHT

Are we on track to achieve the targets in the
UN Sustainable Energy for All initiative?

Despite rising energy use across the world, a significant share of the world’s population
still remains without access to electricity or clean cooking facilities, representing a
serious barrier to social and economic development (see Chapter 18). Fortunately,
international concern about the issue is growing. The UN General Assembly declared
2012 to be the “International Year of Sustainable Energy for All” and the UN Secretary
General launched his Sustainable Energy for All (SE4AII) initiative, which includes three
targets to be met by 2030: (i) double the rate of improvement in energy efficiency;
(ii) double the share of renewable energy in the global energy mix; and (iii) ensure
universal access to modern energy services.

The IEA and World Bank are co-leading a project to develop metrics against which
progress towards the SE4AIl targets will be measured. The results of this work are not
yet available, but do the projections in this Outlook provide optimism that we are on
track to meet these targets? The answer on all counts is no — greater policy efforts are
needed.

Based on recent years, during which energy intensity — a crude proxy for energy
efficiency —hasincreased rather than decreased, it appears that much needs to be done
to meet the energy efficiency target. However, it is not impossible: our Efficient World
Scenario (presented in Chapter 10) shows that by applying known and economically
viable technical solutions, energy efficiency could be improved at 2.6 times the average
annual rate of the last 25 years.

Renewables (excluding traditional biomass) made up 13% of global primary energy
demand in 2010. This share increases sharply in each of our scenarios, but it is only
in the 450 Scenario — in which the share of renewables reaches 23% by 2030 — that
the second SE4AIll target is somewhat close to being achieved. These projections rely
on falling technology costs, rising fossil fuel prices, carbon pricing and continued
subsidies. However, if traditional biomass is included in the definition of renewables, it
becomes even more challenging.

Our latest estimate is that nearly 1.3 billion people currently lack access to electricity
and 2.6 billion people rely on traditional biomass for cooking. We project that these
numbers will have changed little by 2030, even though modern energy services will
have been extended to many more people. To meet the third of the SE4AIll targets,
we estimate that cumulative investment of almost $1 trillion is required — an average
of almost $50 billion per year, more than five times the $9 billion of investments in
2009 (IEA, 2011). The target of universal modern energy access by 2030 is achievable
and would have only a minor impact on global energy demand and carbon dioxide
emissions, but much more funding will be needed.
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Figure 2.7 = OECD primary energy demand by fuel in the New Policies
Scenario
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Primary energy consumption in the United States is slightly lower in 2035 than in 2010.
Oil demand ends the period 5.0 mb/d lower than 2011, at 12.6 mb/d, with the bulk of
the savings arising in the transport sector, driven by improvements in fuel economy and
increased use of ethanol and biodiesel. These projections are underpinned by an assumed
extension of the US Corporate Average Fuel Economy (CAFE) standards. Coal use, which is
constrained by relatively cheap gas and concerns over local air quality and greenhouse-gas
emissions, is 17% lower in 2035 than in 2010. Natural gas demand increases by just 0.5%
per year on average, largely because the favourable price differentials that currently exist
between gas and other fuels are assumed to diminish over time. However, natural gas
could play a much bigger role if these differentials persist, triggering more use in power
generation, industry and also in transport. The share of renewables in total primary energy
demand rises by 9.5 percentage points to 15%, thanks largely to the assumed extension
of federal renewable electricity production tax credits (which are at present scheduled to
expire at the end of 2012) and state renewable portfolio standards.

Primary energy demand in the European Union ends the Outlook period marginally lower
than 2010. The shift in the EU energy mix is much more marked. Coal demand plunges by
almost half, with most of the decline occurring in the power sector, where the economics of
coal deteriorate as the price of CO, rises to $45/tonne in 2035 (compared with an average
of around $19/tonne in 2011) and renewables are bolstered by sustained government
support. Oil demand falls from 11.6 mb/d in 2011 to 8.7 mb/d in 2035 on improvements in
fuel economy and growing biofuels use. Demand for natural gas rises, ending the projection
period 15% higher than in 2010, with most of the growth in the power sector. Nuclear’s
share of total generation falls by six percentage points to 22%. The share of renewables
in power generation rises from 21% in 2010 to 43% in 2035. Wind generates two times as
much electricity as coal in 2035. The European Union has set targets to cut emissions of
greenhouse gases by 20% (compared with 1990 levels), increase the share of renewables
in the energy mix to 20% and cut energy consumption by 20%, all by 2020. In the New
Policies Scenario, all but the third of these goals are met (see Chapter 9 for our analysis of
prospects for EU energy efficiency).
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Following the accident at the Fukushima Daiichi nuclear power plant, Japan undertook a
full review of its national energy policy which led to the release in September 2012 of the
Innovative Strategy for Energy and the Environment, which includes the goal of reducing
reliance on nuclear energy. As not all of the details of the new strategy were available as
this analysis was completed, we have assumed that most of the existing nuclear reactors
will be brought back into service progressively and that their lifetimes will be limited
compared with our previous estimates. Based on these and other assumptions, Japan’s
total primary energy demand in the New Policies Scenario declines by 10% between 2010
and 2035. Oil demand falls from 4.3 mb/d in 2011 to 3.1 mb/d in 2035, driven by efficiency
gains in transport and the uptake of alternative vehicle technologies. Demand for coal
drops sharply, while demand for natural gas increases. Renewables make up 14% of total
primary energy supply in 2035, up from just 4% in 2010, under the impetus of a renewed
policy push to diversify the energy mix. Nuclear power accounts for 20% of total generation
in 2020 and 15% in 2035. Total nuclear generation in Japan falls from 288 TWh in 2010 to
174 TWh in 2035, which is 57% lower than projected in WEO-2011.

Sectoral demand

Inputs to the power sector to generate electricity accounted for 38% of global primary
energy use in 2010, the single largest element of primary demand (Figure 2.8). In the New
Policies Scenario, this share rises to 42% in 2035. Demand for electricity is pushed higher
by population and economic growth, and by households and industries switching from
traditional biomass, coal, oil and natural gas to electricity, for reasons of convenience,
efficiency and practicality. The fuel mix within the power sector changes considerably, with
low- and zero-carbon technologies becoming increasingly important. Fossil fuels account
for 63% of total inputs to power generation in 2035, down from 75% in 2010. Coal’s share
declines the most although it still remains the dominant fuel of the power sector globally.
The share of oil, already low at 6%, falls to just 2% in 2035. However, it still remains an
important fuel in the power sector in some regions, notably the Middle East. By contrast
to the other fossil fuels, the share of natural gas in power generation rises marginally on
greater availability, lower prices and its relatively favourable operational and environmental
attributes.

Total final consumption?® (the sum of energy consumption in the various end-use sectors)
grows at an average annual rate of 1.2% through to 2035. The buildings sector, which uses
energy for heating, cooling, lighting, refrigeration and for powering electrical appliances, is
currently the single largest final end-use consumer. The demand in this sector is projected
to grow at an average annual rate of 1.0% through to 2035, an overall increase of 29%.
The bulk of the growth is in non-OECD regions, in line with faster population growth rates,
rapidly increasing markets for electrical appliances and less stringent building standards
than in the OECD. Global growth in energy use in buildings is underpinned by a 52%

3. Total final consumption is the sum of consumption by industry, transport, buildings (including residential
and services) and other (including agriculture and non-energy use). It excludes international marine and aviation
bunkers, except at the world level where these are included in the transport sector.

Chapter 2 | Energy trends to 2035 61




© OECD/IEA, 2012

c9

Figure 2.8 > The global energy system, 2010 (Mtoe)
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increase in residential floor space and a 116% increase in the value of services. Electricity’s
dominance of energy use in buildings grows, mainly at the expense of traditional biomass,
which becomes a less important energy source for households in developing countries.

Energy demand in the industry sector grows faster than in any other sector, despite
continuing efficiency gains and an eventual slowdown in the growth of industrial output.
Within the sector, iron and steel remains the largest consumer globally until the end of the
Outlook period when it is overtaken by chemicals. The share of electricity in the industrial
fuel mix rises from 26% in 2010 to 32%, at the expense of coal and oil. Non-OECD countries
account for 93% of the increase in industrial energy demand, with the fastest rates of
growth occurring in India and Indonesia. Industrial energy demand in China overtakes that
of the entire OECD before 2015, but growth slows towards the end of the Outlook period.

Global transport energy demand increases by 38% from 2010-2035, growth of 1.3% per
year on average. The growth rate slows over the Outlook period, due to higher oil prices,
efficiency improvements, vehicle saturation in mature markets and the reduction of subsidies
in some emerging economies. A more-than-doubling of transport energy demand in non-
OECD regions is only slightly offset by a fall of 13% in the OECD. Of all transport modes, road
transport remains the largest consumer, accounting for around three-quarters of the sector’s
total energy demand in 2035, underpinned by a two-fold increase in the passenger vehicle
fleet to 1.7 billion in 2035. Passenger vehicle ownership per 1 000 people in China climbs
from around 40 in 2010 (compared with just four in 2000 and with close to 660 at present in
the United States) to 310 in 2035 — a critical source of global oil demand.

Energy supply and trade

Energy resources

Taking into account our energy price assumptions and our expectations for advances in
technology and extraction methods, we judge the world’s endowment of energy resources
to be sufficient to satisfy projected energy demand to 2035 and well beyond. Investors
in energy projects are exposed to a wide array of risks, including geological, technical,
regulatory, fiscal, market and geopolitical risks. As a result, harnessing the necessary
investment, technology and skilled workforce is expected to be an ongoing challenge. At
certain times, sectors and places, investment will undoubtedly fall short of what is needed
(though there will also be occasions when the reverse occurs).

Fossil fuel resources remain plentiful (Table 2.4). Coal, in particular, is extremely abundant.
Proven reserves of coal, essentially an inventory of what is currently economic to produce,
are much greater than those of oil and gas combined, on an energy basis. They are
sufficient to supply around 132 years of production at 2011 levels (BGR, 2011). Proven
reserves of natural gas are also more than enough to meet our projected demand, totalling
232 tcm. Almost half of the world’s proven natural gas reserves are located in just three
countries — Russia, Iran and Qatar. Proven reserves of oil amount to 55 years at 2011 rates
of production, with OPEC countries’ reserves representing 71% of the total.
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Table 2.4 > Fossil-fuel reserves and resources by region and type, end-2011

Coal* (billion tonnes) Natural gas (tcm) Oil (billion barrels)

Proven Recoverable Proven  Recoverable Proven  Recoverable

reserves resources reserves resources reserves resources
OECD 427 10 657 28 193 244 2345
Non-OECD 576 10 551 205 597 1450 3526
World 1004 21208 232 790 1694 5871
Share of non-OECD 57% 50% 88% 76% 86% 60%
R/P ratio (years) 132 2780 71 241 55 189

* For coal, the data are for 2010.

Notes: R/P ratio = Reserves-to-production ratio based on 2011 levels of production. Resources are remaining
technically recoverable resources.

Sources: BGR (2011); O&GJ (2011); USGS (2000); USGS (2012a); USGS (2012b); IEA databases and analysis.

Ultimately recoverable resources, the measure of long-term fossil fuel production potential
used in this Outlook, are considerably higher than proven reserves. As market conditions
change and technology advances, some of these resources are set to move into the
proven category, providing further reassurance that the resource base will not constrain
production for many decades to come. In particular, large volumes of unconventional oil
and gas are expected to be proven in many parts of the world, diversifying the geographical
distribution of reserves. The costs of supply will undoubtedly be higher than in the past, as
existing sources are depleted and companies are forced to turn to more difficult sources to
replace lost capacity.

Renewable energy sources are abundant and capable of meeting a large proportion of
the growth in projected energy demand. Likewise, known resources of uranium, the raw
material for nuclear fuel, are more than adequate to meet the projected expansion of the
world’s nuclear reactors throughout the Outlook period (NEA and IAEA, 2010).

Production prospects

In the New Policies Scenario, non-OECD regions account for all of the net increase in
aggregate fossil fuel production between 2010 and 2035, even though the United States
shows a marked increase (Figure 2.9). This reflects the geographical distribution of fossil
fuel resources and the broad trends projected for the level and composition of energy
demand. The increase in production of or output from non-fossil fuels — nuclear and
renewables —is also heavily skewed towards non-OECD regions.

Oil production (net of processing gains) rises from 84 mb/d in 2011 to 92 mb/d in 2020 and
then 97 mb/d in 2035. There is a significant change in the composition of production, both
in terms of the types of oil that are produced and the geographic location of production.
Crude oil production — the largest single component of oil production — falls slightly
between 2011 and 2035. But this is more than outweighed by sharp increases in the
output of natural gas liquids (NGLs), thanks to rising gas production, and unconventional
oil, chiefly oil sands in Canada. Several members of the Organization of the Petroleum
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Exporting Countries (OPEC) and a handful of non-OPEC countries, notably Brazil, Canada,
Kazakhstan and the United States, are responsible for the bulk of the increase in global oil
production. OPEC’s share in total production rises from 42% in 2011 to 48% in 2035. Iraq
registers the largest growth, with output rising from 2.7 mb/d in 2011 to 8.3 mb/d in 2035
(see Chapter 14 for analysis of Iraq’s supply potential).

Figure 2.9 > Fossil fuel production in selected regions in the New Policies
Scenario, 2010 and 2035
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Among the fossil fuels, production of natural gas increases at the fastest rate, rising from
3.3tcmin 2010 to 5.0 tcm in 2035, an increase of 51%. Natural gas production in the OECD
rises by 23% between 2010 and 2035, with sharp increases in Australia and the United
States more than offsetting declining output in the European Union. Non-OECD production
rises by 67%, with the Middle East making the largest contribution, followed by China,
Africa and Russia. Unconventional sources represent 48% of incremental output, pushing
their share of total supply from 14% in 2010 to 26% in 2035. Unconventional gas could play
an even more important role if concerns about the environmental and safety aspects of
hydraulic fracturing can be overcome (IEA, 2012).

Coal production increases from around 5 100 Mtce in 2010 to 6 000 Mtce in 2035, with most
of the growth occurring prior to 2020. Production continues to be dominated by non-OECD
countries, with their combined share of output rising from 73% in 2010 to around 80%
in 2035. China, which accounted for almost half of global production in 2010 in absolute
tonnage terms, remains the largest producer in 2035 and makes the biggest contribution
to the growth in supply, followed by India and Indonesia. By contrast, production falls by
some 10% in the OECD, as increased supply in Australia is more than offset by sharply lower
output in Europe and a modest decline in the United States.

Renewables are the fastest growing energy source over the Outlook period. Electricity
generation from renewables almost triples between 2010 and 2035, approaching that of
coal. The increase comes primarily from wind and hydropower. In 2035, renewables supply
43% of total electricity in the European Union, 27% in China and 23% in the United States.
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Biofuels production increases from 1.3 mb/d in 2011 to 4.5 mb/d in 2035, but at the end
of the period is still equal to less than 5% of oil demand, on an energy-equivalent basis.
The United States and Brazil remain the largest producers, but output also rises sharply in
China. Advanced biofuels, including those made from lignocellulosic feedstocks, grow in
importance after 2020, when they are assumed to become commercially viable. Despite
cost reductions achieved through greater deployment and increases in fossil-fuel prices,
these projections are contingent on ongoing subsidies. This is because for many regions and
technologies, energy derived from renewable sources is projected to remain more costly
than energy from fossil fuels for decades to come. We estimate subsidies to renewables to
rise to almost $240 billion in 2035, from $88 billion in 2011 (see Chapter 7).

Water is essential to many forms of energy production: in power generation; in the
extraction, transport and processing of fossil fuels; and, increasingly, in irrigation for crops
used to produce biofuels. We estimate that water withdrawals for energy production in
2010 were 580 billion cubic metres (bcm), with the power sector accounting for over 90%
of the total. Of that, water consumption — the volume withdrawn but not returned to its
source — was about 70 bcm. In the New Policies Scenario, withdrawals increase by 20%
between 2010 and 2035, but consumption rises by a more dramatic 85%. This is more
than twice the rate of growth of energy demand, reflecting a move towards more water-
intensive power generation and expanding output of biofuels. As described in Chapter 17,
energy production in some regions is already constrained or suffering as a result of limited
water availability.

Inter-regional trade

Inthe New Policies Scenario, the geographical mismatch between the location of oil, natural
gas and coal resources and the location of the main demand centres drives an expansion of
international trade.* In addition to the rise in absolute terms, there are important changes
in the geographical patterns of trade, implying a geographical and political shift in concerns
about the cost of imports and supply security. Inter-regional oil trade increases by almost
20%, from 42 mb/d in 2011 to 50 mb/d in 2035. Developing Asia sees the biggest increase:
China’s imports rise from 4.9 mb/d to 12.3 mb/d and India’s from 2.5 mb/d to 6.9 mb/d.
By contrast, net imports into the OECD are cut almost in half, to 12.4 mb/d, mainly on
account of the situation in the United States, where rising domestic output and improved
transport efficiency slash net-import requirements to just 3.4 mb/d in 2035, from 9.5 mb/d
in 2011. The United States moves from being the world’s second-largest oil importer today
to just the fourth-largest soon after 2030, behind China, the European Union and India. Net
exports from the Middle East, which remains the biggest exporting region throughout the
Outlook period, rise from 21 mb/d in 2011 to 26 mb/d in 2035, with Irag making the largest
contribution to the growth.

4. All trade projections refer to net trade between major WEO regions.
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Box 2.1 = How have the New Policies Scenario projections changed since
WEO-20117?

Our energy projections change each year due to changes in key assumptions, including
GDP, energy prices, population and technological developments, as well as changes in
base year data and developments in policy making over the previous twelve months. In
aggregate, our WEO-2012 projections for world energy demand are not substantially
different compared with last year’s edition. Primary energy demand in 2035 in the New
Policies Scenario is about 1% higher (Figure 2.10). But there are important differences
in the relative contributions the different fuels make to meet demand growth. Demand
for coal and natural gas have been revised upwards, while nuclear prospects have
been revised down by 6% as a result of changes in inter-fuel competition in power
generation and policy changes after Fukushima. Renewables in power generation
achieve a slightly lower annual growth rate, although not significantly altering their
share of total generation in 2035.

There are also some important changes at the regional and country level. Projected
energy demand growth in the OECD has been revised down, due to the combined
effects of slower GDP growth and more rapid gains in energy efficiency. Demand for
oil falls faster than before, while natural gas and renewables both play bigger parts in
meeting the region’s energy needs. Projections for oil and natural gas production in
the OECD have been revised slightly upwards, due to brighter prospects in the United
States and Canada. By contrast to the OECD, non-OECD energy demand is revised
upwards compared with WEO-2011, in part due to upward revisions of the statistics
for the base year. There are small differences in the non-OECD energy mix, with natural
gas in particular having a bigger role in 2035.

Figure 2.10 = Change in key WEO-2012 projections for 2035 compared
with WEO-2011 in the New Policies Scenario
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Natural gas trade grows from 675 bcm in 2010 to about 1 200 bcm in 2035 — an increase of
77%, compared with growth in production of 51%. The European Union remains the largest
importer: imports make up 85% of its consumption in 2035, up from 62% at present, with
the largest growth in supply coming from Russia. China becomes the world’s second-largest
importer, with imports growing from just 15 bcm in 2010 to 226 bcm in 2035. Global trade
in liquefied natural gas (LNG) doubles, to almost half of gas trade in 2035. The United States
emerges as an LNG exporter before 2020 and Canada also starts to export LNG in the same
time frame. Although exports from North America are projected to remain fairly limited,
they are important in boosting the competitiveness of traded gas markets, providing buyers
with additional supply options.

Trade in hard coal (coking and steam coal) rises from 833 Mtce in 2010 to a plateau of
around 1100 Mtce by 2025, reflecting the projected levelling off of global demand for
coal. Coal trade as a share of global demand is 19% in 2035, barely higher than in 2010.
This is lower than the levels for oil and natural gas because the largest coal consumers
hold their own significant resources and because transporting coal is relatively costly.
Based on preliminary data, China — already the largest coal consumer and producer — is
set to become the world’s largest coal net-importer, ahead of Japan. In our projections, its
imports peak at about 190 Mtce in 2015 and then decline progressively through to 2035, as
domestic demand stagnates and indigenous production edges up. India then becomes the
biggest coal importer by 2020, as transport bottlenecks and delays in opening new mines
continue to constrain indigenous production. India’s imports reach almost 315 Mtce in
2035 —about 34% of its hard coal use and 28% of global trade. On the export side, Australia
and Indonesia supply 65% of inter-regional hard coal trade in 2035, up from 60% today.

Energy-related CO, emissions

The trends projected in the New Policies Scenario have direct implications for climate
change, because of the large contribution of fossil fuels to total anthropogenic greenhouse-
gas emissions (around 60% in 2010). Preliminary IEA estimates indicate that global CO,
emissions from fossil-fuel combustion reached a record high of 31.2 gigatonnes (Gt) in
2011, an increase of 1 Gt, or 3.2%, on 2010. China made the largest contribution to the
increase, with its emissions rising by 9%, to 7.9 Gt. However, China’s efforts to reduce
its carbon intensity — the amount of CO, emitted per unit of GDP — during the period
covered by its 11t Five-Year Plan (2006-2010) substantially slowed growth in its emissions.

In the New Policies Scenario, energy-related CO, emissions remain on an upward path,
increasing by 23% compared with 2010 to 37.0 Gt in 2035, a trajectory that is likely to
be consistent with a long-term average global temperature increase of 3.6 °C. Emissions
in the OECD decline by 16% between 2010 and 2035, reaching 10.4 Gt; the OECD’s share
of global emissions falls from 41% in 2010 to 28% in 2035. The largest reduction in
absolute terms within the OECD occurs in the United States: it emits 19% less CO, in 2035
than in 2010, primarily due to the higher share of renewables in the power sector and
the implementation of fuel-efficiency standards (Figure 2.11). By contrast, emissions in
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non-OECD regions rise by just over half. China is poised to emit more CO, than the United
States and the European Union combined in cumulative terms over the period, while its
per-capita emissions increase to the average level of the OECD by 2035. India’s emissions
more than double.

Figure 2.11 > Energy-related CO, emissions in selected countries and
regions in the New Policies Scenario, 2010 and 2035
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Economic implications

Fossil-fuel subsidies

The evolution of energy prices will be an important determinant of future energy trends,
as prices affect consumer demand for fuels and financial incentives to invest in energy
efficiency. A key issue in this respect is how quickly fossil-fuel subsidies, which still remain
commonplace and large in many countries, will be phased out. Subsidies can result in an
economically inefficient allocation of resources and market distortions, while often failing
to meet their intended objectives. By protecting parts of the market, they can also make
the rest of the market more volatile. Moreover, the prospect of higher international prices
means that fossil-fuel subsidies could represent a growing burden on state budgets. And
for net exporting countries, subsidies could act to restrict export availability by continuing
to inflate domestic demand, leading to lower export earnings in the longer term.

In 2011, fossil-fuel consumption subsidies worldwide are estimated to have totalled
$523 billion, $111 billion higher than in 2010 (Figure 2.12).° By comparison, financial
support to renewable energy amounted to $88 billion in 2011 (see Chapter 7). The
increase in the cost of fossil-fuel subsidies between 2010 and 2011 primarily reflects higher
international energy prices and rising consumption of subsidised fuels. The estimated
subsidy bill would have been even higher had it not been for policy interventions to reform

5. Based on an IEA global survey that identified and analysed economies that subsidise fossil-fuel consumption.
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subsidy programmes in a number of countries, most notably in Iran. Oil products attracted
the largest subsidies, totalling $285 billion (or 54% of the total), followed by fossil-fuel
subsidies reflected in the under-pricing of electricity at $131 billion. Natural gas subsidies
were also significant, reaching $104 billion. Comparatively, subsidies to coal end-use
consumption were small, at $3.2 billion.

Figure 2.12 > Economic value of fossil-fuel consumption subsidies by fuel
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Note: Electricity subsidies include only those resulting from under-pricing of fossil fuels consumed in power
generation.

