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It is the job of governments to take the decisions that will deliver a secure and sustainable
energy future. They can make wise decisions only if they are well-informed and advised.
That is the job of bodies such as the International Energy Agency (IEA), which it has been my
privilege to lead since September 2011.

The World Energy Outlook (WEQ) team, under the Agency’s Chief Economist, Fatih Birol,
has again done an outstanding job in WEO-2011 to underpin sound energy decision making.
With the invaluable help of many global experts inside and outside the Agency, the team
has given us a wealth of current energy information, analysis and perspectives on the future.

For example, we find:

® what it will cost to bring modern energy to every citizen of the world by 2030 and how
to finance it;

® that, provided governments honour their existing intentions, renewable energy is set to
provide half the new power generating capacity required between now and 2035;

e that, by virtue of their size and distribution, natural gas resources contribute
encouragingly to future energy security, casting a golden glow over the outlook for
natural gas;

® how oil markets will be shaped by increasing demand for mobility and rising upstream
costs — and the consequences of any shortfall of investment in the Middle East and
North Africa;

@ what would have to be done (and whether that is realistic) if the nuclear component
of future energy supply were to be halved, or if the availability of carbon capture and
storage technology slipped by ten years;

® the extent of the overwhelming dominance of China in global energy in 25 years time and
the global significance of the choices China makes to meet its needs; and

® how much energy Russia can save simply by matching the energy efficiency standards
of OECD countries and how that would serve both Russia’s national objectives and the
interests of global energy supply.

As a former minister, my background is that of a politician. My mission at the IEA is to
bridge the divide between analysts and politicians so that the right energy policy decisions
are made by governments across the world, both members and non-members of the IEA
alike. The Agency will not aspire to determine those decisions which lie outside its area of
executive responsibility for its members’ energy security. But | will push the remit to identify
the decisions which others need, or which would be wise, to adopt. The WEQ is an invaluable
tool to this end.
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The starkest decisions are those which must be taken without delay. | end by highlighting
one area squarely in this category: the energy decisions necessary to contain the rise in
the average global temperature to 2° Celsius. We read here of the way carbon emissions
are already “locked-in” because of the nature of the plant and equipment which we
continue to build. If we do not change course, by 2015 over 90% of the permissible energy
sector emissions to 2035 will already be locked in. By 2017, 100%. We can still act in time
to preserve a plausible path to a sustainable energy future; but each year the necessary
measures get progressively tougher and viciously more expensive. So, let’s not wait any
longer!

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

“If we don’t change direction soon, we’ll end up where
we’re heading”

There are few signs that the urgently needed change in direction in global energy trends is
underway. Although the recovery in the world economy since 2009 has been uneven, and
future economic prospects remain uncertain, global primary energy demand rebounded by
a remarkable 5% in 2010, pushing CO, emissions to a new high. Subsidies that encourage
wasteful consumption of fossil fuels jumped to over $400 billion. The number of people
without access to electricity remained unacceptably high at 1.3 billion, around 20% of the
world’s population. Despite the priority in many countries to increase energy efficiency,
global energy intensity worsened for the second straight year. Against this unpromising
background, events such as those at the Fukushima Daiichi nuclear power plant and the
turmoil in parts of the Middle East and North Africa (MENA) have cast doubts on the
reliability of energy supply, while concerns about sovereign financial integrity have shifted
the focus of government attention away from energy policy and limited their means of
policy intervention, boding ill for agreed global climate change objectives.

This Outlook assesses the threats and opportunities facing the global energy system based
on a rigorous quantitative analysis of energy and climate trends. The analysis includes
three global scenarios and multiple case studies. The central scenario for this Outlook is the
New Policies Scenario, in which recent government policy commitments are assumed to be
implemented in a cautious manner — even if they are not yet backed up by firm measures.
Comparison with the results of the Current Policies Scenario, which assumes no new policies
are added to those in place as of mid-2011, illustrates the value of these commitments and
plans. From another angle, comparison is also instructive with the 450 Scenario, which
works back from the international goal of limiting the long-term increase in the global
mean temperature to two degrees Celsius (2°C) above pre-industrial levels, in order to
trace a plausible pathway to that goal. The wide difference in outcomes between these
three scenarios underlines the critical role of governments to define the objectives and
implement the policies necessary to shape our energy future.

Short-term uncertainty does little to alter the longer-term picture

Despite uncertainty over the prospects for short-term economic growth, demand for
energy in the New Policies Scenario grows strongly, increasing by one-third from 2010
to 2035. The assumptions of a global population that increases by 1.7 billion people and
3.5% annual average growth in the global economy generate ever-higher demand for energy
services and mobility. A lower rate of global GDP growth in the short-term than assumed in
this Outlook would make only a marginal difference to longer-term trends.

The dynamics of energy markets are increasingly determined by countries outside the
OECD. Non-OECD countries account for 90% of population growth, 70% of the increase in
economic output and 90% of energy demand growth over the period from 2010 to 2035.
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China consolidates its position as the world’s largest energy consumer: in 2035 it consumes
nearly 70% more energy than the United States, the second-largest consumer, even though,
by then, per-capita energy consumption in China is still less than half the level in the United
States. The rates of growth in energy consumption in India, Indonesia, Brazil and the Middle
East are even faster than in China.

Global investment in energy supply infrastructure of $38 trillion (in year-2010 dollars)
is required over the period 2011 to 2035. Almost two-thirds of the total investment is in
countries outside of the OECD. Oil and gas collectively account for almost $20 trillion, as
both the need for upstream investment and the associated cost rise in the medium and
long term. The power sector claims most of the remainder, with over 40% of this being for
transmission and distribution networks.

The age of fossil fuels is far from over, but their dominance declines. Demand for all fuels
rises, but the share of fossil fuels in global primary energy consumption falls slightly from
81% in 2010 to 75% in 2035; natural gas is the only fossil fuel to increase its share in the
global mix over the period to 2035. In the power sector, renewable energy technologies,
led by hydropower and wind, account for half of the new capacity installed to meet growing
demand.

Steps in the right direction, but the door to 2°C is closing

We cannot afford to delay further action to tackle climate change if the long-term target of
limiting the global average temperature increase to 2°C, as analysed in the 450 Scenario, is
to be achieved at reasonable cost. In the New Policies Scenario, the world is on a trajectory
that results in a level of emissions consistent with a long-term average temperature increase
of more than 3.5°C. Without these new policies, we are on an even more dangerous track,
for a temperature increase of 6°C or more.

Four-fifths of the total energy-related CO, emissions permissible by 2035 in the
450 Scenario are already “locked-in” by our existing capital stock (power plants,
buildings, factories, etc.). If stringent new action is not forthcoming by 2017, the
energy-related infrastructure then in place will generate all the CO, emissions allowed
in the 450 Scenario up to 2035, leaving no room for additional power plants, factories
and other infrastructure unless they are zero-carbon, which would be extremely costly.
Delaying action is a false economy: for every $1 of investment avoided in the power sector
before 2020 an additional $4.3 would need to be spent after 2020 to compensate for the
increased emissions.

New energy efficiency measures make a difference, but much more is required. Energy
efficiency improves in the New Policies Scenario at a rate twice as high as that seen over the
last two-and-a-half decades, stimulated by tighter standards across all sectors and a partial
phase-out of subsidies to fossil fuels. In the 450 Scenario, we need to achieve an even higher
pace of change, with efficiency improvements accounting for half of the additional reduction
in emissions. The most important contribution to reaching energy security and climate goals
comes from the energy that we do not consume.
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Rising transport demand and upstream costs reconfirm
the end of cheap oil

Short-term pressures on oil markets may be eased by slower economic growth and by the
expected return of Libyan oil to the market, but trends on both the oil demand and supply sides
maintain pressure on prices. We assume that the average IEA crude oil import price remains
high, approaching $120/barrel (in year-2010 dollars) in 2035 (over $210/barrel in nominal terms)
in the New Policies Scenario although, in practice, price volatility is likely to remain.

All of the net increase in oil demand comes from the transport sector in emerging
economies, as economic growth pushes up demand for personal mobility and freight. Oil
demand (excluding biofuels) rises from 87 million barrels per day (mb/d) in 2010 to 99 mb/d
in 2035. The total number of passenger cars doubles to almost 1.7 billion in 2035. Sales
in non-OECD markets exceed those in the OECD by 2020, with the centre of gravity of car
manufacturing shifting to non-OECD countries before 2015. The rise in oil use comes despite
some impressive gains in fuel economy in many regions, notably for passenger vehicles in
Europe and for heavy freight in the United States. Alternative vehicle technologies emerge
that use oil much more efficiently or not at all, such as electric vehicles, but it takes time
for them to become commercially viable and penetrate markets. With limited potential for
substitution for oil as a transportation fuel, the concentration of oil demand in the transport
sector makes demand less responsive to changes in the oil price (especially where oil
products are subsidised).

The cost of bringing oil to market rises as oil companies are forced to turn to more
difficult and costly sources to replace lost capacity and meet rising demand. Production
of conventional crude oil — the largest single component of oil supply — remains at current
levels before declining slightly to around 68 mb/d by 2035. To compensate for declining
crude oil production at existing fields, 47 mb/d of gross capacity additions are required,
twice the current total oil production of all OPEC countries in the Middle East. A growing
share of output comes from natural gas liquids (over 18 mb/d in 2035) and unconventional
sources (10 mb/d). The largest increase in oil production comes from Iraq, followed by
Saudi Arabia, Brazil, Kazakhstan and Canada. Biofuels supply triples to the equivalent of more
than 4 mb/d, bolstered by $1.4 trillion in subsidies over the projection period.

Oil imports to the United States, currently the world’s biggest importer, drop as
efficiency gains reduce demand and new supplies such as light tight oil are developed,
but increasing reliance on oil imports elsewhere heightens concerns about the cost of
imports and supply security. Four-fifths of oil consumed in non-OECD Asia comes from
imports in 2035, compared with just over half in 2010. Globally, reliance grows on a
relatively small number of producers, mainly in the MENA region, with oil shipped along
vulnerable supply routes. In aggregate, the increase in production from this region is
over 90% of the required growth in world oil output, pushing the share of OPEC in global
production above 50% in 2035.

A shortfall in upstream investment in the MENA region could have far-reaching
consequences for global energy markets. Such a shortfall could result from a variety of
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factors, including higher perceived investment risks, deliberate government policies to
develop production capacity more slowly or constraints on upstream domestic capital
flows because priority is given to spending on other public programmes. If, between 2011
and 2015, investment in the MENA region runs one-third lower than the $100 billion per
year required in the New Policies Scenario, consumers could face a substantial near-term
rise in the oil price to $150/barrel (in year-2010 dollars).

Golden prospects for natural gas

There is much less uncertainty over the outlook for natural gas: factors both on the
supply and demand sides point to a bright future, even a golden age, for natural gas. Our
Outlook reinforces the main conclusions of a WEO special report released in June 2011: gas
consumption rises in all three scenarios, underlining how gas does well under a wide range
of future policy directions. In the New Policies Scenario, demand for gas all but reaches that
for coal, with 80% of the additional demand coming from non-OECD countries. Policies
promoting fuel diversification support a major expansion of gas use in China; this is met
through higher domestic production and through an increasing share of LNG trade and
Eurasian pipeline imports. Global trade doubles and more than one-third of the increase goes
to China. Russia remains the largest gas producer in 2035 and makes the largest contribution
to global supply growth, followed by China, Qatar, the United States and Australia.

Unconventional gas now accounts for half of the estimated natural gas resource base and it
is more widely dispersed than conventional resources, a fact that has positive implications
for gas security. The share of unconventional gas rises to one-fifth of total gas production
by 2035, although the pace of this development varies considerably by region. The growth
in output will also depend on the gas industry dealing successfully with the environmental
challenges: a golden age of gas will require golden standards for production. Natural gas is
the cleanest of the fossil fuels, but increased use of gas in itself (without carbon capture and
storage) will not be enough to put us on a carbon emissions path consistent with limiting the
rise in average global temperatures to 2°C.

Renewables are pushed towards centre stage

The share of non-hydro renewables in power generation increases from 3% in 2009 to
15% in 2035, underpinned by annual subsidies to renewables that rise almost five-times
to $180 billion. China and the European Union drive this expansion, providing nearly half
of the growth. Even though the subsidy cost per unit of output is expected to decline, most
renewable-energy sources need continued support throughout the projection period in order
to compete in electricity markets. While this will be costly, it is expected to bring lasting benefits
in terms of energy security and environmental protection. Accommodating more electricity
from renewable sources, sometimes in remote locations, will require additional investment
in transmission networks amounting to 10% of total transmission investment: in the
European Union, 25% of the investment in transmission networks is needed for this purpose.
The contribution of hydropower to global power generation remains at around 15%, with
China, India and Brazil accounting for almost half of the 680 gigawatts of new capacity.

42 World Energy Outlook 2011



© OECDI/IEA, 2011

Treading water or full steam ahead for coal?

Coal has met almost half of the increase in global energy demand over the last decade.
Whether this trend alters and how quickly is among the most important questions for the
future of the global energy economy. Maintaining current policies would see coal use rise
by a further 65% by 2035, overtaking oil as the largest fuel in the global energy mix. In the
New Policies Scenario, global coal use rises for the next ten years, but then levels off to finish
25% above the levels of 2009. Realisation of the 450 Scenario requires coal consumption
to peak well before 2020 and then decline. The range of projections for coal demand in
2035 across the three scenarios is nearly as large as total world coal demand in 2009. The
implications of policy and technology choices for the global climate are huge.

China’s consumption of coal is almost half of global demand and its Five-Year Plan for
2011 to 2015, which aims to reduce the energy and carbon intensity of the economy,
will be a determining factor for world coal markets. China’s emergence as a net coal
importer in 2009 led to rising prices and new investment in exporting countries, including
Australia, Indonesia, Russia and Mongolia. In the New Policies Scenario, the main market
for traded coal continues to shift from the Atlantic to the Pacific, but the scale and direction
of international trade flows are highly uncertain, particularly after 2020. It would take only
a relatively small shift in domestic demand or supply for China to become a net-exporter
again, competing for markets against the countries that are now investing to supply its
needs. India’s coal use doubles in the New Policies Scenario, so that India displaces the
United States as the world’s second-largest coal consumer and becomes the largest coal
importer in the 2020s.

Widespread deployment of more efficient coal-fired power plants and carbon capture
and storage (CCS) technology could boost the long-term prospects for coal, but there are
still considerable hurdles. If the average efficiency of all coal-fired power plants were to be
five percentage points higher than in the New Policies Scenario in 2035, such an accelerated
move away from the least efficient combustion technologies would lower CO, emissions
from the power sector by 8% and reduce local air pollution. Opting for more efficient
technology for new coal power plants would require relatively small additional investments,
but improving efficiency levels at existing plants would come at a much higher cost. In
the New Policies Scenario, CCS plays a role only towards the end of the projection period.
Nonetheless, CCS is a key abatement option in the 450 Scenario, accounting for almost
one-fifth of the additional reductions in emissions that are required. If CCS is not
widely deployed in the 2020s, an extraordinary burden would rest on other low-carbon
technologies to deliver lower emissions in line with global climate objectives.

Second thoughts on nuclear would have far-reaching
consequences

Events at Fukushima Daiichi have raised questions about the future role of nuclear power,
although it has not changed policies in countries such as China, India, Russia and Korea
that are driving its expansion. In the New Policies Scenario, nuclear output rises by more
than 70% over the period to 2035, only slightly less than projected last year. However, we
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also examine the possible implications of a more substantial shift away from nuclear power
in a Low Nuclear Case, which assumes that no new OECD reactors are built, that non-OECD
countries build only half of the additions projected in our New Policies Scenario and that the
operating lifespan of existing nuclear plants is shortened. While creating opportunities for
renewables, such a low-nuclear future would also boost demand for fossil fuels: the increase
in global coal demand is equal to twice the level of Australia’s current steam coal exports and
the rise in gas demand is equivalent to two-thirds of Russia’s current natural gas exports.
The net result would be to put additional upward pressure on energy prices, raise additional
concerns about energy security and make it harder and more expensive to combat climate
change. The consequences would be particularly severe for those countries with limited
indigenous energy resources which have been planning to rely relatively heavily on nuclear
power. It would also make it considerably more challenging for emerging economies to
satisfy their rapidly growing demand for electricity.

The world needs Russian energy, while Russia needs to use less

Russia’s large energy resources underpin its continuing role as a cornerstone of the global
energy economy over the coming decades. High prospective demand and international
prices for fossil fuels might appear to guarantee a positive outlook for Russia, but the
challenges facing Russia are, in many ways, no less impressive than the size of its resources.
Russia’s core oil and gas fields in Western Siberia will decline and a new generation of
higher-cost fields need to be developed, both in the traditional production areas of
Western Siberia and in the new frontiers of Eastern Siberia and the Arctic. A responsive
Russian fiscal regime will be needed to provide sufficient incentives for investment. Qil
production plateaus around 10.5 mb/d before starting a slight decline to 9.7 mb/d in 2035;
gas production increases by 35% to 860 billion cubic metres (bcm) in 2035, with the Yamal
peninsula becoming the new anchor of Russian supply.

As the geography of Russian oil and gas production changes, so does the geography of
export. The majority of Russia’s exports continue to go westwards to traditional markets in
Europe, but a shift towards Asian markets gathers momentum. Russia gains greater diversity
of export revenues as a result: the share of China in Russia’s total fossil-fuel export earnings
rises from 2% in 2010 to 20% in 2035, while the share of the European Union falls from 61%
to 48%.

Russia aims to create a more efficient economy, less dependent on oil and gas, but needs
to pick up the pace of change. If Russia increased its energy efficiency in each sector to the
levels of comparable OECD countries, it could save almost one-third of its annual primary
energy use, an amount similar to the energy used in one year by the United Kingdom.
Potential savings of natural gas alone, at 180 bcm, are close to Russia’s net exports in 2010.
New energy efficiency policies and continued price reforms for gas and electricity bring
some improvements but, in our analysis, do not unlock more than a part of Russia’s
efficiency potential. Faster implementation of efficiency improvements and energy market
reforms would accelerate the modernisation of the Russian economy and thereby loosen its
dependency on movements in international commaodity prices.
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Achieving energy for all will not cost the earth

We estimate that, in 2009, around $9 billion was invested globally to provide first access
to modern energy, but more than five-times this amount, $48 billion, needs to be invested
each year if universal access is to be achieved by 2030. Providing energy access for all by
2030 is a key goal announced by the UN Secretary-General. Today, 1.3 billion people do not
have electricity and 2.7 billion people still rely on the traditional use of biomass for cooking.
The investment required is equivalent to around 3% of total energy investment to 2030.
Without this increase, the global picture in 2030 is projected to change little from today and
in sub-Saharan Africa it gets worse. Some existing policies designed to help the poorest miss
their mark. Only 8% of the subsidies to fossil-fuel consumption in 2010 reached the poorest
20% of the population.

International concern about the issue of energy access is growing. The United Nations has
declared 2012 to be the “International Year of Sustainable Energy for All” and the Rio+20
Summit represents an important opportunity for action. More finance, from many sources
and in many forms, is needed to provide modern energy for all, with solutions matched
to the particular challenges, risks and returns of each category of project. Private sector
investment needs to grow the most, but this will not happen unless national governments
adopt strong governance and regulatory frameworks and invest in capacity building. The
public sector, including donors, needs to use its tools to leverage greater private sector
investment where the commercial case would otherwise be marginal. Universal access
by 2030 would increase global demand for fossil fuels and related CO, emissions by less
than 1%, a trivial amount in relation to the contribution made to human development
and welfare.
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PART A
GLOBAL ENERGY TRENDS

Part A of this WEO (Chapters 1 to 6) presents a comprehensive overview of our energy
projections to 2035, in a fuel-by-fuel format which will be familiar to regular readers.

As last year, we present the results of modelling three scenarios: the Current Policies
Scenario, the New Policies Scenario and the 450 Scenario (a title derived from the
objective of limiting the concentration of greenhouse gases in the atmosphere to no
more than 450 parts per million).

We also examine a number of plausible variations on these central scenarios: a Low
GDP Case, a Deferred Investment Case (deferred investment in oil in the Middle East
and North Africa), a Golden Age of Gas (a more optimistic scenario for natural gas,
summarised and updated from a separate publication in the WEO series in June 2011),
a Delayed Carbon Capture and Storage Case, and a Low Nuclear Case (see Part D,
Chapter 12).

Chapter 1 describes the methodological framework and the assumptions that underpin
the scenarios, commenting on changes since WEQO-2010. Chapter 2 surveys global trends
in the demand and supply of all fuels in all scenarios, but with a special emphasis on the
New Policies Scenario. The results are given fuel-by-fuel, sector-by-sector and region-by-
region. Production prospects, investment in the energy supply infrastructure, changes in
inter-regional trade and the outlook for energy-related emissions are all covered.

Chapters 3 to 6 deal in detail with oil, natural gas, electricity and renewables and climate
change (with special emphasis in Chapter 6 on the 450 Scenario). This year coal has been
given special attention in its own right (see Part C).
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CHAPTER 1

CONTEXT AND ANALYTICAL FRAMEWORK

\X/hat’s driving energy markets?

H 1 S H L 1 S H T S

® WEOD-2011 assesses the implications for global energy markets to 2035 of alternative
assumptions about energy and climate policy. The New Policies Scenario — the central
scenario in this Outlook — takes into account recently announced commitments and
plans, even if they are yet to be formally adopted and implemented. The Current Policies
Scenario takes account only of those policies that had been enacted by mid-2011. The
450 Scenario, sets out an illustrative energy pathway that is consistent with a 50% chance
of meeting the goal of limiting the increase in average global temperature to 2°C.

® The rate of growth in world GDP — a fundamental driver of energy demand — is assumed
to average 3.6% per year over the period 2009 to 2035 in all scenarios. Non-OECD
countries account for over 70% of the increase in global economic output, pushing their
share of global GDP from almost 45% today to over 60% in 2035. China alone makes up
31% of the increase in global GDP to 2035 and India a further 15%.

® Population growth will continue to underpin rising energy demand. The world’s
population is assumed to increase by 26%, from 6.8 billion in 2009 to 8.6 billion in 2035,
with over 90% of the increase in non-OECD regions. The annual increase in the world’s
population slows progressively, from 78 million in 2010 to 56 million in 2035.

® Energy prices will continue to have a major impact on future demand and supply patterns.
In the New Policies Scenario, the IEA crude oil import price is assumed to approach
$120/barrel (in year-2010 dollars) in 2035. The price rises more rapidly in the Current
Policies Scenario and more slowly in the 450 Scenario. Natural gas prices broadly follow
the trend in oil prices, but on an energy-equivalent basis their ratio remains lower than the
historical average. Coal prices rise much less than oil and gas prices. In the 450 Scenario, it
is assumed that retail prices for oil-based transport fuels, despite lower global demand, are
held by government action at levels similar to the Current Policies Scenario.

® Some countries have already imposed a price on CO, emissions and certain others are
assumed to follow suit (through taxation, cap-and-trade schemes or some equivalent).
The CO, prices in 2035 are assumed to range from $30 to $45/tonne (in year-2010 dollars)
in the New Policies Scenario, and from $95 to $120/tonne in the 450 Scenario.

® Rates of technological development and deployment, and their impact on energy
efficiency, vary across the three scenarios. For example, carbon capture and storage
technologies and electric vehicles are deployed on a very limited scale in the New Policies
Scenario, but both play more significant roles in the 450 Scenario. No completely new
technologies are assumed to be deployed at substantial levels.
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Introduction

Although the years 2008 to 2010 were considered to be a turbulent period in global energy
markets, new uncertainties have arisen from events in 2011. The “Arab Spring” — an outbreak
of civil unrest and protests that started in Tunisia in December 2010 and quickly spread across
parts of the Middle East and North Africa — had major implications throughout the region and
internationally, including by leading to an almost complete halt to the supply of oil from Libya,
prompting International Energy Agency (IEA) member countries to release emergency stocks for
only the third time in the organisation’s history. In addition to their tragic human consequences,
the devastating earthquake and tsunami in Japan in March accentuated the tightening of global
energy markets that was already underway and raised new questions about the longer-term
prospects for nuclear power in Japan and in other parts of the world. Energy prices remained
persistently high throughout the first half of 2011, before falling in late August at the prospect
of Libyan crude oil returning to the market and growing doubts about the state of the global
economic recovery. And, in the midst of global irresolution about the scale and urgency of the
challenge we face in managing the risks from climate change, data became available that indicate
that carbon-dioxide (CO,) emissions are rising at the quickest rate in history.

Incorporating these and other developments, WEO-2011 provides a full update of
energy demand and supply projections to 2035. The first part (Part A) analyses the
possible evolution of energy markets to 2035 under three different scenarios. Consistent
with past editions of the Outlook, the core scenarios rest on common assumptions
about macroeconomic conditions and population growth, while their assumptions about
government policy differ — which in turn affects energy prices and technology deployment.
For each of the scenarios, detailed projections are presented of trends in energy demand
and supply, as well as energy infrastructure investment, by fuel, region and sector.! We
also investigate the implications of these trends for CO, emissions and local pollution, and
analyse issues surrounding high-carbon infrastructure “lock-in”, including the cost that
would be incurred if it became necessary to retire early, or retrofit, energy-related capital
with long lifetimes in order to meet climate imperatives. The results of this analysis are
intended to provide a sound quantitative framework for assessing and comparing possible
future trends in energy markets and the cost-effectiveness of new policies to tackle energy
security and environmental concerns.

The uncertainty facing the world today makes it wise to consider how unexpected events
might change the energy landscape. Therefore, in addition to the three full scenarios,
Part A (Chapters 1 to 6), also includes numerous sensitivity cases analysing the effects of
possible high-impact events that could dramatically change the future course of energy
markets. For example, in Chapter 2, we analyse the impact of slower economic growth in
the period to 2015, to illustrate the possible consequences for the energy sector of another
economic downturn. In Chapter 3, we present a Deferred Investment Case, which, in the
wake of a number of developments including the Arab Spring, looks at the implications of a
possible shortfall over the next few years in upstream oil and gas investment in the Middle

1. Since the last Outlook, regional disaggregation has been updated to enable account to be taken of the accession of
Chile, Estonia, Israel and Slovenia to the OECD; see Annex C for full details of the new groupings.
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East and North Africa, a region that is expected to deliver a growing share of the world’s
hydrocarbons in the coming decades. In Chapter 4 we consider the implications of a “Golden
Age of Gas” alongside more conservative projections. And in Chapters 6 and 12 we analyse
the implications for achieving ambitious climate goals if certain key energy technologies,
including carbon capture and storage (CCS) and nuclear power, are developed and deployed
more slowly.

Consistent with past practice, we offer in Part B of this year’s Outlook an in-depth analysis
of the prospects for energy supply and use in a single country, this time Russia, which
is the one of the world’s largest energy producers. This includes an assessment of the
country’s domestic energy needs and the outlook for the production and export of oil and
gas, investment needs and constraints and the implications of energy developments in the
country for global energy security and environmental sustainability. In a manner comparable
to the analysis of renewables in 2010, natural gas in 2009 and oil in 2008, Part C provides
an expanded assessment of the prospects for a particular fuel, this time coal. We look at
global demand and supply issues, the evolution of traded coal markets and the adequacy of
investment through the production and delivery chain. Many would argue that this focus on
coal is long overdue: in 2000 to 2010, the increase in global coal demand was almost equal
to that of all other forms of energy combined.

Part D of the report takes a detailed look at three special topics which are of high current
relevance. First, in Chapter 12, we present a Low Nuclear Case, which investigates the
implications for global energy balances of a possible collapse in the expansion of nuclear
power capacity worldwide, following the accident at the Fukushima Daiichi nuclear plant in
Japan. Second, in Chapter 13, we intensify the established WEO practice of highlighting the
key strategic challenge of energy poverty, this time by identifying possible means of raising
and administering the finance required to deliver energy to those who would otherwise
have no access to it. This analysis was first released as a special input to a high-level meeting
hosted by the government of Norway, in Oslo on 10 October 2011, that brought together
Heads of State, international institutions and other key stakeholders to consider how to
accelerate progress towards universal energy access as part of a broader push to achieve
health and development goals. In Chapter 14, we provide an update of the IEA’s continuing
work on subsidies to both fossil fuels and renewables. This chapter is aimed at encouraging
action to reform fossil-fuel subsidies globally, while highlighting the important role that
well-designed incentives can play in developing and deploying cleaner and more efficient
technologies in order to reduce greenhouse-gas emissions and pollution, and to diversify
the energy mix.

Defining the scenarios

Three scenarios are presented in this year’s Outlook: the New Policies Scenario, the Current
Policies Scenario and the 450 Scenario. In each case, what is offered is a set of internally
consistent projections: none should be considered as a forecast. The projection period runs
to 2035. The starting year is 2010, as historical market data for all countries were available
at the time of writing only up to 2009 (although preliminary data for 2010 were available
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Table 1.1 o Selected key policy assumptions by scenario and region*

Current Policies Scenario

New Policies Scenario

450 Scenario

OECD Staggered introduction of CO, prices in all countries;
$100 billion annual financing provided to non-OECD
countries by 2020; on-road PLDV emissions average
65 g/km in 2035.
United States New appliance standards; state-level support schemes Shadow price of carbon adopted from 2015, affecting A 17% reduction in CO, emissions compared with 2005 by
for renewables; enhanced CAFE standards; tax credits for investment decisions in power generation; new HDV 2020; CO, pricing implemented from 2020.
renewable energy sources. standards for each model year from 2014 to 2018; EPA
regulations on mercury and other pollutants in the power
sector.
Japan Long-Term Outlook on Energy Supply and Demand (2009),  Implementation of Strategic Energy Plan**; shadow A 25% reduction in emissions compared with 1990 by

including reforms in steel manufacturing, support for
renewables generation and improved fuel efficiency for
vehicles.

price of carbon implemented from 2015, affecting new
investment in power generation.

2020; CO, pricing implemented from 2020.

European Union

ETS, covering power, industry and (from 2012) aviation;
Energy Performance of Buildings directive; emissions
standards for PLDVs. A 20% reduction in emissions
compared with 1990 by 2020; renewables to reach 20%
share in energy demand in 2020.

ETS, covering power, industry and (from 2012) aviation;
new LCV standards; more stringent PLDV standards.

A 30% reduction in emissions compared with 1990 by
2020; ETS strengthened in line with the 2050 roadmap.

Australia, New Zealand: Domestic ETS from 2010. Australia: A 5% reduction in emissions compared with Australia: A 25% reduction in emissions compared with
New Zealand 2000 by 2020; carbon tax from mid-2012 and domestic 2000 by 2020; New Zealand: A 20% reduction in emissions
emissions trading from 2015. New Zealand: A 10% cut in compared with 1990 by 2020.
emissions compared with 1990 by 2020.
Korea A 30% reduction in emissions compared with business-as- A 30% reduction in emissions compared with business-as-

usual by 2020; CO, pricing from 2015.

usual by 2020; higher CO, pricing.

*See Annex B for more details of the policy assumptions across the three scenarios. **Following the Great East Japan Earthquake, Japan is undertaking a full review of its Strategic Energy Plan
with results expected in 2012.
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legislation.

transportation) in 2020; implementation of measures
included in the 2010 energy efficiency state programme.

§ Table 1.1 o Selected key policy assumptions by scenario and region (continued)
e
o
- Current Policies Scenario New Policies Scenario 450 Scenario
§ Non-OECD Fossil-fuel subsidies are phased out in countries that Fossil-fuel subsidies are phased out in all net-importing Receipt of finance to support domestic mitigation action;
g already have policies in place to do so. regions by 2020 (at the latest) and in net-exporting regions  on-road PLDV emissions average 100 g/km in 2035.
5 where specific policies have already been announced. International sectoral agreements for iron and steel, and
a cement. Fossil-fuel subsidies are phased out in net-importing
% regions by 2020 and in net-exporting regions by 2035.***
<
5‘ China Implementation of measures in 12™ Five-Year Plan, A 40% reduction in carbon intensity compared with 2005 A 45% reduction in carbon intensity compared with
= including 17% cut in CO, intensity by 2015; solar additions by 2020; CO, pricing from 2020; a 15% share of non-fossil 2005 by 2020; higher CO, pricing; enhanced support for
% of 5 GW by 2015; wind additions of 70 GW by 2015 and energy in total energy supply by 2020; 70 to 80 GW of renewables.
g start construction of 120 GW of hydropower by 2015. nuclear power by 2020; 12th Five-Year Plan renewables
o
2 targets exceeded. PLDV fuel economy targets by 2015.
India Trading of renewable energy certificates; measures under A 20% reduction in CO, intensity compared with 2005 by A 25% reduction in CO, intensity compared with 2005 by
national solar mission and national mission on enhanced 2020; proposed auto fuel-efficiency standards; 20 GW of 2020; expanded feed-in tariffs for renewables.
energy efficiency (Perform Achieve and Trade [PAT] solar energy production capacity by 2022.
scheme for industry).
Brazil Solar incentives; ethanol targets in road transport A 36% reduction in emissions compared with business- A 39% reduction in emissions compared with business-
(20% to 25%). as-usual by 2020; increase of electricity generation from as-usual by 2020; increased generation from renewable
renewable sources. sources; CO, pricing from 2020.
Russia Gradual real increases in residential gas and electricity A 2% per year real increase in residential gas Faster liberalisation of residential gas and electricity
(see also prices (1% per year) and average gas price paid by and electricity prices; industrial gas prices reach prices; CO, pricing from 2020; full implementation of
Chapter 7) industry (1.5%); implementation of 2009 energy efficiency the equivalent of export prices (minus taxes and measures included in the 2010 energy efficiency state

programme; stronger support for nuclear power and
renewables.

***Except the Middle East where subsidisation rates are assumed to decline to a maximum of 20% by 2035.

Notes: Pricing of CO, emissions is either by an emissions trading scheme (ETS) or carbon taxes. PLDV = Passenger light-duty vehicle; LCV= Light commercial vehicle;

HDV = Heavy-duty vehicle; and CAFE = Corporate Average Fuel Economy.
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in many cases and have been incorporated).? Assumptions about government policies are
critical to the three scenarios and over 3 000 policies and measures in OECD and non-OECD
countries have been considered during their preparation.® A summary of some of the key
policy targets and measures, by scenario, is set out in Table 1.1; more detailed assumptions
can be found in Annex B.

The New Policies Scenario — the central scenario of this Outlook — incorporates the broad
policy commitments and plans that have been announced by countries around the world
to tackle energy insecurity, climate change and local pollution, and other pressing energy-
related challenges, even where the specific measures to implement these commitments
have yet to be announced. Those commitments include renewable energy and energy-
efficiency targets and support, programmes relating to nuclear phase-out or additions,
national pledges to reduce greenhouse-gas emissions communicated officially under the
Cancun Agreements and the initiatives taken by G-20 and APEC economies to phase out
inefficient fossil-fuel subsidies that encourage wasteful consumption. This scenario provides
a benchmark to assess the achievements and limitations of recent developments in climate
and energy policy. As many of the formal commitments that have been modelled in the New
Policies Scenario relate to the period to 2020, we have assumed that additional unspecified
measures are introduced that maintain through to 2035 a similar trajectory of global
decline in carbon intensity — measured as emissions per dollar of gross domestic product.
International sectoral agreements are assumed to be implemented across several industries,
including cement and light-duty vehicles.

As only limited details are available for many of the initiatives considered in the New Policies
Scenario, the extent to which they will actually be implemented is uncertain. Some targets
are conditional on financial transfers from Annex | to non-Annex | countries or commitment
to comparable emissions reductions by a set of countries, while other commitments
involve a range. Some pledges relate to energy or carbon intensity, rather than absolute
reductions in emissions. As a result, it is far from certain what these commitments will
mean for emissions, even if they are met fully. Similarly, following the G-20 and APEC
commitments on fossil-fuel subsidies, many countries have started to implement, or have
proposed, reforms to bring their domestic energy prices into line with the levels that would
prevail in a less distorted market, but the success of these reforms is very uncertain, in the
face of steep economic, political and social hurdles. Furthermore, it is uncertain what new
action governments may decide to take in the coming years (particularly post-2020) as
perceptions of risk and threat change, and what implications these policies might have for
greenhouse-gas emissions. To allow for all these uncertainties, the New Policies Scenario
adopts a pragmatic approach by assuming cautious implementation of recently announced
commitments and plans. In countries where uncertainty over climate policy is very high, it is
assumed that the policies adopted are insufficient to reach their target.

2. Asaresult of the 2008/2009 economic crisis, world primary energy consumption fell by 1.1% in 2009, the first decline
of any significance since 1981. Although the economic recovery is still rather sluggish, preliminary data suggest that
global energy demand rebounded by a remarkable 5% in 2010.

3. The WEO Policy Database is available at www.iea.org/textbase/pm/?mode=weo .
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The New Policies Scenario should not be read as a forecast. Even though it is likely that many
governments around the world will take firm policy action to tackle increasing energy insecurity,
local pollution, climate change and other energy-related problems, the policies that are actually
put in place in the coming years will certainly differ from those assumed in this scenario. On
the one hand, governments may decide to take stronger action to implement their current
commitments than assumed in this scenario and/or may adopt even more stringent targets.
On the other hand, it is quite possible that some governments will fail to implement the policies
required to meet even their current pledges.

WEO-2011 also presents updated projections for the Current Policies Scenario (called the
Reference Scenario prior to WEQ-2010) to show how the future might look on the basis of the
perpetuation, without change, of the government policies and measures that had been enacted
or adopted by mid-2011. A number of the policy commitments and plans that were included
in the New Policies Scenario in WEO-2010 (IEA, 2010a) have since been enacted so are now
included in the Current Policies Scenario in this Outlook. These include, for example, China’s
12% Five-Year Plan for the period 2011 to 2015; a new scheme in India that enables trading of
renewable energy certificates and a new programme of support for alternative fuel vehicles; new
EU directives covering the energy performance of buildings and emissions standards for light-
commercial vehicles; and new appliance standards in the United States.

The Outlook presents, in Chapter 6, updated projections for the 450 Scenario, which sets out an
energy pathway that is consistent with a 50% chance of meeting the goal of limiting the increase
in average global temperature to two degrees Celsius (2°C), compared with pre-industrial
levels. According to climate experts, to meet this goal it will be necessary to limit the long-term
concentration of greenhouse gases in the atmosphere to around 450 parts per million of carbon-
dioxide equivalent (ppm CO,-eq). For the period to 2020, the 450 Scenario assumes more vigorous
policy action to implement fully the Cancun Agreements than is assumed in the New Policies
Scenario (which assumes cautious implementation). After 2020, OECD countries and other
major economies are assumed to set economy-wide emissions targets for 2035 and beyond that
collectively ensure an emissions trajectory consistent with stabilisation of the greenhouse-gas
concentration at 450 ppm.

The most significant change in the 450 Scenario compared with WEO-2010relates to the starting
point for emissions: after a dip in 2009, caused by the global financial crisis, emissions climbed by
arecord 5.3% in 2010, reaching 30.4 gigatonnes (Gt). This higher starting point means that even
bigger emissions reductions will be needed in the future in order to limit the global increase in
temperature to 2°C. Furthermore, with another year passing, the difficulty and cost of meeting
ambitious climate goals has been increased as ongoing investments have “locked in” high-carbon
infrastructure. The 450 Scenario is now more demanding than it was just twelve months ago.

Main non-policy assumptions
Economic growth

Today, four years on from the start of the global financial crisis, there remain persistent
doubts about the sustainability of the global economic recovery. Projections from the
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International Monetary Fund (IMF), at the time of writing, show global gross domestic
product (GDP) growing by around 4.0% in 2011 and 2012 from over 5.0% in 2010 (IMF, 2011).
These aggregate numbers mask considerable divergence in expected performance across
regions: the advanced economies (essentially those of the OECD) are projected to grow by
just 1.5% in 2011, compared with 6.0% in the emerging economies. Moreover, it appears
that the risks are to the downside, and it is quite possible that the IMF and other forecasting
bodies will revise down their projections for GDP growth for 2011 and 2012 (see Box 2.1 in
Chapter 2).

The economic outlook has been clouded primarily by worries in OECD countries about
sovereign and private-sector indebtedness, the effect on the banking sector of possible
sovereign debt defaults and how plans to reduce deficits and debts will affect future
economic growth. In many advanced economies, fiscal adjustment in the wake of the
global financial crisis is underway, reducing budget deficits and stemming the rise of
government debt to GDP ratios; but some countries are continuing to struggle to put their
finances in order. Recent economic concerns have focused particularly on weaker than
expected economic activity in the United States and related uncertainty over plans for fiscal
consolidation, and the fiscal challenges facing a number of countries in Europe. Economic
risks are also evident in some emerging and developing economies, with signs of potential
overheating.

The rise in oil prices since September 2010 has fed concerns about near-term economic
prospects. Oil prices dropped somewhat from early August 2011, following weaker economic
data from United States and Europe and on promising signs of a resumption of oil exports from
Libya, but they remain high by historical standards. Were the average IEA crude oil import
prices of $100 per barrel over the first half of the year to persist through to the end of the year,
spending on imports by the OECD — which is set to import almost 60% of its oil needs in 2011
—would amount to 2.2% of its GDP. The share of GDP spent on oil imports is generally even
higher in oil-importing developing countries, because their economies are typically more oil
intensive. Higher oil prices have weighed on growth in oil-importing countries by consuming
a greater proportion of household and business expenditure. They have also put upward
pressure on inflation, both directly, through increases in fuel prices, and indirectly, as prices
of other goods have risen to reflect the higher input costs. The recent growth in production
of biofuels that compete with food use, like corn-based ethanol, has arguably strengthened
these links. Inflationary impacts have been most pronounced in the emerging economies,
particularly in Asia, energy weighs relatively heavily in domestic consumer price indices.
Globally, the net economic loss engendered by higher prices has been only partly offset by the
oil-producing countries “recycling” some of their surplus export revenues back into the global
economy in the form of increased imports of goods and services.

The civil unrest that has swept through some parts of the Middle East and North Africa
(MENA) region, which is responsible for around 35% and 20% of the world’s oil and natural
gas output respectively, since December 2010 has contributed to higher energy prices and
any worsening of the unrest or its spread to major exporting countries in the region could
lead to a surge in prices sufficient to tip the global economy back into recession. The unrest
has led a number of Gulf States to boost significantly public spending, including spending
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on welfare programmes. While this is likely to lead to greater demand for imported
goods (which will reduce the global economic impact of high prices) it also means that oil
producers may need yet higher oil prices in the future in order to keep their budgets in
balance. In many OPEC countries, the current budget breakeven oil price is typically between
$70/barrel and $90/barrel (see Chapter 3).

In this Outlook, world GDP (expressed in real purchasing power parity, or PPP, terms®) is
assumed to grow by an average of 3.6% per year over the period 2009 to 2035, compared
with 3.1% from 1990 to 2009 (Table 1.2). Assumed growth is somewhat higher than in
last year’s Outlook, in part due to the lower 2009 base. The medium-term GDP growth
assumptions are based primarily on IMF projections, with some adjustments to reflect
more recent information available for the OECD (OECD, 2011) and other countries from
national and other sources. Longer-term GDP assumptions are derived from an assessment
of historical growth rates and expectations for the growth in labour supply and the speed
at which labour productivity improves. The risk of slower GDP growth in the near term is
examined in a sensitivity analysis, the results of which are set out in Chapter 2.

Consistent with the pattern of recent decades, the non-OECD countries are assumed to
remain the main engine of global economic growth, lifting their share of world GDP from
44% in 2010 to 61% in 2035 (compared with 33% in 1985). China and India are expected
to continue to grow faster than countries in other regions, followed by the Middle East
countries. China’s growth rate slows from 8.1% per year in the period 2009 to 2020 to
4.3% per year in 2020 to 2035, less than half the rate at which it has been growing in recent
years. India displaces China in the early 2020s as the fastest-growing country, the result
of demographic factors and its earlier stage of economic development. India’s growth
nonetheless slows from 7.7% per year in 2009 to 2020 to 5.8% per year in 2020 to 2035.
Among the OECD regions, OECD Americas continues to grow fastest, at 2.4% per year on
average over the projection period, buoyed by more rapid growth in its population and
labour force. Europe and Asia Oceania are expected to see the lowest GDP growth of any of
the major regions.

The energy projections in the Outlook are highly sensitive to these underlying assumptions
about GDP growth. Historically, energy demand has tended to rise broadly in line with GDP
and economic downturns have been linked with a flattening or reduction of growth in energy
usage. The so-called income elasticity of energy — the increase in energy demand relative
to GDP — has gradually declined over time and has actually reversed in some developed
countries. In most cases, it tends to be higher for countries at an early stage of economic
development than for more mature economies. This can be explained by differences in
the structure of economic output and the curtailing of income-driven increases in demand
through efficiency improvements and saturation effects.

4. Purchasing power parities (PPPs) 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 and, thus, help in analysing the main drivers of energy demand and
comparing energy intensities across countries and regions.
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Table 1.2 e Real GDP assumptions by region ($2010 trillion)

2009 2015 2020 2035 2009-2020* 2009-2035*
OECD 39.9 46.5 51.8 69.4 2.4% 2.2%
Americas 173 20,5 23.2 324 2.7% 2.4%
United States 14.3 16.8 189 26.2 2.6% 2.4%
Europe 16.1 183 203 26.7 2.1% 2.0%
Asia Oceania 6.5 7.6 8.4 103 2.3% 1.8%
Japan 4.1 4.7 5.0 5.9 1.7% 1.4%
Non-OECD 30.9 45.5 59.4 106.8 6.1% 4.9%
E. Europe/Eurasia 37 4.8 5.8 9.3 4.1% 3.6%
Russia 2.1 2.8 33 5.4 4.1% 3.6%
Asia 17.6 28.2 38.5 736 1.4% 5.7%
China 9.4 15.9 22.3 41.6 8.1% 5.9%
India 37 6.0 8.3 19.4 7.7% 6.6%
Middle East 24 31 3.8 6.6 4.3% 4.0%
Africa 29 39 47 73 4.6% 3.7%
Latin America 43 5.6 6.6 10.0 4.0% 3.3%
Brazil 2.0 2.7 32 51 4.3% 3.6%
World 70.8 92.0 111.2 176.2 4.2% 3.6%
European Union 14.9 16.8 185 24.3 2.0% 1.9%

*Compound average annual growth rate.

Notes: Calculated based on GDP expressed in year-2010 dollars at constant purchasing power parity. The assumed
rates of economic growth for 2009 to 2035 are the same for all three scenarios presented in this Outlook.

Sources: IMF, OECD and World Bank databases; IEA databases and analysis.

Assumptions about GDP growth are the same in each of the three scenarios modelled in
WEOQ-2011. In reality, the fundamental energy system transformation that takes place in
the 450 Scenario or the higher energy prices in the Current Policies Scenario could have
at least temporary adverse impacts on GDP growth. In the case of the 450 Scenario, the
higher economic cost associated with the shift in investment to low-carbon technologies
could depress GDP growth, though the economic benefits that would accrue from reduced
environmental damage could offset or perhaps even outweigh these direct GDP losses.
For reasons such as this and to facilitate comparison between scenarios, the simplifying
assumption has been adopted that GDP growth rates remain unchanged.

Population

Population growth is a key driver of future energy trends as the level of population has
a direct effect on the size and composition of energy demand and an indirect effect by
influencing economic growth and development. Based on the latest United Nations
projections, in each of the three scenarios world population grows from an estimated
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6.8 billion in 2009 to around 8.6 billion in 2035, an average rate of increase of 0.9% per year
(Table 1.3) (UNPD, 2011). In line with the long-term historical trend, the population growth
rate slows progressively over the projection period, from 1.1% per year in 2009 to 2020 to
0.8% in 2020 to 2035. However, this means that by 2035, the annual increase in population
is still 56 million, compared with 78 million in 2010.

Table 1.3 e Population and urbanisation assumptions by region

Population growth* Population (million) Urbanisation rate (%)
2009-2020  2020-2035  2009-2035 2009 2035
OECD 0.5% 0.3% 0.4% 1229 1373 77% 84%
Americas 0.9% 0.7% 0.8% 470 571 81% 87%
United States 0.8% 0.7% 0.7% 312 377 82% 88%
Europe 0.4% 0.2% 0.3% 557 599 74% 82%
Asia Oceania 0.2% -0.1% 0.0% 203 203 73% 81%
Japan -0.1% -0.4% -0.3% 127 118 67% 75%
Non-OECD 1.2% 0.9% 1.0% 5536 7183 44% 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% 3546 421 38% 53%
China 0.4% 0.0% 0.1% 1338 1387 46% 65%
India 1.3% 0.9% 1.0% 1155 1511 30% 43%
Middle East 1.9% 1.4% 1.6% 195 293 66% 74%
Africa 2.3% 2.0% 2.1% 1009 1730 39% 53%
Latin America 1.0% 0.7% 0.8% 451 558 79% 86%
Brazil 0.8% 0.4% 0.6% 194 224 86% 92%
World 1.1% 0.8% 0.9% 6765 8556 50% 61%
European Union 0.3% 0.1% 0.2% 501 521 74% 81%

*Compound average annual growth rates.

Note: The assumed rates of population growth for 2009 to 2035 are the same for all three scenarios presented in this
Outlook.

Sources: UNPD and World Bank databases; IEA analysis.

The increase in global population is expected to occur overwhelmingly in non-OECD
countries, mainly in Asia and Africa, pushing the OECD’s share of global population down
from 18% today to just 16% in 2035. Both India (1.5 billion people) and China (1.4 billion
people) will have larger populations than the entire OECD by 2035. The population of Russia
falls marginally through the Outlook period. The population of the OECD increases, but by
only 0.4% per year on average over 2009 to 2035. Most of the increase in the OECD occurs
in the OECD Americas. Slower growth in population contributes to slower projected rates of
increase in energy demand in the OECD than in the rest of the world.
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The number of people living in urban areas worldwide is projected to grow by 1.9 billion,
from 3.4 billion in 2009 to 5.3 billion in 2035. Rates of urbanisation remain an important
determinant of energy demand, as energy use is related to income, and city and town
dwellers in the developing world tend to have higher incomes and better access to energy
services. The income effect usually outweighs any efficiency gains that come from higher
density settlements in urban areas. Because of the rapid growth of cities and towns in the
developing world, the pattern of energy use in towns will increasingly shape global energy
use, though the rural/urban differential is expected to diminish somewhat. By contrast, city
and rural residents in developed countries tend to enjoy similar levels of energy service.

Box 1.1 ® How does the IEA model long-term energy trends?

The projections for all three scenarios presented in WEO-2011 are derived from the
IEA’s World Energy Model (WEM) — a partial equilibrium model designed to replicate
how energy markets function over the medium and longer term. Developed over many
years, the WEM consists of six main modules: (i) final energy demand (with sub-models
covering residential, services, agriculture, industry, transport and non-energy use);
(i) power generation and heat; (iii) refining/petrochemicals and other transformation;
(iv) oil, natural gas, coal, and biofuels supply; (v) CO, emissions; and (vi) investment.

The WEM is designed to analyse:

® Global energy prospects: These include trends in demand, supply availability
and constraints, international trade and energy balances by sector and by fuel
(currently through to 2035).

® Environmental effects of energy use: CO, emissions from fuel combustion are
derived from the detailed projections of energy consumption.

e Effects of policy actions and technological changes: Scenarios and cases are used
to analyse the impact of policy actions and technological developments on energy
demand, supply, trade, investment and emissions.

® Investment in the energy sector: The model evaluates the investment requirements
in the fuel-supply chain needed to satisfy projected energy demand. It also
evaluates demand-side investment requirements.

Since the last Outlook, regional disaggregation of the WEM has been enhanced to
take account of the accession of Chile, Estonia, Israel and Slovenia to the OECD. The
model now produces energy-demand projections for eleven specific countries and a
further fourteen regional groupings. On the supply side, projections for oil, gas, coal
and biofuels are derived for all major producers.

Assumptions based on analysis of the latest developments in energy markets, the
broader economy and energy and climate policy, are used as inputs to the WEM,
together with huge quantities of historical data on economic and energy variables.
Much of the data is obtained from the IEA’s own databases of energy and economic
statistics (www.iea.org/statistics). Additional data from a wide range of external
sources is also used. These sources are indicated in the relevant sections of this report.
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Energy prices

The evolution of energy prices is a key determinant of energy trends, as the actual prices
paid by energy consumers affect how much of each fuel they wish to consume and how
much it is worth investing in improving the efficiency of a particular technology used to
provide an energy service. International energy prices are an exogenous (i.e. external)
determinant of energy demand and supply in the World Energy Model, the model used
to derive the WEO-2011 projections (Box 1.1). However, the model is run in an iterative
manner, adjusting prices so as to ensure demand and supply are in balance in each year of
the projection period.

The assumed energy price paths should not be interpreted as forecasts. Rather, they reflect
our judgement 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, this should not be taken as a prediction of stable energy markets. Prices will,
in reality, deviate from these assumed trends, widely at times, in response to short-term
fluctuations in demand and supply and to geopolitical events. The price assumptions differ
across the three scenarios, reflecting the impact policy-driven reductions in demand would
be likely to have.

The WEO-2011 projections are based on the average retail prices of each fuel used in end-
use, power generation and other transformation sectors. These prices are derived from
assumptions about the international prices of fossil fuels and take into account domestic
supply and demand conditions (as these continue to set prices in many cases, such as, for
example, natural gas in the United States and coal in parts of China). End-user prices take
account of any taxes, excise duties and carbon-dioxide emissions pricing, as well as any
subsidies. In all scenarios, the rates of value-added taxes and excise duties on fuels are
assumed to remain unchanged throughout the Outlook period. End-user electricity prices
are based on the costs of generation, the costs of transmission and distribution and the costs
associated with operating the electricity system and supplying customers (such as billing and
metering). In addition, electricity prices in each region are increased or reduced to reflect
taxes and subsidies for end-users and, in some cases, the inclusion in prices of a contribution
towards renewables subsidies.

Oil prices

Oil prices have remained extremely volatile over the past year. By late September 2011,
prices for benchmark Brent and West Texas Intermediate (WTI) futures were trading at
around $110/barrel and $86/barrel respectively. Prices rose strongly over the second half of
2010 and through to April 2011, driven by tightening supply and demand fundamentals (in
part, due to the loss of most production in Libya) and fears that the turmoil in parts of the
Middle East and North Africa could spread to other major producers.

In this Outlook, oil prices are assumed to rise steadily to 2035 in all but the 450 Scenario,
as rising global demand requires the development of increasingly expensive sources of oil
(see Chapter 3). The level of prices needed to match oil supply and demand varies with
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the degree of policy effort made to curb demand growth (Figure 1.1). In the New Policies
Scenario, the average IEA crude oil import price — a proxy for international oil prices —
reaches $109/barrel (in real 2010 dollars) in 2020 and $120/barrel in 2035 (Table 1.4).>6n
nominal terms, the price essentially doubles compared with current levels, to $212/barrel
in 2035. In our Deferred Investment Case presented in Chapter 3, in which we assume
that MENA upstream investment is one-third below the level called for in the New Policies
Scenario over the period 2011 to 2020, real prices jump to $150/barrel, before falling back
as production recovers. In the Current Policies Scenario, substantially higher oil prices than
those in the New Policies Scenario are needed to balance supply with the higher level of
demand. The crude oil price rises briskly, especially after 2020, reaching $118/barrel in 2020
and $140/barrel in 2035. In the 450 Scenario, by contrast, lower oil demand means there is
less need to produce oil from costly fields higher up the supply curve in non-OPEC countries
(see Chapter 6 for details of the drivers of oil demand in this scenario). As a result, the oil
price is assumed to level off at about $97/barrel by 2015 and to maintain that level through
to 2035. Importantly, 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. This assumption ensures that the lower international prices that
result from policy action over and above that assumed in the Current Policies Scenario do
not lead to a rebound in transport demand through lower end-user prices.