Fossil fuels were subsidised at a weighted-average rate of 24% in 2011 in the economies
identified, meaning that consumers paid only 76% of the reference or unsubsidised
price, based on international prices. Subsidies were most prevalent in the Middle East,
amounting to 34% of the global total (Figure 2.13). At $82 billion, Iran’s subsidies were the
highest of any country despite the introduction in late-2010 of major energy-price reforms.
The world’s two largest energy exporters — Saudi Arabia and Russia — had the next-highest
subsidies, at $61 billion and $40 billion respectively.

These estimates capture the value of subsidies that reduce end-user prices below those
that would prevail in an open and competitive market.® Such subsidisation occurs whether
energy is imported at world prices and then sold domestically at lower, regulated prices, or,
in the case of countries that are net exporters of a given product, where domestic energy
is priced below international market levels. In the latter case, our estimates capture the
corresponding opportunity cost, i.e. the rent that could be recovered if consumers paid
world prices. Separate to the subsidies captured by the IEA estimates, the OECD is tracking
budgetary transfers and tax expenditures that provide support to fossil fuels (OECD, 2011).

6. Full details of the IEA’s methodology for estimating subsidies are available at
www.worldenergyoutlook.org/resources/energysubsidies.
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Figure 2.13 > Economic value of fossil-fuel consumption subsidies by fuel for
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G-20 and APEC (Asia-Pacific Economic Cooperation) member economies have made
commitments in recent years to phase out inefficient fossil-fuel subsidies. Many countries
outside these groupings have also committed to subsidy reform, in most cases because
high energy prices have made subsidies an unsustainable fiscal burden on government
budgets. While an encouraging start has been made, much remains to be done to fulfil
the commitments, both in terms of defining the fossil-fuel subsidies to be phased out and
following through with durable and well-designed reform efforts. Some notable examples
of recent reform efforts include:

B Iran initiated the first step of a major shake-up of energy pricing in December 2010,
although it still remains the world’s largest subsidiser of fossil fuels. The five-year
programme aims to increase oil product prices to at least 90% of the level of Persian
Gulf FOB (free on board) prices, natural gas prices to between 65% and 75% of export
prices and electricity prices to their full cost of supply. After the first stage of reforms,
gasoline prices increased by 300% (and by 600% for volumes above a certain quota),
while natural gas prices rose by some 900%. Despite initially promising results, the
second phase of the programme has been postponed due to concerns about further
exacerbating already high levels of inflation.
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® Indonesia currently regulates the prices of kerosene, liquefied petroleum gas (LPG)
in small containers, some grades of diesel and gasoline, and electricity. Efforts to
reform these subsides are being stepped up, in part because the country is becoming
increasingly dependent on oil imports. In April 2012, an attempt to increase gasoline
and diesel prices by 33% was unsuccessful, due to public protests. Legislative provision
was later made to allow fuel prices to be raised if the average crude price over a six-
month period is at least 15% above $105 per barrel, the base price in the 2012 state
budget. Indonesia also plans to keep track of subsidised fuel use by vehicles, although
the necessary system has yet to be put in place. Indonesia has, meanwhile, banned
state-owned and (certain) company vehicles from using subsidised fuels, is promoting
gas as a substitute for kerosene and diesel, and is reducing electricity use in state-
owned buildings and in street lighting.

®  Nigeria, after reducing diesel and kerosene subsidies in 2011, completely removed
gasoline subsidies in January 2012. This resulted in several weeks of nation-wide
protests, which the government sought to appease by cutting prices by one-third
(which left them still 50% higher than pre-removal levels). Although the subsidies
were reduced, the problems that arose highlighted the requirements of best practice
approaches to pricing reform, including public consultation prior to the price increases
and measures to ease the burden on poorest segments of the population.

B Sudan cut subsidies to gasoline and fuel oil in June 2012, as part of austerity measures
following a sharp drop in oil-export revenues. This occurred after South Sudan
assumed control, following independence in July 2011, of over three-quarters of the
country’s oil production. Under the new arrangements, gasoline prices doubled and
fares on public transport increased by some 35%. Again, there were widespread public
protests. The government has, nonetheless, since announced additional measures,
which will lead to further increases in prices for gasoline, diesel and LPG.

Spending on fossil-fuel imports

For many countries, persistently high energy prices and high or increasing reliance on
imports mean that spending on imports of fossil fuels has become a significant economic
burden, particularly at a time of economic weakness. Local factors have also increased
spending in certain cases. In Japan, for example, spending reached record highs as power
generators turned to expensive, oil-indexed and spot-priced natural gas and, to a lesser
extent, heavy fuel oil, to make up for the loss of nuclear capacity after Fukushima.

In the New Policies Scenario, annual spending on imports of fossil fuels increases from
$2.0 trillion in 2011 to $3.0 trillion in 2035, a rise of 47%. Currently, oil accounts for 81% of
the total fossil-fuel import bill, followed by natural gas (12%) and coal (7%). Through the
Outlook period, the share of natural gas increases progressively, but oil costs remain bigger.
In the United States, the projected decline in oil imports and the country’s emergence as
a gas exporter result in a fall in the overall energy-import bill, despite rising international
prices, from $364 billion in 2011 to $135 billion in 2035 (Figure 2.14). By contrast, all of

72 World Energy Outlook 2012 | Global Energy Trends



© OECD/IEA, 2012

the other major importers experience persistently high or increasing import costs. China’s
fossil-fuel import bill amounts to around $700 billion in 2035, up from $234 billion in 2011.
India’s spending exceeds $400 billion in 2035, compared with $120 billion in 2011. When
viewed as a proportion of GDP, spending in 2035 is highest in India (5.6%) and China (2.5%).

Figure 2.14 = Spending on net imports of fossil fuels in the New Policies
Scenario
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Therise in fossil-fuel import bills in the New Policies Scenario is matched by a commensurate
increase in export earnings by fossil-fuel producing countries. The impact on the global
economy will largely depend on how these earnings are spent, including the extent to
which these “petrodollars” are recycled through purchases of goods and services from
other countries or by investing in foreign assets. OPEC oil-export revenues, which reached
a record of $1.1 trillion in 2011, increase to $1.2 trillion in 2020 and $1.6 trillion in 2035.
Russia, which remains the largest individual energy exporter throughout the Outlook
period, sees its revenues from oil, natural gas and coal exports rise from $380 billion in
2011 to $410 billion in 2035; an increasing share of this comes from markets in the east,
but Europe remains its major market.

Investment in energy-supply infrastructure

In the New Policies Scenario, cumulative investment of $37 trillion (in year-2011 dollars)
is needed in the world’s energy supply system over 2012-2035, or $1.6 trillion per year
on average (Table 2.5). This includes investment to expand supply capacity and to replace
existing and future supply facilities that will be exhausted or become obsolete; it does
not include demand-side spending, such as on purchasing cars, air conditioners and
refrigerators. This large sum, in absolute terms, amounts to 1.5% of global GDP on average
to 2035 and financing it in a timely manner will depend on attractive investment conditions,
notably in terms of the return available on investment.
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Table 2.5 = Cumulative investment in energy-supply infrastructure in the New
Policies Scenario, 2012-2035 (billion in year-2011 dollars)

Coal (o]} Gas Power IGIETS Total osfhglr)ep

OECD 204 3341 3720 6 787 206 14 258 1.0%
Americas 79 2 666 2337 2852 131 8 065 1.3%
Europe 6 551 924 2797 73 4351 0.8%
Pacific 119 124 460 1138 2 1842 0.7%
Non-OECD 963 6 641 43854 10 080 149 22 687 2.1%
E. Europe/Eurasia 36 1239 1455 1182 4 3917 3.5%
Russia 23 745 987 717 - 2472 3.5%
Developing Asia 844 1036 1425 6768 74 10 147 1.6%
China 634 576 577 3712 43 5541 1.3%
India 93 202 199 1620 19 2133 2.2%
Middle East 0 1074 498 577 - 2 149 2.5%
Africa 56 1604 936 745 1 3342 4.3%
Latin America 27 1688 540 808 69 3132 1.9%
Inter-regional transport 57 259 103 - 2 422 n.a.
World 1224 10 242 8677 16 867 357 37 366 1.5%

Non-OECD countries require 61% of investment in the energy sector as a whole. The share
in the OECD, where production and demand increase much less rapidly, is disproportionally
high, reflecting higher unit costs for capacity additions and the need to replace significant
amounts of ageing infrastructure. The United States requires the most investment, at 17%
of the world total, followed by China at 15%. Investment in the power sector (generation,
transmission and distribution) absorbs $17 trillion, or 45% of the total. Renewables
account for around 60% of the investment in power generation, far more than their share
of incremental generation, because of their high capital intensity and relatively low output.
Investments in the oil and gas sectors combined total some $19 trillion, or around 51% of
global energy investment. While far from negligible, coal investment is small relative to
other sectors.

US developments redefining the global energy map

A dominant narrative over recent years has been the growing influence of emerging
economies in the global energy system, a development which is poised to continue over
the coming decades. But a striking new trend now emerging is the resurgence of oil and gas
production in the United States, where output had been widely assumed, even as recently
as a few years ago, to be in inevitable decline. Together with efficiency measures that are
set to curb oil consumption, this energy renaissance has far-reaching consequences for
energy markets, trade and, potentially, even for energy security, geopolitics and the global
economy.
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Diverging trends in import dependency

The United States became a net importer of oil in the mid-1940s and has, since the mid-
1970s, accounted for around one-quarter of the world’s oil trade, as demand consistently
outstripped domestic supply. The United States has also been an importer of natural gas
(from Canada) and, although more than covering its coal needs, just over 80% of its primary
energy demand is currently met by energy produced domestically. This picture is changing.
Advances in technology have unlocked production of unconventional gas, which has grown
at a phenomenal rate: the increase in US unconventional gas production over the last five
years is comparable to the current annual gas exports of Russia. Around the same time, oil
demand in the United States started to fall back from a historic high of 20 mb/d. While oil
production has been on an upward trend since 2008, in large part because of deployment
in the production of light tight oil of the same technologies used to produce shale gas. Use
of renewables is also increasing, boosted by policies to support electricity at the state level
and by a nation-wide policy that mandates significant increases in the use of biofuels. In
our New Policies Scenario, the result is that, by 2035 the United States is 97% energy self
sufficient in net terms, as exports of coal, gas and bioenergy (biofuels and wood pellets)
help offset (in energy equivalent terms) the declining net imports of oil (Figure 2.15).

Figure 2.15 > Net energy self-sufficiency in selected countries and regions in
the New Policies Scenario
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Note: Self-sufficiency is calculated as indigenous energy production (including nuclear power) divided by
total primary energy demand.

By reversing the trend towards greater dependence on imported energy, the United
States stands out from most other major energy consuming regions and countries, which
become less self-sufficient, i.e. having an even greater dependence on imports. The
change, relative to 2010, is largest in India, the ASEAN region and China, where a growing
share of incremental energy will need to come from imports. Japan, in particular, is set
to remain highly dependent on imported energy, though, over time, a combination of
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greater indigenous production from renewable energy sources, greater energy efficiency
and declining domestic energy demand outweigh the assumed effect of reduced nuclear
generation post-Fukushima (in the short to medium term, Japan is importing more fossil
fuels to offset at least in part the loss of nuclear capacity).

The contrast is particularly striking if the analysis is limited to oil and gas. While the United
States reverses the trend towards greater import dependence, China, India, ASEAN and the
European Union all see a steady move towards greater reliance on imports (or, in the case of
ASEAN gas supply alone, a reduced surplus of gas for export) (Figure 2.16). Japan and Korea
are already almost entirely reliant on oil and gas imports. By contrast, the United States is
projected to reduce its reliance on imported oil from more than 50% of consumption today
to less than 30% in 2035, while becoming a net exporter of gas. North America, as a whole,
even becomes a net exporter of oil from around 2030 in the New Policies Scenario.

Figure 2.16 > Net oil and gas import dependency in selected countries in the
New Policies Scenario
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The projected reduction in US net oil imports, from 9.5 mb/d in 2011 to 3.4 mb/d in 2035,
is a product of changes both on the supply side and demand sides (Figure 2.17). The impact
of increased supply, mainly due to expanded production of light tight oil, predominates
early in the projection period. After 2020, though, the bulk of the reduction is attributable
to developments on the demand side — a big improvement in the fuel-efficiency of vehicles
—as well as the use of biofuels and natural gas in the transport sector. Falling oil imports
(and rising natural gas exports) will have important implications for the US trade deficit —
net oil imports were equivalent in value in 2011 to around two-thirds of the 2011 deficit
in goods — as well as broader benefits from the economic stimulus provided by higher
production. But reduced dependence on imported oil does not mean, of course, that the
United States will be immune to developments in international markets. Oil prices are set
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globally, so consumers in the United States will continue to feel the effects of worldwide
price fluctuations. Moreover, there is not necessarily a direct correlation between levels of
import dependency and the security or insecurity of energy supply.

Figure 2.17 = Reductions in net oil imports in the United States by source in
the New Policies Scenario
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The impact of unconventional gas

The surge in unconventional gas production has been a game-changing development
in North American natural gas markets, bringing prices to historic lows and improving
dramatically the competitiveness of gas against other fuels. Natural gas is now making
a substantial additional contribution to economic activity and employment, both within
the energy industry and by lowering energy costs for other industrial sectors. Where it
replaces coal, as in power generation, natural gas has also contributed to a decline in US
emissions of CO,. The impact on energy costs is felt both directly and via electricity prices,
which are lower than in many other IEA countries. Although energy represents only a small
share of costs for most US manufacturers, a competitive source of gas can be a crucial
consideration in attracting investment in energy-intensive manufacturing. This can be the
case for aluminium, paper or iron and steel, or in industries requiring gas as feedstock,
such as the petrochemicals sector, where feedstock costs can represent over 80% of total
operating expenses.

Developments in the United States have had a significant impact on global energy markets.
Just a few years ago, the United States was expected to become a major importer of LNG.
Instead, LNG imports have shrunk to a tiny proportion of demand and the United States and
Canada are set to become LNG exporters once the infrastructure is in place in the middle of
this decade. Projects that were being undertaken in exporting countries with a view to the
North American market have had to seek alternative destinations, allowing other importers
to benefit from relatively plentiful LNG supplies. This has presented a challenge to gas
exporters selling gas on an oil-indexed price basis under long-term contracts. They have
found that buyers were not only exercising any flexibility under the contracts to reduce
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deliveries in order to switch to cheaper alternatives, but also pushing for changes to the
way in which gas is priced to more closely reflect market realities.

The impact of unconventional gas in North America has not been unambiguously good
news for gas in other markets. Natural gas has been sufficiently cheap to displace coal
in power generation in many parts of the United States. This coal became available for
export and some capacity existed to ship it to other markets (the same is not yet true for
gas, where exports are currently constrained by the time required to gain the necessary
regulatory approvals and to construct LNG terminals). Based on preliminary data, net coal
exports from the United States could approach 100 million tonnes (Mt) in 2012, compared
with less than 10 Mt in 2006. The result has been to put downward pressure on coal prices
in other regions. In Europe, low coal prices (and low CO, prices) in 2011, which drove a
dramatic increase in coal use of some 7%, contributed to a dismal year for the European
gas industry, with gas consumption falling by an estimated 10%.

The longer-term impact of unconventional gas will depend on how opportunities for supply
develop, in particular the extent to which the North American experience is replicated
elsewhere. The potential is considerable and there are strong incentives for countries
currently relying on imported gas to develop indigenous resources. However, outside
North America and Australia, the unconventional gas business is still in its formative years,
with questions still to be answered about the extent and quality of the resource base and
unsatisfied concerns about the environmental impact of producing unconventional gas.
If these concerns are not addressed properly, there is a very real possibility that public
opposition will halt the unconventional gas revolution in its tracks. In the New Policies
Scenario, unconventional gas supply is projected to expand significantly, accounting for
almost half of the increase in global gas output. By bolstering and diversifying sources of
supply, tempering demand for imports (as in China) and fostering the emergence of new
exporting countries (as in the United States), unconventional gas can be expected to lead
to more diversified trade flows, putting pressure on conventional producers and traditional
oil-linked pricing mechanisms for gas.

The direction of oil trade and supply security

The reduction in US oil imports —in combination with surging oil consumption in emerging
economies — is set to be a major driver for changing patterns of global oil trade. The way
that oil trade evolves will have implications for market dynamics and for trade flows along
some key strategic maritime and pipeline transportation routes. The main shift is already
visible, as oil is drawn increasingly towards Asia-Pacific markets and away from the Atlantic
basin. Successive Outlooks have highlighted the accelerating pace of oil imports to China,
India and the rest of developing Asia, matched by rising exports from the Middle East. The
evolution of Iraq’s exports in recent years illustrates the trend (see Part C). As recently as
2008, only one-third of Irag’s oil went to Asian markets, with the rest divided between
Europe and North America. By 2011, the share going to Asian markets had risen above
50%. Over the projection period, Middle Eastern suppliers to Asia are joined in increasing
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volumes by producers in Eurasia, notably Russia and Kazakhstan, Brazil and also Canada (if
it builds infrastructure to allow exports from its west coast).

Growing trade has the virtue of consolidating global interdependence; but it brings the risk
of short-term supply interruptions, particularly if geographic supply diversity is reduced
and reliance on a few strategic supply routes is increased. In the New Policies Scenario,
an increasing share of global oil trade is set to transit through the Straits of Hormuz, the
world’s most important maritime oil-shipping route, where oil transportation rises from
close to 18 mb/d in 2010 (or 42% of global trade in oil) to almost 25 mb/d in 2035 (or 50%
of projected trade) (Figure 2.18).” As more oil flows eastwards from the Middle East to
meet rising demand in Asia, there is also growing reliance on the Straits of Malacca, where
oil transit volumes as a share of global trade rise from 32% in 2010 to 45% in 2035. By
contrast, US dependence on supplies that transit chokepoints diminishes as US net imports
drop and new opportunities become available to source oil from closer to home, notably
from Brazil. In the New Policies Scenario, US imports from the Middle East, which have
already declined from around 2.8 m/d in 2000 to 2 mb/d in 2011, fall to just 0.3 mb/d in
2025.

Figure 2.18 > Share of inter-regional oil and gas trade through key choke
points in the New Policies Scenario
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that are not consistent with relative transport costs. The above data include flows going through pipelines
by-passing the chokepoints and not just those going through the shipping lanes.

7. Volumes are based on inter-regional trade. Actual volumes would be higher due to intra-regional trade.
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The prospect of increased reliance on trade through these chokepoints raises the issue
of the possibility of finding alternative routes to market and increases the importance of
the policies of net importing countries to reduce the likelihood of disruptions in supply or
provide insurance if they do occur. In the case of the Straits of Hormuz, two new pipelines
have recently been commissioned that reduce reliance on the Straits: a converted gas
pipeline traversing Saudi Arabia to Yanbu on the Red Sea, with a capacity of up to 2 mb/d,
and a 1.5 mb/d line in the United Arab Emirates to the port of Fujairah on the Indian Ocean.
But these and other planned or actual pipelines in the region could not alone sustain
projected oil export levels from the Gulf countries, were this maritime route to be closed.
Countries that are increasingly reliant on imports will be wise to engage actively in efforts
to ensure the security of international shipping routes. In the case of China, addressing
this concern will form a natural part of the strategy underlying the growing presence of
its national oil companies in the upstream sector in Africa and the Middle East and its
strengthening of political and economic ties with these regions. Building oil stocks and
contributing to plans for their co-ordinated use are other features of well-based plans to
secure long-term energy needs. All oil-consuming countries stand to gain from such efforts,
as any disruption to supplies, whether flowing eastwards to Asia or elsewhere, would affect
the prices paid on international markets by all consumers.

80 World Energy Outlook 2012 | Global Energy Trends



© OECD/IEA, 2012

Chapter 3

Oil market outlook
What will drive growthe

Highlights

e Global oil demand increases steadily in the New Policies Scenario to 99.7 mb/d
in 2035, up from 87.4 mb/d in 2011. The rate of demand growth is slowed by
government policies, including efficiency measures, and higher prices: the crude oil
price rises to $125/barrel (in year-2011 dollars) in 2035. Demand grows briskly in
non-OECD countries, with China alone accounting for around 50% of the net increase
worldwide, more than offsetting a steady decline in OECD regions brought about by
efficiency gains, inter-fuel substitution and saturation effects.

e All of the net growth in global oil demand comes from the transport sector in
emerging economies. Although passenger light-duty vehicles (PLDVs) remain the
biggest component of transport demand, road freight demand increases more
quickly, approaching the level of demand from PLDVs today by 2035. Fuel-economy
standards for trucks are much less widely adopted than for PLDVs.

e Oil production, net of processing gains, is projected to rise from 84 mb/d in 2011
to 97 mb/d in 2035, the increase coming entirely from natural gas liquids and
unconventional sources. Output of crude oil (excluding light tight oil) fluctuates
between 65 mb/d and 69 mb/d, never quite reaching the historic peak of 70 mb/d in
2008 and falling by 3 mb/d between 2011 and 2035. Light tight oil production grows
above 4 mb/d in the 2020s, mainly from the United States and Canada.

® Non-OPEC output rises from under 49 mb/d in 2011 to above 53 mb/d after 2015,
a level maintained until the mid-2020s. The increase is due to rising unconventional
supplies, mainly from light tight oil and Canadian oil sands, natural gas liquids, and
a jump in deepwater production in Brazil. After 2025, non-OPEC output falls back to
50 mb/d in 2035. The United States overtakes Russia and Saudi Arabia before 2020
to become, until the mid-2020s, the world’s largest oil producer. Output by OPEC
countries collectively accelerates through the projection period, particularly after
2020, from 36 mb/d in 2011 to 46 mb/d in 2035, their share of world oil production
rising from 42% to 48%. Iraq sees the biggest absolute increase in output.

e Worldwide upstream oil and gas investment is expected to rise by around 8% in 2012,
relative to 2011, reaching a new record of $619 billion — more than 20% up on 2008
and five times the level of 2000. Higher costs, which have risen 12% since 2009 and
more than doubled since 2000, explain part of the increase. Our projections call for
upstream oil and gas investment to remain at similarly high levels, with an average
investment requirement of $615 billion per year for 2012-2035.
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Demand
Primary oil demand trends

After rebounding sharply in 2010, primary oil demand grew by a more modest 0.7% in
2011 to reach 87.4 million barrels per day (mb/d).! The trajectory that oil use follows over
the coming decades differs considerably by scenario, reflecting the different assumptions
about government policies to curb rising demand and emissions. In the Current Policies
and New Policies Scenarios, oil use increases in absolute terms to 2035, driven mainly by
population and economic growth in the emerging economies, but it falls in the 450 Scenario,
in response to strong policy action to curb fossil-energy use (Figure 3.1). The share of oil in
total world primary energy demand falls in each scenario, most sharply in the 450 Scenario,
where it reaches 25% in 2035 — down from 32% in 2011. The share falls to 27% in the New
Policies Scenario and in the Current Policies Scenario.

Figure 3.1 > World oil demand and oil price* by scenario
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* Average IEA crude oil import price.

In the New Policies Scenario, demand rises progressively to 99.7 mb/d by 2035, 12.3 mb/d
up on the 2011 level (Table 3.1). Measures to promote more efficient oil use and switching
to other fuels, together with higher prices that result from price rises on international
markets, reduced subsidies in some major consuming countries and increased taxes on oil
products, help to offset much of the underlying growth in demand for mobility, especially
in non-OECD countries. Several policy measures to curb oil demand, in particular in
the transportation sector, have been announced over the past year and are taken into
consideration. They include the extension of fuel-economy standards for passenger light-
duty vehicles (PLDVs) to 2025 in the United States and to 2020 in Japan.