Figure 1.1 e Average IEA crude oil import price
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5. In 2010, the average IEA crude oil import price was $1.50/barrel lower than first-month WTI and $2.20/barrel lower
than Brent.

6. The price assumptions utilised in WEO-2011 differ from those in the IEA's Medium-Term Oil and Gas Markets 2011
(MTOGM) (IEA, 2011). The main reason is that the MTOGM assumes prices in line with those prevailing on the futures
curve out to 2016 at the time the projections are made, in order to identify what this price trajectory (together with
other assumptions, notably about GDP) would mean for market balances. So the projections are not intended to reflect
a market equilibrium. By contrast, markets are assumed to balance in the WEO-2011 projections. For this reason, the
WEO and MTOMR projections are not strictly comparable.
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Natural gas prices

Historically, natural gas prices in OECD countries have been closely correlated to oil
prices through indexation clauses in long-term supply contracts or indirectly through
competition between gas and oil products in power generation and end-use markets. In
Europe, some two-thirds of the continent’s gas is supplied under long-term contracts,
whereby the gas price is indexed to oil prices, with a lag of several months (although a
degree of indexation to spot gas prices has been introduced in some contracts). Prices in
Asia are also predominately set under long-term contracts that are indexed to crude oil.
However, in a growing number of markets, gas prices are set freely in a competitive gas
market, an approach known as gas-to-gas competition. Prices are set in this way in North
America, the United Kingdom and Australia and, increasingly, in continental Europe,
accounting for some three-quarters of total OECD gas use.

Differences in pricing mechanisms inevitably lead to differences in the actual level of
prices. When oil prices are high, as they are today, oil-indexed gas prices tend to be high.
The level of gas prices under gas-to-gas competition depends on the supply/demand
balance in each regional market, including the prices of all competing fuels. In the past
two to three years, gas prices set this way have been significantly lower than oil-indexed
prices both in the United States and in continental Europe. Nonetheless, differentials
have narrowed in Europe as spot prices have risen, with the rebound in demand, and
the price of alternative fuels (especially coal) has risen. Over the past few years,
US natural gas prices have fallen relative to oil prices, because of a glut of gas caused
by the boom in unconventional gas. We assume that North American gas prices
recover slightly, relative to oil prices, over the projection period, largely reflecting our
expectation that gas production costs there will tend to rise as production shifts to more
costly basins. The growing share of liquefied natural gas (LNG) in global gas supply and
increasing opportunities for short-term trading of LNG are expected to contribute to
a degree of convergence in regional prices over the projection period, but significant
price differentials between the United States, Europe and Japan are expected to remain,
reflecting the relative isolation of these markets from one another and the cost of
transport between regions.

In this year’s Outlook, we have revised down our natural gas price assumptions in the
three main scenarios compared with WEO-2010, because of improved prospects for the
commercial production of unconventional gas. Although gas prices broadly follow the
trend in oil prices, the ratio of gas to oil prices on an energy-equivalent basis remains
below historical averages in all regions, particularly in North America (Figure 1.2).
Gas prices are assumed to vary across the three scenarios in line with the degree of
policy effort to curb growth in energy demand. In the New Policies Scenario, prices reach
$12 per million British thermal units (MBtu) in Europe, $14/MBtu in the Pacific and
$9/MBtu in North America by 2035 (in real 2010 dollars). In the Golden Age of Gas
Scenario (GAS Scenario) presented in Chapter 4, prices are assumed to be up to
$1.50/MBtu lower than in the New Policies Scenario, largely because of the scenario’s
more optimistic assumptions about future gas supply.
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Table 1.4 o Fossil-fuel import price assumptions by scenario (dollars per unit)

New Policies Scenario Current Policies Scenario 450 Scenario

Unit 2010 2020 2025 2030 2020 2025 2030

Real terms (2010 prices)
IEA crude oil imports barrel 781 1020 1086 1136 1173 1200 1063 1181 1273 1345 1400 97.0 97.0 97.0 97.0 97.0

Natural gas imports

United States MBtu 4.4 6.0 6.7 73 78 8.6 6.1 7.0 1.7 8.4 9.0 5.9 6.5 8.0 8.4 7.8
Europe MBtu 75 9.6 104 111 117 121 9.8 11.0 11.9 126 13.0 9.4 9.8 9.8 9.7 9.4
Japan MBtu 11.0 12.2 12.9 13.4 13.9 143 12.7 13.5 14.2 14.8 15.2 11.9 12.0 12.0 12.1 12.1

OECD steam coal imports ~ tonne 99.2 1037 1063 1081 1093  110.0 1046 1090 1128 1159 1184 100.3 933 83.2 73.7 67.7

Nominal terms
IEA crude oil imports barrel 78.1 1143 136.4 159.8 184.9 211.9 119.1 148.2 179.1 211.9 247.2 108.7 121.8 136.4 152.9 1713

Natural gas imports

United States MBtu 44 6.8 8.4 10.3 12.5 15.1 6.9 8.7 10.9 13.2 16.0 6.6 8.2 11.2 133 13.8
Europe MBtu 75 10.8 13.0 15.6 18.4 213 10.9 13.8 16.8 19.9 23.0 10.5 12.3 13.8 153 16.6
Japan MBtu 11.0 13.7 16.2 18.9 219 25.2 14.2 17.0 20.0 234 26.8 134 15.1 16.9 19.1 214

OECD steam coal imports tonne 99.2 116.2 1885 152.0 172.2 194.2 117.2 136.8 158.6 182.6 209.0 1124 117.2 117.0 116.1 119.5

Notes: Gas prices are weighted averages expressed on a gross calorific-value basis. All prices are for bulk supplies exclusive of tax. The US natural gas import price is used as a
proxy for prices prevailing on the domestic market. Nominal prices assume inflation of 2.3% per year from 2010.
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Figure 1.2 e Ratio of average natural gas and coal import prices to crude oil
prices in the New Policies Scenario
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Note: Calculated on an energy-equivalent basis.

Steam coal prices

Historically, seaborne traded steam coal prices have broadly tended to follow oil and gas
prices, reflecting the dynamics of inter-fuel competition and the importance of oil in the
cost of transporting and mining coal, particularly in opencast mines. By contrast, prices
for land-based traded steam coal do not always have a close link to oil and gas prices. Coal
prices weakened relative to both oil and gas prices in the decade to 2010, partly as a result
of differences in market conditions among the different fuels and growing environmental
constraints on coal use in OECD countries. However, coal prices have recently rebounded,
with surging demand in China and other emerging economies.

Our international steam-coal price assumptions (which drive our assumptions about
coking coal and other coal qualities) vary markedly across the three scenarios presented in
WEO-2011. Prices averaged $99 per tonne in 2010. In the New Policies Scenario, they are
assumed to rise gradually throughout the projection period, reaching $110/tonne (in year-
2010 dollars) by 2035. The increase is much less in percentage terms than that for oil or gas
partly because coal production costs are expected to remain low and because coal demand
flattens out by 2020. Prices are higher in the Current Policies Scenario, reaching $118/tonne
by 2035. By contrast, they are significantly lower in the 450 Scenario, dropping to $93/tonne
in 2020 and $68/tonne in 2035, as a result of a widespread and large-scale shift away from
coal to cleaner fuels.

CO, prices

The pricing of CO, emissions (either through cap-and-trade schemes or carbon taxes) affects
investment decisions in the energy sector by altering the relative costs of competing fuels.
A number of countries have implemented emissions trading schemes to set prices for CO,,
while many others have schemes under development, with some being in an advanced
stage of design. Other countries have introduced carbon taxes (taxes on fuels linked to their
emissions) or are considering doing so.
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In the Current Policies Scenario, carbon pricing through cap-and-trade is limited to the
existing EU Emission Trading System, which covers the 27 member states of the European
Union, and the New Zealand Emissions Trading Scheme. The price of CO, under the EU
Emission Trading System is assumed to reach $30/tonne in 2020 (in year-2010 dollars) and
$45/tonne in 2035 (Table 1.5). In the New Policies Scenario, it is assumed that measures to
put a price on CO, are also established in Australia from 2012, Korea from 2015 and China
from 2020, with the breadth of sectoral coverage varying from country to country.” Although
neither the United States nor Canada introduces carbon pricing at the federal level in the
New Policies Scenario, we have assumed that from 2015 onwards all investment decisions
in the power sector in these countries factor in an implicit or “shadow” price for carbon; a
shadow price is also assumed in Japan’s power sector from 2015. In the countries that are
assumed to adopt shadow pricing for carbon emissions, power projects are approved only
if they remain profitable under the assumption that a carbon price is introduced. Given the
uncertainty that surrounds future climate policy, many companies around the world already
use such an approach as a means of ensuring they are well prepared against the contingency
of the introduction of a carbon tax or a cap-and-trade programme.

Table 1.5 o CO, price assumptions in selected regions by scenario
($2010 per tonne)

Region Sectors 2020 2030 2035

Power, industry and

Current Policies Scenario European Union - 30 40 45
aviation
New Policies Scenario ~ European Union Polwgr, industry and 30 40 45
aviation
Korea Power and industry 18 36 45
Australia,
New Zealand Al 30 40 4
China Al 10 23 30
450 Scenario United States, Canada Power and industry 20 87 120
European Union Polweir, industry and 45 95 120
aviation
Japan, Korea,
Australia, Power and industry * 35 90 120
New Zealand
China, Russia, Brazl, Power and industry** 10 65 95

South Africa

*All sectors in Australia and New Zealand. **All sectors in China.

Note: In the New Policies Scenario, the United States, Canada and Japan are assumed to adopt a shadow price for CO, in
the power sector as of 2015; it starts at $15/tonne, rising to $35/tonne in 2035.

7. China has announced plans to introduce city and provincial level pilot carbon emission trading schemes in the near
future and to develop an economy-wide scheme within the current decade.
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In the 450 Scenario, we assume that pricing of CO, emissions (either through cap-and-trade
schemes or carbon taxes) is eventually established in all OECD countries and that CO, prices in
these markets begin to converge from 2025, reaching $120/tonne in 2035. A growing number
of key 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, all
systems have access to offsets, which is likely to lead to convergence of carbon prices to some
degree. The CO, price in China is assumed to rise from $10/tonne in 2020 to $95/tonne in
2035. Similar CO, price levels are reached in 2035 in Russia, South Africa and Brazil.

Technology

The WEO projections of energy demand are sensitive to assumptions about improvements
in the efficiency of current energy technologies and the adoption of new ones. While
no completely new energy technologies, beyond those known today, are assumed to
be deployed before the end of the projection period, it is assumed that existing end-use
technologies become steadily more energy efficient. The pace of efficiency gains varies for
each fuel and each sector, depending on our assessment of the potential for improvements
and the stage reached in technology development and commercialisation. Similarly,
technological advances are also assumed to improve the efficiency of producing and
supplying energy. In most cases they are expected to lower the cost of energy supply and
lead to new and cleaner ways of producing and delivering energy services.

The energy sector has a relatively slow rate of capital replacement in general, due to the
long lifetime of many of the capital assets used for producing, delivering and using energy
(Figure 1.3). As a result, it can take many years for more efficient technologies to become
widely used, which limits the speed with which technological progress can lower the amount
of energy needed to provide a particular energy service. Most cars and trucks, heating and
cooling systems and industrial boilers will be replaced well before 2035. On the other hand,
most existing buildings, roads, railways and airports, as well as many power stations and
refineries, will still be in use then. This can have significant implications for efforts to combat
climate change, as emissions that will come from much of the infrastructure that is currently
in place or under construction can be thought of as “locked-in”. In other words, it would be
inordinately expensive to retire early or to retrofit that infrastructure, or allow it to stand
idle. This does not mean that such emissions are unavoidable, but rather that a very strong
policy intervention would be required — and require justification — before it would make
economic sense to replace or modify that capacity (see Chapter 6).

Our assumptions for technology development and deployment vary by scenario, as both
are heavily influenced by government policies and energy prices (IEA, 2010b). Technological
change is fastest in the 450 Scenario, thanks to the effect of various types of government
support, including economic instruments (such as carbon pricing, energy taxes and subsidies),
regulatory measures (such as standards and mandates) and direct public-sector investment.
Technological change is slowest in the Current Policies Scenario, because no new public policy
actions are assumed. Yet, even in this scenario, significant technological improvements do
occur, aided by higher energy prices. The extent to which energy assets are retired before the
end of their normal lives (or the stock is modernised to reduce energy needs) is limited in the
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Current Policies Scenario; it is greatest in the 450 Scenario. The reason for this, as indicated,
is that retiring these assets before the end of their normal lives is very costly and would only
occur as a result of very strong government policy incentives or regulations.

Figure 1.3 e Typical lifetime of energy-related capital stock
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Although no completely new technologies are assumed to be deployed in any of the
three scenarios, some that are currently approaching the commercialisation phase are
assumed to become available and to be deployed to some degree before the end of the
projection period. For example, carbon capture and storage technology is expected to be
deployed, on a very limited scale in the New Policies Scenario, but much more widely in the
450 Scenario (stimulated by stronger CO, price signals). Advanced biofuels, including those
from ligno-cellulosic feedstock, are assumed to reach commercialisation, by around 2015
in the 450 Scenario and by 2025 in the Current Policies Scenario. Hydrogen fuel cells based
on natural gas are expected to start to become economically attractive after 2020 in some
small-scale power generation applications and, to a much lesser extent, in the transport
sector. Exploration and production techniques for oil and gas are also expected to improve,
lowering the unit production costs and opening up new opportunities for development.
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CHAPTER 2

ENERGY PROJECTIONS TO 2035

Re-energising the global economy?

H 1 S H L 1 S H T S

® |n the New Policies Scenario, our central scenario, global energy demand increases
by 40% between 2009 and 2035. Demand grows for all energy sources. Oil demand
increases by 18% and is driven by transport. Coal demand, dictated largely by
non-OECD countries, increases for around the next ten years but then stabilises,
ending around 25% higher than 2009. Absolute growth in natural gas demand is nearly
equal to that of oil and coal combined. Nuclear power generation grows by more than
70%, led by China, Korea and India. Modern renewables grow faster than any other
energy form in relative terms, but in absolute terms total demand is still not close to
the level of any single fossil fuel in 2035.

® The focus of growth in both energy demand and supply switches away from the
OECD. Nearly 90% of global energy demand growth is in non-OECD countries. OPEC
oil production reaches more than half of the world total in 2035. Non-OECD countries
account for more than 70% of global gas production in 2035, focused in the largest
existing gas producers, such as Russia, the Caspian and Qatar. China consumes nearly 70%
more energy than the United States in 2035, is the largest oil consumer and oil importer,
and continues to consume nearly half of world coal production. Despite this, China’s
per-capita energy consumption is less than half the level of the United States in 2035.

® |Inter-regional trade in oil increases by around 30% and is equivalent to more than half
of world oil consumption in 2035. Trade in natural gas nearly doubles, with gas from
Russia and the Caspian region going increasingly to Asia. India becomes the largest
coal importer by around 2020, but China remains the determining factor in global coal
markets. The OECD share of inter-regional fossil fuel trade declines from 42% in 2009
to 29% in 2035 and becomes more focused on natural gas and oil.

® Global investment in the energy supply infrastructure of $38 trillion is required over
the period 2011 to 2035. Two-thirds of this is needed in non-OECD countries. The
power sector claims nearly $17 trillion of the total investment. Oil and gas combined
require nearly $20 trillion, increasing to reflect higher costs and a need for upstream
investment to rise in the medium and long term. Coal and biofuels account for the
remaining investment.

® |nthe New Policies Scenario, global energy-related CO, emissions increase by 20%,
following a trajectory consistent with a long-term rise in the average global
temperature in excess of 3.5°C. Around 45% of the emissions in 2035 are already
locked-in, coming from capital stock which either exists now or is under construction
and will still be operating in 2035.
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Overview of energy trends by scenario

Nothing is as certain as change, and the energy landscape has changed significantly over the
last year: turmoil in the Middle East and North Africa, the tsunami in Japan and consequent
damage to the Fukushima Daiichi nuclear power plant, the release of China’s 12 Five-Year
Plan (2011 to 2015), new moratoria on shale-gas drilling and, despite some progress, the
failure to achieve a legally binding agreement to limit global greenhouse-gas emissions.
There is also the critical issue of the fragile health of the global economy and its uncertain
future prognosis. But what impact has all of this change had on the outlook for our energy
future?

WEQ-2011 considers three scenarios, based on differing assumptions (see Chapter 1), with
the results varying significantly, but all contributing their own messages to policy makers and
analysts. The New Policies Scenario is our central scenario; it takes account of both existing
government policies and declared policy intentions. The Current Policies Scenario looks at
a future in which the government policies and measures enacted or adopted by mid-2011
remain unchanged. In contrast to the other scenarios, the 450 Scenario is an outcome-driven
scenario, illustrating a global energy pathway with a 50% chance of limiting the increase
in the average global temperature to 2°C. This would require the long-term concentration
of greenhouse gases in the atmosphere to be limited to around 450 parts per million of
carbon-dioxide equivalent (ppm CO,-eq).

In the New Policies Scenario, world primary energy demand is projected to increase from
12 150 million tonnes of oil equivalent (Mtoe) in 2009 to 16 950 Mtoe in 2035, an increase
of 40%, or 1.3% growth per year (Figure 2.1).! Global energy demand increases more quickly
in the Current Policies Scenario, reaching 18 300 Mtoe in 2035, 51% higher than 2009, and
representing average growth of 1.6% per year.

Figure 2.1 e World primary energy demand by scenario
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In the 450 Scenario, global energy demand still increases between 2009 and 2035, reaching
14 850 Mtoe in 2035, an increase of 23% or 0.8% per year. In 2035, energy demand in the
450 Scenario is 19% lower than in the Current Policies Scenario and more than 12% lower
than in the New Policies Scenario, due mainly to the differing extent to which policies are
implemented to improve energy efficiency.

In all scenarios, fossil fuels (oil, coal and natural gas) remain the dominant sources of energy
in 2035 (Table 2.1), but their share of the energy mix varies: the share of fossil fuels decreases
from 81% of world primary energy supply in 2009 to 80% in 2035 in the Current Policies
Scenario, 75% in the New Policies Scenario and 62% in the 450 Scenario.

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

New Policies Current Policies 450
Scenario Scenario Scenario

2020 2035 2020 2035

Coal 1792 3294 4083 4101 4416 5419 3716 2316
oil 3097 3987 4384 4645 4482 4992 4182 3671
Gas 1234 2539 3214 3928 3247 4206 3030 3208
Nuclear 186 703 929 1212 908 1054 973 1664
Hydro 148 280 377 475 366 442 391 520
Biomass and waste* 749 1230 1495 1911 1449 1707 1554 2329
Other renewables 12 99 287 690 256 481 339 1161
Total 7219 12132 14769 16961 15124 18302 14185 14870

* Includes traditional and modern uses.

The outlook for each fuel differs across the scenarios, in some cases markedly (Figure 2.2).
Compared with 2009, demand in 2035 for all forms of energy increases in the New Policies
Scenario and the Current Policies Scenario, but the extent differs. In the New Policies
Scenario, absolute growth in demand for natural gas is the strongest of all fuels. Global gas
demand nearly reaches the level of coal demand by the end of the Outlook period. In the
Current Policies Scenario, coal demand grows the most in absolute terms and overtakes
oil to capture the largest single share of the energy mix before 2035. In the 450 Scenario,
demand for coal and oil declines, compared with 2009, while the outlook is generally more
positive for natural gas, nuclear power and renewables.

The make-up of global energy demand in 2035 across the different scenarios is illustrated
in Figure 2.3. The strength with which energy and environmental policies are implemented
in the different scenarios has a particularly strong impact on the outlook for coal and
renewables, but in opposite directions. In the Current Policies Scenario, coal represents
nearly 30% of the energy mix and renewables 14% in 2035. In the 450 Scenario, the share
of coal in total energy demand declines to less than 16% in 2035, while that of renewables
increases to 27%.
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Figure 2.2 e World primary energy demand by fuel and scenario, 2009 and
2035 (Mtoe)
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In 2010, global energy-related emissions of carbon dioxide (CO,), the main component of
the energy-related greenhouse gases contributing to climate change, were 30.4 gigatonnes
(Gt), more than 5% higher than in 2009. The three scenarios have a dramatically different
impact on the future level of world energy-related CO, emissions (Figure 2.4). By 2035,
global energy-related CO, emissions are projected to increase to 36.4 Gt in the New
Policies Scenario and 43.3 Gt in the Current Policies Scenario, but decrease to 21.6 Gt in the
450 Scenario (see Chapter 6 for more on climate change and the 450 Scenario). In terms
of CO, emissions, cautious implementation of announced policies, as in the New Policies
Scenario, achieves only one-third of the cumulative change required over the Outlook
period to achieve a trajectory consistent with limiting the average global temperature
rise to 2°C.

Figure 2.3 e Shares of energy sources in world primary demand by scenario,
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Figure 2.4 e World energy-related CO, emissions by scenario
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Global energy intensity — the amount of fuel needed to generate each unit of gross
domestic product (GDP) — is projected to decline across all WEQ-2011 scenarios over
the Outlook period, and in all cases by more than the average level observed from 1985
to 2009 (Figure 2.5). In 2035, global energy intensity is projected to have decreased by
36% in the New Policies Scenario, 31% in the Current Policies Scenario and 44% in the
450 Scenario. The main change across scenarios is the extent to which energy intensity
reduces in non-OECD countries, particularly China and, to a lesser extent, India and Russia.
Despite being interrupted three times in the last decade, the decline in energy intensity is
a longstanding trend, driven primarily by improved energy efficiency and structural changes
in the global economy.

Figure 2.5 e Average annual percentage change in global primary energy
intensity by scenario (2009-2035) and region
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Note: Calculated based on GDP expressed in year-2010 dollars at market exchange rates.
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Energy trends in the New Policies Scenario

This section concentrates on the results of the New Policies Scenario, our central scenario.?
In doing so, it details the impact of existing and planned policies, when implemented
cautiously, on the key energy trends in demand, supply, trade, investment and emissions in
the period up to 2035.

Primary energy mix

Major events of the last year have had an impact on short and medium term energy trends, but
have done little to quench the world’s increasing thirst for energy in the long-term. Based on
preliminary data, total primary energy demand is estimated to have increased by 4.7% in 2010,
easily recouping the 1.1% decline of 2009 and representing a very large rebound in demand
by historical standards. Short-term economic uncertainty plays a prominent role in the near-
term outlook for energy demand. However, while slower economic growth than assumed (see
Chapter 1) in the next couple of years would dampen demand growth temporarily, it would have
little impact on longer-term trends, especially if the downturn were to be followed by a period of
accelerated growth (Box 2.1).

In the New Policies Scenario, total primary energy demand increases by 40% over the
Outlook period to reach more than 16 950 Mtoe in 2035 (Table 2.2). While demand increases
consistently throughout the Outlook period, the growth rate slows from an average of
1.8% per year in the period to 2020 to 0.9% per year from 2020 to 2035. This shift is
attributed largely to a tempering in global economic and population growth, and improved
levels of energy efficiency. Many large OECD economies, such as the United States and Japan,
see very modest energy demand growth, averaging 0.2% and 0.05% per year respectively.
This contrasts with many large non-OECD economies: China and India experience energy
demand growth of 2% and 3.1% per year respectively.

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

1980 2009 2015 2020 2030 2035 2009-2035*
Coal 1792 3294 3944 4083 4099 4101 0.8%
oil 3097 3987 4322 4384 4546 4645 0.6%
Gas 1234 2539 2945 3214 3698 3928 1.7%
Nuclear 186 703 796 929 1128 1212 2.1%
Hydro 148 280 334 377 450 475 2.1%
Biomass and waste 749 1230 1375 1495 1761 1911 1.7%
Other renewables 12 99 197 287 524 690 7.8%
Total 7219 12132 13913 14769 16 206 16 961 1.3%

* Compound average annual growth rate.

2. Annex A provides detailed projections of energy demand by fuel, sector and region for all three scenarios.
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Box 2.1 e The impact of lower near-term economic growth on
energy demand

At the time of writing, the latest data and forecasts reveal an increasingly pessimistic
assessment of global economic activity. They point towards a slowdown in global
growth, attributed largely to those advanced economies that are facing fiscal and
financial sector balance-sheet problems. This worsening outlook means that there
is a risk of weaker growth in GDP than assumed in the New Policies Scenario — over
the next couple of years at least. This would inevitably affect the outlook for global
energy demand and, in the light of this uncertainty, we have prepared a Low GDP
Case to test the sensitivity of global energy demand to weaker economic growth
in the period to 2015. This deliberately takes a more negative view of near-term
economic growth than the New Policies Scenario, but is in line with the latest revision
of economic forecasts by international organisations.

In the Low GDP Case, global GDP is assumed to grow by 3.8% in 2011 (against 4.3%
in the New Policies Scenario), 4.1% in 2012 (4.4%) and then gradually to return to
the same level as the New Policies Scenario after 2015 — following the path for that
scenario for the remainder of the Outlook period. This results in global GDP being
0.8% lower than in the New Policies Scenario in 2015, and 0.7% lower in 2035. Most
of the slowdown occurs in OECD countries. All other assumptions made in the New
Policies Scenario, including energy prices, are unchanged in the Low GDP Case, in
order to isolate the effects.

Unsurprisingly, in the Low GDP Case world primary energy demand grows more
slowly than in the New Policies Scenario, reaching 13 860 Mtoe in 2015 — 50 Mtoe,
or 0.4%, lower. By 2035, primary energy demand in the Low GDP Case is 60 Mtoe,
also 0.4%, lower. The proportional impact on energy demand is greatest in OECD
economies, with the United States experiencing the largest reduction. However, the
relatively less energy-intensive nature of the OECD economies mitigates the overall
impact of this Low GDP Case on global energy demand. Furthermore, the fact that
projected energy demand growth in the New Policies Scenario is expected to be
driven strongly by non-OECD economies means that a slowdown in the near-term
economic prospects of the OECD economies does not have a large impact on the
global picture, particularly when looking out to 2035.

In reality, the longer term impact on global energy demand of such a slowdown could
be expected to be even lower than estimated here. This is because, if the constraint
that other assumptions do not change is relaxed, the weaker economic growth in
the Low GDP Case would be expected to put downward pressure on energy prices
and so mitigate, in part, the reduction in energy demand projected here. In addition,
an economic slowdown might well be followed by a period of more rapid economic
growth. This is not allowed for in the Low GDP Case, but has often been observed in
the past.
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The global recession and high prices have had only a relatively small impact on demand for oil
and itis likely to be temporary (Spotlight considers the economic impacts of high oil prices). In the
New Policies Scenario, demand increases for all energy sources over the Outlook period, but the
pace and trend varies. Fossil fuels account for 59% of the increase in global energy demand from
2009 to 2035, or an additional 2 850 Mtoe. This growth in demand comes in spite of increasing
fuel prices and additional policy measures, such as energy efficiency measures in Brazil, China,
India and Russia. In the New Policies Scenario, global demand for oil increases from 84 million
barrels per day (mb/d) in 2009 (almost 87 mb/d in 2010) to 99 mb/d in 2035 (Figure 2.6).
Notwithstanding, this growth, its share in the primary energy mix actually decreases from 33% in
2009 to 27% in 2035. Significantly higher average oil prices and switching away from oil in the
power generation and industrial sectors do not offset increasing demand in the transport sector,
where demand is relatively price inelastic and substitution possibilities are limited (see Chapter 3).
All of the net growth in global oil demand in the New Policies Scenario comes from the transport
sector in the non-OECD countries, growth being particularly strong in India, China and the
Middle East. In short, despite energy security and climate concerns, oil demand continues to
grow and the global economy relies on oil more than on any other fuel (see Chapter 3 for the oil
market outlook).

Figure 2.6 ® World primary energy demand by fuel in the New
Policies Scenario
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Global coal demand increased, on average, by slightly more than 1% per year from 1980 to
2000, but then grew by over 4% per year from 2000 to 2009. This acceleration in demand
growth over the last decade was driven overwhelmingly by China and, to a lesser extent,
India and other emerging economies. In the New Policies Scenario, demand for coal
increases by 25%, to reach 5 860 million tonnes of coal equivalent (Mtce)® in 2035, but the
pace of this growth differs markedly over time. In the period to 2020, global coal demand
experiences strong growth but it then slows rapidly, with the level of global demand
remaining broadly flat for much of the rest of the Outlook period, before then flirting
tentatively with decline as 2035 approaches. The share of coal in the global energy mix peaks
at 28% early in the Outlook period, but then declines to 24% by 2035.

3. 1 Mtce is equal to 0.7 Mtoe.
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What are the economic impacts of high oil prices?

The economic impacts of high oil prices differ depending on the nature of the price
increase, the oil intensity and import dependence of an economy, economic conditions
at the time, and the government and consumer response. In the past, high oil prices
have often been associated with economic recession, as at the time of the oil shocks
of the 1970s, but this association has weakened in more recent times. While there are
many reasons for this, probably the most important is that the oil intensity of the global
economy has fallen significantly.

Higher oil prices increase production costs for many goods and services, and thereby
put pressure on price levels generally. Price inflation is manifest both directly through
increased fuel prices (including natural gas, if gas contracts are linked to oil prices) and
indirectly as the prices of other goods rise to reflect higher input costs. The inflationary
impact is more pronounced in relatively energy-intensive economies, typically developing
countries. Higher costs and inflation, and lower profit margins, can damage demand and
employment and put upward pressure on wages. Such changes in economic activity in
turn influence financial markets, interest rates and exchange rates. Depending on the
speed, scale and expected duration of the oil price increases, consumer and producer
confidence can be impaired materially.

While oil-import bills of key consuming countries are at high levels, net oil exporters
are benefitting from a redistribution of income. The majority of oil exporting nations
run balance of payments current account surpluses that grow as oil revenues rise,
unless they are recycled through increased imports. For every country experiencing
a rising current account surplus, there will be others with widening current account
deficits or declining surpluses. The propensity to spend has historically been much lower
in net oil-exporting countries compared with oil-importing countries. This means that
overall global demand is likely to decline as a result of this redistribution, even though
many oil-exporting countries have increased public spending in the light of higher oil
revenues. The sharp increase in public expenditure means that the oil price required to
balance their budgets has risen and a sudden drop significantly below this level could
result in abrupt action to cut spending (see Chapter 3).

Sound economic policies may not eliminate the adverse impacts of high oil prices on net
oil-importing economies, but they can moderate them. Inflationary pressures derived
from high oil prices emphasise the need to adopt a coherent monetary policy that anchors
price expectations effectively. But consumers and businesses can also be tempted to try to
ride the effects of higher oil prices, by reducing short-term saving or increasing the use of
credit, and governments may do so through an offsetting tax cut or by subsidising the price
of oil and other energy products. However, the ability of governments to act in this way
depends critically on their fiscal starting point and such actions quickly become costly and
difficult to undo. The G-20, APEC and other countries recognised the shortcomings of such
action by committing to phase out inefficient fossil fuel subsidies that promote wasteful
consumption. The most obvious action that oil-importing countries can take to reduce the
impact of high prices on their economies is to reduce their reliance on oil.

Chapter 2 - Energy projections to 2035
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China will be pivotal in determining the evolution of global coal markets (the Spotlight
later in this chapter considers China’s role in traded coal markets). While its demand for
coal increases apace during the period covered by its 12% Five-Year Plan (Box 2.2), the
reorientation of the energy mix set in train by the Five-Year Plan provides the groundwork
for the slowdown in coal demand growth around 2020. Later in the Outlook period,
interventions by governments, such as carbon pricing, have an impact on coal demand, as
does the increasing preference in many countries for natural gas in industrial uses and the
power sector (see Part C for the coal market outlook).

Box 2.2 e China’s 12" Five-Year Plan (2011-2015)

China’s 12" Five-Year Plan (the Plan) covers the period 2011 to 2015 and, while
focused on China’s domestic energy landscape, it has profound implications for the
global energy picture. It concentrates on energy efficiency and the use of cleaner
energy sources to mitigate the effects of rapidly rising energy demand, which would
otherwise increase China’s dependence on imports and exacerbate local pollution.
Reducing energy and carbon intensity are two key goals of the Plan. Targets are set to
cut energy consumption per unit of GDP by 16% by 2015 and to cut CO, emissions per
unit of GDP by 17%. The CO, intensity target, included for the first time, is in line with
China’s Copenhagen pledge to achieve 40% to 45% reductions below 2005 levels by
2020. The Plan also establishes new targets intended to diversify the primary energy
mix. The proportion of non-fossil fuels in primary energy consumption is targeted
to reach 11.4% by 2015, up from 8.3% in 2010. Natural gas, nuclear and renewables
are expected to be aggressively promoted. The Plan also includes targets to reduce
emissions of major pollutants by between 8% and 10%. Many of the policies reflected
in the 12" Five-Year Plan are expected to be taken forward through other detailed
plans and targets. In some cases, WEO-2011 anticipates such targets, based on
credible reports at the time of writing, to provide further depth to the analysis.

Compared with the previous year, global gas demand decreased by 2% in 2009, but it is
estimated to have rebounded strongly in 2010, increasing by nearly 7%. Absolute growth in
natural gas demand continues to exceed that of all other fuels, and is nearly equal to that of
oil and coal combined over the Outlook period, increasing by 54% to reach 4 750 billion cubic
metres (bcm) in 2035. The flexibility of natural gas as a fuel, together with its environmental
and energy security attributes, makes it an attractive fuel in a number of countries and sectors.
For example, in the United States, where unconventional gas supply is increasingly abundant,
demand grows in power generation. In Asia, demand increases across a range of sectors,
including industry and residential, and in the Middle East power generation and gas-to-liquids
(GTL) see notable demand growth. The strong growth in demand for natural gas is supported
by relatively low prices, policy support in China and substitution for nuclear capacity in some
cases. The share of natural gas in the global energy mix increases from 21% in 2009 to 23%
in 2035. Demand for natural gas rises close to the level of coal demand over the Outlook period
and is near to overtaking it, to become the second most important fuel in the primary energy
mix, by 2035 (Figure 2.7) (see Chapter 4 for the natural gas market outlook).
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Figure 2.7 e Shares of energy sources in world primary energy demand
in the New Policies Scenario
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Attitudes toward nuclear power have evolved over the last year, though it is as yet far
from certain exactly how energy policies and plans will change. While many countries are
reassessing the future role of nuclear power, expectations over the Outlook period have
diminished only slightly. In the New Policies Scenario, nuclear power generation increases
by 73% over the Outlook period, growing from 2 700 terawatt-hours (TWh) in 2009 to

4 660 TWh in 2035, only 5% lower than projected in WEO-2010.

Non-OECD countries are responsible for nearly 80% of the global increase in installed nuclear
power generating capacity over the Outlook period. Building over 110 gigawatts (GW),
China alone accounts for nearly half of the global increase in nuclear capacity to 2035, a
projection that has increased in response to the 12*" Five-Year Plan. Nuclear capacity in the
OECD is expected to increase by 53 GW, reaching 380 GW by the end of the Outlook period.
This projection is 23 GW lower than last year, for a number of reasons, including reduced
nuclear competitiveness, fewer than expected capacity additions and some plant delays.
Nuclear plant retirements in Germany also now occur significantly earlier in the Outlook
period. The share of nuclear power in total primary energy demand increases slightly over
the projection period, from 6% in 2009 to 7% in 2035, lower than the 8% projected in
WEO-2010 (see Chapter 5 for the power sector outlook and Chapter 12 for the implications
of less nuclear power).

Demand for modern renewable energy — including wind, solar, geothermal, marine,
modern biomass and hydro — grows from 860 Mtoe in 2009 to 2 365 Mtoe in 2035. The
share of modern renewable energy in the primary energy mix increases from 7% in 2009
to 14% in 2035. Despite this strong growth, global demand for all sources of renewable
energy collectively will still not be close to that for any single fossil fuel in 2035. Demand for
renewable energy increases substantially in all regions, but different types achieve greater
or lesser penetration in different locations. For example, hydropower accounts for more
than 60% of electricity generation in Latin America in 2035, while wind power accounts for
nearly 20% of generation in the European Union. In 2035, the share of renewables (including
traditional biomass use) in total primary energy demand is 23% in the European Union,
20% in India, 16% in the United States and 13% in China.
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Regional trends

Primary energy demand in non-OECD countries grows from 6 600 Mtoe in 2009 to
10 800 Mtoe in 2035, representing nearly 90% of all energy demand growth over the
Outlook period (Figure 2.8). Non-OECD countries represent 54% of global energy demand in
2009 and this grows to 64% in 2035. While average annual growth in energy demand in non-
OECD countries is 1.9% over the Outlook period, growth slows from 2.7% per year to 2020,
to 1.4% per year from 2020 to 2035. Higher energy demand growth in non-OECD countries
relative to the OECD is consistent with the faster rates of growth of population, economic
activity and urbanisation expected over the Outlook period. For example, non-OECD
countries are expected to represent 84% of the global population in 2035 (up from 82% in
2009), and the proportion of people residing in urban areas in these countries increases
from 44% to 57% (see Chapter 1 for population assumptions). While non-OECD countries
account for all of the global growth in coal and oil demand over the Outlook period, they also
account for 73% of the global increase in nuclear power, 55% of the increase in non-hydro
renewable energy and 88% of the increase in hydropower generation.

Figure 2.8 e World primary energy demand by region in the New
Policies Scenario
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China has consolidated its position as the world’s largest energy consumer (Table 2.3). From
consuming less than half as much energy as the United States in 2000, it now consumes
slightly more and is projected to consume nearly 70% more than the United States
in 2035. In the New Policies Scenario, China accounts for more than 30% of global growth
in energy demand from 2009 to 2035. Its share of global energy demand, having increased
from 11% in 2000 to 19% in 2009, is projected to be 23% in 2035. China’s per-capita energy
consumption overtakes the world average early in the Outlook period, but is still at less than
half the level of the United States in 2035.

China overtakes the United States in terms of oil imports shortly after 2020 and becomes the
largest oil consumer in the world around 2030, consuming 15 mb/d by 2035, nearly double
the level of 2009. While the share of coal in China’s primary energy mix declines to one-half
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of the total in 2035, the absolute amount of coal consumed, at 2 800 Mtce, is still nearly
two-and-a-half times more than that of the OECD. Even with the signalled policy shift away
from coal, China accounts for 48% of cumulative world coal consumption over the Outlook
period, or around 74 300 Mtce. China also leads the world by some margin in the supply of
renewable energy in 2035.

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

1980 2000 2009 2015 2020 2030 2035  2009-2035*

OECD 4067 5292 5236 5549 5575 5640 5681 0.3%
Americas 2102 2695 2620 2780 2787 2835 2864 0.3%
United States 1802 2270 2160 2285 2264 2262 2265 0.2%
Europe 1501 1765 1766 1863 1876 1890 1904 0.3%
Asia Oceania 464 832 850 906 912 914 912 0.3%
Japan 345 519 472 498 490 481 478 0.0%
Non-OECD 2981 4475 6567 8013 8818 10141 10826 1.9%
E. Europe/Eurasia 1242 1001 1051 1163 1211 1314 1371 1.0%
Russia n.a. 620 648 719 744 799 833 1.0%
Asia 1066 2172 3724 4761 5341 6226 6711 2.3%
China 603 1108 2271 3002 3345 3687 3835 2.0%
India 208 460 669 810 945 1256 1464 3.1%
Middle East 114 364 589 705 775 936 1000 2.1%
Africa 274 505 665 739 790 878 915 1.2%
Latin America 284 432 538 644 700 787 829 1.7%
Brazil 114 185 237 300 336 393 421 2.2%
World** 7219 10034 12132 13913 14769 16 206 16 961 1.3%
European Union n.a. 1683 1654 1731 1734 1724 1731 0.2%

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

Energy demand in India was higher than that of Russia in 2009, making it the third-largest
energy consumer in the world. Despite this, many millions of people in the country still
have no access to modern energy services (see Chapter 13). India’s energy demand more
than doubles between 2009 to 2035, rising from less than 700 Mtoe to nearly 1 500 Mtoe,
accounting for 16% of the increase in global energy demand over the Outlook period.
At an average of 3.1% per year, India’s rate of energy demand growth is very high over
the Outlook period. The increase in energy demand is primarily driven by rapid economic
growth and population growth. Coal continues to dominate the energy picture in India,
representing around 42% of total energy demand in 2035, practically the same share
as 2009. Demand for natural gas trebles, but it still plays a relatively modest role in the
overall energy mix, at around 10% in 2035. The total number of passenger light-duty
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vehicles (PLDVs) per 1 000 people increases from 10 in 2009 to over 100 in 2035, driving a
four-times increase in demand for oil in the transport sector, which reaches more than
190 Mtoe (3.9 mb/d) — slightly more than half of total primary oil demand in 2035
(7.4 mb/d). Electricity demand per capita nearly trebles over the Outlook period, driving
increased energy demand for power generation.

Primary energy demand in Russia decreased by 6% in 2009, but preliminary data suggest
it has regained most of this ground in 2010. In the New Policies Scenario, energy demand
in Russia increases by 28% over the Outlook period (estimated increase of 21% from 2010
to 2035), to reach around 830 Mtoe in 2035. The rise in energy demand is constrained
by a slight decline in population, and by energy efficiency and pricing policies that begin
to tap into Russia’s large potential for energy saving. While Russia’s energy intensity is
projected to decline by 49% over the Outlook period (based on GDP in year-2010 dollars at
market exchange rates), it is still nearly three-times the average level in the OECD in 2035
(Figure 2.9). Natural gas continues to dominate Russia’s energy mix, representing 52% of
total primary energy demand in 2035. While there is a large relative increase in the use of
renewables in Russia, they still only represent 7% of its primary energy mix in 2035, much
lower than the 18% share in global primary energy demand (see Part B for the energy
outlook for Russia).

Figure 2.9 e Energy intensity in selected countries and regions
in the New Policies Scenario, 1990-2035
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Primary energy demand in the Middle East increases by 70%, to reach 1 000 Mtoe in 2035.
Oil demand in the Middle East grows by an average of 1.3% per year to reach 9.2 mb/d in
2035, driven largely by the road-transport sector. The Middle East accounts for 17% of world
oil demand growth from 2009 to 2035. Despite this demand growth, the share of oil in the
energy mix diminishes from 51% in 2009 to 43% by 2035, relinquishing share primarily to
natural gas. Demand for natural gas overtakes that of oil before 2025. Increases in demand
for natural gas are highest in power generation, desalinisation and in use as a feedstock for
petrochemicals. Nuclear power also emerges gradually over the Outlook period.
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In Latin America, primary energy demand is projected to grow on average by 1.7% per year
and to reach 830 Mtoe by 2035. Demand for renewables in the power generation sector
in Latin America doubles over the Outlook period, to reach nearly 140 Mtoe in 2035, and
represents over 60% of total demand in this sector. Biofuels use in road transport increases
by more than 4% per year, to reach 1 mb/d by 2035, representing around 25% of fuel
consumption in the sector. Primary energy demand in Brazil grows to 420 Mtoe in 2035,
representing more than half of the regional total. Consumption of natural gas in Brazil
increases by nearly 6% per year, to reach around 90 bcm in 2035, stimulated by greater
levels of domestic gas supply. Over the Outlook period, the share of natural gas in the power
sector in Brazil grows from 5% to 20% and its share in industry grows from 10% to 19%.

In Africa, the population is projected to grow by 71% from 2009 to 2035 but there is only
a 38% increase in energy demand over the same period. This means that, while Africa’s
share of the global population increases from 15% in 2009 to 20% in 2035, its share of
global energy demand declines fractionally to 5.4% over the same timeframe. Furthermore,
one-third of total energy demand in Africa in 2035 takes the form of traditional biomass use
in the residential sector. A large share of the population in countries such as Nigeria, Ethiopia
and Tanzania continue to live without access to electricity and clean cooking facilities (see
Chapter 13 on energy access).

In the New Policies Scenario, primary energy demand in OECD countries grows from around
5200 Mtoe in 2009 to nearly 5 700 Mtoe in 2035, an increase of 8%. Oil demand declines by
0.6% per year on average, going from 42 mb/d in 2009 to 36 mb/d in 2035, mainly as a result
of fuel economy policies and saturating vehicle markets. Many OECD countries see coal
demand decline significantly as policies to reduce carbon emissions take effect, particularly
after 2020. By 2035, OECD countries consume 22% less coal than in 2009. Natural gas is an
important fuel for power generation in the OECD in 2035 and also plays a prominent role in
the industrial, service and residential sectors. Nuclear power use in the OECD increases by
23% over the Outlook period.

While the United States remains the second-largest energy consumer in the world, its total
energy demand, at around 2 270 Mtoe in 2035, is only slightly higher than in 2009. QOil
demand declines, mainly as a result of improved fuel economy in the road-transport sector,
but is still projected to be 14.5 mb/d in 2035 - slightly less than 15% of global oil demand.
Coal demand in the United States also declines over the Outlook period, but by less than
expected in WEO-2010. The absence of a carbon price means that there is less incentive
to move away from coal-powered plants in power generation, but the prospect of such a
policy being introduced in the future means that a shadow price of carbon (see Chapter 1)
does affect new investment decisions over the Outlook period. Thanks to improving supply
prospects and lower expected prices, natural gas demand increases over the Outlook period,
albeit at a modest pace. The outlook for nuclear power, which has declined slightly from
WEOQ-2010, continues to be influenced significantly by the availability of policy support.
Consumption of renewable energy increases by 4% per year over the Outlook period and
represents 16% of the energy mix in 2035.

Total primary energy demand in the European Union increases by less than 5% from 2009
levels by 2035, with all of the growth happening before 2020. Demand for coal decreases
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by nearly 50% over the Outlook period and its share in the energy mix declines from
16% in 2009 to 8% in 2035 (Figure 2.10). In contrast, natural gas demand increases by
24% over the Outlook period, largely in the power sector but also in industry and heating
in buildings. The share of natural gas in the primary energy mix increases from 25% in 2009
to 30% in 2035. Energy efficiency policies play an important role in the decline in demand
for oil in the transport sector. However, oil still dominates energy consumption in the
transport sector in 2035, accounting for 83% of the total. In the European Union, attitudes
towards nuclear power have seen a negative shift over the past year. This shift results in
several nuclear plant retirements occurring earlier in the Outlook period than projected in
WEOQ-2010, principally in Germany in the period 2020 to 2025. Installed nuclear capacity is
estimated to be 129 GW in 2035, around 8 GW (6%) lower than projected in WEO-2010,
with the gap being filled largely by natural gas and renewables. Consumption of renewable
energy sees strong growth of around 3.5% per year over the Outlook period. The share of
renewables in the energy mix increases from 10% in 2009 to 23% in 2035, with wind power
and, to a lesser extent, solar photovoltaic (PV) becoming prominent.

Figure 2.10 e Energy mix in selected countries and regions in the
New Policies Scenario, 2035
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The energy outlook for Japan has been impacted by a number of factors over the last
year, many derived from the earthquakes and tsunami that struck the country and the
resultant damage to the Fukushima Daiichi nuclear power plant. Total energy demand is
expected to continue to recover in the short term, before resuming a longer-term declining
trend, and reaches almost 480 Mtoe in 2035. An upward revision to population estimates
and a less certain outlook for climate-related policies contribute to total energy demand
being 2% higher in 2035 than in WEO-2010. The share of fossil fuels in Japan’s energy mix
declines from 81% in 2009 to 70% in 2035 but, within this, demand for coal and oil drops
significantly, while demand for natural gas increases. Demand for oil declines by more than
one-quarter, underpinned by a 31% decline in energy demand in the transport sector. This
results from market saturation in road transport, improved fuel efficiency and increased
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adoption of hybrids (32% of passenger light-duty vehicle sales in 2035) and electric vehicles
and plug-in hybrids (14% of sales in the same year). Nuclear power accounts for 33% of
electricity generated in 2035, with natural gas accounting for 30% and coal 15%, though
these projections must be regarded as particularly tentative, pending the outcome of public
and policy debate in Japan.

Sectoral trends

Energy demand in the power sector was affected by the global recession, but only slightly,
and continues to grow more strongly than in any other sector in the New Policies Scenario.
Over the Outlook period, energy demand in this sector increases by 57%, from about
4600 Mtoe in 2009 to just below 7 200 Mtoe in 2035, and accounts for over half of all growth
in primary energy demand (see Chapter 5 for the power sector outlook). Of the energy
demand growth for power generation, 87% is in non-OECD countries. A slightly improved
economic outlook and lower gas prices are important drivers of increased energy demand
in this sector, relative to WEO-2010. A negative shift in stance toward nuclear power in
some countries and the prospects for carbon pricing in many countries are also important
influences. The power sector accounts for 38% of global primary energy demand in 2009 and
this share increases to 42% in 2035.

There is a slightly stronger outlook for fossil fuels in the power sector compared with
last year. Projected demand for coal has increased, as attitudes towards nuclear power
and carbon pricing shift, and so has demand for natural gas, mainly as a result of China’s
12" Five-Year Plan and the presumption of lower gas prices. While coal demand continues
to be heavily focused on power generation, demand from the power sector accounts for
less than half of total natural gas demand in 2035 (Figure 2.11). Over the Outlook period,
the increase in demand for coal in power generation in non-OECD countries is more than
three-times as great as the corresponding decline in the OECD.

Figure 2.11 e World primary energy demand by fuel and sector in the
New Policies Scenario, 2035
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The outlook for nuclear power has been affected by the Fukushima Daiichi accident and the
subsequent policy response to it in a number of countries. Global use of nuclear power is
5% lower than projected in WEO-2010, though it still increases, to 4 660 TWh, in 2035. The
reduction in the OECD is driven by changes in Japan, Europe and the United States. However,
the outlook in non-OECD countries has been impacted much less, with existing plans delayed
rather than discarded. The increase in the use of nuclear power in non-OECD countries is
more than two-and-a-half times that of the increase in the OECD over the Outlook period.
In 2035, total installed nuclear capacity in non-OECD countries reaches more than 250 GW,
compared with 380 GW in the OECD.

Total electricity generation from renewable sources increases from 3 900 TWh in 2009 to
11 100 TWh in 2035, its share of total generation growing from 19% to 31%. Throughout
the Outlook period, hydropower is the largest renewable source of electricity generation.
Electricity generated from wind power increases by nearly ten-times over the Outlook
period, reaching 2 700 TWh in 2035. China’s consumption of electricity generated from wind
power surpasses that of the European Union soon after 2030. Solar generated electricity
(solar PV and concentrating solar power [CSP]) sees strong growth globally, particularly in
the second half of the Outlook period, and reaches 1 050 TWh in 2035. Global electricity
generating capacity using renewable sources increases from 1 250 GW in 2009 to 3 600 GW
in 2035.

Total final consumption* by end-users is projected to grow by 1.3% per year, reaching
about 11 600 Mtoe by 2035. Global demand in the industry sector grows by 49% over the
Outlook period (Figure 2.12), increasing its share of total final consumption marginally, from
27% in 2009 to 29% in 2035. Non-OECD countries dominate demand growth in this sector,
with China alone accounting for 36% of global growth and India a further 17%. OECD
industrial energy demand increases through to 2020, before dropping back slightly to just
under 890 Mtoe in 2035. Natural gas, electricity and renewables experience the strongest
growth in this sector, all averaging growth per year of 2% or more, whereas coal sees
more modest demand growth of 0.7% per year and oil is 0.1% per year. Coal continues
to dominate energy input to iron and steel production. In the chemicals sector, use of
electricity increases significantly from 2009 to 2035.

Energy demand in the transport sector increases by 43% to reach 3 260 Mtoe in 2035.
Demand in non-OECD countries increases by 2.9% per year on average and, together with
inter-regional transport, accounts for all of the net energy demand growth in the transport
sector. China alone accounts for more than one-third of global demand growth in the
transport sector. India sees demand increase progressively over the Outlook period, with the
average annual rate of growth going from around 3.5% up to 2020 to more than 7% from
2020 to 2035. In contrast, the OECD sees a slight decline in demand over the Outlook period,
with a notable reduction in Japan.

4. Total final consumption (TFC) is the sum of consumption by the various end-use sectors. TFC is broken down into
energy demand in the following sectors: industry, transport, buildings (including residential and services) and other
(including agriculture and non-energy use). It excludes international marine and aviation bunkers, except at world level
where it is included in the transport sector.
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Figure 2.12 e Incremental energy demand by sector and region in the
New Policies Scenario, 2009-2035
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Road transport demand continues to dominate in the transport sector, representing 75% of
demand in 2035. Oil demand in the road transport sector increases by 32% over the Outlook
period, from 35 mb/d in 2009 to 45 mb/d in 2035. While many countries have adopted fuel
efficiency standards, the growth in demand in non-OECD countries more than offsets the
effect of these improvements. The global stock of road transport vehicles nearly doubles
between 2009 and 2035, but the adoption of stronger efficiency standards, a shift in market
focus toward non-OECD countries with lower average vehicle usage levels and, to some
extent, the increased use of alternative vehicle technologies, means that the increase in
energy demand is only around 42%. While the picture improves, the penetration of electric
vehicles remains relatively small globally in 2035.

In 2009, an average of around 40 in every 1 000 people in non-OECD countries own a
passenger light-duty vehicle (PLDV). In the OECD, the average approached 500 PLDVs
per 1 000 people. In the New Policies Scenario, annual PLDV sales in non-OECD countries
are projected to overtake those in OECD countries by around 2020 and reach more than
100 million by 2035. Both China and India see a huge increase in the average level of vehicle
ownership from 2009 to 2035. The PLDV stock in non-OECD countries overtakes that of
the OECD in the early 2030s. However, vehicle ownership levels in non-OECD countries, at
about 125 PLDVs per 1 000 people in 2035, remain well below the OECD levels of almost
550 per 1 000 people in 2035 (Figure 2.13).

In the buildings sector, global energy demand increases by 34%, driven largely by new-build
in non-OECD countries, but the sector’s share of total final consumption declines marginally.
Electricity consumption grows on average by 2.2% a year in this sector, benefitting from
increased competitiveness and greater appliance penetration in non-OECD countries. Policy
intervention facilitates the growth of renewables in this sector (largely solar thermal) both
in the OECD and non-OECD countries.
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Global demand for electricity is projected to increase by nearly 85% over the Outlook
period, reaching over 31 700 TWh in 2035 (see Chapter 5). More than four-fifths of the
growth in global electricity demand arises in non-OECD countries, as a result of greater
use of household appliances and of electrical equipment in the industry and services
sectors, as access to electricity increases and prosperity rises (see Chapter 13). Despite
this growth, average electricity demand per capita in non-OECD countries in 2035 is still
only 31% that of the OECD. Developing Asia sees its share of global electricity consumption
increase from 28% in 2009 to 44% in 2035. China alone accounts for almost 30% of the
world’s total electricity consumption by the end of the Outlook period. In the OECD, the
slower growth in electricity demand stems from lower rates of economic and population
expansion, greater energy efficiency improvements and the adoption of measures such
as carbon pricing.