1. Preliminary data on total oil demand only are available for 2011 by region; the sectoral breakdown of demand
is available up to 2010. All sectoral oil demand data presented for 2011 is therefore estimated.
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Table 3.1 = Oil and total liquids demand by scenario (mb/d)

New Policies Current Policies 450 Scenario

2020 2035 2020 2035 2020 2035
OECD 39.5 42.1 39.4 B3 40.2 37.6 38.0 26.0
Non-OECD 22.9 38.4 47.1 57.1 48.1 61.3 45.1 45.0
Bunkers* 3.9 6.9 7.7 9.3 7.7 9.6 7.5 8.0
World oil 66.3 87.4 94.2 99.7 96.0 108.5 90.5 79.0
Share of non-OECD 34% 43% 49% 55% 49% 55% 48% 52%
World biofuels** 0.1 1.3 2.4 4.5 2.1 3.7 2.8 8.2
World total liquids 66.4 88.8 96.6 104.2 98.2 112.2 93.3 87.2

* Includes international marine and aviation fuel. ** Expressed in energy-equivalent volumes of gasoline
and diesel.

Oil demand trends across the scenarios diverge most after 2020. While the majority of
policies and measures that have been enacted or announced to curb oil demand result in
action in the period to 2020 or, at the latest, 2025, most of the impact of these policies
is felt during the last decade of the projection period. This is because of inertia and
technology lead times: it can take many years for new and more efficient technologies
that affect the use of oil to be developed and commercialised, while consumers buy new
equipment or vehicles only when the existing ones are retired. For example, the full effect
on oil demand of an improvement in the average fuel economy of new cars is not felt for at
least fifteen years — the average lifetime of cars. In other sectors like industry, buildings or
power generation, technology lifetimes can be much longer, such that the fuel substitution
or fuel savings that result from a change in policy are even more protracted.

While government policy is an important factor behind long-term trends in oil demand,
other factors play a key role as well, notably economic activity, population, prices and
technology (see Chapter 1). All of these factors are inter-linked. Economic and population
growth continue to push up demand for personal mobility and freight, but technology
and fuel prices influence how transport services are provided. Oil-based fuels dominate
transport energy use today, but this could change as new technologies are deployed,
while more efficient vehicle technologies can help to decouple rising demand for mobility
from fuel use. The use of oil in stationary applications — in power generation, industry and
buildings — is similarly affected by economic and population growth, but here competition
from other fuels plays a larger role. Generally, oil products continue to struggle to compete
outside the transport sector in all three main scenarios, as a result of high oil prices relative
to other fuels, with most power generators and end users switching away from oil where
possible; by 2035, only 2% of global power generation is provided by oil. Whatever long-
term path oil demand takes, it will surely continue to fluctuate from one year to the next
in response to volatile oil prices, economic swings, weather variations and one-off events,
such as natural disasters.
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The average IEA crude oil import price — a proxy for international prices — required to
balance demand and supply differs markedly across the scenarios, according to differences
in how policy intervention affects underlying market conditions. Starting at $108 per barrel
(in year-2011 dollars) on average in 2011, the price, which is derived through iterations
of the World Energy Model (WEM), reaches $120/barrel in 2020 and $125/barrel in 2035
in the New Policies Scenario (in real terms). The price rises more quickly in the Current
Policies Scenario, reaching $145/barrel in 2035: higher prices are needed for supply to
keep pace with higher demand, as existing reserves are depleted faster and oil companies
are forced to turn to more costly new sources of oil sooner. In the 450 Scenario, the oil
price peaks at $115/barrel by around 2015 and then slides to $100/barrel as radical policy
action causes oil demand to fall steeply.

Regional trends

Following the broad pattern of recent years, the outlook for oil demand varies markedly
by region. While overall global oil use rose during the course of 2011, demand continued
to fall in most OECD countries. Demand dropped by 1.9% in the United States, due to the
economic downturn as well as a mild winter, and fell by 2.2% in Europe, as a result of the
economic impacts of the Euro zone crisis. By contrast, Japan saw strong growth in the
direct burning of crude oil and residual fuel oil (as well as natural gas) to compensate for
the suspension of output from nuclear power stations. Overall, OECD oil demand fell by
1.3%, in contrast to the 3% overall increase seen in the non-OECD regions.

In all WEO scenarios, OECD oil demand continues to fall over the Outlook period, most
rapidly in the 450 Scenario. In the New Policies Scenario, OECD demand falls from 42 mb/d
in 2011 to 33 mb/d in 2035, mainly as a result of substantial gains in vehicle fuel efficiency
and fuel switching in the transport sector, resulting from a combination of standards and
other government measures, as well as higher pump prices (Table 3.2). Demand in non-
transport sectors falls, mainly due to oil’s declining competitiveness compared with other
fuels. Oil demand falls in all OECD regions (Figure 3.2). The United States sees the largest
absolute decline, with oil use falling from 17.6 mb/d in 2011 to 12.6 mb/d in 2035 (this
fall of 5 mb/d is partially offset by an increase of 1 million barrels of oil equivalent per day
in the use of biofuels). Demand falls as quickly in percentage terms in Japan, where oil
use for power generation — boosted in the short term by the effects of the accident at the
Fukushima Daiichi nuclear plant — falls away by 2035.

In contrast to the projected 8.8 mb/d decline in the OECD, the non-OECD countries in
aggregate see their demand rise by 18.8 mb/d between 2011 and 2035 in the New Policies
Scenario. As a result of their faster demand growth, total oil use in the non-OECD countries
overtakes that of the OECD before 2015. It is about 70% higher by 2035, with the non-OECD
countries accounting for 63% of world oil use (excluding international bunkers), compared
with just under half today. Strong economic and population growth in the non-OECD
countries, coupled with the huge latent demand for personal mobility, more than offsets
important efficiency gains in transport.
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Table 3.2 = Oil demand by region in the New Policies Scenario (mb/d)

2011-2035
2011 2015 2025 2030 2035 ———

Delta CAAGR*

OECD 39.5 42.1 41.2 39.4 374 35.2 33.3 -8.8 -1.0%
Americas 19.8 222 220 212 200 18.6 175 47 -1.0%
United States 16.4 176 175 166 154 13.9 126 -5.0 -1.4%
Europe 128 126 120 114 109 10.4 10.0 -2.6 -1.0%
Asia Oceania 6.9 7.3 7.2 6.7 6.4 6.1 59 -14 -0.9%
Japan 5.1 43 4.1 3.7 3.5 3.2 31 -1.2 -1.4%
Non-OECD 22.9 38.4 43.2 47.1 50.5 53.9 57.1 18.8 1.7%
E. Europe/Eurasia 8.8 4.8 5.0 5.2 5.3 5.5 5.6 0.8 0.6%
Russia 4.9 3.1 3.2 3.2 3.3 3.4 3.5 0.4 0.5%
Asia 6.2 183 213 23.8 26.2 28.6 309 126 2.2%
China 2.3 9.0 11.0 12.7 13.9 14.7 15.1 6.1 2.2%
India 1.2 3.4 3.8 43 5.0 6.2 7.5 4.1 3.3%
Middle East 2.9 6.8 7.5 8.1 8.6 8.9 9.4 2.7 1.4%
Africa 1.8 3.1 34 3.8 4.0 4.2 4.5 1.4 1.6%
Latin America 3.2 5.5 6.0 6.3 6.5 6.6 6.8 1.3 0.9%
Brazil 1.4 2.4 2.6 2.7 2.8 2.9 3.1 0.7 1.1%
Bunkers** 3.9 6.9 7.2 7.7 8.2 8.7 9.3 2.4 1.2%
World oil 66.3 874 916 942 96.1 97.7 99.7 123 0.6%
European Union n.a. 11.6 11.0 10.3 9.8 9.2 8.7 -2.9 -1.2%
World biofuels*** 0.1 1.3 1.8 2.4 3.0 3.7 4.5 3.1 5.1%
World total liquids 66.4 888 934 966 99.1 1014 1042 155 0.7%

*Compound average annual growth rate. **Includes international marine and aviation fuel. *** Expressed
in energy-equivalent volumes of gasoline and diesel.

Figure 3.2 = Oil demand growth by region in the New Policies Scenario
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Asia is set to remain the main driver of non-OECD demand growth. China contributes
the biggest increase in demand in absolute terms in the New Policies Scenario, with its
consumption surging from 9.0 mb/d in 2011 to 15.1 mb/d in 2035 — an average annual
increase of 2.2%. This increase is equal to just about half of the net increase in oil demand
worldwide. Chinese oil demand exceeds that of the United States towards the end of the
2020s and its growth offsets large parts of the oil savings achieved in OECD countries: the
increase to 2020 alone more than offsets demand reductions in the European Union over
the whole projection period. Demand grows even faster in other emerging economies,
notably India, Africa, Southeast Asia and the Middle East, though much less rapidly than
over the last two decades, mainly because of slower economic and population growth. Oil
demand growth in India is particularly large, though, and offsets around 80% of the savings
realised in the United States until 2035.

Box 3.1 = The economic implications of runaway oil-demand growth
in Saudi Arabia

Saudi Arabia, in common with many countries in the Middle East, faces a growing
need to rein in rampant oil demand. Between 2000 and 2011, Saudi oil consumption
almost doubled, to 2.8 mb/d, partly because of surging use of oil for power generation.
Demand for electricity, much of it for air-conditioning, has been growing by more than
7% per year since 2000, outstripping capacity to generate power from natural gas. This
has forced generators to burn residual fuel and crude oil directly. In addition, extremely
low pump prices have encouraged wasteful use of transport fuels; at 14 US cents per
litre for gasoline and 7 US cents per litre for diesel, Saudi Arabia currently has the
lowest gasoline prices in the region and among the lowest in the world. Annual per
capita consumption of oil was 4.7 tonnes (35 barrels) in 2011 — the highest in the world.

In the medium term, the growth in oil use for power is expected to slow as new gas
supplies become available. The recent completion of the second phase of a large-scale
project to develop the Karan gas field is expected to yield enough gas to displace at least
200 kb/d of oil once it reaches full capacity. Other projects to expand non-associated
gas production are planned, though low gas prices may discourage investment in
gas exploration and development. The New Policies Scenario assumes that the Saudi
government reduces oil and gas subsidies to a limited degree, which helps to encourage
more efficient energy use and spurs more gas production. But cutting subsidies and
raising prices is not an easy task. Although a signatory to the 2009 G-20 call for inefficient
fossil fuel subsidies to be phased out, the Saudi government has not yet announced any
plans to raise oil or gas prices, though electricity price rises are planned.

The under-pricing of oil products can carry a high economic price in the longer term.
If no new policies are implemented, then Saudi-Arabia’s oil demand would be around
400kb/d higher by 2035, with a corresponding impact on export volumes. Given the large
share of government spending that is financed by oil-export revenues, any reduction in
export volumes could have an impact on the economy and the government’s ability to
spend more on domestic welfare and services.
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The pace of demand growth in the Middle East is critical to the outlook for the region’s oil
exports and, therefore, to its economic prospects. As a result of strong economic growth
— partly thanks to high international prices — and widespread subsidies that have kept the
price of oil products in domestic markets low, the Middle East, already a big oil producing
region, has become a major oil consumer too. Its oil demand grew by around 60% between
2000 and 2011, an average rate of 4.2%, or 225 thousand barrels per day (kb/d), per
year, outstripping every WEO region, except China. In the New Policies Scenario, the rate
of demand growth in the Middle East slows to 1.4% over the Outlook period, but these
projections hinge on governments following through on plans to reduce fuel subsidies,
expand gas supplies to allow power generators and industrial consumers to switch away
from burning oil and introduce other measures to promote energy efficiency. Failure to do
so would have far-reaching implications for the key producers’ capacity to export oil and
fuel regional development and social programmes — not least in Saudi Arabia (Box 3.1).
There is enormous potential across the region for oil to be used more efficiently (see
Part B).

Sectoral trends

More than 50% of global primary oil demand today is concentrated in the transport sector,
compared with around 8% each in the buildings and industry sectors and 7% in power
generation (Figure 3.3). As noted, for the non-transport sectors, high oil prices provide a
strong economic signal to reduce oil use, either by using it more efficiently or using other
fuels. Oil consumption in industry is only 8% higher in 2035 than in 2011, largely as a result
of switching to natural gas and, to a lesser extent, electricity. While the use of natural gas
for heat and steam generation in industry is already widespread in the United States and
Europe today, the projected gap between oil and gas prices creates considerable scope for
gas to capture most of the increase in demand for these purposes in Asia and other non-
OECD regions. Up to now, this shift has been limited by relatively high gas prices and lack
of supply. In some countries, including China, coal may also be preferred to oil products,
due to local availability. There are, nonetheless, limits to the substitution of oil in industry,
particularly in the petrochemicals industry and in other non-energy applications.

Oil currently meets about 11% of global energy needs in buildings, amounting to an
estimated 7.7 mb/d, split about equally between OECD and non-OECD countries. Patterns
of oil use in buildings vary across regions, reflecting to a large extent their different stages
of economic development: while more than 80% is used in the services sector and for space
heating in OECD countries, much of the oil used in buildings in non-OECD countries is in
the form of kerosene and liquefied petroleum gas (LPG) for cooking, in particular in Africa.
Over time, the use of oil in buildings worldwide is expected to decline, due to the use of
more efficient appliances and increasing substitution with electricity and gas; the main
exception is in Africa, where switching from traditional fuels continues to boost demand
for oil products (see Chapter 18). Oil demand in buildings is projected to reach a peak in
the coming few years and then dwindle gradually, reaching 7 mb/d in 2035, or about 8% of
total energy use for buildings.
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Figure 3.3 = World oil demand by sector in the New Policies Scenario

S 2011
E 41 H 2035
40 +
% compound
35 1 average annual
30 A growth rate,
25 | 0.4% 2011-2035
20 +
1.29
15 A %
10 0.3% -0.4%
3 1l o
0 . . . —
Road Other Industry Buildings Power Other
transport  transport generation

Note: Other includes non-energy use, including feedstocks for industry.

The use of oil in other sectors, including power generation, is likely to stagnate due to
the fuel’s declining competitiveness. The share of oil in power generation has been falling
steadily for many years, reaching 6% in 2011, and is projected to fall further, to just 2% by
2035 in the New Policies Scenario. In absolute terms, oil-fired generation drops by about
half, with oil consumption falling from above 6 mb/d to around 3 mb/d. Oil use for power
all but disappears in the OECD, but remains significant in some non-OECD regions, including
the Middle East.

The transport sector accounts for well over half of global oil consumption today and this
share is expected to rise further in the coming decades. In the New Policies Scenario, total
transport oil demand rises from an estimated 46 mb/d in 2011 to about 60 mb/d in 2035,
its share of total oil demand reaching 60%. Growth in demand for transport services —
especially in the non-OECD countries, where the level of car ownership is still much lower
than in OECD countries — is expected to outweigh the effect of large improvements in fuel
economy and the growing penetration of alternative fuels, such as biofuels, natural gas and
electricity (in battery electric vehicles and trains).

Within the transport sector, the fleet of passenger light-duty vehicles accounts for the bulk
of road transport oil use today and these vehicles are projected to remain the leading
consumer of oil in the transport sector through to 2035 (Figure 3.4). Nonetheless, oil
demand for road freight grows more quickly, almost reaching the current level of PLDV
demand by 2035 (see the focus on freight below). After road transport, aviation (domestic
and international) and maritime transport are the other major consumers of oil in the
transport sector. There have been only a few cases of governments intervening to curb
demand growth in these sectors, mainly because applying regulations, such as standards
or taxes, would require high levels of international co-operation. There has been strong
resistance from some countries, notably China, India and the United States, to recent
moves to include airline companies in the EU Emissions Trading System.
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Figure 3.4 = World fransport oil demand by sub-sector in the New Policies
Scenario
2011

Other*
M 2035

International
marine bunkers

International
aviation bunkers

Domestic aviation
Road freight

PLDVs
0 5 10 15 20 25
mb/d

* Other includes other road, domestic navigation, rail, pipeline and non-specified transport.

Fuel economy regulation has been the main policy response in recent years to rising oil
prices and to concerns about energy security and climate change. Some of the regulations
in place today have a long pedigree. In the United States, for example, corporate average
fuel-economy standards go back to the 1970s; the first standard was introduced in Japan in
1979, while the European Union introduced mandatory standards in the early 2000s having
previously negotiated voluntary agreements with the car industry to improve vehicle
efficiency. These standards have become more stringent in recent years. Outside the OECD,
only China has taken steps to adopt standards (which will take effect in two stages in 2015
and 2020), though India plans to do so. Over time, there is likely to be more focus on
standards for heavy-duty vehicles, given the prospects of rapid growth in oil demand from
the road freight sector. Today, such standards exist only in Japan (since 2006) and in the
United States (since 2011).

The savings in oil consumption that can be achieved by the adoption of fuel-economy
standards are substantial. We estimate that the standards that have already been adopted
together with those currently planned for PLDVs in the United States, Japan, the European
Union, China and India alone, are set to save a cumulative total of 17 billion barrels of oil
over the Outlook period, compared with a baseline assuming that fuel economy of new
PLDV sales remains unchanged at 2010 levels (Figure 3.5).2 Those savings are roughly
equivalent to the current proven crude oil reserves of Qatar and Oman.

The global PLDV fleet continues to expand as incomes and population rise, from an
estimated 870 million in 2011 to 1.7 billion in 2035. Most of the growth arises in China,
where the fleet jumps from around 60 million to more than 400 million; the fleet in the
leading PLDV markets of the European Union and the United States (where the recession

2. As fuel economy policies were enacted in different years in all regions considered, 2010 was chosen as a
common starting point. The analysis thereby neglects savings that have been achieved prior to 2010 as a result
of enacted policies. These savings are not insignificant.
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led to a decline in the PLDV fleet, due to increased scrappage and lower sales) grows only
modestly, reaching a combined 560 million in 2035 compared with 450 million in 2011.
India’s fleet is projected to reach around 160 million vehicles in 2035, up from only around
14 million in 2011. Most of the increase comes after 2020 (Figure 3.6). Despite this growth,
vehicle ownership in China and other non-OECD countries remains well below the level of
OECD countries, constrained in part by difficulties in building sufficient new roads (Box 3.2).

Figure 3.5 = Cumulative oil savings from vehicle fuel-economy standards in
selected regions, 2010-2035
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Box 3.2 = Cars everywhere, but where will they go?

Today, there are around 45 million paved lane-kilometres of roads available worldwide
(IEA, 2012a), about 30% more than a decade ago. Urban areas in most countries in the
OECD and elsewhere have traditionally suffered from congestion, but in many cases
the problem has worsened considerably in recent years, as car ownership rates and
driving have risen. City authorities have adopted various measures to try to combat
congestion, such as parking restrictions and charging for the use of inner-city roads,
with varying degrees of success.

Although the number of PLDVs is projected to double between now and 2035 in the
New Policies Scenario, the size of the road network is projected to expand by only 40%,
to reach 62 million paved lane-kilometres. Some 80% of new roads are in non-OECD
countries, more than half of which are in China and India alone. The total investment
required amounts to over $20 trillion over the projection period. Despite this projected
impressive build up of road infrastructure, congestion problems and pollution are
expected to worsen. China’s road occupancy increases by more than 70% on average,
overtaking the level of the United States; that of India more than triples. Increasing
congestion would tend to offset part of the effect of improvements in vehicle fuel
economy, as stop-and-go driving in heavy traffic is more energy-intensive than driving
on open, uncongested roads.
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The PLDV market remains dominated by internal combustion engine (ICE) vehicles in
the New Policies Scenario, broadly consistent with the projections in last year’s WEO. By
2035, around three-quarters of all vehicles sold are conventional ICE vehicles, followed
by hybrids at more than 20%, and natural gas vehicles, at 3%. Electric vehicles (EVs) and
plug-in hybrids reach a combined share of 4% in 2035. Even though there have been recent
policy discussions in India about adopting a target of 6-7 million EVs by 2020 under a
National Electric Mobility Mission, policy support generally is not sufficient yet to generate
expectations of higher levels of EV market penetration (IEA, 2011).

Figure 3.6 > PLDV fleet in selected regions in the New Policies Scenario
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Special topic: heavy freight road transport

Road freight plays a key role in global transport demand for oil in the New Policies Scenario,
accounting for almost 40% of the overall increase in demand between 2011 and 2035. Total
road freight oil consumption (including trucks and light commercial vehicles®) rises from
13 mb/d in 2011 to 18 mb/d in 2035, approaching the level of PLDVs today. In recognition
of the growing importance of road freight, we summarise below the results of a detailed
analysis of the prospects for the sector undertaken for this year’s Outlook.

In principle, goods can be carried by all main modes of transport — road, rail, shipping or
aviation. In practice, there are a number of factors which determine the most appropriate
mode for freight, including the required speed of delivery, the size and weight of goods
and the availability and capacity of infrastructure for point-to-point delivery. While rail
is the predominant mode of freight transport in large countries, like the United States,
China or Russia, goods are more often transported by vans and trucks in densely populated
countries, such as in Europe, or in regions with a low density of rail networks, like Africa
(IEA, 2009). In all cases, however, final delivery is made mostly by road.

3. Freight trucks are a type of heavy-duty vehicle, the other type being buses. Light-duty vehicles (LDVs) are split
between commercial (LCVs) and passenger vehicles (PLDVs). For the purpose of this chapter, we define a truck
as a commercial freight vehicle with a gross vehicle weight of more than 3.5 tonnes. We refer to heavy freight
trucks as trucks with a gross vehicle weight of more than 16 tonnes.
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The most commonly used overall indicator of freight activity in economic planning is
the tonne-kilometres, i.e. the weight of goods transported, multiplied by the distance
transported. In these terms, the growth in the amount of goods transported by road
in non-OECD countries has outpaced that of OECD countries over the past decade, and
the gap is set to widen — in the New Policies Scenario, the growth of China alone, up to
2035, is as large as that of the OECD countries as a whole (Figure 3.7). Historically, tonne-
kilometres have correlated strongly with income. Although this correlation has begun to
weaken in some markets in recent years, because of saturation effects, it is expected to
remain fairly constant at the global level over the Outlook period. The load carried per
vehicle is expected to fall in non-OECD countries as a whole, as efforts are made to reduce
overloading, even though the use of progressively larger trucks to optimise logistics will
offset much of this reduction. In OECD countries, the load carried per vehicle is set to rise
through optimisation of logistics.

Figure 3.7 = Incremental road freight growth by region since 2000 in the New
Policies Scenario

£ 9000 OECD:
X% Other
2 8000 - .
S M European Union
< 7000 4 .
s B United States
= 6000 -
o
Non-OECD:
>000 7 Other
4000 + India
3000 A B China
2000 A
1000 A

2005 2010 2015 2020 2025 2030 2035

There are two main types of trucks weighing more than 3.5 tonnes: long-haul and
delivery/distribution. Long-haul trucks typically weigh more than 16 tonnes (heavy
trucks), have two or three axles and have a horsepower rating of between 250 and 800.
The heaviest of them are operated essentially all year round, usually covering more than
100 000 km per year and sometimes twice as much. Average fuel consumption is between
25-50 litres of diesel per 100 km (/100 km), depending on the vehicle technology, the
geography of the operating area, average load and driving behaviour. Delivery trucks vary
in weight between 7.5-25 tonnes and generally last much longer than long-haul trucks, as
they operate for fewer hours each day and cover shorter distances (typically about 40 000-
60 000 km per year). Other types of trucks vary considerably, according to their purposes,
as does their average annual level of operation, from about 5 000 km for special vehicles
and fire-fighter trucks, up to about 60 000 km for construction trucks. Fuel consumption
also varies, from about 30 I/100 km in normal operations, up to more than 80 /100 km.
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The truck market is more diversified than that for PLDVs, partly because of the large
variety of different purposes served, and partly because requirements are much more
stringent for heavy-duty vehicles with regard to operation and endurance, which often
requires tailored solutions.

The largest markets for trucks today are in the United States and China, each having sales
of around 1.6 million in 2011 (Figure 3.8). Sales in the European Union, Japan and India are
much smaller, at around 500 000 or less, though India’s market is growing rapidly (sales
almost doubled over the two years to 2011). There are big differences in the size of trucks
sold across countries: in the United States, for example, only about 7% of the trucks sold
in 2011 were heavy trucks weighing more than 16 tonnes. In China, these heavy trucks
accounted for around two-thirds of the market, reflecting their use in the rapidly expanding
manufacturing and construction sectors.