Figure 2.13 ® Number of PLDVs per thousand people by region, 2009 and
2035, and the change in oil demand in road transport
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Energy production and trade

The events of the past year, while casting shadows over future energy supply prospects at
least as menacing as those obscuring the pattern of future demand, do not call into question
one thing: the world’s endowment of economically exploitable energy resources is more
than sufficient to satisfy the projected level of global consumption over the Outlook period
and well beyond. The global pattern of production will change, with non-OECD countries
accounting for all of the net global increase in oil and coal production between 2009
and 2035 in the New Policies Scenario and most of the increase in natural gas production
(Figure 2.14). The details are examined, fuel-by-fuel and sector-by-sector, in subsequent
chapters. This section briefly surveys the production prospects, setting the scene for
the subsequent focus, in the concluding sections of the chapter, on four issues closely
related to the future pattern of production: the changing profile of inter-regional energy
trade; spending on imports; the scale and adequacy of investment in the energy-supply
infrastructure; and energy-related emissions, notably of CO,.
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Figure 2.14 e Incremental world energy supply by fuel in the New Policies
Scenario, 2009-2035

1600 M OECD
[ Non-OECD

)
<]
2
=

1200

800

w0 — [ ]

-400 -
oil Gas Coal Nuclear Biomass Other Hydro
and waste  renewables

Resources and production prospects

Total world oil production, excluding processing gains and biofuels, was nearly 84 mb/d in
2010 and is slightly more than 96 mb/d by 2035 in the New Policies Scenario, an increase
of 15%. A growing share of this production comes from unconventional sources, including
oil sands and extra-heavy oil (see Chapter 3). Proven reserves of oil increased to 1.47 trillion
barrels at the end of 2010 according to the Oil and Gas Journal (0&GJ, 2010) or 48 years of
production at existing levels. Remaining recoverable resources are estimated to be much
larger and could reach nearly 5.5 trillion barrels. Total non-OPEC oil production is projected
to peak at 51 mb/d shortly after 2015 and then fall to less than 48 mb/d in 2035. Production
declines in most non-OPEC countries, with Brazil, Canada and Kazakhstan being notable
exceptions. In contrast, OPEC oil production continues to grow over the Outlook period,
reaching nearly 49 mb/d in 2035, pushing its share of world production from 42% in 2010
to 51% in 2035.° The Middle East region is expected to increase oil production by around
12 mb/d, reaching a total of 37 mb/d by the end of the Outlook period (Figure 2.15). While
Saudi Arabia continues to be the largest oil producer in the region, Iraq experiences the
largest growth in production over the Outlook period. Though its potential to increase oil
production from existing levels is large, in the short term, production growth in Iraq will be
constrained by the need for infrastructure investment. Heightened geopolitical tension in
the Middle East and North Africa continues to provide a more challenging backdrop against
which to make long-term investment decisions. The fundamental concern is being able to
judge the implications of these developments on short-term oil supply, and whether they
might serve to defer investment essential to provide supply in the medium to long term
(Chapter 3 analyses the implications of a Deferred Investment Case).

Global coal production is projected to rise by 19% between 2009 and 2035, with most of
the growth occurring before 2020, reaching 5 860 Mtce by the end of the Outlook period.

5. OPEC is the Organization of the Petroleum Exporting Countries. As of mid-2011, its member countries included
Algeria, Angola, Ecuador, Iran, Irag, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, United Arab Emirates and Venezuela. For
purposes of comparison, WEO-2011 assumes that this membership remains unchanged throughout the Outlook period.
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Nearly all of the production growth comes from non-OECD countries and, at more than
1 000 Mtce, the total increase in non-OECD countries is more than five-times the size of
the offsetting net decrease in the OECD. The share of global coal production in non-OECD
countries increases from 72% in 2009 to almost 80% in 2035. China sees the biggest increase
in absolute terms with output growing by around 540 Mtce, although the rate of increase
in production is higher in India and Indonesia. Until 2020, production of steam coal grows
at around the same rate as that of coking (or metallurgical)® coal, reflecting similar trends in
the growth in coal-fired power generation capacity and steel demand. Coal is estimated to
be the world’s most abundant fossil fuel. Proven reserves of coal are estimated to be around
1 trillion tonnes, equivalent to 150 years of world production in 2009 (BGR, 2010). Remaining
resources are estimated to be over 21 trillion tonnes.

Figure 2.15 e Oil production in selected regions in the New Policies
Scenario, 2010 and 2035
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In the New Policies Scenario, global natural gas production increases by 56% from 2009, to
reach 4 750 bcm in 2035. Non-OECD countries account for 91% of the projected increase,
most of it coming from the largest existing gas producers. The Middle East, with the largest
reserves and lowest production costs, sees the biggest increase in absolute terms, though
Russia and the Caspian also see a significant increase. China more than triples its production
of natural gas over the Outlook period. In the OECD, the United States and Australia are
the main areas of gas production growth, mainly in the form of unconventional gas. The
global production of unconventional gas increases by about two-and-a-half times, to
exceed 1 000 bem before 2035. Unconventional gas represents 39% of the growth in gas
production over the Outlook period — its share of total gas production increases from
13% in 2009 to 22% in 2035.

Proven natural gas reserves are estimated to stand at 190 trillion cubic metres (tcm)
(Cedigaz, 2010), around twice the amount of gas produced to date (see Chapter 4).
Total recoverable global natural gas resources are estimated to be equivalent to around
265 years of the consumption level in 2009. Further exploration, development and

6. Strictly speaking, metallurgical coal includes all types of coal used in the metals sectors. Although coking coal accounts
for most of this, it also includes small quantities of high-quality steam coal.
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production continue to clarify the scale of unconventional gas resources worldwide and
the prospects for their exploitation. Unconventional gas resources are now estimated to
be of comparable size to conventional resources. However, the use of hydraulic fracturing
in unconventional gas production has raised environmental concerns and is challenging the
adequacy of existing regulatory regimes.

The estimated resource base of uranium, the raw material for nuclear fuel, remains
sufficient to fuel the world’s nuclear reactors at current consumption rates well beyond the
Outlook period (NEA and IAEA, 2010).

In resource terms, significant potential remains for expanding energy production from
renewables, but the impact of the global recession has tested the readiness and ability
of some governments to maintain levels of support. In the New Policies Scenario, total
electricity generation from renewables increases by more than 180% over the Outlook
period, with wind power, hydropower and biomass being the largest sources of growth.
While the amount of electricity generated from solar PV, CSP, geothermal and marine also
grows significantly over the Outlook period, their starting point is low and their collective
contribution to satisfying global electricity demand remains relatively small in 2035. In the
OECD, the share of total electricity generation coming from renewables increases from
18% in 2009 to 33% in 2035. This compares to an increase from 21% to 29% across non-OECD
countries, on average. Globally, China is the largest producer of electricity from renewables
in 2035, with its output from hydropower alone surpassing the electricity generated from all
forms of renewables collectively in any other single country (Figure 2.16).

Figure 2.16 e Largest producers of electricity from renewables in the
New Policies Scenario, 2035
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Inter-regional trade

Inter-regional energy trade plays an understated, but vital, role in the broader energy system
and depends on the provision of adequate energy transport and storage infrastructure.
Increased inter-connectivity provides the energy system with flexibility and redundancy,
but it also means that sudden changes in one part may have a broad impact. While very
different in their nature, sudden, unexpected events, such as those at Fukushima and in
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Libya, demonstrated both the capacity of the global energy system to react to changing
global supply-demand patterns and also some of its limitations.

Three-quarters of all energy is consumed within the country or region in which it is produced.
However, the proportion of energy traded across regions, the patterns of trade and the
structure of the market differ significantly by fuel. In the New Policies Scenario, the OECD
share of total inter-regional energy trade declines from 42% in 2009 to 29% in 2035 and
becomes increasingly concentrated on natural gas and oil, to the detriment of coal. Outside of
the OECD, Asia accounts for an increasing proportion of global energy trade in all fossil fuels.

The amount of oil traded between major regions increases by about 30% to 53 mb/d in
2035, the share in total global consumption growing to 54%. Net imports of oil into the OECD
decline consistently across the Outlook period, from 24 mb/d in 2010 to 17 mb/d in 2035.
Net imports into the United States decrease significantly over the Outlook period, due both
to decreasing demand and a slight increase in domestic supply (Figure 2.17). Qil imports into
the European Union remain steady at 9.8 mb/d until around 2020, before declining gradually,
to reach 8.8 mb/d in 2035. China’s oil imports increase by more than two-and-a-half times
over the Outlook period to reach 12.6 mb/d in 2035, nearly twice the level of Russia’s oil
exports, or around one-third of OPEC exports, in the same year. China overtakes the United
States to become the world’s largest oil importer shortly after 2020. Its import dependence
increases from 54% in 2010 to 84% in 2035. India’s oil imports increase by more than
4% per year over the Outlook period to reach 6.8 mb/d, its reliance on imports increasing from
73% in 2010 to 92% in 2035. Such increased reliance on oil imports in many countries
(particularly non-OECD countries) is likely to lead to attention being given to the issue of
security of supply. Over the Outlook period, OPEC oil exports increase by 42% to 38.4 mb/d.
Russia’s net oil exports decline from 7.5 mb/d in 2010 to 6.4 mb/d in 2035, driven primarily
by decreasing levels of production.

Figure 2.17 e Oil demand and the share of imports by region in the New
Policies Scenario, 2010 and 2035
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In the New Policies Scenario, most coal is consumed domestically, meaning that global coal
trade remains small relative to overall demand. Nonetheless, trade in hard coal between
major regions is projected to increase from 750 Mtce in 2009, growing rapidly to 2020 but
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stabilising thereafter, to settle around 1 000 Mtce in 2035 — around 18% of world hard coal
production. The pattern of trade will continue to shift towards Asia and away from Atlantic
Basin markets. The OECD as a whole ceases to be an importer of hard coal, becoming a net
exporter around 2030. Japan, the largest coal importer in 2009, sees its import requirement
peak early in the Outlook period and then decline gradually, to reach 115 Mtce in 2035.
A coal exporter until recently, China sees its import requirement exceed that of Japan
around 2015, peak at nearly 200 Mtce shortly after 2015 and then decline to around
80 Mtce in 2035. However, the scale of China’s coal appetite is so huge, relative to others,
that even quite a small shift in its domestic demand-supply balance can have major
implications for the global picture (Spotlight on the role of China in traded coal markets).
India’s hard coal imports increase by more than 6% per year over the Outlook period,
becoming the world’s largest importer soon after 2020 and importing nearly 300 Mtce in
2035, nearly five-times the level of 2009. India is expected to look first to Indonesia, Australia
and South Africa to satisfy its import needs. Australia sees its hard coal exports peak before
2020 and then gradually decline to around 300 Mtce in 2035, still 18% higher than 2009.
Indonesia sees its hard coal exports increase from 190 Mtce in 2009 to around 280 Mtce in
2035, but are on a declining path later in the Outlook period.

Inter-regional trade in natural gas nearly doubles over the Outlook period, increasing from
590 bcm in 2009 to around 1 150 bem in 2035. The expansion occurs in both pipeline gas and
liquefied natural gas (LNG). The proportion of gas that is traded across regions increases from
19% in 2009 to 25% in 2035. The market for natural gas becomes more globalised over the
Outlook period, but only gradually. The need for natural gas imports into the European Union
grows from 310 bcm in 2009 to 540 bcm in 2035 and its dependence on imports increases
from 61% to 86% (Figure 2.18). Reflecting the growing availability of domestic unconventional
gas, natural gas imports into the United States decline from early in the Outlook period and
remain relatively small throughout. Developing Asia moves from being a marginal exporter of
natural gas in 2009 to importing nearly 300 bcm in 2035. China accounts for around 210 bcm
of these imports in 2035 and its share of imports increases from 8% to 42%.

Figure 2.18 e Natural gas demand and the share of imports by region in the
New Policies Scenario, 2009 and 2035
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Note: Other Asia had net natural gas exports of 56 bcm in 2009.
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Natural gas exports from Russia more than double over the Outlook period, reaching around
330 bem by 2035. Exports from the Caspian region more than treble, to reach around
135 bem in 2035. Gas supplies from both Russia and the Caspian are increasingly pulled
eastwards, mainly to satisfy the rapidly growing demand of China. Natural gas exports from
Africa increase by more than 4% per year, reaching 280 bcm in 2035, and go both by pipeline
to Europe and further afield as LNG. With the benefit of the giant Gorgon project and others,
Australia becomes an increasingly important gas exporter. LNG exports from Australia
increase from 14 bcm in 2009 to 85 bem in 2020 and 115 bem in 2035. Led by Qatar, natural
gas exports from the Middle East increase significantly. In 2035, the Middle East is exporting
around 150 bcm of natural gas, through a mix of pipelines and LNG, to Europe and Asia.

Chinas role in traded coal markets - the ultimate uncertainty?

China has long been a net exporter of coal, but became a net importer in 2009 -a :
+ development foreseen in WEQ-2007 (IEA, 2007). China’s net coal imports surged by
. around 45% in 2010 to an estimated 126 Mtce, making it the world’s second largest
importer after Japan. Based on preliminary data, net imports may fall back in 2011,
but they are still likely to stay above 100 Mtce. As China is by far the world’s biggest
coal producer and has massive resources, China as a coal importer could be seen in
: somewaysas analogous to Saudi Arabia as an oil importer. The speed and magnitude
. of this abrupt turnaround has had a major impact on traded coal markets.

China’s coal imports have been driven primarily by price. In late 2008, world coal
prices and freight rates fell sharply, as the financial crisis took hold. Delivered prices
for China’s domestic coal also fell, but to a lesser extent as a result of transport :
. bottlenecks and supply constraints. This made imported coal cheaper than domestic -
: grades in some locations. For example, by October 2009, steam coal delivered to the
east coast of China from Indonesia was up to 40% cheaper than domestic coal on a
quality-adjusted basis. Imports were also necessary to meet the need for high-quality
hard coking coal for steel making. The surge in imports has created opportunities
for coal exporters within reasonable reach of China, including Indonesia, Australia,
: Mongolia, Russia, the United States and Canada. Many exporters are now increasing
production in the expectation of future Chinese demand growth, but this strategy
is not without risk. Despite the massive scale of China’s imports — estimated to be :
15% of globally traded coal in 2010 — they met just 5% of its demand. Therefore,
very slight changes in China’s domestic coal demand or supply could push it back to
. becoming a net exporter, competing against the countries that are now investing to
: supply its needs. For example, net imports would fall to zero by 2015 (compared with  :
our projection of around 185 Mtce) if China’s output were just 1.2% per year above -
the level in the New Policies Scenario. Many people are asking: is China’s status as a
net importer temporary or a new structural feature of the market?
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The answer will depend on China’s ability to meet rising demand from domestic
production and how that affects the spread between domestic and international
prices. At present, the competitiveness of China’s coal production is hindered by
insufficient rail infrastructure between producing regions in the north and west of
the country and demand centres in the east and south. In some locations, coal has
to be transported by road at a higher cost. But some of these pressures look set to
ease. Transport capacity is set to expand under China’s 12t Five-Year Plan and large
“coal power bases” are to be built to convert coal to electricity close to where it
is mined for transmission to demand centres. There are also plans for further
coal-to-liquids projects. The consolidation of China’s coal sector is also expected to
improve its productivity and competitiveness. On the other hand, mining in China is
moving further west, as Inner Mongolia overtakes Shanxi as the major coal area, and
is going deeper and exploiting poorer quality seams.

Most analysts agree that China will remain a net importer over the medium term, at
least, as it is unlikely to expand its mining and transport infrastructure quickly enough.
But the exact level of imports is uncertain, even more so post-2020 and particularly
steam coal. What is certain is that developments in China’s coal market will remain
one of the most important factors in determining global coal prices and trade patterns.

Spending on imports

A combination of increasing reliance on energy imports and relatively high energy prices
has seen the energy import bill weigh more heavily on many national accounts in recent
years. Global annual expenditure on oil and gas imports is expected to move sharply
higher in 2011 than 2010, driven primarily by oil prices (Chapter 1 details oil and natural
gas price assumptions). If oil prices (IEA import price) average $100 per barrel over 2011,
it is likely to be the first year in which collective OPEC net oil revenues exceed $1 trillion.

Annual global expenditure on oil and gas imports more than doubles over the Outlook
period, reaching nearly $2.9 trillion in 2035 under our assumptions. The share of natural
gas within total spending also increases over time. Even with the measures that are
assumed to be introduced to restrain growth in energy demand, the New Policies Scenario
implies a persistently high level of spending on oil and gas imports by many countries. As
a proportion of GDP (at market exchange rates), India’s projected spending on energy
is highest and it remains above 4% in 2035 (Figure 2.19). In absolute terms, India sees
its oil and gas- import bill overtake that of Japan before 2030 and overtake that of the
United States by the end of the Outlook period, standing at around $330 billion in 2035
(Figure 6.11 in Chapter 6 shows oil-import bills in absolute terms in selected countries
by scenario). China sees its oil and gas-import bill increase from under $100 billion in
2009 to $660 billion in 2035 (in 2010 dollars), overtaking the European Union soon after
2030. China’s import bill remains around 3% of GDP. In the United States, the increasing
prominence of domestic supplies in meeting demand means that expenditure on oil and
gas imports declines in absolute terms, to around $275 billion in 2035, and also as a share
of GDP.
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Figure 2.19 e Expenditure on net imports of oil and gas as a share of real
GDP by region in the New Policies Scenario, 1980-2035
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Note: Calculated as the value of net imports at the prevailing average international prices. The split between
crude/refined products and LNG/piped gas is not taken into account. GDP is measured at market exchange rates in
year-2010 dollars.

Investment in energy-supply infrastructure

Much of the investment required in the energy sector is large-scale and the financial returns
come over a long time period. Even in what seen relatively tranquil times, investment decisions
have to be taken in conditions of great uncertainty. Such uncertainty can, for example, relate to
the economic outlook, to developments in climate and other environmental policies, to depletion
policies in key producing governments and changes to legal, fiscal and regulatory regimes.

In the New Policies Scenario, cumulative investment of nearly $38 trillion (year-2010 dollars) is
required in energy-supply infrastructure over the Outlook period, a significant increase from WEO-
2010 (Figure 2.20). This investment provides for the replacement of the reserves and production
facilities that are exhausted or retired, and for the expansion of production and transport capacity
to meet the increase in energy demand over the Outlook period. Global investment in the power
sector from 2011 to 2035 totals $16.9 trillion, 58% of which goes to new power plants and 42% to
transmission and distribution. New power generating capacity of 5 900 GW is added worldwide.
Globally, renewables account for 60% of the investment in the power sector over the Outlook
period. Investment in new power plants in non-OECD countries, particularly China, increasingly
outstrips that in the OECD over time. China adds more new generating capacity powered by coal,
gas, nuclear, hydropower, biomass, wind and solar than any other country.

Global upstream investment for oil is projected to rise by around 9% in 2011, reaching
a new all-time high level of over $550 billion. In the New Policies Scenario, cumulative
investment in oil-supply infrastructure is $10 trillion over the Outlook period, with a need
for heavy upstream oil investment in the medium and longer term. The largest investment is
required in North America, Latin America and Africa (Table 2.4). An important factor driving
the increase in the investment required is the observed rise in the related costs, which
is projected to continue. There is also a slightly greater emphasis than in WEO-2010 on
non-OPEC supply in the early part of the Outlook period, which is relatively more expensive
to produce. Of particular importance is the Middle East and North Africa region, where
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investment needs are not as high, but required production increases are substantial: it is
crucial that these investments are made in a timely manner (see the Deferred Investment
Case in Chapter 3). Upstream investment in conventional oil is more than ten-times greater
than investment in unconventional oil over the Outlook period. The largest investments in
refining are expected to take place in China, India, the Middle East and the United States.

Figure 2.20 e Cumulative investment in energy-supply infrastructure by fuel
in the New Policies Scenario, 2011-2035 (in year-2010 dollars)
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Total cumulative investment requirements in the coal industry are nearly $1.2 trillion over
the Outlook period, or $47 billion per year. Around 94% of this sum is for mining, which
includes both opening new mines and developing existing mines. China’s investment needs
are much greater than those of any other single country and this investment must be
sustained throughout the Outlook period, even after domestic demand has peaked. In the
OECD, Australia requires the largest investment in coal, followed by the United States.

Cumulative investment in the natural gas supply chain is projected to be $9.5 trillion.
Exploration and development of gas fields, including bringing new fields on stream and
sustaining output at existing fields, will absorb 71% of total gas investment, while transmission
and distribution absorbs the rest. One-quarter of total upstream investment goes to
unconventional gas, the remainder funding development and production of conventional gas.

The OECD accounts for around 36% of the cumulative investment required in energy supply
over the Outlook period. The relatively high level of investment required in the OECD
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countries, compared with the OECD share of energy demand growth, is attributable to the
need to retire and replace more ageing energy infrastructure, the relatively more capital-
intensive energy mix and the higher average cost of its capacity additions in each category.
The United States accounts for 14% of global cumulative energy supply investment over the
Outlook period. China accounts for around 15% of global cumulative investment, amounting
to $5.8 trillion and is heavily focused on the power sector (Figure 2.21). Latin America, Africa
the Middle East and Russia all require significant levels of investment, particularly in oil and
gas, over the Outlook period.

Table 2.4 e Cumulative investment in energy-supply infrastructure by fuel
and region in the New Policies Scenario, 2011-2035
(billion in year-2010 dollars)

Coal Oil Gas Power Biofuels Total

OECD 175 2703 3756 6897 216 13746
Americas 78 2100 2172 3009 142 7501
Europe 7 511 1019 2892 72 4501
Asia Oceania 90 91 565 996 2 1745
Non-OECD 934 7027 5661 9986 136 23744
E. Europe/Eurasia 38 1398 1562 1029 6 4033
Russia 24 787 1077 614 0 2502
Asia 812 963 1664 7018 60 10518
China 647 510 638 3968 31 5794
India 87 203 266 1631 16 2203
Middle East 0 1137 510 583 0 2230
Africa 52 1557 1316 638 3 3564
Latin America 32 1971 609 718 68 3399
Inter-regional transport 55 268 80 - 4 407
World 1164 9997 9497 16 883 356 37897

Figure 2.21 e Cumulative investment in energy-supply infrastructure by
region in the New Policies Scenario, 2011-2035
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Energy-related emissions
Greenhouse gases

The decline in energy-related CO, emissions caused by the global economic recession
has been short-lived, erased by an increase in 2010 of more than 5%, to 30.4 Gt. In the
New Policies Scenario, energy-related CO, emissions continue to increase, rising by
nearly 20%, to 36.4 Gt in 2035 (Figure 2.22). This leads to an emissions trajectory consistent
with a long-term global temperature increase of more than 3.5°C. The energy sector was
responsible for 65% of all greenhouse-gas emissions globally in 2010 and is expected to see
its share increase to 72% in 2035.

Energy consumed in power plants, factories, buildings and other energy-using equipment
existing or under construction in 2010 account for 70%, or 23.9 Gt, of global CO, emissions in
2020. This share declines to 44% in 2035. These figures illustrate the long lifetimes associated
with energy-using equipment and infrastructure, the power generation and industry sectors
exhibiting the largest “lock-in"” of emissions. Unless there is widespread retrofitting with
carbon capture and storage, in these sectors in particular, or early retirement of the capital
stock, these emissions represent large-scale immoveable inertia that is felt to 2035 and
beyond (see Chapter 6 for analysis on the lock-in of CO, emissions in the energy sector).

Figure 2.22 e Energy-related CO, emissions in the New Policies Scenario
by fuel, 1980-2035
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Energy-related CO, emissions from coal increase from 13.3 Gt in 2010 to 14.9 Gt in 2035,
having actually peaked at around 15.5 Gt before 2020 and then declined gradually
thereafter. This is due to the induced switching to natural gas in many applications and
to sustained support for renewables in the power sector. CO, emissions from oil increase
throughout the Outlook period, going from 10.9 Gt in 2010 to 12.6 Gt in 2035, but the
rate of growth is slower after 2020. While natural gas emits the least CO, of all fossil fuels
when combusted, relatively strong demand growth throughout the Outlook period results
in CO, emissions from natural gas increasing by an average of 1.5% per year, rising from
6.1 Gtin 2010 to 8.9 Gt in 2035.
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In the New Policies Scenario, cumulative energy-related global emissions over the
next 25 years are projected to be three-quarters of the total amount emitted over the
past 110 years. While the majority of historical energy-related emissions came from
OECD countries (Figure 2.23), non-OECD countries account for all the projected growth in
emissions over the Outlook period. OECD energy-related emissions are expected to peak
early in the Outlook period at nearly 12.5 Gt and then decline steadily to 10.5 Gt in 2035.
This trend is higher than that projected in WEO-2010, mainly reflecting a loss in momentum
in the implementation of climate-related policies, the rebound in 2010 emissions and lower
reliance on nuclear in countries such as Germany and Japan.

Figure 2.23 e Cumulative energy-related CO, emissions in selected countries
and regions, 1900-2035
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In non-OECD countries, China alone will see its CO, emissions increase from 7.5 Gt in 2010
to 10.3 Gt in 2035 (Figure 2.24). However, the growth in China’s emissions is expected to
slow significantly over time. On a per-capita basis, China’s rising emissions are expected
to converge with average OECD per-capita emissions, which follow a declining trend. Both
approach around 7.5 tonnes per capita in 2035. Despite convergence in some cases, large
discrepancies will continue to persist in others. For example, the average citizen in the
United States is expected to be responsible for around 12 tonnes of CO, emissions in 2035,
while a citizen in India is expected to be responsible for less than one-fifth of this level.

Energy-related CO, emissions are expected to rise in all sectors over the Outlook period, but
the largest increase is expected in power generation, where emissions increase by 2.3 Gt,
and transport, where emissions increase by 2.1 Gt. These two sectors combined account for
almost 75% of the increase in energy-related emissions.

Local pollutants

Emissions of other pollutants follow heterogeneous regional paths. Sulphur dioxide (SO,)
emissions, the main cause of acid rain, are expected to fall in almost all major countries, as
emissions standards become stricter and coal use either peaks or declines. India is an exception,
as regulation is expected to be delayed and coal use is rising steadily. Nitrogen oxides (NO,)
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Figure 2.24 e Energy-related CO, emissions by region in 2035 in the New Policies Scenario and the change from 2010
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© OECDI/IEA, 2011

are expected to follow a declining trend in OECD countries, but rise in non-OECD countries.
Transport is the main cause of such emissions, and the scale of increasing mobility in
developing countries outpaces the effect of the emission standards that many of these
countries are implementing, though such regulation is nonetheless very effective in
decoupling the growth in vehicle ownership from an equivalent increase in NO,. Trends
for particulate matter vary by region, depending on the extent of reliance on biomass as
a household fuel and regulation of emissions from cars. The trends in the New Policies
Scenario for particulate matter imply a worsening of the health impact — in India, for
example, a reduction of life expectancy of more than six months per person by 2035,
compared with current levels (IIASA, 2011). In 2009, the global cost of air pollution controls
was around $280 billion and this cost increases to more than $550 billion by 2035, due to
higher activity levels and the greater stringency of the controls.
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CHAPTER 3

OIL MARKET OUTLOOK

Will investment come fast enough?

H 1 S H L 1 S H T S

@ Policy action to curb demand and a continuing ability to develop new supplies will
be critical to the mid- and long-term outlook for international oil markets. Global oil
demand in the New Policies Scenario increases slowly over the Outlook period, from
87 mb/d in 2010 to 99 mb/d in 2035. The crude oil price rises to $120/barrel (in year-
2010 dollars) in 2035. All the net growth in demand comes from non-OECD countries,
mostly in Asia; OECD oil use falls.

@ Allof the net growth in global oil demand in the New Policies Scenario comes from the
transport sector in emerging economies. Non-OECD car markets expand substantially
—vehicle production there is projected to overtake the OECD before 2015 and car sales
to exceed those in the OECD by 2020 - forcing up oil consumption despite impressive
gains in vehicle fuel economy. Alternative vehicle technologies are emerging that use
oil much more efficiently or not at all, such as electric vehicles, but it will take time for
them to become commercially viable and penetrate markets.

@ Qil production (net of processing gains) reaches 96 mb/d in 2035, a rise of 13 mb/d
on 2010 levels in the New Policies Scenario. Crude oil supply increases marginally to a
plateau of around 69 mb/d (just below the historic high of 70 mb/d in 2008) and then
declines slightly to around 68 mb/d by 2035. Nonetheless, gross capacity additions
of 47 mb/d - twice the current OPEC Middle East production — are needed just to
compensate for declining production at existing fields. A growing share of global
output comes from natural gas liquids, unconventional sources and light tight oil.

@ Non-OPEC production falls marginally, while OPEC’s market share expands from 42%
in 2010 to 51% in 2035. Output grows in most Middle East OPEC countries (led by
Iraq and Saudi Arabia), but falls in most non-OPEC countries (the main exceptions
being Brazil, Canada and Kazakhstan). Increasing reliance on imports in the importing
non-OECD regions, notably Asia, will inevitably heighten concerns about the cost
of imports and supply security. To meet the projected oil supply requirements in
the New Policies Scenario calls for growing levels of capital spending — cumulative
upstream investment of $8.7 trillion (in year-2010 dollars) is needed in 2011 to 2035.

® In a Deferred Investment Case, we examine the implications of MENA upstream
investment running one-third below the level in the New Policies Scenario in 2011 to
2015. MENA production is, as a result, more than 6 mb/d lower by 2020 and prices jump
to $150/barrel, before falling back as production rises. MENA exporters earn more in the
near term, thanks to higher prices, but less in the longer term, as they lose market share.
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Demand

Primary oil demand trends

The outlook for oil demand differs markedly between the three scenarios presented in this
Outlook, primarily as a result of the different assumptions about government policies, such
as fuel efficiency standards, removal of end-user subsidies and support for alternative fuels,
and the extent to which they succeed in curbing oil demand. After two consecutive years
of decline during the economic crisis, global primary demand for oil (excluding biofuels)
rebounded in 2010 with economic recovery, reaching 86.7 million barrels per day (mb/d),
a 3.1% increase over 2009. Demand continues to grow over the Outlook period in both the
Current Policies and New Policies Scenarios, driven mainly by developing countries, but falls
in the 450 Scenario (Figure 3.1 and Table 3.1).

Figure 3.1 e World primary oil demand and oil price* by scenario

110 r 300

2 S 0Oil demand:
o
E & = Current Policies
100 £ Scenario
e}
g — New Policies
90 2 Scenario
8 = 450 Scenario
80
Qil price (right axis):
70 - === Current Policies
Scenario
60 - K === New Policies
\-,_u.. e vae’ Scenario
50 T T T - T T T T T T T 0 == 450 Scenario
1980 1990 2000 2010 2020 2030 2035

* Average IEA crude oil import price.

The Current Policies Scenario, in which only existing policies are assumed to be in effect,
sees oil demand reaching 107 mb/d by 2035, a 24% increase over 2010 levels, or an
average annual increase of 0.8%. In the New Policies Scenario, which takes account of
policy commitments and cautious implementation of published targets, oil demand reaches
99 mb/d by 2035, a 15% increase over year 2010 levels (0.5% per year). Lower oil demand
in the latter scenario is largely a result of policy action that promotes more efficient oil
use, switching to other fuels and higher end-user prices as a result of reduced subsidies
in some emerging major consuming countries. In the 450 Scenario, oil demand falls
between 2010 and 2035 as a result of strong policy action to limit carbon-dioxide (CO,)
emissions; oil demand peaks before 2020 at just below 90 mb/d and declines to 78 mb/d
by the end of the projection period, over 8 mb/d, or almost 10%, below 2010 levels.
While higher-than-expected demand in 2010 and revised assumptions for economic
and population growth have altered the short- and medium-term trajectories, oil
demand trends to 2035 are broadly similar to those projected in last year’s Outlook in all
three scenarios. Taking account of the sharp increases in oil prices since late 2010 and
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the assumed higher GDP growth, however, the oil prices needed to balance demand
with supply are somewhat higher than assumed in WEO-2010. This is despite several
new policies to reduce oil demand announced over the last year, which are taken into
account in the 2011 New Policies Scenario, such as the new fuel economy standards
under discussion by the government of India for passenger vehicles (see Chapter 1
and Annex B for details).

The average IEA crude oil import price to balance demand and supply, which is derived
after numerous iterations of the World Energy Model, reaches $118 per barrel (in year-
2010 dollars) in 2020 and $140/barrel in 2035 in the Current Policies Scenario. In the New
Policies Scenario, the price rises more slowly, to $109/barrel in 2020 and $120/barrel in
2035, as demand grows less rapidly as a result of stronger policy action. There are both
supply- and demand-side reasons for these assumed oil-price increases. On the demand
side, the increasing dominance of the transport sector in global oil demand tends to reduce
the sensitivity of demand to oil prices in the medium term, as the economic competitiveness
of conventional technologies limits the potential for substitution of oil as a transportation
fuel. In addition, the cost of supply rises progressively through the projection period, as
existing sources are depleted and oil companies are forced to turn to more difficult and
costly sources to replace lost capacity in order to meet rising demand. Moreover, constraints
on how quickly investment can be stepped up also limit the rate of growth of production,
contributing to upward pressure on prices. In the 450 Scenario, prices are considerably lower
than in the other scenarios, levelling off at just below $100/barrel in 2015, as a result of the
persistent decline in demand.

Table 3.1 e Primary oil demand by region and scenario (mb/d)

New Policies Current Policies -
Scenario Scenario 430 Scenario

2020 2035 2020 2035 2020 2035
OECD 40.9 42.5 40.0 35.8 40.8 38.5 38.2 26.5
Non-OECD 19.8 37.6 45.0 54.5 46.3 59.3 42.7 44.2
International bunkers* 3.5 6.6 7.5 9.1 7.5 9.4 7.2 1.7
World oil demand 64.2 86.7 92.4 99.4 94.6 107.1 88.1 783
Share of non-OECD 33% 47% 53% 60% 53% 61% 53% 63%
Biofuels demand** 0.0 13 23 44 21 34 2.7 78
World liquids demand 64.2 88.0 94.7 103.7 96.7 110.6 90.8 86.1

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

Historically, economic activity has been the principal driver of oil demand, and it remains
an important factor in all scenarios and regions. However, oil intensity — the volume of
oil consumed for each dollar of gross domestic product (GDP) — has fallen considerably
in recent decades and is expected to continue to fall even faster over the projection
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period: global oil intensity declined at an annual rate of 1.5% over the past 25 years and
is projected to continue to fall by an average 2.8% per year until 2020 in the New Policies
Scenario, amplified by considerable government efforts to curb oil demand (Figure 3.2).
Oil intensity declines further thereafter, at a slower rate of 2.1% per year until 2035. The
principal reasons for the projected decline in oil intensity at levels above the historical
average are the assumed high oil prices required to balance supply and demand in the
New Policies Scenario — on average, prices are nearly three times above the historical
average of the last 25 years in real terms, promoting increased efficiency and conservation
measures — and the continuation of numerous policy efforts to curb oil demand, both in
OECD countries and in emerging economies such as China and India, prompted by oil and
energy security concerns.

Oil intensity differs considerably across countries and regions as a result of a combination of
structural, climatic and cultural factors and different pricing. The United States has historically
had a higher intensity than the worldwide average, but it fell below the average in 2008 and
the gap with the rest of the OECD is projected to narrow over the Outlook period. China’s
intensity has been, on average, 35% higher than the world average, but well below the figure
for non-OECD countries as a whole. It is projected to fall below the world average by around
2020 and continue to decline gradually thereafter as a result of policy efforts to decrease the
economy’s emissions intensity and increasing efficiency in the transportation sector (Annex B).
While the absolute differences in oil intensity between the major countries and regions are
projected to narrow over the Outlook period, the relative rankings remain stable.

Figure 3.2 e Primary oil intensity* by region in the New Policies Scenario
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Regional trends

The pattern of oil demand diverges over the projection period among the major regions,
according to their level of economic development. Demand drops in all three OECD regions,
but continues to expand in the non-OECD countries in aggregate (Table 3.2). In the New
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Policies Scenario, OECD primary demand declines steadily through to 2035, from over
42 mb/d in 2010 to 40 mb/d in 2020 and 36 mb/d in 2035 - an average rate of decline of
0.7% per year. This results from high oil prices, saturation effects and a range of additional
government measures to curb oil demand, particularly in the transportation sector. The
largest decline in percentage terms occurs in Japan, averaging 1.2% per year, driven mainly
by energy efficiency and alternative vehicle technology policy in the transport sector. The
United States experiences the largest decline in absolute terms, with demand dropping
3.5 mb/d over the projection period. In 2010, only 15% of the 2.6 mb/d year-on-year rebound
in global oil demand was attributable to OECD countries (89% of which was in the United States
alone) and OECD demand remains below its historic peak in 2005. OECD demand declined by
2.4% per year on average between 2007 and 2010.

Table 3.2 e Primary oil demand by region in the New Policies Scenario (mb/d)

1980 2010 2015 2020 2025 2030 2035 2010-2035*
OECD 40.9 425 41.7 40.0 38.2 36.9 35.8 -0.7%
Americas 20.6 22.6 223 214 20.4 19.8 193 -0.6%
United States 17.3 18.0 17.8 16.8 15.8 15.1 145 -0.9%
Europe 14.2 12.7 125 12.0 115 11.0 10.6 -0.7%
Asia Oceania 6.2 7.2 7.0 6.6 6.4 6.1 5.9 -0.8%
Japan 4.9 4.2 4.0 37 35 33 3.1 -1.2%
Non-OECD 19.8 37.6 42.1 45.0 48.2 51.5 54.5 1.5%
E. Europe/Eurasia 9.4 4.6 49 5.0 5.2 53 5.4 0.7%
Russia n.a. 2.9 3.0 30 3.1 31 32 0.4%
Asia 43 17.7 20.5 22.5 24.9 27.5 29.9 2.1%
China 19 89 11.1 12.2 134 14.5 14.9 2.1%
India 0.7 33 3.6 4.2 49 6.0 74 3.4%
Middle East 17 6.9 7.6 8.1 8.7 9.0 9.2 1.2%
Africa 1.2 31 35 36 37 3.9 4.0 1.0%
Latin America 31 5.2 5.7 5.7 5.8 5.8 5.9 0.5%
Brazil 13 2.3 2.5 25 2.5 2.6 2.6 0.5%
Bunkers** 35 6.6 7.0 75 7.9 85 9.1 1.3%
World oil demand 64.2 86.7 90.8 924 94.4 96.9 99.4 0.5%
European Union n.a. 11.9 115 11.0 104 9.8 9.3 -1.0%
Biofuels demand*** 0.0 13 18 23 2.9 36 44 5.0%
World liquids demand ~ 64.2 88.0 92.6 94.7 97.3 100.5 103.7 0.7%

*Compound average annual growth rate. **Includes international marine and aviation fuel. *** Expressed in energy
equivalent volumes of gasoline and diesel.
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In contrast, non-OECD oil demand is set to continue to expand. It has been less affected
by the economic recession, continuing to grow by an average of 3.5% per year in the three
years to 2010. In the New Policies Scenario, non-OECD primary demand rises on average
by 1.5% per year, from about 38 mb/d in 2010 to 45 mb/d in 2020 and almost 55 mb/d
in 2035. Qil use in non-OECD countries overtakes that in the OECD by 2015. In absolute
terms, the bulk of oil demand growth in non-OECD countries occurs in Asia, where it grows
by 12 mb/d, or 70%, between 2010 and 2035. Half of the increase in Asian oil demand
(and about 48% of the global increase) comes from China, where demand expands by
6 mb/d. Starting from a low base, India is the second-largest contributor to oil demand
growth, accounting for 33% of the global increase. Demand in the Middle East grows by
2.4 mb/d, on the back of strong economic and population growth and widespread subsidies.

Sectoral trends

The transport sector will remain the main driver of global oil demand as economic growth
increases demand for personal mobility and freight. Transport oil demand reaches almost
60 mb/d in 2035, a growth of about 14 mb/d over 2010 levels, outweighing a drop in
demand in other sectors. Booming transport oil needs in non-OECD countries more than
offset a decline in transport demand in the OECD (Figure 3.3). Assumed increases in oil prices
provide a strong economic signal to reduce oil use in many sectors, either through increased
efficiency or fuel substitution. This depresses oil demand, particularly in industry, where oil
is substituted by natural gas (and other fuels) for heat and steam generation, as is the case
in Europe and the United States today. With increasing divergence of oil and gas prices over
the projection period, such inter-fuel substitution becomes more common in Asia as well,
where to date relatively higher gas prices have limited its use.

Figure 3.3 e Change in primary oil demand by sector and region in the
New Policies Scenario, 2010-2035
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Changes in oil demand in the buildings sector reflect, to some degree, the stage of economic
development. In the OECD countries and China, oil demand is reduced due to the shift
away from kerosene and liquefied petroleum gas (LPG) towards electricity; but in Africa and
India, where access to clean energy for cooking is currently limited, demand increases (see
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Chapter 13 for a discussion of energy access). There is much more limited scope at present
to substitute for oil-based fuels in the transport sector and the petrochemical industry. The
petrochemical sector, especially in Asia and to a lesser extent in Europe, relies heavily on
naphtha and LPG as feedstock, though natural gas use is increasing due to the expansion of
ethane-based production in the Middle East. The transport sector depends almost entirely
on oil products, with 93% of all the fuel used in the sector being oil-based in 2010. Alternative
vehicle technologies that use oil much more efficiently (such as hybrid vehicles or plug-in
hybrids) or not at all (such as electric vehicles) are emerging, but it will take time for them to
become commercially viable on a large scale and for car makers and fuel suppliers to invest in
new production facilities and distribution infrastructure, where needed, on the scale required
to make a significant difference.

Focus on the transport sector

Road transport is expected to continue to dominate total oil demand in the transportation
sector. In the New Policies Scenario, road transport is responsible for about 75% of global
transport oil demand by 2035, down only slightly from 77% in 2010 (Figure 3.4). Oil demand
for road freight grows fastest, by 1.7% per year on average, despite significant fuel-efficiency
gains, especially in the United States where recent government proposals for heavy-duty
vehicles aim at improving fuel efficiency between 10% and 17% through to 2018.

Figure 3.4 e World transportation oil demand by mode in the
New Policies Scenario
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Passenger light-duty vehicles (PLDVs) remain the single largest component of transport oil
consumption, though their share shrinks from about 45% today to 39% by 2035. This trend is
driven by major improvements in fuel economy in many countries, especially in the largest car
markets in the United States, China, Europe and Japan — a result both of high international oil
prices and of government policies, including fuel efficiency standards, labelling and research
and development. These policies make a substantial contribution to curbing overall oil demand
growth over the Outlook period. However, the July 2011 proposal by the United States
government to further increase vehicle fuel-efficiency standards (from the current 35.5 miles-
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per-gallon [mpg] by 2016) to an average 54.5 mpg by 2025, which is equivalent to 4.3 litres per
100 km (1/100 km), is not taken into account in this year’s projections; if confirmed it would
have an important impact on longer-term US oil demand (though the long-term target will still
be subject to an evaluation well before 2025).

Of the projected increase in transport oil demand between 2010 and 2035, 37% comes from
road freight traffic, 21% from PLDVs, 18% from international bunkers, 7% from aviation and
the remaining 17% from other modes. International aviation and marine bunkers, as well as
domestic aviation and navigation, grow with increasing GDP, but the growth is moderated
by fuel economy targets recently announced by the International Maritime Organization for
shipping and by energy efficiency measures both in aircraft technology and flight logistics.
The increase in demand from road freight traffic comes entirely from non-OECD countries,
offsetting a decline in OECD countries resulting from efficiency gains and fuel switching.

Road-freight traffic is strongly correlated with economic growth, as increased levels of
consumption lead to greater movement of goods. In non-OECD countries, road-freight
tonne-kilometres increase by 3.7% annually, slightly more than the resulting oil demand,
due to efficiency improvements (Figure 3.5). Although the tonne-kilometres operated
by trucks and lorries grow by 0.5% per year on average until 2035 in the increasingly
service-oriented OECD countries, the oil needed to fuel this growth drops in the New Policies
Scenario as a result of efficiency improvements.

Figure 3.5 ® Average annual change in transport oil demand and GDP
by region and transport mode in the New Policies Scenario,
2010-2035
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Increased use of alternatives to oil-based transport fuels (gasoline, diesel and LPG) also help to
temper oil-demand growth, though to a much smaller degree than efficiency gains in vehicles
with internal combustion engines. Biofuels make the biggest such contribution, as use grows
from 1.3 million barrels of oil equivalent per day (Mboe/d) today to 4.4 Mboe/d in 2035, an
annual rate of increase of 5%. The share of biofuels in total transport fuel demand rises from
less than 3% today to just above 6% by 2035. Although biofuels are mainly used in the road
transport sector, the aviation industry has recently done several tests on aviation biofuels and,
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if large-scale projects were successfully implemented, aviation demand could increase strongly.
Natural gas also plays a growing role in the transport sector, its share rising from 3% to 4%. The
use of natural gas grows most in road transport, where its share rises from 1% to 3%. Currently
the dominant use of gas in the transport sector is in gas compression for pipeline transport and
distribution.! While the economic case for natural gas vehicles is often promising, for example in
the United States, there is often a lack of the policy support needed for a more significant uptake
(IEA, 2011a). Electricity use is mainly confined to the railway sector in the New Policies Scenario.
Electricity makes only minor contributions to the road transport energy mix, but the share of
electricity in total transport fuel demand grows from 1% today to about 2% in 2035 (Figure 3.6).

Figure 3.6 ® World non-oil-based fuel use by transport mode in the
New Policies Scenario
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While theoretically many options exist for replacing oil-based fuels in road transport, for
various reasons none of the potential candidates and technologies has so far grown out of
niche markets. There are barriers to the uptake of each alternative fuel and vehicle technology,
including their applicability to different road transport modes, the need to develop vehicle
drive-trains to accommodate the specific properties of the fuel, their cost-competitiveness
and their environmental performance relative to oil (Table 3.3). Where the alternative fuel
cannot be used directly in existing oil distribution networks and applications, it requires the
build-up of a dedicated infrastructure. To compete today, the majority of alternative fuels need
government support of one form or another. Where such support is provided, it is often justified
by the energy-security or environmental benefits that those fuels can bring (see Chapter 14
for a discussion of biofuels subsidies). For alternative fuels to grow faster than projected in
the New Policies Scenario, stronger and more concerted policy action, improved international
co-operation and long-term planning would be needed.

1. As per IEA definition of transport sector energy use.
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Table 3.3 e Factors affecting fuel choices for future road transport technologies

Application Cost Technology status ~ Technology potential Environmental Infrastructure Government

competitiveness 2011 2035 performance availability policies

Gasoline & diesel

(including LPG,

methanol and other

additives)

Biofuels Low cost of vehicle; Vehicles and Advanced fuels could  Highly variable by fuel

fuel costs depend conventional biofuels  be made; vehicle and region, CO, not
on cost and supply of ~ proven; scaling supply efficiency similar to always reduced vs.
biomass. difficult. gasoline and diesel. gasoline and diesel.

Natural gas All vehicle types. Higher vehicle costs; Use of gasisless CO,  Exists in some countries, Sustained policy
LNG has more potential  fuel costs depend emission and pollution  but requires extensive  guidance to grow
than CNG for HDVs. on oil-to-gas price intensive than roll-out in new markets. market share is limited

difference. gasoline and diesel. to a few countries.

Electricity All vehicle types but Very efficient fuel use,  Roll-out depends on No exhaust from pure  Required for recharging,
battery size and weight some vehicles available, battery cost reduction  EVs; WTW emissions but grids available
limit applications. but no mass production. and consumer response. depend on power for long-distance

generation mix. transmission.
Hydrogen Feasible for all vehicles, Use of hydrogen is clean.

but most practical
for LDVs.

Key - Strong Neutra -

CNG = compressed natural gas. EV = electric vehicle. HDV = heavy-duty vehicle. ICE = Internal combustion engine. LDV = light duty vehicle. LNG = liquefied natural gas. WTW = well-to-wheels.
Note: Colours (see key) illustrate the relative strengths and weaknesses of fuels in each category.

WTW emissions depend
on hydrogen source.
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Passenger light-duty vehicles

Passenger light-duty vehicles (PLDVs) currently use about 20 million barrels of oil each day,
or about 60% of total road oil consumption, and remain the largest oil-consuming sub-sector
over the Outlook period. The extent of the need for oil to fuel the PLDV fleet will hinge on
four main factors: the rate of expansion of the fleet; average fuel economy; average vehicle
usage; and the extent to which oil-based fuels are displaced by alternative fuels. In the New
Policies Scenario, the projected expansion of the fleet would double PLDV oil consumption
between 2010 and 2035 if there were no change in the fuel mix, vehicle fuel efficiencies
or average vehicle-kilometres travelled; but the projected increase is limited to about 15%, as
a result of switching to alternative fuels and, to a much larger extent, efficiency improvements
and the decrease in average vehicle use as non-OECD vehicle markets (where average vehicle
use today tends to be lower than in the OECD) become increasingly dominant (Figure 3.7).

Figure 3.7 e World PLDV oil demand in the New Policies Scenario
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efficiency and the average vehicle-distance travelled.

Demand for mobility is strongly correlated with incomes and fuel prices. So as incomes rise
— especially in the emerging economies — the size of the global car fleet will inevitably rise
in the long term. However, vehicle usage patterns are also affected by incomes and prices.
A rise in fuel prices (whether caused by higher prices on international markets or a rise in
domestic prices) or a drop in incomes (such as during the global financial crisis) can lead
to short-term changes in behaviour. But vehicle-miles travelled usually tend to rebound
as consumers become accustomed to the new level of price or as the economy recovers.
The United States, one of the largest car markets in the world, is a good example of this
phenomenon, partly because public transport infrastructure is limited and most people
rely on cars for commuting (Figure 3.8). Government policies to promote modal shifts, like
the extension of rail and urban transport networks, can change the long-term picture. The
growth in oil demand from expanding vehicle fleets in countries with large inter-city travel
distances, such as China, will be critically influenced by the availability of non-road travel
options. However, we assume little change in vehicle usage patterns over the Outlook
period. Efficiency improvements, therefore, remain the main lever to reduce oil demand.
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Figure 3.8 ® Change in road vehicle travel in relation to changes in GDP
per capita and oil price in the United States, 1985-2010
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The largest car markets in the world were historically to be found in OECD countries, with
the United States the leader, followed by Japan and several European countries, headed
by Germany and France (Box 3.1 looks at the regional shift in car making). However, the
growth in vehicle sales in China over the past ten years has been spectacular, from less than
1 million in 2000 to almost 14 million in 2010, when China overtook the United States to
become the world’s largest single car market (Figure 3.9). Vehicle sales in the United States
and some European countries plunged during the recession and, despite financial support
by governments, have struggled to recover since.

Figure 3.9 e PLDV sales in selected markets, 2000-2010
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While the rate of growth in PLDV sales in China has been impressive over the last decade,
they started in 2000 from a very low base. Even today, vehicle ownership in China is only just
above 30 vehicles per 1 000 people, compared with close to 500 in the European Union and
700 in the United States (Figure 3.10). On average, only 40 out of 1 000 people in non-OECD
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countries own a car today, while average car ownership is approaching 500 per 1 000 people
in OECD countries.

Figure 3.10 e PLDV ownership in selected markets in the New Policies
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Despite a slowdown in sales in the first half of 2011, China is projected to reinforce its leading
position, with PLDV sales reaching more than 50 million cars in 2035 in the New Policies
Scenario. Yet the market will still be far from saturated then, with projected vehicle ownership
levels of only about 300 vehicles per 1 000 inhabitants. China’s total vehicle stock grows
more than three-fold from 2010 to 2035 in the New Policies Scenario. The pace of growth
of China’s vehicle stock will be critical for world oil demand: if the entire stock (including all
road-transport modes) grew 1% faster than at the projected level of 5% per year, oil demand
in China would be almost 2 mb/d higher by 2035. How likely this is to happen is extremely
uncertain. One reason is the heterogeneity of both vehicle ownership levels and the ratio of
ownership to average incomes, even among the more developed coastal regions. For example,
ownership rates in Beijing in 2009 were almost three times higher than in Shanghai, despite
similar levels of GDP per capita. This is partly the result of differences in urban planning and
indicates that future vehicle ownership could well be lower than projected.

Non-OECD countries account for 80% of the projected doubling of the global PLDV fleet, their
stock growing from around 200 million vehicles in 2010 to more than 900 million in 2035.
In the New Policies Scenario, vehicle sales in non-OECD countries as a whole are projected
to overtake those of OECD countries around 2020, reaching more than 100 million vehicles
per year in 2035. The vehicle stock in non-OECD countries overtakes that in the OECD in the
early 2030s (Figure 3.11). Nonetheless, at about 125 vehicles per 1 000 inhabitants in 2035,
vehicle-ownership levels in non-OECD countries remain well below OECD levels, where they
climb to almost 550 per 1 000 inhabitants. By then, around 55% of all the PLDVs on the road
worldwide are in non-OECD countries, compared with less than 30% today.

2. According to data from the National Statistics Database of the National Bureau of Statistics of China
(www.stats.gov.cn).
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PLDV sales in the New Policies Scenario remain dominated by conventional internal
combustion engine vehicles, though hybrid vehicles are projected to make significant
inroads into global car markets. By 2035, 28% of all PLDV sales in OECD countries are
projected to be hybrids, while in non-OECD countries the figure is 18%. The share is less than
2% worldwide today. As in previous Outlooks, the inroads made by other alternative vehicles
remain marginal: the share of natural gas vehicles reaches about 2% and that of electric
vehicles and plug-in hybrids combined is just below 4%.