Figure 3.8 = Freight truck sales and stock by region in the New Policies
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The global market for trucks is much smaller than for other types of road vehicle: of around
80 million vehicles sold worldwide in 2011, trucks accounted for only around 7 million. We
estimate that there are some 50 million trucks on the road today, compared with more
than 850 million PLDVs. The truck stock is projected to reach 90 million in 2035 in the
New Policies Scenario. The average lifetime of trucks varies widely according to the type of
vehicle and how it is used, resulting in big differences across regions. Long-haul trucks, for
example, are usually retired after around eight to ten years in OECD countries, i.e. by the
end of their economic lifetime. But in most non-OECD countries, they are generally used
for much longer, sometimes more than 20 years. The notable exception is China, where
long-haul trucks currently operate on average for only six to seven years because of heavy
overloading and safety reasons.

The truck manufacturing industry is much less globalised than that for PLDVs. Manufacturers
include a few companies that operate globally, including Daimler, Volvo, Iveco, MAN/Scania,
Navistar and Paccar, as well as companies that focus on single, national markets, such as
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Dongfeng, Foton, FAW and CNHTC in China, Kamaz in Russia and Ashok Leyland, Tata and
Eicher in India. Together, the companies cited held a total world market share of about
70% in 2010.* The industry is likely to consolidate in the coming years as more stringent
environmental regulations lead to higher development and production costs, particularly
in BRICS countries.®

Despite the small size of the truck fleet, fuel consumption is very large because of the sheer
size and weight of the vehicles and their long operating times. More than 60% of all the
diesel consumed globally in road transport is by trucks, and it is by far the most important
fuel used by trucks, accounting for more than 90% of total fuel use, or 9 mb/d; gasoline
accounts for 6% and biofuels for most of the remainder (both as additives and as a stand-
alone fuel). The dominance of diesel in truck fuel consumption increases with vehicle size;
long-haul heavy trucks (weighing more than 16 tonnes) use diesel almost exclusively.

Over the Outlook period, diesel maintains its role as the dominant fuel for trucks in the
New Policies Scenario. Diesel consumption by trucks rises from 9 mb/d in 2011 to more
than 13 mb/d in 2035, its share of total road freight energy consumption remaining at a
level of around 90%. Alternative fuels, including biofuels and natural gas, make inroads
and reach a share of more than 5% of truck fuels combined, up from around 2% today. The
increasing use of alternative fuels comes mainly at the expense of gasoline, the share of
which is reduced from around 6% of all oil-based fuels in road freight today to about 2%
by 2035, as trends towards the use of larger trucks increasingly favour the use of diesel
over gasoline. But overall, switching to alternative fuels makes little impact on oil demand
for road freight, with fuel economy improvements making the biggest contribution to
dampening the pace of growth in demand through to 2035 (Figure 3.9).

Figure 3.9 = World freight truck oil demand in the New Policies Scenario
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Note: Vehicle use refers to changes in tonne-kilometres driven by vehicle.

4. For trucks of more than 6 tonnes.
5. Brazil, Russia, India, China and South Africa.
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Reducing the dependence of road freight on oil by increasing the use of alternative fuels is
constrained by the lack of viable fuel options for trucks compared with light-duty vehicles.
In the near term, the two main options are biofuels and natural gas (Figure 3.10), as the
electrification of trucks is likely to be hampered by the size and weight of the battery that
would be required to propel the heavy weight of the vehicle and its load. Increasing the use
of biofuels would require an expansion of biodiesel supply. At present, biodiesel production
worldwide is only one-fourth that of ethanol, almost half of it in Europe. Advanced biodiesel
technologies, which convert biomass to diesel in a more cost-efficient way and offer bigger
carbon dioxide (CO,) savings than conventional biodiesel, are under development but have
not yet passed the demonstration stage. Natural gas can be used as a fuel by all types of road
freight vehicles. Liquefied natural gas (LNG) is more practical for heavy freight, particularly
long-haul trucks, as the size of the fuel tank required for compressed natural gas (CNG)
in order to offer an appropriate driving range would be too big. CNG is a viable option for
light commercial vehicles and can be an option for trucks in densely populated countries,
where range is less of an issue. The use of LNG in road freight has so far been constrained
by its high cost, compared with diesel, though this might change if there is sustained fall
in the price of natural gas, relative to that of oil (which we do not assume). In the New
Policies Scenario, the share of natural gas in road freight worldwide reaches just over 2% in
2035, but some markets see higher shares (for example 10% in heavy trucks in the United
States). Lower natural gas prices or lower vehicle conversion costs would be needed to
reduce payback periods and stimulate faster growth in gas use in road freight. In addition,
developing refuelling infrastructure along main trucking routes (such as “America’s Natural
Gas Highway” in the United States) requires large upfront investments. To achieve higher
shares of LNG in road-freight transport, firm policies are required to address these barriers
and create a self-sustaining market.

Figure 3.10 = Alternative fuel use by freight trucks in the New Policies Scenario
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Increasing efficiency is the main option for reducing oil demand from road freight
transport.® Fuel costs are an important criterion for many truck operators in choosing

6. See Part B for a more detailed discussion about the scope for efficiency gains in transport and other sectors.
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their vehicles (in particular in regions with high fuel taxes like Europe), which has driven
manufacturers to improve the fuel economy of their models, but there is still considerable
scope for further efficiency gains. Recent studies point to a technical potential to improve
the fuel economy of trucks by up to 50% until 2020 in the United States and Europe (IEA,
2012b), though the vehicle manufacturers doubt that the potential is that big, with some
companies suggesting it may be closer to 30% for long-haul trucks, and then only by 2030.
Whatever the potential, what matters — in the absence of regulation — is the payback
period for truck operators, who often look to recover their investment within eighteen
months (IEA, 2012c). But payback periods vary considerably by vehicle segment and
average annual use: while there are a number of options for long-haul trucks, with payback
periods of less than two years, there are fewer cost-effective options for urban and service
delivery trucks and the largest improvements, such as from hybridisation, mostly come at
prohibitively high cost (Hill, et al., 2011).

For this reason, efficiency gains will need to be driven by regulation, in particular in regions
with low fuel tax levels. At present, only the United States and Japan have introduced fuel-
economy standards for trucks. The European Union and Canada are currently discussing
the introduction of such standards. China is in the process of establishing the actual fuel
economy of trucks on the road as a basis for developing possible standards. The process
is complicated by controversy over the efficiency potential and the pursuit of multiple
policy objectives: air pollution policy can reduce the potential to improve fuel efficiency
(e.g. catalytic converters come at a small efficiency cost), while limits on the maximum
size of heavy freight trucks for safety reasons reduce the scope for realising further
economies of scale. The lack of fuel-economy standards for trucks in most countries is
compounded by a lack of good certifiable information: while fuel economy labelling is
common for passenger cars in many OECD countries, it is rare for trucks, complicating the
choice in particular for small fleet operators. In countries where fuel economy policy does
not exist, transparency on fuel consumption through improved measurement procedures
and labelling will be essential to identify the efficiency potential.

In the New Policies Scenario, the average on-road fuel consumption of heavy trucks
(exceeding 16 tonnes) is projected to drop by an average of 22% between 2011 and
2035, reaching 28 1/100 km. Efficiency remains highest in the OECD countries, with
strong improvements occurring in the United States (29%) and Japan (24%) — again
the only countries, as yet, with fuel-economy standards (Figure 3.11). But regions with
comparatively high levels of fuel taxes (like Europe) or currently high levels of average fuel
consumption (like China or India) also see significant reductions. The bulk of the efficiency
improvements in these regions occur in the period to 2020, when the payback periods for
the required investments are still short.”

7. For regions without fuel-economy standards, the World Energy Model endogenises the investment
decision for improving truck efficiency through calculating their economic competitiveness under the oil price
assumptions of the New Policies Scenario. For details, see www.worldenergyoutlook.org.
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Figure 3.11 > Average on-road fuel consumption of heavy freight trucks by
region in the New Policies Scenario
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Note: Heavy freight trucks are defined as larger than 16 tonnes. Data for 2011 is estimated.

Supply
Reserves and resources

The world’s remaining resources of oil are not a limiting factor in meeting projected
demand to 2035, even in the Current Policies Scenario, though the cost of exploiting new
sources is set to rise, as the most accessible and, therefore, least costly resources are
depleted. According to the Oil and Gas Journal (0&GJ), proven reserves of oil worldwide,
which provide an indication of the near- to medium-term potential for new developments,
amounted to 1 523 billion barrels at the end of 2011 — an increase of 3.6% on a year
earlier and a new record (O&GJ, 2011); while according to the BP Statistical Review of
World Energy, proven reserves increased by 1.9% to 1 653 billion (BP, 2012).

The main difference between the two sets of estimates relates to extra heavy oil in
Venezuela’s Orinoco belt, as the Oil and Gas Journal had not yet taken account of the
latest announcement about these reserves, with smaller differences in Russia, China and
the United States. With the latest assessment of the Orinoco by Petréleos de Venezuela
(PDVSA), the national oil company, Venezuela is now the leading country for proven
reserves, having overtaken Saudi Arabia in 2010 (Figure 3.12).8

Proven reserves have increased by close to one-third since 2000, with more than half of
the increase coming from upgrades of Orinoco reserves and most of the rest from revisions
in other OPEC countries (though there are question marks over the estimates for some

8. The new Venezuelan number was included by OPEC in their 2011 Annual Report as the end-2010 proven
reserves. Due to timing of publication, it was not included in the IEA’s World Energy Outlook 2011.
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OPEC countries and their comparability with those for other countries).® Outside OPEC,
Russia and Kazakhstan have increased reserves the most since 2000, while the rest of the
non-OPEC countries have broadly maintained their reserves level. OPEC countries account
for about 70% of world total reserves. The global reserves-to-production ratio, which is
sometimes used as an indicator of future production potential, has increased steadily in
recent years, to around 55 years at end-2011.

Figure 3.12 = Proven oil reserves in the top 15 countries, end-2011
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made, existing reserves are revised and technology and production rates change.

Source: IEA analysis.

More than 70% of the increase in proven reserves since 2000 has come from revisions
to reserves in discovered fields, known as reserves growth, with the rest coming from
discoveries. Discoveries have picked up in the last few years with increased exploration,
driven by higher oil prices, but they still lag production by a large margin. In 2011, 12 billion
barrels were discovered, equal to 40% of the oil produced during the year. The average
size of discoveries has tended to increase since the end of the 1990s, reversing the historic
trend, as exploration has focused on new deepwater locations.

Estimates of remaining recoverable resources (RRR), which include proven reserves plus oil
in existing fields that could be “proven up” in the future, as well as technically producible
oil that is yet to be found, provide a much better indication of long-term production

9. While some progress has been made in establishing a harmonised system of defining and classifying reserves,
the way they are measured in practice still differs by country and jurisdiction. Many oil companies use external
auditors of their reserve estimates based on the Petroleum Resource Management System (PRMS) methodology
(SPE, 2007) and publish the results, but some national companies do not, making it difficult to assess if PRMS
definitions are used consistently.
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potential. There is, inevitably, much more doubt about their size and, therefore, about
just how much oil remains available for future production. Based on data from a number
of sources, including the US Geological Survey (USGS) and the German Federal Institute
for Geosciences and Natural Resources (BGR), we estimate that remaining technically
recoverable resources (ultimately recoverable resources — less cumulative production to
date) at the end of 2011 amounted to close to 5 900 billion barrels —a 9% increase on last
year’s estimate (Figure 3.13). This estimate takes into account the latest USGS assessments
of undiscovered conventional resources worldwide (USGS, 2012a) and of reserve growth
potential (USGS, 2012b)%; it also takes into account an IEA estimate for potential light
tight oil resources (oil produced from shale, or other very low permeability rocks, with
technologies similar to those used to produce shale gas), which were not previously
included.

Figure 3.13 > Ultimately technically recoverable resources and cumulative
production by region in the New Policies Scenario
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are judged likely to be ultimately producible using current technology. Remaining recoverable resources are
equal to ultimately recoverable resources less cumulative production. The latter is shown in the chart as
a negative number, such that the total of the bars to the right indicates remaining recoverable resources.

Sources: BGR (2011); O&GJ (2011); USGS (2000, 2012a); IEA databases and analysis.

A large proportion of the world’s remaining recoverable resources of oil are classified
as unconventional, mainly light tight oil, extra-heavy oil, natural bitumen (oil sands) and

10. See Chapter 4, Box 4.2, for more detail about the USGS assessments.
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kerogen oil.'! In total, these unconventional resources amount to an estimated 3 200 billion
barrels — equal to more than half of all remaining resources (Table 3.3). Unconventional
resource estimates are less reliable than those of conventional resources, as they have
generally been less thoroughly explored and studied, and there is less experience of
exploiting them. In many cases, considerable technical, environmental, political and cost
challenges will need to be overcome for them to be produced commercially. Appraisal and
production is most advanced in North America, which largely explains why that region is
currently assessed to hold the largest estimated unconventional resources. Other regions
that have received less attention because of their large conventional resources, including
the Middle East and Africa, may also hold large volumes of unconventional oil.

Figure 3.14 > liquid fuels schematic
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Notes: For more discussion of unconventional oil, refer to WEO-2010, Chapter 4 (IEA, 2010). Field condensate
(natural gas liquids [NGLs] separated from a gas flow at the well site) is reported as part of crude oil in some
countries (OECD in particular) and part of NGLs in others (OPEC in particular).

The volume of remaining recoverable resources is obviously crucial to potential future
production. But it is important to allow for the trend that estimates of that volume
generally rise over time, as advances in technology open up new areas of production. Also,

11. We use in this chapter the same definitions of liquid fuels as in previous Outlooks (Figure 3.14), except
that this year we present separate projections for light tight oil and include them into the unconventional oil
category; in the past, these have been included in the figures for crude oil. This new classification for light tight
oil is coherent with our classification of shale gas as unconventional gas.
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technological advances can lower costs, thereby increasing the proportion of technically
recoverable resources that can be recovered commercially. Higher prices, which are
assumed in the Current and New Policies Scenarios, can also increase the recovery factor.
Thus, it is likely that the estimated size of ultimately recoverable resources of all types of
oil will increase further in the future.

Table 3.3 = Remaining technically recoverable oil resources by type and
region, end-2011 (billion barrels)

Conventional Unconventional

Kerogen Light

NGLs Total

oil tight oil
OECD 318 99 417 812 1016 101 1929 2345
Americas 253 57 310 809 1000 70 1878 2188
Europe 59 31 91 3 4 18 25 116
Asia Oceania 5 11 16 0 12 13 25 41
Non-OECD 1928 334 2261 1069 57 139 1264 3526
E. Europe/Eurasia 352 81 433 552 20 14 586 1019
Asia 95 26 121 3 4 50 57 178
Middle East 982 142 1124 14 30 4 48 1172
Africa 255 52 306 2 0 33 35 341
Latin America 245 32 277 498 3 37 538 815
World 2245 433 2678 1880 1073 240 3193 5871

Note: EHOB = extra-heavy oil and bitumen.
Sources: BGR (2011); O&GJ (2011); USGS (2000, 2012a, 2012b); IEA databases and analysis.

Production prospects

Oil supply —the production of crude oil, NGLs and unconventional oil, plus processing gains
— follows the same trajectory as demand in each of the three scenarios (Table 3.4); capacity
in excess of production is not modelled explicitly in our World Energy Model and therefore
is implicitly assumed to remain unchanged. In the New Policies Scenario, oil production (net
of processing gains) rises from 84 mb/d to 97 mb/d in 2035, the increase coming entirely
from natural gas liquids (NGLs) and unconventional sources. Output of crude oil (excluding
light tight oil) fluctuates between 65-69 mb/d over 2011-2035, never quite reaching the
historic peak of 70 mb/d in 2008, and falling by 3 mb/d in that period.

Non-OPEC production in total reaches a plateau around 53 mb/d after 2015 and begins
to decline soon after 2025, reaching 50 mb/d by the end of the projection period. Strong
growth in unconventional production — mostly from light tight oil and natural gas liquids in
the United States and from oil sands in Canada — is insufficient to offset the fall in non-OPEC
crude oil production. In contrast, OPEC oil production accelerates through the projection
period, particularly after 2020, rising from 36 mb/d in 2011 to 38.5 mb/d in 2020 and then
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to 46 mb/d in 2035. OPEC’s share of world oil production increases from 42% in 2011 to
48% in 2035 — a level still below the historical highpoint of 53% reached just before the
first oil shock in 1973. This increase is nonetheless less marked than in last year’s Outlook,
mainly due to the expansion of light tight oil production in non-OPEC countries, particularly
in North America.

Table 3.4 = Oil production and oil and liquids supply by type and scenario
(mb/d)

New Policies Current Policies 450 Scenario

2020 2035 2020 2035 2020 2035

OPEC 23.9 35.7 38.5 46.5 39.2 50.5 36.6 35.6
Crude oil 21.9 29.3 29.8 33.8 30.2 36.4 28.4 25.9
Natural gas liquids 2.0 5.7 7.0 9.8 7.3 10.9 6.6 7.5
Unconventional 0.0 0.7 1.8 2.8 1.8 3.2 1.7 2.2
Non-OPEC 41.8 48.8 53.2 50.4 54.3 54.9 51.5 41.1
Crude oil 37.6 39.2 37.1 31.6 37.8 345 36.1 25.6
Natural gas liquids 3.7 6.4 8.2 8.3 8.3 8.6 7.6 6.9
Unconventional 0.4 32 8.0 10.4 8.2 11.8 7.7 8.6
World oil production 65.7 84.5 91.8 96.8 93.5 105.4 88.2 76.6
Crude oil 59.6 68.5 66.9 65.4 68.0 70.8 64.5 51.5
Natural gas liquids 5.7 12.0 15.2 18.2 15.5 19.5 14.2 14.4
Unconventional 0.4 3.9 9.7 13.2 10.0 15.0 9.5 10.8
Processing gains 1.3 2.1 2.5 2.9 2.5 3.2 24 2.3
World oil supply* 67.0 86.6 94.2 99.7 96.0 108.5 90.5 79.0
World biofuels supply** 0.1 1.3 2.4 4.5 2.1 3.7 2.8 8.2

World total liquids supply 67.1 87.9 96.6 104.2 98.2 112.2 93.3 87.2

*Differences between historical supply and demand volumes are due to changes in stocks. **Expressed in
energy-equivalent volumes of gasoline and diesel.

The need to add new capacity is much bigger than the projected increase in output, because
of the need to compensate for the decline in production at existing oilfields as they pass
their peak and flow-rates begin to drop. Crude oil output from those fields that were in
production in 2011 falls by close to two-thirds, to only 26 mb/d by 2035 (Figure 3.15).
Thus, the projected production of 65 mb/d in 2035 requires almost 40 mb/d of new
capacity to be added over the projection period. Of this capacity, 26 mb/d, or 66%, comes
from discovered fields yet to be developed, most of which are in OPEC countries, and the
remaining 13 mb/d from fields that have yet to be found, mainly in non-OPEC countries. The
need for new capacity by 2020 is 10 mb/d. This analysis is based on production profiles of
oilfields according to their type and location. Observed decline rates — the average annual
rate of change in production for fields that have passed their peak — are set to rise over the
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projection period, as output shifts to smaller fields and deepwater developments, where
the rate of extraction relative to the size of the field tends to be highest (IEA, 2008). NGLs
from gas fields that are currently producing also decline substantially, but this is more than
outweighed by a big increase in new NGL capacity associated with higher gas production.

Figure 3.15 = World oil supply by type in the New Policies Scenario
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Overall, the total cumulative volume of oil produced in the New Policies Scenario between
2011 and 2035 is close to 800 billion barrels. Adding this to the total historical volume of
oil produced by the end-2011 means that, by 2035, just over 2 trillion barrels will have
been extracted. This is equal to about 28% of the world’s ultimately recoverable resources
(or 33% if kerogen oil is excluded from the calculation, as resource estimates outside the
United States are uncertain and prospects for commercial production in the United States
are likewise uncertain). Of the total amount of oil that is produced between 2011 and
2035, about 5% comes from crude oil fields that have yet to be found (Spotlight).

The output of NGLs is projected to grow strongly in the New Policies Scenario, rising from
12 mb/d in 2011 to just over 18 mb/d in 2035 and accounting for 50% of the net increase
in global oil production over that period (Figure 3.16).1> The main reason for this increase
is the growth in natural gas production, particularly in the Middle East, where gas generally
has a higher NGL content than in most other regions. North America is a strong contributor
to the growth in NGLs supply, as is the anticipated reduction in flaring of associated gas
(which tends to be relatively rich in NGLs) in Russia, Nigeria and Irag, among others.
Light tight oil production also grows rapidly, climbing from 1.0 mb/d in 2011 to a peak of
4.3 mb/d in the mid-2020s.

The strong growth in NGLs supply will add to the supply of light products, either for final
use or as feedstock to upgrading units in refineries, while increased output of light tight
oil will help to lighten feedstock to distillation units. However, these effects are expected

12. NGL production is reported in volume terms, but the balance between demand and supply is calculated on
an energy-equivalent basis, which takes into account the lower energy per unit volume of NGLs compared with
crude oil.
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to be at least partially offset by a rise in the share of extra-heavy oil and natural bitumen
in overall oil production (Figure 3.17). This changing production mix will require more
investment in upgraders for the heavier crudes and raw bitumen and in condensate and
NGL processing facilities for the lighter fluids.

Figure 3.16 = World oil production by type in the New Policies Scenario
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Output of oil sands in Canada grows rapidly, from 1.6 mb/d in 2011 to 4.3 mb/d in 2035, on
the assumption that public concerns about the environmental impact of their development
can be addressed. Venezuela is the other contributor to increased production of extra-
heavy oil, with production from the Orinoco Belt expected to reach 2.1 mb/d in 2035 — a
rise of 1.5 mb/d. This represents a conservative assessment of the announced projects,
which aim for an increase of 2.4 mb/d by 2017. Modest amounts of bitumen or extra-heavy
oil are also expected to come from Russia and China.

Figure 3.17 = World oil production by quality in the New Policies Scenario
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SPOTLIGHT

Are we finding enough crude oil to sustain production?

The number of oilfields that have been found and their average size has been in decline
for several decades (with a moderate turn around in recent years). Most of the world’s
super-giant fields (holding more than 5 billion barrels) were discovered before the
1970s and only one — Lula in Brazil — has been found in the last ten years (if, as generally
expected, its reserves are confirmed), and the rate of oil production has exceeded that
of discoveries by a wide margin for many years. Does this mean that resources will
simply not be big enough to support a continuing rise in output, such as that we project
in the New and Current Policies Scenarios and that a rapid decline is imminent?

The simple answer is: no. In the oil-supply module of the World Energy Model, which
is used to generate the projections, discovery rates are derived from country-by-
country estimates of ultimately recoverable resources. Production in each country
is then projected, based on investment in different categories of resource: existing
fields (including those in production and those awaiting development) and new fields
yet to be found, as well as unconventional resources. Investment is determined by
the profitability of each type of project, based on assumptions about the capital and
operating costs of different types of projects. Standard production profiles are applied
to derive the production trend for each type of field.

In the Current Policies Scenario, in which crude oil production expands most over the
projection period, the volume of resources that are developed in fields that are yet
to be found is actually well below the average rate of discovery of new fields over the
past decade or so. In 2000-2011, an average of 14 billion barrels was found each year;
the amount that needs to be discovered (and developed) to meet the Current Policies
Scenario projections for 2012-2035 is only 7 billion barrels per year. In other words, our
projections allow for the fact that discoveries are projected to continue to decline over
the longer term. The volume of oil that needs to be discovered to support the lower
projected production in the New Policies Scenario is correspondingly smaller.

In practice, it is far from certain that actual discoveries will fall that much: as mentioned
above, the fall in the rate of discovery has levelled off since the 1990s, mainly as a
result of higher oil prices, which have stimulated increased exploration activity. And
advances in exploration technology, including 3D seismic and sub-salt imaging, have
boosted exploration drilling success rates, reducing the number of dry wells, helping
to offset the effect of the diminishing average size of fields that are found in mature
areas and encouraging exploration in higher-risk, less-explored, areas that may lead to
larger discoveries. Indeed, with oil prices assumed to rise over the projection period
and further technical advances in prospect, it is not implausible that discovery rates
could actually increase over the medium term. Our analysis suggests that, for the
period to 2035, it is not the size of the resource base that is at issue for future oil supply,
but rather how demand for oil will be influenced by new policy measures, how much
resources will cost to develop and whether the conditions for investment — including
the oil price — will be conducive to producing them.
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The supply of oil from the conversion of natural gas and coal also expands considerably,
though volumes remain relatively modest. Gas-to-liquids (GTL) production increases from
76 kb/d in 2011 to around 900 kb/d in 2035; in the near term, output is given a big boost
by the ramping up of Shell’s 140 kb/d Pearl plant, which started up in 2011 and which
will triple global GTL production capacity. Several other plants have been proposed in the
Middle East and in North America, where the low price of gas relative to oil has enhanced
the economics of such plants. Output from coal-to-liquids (CTL) plants also increases, with
most of this coming from China (which, outside South Africa, is the only commercial CTL
producer today), Australia and the United States. Production of kerogen oil is projected to
take off only towards the end of the projection period, as the technology is still immature
and expensive, reaching 200 kb/d in 2035, with half of this coming from the Utah-Colorado
area of the United States.

Non-OPEC production

In the New Policies Scenario, non-OPEC production rises in the near term to more than
53 mb/d and then declines gradually to around 50 mb/d by 2035. However, there is a
marked shift in both the balance and the type of output (Table 3.5). The biggest increases
in non-OPEC supply occur in Brazil, Canada, Kazakhstan and the United States; output falls
in most others, notably China, the United Kingdom, Norway and also Russia. Growth in
production of unconventional oil, including light tight oil, and NGLs compensates for most
of the decline in crude oil output.

Figure 3.18 = United States oil production by type in the New Policies Scenario
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Note: The World Energy Model supply model starts producing yet-to-find oil after it has put all yet-to-
develop fields into production. In reality, some yet-to-find fields would start production earlier than shown
in the figure.

The resurgence of oil production in North America in the last few years is projected to

continue. Production in the United States hit a low of 6.9 mb/d in 2008 and has since been
rising strongly, reaching 8.1 mb/d in 2011. We project this upward trend to continue, with
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production climbing to a plateau of 11 mb/d before 2020 and then declining gradually
from the late 2020s to around 9 mb/d by 2035 (Figure 3.18). This is a significant upward
revision from last year’s Outlook. Light tight oil continues to rise into the 2020s (Box 3.3),
supplemented by deepwater output and by supplies of unconventional CTL, GTL and
kerogen oil, particularly towards the end of the projection period.

Table 3.5 = Non-OPEC oil production in the New Policies Scenario (mb/d)
2011-2035

1990 2011 2035 Delta CAAGR*

OECD 19.0 18.9 21.0 22.1 22.2 21.7 20.9 1.9 0.4%
Americas 13.9 14.6 17.0 18.6 18.9 18.7 18.1 3.5 0.9%
Canada 2.0 3.5 4.3 4.9 5.4 5.9 6.3 2.7 2.4%
Mexico 3.0 2.9 2.7 2.6 2.6 2.6 2.6 -0.3 -0.5%
United States 8.9 8.1 10.0 11.1 10.9 10.2 9.2 1.1 0.5%
Europe 4.3 3.8 3.4 2.9 2.6 2.3 2.1 -1.7 -2.5%
Asia Oceania 0.7 0.6 0.6 0.7 0.7 0.7 0.7 0.2 1.1%
Non-OECD 22.8 29.9 30.9 31.1 30.8 30.3 29.5 -0.4 -0.1%
E. Europe/Eurasia 11.8 13.7 13.8 13.4 13.4 13.8 13.9 0.2 0.1%
Kazakhstan 0.5 1.6 1.8 2.0 2.7 3.4 3.7 2.1 3.5%
Russia 10.4 10.6 10.5 10.1 9.5 9.3 9.2 -1.4 -0.6%
Asia 6.0 7.7 7.9 7.5 6.9 6.1 53 -2.4 -1.5%
China 2.8 4.1 4.3 4.3 4.0 3.3 2.7 -1.4 -1.7%
India 0.7 0.9 0.8 0.7 0.7 0.7 0.6 -0.3 -1.4%
Middle East 1.3 1.6 1.5 1.2 1.0 0.8 0.7 -0.9 -3.3%
Africa 1.7 2.6 2.8 3.0 2.8 2.6 2.4 -0.2 -0.3%
Latin America 2.0 4.2 5.0 6.0 6.8 7.0 7.1 2.8 2.2%
Brazil 0.7 2.2 2.8 4.0 5.0 5.5 5.7 3.5 4.1%
Total non-OPEC 41.8 48.8 52.0 53.2 53.0 51.9 50.4 185 0.1%
Non-OPEC market share 64% 58% 58% 58% 57% 55% 52% n.a. n.a.
Conventional 41.4 45.6 46.4 45.3 43.7 41.9 40.0 -5.6 -0.5%
Crude oil 37.6 39.2 39.0 37.1 354 335 31.6 7.6 -0.9%
Natural gas liquids 3.7 6.4 7.4 8.2 8.3 8.4 8.3 2.0 1.1%
Unconventional 0.4 3.2 5.6 8.0 9.4 101 104 7.2 5.0%
Canada oil sands 0.2 1.6 2.3 2.9 34 3.8 4.3 2.7 4.1%
Light tight oil = 1.0 2.6 3.8 4.3 4.0 3.4 2.3 5.1%
Coal-to-liquids 0.1 0.2 0.2 0.4 0.7 1.0 13 1.1 8.8%
Gas-to-liquids 0.0 0.0 0.0 0.1 0.2 0.3 0.4 0.4 10.2%
Share of total non-OPEC 1% 7% 11% 15% 18% 19% 21% n.a. n.a.

* Compound average annual growth rate.
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Box 3.3 = The rise and rise of light tight oil

The rise in light tight oil production in the United States in the last few years has been
nothing short of spectacular. Production from the Bakken formation had grown to more
than 600 kb/d by mid-2012 in North Dakota alone (the formation also extends into the
state of Montana in the United States and provinces of Manitoba and Saskatchewan in
Canada). Production from the Eagle Ford shale in south Texas, adjacent to the Mexican
border, is also expanding rapidly, from almost nothing three years ago to more than
300 kb/d by mid-2012. Combined US production from the Bakken, the Eagle Ford
and other emerging plays, such as the Niobrara (which straddles Colorado, Kansas,
Nebraska and Wyoming), the Texas Permian basin and the Californian plays, is expected
to reach over 3.2 mb/d by 2025 in the New Policies Scenario.

Resources are believed to be large enough to sustain production at that level until about
2030, before a decline in production sets in. The US Energy Information Administration
estimates that unproven recoverable resources of light tight oil at end-2009 stood
at 33 billion barrels; adding about 2 billion barrels of proven reserves yields a figure
for total remaining resources of 35 billion barrels. Some industry sources claim that
recoverable resources will end up being much larger, capable of sustaining a higher
level of production for longer than we project here. In addition to light tight oil, shale
gas plays contribute to the rise in liquid hydrocarbons production in the United States,
with the output of NGLs projected to grow by 1 mb/d between now and 2020, reaching
3.2 mb/d, before slowly decreasing to 2.3 mb/d in 2035, as the known liquids-rich gas
plays are exhausted and gas production refocuses on dry gas.

Canada has joined the light tight oil boom with production reaching 190 kb/d in 2011
from the Canadian part of the Bakken and from other emerging plays. We project
Canadian light tight oil production will reach more than 500 kb/d by 2035. NGLs
from shale gas plays also increase significantly, offsetting falling production from
conventional gas plays. Outside North America, production of light tight oil and of
NGLs from shale is unlikely to make a large contribution to global oil supply before
2020. Even beyond 2020, our projections for light tight oil production outside North
America remain small, with only China passing the 200 kb/d mark, Argentina reaching
150 kb/d and all other countries remaining below 100 kb/d, as we have yet to see
sufficient progress in confirming resources. But there is clearly some upside potential:
the Neuquén basin in Argentina shows promise, while the extension of the Eagle Ford
shale into Mexico is also a focus of attention; China could grow a light tight oil industry,
in parallel with its efforts on shale gas; and Russia is thought to have significant
resources, in particularin the Bazhenov shale in Western Siberia, which are under study.
As it uses the same production technologies as shale gas, light tight oil production will
require similar attention to the reduction of environmental impacts as unconventional
gas developments (see Chapter 4, Focus on Prospects for Unconventional Gas); and
development of gas gathering infrastructure to prevent flaring the large quantities of
associated gas (Chapter 4, Box 4.4).
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Our estimate of ultimate recoverable resources worldwide now includes about
250 billion barrels of light tight oil — around 10% of remaining conventional resources
— but this could increase markedly as more is learned about the resources and the
associated recovery factors (although some of these resources are in countries that
are well endowed with conventional oil). Our current understanding of the resource
base inclines us to the view that light tight oil might not turn out to be as important
as shale gas, resources of which are about half the size of conventional gas globally.

Production in Canada is projected to rise steadily as oil-sands production grows by two-and-
a-half times to 4.3 mb/d by 2035, more than offsetting a decline in conventional output. This
projection assumes that environmental concerns can be assuaged and that infrastructure
to bring the oil to markets in the United States or to Asia can be built. In January 2012, the
US administration rejected a request for authorisation to build the Keystone XL pipeline
from Alberta, Canada to the Gulf Coast in Texas to ship oil derived from oil sands and light
tight oil from the Bakken Shale. TransCanada, the project sponsor, has since resubmitted
a revised application, with a somewhat modified route. The construction of the southern
section (entirely within the United States, from Cushing, Oklahoma, to the Gulf Coast) is
now underway. Other options for additional Canadian and Bakken oil to reach the Gulf
Coast refineries include expansion of the Enbridge Flanagan South pipeline. There are also
proposals to pipe the oil to the Canadian west coast for shipping to Asian markets, but they
also face opposition on environmental grounds. Without new export capacity, western
Canadian oil production would exceed regional consumption and current export capacity
before 2016.

In contrast, Mexico’s oil production continues to decline in the near term, mainly due to
further declines at the super-giant Cantarell field and other mature fields. Cantarell, once
the world’s second-largest producing field, has been declining extremely rapidly in recent
years; it is currently producing only about 400 kb/d, down from a peak above 2.1 mb/d
in 2003-2004. Pemex, the national oil company, is now focusing its efforts on further
development of the Ku/Maloob/Zaap complex in an area adjacent to Cantarell, where
production has risen to over 850 kb/d. In the longer term, Mexican production in total is
projected to bottom-out at around 2.5 mb/d by the mid-2020s and then recover slowly, on
the assumption that sufficient investment is made in developing new fields, for example in
the Mexican sector of the deepwater Gulf of Mexico, and in arresting the decline at existing
fields. Production could rebound faster; indeed the Energy Strategy 2012-2026 published
this year by the Mexican Ministry of Energy calls for crude oil production alone to grow to
3.3 mb/d by 2026, from 2.6 mb/d in 2011 (Secretaria de Energia, 2012).

A large fall in non-OPEC oil production is projected to occur in Europe, where output almost
halves from 3.8 mb/d in 2011 to 2.1 mb/d in 2035 — almost entirely due to dwindling
output from North Sea fields. Output falls most sharply in the United Kingdom, where the
industry is the most mature. Most UK producing fields are already in long-term decline
and the fields that have been found in recent years are generally very small. By 2035,
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Box 3.4 = Arctic waters: the final frontier?

Interest in developing offshore oil and gas resources in the Arctic has grown in recent
years. An assessment carried out by the USGS in 2008 estimated total undiscovered
technically recoverable crude oil resources north of the Arctic circle at 90 billion
barrels (14% of the world total) and gas resources at 47 trillion cubic metres (more
than a quarter of the global total), containing an estimated 44 billion barrels of natural
gas liquids (USGS, 2008). About 84% of the estimated resources are thought to lie
offshore. Exploration in Arctic waters has been underway for decades in Russia, and
more recently in Norway, Canada and Greenland. No commercial discoveries have been
made yet in Canada or Greenland, but several fields have been found in the Norwegian
Barents Sea and offshore Russia — notably the Shtokman gasfield, discovered in 1988,
which is still awaiting development (see Chapter 4). The first Russian offshore Arctic
oilfield slated for production is Gazprom’s Prirazlomnoe field in the Pechora Sea,
although further drilling has been postponed until 2013. Gazprom is considering other
Arctic developments and Rosneft, the state-owned Russian oil company, has recently
signed agreements with Eni, ExxonMobil and Statoil to explore Arctic waters.

Arctic oil production is also due to begin in Norway in 2013, when construction work
on the Goliat oilfield in the Barents Sea is completed. Goliat, located about 70 km
offshore, was discovered in 2000 and is expected to produce 100 kb/d when it reaches
plateau, soon after production starts. In April 2011, Statoil and Eni found the Skrugard
field, also in the Barents Sea, about 190 km offshore; the field is thought to contain
250 million barrels of recoverable oil, making it marginally bigger than Goliat. Statoil
hopes to bring Skrugard into production within five to ten years. In 2010 Russia and
Norway reached an historic agreement defining their maritime boundaries in the
Barents and Arctic Seas, resolving a 40-year dispute and boosting long-term prospects
for exploration in both countries. Elsewhere, Shell’s plans to drill in the Chukchi
and Beaufort seas off the coast of Alaska have been held back by the complexity of
operations and by environmental concerns, with the completion of the first wells
likely only in 2013. In July 2012, BP announced that it would not go ahead with a
ground-breaking $1.5 billion project to develop the Liberty oilfield in the Beaufort Sea
in Alaska, using extended-reach drilling, after concluding it would be too expensive.
Cairn Energy carried out an exploration campaign in offshore eastern Greenland in
2010 and 2011 but, after drilling eight wells at a cost of almost $1 billion, has yet to
identify commercial quantities of oil.

In view of the technical and environmental challenges and high cost of operating in
extreme weather conditions, including the problems of dealing with ice floes and
shipping in water that remains frozen for much of the year, we do not expect the
Arctic offshore to make a large contribution to global oil supply during the Outlook
period. However, subject to the trajectory of oil demand, Arctic resources could play a
much more important role in the longer term. Technological advances and/or higher
oil prices could also result in production taking off before 2035.
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UK output is projected to reach just 340 kb/d, compared with 1.1 mb/d in 2011 and its peak
of 2.9 mb/d in 1999. Norway’s production is also declining, having already dropped from
3.4 mb/d in 2001 to 2 mb/d in 2011, and is projected to fall by another 0.7 mb/d by 2035.
However, the pace of decline is expected to be offset to some degree by rising production
from the Norwegian and Barents Seas, where some sizeable new fields have been found
recently (Box 3.4), as well as from the giant Johan Sverdrup field recently discovered in the,
otherwise mature, central North Sea.

Qil production in Russia, which reached 10.6 mb/d in 2011 (its highest levels since the
collapse of the Soviet Union), is expected to level off at less than 11 mb/d in the coming
years, before beginning a gradual decline to 9.2 mb/d in 2035. Despite the record output,
Russia relinquished its position as the largest oil producer in the world to Saudi Arabia in
2011 and, in our projections, is overtaken also by the United States before 2020. Russia
has large conventional crude oil resources but they are often located in remote, northerly
areas, where operating conditions are very difficult, and so will be costly to develop. New
fields in eastern Siberia, together with NGLs from rising gas production (see Chapter 4),
are expected to contribute most to new supply, offsetting much of a projected decline
from mature producing basins in the Volga-Urals and Western Siberia (see WEO-2011 for
a detailed account of Russian production prospects). The latter regions currently account
for well over four-fifths of Russian oil production. These projections are underpinned by an
assumption that the licensing and tax regime will be adjusted as necessary to encourage
investment, both in existing producing areas and new regions.

Kazakhstan is the driver of increased Caspian production over the Outlook period.
Production growth, especially in the medium term, comes primarily from the Kashagan
and Tengiz fields, pushing total supply up from 1.6 mb/d in 2011 to 3.7 mb/d in 2035.
We have reduced our medium-term projections, compared with WEO-2011, to reflect
project delays. The first phase development of the super-giant Kashagan field is expected
to start production in mid-2013, but there are significant uncertainties over the prospects
and timing for the larger second phase that could take overall production from the field
beyond the 1 mb/d mark. Other Caspian countries see their production decline, except
Turkmenistan, where the large increase in gas production brings forth enough additional
NGL supply to offset the drop in crude oil production.

Oil production in non-OPEC Latin America increases steadily through the projection period,
primarily as a result of strong growth in Brazil. Output falls in the other main producing
countries in the region, except Peru; Colombia sees an initial rise, before starting to decline
from the late 2010s. Thanks to a series of major deepwater discoveries, Brazil is set to
become the fastest-growing oil producer outside the Middle East (Box 3.5). In the New
Policies Scenario, total Brazilian oil production is projected to climb briskly, especially
during the latter half of the current decade (though not as quickly as targeted by the
national oil company, Petrobras, and not as quickly as projected in last year’s Outlook,
due to project delays). Total output reaches 4.0 mb/d in 2020 and continues to climb
thereafter, reaching 5.7 mb/d by 2035. Brazil also sees a further big increase in biofuels
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Box 3.5 = Brazil's oil boom gathers pace

Brazil offers the brightest prospects for oil production outside OPEC. Output has been
growing in recent years, thanks to the development of fields in the Campos and Santos
Basins, located off the country’s southeast coast. These basins hold the vast majority
of Brazil’s proven reserves. In 2007, a consortium of Petrobras (the state-controlled
oil company), BG Group and Petrogal discovered the Tupi field (since renamed Lula) in
the Santos basin, which contains substantial reserves, under a thick layer of salt, some
5 000 metres below the seabed, in 2 000 metres of water. This deepwater “pre-salt”
discovery was quickly followed by several others in the same basin, including Iracema
(renamed Cernambi), Jupiter, Carioca, lara, Libra, Franco and Guara. Just how much
oil can be recovered from these fields is still not clear. Petrobras, which has important
stakes in all the pre-salt finds, estimates that Lula contains 6.5 billion barrels of oil
equivalent (bboe) of recoverable resources, Cernambi 1.8 bboe and Guara 1.1 bboe,
most of which are oil. If the resources in these three fields alone are proved up, they
would increase Brazil’s total proven reserves by up to two-thirds.

In 2010, a set of laws was adopted to regulate the development of Brazil’s pre-salt
reserves. A new public national company, Pré-Sal Petréleo S.A. (PPSA), and a national
development fund, into which tax revenues from pre-salt production are to be
directed, were established. A production-sharing agreement system was introduced
for pre-salt fields, whereby Petrobras will hold a minimum 30% stake and take on the
role of operator in every field development (existing fields and future non-pre-salt
discoveries are covered by a concession-based system).

The pre-salt fields are expected to drive most of the growth in Brazil’s oil production.
Pilot projects at Lula and Guara, which were started in 2010 and 2011 respectively, are
together currently producing over 100 kb/d; smaller volumes are also being produced
from pre-salt fields in the Campos and Espirito Santo basins. Petrobras plans to raise
pre-salt production progressively through a large-scale development programme. This
will be costly and technically challenging, in view of the water depth, the complexity of
drilling through the salt layer, the distance from shore (more than 250 kilometres) and
the logistical difficulties of managing such a large-scale programme. The production
sharing agreements for the pre-salt fields (and the concession contracts for other fields)
are based, in part, on a commitment to local content (up to 65%) and employment.
Although the Ministry of Energy carefully monitors that such commitments are
reasonable, the level of activity could stretch local capabilities and contribute to delays.

Petrobras currently plans to invest close to $60 billion in developing the pre-salt fields
over the period 2012-2016, with additional investment from partners. This spending
will cover the installation of 19 offshore platforms and the drilling of up to 500 wells.
In its latest business plan, released in June 2012, the company is targeting total oil
production of 4.2 mb/d by 2020, almost half from the pre-salt fields. Our projections
are more conservative.
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production (see Chapter 7), helping to push up total liquids supply from 2.5 mb/d in 2011
to0 6.8 mb/d in 2035. Oil output in the other non-OPEC Latin American countries collectively
increases in the near term, thanks mainly to Colombia, but starts to decline from the end of
the current decade as fields in mature areas, notably in Argentina, are depleted. Argentina’s
prospects are brightened to a degree by the assumed emergence of a shale gas industry,
which brings higher production of NGLs and the start of light tight oil production. The pace
of development will depend on supportive conditions for upstream investment and the
recent renationalisation of the YPF company has heightened concerns on this front.

The prospects for oil production in non-OPEC African countries have improved significantly
in the last few years with some important commercial discoveries in several western and
eastern Africa countries, notably Cameroon, Ghana, Equatorial Guinea, Republic of Congo,
Uganda, Tanzania and, most recently, Kenya, which announced its first onshore find in early
2012 and has licensed deepwater acreage for exploration. Nonetheless, the outlook for
production remains very uncertain, as recently discovered fields have yet to be evaluated
thoroughly. Reflecting this, non-OPEC African production in total is projected to grow from
around 2.6 mb/d in 2011 to about 3.0 mb/d by 2020 and then drop back to 2.4 mb/d,
because of declining output in the mature producing countries such as Egypt, Sudan, Chad
and Gabon. In the Middle East, non-OPEC production is projected to continue to dwindle
(despite the prospect of some kerogen oil production in Jordan and possibly Morocco
towards the end of the Outlook period) as the main current producers — Oman, Syria and
Yemen — all experience declines. China’s production holds more-or-less steady near 4 mb/d
through to 2025 before commencing a steady decline due to conventional oil resource
limitations, despite an increase in offshore production, CTL and light tight oil production. In
most other regions, production declines through to 2035.

OPEC production

Qil production in OPEC countries as a group is poised to grow considerably over the longer
term, reflecting their large resource base and relatively low finding and development costs,
though short-term market management policies will probably continue to constrain the
rate of expansion of supply. In the New Policies Scenario, OPEC output rises slowly in the
medium term, from 35.7 mb/d in 2011 to 38.5 mb/d in 2020, and then more briskly, to
46.5 mb/d in 2035. The bulk of the increase in OPEC production comes from the Middle
East, predominately Iraq,*® though all OPEC countries in this region see an increase in output
over the projection period (Figure 3.19 and Table 3.6). Outside the Middle East, production
rises in all member states, except Angola and Ecuador. Crude oil accounts for 40% of the
increase in OPEC oil production over 2011-2035, with NGLs contributing another 40% and
unconventional oil — mainly Venezuelan extra-heavy oil — the remaining one-fifth.

Saudi Arabia, with the world’s largest conventional oil reserves and substantial
undeveloped resources, remains well-placed to augment its oil production capacity over
the coming decades; but long-term resource depletion considerations and short-term

13. See Chapter 14 in Part C for a detailed discussion of the outlook for oil production in Iraq.
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market management policies are assumed to continue to constrain the pace of upstream
investment and production growth. Output, which averaged just over 11 mb/d in 2011, is
projected to drop back slightly in the medium term, as the call on the country’s capacity
falls with the strong rise in production from Iraq and other producers, but then rises
to 12.3 mb/d in 2035. Almost half of the increase in Saudi oil supply comes from NGLs,
resulting from strong projected growth in natural gas production.

Figure 3.19 = Change in oil production in selected countries in the New
Policies Scenario, 2011-2035
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Note: Libya also has a large increase in oil production between 2011 and 2035, as 2011 production was
exceptionally low due to the conflict.