Figure 3.11 e PLDV sales and stocks in the New Policies Scenario
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Vehicle fuel efficiency is the other key factor in the outlook for fuel use by PLDVs, and,
more generally, transport sector oil demand as a whole. Today, the average tested fuel
economy of a new PLDV worldwide is around 8 |/100km. With existing conventional internal
combustion engine technology, modest hybridisation and non-engine improvements,
such as tyres, efficiency improvements of up to 40% are possible, but not all of this
potential is expected to be exploited. Advanced technologies, including hybrids and plug-in
hybrids, are also set to contribute to overall improvements in fuel economy. In the New
Policies Scenario, with recently adopted government policies and measures and high
oil prices by historical standards, we project fuel requirements for all new PLDV sales
combined to fall to 6 1/100 km by 2020 and just above 5 1/100 km by 2035. Many countries
with large vehicle markets have taken action to improve the fuel economy of vehicles
substantially, though in many cases the targets relate to new vehicle sales between
2015 and 2020. The effect on the average efficiency of the entire vehicle stock will not be fully
felt until the existing stock is fully replaced. For post-2020 vehicle sales, there is currently little
policy guidance, which leaves further efficiency improvements to the market and guides our
cautious projections of efficiency gains. However, if policies, such as the currently discussed
extension of the US Corporate Average Fuel Economy (CAFE) standards to 2025 were to
materialise in a number of key vehicle markets, oil demand could be reduced further and the
economic case for alternative fuels and technologies would improve.
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Box 3.1 e The future of car making

The recent growth of emerging markets such as China could generate a shift in global
car manufacturing. While car manufacturing has historically been concentrated in the
United States, Japan, the European Union (mostly Germany and France) and Korea,
non-OECD car manufacturers, especially in China, are on the rise thanks to the boom
in domestic sales and lower labour costs. The share of Chinese manufacturers in global
car production more than doubled in the three years to 2009, from 6% to about 13%
of all cars produced worldwide (OICA, 2011). Western companies are also profiting
from this boom by building cars increasingly in non-OECD countries. The share of
non-OECD countries in global car production grew from 23% in 2005 to 44%in 2010, with
total output rising from 10.5 million to 25.6 million vehicles. OECD vehicle production,
which was around 36 million vehicles per year in the mid-2000s, plunged to 28 million
cars in 2009, but rebounded to close to 33 million in 2010. Although developments
in car markets over the last five years have been influenced by the economic crisis
and government support programmes, it is likely that the level of car production in
non-OECD countries could overtake that of OECD countries before 2015.

Wherever these cars are built, the growing importance of non-OECD car markets means
that non-OECD policy will become an increasingly important determinant of global fuel
economy standards and therefore of global oil demand patterns. China has recently
adopted a fuel economy target of 6.7 /100 km for 2015, comparable to the 2015 target
in the United States, and the government is considering further increasing this standard
to 4.51/100 km (equivalent to the fuel consumption of a current hybrid) by 2025.

Government policies will be important in encouraging or mandating improvements in fuel
economy. Generally, standards have an important influence on average fuel economies,
given their binding nature. The impact of non-binding policies, such as voluntary agreements
or labelling, can be hard to predict, as running costs are just one of many factors that private
motorists take into account when deciding which car to buy and how to use it. The quickest
and cheapest way to reduce oil use by PLDVs (other than by behavioural changes such as
fuel-efficient driving or modal shifts towards increased use of public transport) is to utilise
smaller cars. As an illustration of this effect, if US consumers today bought cars of the same
size and weight on average as in Europe, new vehicle fuel economy would improve by about
30% per kilometre driven and total US oil demand would fall by 2.4 mb/d within about fifteen
years. But vehicle size, comfort and status are important considerations in a consumer’s
decision to buy a car and so it is not certain that consumers will change purchasing or driving
behaviour quickly in the absence of incentives that go beyond those already announced.
Recent research has shown that US motorists tend to undervalue the potential benefits of
fuel economy (Greene, 2010). Nonetheless, in countries where households devote a large
share of their budget to spending on fuel for their cars, fuel economy has been shown to be
an increasingly important consideration as fuel prices rise. In the United States, the share
of household spending on vehicle fuel grew from about 3% in the early 1990s and 2000s to
more than 5% in 2008, though it has varied since with changing oil prices.
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The rate of penetration of alternative fuels is another factor affecting oil use in PLDVs. From
atechnology perspective, the share of biofuels is largely a supply-side issue, as in most cases
biofuels are blended into conventional gasoline or diesel, requiring no change to today’s
vehicles if mixtures are kept within certain limits. Flex-fuel vehicles, i.e. vehicles that can
use either gasoline or ethanol, are on sale in several markets, but some other fuels, notably
electricity, require a fundamental change in vehicle technology and refuelling infrastructure.
In the New Policies Scenario, electric vehicles and plug-in hybrid sales expand only slowly,
amounting to 0.4 million vehicles in 2020 and just below 6 million in 2035. This slow increase
is mainly the result of high vehicle purchase costs which, in the absence of sufficient support
or incentives, make them less economically attractive than internal combustion engine
vehicles. Even as new business models improving the economic case for electric vehicles
emerge, consumer acceptance that is required for the widespread adoption of electric
vehicles remains uncertain and guides our cautious outlook. In the projections, oil savings
from electric vehicles worldwide amount to less than 20 thousand barrels per day (kb/d)
in 2020 (Figure 3.12) and about 170 kb/d in 2035.

Figure 3.12 e Oil savings through electric vehicle sales: country targets,?
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The projected levels of sales of electric vehicles and plug-in hybrids in the New Policies
Scenario are well below targets for 2020 that have been adopted by several countries; in
aggregate, these targets amount to a stock of almost 25 million electric vehicles and plug-in
hybrids, implying vehicle sales to reach about seven million per year by 2020. If the targets
were achieved, sales of electric vehicles would make up almost 8% of global PLDV sales and
just over 2% of the global stock by 2020, saving up to 420 kb/d of oil in that year. However,
the car industry does not appear to be prepared to produce that many electric vehicles yet
(IEA, 2011b). Plans announced up to mid-2011 suggest that car manufacturers are likely to
expand capacity in total to only 1.4 million electric vehicles per year by 2020, suggesting a

3. Countries included: Austria, Canada, China, Denmark, Finland, France, Germany, Ireland, Israel, Japan, Korea,
Netherlands, Portugal, Spain, Sweden, Switzerland, the United Kingdom and the United States. Note that the country
target of China that is used here is currently under revision. Some of these countries have launched the Electric
Vehicles Initiative together with the IEA.
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wait-and-see strategy in a still nascent industry, which in turn could mean that countries would
collectively achieve only 20% of their targets, with resulting oil savings of less than 80 kb/d.

We estimate that investment in manufacturing capacity able to deliver the targeted number
of electric vehicles (even if that target is unlikely to be met from today’s perspective) would
be of the order of $85 billion in the period to 2020.* Additional investment would be required
to provide the recharging infrastructure (each electric vehicle typically requires 1.3 recharging
points), amounting to roughly $50 billion.* The consumer would also be required to pay more
for these vehicles, which currently cost at least $15 000 more than a conventional vehicle of
equivalent size. Assuming that this cost increment could be reduced by 50% by 2020, then
the additional spending on electric vehicles until 2020 would be about $230 billion. These
costs would need to be carried by the consumers or, to the extent that they are subsidised, by
governments. It is still unclear how much more the consumer is willing to pay for an electric
vehicle or what is the desired payback period, i.e. the time it takes for the fuel savings to offset
the higher upfront purchase price of the vehicle. Some recent tests of public acceptability by
individual car manufacturers have given promising results; but for electric vehicle adoption
to become widespread, it is estimated that payback times will need to be reduced by a factor
of about three to four, or mitigated by innovative manufacturer-consumer business models.

Supply
Resources and reserves

Proven reserves of oil increased in 2010, by about 0.5% to 1 526 hillion barrels at year-end
according to the BP Statistical Review of World Energy (BP, 2011) and by 8.5% to 1 470 billion
barrels according to the Oil & Gas Journal (0&G)J, 2010). The bigger increase recorded by the
0&G] reflects an increased estimate for Venezuela, based on recent results from the Magna
Carta project, led by Petrdleos de Venezuela (PDVSA), which reassessed reserves in the
Orinoco extra-heavy oil belt (Box 3.2 defines different types of liquid fuels). Neither set of
numbers includes the upward revisions of reserves announced in late 2010 by Irag and Iran.

An estimated 16 billion barrels of crude oil reserves were discovered in 2010. This is less than
the 25 billion barrels of crude oil produced in 2010, but well above the 8 billion barrels per year
of discoveries required to satisfy production from fields “yet to be found” called for over the
projection period in the New Policies Scenario (Figure 3.16).6 The amount of crude oil discovered
annually over the last decade averaged 14 billion barrels. The trends continue to be towards
both smaller discoveries in mature basins and larger discoveries in more remote places, with
the significant exception of light tight oil in North America (Spotlight). Although light tight oil
has been known for many years, extraction of it has only recently become economically viable,
through the application of new technology and the advent of higher oil prices.

4. Thisis derived from an assumed cost base of $12 200 per vehicle per year, based on recent Nissan/Renault announcements.

5. This calculation assumes costs of $750 for home recharging points and $5 000 for public recharging points. It further
assumes that the bulk of recharging is done at home as evidenced in recent pilot projects, so that the required density
of public recharging points is low.

6. These numbers do not include volumes of NGLs discovered and produced.
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Box 3.2 e Definitions of different types of liquid fuels

For the purposes of this chapter, the following definitions are used (Figure 3.13):

® Qil comprises crude, natural gas liquids, condensates and unconventional oil, but
does not include biofuels (for the sake of completeness and to facilitate comparisons,
relevant biofuel quantities are separately mentioned in some sections and tables).

® Crude oil makes up the bulk of the oil produced today; it is a mixture of hydrocarbons
that exist in liquid phase under normal surface conditions. It includes light tight oil. It
also includes condensates that are mixed-in with commercial crude oil streams.

® Natural gas liquids (NGLs) are light hydrocarbons that are contained in associated or
non-associated natural gas in a hydrocarbon reservoir and are produced within a gas
stream. They comprise ethane, propane, butanes, pentanes-plus and condensates.

® Condensates are light liquid hydrocarbons recovered from associated or non-associated
gas reservoirs. They are composed mainly of pentanes and higher carbon number
hydrocarbons. They normally have an American Petroleum Institute (API) gravity of
between 50° and 85°.

® Conventional oil includes crude oil and NGLs.

® Unconventional oil includes extra-heavy oil, natural bitumen (oil sands), kerogen oil,
gas-to-liquids (GTL), coal-to-liquids (CTL) and additives.

® Biofuels are liquid fuels derived from biomass, including ethanol and biodiesel.

Figure 3.13 e Liquid fuel schematic
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Upward revisions to reserves in fields already discovered, by both field extensions and
enhanced oil recovery techniques, amounted to some 13 hillion barrels in 2010. Thus, total
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reserves additions amounted to 29 billion barrels outstripping production by 4 billion barrels
(as has been the case now for several decades). Overall, the geographic distribution of proven
reserves remains largely unchanged from previous years, with the bulk of them located in the
Middle East.

We now put remaining recoverable resources worldwide at nearly 5 500 billion barrels,
with proven reserves’ amounting to about one-quarter of the total (Figure 3.14). Other
recoverable conventional oil resources amount to 1 300 billion barrels, while recoverable
unconventional resources total over 2 700 billion barrels. Unconventional oil resources,
including extra-heavy oil and kerogen oil, have a large potential; however, many technical,
commercial and political obstacles need to be overcome before they can be fully developed.
Recoverable resources, a more important factor in long-term production projections than
proven reserve volumes, are estimated on the basis of data from various sources, notably the
US Geological Survey (USGS) and the German Federal Institute for Geosciences and Natural
Resources (BGR) (USGS, 2000, 2008a, 2009a and 2010; BGR, 2010).2 For unconventional
resources, these studies have tended to focus on large known accumulations or specific
regions, particularly those where conventional resources have been heavily exploited. It is
likely that regions that have received less attention, such as the Middle East or Africa, also
have important endowments of unconventional resources.

Figure 3.14 e Recoverable oil resources and production by region
and type in the New Policies Scenario
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Sources: BGR (2010); USGS (2000, 2008a, 2009a, 2009b and 2010); O&GJ (2010); IEA databases and analysis.

7. Proven reserves are usually defined as discovered volumes for which there is a 90% probability of profitable extraction
(see WEO-2010 for a detailed description) (IEA, 2010).

8. See WEQ-2010 for a detailed discussion of the methodology and definitions of resources, a detailed analysis of the
prospects for production of unconventional oil, and a review of the sensitivity of sources of supply to resource availability
and accessibility (IEA, 2010).
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Production prospects

Global oil production, together with processing gains (the volume increase in supply that
occurs during crude oil refining) matches demand in all three scenarios in this Outlook,
and is of course always less than the installed production capacity.® Production trends vary
markedly across the scenarios, rising to 104 mb/d in 2035 in the Current Policies Scenario
and 96.4 mb/d in the New Policies Scenario, but peaking before 2020 and then falling to
76 mb/d in the 450 Scenario (Table 3.4). In the New Policies Scenario, production grows by
13 mb/d, or 15%, between 2010 and 2035 (Figure 3.15). The rate of growth falls gradually
through the projection period, from 1.1% per year from 2010 to 2015 to 0.5% per year in
the period 2030 to 2035, averaging 0.6% per year over the full projection period. Crude
oil production — the largest single component of oil production — increases marginally to a
plateau of around 69 mb/d (slightly below the historic high of 70 mb/d in 2008)* and then
declines slowly to around 68 mb/d by 2035.

Table 3.4 e Oil production and supply by source and scenario (mb/d)

New Policies Current Policies 450
Scenario Scenario Scenario
2020 2035 2020 2035
OPEC 25.5 34.8 39.6 48.7 411 53.4 36.7 36.5
Crude oil 24.7 29.0 29.8 34.7 31.0 37.6 27.8 26.7
Natural gas liquids 0.9 5.2 8.0 11.0 8.2 12.5 7.2 7.6
Unconventional 0.0 0.6 1.8 3.0 1.8 33 17 22
Non-OPEC 371 48.8 50.4 41.7 51.0 50.5 49.0 39.4
Crude oil 34.1 40.3 39.0 33.1 39.4 34.7 38.2 27.6
Natural gas liquids 2.8 6.4 73 7.5 74 7.8 6.9 6.3
Unconventional 0.2 2.1 41 7.0 42 8.0 39 5.5
World oil production 62.6 83.6 90.0 96.4 92.0 103.9 85.7 75.9
Crude il 58.8 69.3 68.8 67.9 70.5 723 66.0 54.3
Natural gas liquids 3.7 117 153 18.5 15.6 203 141 139
Unconventional 0.2 2.6 5.9 10.0 6.0 113 5.7 78
Processing gains 12 2.1 2.5 3.0 2.5 3.2 24 24
World oil supply* 63.8 85.7 9.4 99.4 94.6 107.1 88.1 783
Biofuels 0.0 1.3 2.3 4.4 2.1 34 2.7 7.8
World liquids supply** 63.9 87.0 94.7 103.7 96.7 110.6 90.8 86.1

*Differences between historical supply and demand volumes are due to changes in stocks. **Includes biofuels, expressed
in energy equivalent volumes of gasoline and diesel.

9. Production in this Outlook refers to volumes produced, not to installed production capacity.

10. Revisions made to production data since the publication of WEO-2010 show worldwide production of crude oil in
2008 averaged 70.4 mb/d, slightly above the 70.2 mb/d in 2006.
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Figure 3.15 e World oil production in the New Policies Scenario, 2010 and 2035
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The need to bring new production capacity on stream in the New Policies Scenario is much
greater than the projected increase in production. This is because of the need to compensate
for the decline in production from currently producing fields as they come off plateau,
following the natural course of depletion.!! We project that crude oil production from fields
that were producing in 2010 will drop from 69 mb/d to 22 mb/d by 2035 - a fall of over
two-thirds (Figure 3.16). This decline is twice the current oil production of all OPEC countries
in the Middle East. As a result, the gross additional capacity needed to maintain the current
production level is 17 mb/d by 2020 and 47 mb/d by 2035. The necessary capacity additions
will come largely from fields already discovered but yet to be developed, mainly in OPEC
countries. This projection is derived from detailed analysis of the production profiles of
different types of fields in each region. Natural gas liquids (NGLs) production from currently
producing fields also declines, though this is more than offset by the significant increase in
new NGLs production associated with increased gas production (see Chapter 4).

Figure 3.16 e World liquids supply by type in the New Policies Scenario
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11. See WEO-2008 for detailed analysis of field decline rates (IEA, 2008).
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NGLs, produced together with natural gas, provide a growing contribution to global oil supply,
driven by the projected growth in gas production and reduced gas flaring (associated gas is
often rich in NGLs) and wetter gas production in some countries.’> Unconventional oil, such
as Canadian oil sands, Venezuelan extra-heavy oil, coal-to-liquids (CTL), gas-to-liquids (GTL),
kerogen shales and additives, also play an increasingly important role. Current low gas prices
in North America have triggered renewed interest in GTL there. For example, Sasol (a South
Africa-based leader in GTL technology) is pursuing feasibility studies into the economic viability
of GTL plants fed by shale gas located in Louisiana and separately in British Columbia with
Talisman, an independent Canadian exploration and production company. Other companies
are thought to be considering GTL projects too. Therefore, our GTL projections have been
updated to include increased production in North America. Interest in CTL (as well as in
methanol to be used as a gasoline blending agent) remains strong in China. High oil prices and
growth in the sale of M15 gasoline (a blend of gasoline with 15% methanol by volume) and
M85 gasoline (with 85% methanol) have triggered a boom in methanol production worldwide,
with previously mothballed plants being reactivated in several countries. Methanol is often
cheaper to produce than ethanol, but for technical reasons cannot be blended into gasoline
in large concentrations without modifications to the vehicle engine and fuel system. It also
requires additional safeguards for handling due to its high toxicity. For the purposes of our
projections, it is classified as an additive, within the category of unconventional oil.

Figure 3.17 e Major changes in liquids supply in the New Policies Scenario, 2010-2035
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12. NGLs are added to crude oil when reporting production in volume terms. However, the balance between demand
and supply is made on an energy equivalent basis, taking into account the lower energy per unit volume of NGLs
compared with crude oil. Additional investment in polymerisation units in refineries is included in the investment
projections to enable NGLs to replace crude oil, particularly in producing transport fuels.
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By country, Iraq provides the biggest projected increase in production between 2010 and
2035. Most OPEC countries increase production over the Outlook period, while production
falls in most non-OPEC countries. The main exceptions are Brazil, Canada and Kazakhstan,
all of which see an increase in output of over 2 mb/d or more (Figure 3.17). The biggest
projected declines occur in China, the United Kingdom, Norway and Russia.

Non-OPEC production

In the New Policies Scenario, non-OPEC oil production in aggregate declines slightly over the
projection period, from 48.8 mb/d in 2010 to 47.7 mb/d in 2035. However, this trend masks
significant underlying changes: the 5 mb/d increase of crude oil production from Brazil and
Kazakhstan is more than offset by declines in most other non-OPEC producers, resulting in
an overall decline of 7 mb/d of crude oil output. The balance is partially redressed by an
increase of 5 mb/d in the output of unconventional oil, mainly from oil sands in Canada,
CTL projects (principally in China, South Africa and to a lesser degree the United States) and
an increase in NGL production of 1 mb/d (Table 3.5).

Latin American production decreases as mature declining basins are only partly offset
by increased production from the deepwater pre-salt play off Brazil. In late 2010, the
state oil company, Petrobras, launched the world’s largest-ever share offering, raising
around $67 billion, to support its plans to invest $128 billion over the five years to 2016 in
developing pre-salt discoveries. This will involve building 11 floating production, storage and
offloading vessels, up to 28 drilling rigs (in Brazilian yards) and 146 supply boats to support
the drilling of up to 500 wells. This effort, along with Petrobras’ other projects, is projected
to drive up Brazil's production from 2.1 mb/d in 2010 to about 3 mb/d in 2015 and 4.4 mb/d
by 2020. We project production to rise further to 5.2 mb/d by 2035.

The Caspian region strengthens its role as a key oil producer and exporter throughout the
projection period.® Kazakhstan will be an important area of new oil production capacity, with
production projected to increase from 1.6 mb/d in 2010 to nearly 4 mb/d in 2035. Kazakhstan's
projected increase in production has been pushed back in this year’s Outlook, due to continued
wrangling over the Kashagan oilfield development. This super-giant field was discovered in
2000 and initial production is anticipated in late 2012 at the earliest. Production from the
first development phase should ramp up to 300 kb/d and subsequent phases could see total
production reach 1.3 mb/d by 2030. The development has been plagued by cost over-runs and
schedule delays due to technical complexities. The Kazakh government did not approve the
Phase 2 development plan in early 2011, citing concerns about the cost and schedule.

Canada sees rapid growth in oil production throughout the projection period, mainly from
oil sands (output of which grows from 1.5 mb/d in 2010 to 4.5 mb/d in 2035). This could be
hindered by continuing debate about the environmental effects of oil sands exploitation
(IEA, 2010). However, the Canadian oil industry and provincial and federal governments
continue to seek ways to reduce the environmental footprint and less intrusive in-situ
extraction techniques are becoming more common. For example, the government of Alberta
has committed to spend $2 billion on developing carbon capture and storage projects.

13. See WEO-2010 for a detailed analysis of energy prospects for the Caspian region (IEA, 2010).
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Table 3.5 ® Non-OPEC oil* production in the New Policies Scenario (mb/d)

2010-2035

1980 2010 2015 2020 2025 2030 2035

OECD 173 18.9 19.4 18.8 18.6 18.8 18.9 0.0 0.0%
Americas 14.2 141 15.0 15.2 15.6 16.1 16.6 2.4 0.6%
Canada 17 34 4.3 4.5 5.0 5.4 5.7 2.3 2.1%
Mexico 2.1 3.0 2.7 2.5 2.4 2.5 2.5 0.4 -0.6%
United States 10.3 7.8 8.0 8.2 8.1 8.2 8.3 0.5 0.3%
Europe 26 4.2 3.7 29 24 21 18 -2.3 -3.2%
Asia Oceania 0.5 0.6 0.8 0.7 0.6 0.5 0.5 0.1 -0.5%
Non-OECD 19.8 29.9 314 31.6 314 30.4 28.8 -11 -0.2%
E. Europe/Eurasia 12,5 13.7 14.2 14.0 14.6 15.2 15.1 14 0.4%
Russia 11.1 10.5 10.4 9.9 9.7 9.7 9.7 -0.8 -0.3%
Kazakhstan 05 16 19 23 33 3.9 3.9 23 3.6%
Asia 4.5 7.8 7.9 75 6.8 5.7 4.7 3.1 -2.0%
China 2.1 4.1 4.2 4.2 3.8 3.0 23 -1.8 -2.2%
India 0.2 0.9 0.8 0.7 0.7 0.7 0.6 0.3 -1.4%
Middle East 0.5 17 15 12 12 11 1.0 -0.7 -2.2%
Africa 1.0 2.6 2.6 24 2.2 2.0 1.8 -0.7 -1.3%
Latin America 13 41 53 6.4 6.6 6.4 6.2 21 1.7%
Brazil 0.2 2.1 3.0 44 5.1 5.2 5.2 3.1 3.6%
Total non-OPEC 371 48.8 50.8 50.4 50.0 49.2 47.7 -11 -0.1%
Non-OPEC market share 59% 58% 57% 56% 55% 52% 49% na. n.a.
Conventional 37.0 46.8 47.5 46.3 44.9 43.1 40.6 6.1 -0.6%
Crude oil 34.1 40.3 40.5 39.0 375 35.6 331 7.2 -0.8%
Natural gas liquids 2.8 6.4 7.0 73 74 75 75 11 0.6%
Unconventional 0.2 2.1 33 4.1 5.1 6.1 7.0 5.0 5.1%
Share of total non-OPEC 0% 4% 6% 8% 10% 12% 15% n.a. n.a.
Canada oil sands 0.1 15 2.5 2.9 36 4.0 4.5 3.0 4.4%
Gas-to-liquids - 0.0 0.0 0.1 0.2 0.3 0.4 0.4 9.1%
Coal-to-liquids 0.0 0.2 0.2 0.4 0.7 0.9 12 11 8.5%

*Includes crude oil, NGLs and unconventional oil. **Compound average annual growth rate.

Russia, discussed in detail in Chapter 8, maintains its position as the largest oil producer
in the world for the next few years, before it is overtaken again by Saudi Arabia. Initially
relatively flat at above 10 mb/d, Russian oil production then slowly declines to 9.7 mb/d
in 2035, as new greenfield developments struggle to keep pace with the increasing decline
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in production from older fields. Russian fiscal policy is a key determinant of when and how
quickly Russian production will decline. Current terms limit the incentive to invest when
prices rise; our projections assume sympathetic evolution of taxation.

In the United States, declines in production from mature conventional basins in Alaska and in
the lower-48 states are outweighed by strong growth in supplies of light tight oil (Spotlight),
rising NGL production and deepwater production in the Gulf of Mexico, which resumes its
growth following the Deepwater Horizon disaster (Box 3.3). There is further potential for
upside in production from all of these sources: if shale gas producers target plays with higher
liquids content, NGLs would increase, additional light tight oil plays could be developed and
more of the recent discoveries in the Gulf of Mexico (or future Arctic discoveries) could be
developed. CTL and GTL also contribute to the growth in total supply, particularly in the
later part of the projection period, when kerogen oil also adds to the production increase.
Biofuels are an important contributor to total liquids production, with the United States
currently producing almost half of the world’s biofuels.

The new American revolution: light tight oil

Light tight oil provides another good example of how the industry continues to
innovate, developing new techniques and technologies to tap previously uneconomic
resources. The term refers to oil produced from shale, or other very low permeability
rocks, with technologies similar to those used to produce shale gas, i.e. horizontal :
wells and multi-stage hydraulic fracturing (see Box 4.1). Geologically, light tight oil &
is an analogue of shale gas; oil or gas have either not been expelled from the (shale) :
: source rock or have migrated only short distances into other, usually low permeability, :
rock formations, adjacent to or within the shale itself. This is why light tight oil is often  +
referred to as shale oil. Unfortunately, the term shale oil is also often used to refer
to oil produced by industrial heat treatment of shale, which is rich in certain types of
. kerogen —a mixture of solid organic material. To avoid confusion, we refer to this as
kerogen oil, or kerogen shale. In line with industry practice, we classify light tight oil as
conventional oil and kerogen oil as unconventional.

Interest in light tight oil started with the Bakken shale, a large formation underlying
¢ North Dakota and extending into Saskatchewan, Manitoba and Montana. Production
from the Bakken in North Dakota began on a small scale in the early 1950s, reaching
about 90 kb/d in the early 2000s, after operators began drilling and fracturing
horizontal wells. After 2005, production increased more rapidly, to average some
310 kb/d in 2010 and reach a high of 423 kb/d in July 2011 (NDSG, 2011). The
combination of success in the Bakken and the widening of the differential between
oil and gas prices prompted a flurry of interest in developing light tight oil throughout
North America (IEA, 2011c). Shale gas producers trying to improve investment returns
began targeting acreage with wetter gas, i.e. higher liquid content, increasing their -
NGL production, and some progressed further to shales containing predominantly oil, :
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like the Bakken. Drilling activity is also shifting from gas to oil in the Eagle Ford play
in Texas, where oil production was on average only 10 kb/d in 2010 (RRC, 2011), and
is also rising in the Niobrara play in Colorado, Utah and Wyoming, in various plays
in California (including the Monterrey play) and in the Cardium and Exshaw plays in
Canada. Other recently identified plays are also likely to be developed.

The size of light tight oil resources and how much can be technically and economically
extracted are still poorly known. The United States Geological Survey estimated in
the past that the Bakken held about 4 billion barrels of recoverable oil, but this is now
widely considered to be an underestimate, and it is being re-evaluated (USGS, 2008b).
Recoverable light tight oil resources in the lower 48 states were recently estimated to
be at least 24 billion barrels (US DOE/EIA, 2011a), larger than the country’s 22.3 billion
barrels of proven reserves (US DOE/EIA, 2010).

Like shale gas, production from light tight oil wells declines rapidly. However, initial
production rates vary widely, depending on geology, well lengths and the number
of fractures carried out. Averaged over the first month, Bakken wells produce from
300 barrels per day (b/d) to more than 1 000 b/d, but within five years the great majority
of wells are producing less than 100 b/d. Over their life-time they typically recover
between 300 thousand barrels (kb) and 700 kb. Given the steep declines in production,
new wells are constantly needed to maintain output; hence, constant drilling activity is
essential to production growth. During 2010, the Bakken rig fleet doubled to 160 units,
which drilled 700 new wells, increasing monthly average oil production between
January and November by about 120 kb/d. However, in December winter weather
disrupted activity and no new wells came on stream, resulting in monthly average oil
production dropping by nearly 13 kb/d.