These projections take account of Saudi Arabia’s stated policy of maintaining spare
crude oil production capacity of around 1.5-2 mb/d over the longer term.' In 2010, the
national company, Saudi Aramco, completed a $100 billion investment programme to
expand sustainable crude oil production capacity to about 12 mb/d, of which the most
important component was the development of the 1.2 mb/d Khurais field and the 500 kb/d
Khursaniyah field. The next major project, the development of the 900 kb/d Manifa offshore
field, has been accelerated to supply the heavy crude needed to feed three refineries

14. In August 2012, Saudi Arabia had spare capacity of around 2 mb/d with production (excluding NGLs) running
at just under 10 mb/d, according to the IEA’s monthly Oil Market Report (IEA, 2012e).
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that are under construction; it is now due to come on stream in 2014, instead of 2016
as previously planned. Aramco is also upgrading facilities at the heavy oil Safaniyah field,
the world’s largest offshore oil field. In addition, Chevron is testing steam injection at the
Wafra oilfield in the Neutral Zone, which Saudi Arabia shares with Kuwait, ahead of a final
decision on whether to implement the technology on a large scale to boost production
of heavy oil from the field, where pressure and flow rates are dropping. If approved, this
would be the largest steam-injection project in the world. These projects are intended
mainly to compensate for declines in production capacity at existing fields, some of which
have been producing for more than half a century, rather than to boost overall capacity.

Table 3.6 = OPEC oil production in the New Policies Scenario (mb/d)

2011-2035

1990 2011 2015 2020 2025 2030 2035 Delta CAAGR*
Middle East 16.4 25.8 26.3 27.8 29.4 314 34.4 8.5 1.2%
Iran 3.1 4.2 3.2 33 3.6 4.0 4.5 0.3 0.3%
Iraq 2.0 2.7 4.2 6.1 6.9 7.5 8.3 5.6 4.7%
Kuwait 13 2.7 2.8 2.7 2.7 2.8 3.1 0.4 0.5%
Qatar 0.4 1.8 1.9 1.8 2.0 2.2 2.5 0.7 1.4%
Saudi Arabia 7.1 11.1 10.9 10.6 10.8 11.4 12.3 1.2 0.4%
United Arab Emirates 2.4 33 34 33 33 34 3.7 0.4 0.4%
Non-Middle East 7.5 9.8 11.0 10.7 11.0 11.6 12.1 2.3 0.9%
Algeria 1.3 1.8 1.9 1.9 1.9 2.0 2.0 0.2 0.4%
Angola 0.5 1.7 1.8 1.7 1.7 1.7 1.6 -0.1 -0.3%
Ecuador 0.3 0.5 0.5 0.4 0.3 0.3 0.3 -0.2 -2.3%
Libya 1.4 0.5 1.6 1.6 1.8 1.9 2.0 1.5 6.1%
Nigeria 1.8 2.6 2.6 24 2.5 2.7 2.7 0.2 0.2%
Venezuela 23 2.7 2.6 2.7 2.9 3.2 3.5 0.8 1.0%
Total OPEC 23.9 357 373 385 404 43.0 46.5 10.8 1.1%
OPEC market share 36% 42% 42% 42% 43% 45% 48% n.a. n.a.
Conventional 239 35.0 36.0 36.8 38.3 40.6 43.6 8.7 0.9%
Crude oil 21.9 29.3 29.6 29.8 30.6 31.7 33.8 4.5 0.6%
Natural gas liquids 2.0 5.7 6.4 7.0 7.7 8.8 9.8 4.2 2.3%
Unconventional 0.0 0.7 1.3 1.8 2.1 2.5 2.8 2.1 6.1%
Venezuela extra-heavy 0.0 0.6 0.9 1.4 1.6 1.8 2.1 1.5 5.6%
Gas-to-liquids - 0.0 0.2 0.2 0.3 0.4 0.5 0.5 11.3%
Share of total OPEC 0% 2% 3% 5% 5% 6% 6% n.a. n.a.

* Compound average annual growth rate.

The prospects for production in Iran remain clouded by uncertainty over the impact of
international sanctions and the country’s upstream investment policies. The country has
the resources to support a big increase in production, but a lack of capital and technical
expertise have held back investment and led to stagnating output. Rising demand for
natural gas for power generation and industrial uses has also limited the availability of
gas for injection into oilfields to bolster flow-rates. In 2012, the United States and the
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European Union implemented the most comprehensive sanctions yet on the country’s oil
and financial sectors. This has resulted in a steep drop in exports, now expected to hover
near 1 mb/d in the second half of 2012, compared to 2.5 mb/d a year ago. The loss of
revenue and even more constrained access to technology and capital is expected to quickly
turn this reduced production into a reduced capacity as well, from which the country’s
production will take several years to recover. In the New Policies Scenario, we assume that
Iranian oil production declines significantly in the next few years, but recovers after 2020
—in part thanks to higher NGLs output with rising gas production — on the assumption that
the current stand-off eventually gets resolved.

Iraq (discussed in detail in part C) is poised to be by far the largest contributor to growth in
world supply. In the Central Scenario for Irag, which forms part of the overall New Policies
Scenario, production grows from 2.7 mb/d in 2011 to 6.1 mb/d in 2020 and 8.3 mb/d in
2035. A High Case anticipates faster growth to more than 9 mb/d in 2020, closer to what is
being envisaged in the signed contracts with international oil companies in Irag. A Delayed
Case investigates the consequences of a slower pace of investment, with production
growing only to 5.3 mb/d in 2035.

Oil production in the United Arab Emirates (UAE) — the fifth-largest OPEC producer — has
been rising steadily in recent years, driven by capacity additions in Abu Dhabi; current
UAE crude oil capacity is estimated at 2.8 mb/d while NGL production is running at about
800 kb/d. As a result of weaker global oil-demand growth than expected and OPEC quotas,
the government has delayed a plan to raise crude oil capacity to 3.5 mb/d to 2018.
Development of a new field — Qusahwira — and the extension of some old giants — Bab and
Upper Zakum— are currently being undertaken by the Abu Dhabi National Oil Company
and its partners, which between them are expected to add about 250 kb/d by 2014 and
another 250 kb/d by 2016. Other companies are also planning capacity increases, though
this is likely to take place only after decisions are taken on the renewal of the concessions,
due in 2014. National production is projected to reach 3.7 mb/d in 2035, up from 3.3 mb/d
in 2011, with most of the increase coming from NGLs.

The outlook for oil production in Kuwait remains uncertain, given continuing political
opposition to allowing foreign companies with the requisite expertise to develop the
country’s heavy oil resources. The country aims to boost overall crude oil capacity to
4 mb/d by 2020, from its current level of 2.7 mb/d, and to maintain it through to 2030,
but achieving that will be difficult without the extensive involvement of international
companies. For now, the national oil company, Kuwait Petroleum Corporation, is pursuing
enhanced technical service agreements as a way of raising production at old producing
fields and developing new ones, including the Sabriyah and Umm Niga fields, which contain
heavy sour crude oil. We project production to remain flat over the next few years and then
edge up towards 3.1 mb/d by 2035.

In Qatar, projected growth in oil production of 700 kb/d to 2.5 mb/d between 2011 and
2035 comes from NGLs and GTL, with crude oil and condensate output decreasing slightly.
The current moratorium on new gas projects is assumed to be lifted after 2015, paving
the way for new supplies of NGLs in the 2020’s; NGL output has soared in recent years,

116 World Energy Outlook 2012 | Global Energy Trends



© OECD/IEA, 2012

as a wave of LNG projects has come on stream. GTL capacity will soon reach 174 kb/d,
when the 140 kb/d Pearl plant is fully operational, adding to the existing 34 kb/d Oryx
plant, commissioned in 2007. GTL capacity is projected to rise to close to 400 kb/d by 2035
(though no firm projects are planned as yet), as this would help Qatar to hedge against
diverging price trajectories for LNG and oil.

The outlook for production in Nigeria, which holds large resources, hinges on resolving the
persistent problems caused by civil conflict in the key producing regions and improving the
transportation infrastructure, the state of which has led to sporadic disruptions to supply.
Some 200 kb/d remains shut-in at the time of writing. These problems, the inability of the
Nigerian National Petroleum Company to fund its share of investment in joint ventures
with international companies, and delays in agreeing a new Petroleum Industry Bill have
paralysed investment in recent years. If adopted, new legislation could stimulate growth in
output, though this would happen only slowly, given the long lead times for new projects.
Output is projected to dip from 2.6 mb/d in 2011 to around 2.4 mb/d by 2020, recovering
to 2.7 mb/d by 2035, on the assumption that the required investment is forthcoming.
Production in Angola — the other western African OPEC member state — is projected to
remain flat through to 2035 at around 1.6 mb/d, on the expectation that new deepwater
discoveries yield enough oil to offset declines at existing fields.

Production prospects in Libya are a little clearer than a year ago, with the end of the civil
war that began in spring 2011 and rapid progress in restoring damaged capacity. Output
is expected to reach close to 1.6 mb/d in 2012, just shy of the 1.7 mb/d produced in 2010,
and to stay near that level for a few years before resuming a slow upward path. As existing
fields are entering their decline phase, boosting output will depend on new fields and on
the success of exploration efforts, which had been stepped up between 2007 and 2011,
but have thus far yielded disappointing results. Algeria is facing similar problems, which,
together with a fall in discoveries, have led to a slow decline in production since 2007 to
around 1.8 mb/d in 2011. A new Hydrocarbons Law adopted in 2005 has failed to stimulate
investment in exploration: only two out of ten oil and gas permits on offer were awarded
in the last licensing round in March 2011. As a result, the energy minister announced in
December 2011 that changes would be proposed to reduce delays in sanctioning projects
and improve financial terms. Output is projected to pick up slowly through the projection
period, on the assumption that new upstream rules bear fruit.

Qil production in Venezuela has been hindered in recent years by under-investment by
the national company, PDVSA, and the government’s policy of seeking greater control
over natural resources, which has discouraged foreign investment. On the assumption
that there is no major change in the political climate, we project output of conventional
oil (crude oil and NGLs) to continue to decline from its 2011 level of 2.1 mb/d through
to 2020, before stabilising at around 1.3-1.4 mb/d. However, this decline is more than
outweighed by a sharp increase in production of extra heavy oil in the Orinoco Belt, which
jumps from 570 kb/d in 2011 to 2.1 mb/d in 2035. A number of production blocks have
been established, which are being developed in parallel by PDVSA, in partnership with
national and international oil companies (PDVSA holds a 60% stake in each case).
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Output in Ecuador, the smallest OPEC producer, is projected to decline gradually through
the projection period, though development of the Ishpingo-Tambococha-Tiputini complex
of heavy oilfields in the Yasuni National Park in the Amazon — if allowed to proceed — could
help stabilise production, at least in the medium term. The government has proposed
refraining indefinitely from developing the fields in exchange for half of the value of the
reserves, which it puts at $3.6 billion, in the form of donations from the international
community. By early 2012, it had raised less than $120 million.

Prospects for offshore and deepwater production

The importance of offshore oil fields to future supply derives from the large resources
estimated to be located under the sea. Out of our estimate of close to 2 700 billion barrels
of remaining recoverable conventional oil (excluding light tight oil), about 45% is in offshore
fields. Of those offshore resources, about a quarter are expected to be under deepwater,
defined as water with a depth in excess of 400 metres. If we look at non-OPEC countries,
the fractions are even higher: 55% offshore, of which one-third is in deepwater. The
rapid growth of deepwater developments since 2000 was interrupted in 2010, after the
Macondo disaster and oil spill in the Gulf of Mexico. This led to a prolonged moratorium on
further deepwater developments in the Gulf of Mexico and a slowdown of development
elsewhere, as regulators and companies reviewed safety procedures.

The Macondo disaster has led oil companies, service companies and regulators to review
all aspects of offshore operations and procedures in an effort to avoid, or handle effectively,
any further such incidents in all producing regions. In the United States, the Department of
the Interior has introduced new safeguards, including a requirement to demonstrate the
capacity to contain blowouts, and has reformed its management and oversight of offshore oil
and gas development, separating safety regulation from developmental decision making. It
has also established a new safety and environmental management system. The oil industry,
in addition to developing the needed containment capacity, has taken action to improve
its safety processes. These changes are expected to entail tougher scrutiny by regulators
and higher costs in some instances, which may hinder, to some degree, new developments
in the United States and elsewhere. This is compounded by the fact that several other
incidents have taken place in the past two years, even though they involved much smaller
spills and did not receive the same media coverage as Macondo. For example, in 2011, the
Chevron-operated Frade field, offshore Brazil, had a 3 000 barrel spill; ConocoPhilips had
two incidents (700 barrels of crude oil and 2 600 barrels of mineral oil based drilling fluid,
which was largely recovered) in the Bohai Bay offshore China; Shell had a spill offshore
Nigeria, while transferring oil to a tanker; while, in 2009, an extensive spill occurred in
the Timor Sea between Indonesia and Australia. These incidents certainly illustrate that
offshore drilling continues to test the limits of the industry’s safety procedures. Regulators
have adopted a tougher stance on incidents, proposing heavy fines, which are still in
litigation for the incidents listed above.

Nonetheless, the projected contribution of offshore fields to global crude oil production
is projected to be relatively stable over the projection period (Figure 3.20). Deepwater
production expands from 4.8 mb/d in 2011 to about 8.7 mb/d by 2035, offsetting a decline in
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shallow-water production (mainly in the North Sea and the Gulf of Mexico). The expansion
of output from deepwater fields will be driven mainly by new developments in Brazil, West
Africa and the US part of the Gulf of Mexico. Deepwater production in the United States,
which, compared with what production would have been, fell by an estimated 300 kb/d
in 2011 as a result of the five-month moratorium on all deepwater drilling, is expected to
resume growth in the coming years. This growth will be slow at first as new developments
gradually replace decline at existing fields, then accelerate at the end of the decade. In
Brazil, deepwater production, mainly from pre-salt fields (Box 3.5), accounts for the bulk of
the projected growth in the country’s production to 2035, contributing 2.9 mb/d by 2020
and 4.4 mb/d by 2035.

Figure 3.20 = World offshore crude oil production by physiographical
location and region in the New Policies Scenario
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Trade

The projected trends in demand and supply in the New Policies Scenario result in a
significant expansion in inter-regional trade in oil, from 42.1 mb/d in 2011 to 50.2 mb/d
in 2035 — an increase of almost 20%. This is almost as big as the projected 12.3 mb/d rise
in global oil demand. As a result, the share of oil supply that is traded inter-regionally
rises from 48% to 50%. The Middle East, already the biggest exporting region, contributes
the largest increase to net exports; they rise from 20.7 mb/d to 25.7 mb/d between 2011
and 2035, the region’s share of global inter-regional trade jumping from 49% to 51%. Net
exports from Eastern Europe/Eurasia (Russia and the Caspian region) decline slowly, as
surging domestic demand outstrips the expansion of production, while net exports from
Africa and particularly Latin America increase.

Trends in the net oil-importing regions diverge: imports rise strongly in non-OECD Asia,
mainly due to a continued surge in imports into China and India (Figure 3.21). China’s
imports jump from 4.9 mb/d in 2011 to 12.3 mb/d in 2035, so that it overtakes the United
States as the largest oil importer in the world after 2015. India’s imports grow less in
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absolute terms — from 2.5 mb/d to 6.9 mb/d — but at a faster rate. Net imports into Europe
decline over the projection period, but only marginally, and remain at 8 mb/d in 2035.
By contrast, in the United States, imports fall sharply as a result of falling demand and
increasing indigenous production. By the end of the projection period, imports into the
United States are only 3.4 mb/d and North America as a whole becomes a net exporting
region. By 2035, the bulk of Middle East and African exports are likely to be shipped to
Asian markets, though contractual terms and geopolitical factors may, in some instances,
result in oil flowing in directions that are not consistent with relative transport costs (which
drive trade in our modelling of trade flows).

Figure 3.21 > Net oil imports in selected countries and regions in the New
Policies Scenario
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Import dependence, as measured by the share of net imports in demand, increases in all
regions except the Americas. In the case of China, imports make up 82% of the country’s
total oil needs in 2035, compared with only 54% today. In Europe and OECD Asia Oceania,
import dependence remains very high. For all importing regions, including the Americas,
concerns about oil supply security will remain at the fore in view of the world’s increasing
reliance on supplies from a small number of producers, the increasing role of the Middle
East and the growing reliance on shipping routes that are potentially vulnerable to
disruption (see Chapter 2).

Investment in oil and gas

Worldwide upstream oil and gas investment®® is budgeted to rise by around 8% in 2012
over the level in 2011, reaching a new record of $619 billion — more than 20% higher
than in 2008 (Table 3.7).1® Capital spending rose by 13% in 2011 over 2010. Increased

15. This section covers both oil and gas as companies often do not report such investments separately. Some
additional, gas specific, information can be found at the end of Chapter 4.

16. These investment trends are based on the announced plans of 70 oil and gas companies. Total upstream
investment is calculated by adjusting upwards their spending according to their share of world oil and gas
production for each year.
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spending since 2009 reflects a combination of higher oil prices, which increased potential
investment returns, and the rising costs of current and planned projects. Our survey of the
spending plans of 25 leading companies points to a faster increase in upstream spending
in 2012 than downstream. This reflects weak refining margins and the expectation that the
downstream overcapacity that has developed in some regions in the last few years may
persist for several years (Box 3.6).

Table 3.7 = Oil and gas industry investment by company (nominal dollars)

Upstream Total
2012 Change 2011 2012  Change
2011/12
Petrochina 27.5 29.3 6% 45.1 48.0 6%
Petrobras 23.0 28.4 23% 43.2 47.3 10%
ExxonMobil 33.1 333 1% 36.8 37.0 1%
Chevron 23.9 28.5 19% 26.5 32.7 23%
Royal Dutch Shell 19.1 24.4 28% 235 30.0 28%
Gazprom 39.3 245 -38% 43.5 27.5 -37%
Sinopec 9.3 12.4 33% 20.6 27.4 33%
Total 16.8 19.2 14% 19.0 24.0 26%
Pemex 17.8 19.0 7% 20.2 22.7 13%
BP 16.4 17.4 6% 20.2 22.0 9%
Eni 12.2 12.8 5% 17.4 17.0 -2%
Statoil 14.7 15.3 4% 16.3 17.0 4%
ConocoPhillips 12.0 14.0 17% 13.3 15.5 17%
BG Group 7.4 8.1 9% 10.6 11.0 4%
CNOOC 6.3 10.2 61% 6.4 10.2 58%
Apache 6.3 7.4 19% 8.0 9.5 19%
Rosneft 6.6 8.0 21% 8.0 9.4 18%
Lukoil 6.6 8.0 21% 8.0 9.4 18%
Occidental 7.5 8.3 10% 7.5 8.3 10%
Chesapeake 5.1 6.1 18% 6.3 7.5 18%
Suncor Energy Inc. 5.9 7.5 26% 6.8 7.5 9%
Anadarko 5.0 6.1 22% 6.6 6.8 4%
Devon Energy Corp 6.7 5.7 -15% 7.5 6.5 -14%
Repsol YPF 2.2 3.6 61% 7.5 4.7 -38%
EnCana 4.3 3.3 -23% 4.6 3.5 -24%
Sub-total 25 335.2 360.6 8% 433.3 462.3 7%
Total 70 companies 462.3 500.4 8% n.a. n.a. n.a.
World 571.9 619.0 8% n.a. n.a. n.a.

Notes: Only publically available data have been included (IEA databases include both public and non-public
estimates for all major oil and gas producing companies). The world total for upstream investment is derived
by prorating upwards the spending of the 70 leading companies, according to their estimated share of oil
and gas production in each year. Pipeline investment by Gazprom is classified as upstream as it is required
for the viability of projects. The “Total” column includes both upstream and downstream, as well as other
investments (such as petrochemicals, power generation and distribution) for a few companies for which
a breakdown is not publicly available. The 2012 figures are based on mid-year budgeted spending plans.

Sources: Company reports and announcements; IEA analysis.
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Box 3.6 = Global oil refining faces a major shake-out

A combination of a decline in OECD oil demand and a wave of investment in new
plants in non-OECD countries has led to the emergence of a large structural overhang
of refining capacity, especially in Europe, driving down utilisation rates and margins.
Global crude oil distillation capacity rose by 7 mb/d between 2005 and 2011, to reach
93 mb/d and is set to rise to 101 mb/d by 2017, once all of the planned new capacity
comes on stream (IEA, 2012d). Upgrading and desulphurisation capacity will also
rise significantly, as refiners strive to meet more stringent fuel quality standards and
increase more valuable light product yields. In 2011, global refinery utilisation rates
averaged just 81%, down from 86% in 2005, and they are set to fall further, unless
refinery closures accelerate: restoring the rate to the average of 83% for 2007-2011
would require nearly 4 mb/d of capacity to be closed or deferred by 2015 in the New
Policies Scenario. The fact that a rising share of liquids supply is coming from NGLs,
biofuels and GTLs, which can by-pass parts of the refining system altogether, is adding
to the downward pressure on utilisation rates.

As has been the case in recent years, the largest additions to refinery capacity will
occur in China and the rest of Asia; but around 1.5 mb/d of new distillation capacity,
aimed both at meeting surging regional product demand and also export markets, is
also due to come on stream in the Middle East by 2015. These capacity additions will
keep the pressure on older and less sophisticated refineries in mature OECD markets.
Dwindling demand, particularly for gasoline and residual fuel oil, is adding to the
sector’s woes in these regions. Of Europe’s 15.9 mb/d of distillation capacity at the end
of 2009, 16% has been sold in the past few years and another 12% is for sale. The major
oil companies have been the main sellers, with trading companies and national oil
companies, including PetroChina and Rosneft, among the buyers. More than 1.5 mb/d
of capacity has been shut (or is now scheduled to shut) in Europe since the economic
downturn of 2008, including the 220 kb/d Coryton refinery in the United Kingdom and
the 260 kb/d Wilhelmshaven refinery (in 2011), and the 110 kb/d Hamburg (Harburg)
refinery (in mid-2013) both in Germany. For the OECD as a whole, 3.5 mb/d of crude
distillation capacity has been shut or is scheduled to shut over the same period. In
Europe and the United States, Asian companies have been looking into buying existing
and mothballed refineries so as to ship facilities overseas.

In the longer term, the refining industry worldwide will have to adapt to further
geographical shifts in demand, as well as changes in the mix of demand for refined
products and changing crude oil qualities. In particular, there is likely to be a need for
more hydrotreating and upgrading capacity to meet the increasing share of low sulphur
diesel in refined product demand and to accommodate more heavy oil feedstock in the
longer term. Polymerisation and alkylation capacity will also be needed to take more
NGLs as feedstock, given the large projected growth in NGL production.

122 World Energy Outlook 2012 | Global Energy Trends



© OECD/IEA, 2012

In nominal terms, upstream investment in 2012 is set to reach a level five times higher than
in 2000. Although there are signs that cost inflation is slowing down, as global pressures on
commodity prices ease, part of this increase is due to higher unit costs of exploration and
development, e.g. for cement, steel and other construction materials and equipment, as
well as skilled personnel, drilling rigs and contracting oilfield services. The IEA’s Upstream
Investment Cost Index, which measures annual changes in the underlying capital costs of
exploration and development, increased by 6% in 2011, taking it to just under 200 —i.e. just
under twice the level of 2000 and above the previous peak of 2008 (Figure 3.22). Adjusted
for costs, annual global upstream investment more than doubled between 2000 and
2011 and is poised to rise by an additional 6% in 2012. In the World Energy Model supply
module, real upstream costs vary with the price of oil, technology learning and depletion
in the main producing basins; in the New Policies Scenario, real costs rise on average by
around 16% to 2035.

Figure 3.22 = Worldwide upstream oil and gas investment and the IEA
Upstream Investment Cost Index
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Source: IEA databases and analysis based on industry sources.

The projected trends in the New Policies Scenario call for cumulative investment in
infrastructure along the oil supply chain of around $10.2 trillion (in year-2011 dollars) over
the period 2012-2035, or $430 billion per year (Table 3.8). The upstream sector accounts
for almost 90% of this investment. Including gas, total annual upstream capital spending
averages around $614 billion per year — about the same as the industry is planning to
spend in 2012. Investment will need to remain at that high level for the whole period, with
the high requirement underpinned by the need for more capacity to meet higher demand,
as well as offset the decline at existing fields; the higher capital cost of new sources of
supply, particularly deepwater and unconventional projects in non-OPEC countries; and
increased unit upstream costs. These factors more than offset the shift in the balance of
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investment towards the Middle East and other regions where finding and development
costs are relatively low. OPEC countries absorb only about one-fifth of global cumulative
upstream oil and gas investment to 2035, despite their large share of incremental capacity.

Table 3.8 = Cumulative investment in oil and gas supply infrastructure by
region in the New Policies Scenario, 2012-2035 ($2011 billion)

oil Gas Total
Upstream Refining Total Upstream T&D* l:xnpnsl':::-::r‘r,ng

OECD 3070 271 3341 2547 920 3467 234
Americas 2 540 127 2 666 1768 510 2278 179
United States 1822 97 1919 1384 386 1770 134
Europe 456 94 551 561 323 883 42
Asia Oceania 74 50 124 218 87 306 12
Non-OECD 5838 803 6641 3282 1131 4412 380
E. Europe/Eurasia 1137 101 1239 989 370 1358 89
Russia 682 63 745 661 243 904 56
Asia 588 449 1036 955 382 1337 64
China 365 210 576 346 189 535 30
India 59 142 202 116 58 174 7
Middle East 937 137 1074 240 229 469 49
Africa 1554 50 1604 660 61 721 92
Latin America 1622 66 1688 438 89 527 86
Brazil 1083 31 1113 99 25 124 49
World** 8908 1074 10 242 5829 2051 8677 614

* T&D is transmission and distribution. ** World total oil includes an additional $259 billion of investment
in inter-regional transport infrastructure (pipelines and tankers). World total gas includes an additional
$103 billion for inter-regional pipelines and $695 billion for LNG liquefaction, re-gasification and carriers.

According to data we have compiled on the five-year spending plans of the handful of
leading companies that publish such data, annual upstream capital spending is set to
be stable over the period 2012-2016. Projects now underway, if completed to schedule,
point to an expansion of total oil production capacity between 2011 and 2017 of about
9 mb/d (IEA, 2012d). The biggest increases in OPEC capacity are set to occur in Irag, with
smaller contributions from Libya (as capacity is restored to pre-war levels), the United Arab
Emirates and Angola. The United States, Canada, Brazil, China and Kazakhstan are set to
contribute the most to non-OPEC capacity. In the New Policies Scenario, demand rises by
5.7 mb/d by 2017, implying a substantial increase in the amount of effective spare capacity,
all of which is in OPEC countries, from 2.6 mb/d in 2011 to 5.9 mb/d in 2017. Although this
suggests easing of oil prices, we assume (as apparently does the oil futures curve) that
geopolitical risks will counterbalance the better supplied market to sustain oil prices in this
period. In the longer term, beyond 2025, dependence on Middle East will strengthen again,
providing support for our oil price projections (Chapter 1).
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Chapter 4

Natural gas market outlook
Different shades of gold?

Highlights

e Demand for natural gas expands steadily through to 2035 in all three scenarios — the
only fossil fuel for which this is the case. In the New Policies Scenario, gas consumption
approaches 5 tcm by 2035, from 3.4 tcm today, growing at an annual average rate of
1.6%. The rate of growth, though, varies widely by region: it is three times faster in
non-OECD countries than in the more mature OECD markets.

® Active policy support pushes gas demand in China up strongly, from around 130 bcm
in 2011 to 545 bcm in 2035. The Middle East and India also see substantial growth in
gas consumption, reaching 640 bcm and 180 bcm, respectively, in 2035. In the United
States, low prices and abundant supply mean that gas overtakes oil around 2030 to
become the largest fuel in the energy mix. New energy efficiency policies and higher
prices constrain gas use in Europe and in Japan, with demand in the European Union
rising back above 2010 levels only from 2020. Worldwide, the power sector accounts
for 40% of incremental demand to 2035.

e The world’s resources of natural gas are easily sufficient to accommodate the projected
increase in demand, with recent substantial upward revisions to estimates of how
much conventional and unconventional gas may be ultimately recoverable. In total,
remaining resources amount to 790 tcm, or 230 years of output at current rates. Russia
is the main conventional gas resource-holder and remains the largest gas producer and
exporter in 2035; conventional output in Iraqg, Brazil and new producers in East Africa
also grows strongly.

® Unconventional gas accounts in our projections for nearly half of the increase in global
gas production to 2035. Most of this increase comes from China, the United States
and Australia. Yet the prospects for unconventional gas production worldwide remain
uncertain and depend, particularly, on whether governments and industry can develop
and apply rules that effectively earn the industry a “social licence to operate” within
each jurisdiction, so satisfying already clamorous public concerns about the related
environmental and social impacts.

® Rising LNG supplies, increased short-term trading and greater operational flexibility
are likely to lead to increasing price connectivity between regions and a degree of
price convergence. Opportunities to take advantage of regional price differentials
will probably spur more trade between the Atlantic basin and Asia-Pacific markets,
which traditionally have been largely distinct from each other. The construction of
LNG liquefaction plants in North America opens up the possibility of exports to
Asia, helping to reconnect prices between these two regions and accelerating the
process of globalisation of natural gas markets.
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Demand
Gas demand trends

Consumption of natural gas is set to continue to expand through to 2035, regardless of the
direction that government policies take. It is the fastest-growing fossil fuel and the only
one for which demand increases in the three main scenarios presented in this Outlook
(Figure 4.1). This reflects the likelihood that ample supplies will keep gas prices competitive
and the fact that it is the least carbon-intensive fossil fuel, so that its use is affected less
by policies to curb greenhouse-gas emissions. Nonetheless, there are marked differences
in the rates of demand growth across the scenarios, notably after 2020, and between the
450 Scenario on the one hand and the New and Current Policies Scenarios on the other.

Figure 4.1 = World natural gas demand by scenario
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In the New Policies Scenario, world gas demand rises from almost 3.4 trillion cubic metres
(tcm) in 2011* to just under 5 tcm in 2035 — an annual rate of growth of 1.6% (Table 4.1).
Projected demand in 2035 is slightly higher than that of last year’s Outlook, reflecting in
part a higher starting point as global demand growth proved to be even stronger in 2010
than expected. In the Current Policies Scenario (in which government policies remain
unchanged), demand grows slightly faster — at 1.9% per year — as no new action is taken
to curb either gas or electricity demand (which leads to higher demand for gas in power
generation). In the 450 Scenario, radical policies to meet the goal of limiting the global
temperature increase to two degrees Celsius (2 °C) trim the average growth rate to only
0.7% per year, with demand levelling off by around 2030.2

1. Preliminary data on aggregate gas demand by country are available for 2011. The sectoral breakdown of
demand is available for all countries up to 2010.

2. Comparison is also instructive with the 1.8% annual average growth in a Golden Rules Case, examined in a
special WEO report (IEA, 2012a), in which conditions are put in place, including measures addressing social and
environmental impacts, to allow rapid development of global unconventional gas resources.
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Table 4.1 = Natural gas demand by region and scenario (bcm)

New Policies Current Policies 450 Scenario

2020 2035 2020 2035 2020 2035

OECD 1036 1597 1731 1937 1759 2049 1620 1505
Non-OECD 1003 1710 2213 3018 2275 3237 2095 2 466
World 2039 3307 3943 4 955 4034 5286 3716 3971
Share of non-OECD 49% 52% 56% 61% 56% 61% 56% 62%

Sources: IEA databases and analysis. Different sources use different definitions of gas volumes; see, for
example, Box 8.3 of World Energy Outlook 2011 (WEO-2011) (IEA, 2011).

Global gas demand underwent an unprecedented decline of 2% in 2009 as a result of
the worldwide recession, but it bounced back by a remarkable 7.5% in 2010 — the fastest
year-on-year increase recorded since IEA statistics began in 1971. This was the result of
economic recovery, as well as unusually cold winter weather in the northern hemisphere
and high summer temperatures in Asia (which boosted air-conditioning demand).

Preliminary data points to a more modest increase in demand in 2011 of around 2%,
below the average annual trend rate of 2.8% seen in 2000-2008. This figure masks a wide
divergence in trends across countries and major regions: gas use continued to grow briskly
in developing Asia and most other non-OECD regions, but collapsed in Europe, by a record
9%, to levels even lower than in 2009 — the result of the economic slowdown, higher gas
(and low coal and carbon) prices and milder weather. Demand was higher in North America,
where the boom in shale gas production boosted overall supplies, drove down prices and
stimulated demand. In Japan, gas-fired generation surged following the nuclear accident
at Fukushima Daiichi, which led to all of the country’s nuclear reactors being progressively
shut down for scheduled maintenance and “stress tests”.

Regional trends

Non-OECD countries will continue to drive changes in future global gas demand, reflecting
their more rapid rates of economic growth and the relative immaturity of their gas markets.
In the New Policies Scenario, gas consumption expands in every WEO region between 2010
and 2035 (Figure 4.2), but growth is nearly three times faster in non-OECD countries, (on
average, 2.3% per year) than in the OECD (0.8%) (Table 4.2). Consequently, non-OECD
countries account for 80% of the overall increase in world natural gas demand.

Demand in the United States has been growing rapidly since 2009 and it continues to
increase in our projections, albeit at a slower annual average pace than at present. Natural
gas prices in the United States are assumed to increase, compared with the historic lows
seen in 2011-2012, but they remain at levels that promote a continued expansion of
consumption (despite the envisaged start of liquefied natural gas [LNG] exports [Spotlight]).
A boost to gas-intensive industrial activity, growth in power generation and, from a low
base, rising use in the transport sector, mean that gas is the only fossil fuel in the United
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States that sees an absolute increase in use over the period to 2035, with coal and oil both
on a declining trend. These trends are sufficiently strong that, by 2035, the share of gas
overtakes that of oil to become the most important fuel in the United States’ energy mix.

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

2010-2035
1990 2010 2015 2020 2025 2030

Delta CAAGR*

OECD 1036 1597 1652 1731 179 1864 1937 341 0.8%
Americas 628 845 898 940 962 995 1032 187 0.8%
United States 533 680 712 728 736 749 766 86 0.5%
Europe 325 569 550 585 619 643 669 100 0.7%
Asia Oceania 82 182 204 206 214 225 236 53 1.0%
Japan 57 104 120 115 118 122 123 20 0.7%
Non-OECD 1003 1710 1963 2213 2472 2746 3018 1307 2.3%
E. Europe/Eurasia 737 692 731 747 777 810 842 150 0.8%
Caspian 100 106 117 127 136 142 149 42 1.4%
Russia 447 466 488 492 508 530 549 83 0.7%
Asia 84 393 514 660 801 949 1111 717 4.2%
China 15 110 195 304 390 469 544 434 6.6%
India 13 64 75 92 116 144 178 115 4.2%
Middle East 87 376 437 485 538 594 640 264 2.1%
Africa 35 103 118 139 153 166 176 73 2.2%
Latin America 60 146 163 182 203 227 249 103 2.2%
Brazil 4 27 30 38 49 63 78 50 4.3%
World 2039 3307 3616 3943 4268 4610 40955 1648 1.6%
European Union 368 536 509 540 570 592 618 82 0.6%

* Compound average annual growth rate.
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SPOTLIGHT

Where will cheap American gas end up?

The boom in shale gas production in the United States since the mid-2000s has boosted
overall gas supplies substantially, removing the anticipated need to import LNG
and driving down prices. As a result, the North American gas market is moving to a
different rhythm from the rest of the world and this disconnect is reflected in large
price differentials with other markets®: in June 2012, spot gas was trading at as little as
$2.10 per million British thermal units (MBtu) at Henry Hub — the leading US trading
hub — compared with $9.90/MBtu in the United Kingdom, $12/MBtu for spot LNG in the
Mediterranean and $17.40/MBtu for spot LNG in northeast Asia.

In these market conditions, interest in exporting gas has, unsurprisingly, grown and
a number of gas liquefaction projects are planned — though only one has yet gained
full regulatory approval, Cheniere’s Sabine Pass project in the Gulf of Mexico. Just how
much LNG export capacity is built and how much gas is eventually exported hinges on
whether regulatory approvals for new export terminals are granted in the United States
and whether these regional price differentials are maintained. At both current prices
and those assumed for 2020, LNG exports priced off Henry Hub would be profitable,
especially to Asian markets, where they would undercut the prevailing oil-indexed
prices for alternative supplies. For example, the 2011 notional net-back margin for
LNG exported from the US to Japan (the gap between the prevailing market price and
notional supply costs) was more than $6/MBtu, though it falls to $4.3/MBtu on the
prices assumed for 2020 (Figure 4.3). The margin is much smaller on sales to Europe, at
less than $1/MBtu in 2011 and around $1.4/MBtu in 2020.

In the New Policies Scenario, we project that North American exports of LNG (including
exports from proposed projects in western Canada) reach 35 billion cubic metres (bcm)
by 2020 and more than 40 bcm by 2035, two-thirds of which is expected to go to markets
in Asia. The prospect of LNG exports has set off a debate in the United States about the
extent to which they will drive up domestic prices, by taking gas off the local market,
and the US Department of Energy is waiting to review the results of a price impact study
before dealing with the pending export applications.* In our projections, 93% of the
natural gas produced in the United States remains available to meet domestic demand.
We assume that gas prices increase from their current levels to reach $5.5/MBtu in
2020, largely driven by the domestic dynamics of supply and demand (Box 4.4): exports
on the scale that we project would not play a large role in domestic price setting.

3. Market fluctuations mean that the spot price differentials vary week-to-week; in early October 2012, the
range had narrowed to between $3.20/MBtu (Henry Hub) and $12.80/MBtu (Northeast Asia).

4. Applications for export to countries with which the United States has a free trade agreement are granted
without delay, but approval for export to other countries can be limited or blocked if the US Department of
Energy finds that they are not in the public interest.
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Figure 4.3 = Indicative economics of LNG exports from the United States
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* Includes cost of pipeline transport to export terminal. ** Widening of the Panama Canal, due to be
completed in 2014, will allow for more LNG tanker traffic.

Notes: LNG costs are levelised assuming asset life of 30 years and a 10% discount rate. The Japanese import
price is for liquefied gas, so it does not include regasification.

In Europe, gas demand recovers slowly in the medium term, returning to the level of 2010
only towards the end of the current decade in the face of relatively high gas prices, strong
growth in renewables-based power and low carbon prices (which favour coal in power
generation). Thereafter, gas demand grows more strongly, mainly on the back of increasing
demand from gas-fired power stations, as policies to reduce CO, emissions boost demand
for gas relative to other fossil fuels.

The new energy and environment strategy adopted in September 2012 shapes the outlook
for gas demand in Japan. In line with this strategy, we have assumed that greater policy
emphasis is placed on energy efficiency and renewables, which reduces the role of nuclear
power in the energy mix (see the section on nuclear power in Chapter 6). As a result, after
the jumpin gasdemandin 2011 and 2012, gas consumption is projected to remain relatively
stable, at around 120 bcm, for much of the projection period. The short-term potential
increase in gas demand is limited, in any case, as the country’s gas-fired generating plants
are already running close to capacity.

Among the non-OECD countries, China is expected to see the strongest growth in gas
demand in absolute terms. In the New Policies Scenario, gas use surges from around
130 bcm in 2011 to just over 300 bcm in 2020 and 545 becm in 2035. The 12t Five-Year
Plan, which runs from 2011 to 2015, targets a doubling of the share of gas in the country’s
primary energy mix, to 8.6%, implying consumption of more than 300 bcm in 2015. We
project a lower level of demand, of just under 200 bcm, in view of a number of constraints,
including logistical bottlenecks in building transportation infrastructure and a regulatory
framework that is subject to review which might lead to profound change (Box 4.1). Other
Asian countries also see strong growth in gas demand for power generation and industry.
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Box 4.1 > Gas pricing reform in China

At the end of 2011, the Chinese government announced plans to liberalise wholesale
gas pricing in order to encourage investment in the upstream sector and in pipeline
and LNG import facilities. Under the existing regulatory arrangements, wellhead gas
prices and pipeline transportation tariffs have been set by the central government on
a cost-plus basis. The regulated wellhead price has effectively been a baseline, above
which producers and buyers could negotiate by up to 10%. Transport tariffs have been
set according to construction and operating costs, plus a margin, for each individual
pipeline. The price of gas delivered to the city gate and to large consumers, such as
power generators, thus varies across the country and by supplier according to the
actual cost of production, the distance from the source of production and the capacity
of the pipeline. End-user prices are also set by the government and vary by type of
customer (e.g. fertiliser producer, industrial user or local distributer).

The pricing reform announced by the state planning body, the National Development
and Reform Commission, in December 2011 aims to establish a single maximum price at
the city gate for each location. That price will be linked to the prices of imported fuels:
60% to fuel oil and 40% to liquefied petroleum gas, with a 10% discount to encourage
gas use (taking account of distribution and marketing costs). Wellhead prices will be
liberalised, allowing producers of all types of gas to negotiate prices with buyers on
a net-back basis, taking account of the cost of transportation. The price reform has
already been implemented on a trial basis in Guangdong Province and Guangxi Zhuang
Autonomous Region, resulting in a city-gate price of 2 740 yuan per thousand cubic
metres in Guangdong (around $12/MBtu) and 2 570 yuan in Guangxi (511/MBtu). The
government plans to extend the reform to Shanghai by 2013 and complete the process
of implanting it nation-wide by 2015.

Gas demand in Russia and the rest of Eastern Europe/Eurasia grows modestly, compared
with other non-OECD countries. These are mature gas markets with slow-growing (or, in
some cases, declining) populations and there is a declared political priority, in several
countries, to diminish the heavy dependence on gas for power generation. Efficiency gains,
as old Soviet-era capital stock is retired, will also limit the extent of increasing gas use.
Demand continues to increase strongly in the Middle East, driven by power generation,
water desalination and petrochemical projects, as well as own use in LNG and gas-to-liquids
production. In some cases, low regulated gas prices have resulted in physical shortages of
gas, as demand has outstripped local supply capacity.

Gas use in most African countries — particularly sub-Saharan Africa —is limited by the pace
of upstream and transport infrastructure developments, domestically and in neighbouring
countries. Low incomes, country risk and large capital needs mean that projects to import
gas are hard to justify. In Latin America, as in most other regions, power generation is the
main driver of demand: several countries plan to increase the share of gas in the generating
fuel mix to balance their reliance on hydropower, which is vulnerable to drought, and oil-
fired power stations, which have become very expensive to run as a result of high oil prices.
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Sectoral trends

Regardless of how government policies evolve, the power sector will remain the principal
driver of gas demand in most regions. In the New Policies Scenario, worldwide use of gas
for power (and heat) increases by half between 2010 and 2035 (an average rate of 1.6%
per year), accounting for 40% of the total increase in gas demand (Figure 4.4). Gas is well-
suited as a fuel for power generation, but the extent of its use will depend critically on
the price of the fuel (taking account of any carbon penalties), both in absolute terms and
relative to the price of coal and, to a much lesser extent, residual fuel oil and distillate. In
the New Policies Scenario, natural gas used mainly in combined-cycle gas turbines (CCGTs)
is expected to remain the preferred option for new power stations in many cases, for a
combination of economic, operational and environmental reasons: CCGTs have relatively
high thermal efficiency, are relatively quick and cheap to build, flexible to operate and emit
less carbon dioxide (CO,) and local air pollutants than other fossil fuel-based technologies
(see Chapter 6). CO, pricing not only pushes up the relative cost of coal-based power,
improving the competitive position of gas, but also encourages renewables, which may be
most easily backed up by gas-fired capacity.

Figure 4.4 = World natural gas demand by sector in the New Policies
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Gas consumption in buildings for space and water heating grows at a more sedate pace of
1.3% per year on average over the projection period, but this remains the largest end-use
sector (43% in 2035), even though, in many OECD countries, most of the scope for switching
from heating oil and other fuels to gas has been exhausted. The gradual adoption of the
most efficient gas-condensing boilers also crimps demand. In many non-OECD countries,
the high cost of building local distribution networks acts as a disincentive to expand gas use
in buildings, particularly in regions where high average temperatures mean that gas would
be used primarily for water heating, rather than space heating. China sees the biggest
increase in residential and commercial gas demand, accounting for more than one-third of
the global increase in gas use in buildings to 2035, driven by rapid urbanisation, especially
in the coastal regions.
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Demand for gas in industry is set to grow faster than in any other end-use sector, other than
transport (which is growing from a low base). Industrial demand is projected to expand by
1.9% per year over 2010-2035, with most of the increase coming from non-OECD countries,
mainly in Asia, Latin America and the Middle East; demand in OECD countries levels off in
the 2020s and then remains flat, because of slower growth in industrial output and the
adoption of more efficient technologies.

High oil prices and worries about pollution have stimulated interest in using natural gas
as a road transport fuel (see Chapter 3), particularly in North America, where gas prices
are expected to remain relatively low. The use of gas in compressed or liquefied form
worldwide is small, but it has been growing rapidly in recent years in some countries. There
were an estimated 15 million natural gas vehicles (NGVs) on the roads in 2011, mainly in
Iran, Pakistan, Argentina, Brazil and India. The majority are cars, though buses account for
the bulk of the consumption. In the New Policies Scenario, global NGV gas use continues
to expand quickly, by around 4.7% per year on average. Nonetheless, the share of gas in
world road-transport energy use reaches only 4% in 2035, with consumption remaining
concentrated in a small number of countries. North America and India see the biggest
increases in volume terms, both adding 13 bcm to their gas demand by 2035. NGV demand
also increases markedly in China, where the government is keen to promote gas use to limit
local pollution and diversify the energy mix. The potential exists for much faster growth in
this sector worldwide, but it would require stronger policy action than we have assumed to
promote the necessary investment in distribution infrastructure and persuade customers
to switch to NGVs. Despite the environmental advantages of NGVs over conventional
vehicle and fuel technologies, expanding the NGV fleet faces several barriers, including the
cost of on-board fuel storage and building the infrastructure for delivery and distribution
at existing refuelling stations.

Production
Reserves and resources

The world’s resources of natural gas are large enough to accommodate vigorous expansion
of demand for several decades. Indeed, substantial upward revisions to estimates of proven
reserves and ultimately recoverable resources of both conventional and unconventional
over the last few years have produced a far more comfortable picture of potential supply,
though some uncertainty remains about how much it will cost to develop those resources
and whether sufficient and timely investment in productive capacity will be made. At the end
of 2011, proven reserves of gas amounted to 208 tcm, according to BP’s annual Statistical
Review of World Energy (BP, 2012) — an increase of 12 tcm over 2010, thanks mainly to a
near-doubling of reserves in Turkmenistan (in the huge Galkynysh field, formerly known as
South Yolotan). The slightly smaller figure for global proven reserves given by the Qil and
Gas Journal, 191 tcm, does not include a revised figure for Turkmenistan (O&GJ, 2011). In
almost all countries, these reserves are entirely conventional; the main exceptions are the
United States and Canada, where unconventional gas — shale and tight gas, and coalbed
methane — makes up a growing share.
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Discoveries of gas fields have continued at a brisk pace, with 3.3 tcm of recoverable
resources discovered in 2010 and 2.3 tcm in 2011, including a total of more than 600 bcm
in Iran and 500 bcm in Mozambique. The latter continues the trend of large discoveries
made in the last two years in offshore East Africa, in which interest has been boosted by
its convenient geographical position for LNG exports to Asian markets. Another hot spot
of gas exploration is the eastern Mediterranean, where some major finds have been made
recently that are all well-placed to serve European markets. The Black Sea is also a theatre
of active exploration in its Ukrainian, Turkish, Romanian, Bulgarian and Russian parts.

Our estimate of remaining recoverable resources of gas worldwide has been revised
upwards substantially this year, reflecting mainly the results of the updated assessments
of undiscovered conventional gas resources and reserves growth carried out by the US
Geological Survey, which were recently released (Box 4.2). Drawing on these estimates and
those from other sources, we now estimate remaining technically recoverable resources
of conventional natural gas worldwide, including proven reserves, reserves growth and
undiscovered resources, at just over 460 tcm — an increase of around 60 tcm on last year’s
figure (Table 4.3). Remaining technically recoverable resources are now estimated at
200 tcm for shale gas — this includes the latest estimates from the US Energy Information
Administration (EIA) for the United States (US DOE/EIA, 2012), 81 tcm for tight gas and
47 tcm for coalbed methane. In total, natural gas resources amount to 790 tcm, or more
than 230 years of production at current rates (see Box 1.1 in IEA [2012b] for definitions of
these types of resources).

Table 4.3 = Remaining technically recoverable natural gas resources by type
and region, end-2011 (fcm)

Conventional Unconventional
Tight gas Shale gas :12::::1 Sub-total
E. Europe/Eurasia 144 11 12 20 44 187
Middle East 125 9 4 - 12 137
Asia-Pacific 43 21 57 16 94 137
OECD Americas 47 11 47 9 67 114
Africa 49 10 30 0 40 88
Latin America 32 15 33 - 48 80
OECD Europe 24 4 16 2 22 46
World 462 81 200 47 328 790

Notes: Remaining resources comprise proven reserves, reserves growth and undiscovered resources. The
resource estimate for coalbed methane in Eastern Europe and Eurasia replaces a figure given in the WEO-
2011, which included a “gas-in-place” estimate for Russia instead of the estimate for technically recoverable
resources. Unconventional gas resources in regions that are richly endowed with conventional gas, such as
Eurasia or the Middle East, are often poorly known and could be much larger.

Sources: BGR (2011); US DOE/EIA (2011); USGS (2000); USGS (2012b); USGS (2012c); IEA databases and
analysis.
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Box 4.2 = USGS conventional oil and gas resource assessment updated

In March 2012, the US Geological Survey (USGS) released a summary of the results
of a set of assessments of the undiscovered conventional oil and gas resources of
171 provinces outside the United States, their first comprehensive update since 2000
(USGS, 2012b).> The work was carried out between 2009 and 2011. Excluding the
United States, the world is now estimated to hold undiscovered, technically recoverable
resources of 565 billion barrels of oil, 158 tcm of gas and 167 billion barrels of natural
gas liquids (NGLs), based on mean values. These estimates include both onshore and
offshore resources. Many new areas were included in the current study, including East
Africa, extending the total number of basins (assessment units) from 246 in 2000 to
313. The estimate for undiscovered gas is one-fifth higher than in 2000, but that for oil
is 13% lower (largely because of discoveries made in the intervening period).

About 75% of the undiscovered technically recoverable oil, outside the United States,
is in four regions: South America and the Caribbean, sub-Saharan Africa, the Middle
East and North Africa, and the Arctic provinces of North America. Large undiscovered
gas resources remain in all regions, with the largest volume — 46 tcm, or 29% of the
world total — in the former Soviet Union.

To supplement these figures, in June 2012 the USGS released a new global estimate for
potential additions to oil and gas reserves in discovered fields due to reserve growth
(USGS, 2012c). Reserve growth is the progressive increase in the estimated volumes of
oil and natural gas that can be recovered from existing fields and reservoirs as a result
of better assessment methodologies, new technologies, greater understanding of
current reservoirs and other advances. Most reserve growth results from delineation
of new reservoirs, field extensions, orimproved recovery techniques and recalculations
of reserves, due to changing economic and operating conditions. The USGS put total
mean unidentified, conventional reserve growth additions in the world outside the
United States at 665 billion barrels of oil, 40 tcm of gas and 16 billion barrels of NGLs.
Updated estimates of reserve growth for the United States are due to be released later
in 2012.

Eastern Europe/Eurasia (mainly Russia) and the Middle East are the largest holders of
conventional gas resources, while the biggest unconventional resources are in Asia-Pacific
and North America. Overall, Russia has by far the largest gas resources and Europe the
smallest. A large part of the world’s remaining recoverable unconventional gas lies in
countries or regions that are currently net gas importers, such as China and the United
States.

5. Detailed reports on the individual assessments by major region can be found on the USGS Energy Resources
Program website: energy.usgs.gov.
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Gas production prospects

Global gas production rises at different rates across the scenarios, in line with demand,
rising from 3.3 tcm in 2010 to between 4.0 tcm and 5.3 tcm in 2035, depending on the
scenario (Table 4.4). Gas prices vary to balance supply with demand in each case. Non-
OECD countries continue to dominate gas production in all three scenarios, their share
rising from around 65% in 2010 to between 69% and 72% in 2035. Unconventional gas
accounts for a growing share of global production (see next section).

Table 4.4 > Natural gas production by major region and scenario (bcm)

New Policies Current Policies 450 Scenario

2020 2035 2020 2035 2020 2035
OECD 881 1178 1328 1446 1334 1481 1259 1230
Non-OECD 1178 2 106 2616 3509 2700 3 805 2457 2741
World 2 059 3284 3943 4 955 4034 5286 3716 3971
Share of unconventional 3% 14% 20% 26% 20% 25% 20% 27%

Notes: Definitions and reporting of tight gas vary across countries so the split between conventional and
unconventional is approximate. Differences between historical supply and demand are due to changes in
stocks.

Among the OECD regions, output in North America is projected to continue to expand,
thanks mainly to shale gas in the United States. Total US gas production grows from an
estimated 650 bcm in 2011 to 800 bcm in 2035 in the New Policies Scenario (Table 4.5),
putting the United States ahead of Russia as the largest gas producer in the world
between 2015 and the end of the 2020s. Shale gas accounts for almost all of the increase
in US output, with conventional gas and coalbed methane output remaining close to
current levels in 2035 and tight gas showing a gradual decline. In Canada, gas production
is projected to climb gradually through the Outlook period, reaching almost 190 bcm
in 2035, with higher shale gas and coalbed methane output offsetting a decline in
conventional supply and, after 2020, a drop in tight gas production. Mexico’s production
is projected to rise to around 75 bcm on the back of the development of the country’s
large unconventional gas resources, with most of the increase coming in the second half
of the projection period.

Elsewhere in the OECD, production prospects are brightest in Australia, where output
triples over the projection period to over 160 bcm, driven mainly by LNG export projects.
Coalbed methane accounts for a large share of the increase in production. Conventional
production in the European Union is projected to continue its long-term downward path,
only partially offset by output of unconventional gas that starts to pick up around 2020,
led by Poland, and approaches 20 bcm by 2035. Gas production in Norway remains at
110-120 bcm per year, with the development of new resources in the Norwegian and
Barents Seas more or less compensating for declines at North Sea fields. The eastern
Mediterranean is emerging as a promising area for new gas exploration and development,
although complex regional politics are likely to make this a slow process. Production in
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Israel is set to grow to nearly 10 bcm in 2020 and 19 bcm in 2035, based on several new
fields — including the Tamar and Leviathan fields, with combined recoverable resources
estimated at 740 bcm — that have been found in recent years. Initially, gas will be supplied
to the domestic market, but export projects could be developed later.

Eastern Europe/Eurasia sees the biggest volume increase in overall gas production (just
ahead of Asia) over the projection period in the New Policies Scenario. Most of the increase
occurs in Russia, but Turkmenistan and Azerbaijan also make a growing contribution. In
Russia, where output rises from 677 bcm in 2011 to more than 850 bcm in 2035, production
continues to move gradually away from the traditional production areas in Western
Siberia towards more challenging and expensive frontiers in the Arctic (mainly the Yamal
peninsula, with its huge resources) and in Eastern Siberia (for export to China, which we
project to begin in the early 2020s). The bulk of the increase in Russian production goes
to export, but uncertainty over the pace of demand growth in Europe, Gazprom’s main
export market, combined with the emergence of the United States as an LNG exporter,
create dilemmas for westward-oriented Russian gas export projects. This is particularly
true for the major Arctic LNG projects, the Yamal LNG project proposed by Novatek and the
Shtokman project proposed by Gazprom (which has been shelved, according to an August
2012 announcement by Gazprom). These projects can reach Asia-Pacific markets for part
of the year via the Arctic northern route, but their reliance on European and Atlantic basin
markets at other times would risk displacing a part of Russia’s existing exports by pipeline
(even with the anticipated extensive use of swaps). We assume that both of these projects
will eventually go ahead, with Yamal LNG the first to start operation, towards 2020, on
the assumption that the fiscal terms offered by the government are sufficiently attractive
to underpin the project economics, and Shtokman only much later in the projection
period. Ukraine has the potential to boost its domestic production, both through offshore
conventional gas exploration and through development of its onshore shale gas and
coalbed methane resources.

Turkmenistan’s gas production is projected to continue to rise strongly, driven in large part
by development of the Galkynysh field (formerly known as South Yolotan), which now ranks
second in the world for reserves after the North Field/South Pars, shared by Qatar and Iran.
The phased development of this field, made possible by the commissioning in 2010 of the
Central Asia Gas Pipeline to China, means projected growth in Turkmenistan’s gas output
from 55 bcm in 2011 to 100 bem soon after 2020 and around 140 bcm by 2035. Output
in Azerbaijan is projected to rise to nearly 50 bcm by 2035, reflecting the progress that is
being made in defining pipeline routes for the long-discussed Shah Deniz Phase Il project
and the potential for continued production growth into the 2020s from the Absheron field,
deep layers at the Azeri-Chirag-Guneshli complex and continued development of Shah
Deniz. Uzbekistan maintains production around 60-70 bcm per year, meeting a moderate
increase in domestic demand and maintaining steady exports to China, until about 2030,
when resource limitations induce a rapid decline.
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Table 4.5 = Natural gas production by region in the New Policies Scenario
(bcm)

2010-2035

Delta CAAGR*

OECD 881 1178 1239 1328 1360 1395 1446 268 0.8%
Americas 643 816 893 970 993 1026 1067 251 1.1%
Canada 109 160 165 171 169 174 188 28 0.7%
Mexico 26 50 47 51 57 66 75 25 1.6%
United States 507 604 679 747 765 784 800 196 1.1%
Europe 211 304 267 250 238 226 215 -89 -14%
Norway 28 110 114 118 116 115 113 3 0.1%
Asia Oceania 28 58 80 107 129 143 164 106 4.3%
Australia 20 49 73 102 125 139 161 112 4.9%
Non-OECD 1178 2106 2377 2616 2908 3215 3509 1403 2.1%
E. Europe/Eurasia 831 842 893 968 1057 1136 1204 362 1.4%
Azerbaijan 10 17 20 30 43 44 48 32 4.4%
Russia 629 657 675 704 737 808 856 199 1.1%
Turkmenistan 85 46 66 84 110 120 138 92 4.5%
Asia 130 420 502 548 607 684 775 356 2.5%
China 15 95 134 175 217 264 318 223 5.0%
India 13 51 54 62 72 84 97 46 2.6%
Indonesia 48 86 109 109 115 128 143 57 2.1%
Middle East 92 472 565 609 660 722 809 336 2.2%
Iran 23 143 143 150 159 180 219 76 1.7%
Iraq 4 7 13 41 73 82 89 82 10.7%
Qatar 6 121 170 177 187 204 223 102 2.5%
Saudi Arabia 26 81 104 107 108 117 128 47 1.8%
UAE 20 51 57 57 56 58 62 11 0.8%
Africa 64 209 221 277 346 402 428 220 2.9%
Algeria 43 80 83 105 123 140 147 67 2.5%
Libya 6 17 16 20 26 32 37 20 3.2%
Nigeria 4 23 43 58 71 87 94 61 4.3%
Latin America 60 163 195 213 238 271 292 129 2.4%
Argentina 20 42 46 49 58 64 66 23 1.8%
Brazil 4 15 21 32 49 69 87 72 7.3%
Venezuela 22 24 30 37 44 63 73 48 4.5%
World 2059 3284 3616 3943 4268 4610 40955 1671 1.7%
European Union 211 201 158 133 116 104 94 -107  -3.0%

* Compound average annual growth rate.
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The Middle East holds enormous resources, but production growth will be constrained in
the medium term by a dearth of new LNG export projects, and technical and economic
difficulties in developing some fields. Regional production is projected to rise from an
estimated 525 bcm in 2011 to 610 becm in 2020 and then expand more rapidly to 810 bcm
by 2035. Iraq (see Chapter 14) and, in the longer term, Qatar and Iran are the biggest
contributors to higher production in the region. In Saudi Arabia, four new fields are
being developed, including the Karan field, which will together add over 30 bcm/year of
marketable gas production by 2014, boosting total capacity by about 40%. But further
production increases, which would be needed to keep pace with soaring demand, hinge
on finding new fields; recent exploration activity has yielded disappointing results, though
Saudi Aramco’s recent focus on assessing the kingdom’s shale gas resources could change
the situation. Low domestic gas prices are also a barrier to the development of resources
in many cases.

Prospects for gas production in Iran have been clouded by international sanctions, which
have largely closed access to foreign investment and technology. Some progress has been
made in bringing new phases of South Pars online in order to meet growing demand from
the domestic market, for reinjection into oil fields and for export to Turkey, with production
now close to 150 bcm per year. But with the difficulties in completing further expansion
phases, and plans to export LNG now effectively on hold because of the sanctions,
production is projected to grow only after 2020, responding to large demand increases in
India and Pakistan.

There is also considerable potential for production growth in Africa, both in the established
producing countries in North and West Africa and in East Africa, where a number of major
offshore finds over the past three years look set to provide the basis for production to take
off in the coming years (Box 4.3). The main producing African countries today are expected
to expand their production in the longer term, despite dwindling output from mature fields
and, in some cases, difficulties in developing new reserves.

Algeria’s gas production has stagnated over the last few years, largely because of a major
accident at the Skikda LNG-export plant in 2004 and, more recently, lower demand in
Europe. The government is now fast-tracking new field developments in order to offset
output declines at the workhorse Hassi R’Mel field, which still accounts for about half of
total marketed gas supply, to meet rising domestic demand and to free up more gas for
export. Egypt is also looking to boost its production to keep pace with soaring domestic
demand: up to 10 bcm per year of additional supply is due to come from the West Nile
Delta over the current decade. Production in Libya is recovering progressively from the
effects of the 2011 war, but boosting production beyond pre-war levels is projected to take
until after 2015: recent exploration has yielded disappointing results.

Production prospects in West Africa hinge to a large degree on LNG export projects. In
Nigeria, which has large reserves, final investment decisions are anticipated in 2012 on
Brass LNG and in 2013 on NLNG train 7, but they may be delayed again. Security concerns
and uncertainty about a new Petroleum Industry Bill continue to cloud the outlook for the
Nigerian gas and oil sector. Equatorial Guinea, already an LNG exporter, and Angola, set to
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become one, are also considering new projects, though there are doubts about whether
their reserves are big enough to support them. Overall, African gas production is projected
to expand from around 195 bcm in 2011 to 280 becm in 2020 and 430 bcm in 2035.

Gas production in Asia grows very strongly, thanks mainly to unconventional gas in China.
The Chinese government is keen to boost production of all types of unconventional gas,
with the 12" Five-Year Plan setting ambitious targets for coalbed methane and shale
gas. Twenty blocks have been included in China’s second upstream shale gas bid round,
announced in September 2012. We project unconventional gas output, led by shale gas, to
increase from 12 bcm in 2011 to more than 230 bem in 2035, compensating for declining
conventional gas production after 2020 and boosting overall production from 103 bcm now
to about 320 bcm in 2035. China is also unique in pursuing production of gas from coal
(producing synthetic gas, in a process not unlike the “town gas” used in Europe in the early
20" century), with about 30 bcm worth of plants under construction (as “syngas” has a
lower calorific content than natural gas, this corresponds to about 10 bcm of natural gas
equivalent). We have not yet included this type of “unconventional gas” in our projections,
as data availability is limited. Further expansion of this production capacity might be
restricted by water availability in the coal producing regions and/or by government policies,
for example concerning the large CO, emissions. India’s production also expands rapidly,
doubling by 2035 as shale gas and coalbed methane make a growing contribution.

Box 4.3 > New finds boost hopes for gas production in East Africa

Italy’s Eni and the US independent Anadarko have found several large gas fields in the
deepwater Rovuma basin of offshore Mozambique since 2010. Eni’s finds include the
giant Mamba North and South fields, among the biggest gas finds ever made by the
company, with total gas in place estimated at around 2 tcm. Anadarko’s discoveries,
which may be part of a single accumulation, are thought to hold between 1 and 2 tcm.
Given the limited size of the domestic market and the long distance from neighbouring
South Africa, developing these resources will depend on LNG exports. Anadarko has
started front-end engineering work for an initial two-train, 10 million tonne per year
plant and expects to take a final investment decision in 2013. Exports, which would
most likely go to Asian markets, could start as soon as 2018, stimulated by the presence
of Asian companies in the consortium. Eni plans to drill more wells to assess the full
potential of the Mamba complex before taking a decision on LNG exports.

BG, Ophir Energy and Norway’s Statoil have also found some gas fields just over the
maritime border in Tanzania. Based on tentative initial estimates, these fields could
hold a total of 340 bcm. A new licensing round, covering 9 deepwater blocks, is
anticipated before the end of 2012. Further up the coast, Kenya has already licensed
30 onshore and offshore blocks, with other deepwater blocks soon to be tendered.
Apache, a US independent company, will soon begin exploration drilling in the Lamu
Basin. The rest of Kenya’s deepwater is licensed to Anadarko, France’s Total and the
UK companies, BG and Ophir Energy. We project that production from Mozambique,
Tanzania and Kenya will reach about 45 bcm in 2035, from less than 5 bcm today.
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In Latin America, gas output will be driven mainly by domestic needs, as the collapse in
US prices has killed off hopes of large-scale export to North America. In Argentina, still
the region’s biggest gas producer despite recent declines, output rises steadily to 2035,
with shale gas making a significant contribution to supply post-2020. However, a worsening
of the investment climate in the wake of the government’s move to nationalise Repsol’s
controlling stake in YPF, the country’s biggest oil and gas producer, could scupper hopes of
a shale gas boom. Prospects appear brighter in Brazil, thanks to a series of major offshore
discoveries, including large volumes of associated gas in pre-salt oilfields (see Chapter 3,
Box 3.5). The national company, Petrobras, has started production from pilot wells at the
pre-salt Lula field, which is now connected to shore by a 3.7 bcm/year pipeline. Total gas
production is projected to double between 2011 and 2020, to 32 bcm, and then rise to
almost 90 bcm by 2035. Part of this output could be liquefied on a floating LNG plant for
shipment to domestic markets in the north of the country or for export, probably after
2020; a decision on this project has been put off to 2013. The outlook for gas production
in Venezuela depends critically on the investment climate. Although the country has large
reserves of gas, production has been declining in recent years due to a lack of investment.
In the longer term, production is projected to rebound, on the assumption that sufficient
capital can be mobilised.

Focus on prospects for unconventional gas

Unconventional gas is set to play a central role in meeting rising natural gas demand. In
the New Policies Scenario, unconventional gas accounts for close to half of the increase
in global gas production between 2011 and 2035, its share of production rising from 16%
to about 26%. Shale gas and coalbed methane contribute most of this increase, with the
former making up about 14% of total gas production in 2035 and the latter about 7%.
The bulk of the increase comes from just three countries — China (30%), the United States
(20%) and Australia (12%) — with the United States’ share of global unconventional gas
production dropping from 78% in 2011 to 44% in 2035 (Figure 4.5). US shale gas production
has soared since the mid-2000s, despite a fall in prices to historic lows, boosting the
country’s overall gas production and making it almost self-sufficient in gas (Box 4.4). It
is also spurring interest in applying US technologies and experience to other parts of the
world, with potential benefits in the form of greater energy diversity and more secure
supply in those countries that rely on imports to meet their gas needs, as well as global
benefits in the form of reduced energy costs.

Yet the prospects for unconventional gas production worldwide remain uncertain, for
several reasons. In particular, vocal public concerns have been expressed about the
environmental and social impacts, and failure to satisfy these concerns could hinder the
development of unconventional gas in many parts of the world. Other challenges, including
an adverse fiscal and regulatory framework, limited access and proximity to pipelines and
markets and shortages of expertise, technology and water (large volumes of which are
needed for hydraulic fracturing, a key technique for shale and tight gas) could hold back
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production. And it remains very uncertain in most cases how costly it will be to produce

unconventional gas given that our understanding of the resource base is still relatively

limited.

Figure 4.5 > Unconventional gas production in leading countries in the New

Policies Scenario, 2035
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Producing unconventional gas is an intensive industrial process, generally imposing a larger
environmental footprint than conventional gas development. More wells are often needed
and techniques such as hydraulic fracturing are usually required to boost the flow of gas
from the well. The scale of development can have major implications for local communities,
land use and water resources. And there are serious public concerns about the risk of air
pollution, contamination of surface and groundwater and releases of methane — a potent
greenhouse gas — at the point of production (and throughout the natural gas supply chain).

The technologies and know-how exist for unconventional gas to be produced in a way
that satisfactorily meets these challenges, but a continuous drive from governments and
industry to improve performance is required if public confidence is to be maintained or
earned. In light of these uncertainties, in May 2012 the IEA published a WEO special report,
Golden Rules for a Golden Age of Gas, which analysed the prospects for unconventional
gas production and proposed a set principles that could allow policy makers, regulators,
operators and other stakeholders satisfactorily to address the environmental and social
impacts of unconventional gas developments and, thereby, allow investment in them to
proceed (IEA, 2012a). They are designed to achieve a level of environmental performance
and public acceptance that can maintain or earn the industry a “social licence to
operate” within a given jurisdiction, paving the way for the widespread development of
unconventional gas resources on a large scale (beyond the levels hitherto indicated in this
chapter), boosting overall gas supply and making the golden age of gas a reality.
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Box 4.4 > The economics of producing shale gas at $2/MBtu

The growth of shale gas production in the United States has created a glut of gas supply in
the North American market (which currently has almost no LNG export capacity), leading
to a plunge in gas prices from above $12/MBtu in mid-2008 to below $2/MBtu in early
2012. At these levels, most dry shale gas projects are uneconomic. This should normally
trigger a drop in drilling, followed by a fall in gas production, with the market then finding a
new price equilibrium at a level that makes shale gas drilling a valid economic proposition.
Some of this is happening, as shown by a shift of rigs from gas to oil (Figure 4.6), but, as of
mid-2012, there were no signs of a fall in gas output.

Figure 4.6 > Active drilling rigs in the United States, 2002-2012
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Note: For simplicity, rigs are generally classified as oil or gas based on their main target, though the
resulting wells often produce both.

Source: Baker Hughes Rig Count.

Several factors are creating this unexpected market response. Some gas producers still
have their production hedged at higher gas prices. Intensive practice of batch drilling
in 2010 and 2011 has also left operators with a stock of drilled wells; with most of the
cost already sunk, these continued to be connected to production lines. The surge in
production of light tight oil (see Chapter 3) brings significant production of associated gas.
Finally, plays containing wet gas remain profitable, thanks to robust oil prices.

A typical shale gas well in the United States costs between $4 million to $10 million
to drill and complete, depending on the depth, pressure and length of the horizontal
section. Recovery per well varies between 0.3 billion cubic feet (bcf) and 10 bcf of gas
equivalent, with 1 bcf being a typical average in many of the medium-depth plays, such
as the Barnett, the Fayetteville, the Woodford, and slightly higher in the Marcellus or
the Haynesville (where depth and pressure are higher, with correspondingly higher well
costs) (US DOE/EIA, 2012; USGS, 2012a). As output decline is extremely rapid, most of
the gas is produced in the first couple of years, so discount rates do not matter greatly
to the economics of a project: the commercial decision is essentially determined by
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whether the value of the gas recovered per well exceeds the well construction costs. If
we take a well cost of $5 million and 1 bcf recovery per well, then a dry gas well clearly
requires prices in excess of $5/MBtu.®

But if the gas contains NGLs, whose value is largely indexed to oil prices’ (with, for
example, a value of $40 per barrel for a mix of ethane, butane, propane and condensate),
for the same well the required gas price goes down to $1/MBtu for gas with a 40% liquid
content (calculated on an energy-equivalent basis) (Figure 4.7). So wet gas plays with
liquid content in excess of 25% are profitable even at current Henry Hub gas prices. The
resulting bias towards exploitation of liquid-rich shale 