High oil prices have been a key driver of this growth, given that the breakeven oil price
for a typical light tight oil development is around $50/barrel (including royalty payments).
The surge in production has outpaced infrastructure developments. Qil pipelines are
becoming congested, adding to the surplus of oil at the Cushing hub in Oklahoma,
which serves as the delivery point for West Texas Intermediate (WTI) crude oil futures
contracts. This is partly why WTI currently trades at an exceptionally large discount to
other benchmark crudes, such as Brent. This discount is likely to ease in the longer term
as new transport capacity is built, particularly to the refineries on the Gulf Coast. In North
Dakota, the lack of gas treatment and transport facilities has led to an increase in flaring,
with a record 29% of produced gas being flared in the first half of 2011.

To provide an indication of prospective light tight oil production in the United States,
we have modelled the output potential of three plays which are currently active;
the Bakken, Niobrara and Eagle Ford. Representative well production profiles were
used for each of the plays and the assumption made that by 2013 the drilling activity
in each play rises to the current level in the Bakken, is then maintained until 2020,
after which it falls steadily, to zero by 2035. In total some 30 000 wells are drilled.
Production reaches about 1.4 mb/d by 2020, peaking shortly thereafter, as drilling
rates drop. Cumulative oil recovery by 2035 is about 11 billion barrels, or slightly less
than half of the latest estimated recoverable light tight oil resources in the United
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States (US DOE/EIA, 2011a). Of course, any upward reassessment of these resources
could lead to higher production rates or maintenance of plateau production for
longer, while new plays are likely to be developed if the current levels of profitability
are sustained.

Figure 3.18 e Light tight oil production potential from selected plays
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So does light tight oil represent a new energy revolution? It is certainly having an
impact in the United States, where we estimate production could exceed 1.4 mb/d by
2020, somewhat reducing US imports; but this alone is unlikely to affect the dynamics
of global oil supply significantly. For this new source of oil to have a wider impact,
production would need to take off in other plays or in other parts of the world. The
resources outside North America have not been quantified but, as with shale gas, it is
likely that light tight oil is present in many locations worldwide. For example, the Paris
basin in France could hold several billion barrels of recoverable resources, and tests
are being conducted in the Neuquen basin in Argentina. As is the case for shale gas,
environmental concerns or regulatory constraints could hinder developments, but the
potential economic and energy security benefits could result in significantly higher
growth of light tight oil production.
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Mexico’s production is projected to continue to decline in the first half of the projection
period, due to the slow pace of new developments, and then sees slow growth in line
with the country’s resource potential, particularly in its deepwater sector of the Gulf of
Mexico. For many years Mexico’s production relied heavily on the super-giant offshore
Cantarell field, discovered in 1976. Cantarell’s production has declined by about 1.5 mb/d
over the last decade, though this has been partially offset by production from the adjacent
Ku Maloob Zaap complex, overall the country’s output is still 0.9 mb/d lower than its
previous peak. Legislation was changed in 2008 to allow Petréleos Mexicanos (PEMEX), the
state oil company, to sign incentivised development contracts with other oil companies.
The first three contracts for secondary development of small, mature onshore fields were
awarded in August 2011. Larger contracts, which could have a more substantial impact on
the country’s production, are expected to be tendered in future.
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Box 3.3 e The long-term implications of the Deepwater Horizon disaster

Following the Macondo blowout, the US government imposed a moratorium in
May 2010 on all deepwater drilling. Although the moratorium was lifted after five
months, no further drilling permits were issued until February 2011, almost ten
months after the blowout. As a result we estimate that deepwater Gulf of Mexico
production in 2011 will be 300 kb/d lower than estimated prior to the disaster
and that it could take until 2015 for production to catch-up with pre-Macondo
projections.

Although activity in the Gulf of Mexico was at a standstill for much of 2010, both
operators and contractors have maintained a strong interest and presence in the
region. Chevron took a final investment decision on the $7.5 billion Jack/Saint Malo
project in late 2010 and Shell did likewise with the Cardamom field, with 140 Mboe
of recoverable volumes, in mid-2011. In June 2011, ExxonMobil announced a new
discovery, with an estimated recoverable volume of 700 Mboe. Of the approximately
30 deepwater rigs active in the Gulf of Mexico in early 2010, only seven had moved
to other regions by mid-2011, leaving sufficient capacity to deliver these new projects
and continue exploration.

The Macondo disaster has led to extensive reappraisal of all aspects of deepwater
development. Regulators and operators alike have been closely examining the
findings of numerous inquiries, in an effort to avoid a repeat incident. While not all of
the inquiries are complete, regulations are likely to tighten and operators will become
more cautious. In the Gulf of Mexico, two consortia have formed organisations to
provide emergency response capabilities for well-control incidents: ten operators,
led by the super-majors, have created the Marine Well Containment Company; and
24 independents have clubbed together in the Helix Well Containment Group,
which will utilise equipment used to cap and kill the Macondo well. While these
developments inevitably lead to increased costs, this is not anticipated to greatly
inflate deepwater costs, though some smaller companies, lacking depth of experience
or the skill levels needed for deepwater developments, may choose to concentrate
on other opportunities.

Outside the United States, there has been little discernable reduction in activity.
Angola held a deepwater licensing round in 2010, awarding acreage in January
2011, and Trinidad and Tobago has announced its intention to hold a deepwater
bid round later in 2011. Deepwater exploration continues in East Africa and Asia,
with several discoveries reported. There has been a revival of interest in the South
China Sea. Petrobras has continued exploration in Brazilian deepwater basins, finding
the Libra and Franco fields in 2010 and pursuing a swathe of developments, with
ambitious production targets —the largest deepwater development programme ever
undertaken. Deepwater production increases in importance throughout the Outlook
period, as exploration for and discoveries of new fields, particularly in non-OPEC
countries, increasingly move to deeper, more difficult areas.
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Europe’s production decline is well established, with North Sea output dropping from just
under 6 mb/d in 2000 to just over 3.5 mb/d in 2010. It is projected to fall further, to 1.6 mb/d
by 2035, though the decline may be offset to some extent by increasing NGL production
and possible development of new discoveries in the exploration frontiers of Greenland,
the Barents Sea or exploitation of light tight oil on land. While recent discoveries offshore
Norway could yield over a billion barrels of recoverable resources, these are insufficient to
reduce the aggregate rate of decline of the North Sea significantly.

In the Asia-Pacific region, Australia’s conventional oil production stays above 0.5 mb/d thanks
to rising NGL output from the large liquefied natural gas (LNG) projects that are currently
under construction, offsetting declines in crude production. China maintains production at
its current level of around 4 mb/d until about 2025, before conventional resource limitations
lead to declining output. This decline is offset to some extent by growing unconventional
production, including CTL. There are some promising developments in non-OPEC Africa
countries, notably offshore West Africa (Ghana, Cameroon and the more speculative Liberia,
Sierra Leone and Sao Tome and Principe) and in East Africa (particularly in Uganda and
Tanzania). Collectively, their contribution is projected to slow the decline in production of
the region as a whole, from 2.6 mb/d in 2010 to 1.8 mb/d in 2035. In non-OPEC Middle East
countries, there is renewed interest in developing the vast kerogen oil resources in Jordan,
with at least three possible projects being studied (another kerogen oil project is being
considered in Morocco, where pilot projects have been undertaken in the past). Omani and
Syrian oil production continues to decline, with few new discoveries. Overall, production from
these countries in aggregate is projected to decline from 1.7 mb/d in 2010 to 1 mb/d in 2035.

OPEC production

In the New Policies Scenario, OPEC countries in aggregate account for all of the increase in
global oil production between 2010 and 2035. Consequently, OPEC’s share of oil production
grows steadily through the projection period, from 42% in 2010 to 44% in 2020 and 51%
in 2035 — a level close to its historical peak just before the first oil crisis in 1973. Growth in
OPEC output comes mainly from the Middle East, where production grows over 12 mb/d,
compared with an increase outside the region of just under 1.7 mb/d (Table 3.6). This
reflects the pattern of resource endowments and, in part, the onset of decline in Angolan
production in the second half of the projection period, as the country’s prolific deepwater
discoveries, that were brought on stream in the 2000s, go into decline, along with declining
crude production in Algeria and resource limitations in Ecuador. In the New Policies Scenario,
the recent unrest in the Middle East and North Africa is assumed to have no significant long-
term impact on investment and production in the region. The possibility of investments in
that region being deferred is discussed later in this chapter.

Irag’s oil production potential isimmense (Box 3.4), but exploiting it depends on consolidating
the progress made in peace and stability in the country, including resolution of the debate
about the legal status of contracts awarded by the Kurdistan Regional Government
(KRG). Irag remains one of the least explored major resource holders. Although about
80 fields have been discovered, only 30 are currently in production and large swathes of the
Western Desert remain unexplored. Proven reserves total 115 billion barrels (0&GJ, 2010),
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but the resource potential is much larger. Qil production in mid-2011 averaged 2.8 mb/d
(IMOO, 2011 and IEA, 2011d), including some 0.14 mb/d of production from the KRG area.
According to Deputy Prime Minister al-Shahristani, it could reach 3 mb/d by the beginning of
2012. We project production to reach 5.4 mb/d in 2020 and 7.7 mb/d in 2035. Even so, this
level is well below that targeted originally by the government.

Saudi Arabia is expected to contribute the second-largest increase in oil production
worldwide between now and 2035, raising production by almost 40% from 10 mb/d in 2010
to nearly 14 mb/d by 2035. The national oil company, Saudi Aramco, will be responsible
for most of the investment required to build up production in the coming decades, as
international oil companies are involved in production only in the Partitioned Neutral Zone
shared with Kuwait, and in gas exploration. Roughly half of Saudi production still comes
from the Ghawar field — the largest oilfield in the world. Smaller fields, some of them
super-giants in their own right, are now being developed. In some cases, these were
discovered several decades ago, but not brought on stream due to technical or cost
considerations and the global supply-demand balance. In 2010, Saudi Aramco completed
the Khurais and Khursaniya projects, which together added 1.7 mb/d of new capacity. Saudi
Aramco is also implementing a pilot carbon-dioxide enhanced oil recovery scheme on a
small sector of Ghawar to demonstrate its technical viability — which could further extend
the productive life of the field, by increasing recovery.

Box 3.4 e Prospects for increased oil production in Iraq

The Iragi government has awarded twelve Technical Service Contracts (TSCs) for
the development of major oil fields. So far, operators have focused on “quick-win”
activities, like refurbishing facilities, repairing wells and drilling a limited number
of new wells, so as to raise production quickly by 10%, the threshold at which the
government is contractually obliged to start making payments. The profit margin
in the TSCs is fixed, providing a strong incentive to keep cost and investment down,
but there is little opportunity to increase returns should oil prices rise. Continued
investment will hinge on the success of these projects and opportunities elsewhere.

BP and the China National Petroleum Corporation (CNPC) have increased output
at the Rumaila oil field to around 1.2 mb/d, triggering payment obligations by the
government. CNPC has signed an oil export agreement with the government enabling
it to take delivery of about two million barrels in May 2011 as payment in kind.
ExxonMobil and ENI, operators of West Qurna and Zubair oilfields respectively, are
also thought to have reached the trigger point for payments.

Iragi production has grown from an average of 2.4 mb/d in 2010 to around 2.8 mb/d
in mid-2011. Were all the TSCs to proceed according to their original schedule,
Iragi oil production capacity would reach more than 12 mb/d by 2017. However,
given Iraq’s infrastructure, logistical and security challenges, government officials
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have acknowledged that the target level of production capacity originally implied will
not be achievable and a more realistic aspiration of reaching 6 mb/d to 7 mb/d by 2017
is being discussed. The KRG area contributes around 0.14 mb/d of total production
under contracts awarded in the last decade, but the validity of these contracts is not
yet recognised by the central government. This area has great exploration potential
which has attracted a number of companies, but large investments are unlikely until
the legal differences with Baghdad are resolved.

Slow progress is being made to develop infrastructure. The government is working
on doubling the Gulf export terminal capacity to 3.6 mb/d by early 2012, but many
believe this project will be delayed. Work is also progressing on repairing and
upgrading a pipeline to the Turkish Mediterranean port of Ceyhan, to double capacity
to around 1 mb/d in 2013. Export bottlenecks mean that production is likely to be
constrained to less than 3 mb/d until 2012. Thereafter, it could start increasing, by
around 300 kb/d annually, as repairs, upgrades and new facilities are completed. In
the New Policies Scenario, production reaches 5.4 mb/d in 2020 and nearly 8 mb/d
in 2035. Other supporting infrastructure is also required to facilitate the increased
production. Shell is building a quay on the Shatt al-Arab waterway, to allow shipping
of equipment to the Majnoon field. ExxonMobil is leading a consortium planning a
“common seawater supply facility”, a $10 billion project to deliver up to 12 mb/d of
treated seawater for injection into the southern oilfields.

Roughly half of Iraqg’s associated gas production is currently flared. With rising oil
production, flaring increased from 8.1 bcm in 2009 to 9.1 becm in 2010 (GGFRP, 2010).
In mid-2011 the government signed an agreement with Shell and Mitsubishi to form
the Basra Gas Company which will gather and treat gas produced in the Basra region
(such as that currently being flared) and market it. The government is keen to use the
gas for power generation, so as to reduce shortages, which have been a significant
economic and political issue for some time.

The United Arab Emirates’ (UAE) oil production has increased over the last decade, from
2.6 mb/d in 2000 to 2.9 mb/d in 2010. Abu Dhabi, the UAE’s principal oil producer, has
stated its intention to increase sustainable oil production capacity to 3.5 mb/d by 2018.
It recognises that new developments are becoming more complex and will require the
continued support of international oil companies. These companies already participate
in the UAE’s upsteam sector through partial ownership of both Abu Dhabi Company for
Onshore Qil Operations (ADCO) and Abu Dhabi Marine Operating Company (ADMA).
ADCQ'’s 75-year concession will expire in 2014 and ADMA’s 65-year concession in 2018. It
remains uncertain whether these contracts will be renegotiated, re-tendered or opened up
and restructured. Major new investments are unlikely to be sanctioned until this matter is
resolved. We project production to continue increasing steadily throughout the projection
period, reaching 3.3 mb/d in 2020 and 4 mb/d by 2035.
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Table 3.6 ® OPEC oil* production in the New Policies Scenario (mb/d)

1980 2010 2015 2020 2025 2030 2035 2010-2035

Middle East 18.0 23.8 26.7 28.6 30.4 329 36.0 12.2 1.7%
Iran 15 4.2 4.2 4.3 4.3 45 4.8 0.5 0.5%
Iraq 2.6 2.4 4.2 5.4 6.0 6.8 7.7 5.2 4.7%
Kuwait 14 25 2.6 2.7 2.9 3.1 35 1.0 1.3%
Qatar 0.5 1.7 2.0 2.1 2.1 2.2 2.3 0.5 1.1%
Saudi Arabia 10.0 10.0 10.5 10.9 11.6 12.6 139 38 1.3%
United Arab Emirates 2.0 2.9 33 33 34 37 4.0 11 1.3%

Non-Middle East 7.6 11.0 11.0 109 114 119 12.7 17 0.6%
Algeria 11 1.9 2.0 2.0 2.1 2.1 2.1 0.3 0.5%
Angola 0.2 18 18 18 18 17 15 -0.3 -0.7%
Ecuador 02 05 0.4 0.3 0.3 0.3 0.2 -0.2 -3.0%
Libya 1.9 17 1.6 1.6 16 1.8 2.0 0.4 0.8%
Nigeria 2.1 2.5 2.4 2.4 2.5 2.7 2.9 0.4 0.6%
Venezuela 22 2.7 2.8 2.8 31 34 39 12 1.4%

Total OPEC 25.5 34.8 31.7 39.6 417 44.9 48.7 13.9 1.4%

OPEC market share 41% 42% 43% 44% 45% 48% 51% n.a. n.a.

Conventional oil 25.5 34.2 36.3 37.8 39.6 424 45.7 115 1.2%

Crude oil 24.7 29.0 29.3 29.8 30.7 324 347 5.7 0.7%

Natural gas liquids 0.9 5.2 7.0 8.0 8.8 9.9 11.0 5.8 3.0%

Unconventional oil 0.0 0.6 1.4 1.8 22 2.5 3.0 24 6.8%
Venezuela extra-heavy oil 0.0 0.5 11 14 17 19 23 18 6.6%
Gas-to-liquids - 0.0 0.2 0.2 0.3 04 0.5 0.4 11.7%

*Includes crude oil, NGLs and unconventional oil. **Compound average annual growth rate.

Kuwait’s oil production has trended upwards in the last decade, from 2.2 mb/d in 2000 to
2.8 mb/d in 2008, before falling back in 2009 with OPEC production constraints in the face
of weak demand. In the late 1990s, Kuwait offered contracts to international oil companies
to re-develop and operate several heavy oil fields on its northern border with Iraq in a
scheme originally known as “Project Kuwait”. While this project had the potential to expand
production significantly, it has stalled in the face of political opposition. Emphasis has now
shifted away from heavy oil to developing the country’s lighter oil reserves. In early 2011, the
national company, Kuwait Oil Company, reaffirmed its target to boost production capacity
by 1 mb/d to 4 mb/d by 2020 and to sustain that capacity until 2030. Achieving this will be
contingent on securing the technical assistance of international companies and creating a
climate conducive to large investments. We project production to increase gradually over
the projection period, reaching 3.5 mb/d by 2035.

Iran is currently the Middle East’s second-largest oil producer and has significant upside
production potential, both for crude oil and NGLs. However, the current political isolation
of the country and fiscal terms which discourage foreign investment, make it unlikely that
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this potential will be realised quickly. Currently, investment in the Iranian oil sector is barely
sufficient to maintain production capacity as older producing fields decline. Most revenues
from oil exports are consigned to finance other state programmes, starving the national oil
company of funds to invest in developing new fields and infrastructure and in combating
declines at existing fields. Thus, we project only a slow increase in overall oil output during
the projection period, in large part driven by NGLs.

Qatari crude oil production has grown only modestly in the last decade, mainly through
development of the offshore Al Shaheen field. However, NGL production has risen sharply
in the last two years as a swathe of LNG projects have come on-stream. Qatar’s North Field
—the largest gas field in the world — has large condensate reserves, which are likely to fuel
further growth in NGL production. However, there is currently a moratorium on new gas
developments, which is not expected to be lifted before 2015. GTL production is also being
boosted, with the Pearl GTL plant’s production rising to 140 kb/d (together with 120 kb/d
of NGLs) in 2012. In the longer term, more LNG export capacity is expected to be added
and there is scope for new GTL projects beyond the current Oryx and Pearl plants, as a
hedge against any decoupling of gas and oil prices. As a result of increased gas production,
production of NGLs exceeded crude oil production for the first time in 2010 and is set to
make up the greater part of higher oil production throughout the projection period. Total oil
output is projected to reach 2.3 mb/d in 2035.

Venezuela’s oil production has declined through much of the last decade, due to lack
of investment. This has been due, in part, to a nationalistic policy, which has compelled
international oil companies either to cede a significant amount of equity to the national
company, PDVSA, or to leave the country altogether, as in the case of ExxonMobil
and ConocoPhillips. We project a modest decline in conventional oil production over
the projection period. However, this decline is more than offset by rapid growth in
unconventional, extra-heavy oil from the Orinoco belt, which has attracted investment
from a number of foreign companies, in partnership with PDVSA.* In aggregate, Venezuelan
production rises from 2.7 mb/d in 2010 to 3.9 mb/d in 2035.

Nigeria is the largest oil producer in Africa, producing some 2.5 mb/d in 2010, from the
Niger Delta and offshore in shallow and, to a lesser extent, deep water. Production has been
sporadically disrupted by civil conflicts, which have led to a substantial amount of capacity
being shut-in in recent years. Investment has also been slowed by the inability of the
Nigerian National Petroleum Company, to covers its share of investment in joint ventures
with international oil companies. Uncertainty about a draft Petroleum Industry Bill, first
issued in 2008 and still under review, which could have a significant impact on upstream
terms and conditions, is also damaging the investment climate. With these uncertainties in
mind, we project a slow rate of investment in the near term and, therefore, a slight drop in
production in the early part of the Outlook period. However, we project a rebound in output
later in the projection period, on the assumption that the investment climate improves. An
increase in NGL production also contributes to higher oil production in the longer term, as
efforts to reduce gas flaring slowly bear fruit. Production drops to 2.4 mb/d in 2015, but
recovers to 2.9 mb/d in 2035.

14. See last year’s Outlook for a detailed discussion of the prospects for Venezuelan extra-heavy oil production (IEA, 2010).
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Libyan oil production almost entirely stopped in early 2011 following the eruption of conflict.
Over the decade to 2010, Libyan production fluctuated between 1.4 mb/d and 1.8 mb/d, and
was averaging around 1.7 mb/d at the start of 2011. Libyan crude oil is generally of a “light
sweet” quality (meaning it has relatively low density and low sulphur content), making it ideal for
refining into low-sulphur transport fuels. Although (as of September 2011) the extent of damage
to infrastructure is not fully known, some production has resumed and, if security improves,
could rise towards pre-conflict levels over the coming two years. Our projections assume
renewed investment before 2015, allowing production to increase gradually to 2 mb/d by 2035.

Other OPEC countries are expected to maintain more or less steady levels of production
for a large part of the projection period, the variations reflecting their individual
resource endowments. Production potential in both Angola and Ecuador is constrained
by the currently limited extent of ultimately recoverable resource estimates, though new
discoveries could alter this picture.

Trade

International trade in oil (including crude oil, NGLs, unconventional oil, additives and refined
products) is poised to continue to grow. In the New Policies Scenario, trade between the
major regions increases from 37 mb/d in 2010 to more than 48 mb/d in 2035, growing
11 mb/d over the projection period (Figure 3.19). This compares with a projected increase
in global demand of nearly 13 mb/d. Net imports to China exceed 12.5 mb/d by 2035, up
by almost 8 mb/d from current levels. India’s net imports grow by over 4 mb/d to nearly
7 mb/d —the second-largest increase. The reliance on imports in developing Asia, as a whole
increases from 56% of total oil needs in 2010 to 84% in 2035. European imports remain
relatively flat at 9 mb/d, as demand and regional production decline almost in parallel.

Net imports to North America fall by nearly 6 mb/d to under 3 mb/d by 2035, on the back
of rising indigenous production and falling demand. The United States accounts for most of
this decline, with imports falling by 4 mb/d below today’s level in 2035. Among the exporting
regions, the Middle East sees the biggest increase in net exports, which expand by more than
9 mb/d to almost 28 mb/d by the end of the projection period. Exports from Latin American
also rise strongly, by more than 2 mb/d between 2010 and 2035, thanks to the projected
surge in production in Brazil.

The rising dependence on imports in some non-OECD regions, particularly in Asia, will
inevitably heighten concerns about supply security, as reliance grows on supplies from a
small number of producers, especially in the Middle East and North Africa (MENA)® region,
which are shipped along vulnerable supply routes, particularly the straits of Hormuz in the
Persian Gulf, the Malacca Straits in Southeast Asia and the Gulf of Aden. That message has
been brought home by recent civil unrest in the region and the conflict in Libya. Net imports
into all importing countries are much lower in the 450 Scenario, rising just over 2 mb/d
by 2020 and then falling back to close to their current levels by 2035, demonstrating the
energy-security benefits from concerted policy action to avert climate change.

15. The MENA region is defined as the following 17 countries: Algeria, Bahrain, Egypt, Iran, Iraq, Jordan, Kuwait,
Lebanon, Libya, Morocco, Oman, Qatar, Saudi Arabia, Syria, Tunisia, United Arab Emirates and Yemen.

136 World Energy Outlook 2011 - GLOBAL ENERGY TRENDS



© OECDI/IEA, 2011

Figure 3.19 e Regional oil demand and net trade in the New Policies Scenario (mb/d)
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Trends in oil and gas production costs

The costs of oil and gas production, both to operate current capacity and develop new
supply, have been rising strongly in recent years and are assumed to continue increasing
over the projection period, contributing to upward pressure on prices. Trends in costs
depend on multiple factors. Over the past ten years, worldwide costs of developing
production capacity have doubled, largely due to increases in the cost of materials,
personnel, equipment and services. Such costs correlate closely to both oil prices and levels
of exploration and development activity (Figure 3.20).

Figure 3.20 e |EA upstream investment cost index, oil price index and
drilling activity
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*Preliminary estimates based on trends in the first half of the year.

Notes: The IEA Upstream Investment Cost Index (UICI), set at 100 in 2000, measures the change in underlying capital
costs for exploration and production. It uses weighted averages to remove the effects of spending on different types and
locations of upstream projects. The IEA crude oil import price index is set at 100 in 2000.

Sources: IEA databases and analysis based on industry sources; Baker Hughes databases (BH, 2011).

The cost of incremental production tends to rise as more easily accessed resources are
depleted, and development moves to more difficult resources with less favourable geology
or in more remote locations. Developing such resources often requires more complex and
energy-intensive processes, and sometimes new infrastructure, either to reach the resource
or to extract and export oil to market, while the volumes of oil extracted per well tend to
be lower.

Innovation, progress along learning curves and greater scale can act against these cost
pressures. New technologies and processes help to lower the unit costs of like-for-like
activities: this applies to both incremental reductions from improvements in existing
technology and fundamental changes brought about by innovative solutions, which may also
facilitate exploitation of new resource categories. An example of the latter is the application
of horizontal wells and hydraulic fracturing to the exploitation of light tight oil.

The level of investment and activity undertaken in any year to maintain or expand
production varies widely across the world. The United States has a long production history
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and most of the easily accessible onshore oil has already been produced. Consequently
operators now target more difficult resources, like light tight oil, which require many more
wells per unit of production than conventional resources. As a result, the United States
now uses over half of the world’s drilling rig fleet to produce just 9% of the world’s oil (and
19% of the world’s gas). This is largely because the average well in the United States
produces about 20 barrels per day (b/d), compared with 3 400 b/d per well in Saudi Arabia
(Table 3.7), which still has giant, discovered fields that have yet to be developed. Because of
its high activity levels, the United States attracted nearly one-quarter of worldwide oil and
gas investment in 2010. Russia, which produces nearly 40% more oil than the United States,
also has a large oil and gas industry and employs the second-largest number of drilling rigs
globally, albeit only about half the number of the United States.

Table 3.7 o Oil production, indicative development activity and investment
in the United States, Russia and Saudi Arabia, 2010

United States Russia Saudi Arabia

Proven oil reserves* (billion barrels) 22 77 265
Crude oil and NGL production (mb/d) 76 10.5 9.9
Reserves to production ratio (years) 8 20 73
Number of producing oil wells 370000 127 000 2900
Average production per well (b/d) 20 80 3400
Number of active oil and gas drilling rigs** 1700 850 100
Oil wells drilled: Exploration 778 300 27

Production 18138 3700 148
Total upstream capital expenditure** ($ billion) 120 30 10
Employment in the oil and gas industry 2200 000 1100000 90000

*Definitions of proven reserves vary by country. **Drilling activity and expenditure cover both oil and gas. Capital
expenditure for Saudi Arabia and Russia are estimates.

Sources: IEA databases and analysis based on industry sources, including: OPEC (2011), US DOE/EIA (2011b), US DOE/EIA
(2011c), Otkritie (2011) and SA (2011) for number of producing wells and number of wells drilled; BP (2011) for oil reserves;
BH (2011) for active number of drilling rigs; API (2011), ILO (2010) and Rosstat (2010) for employment.

Middle East oil resources remain the cheapest in the world to exploit, although cost
pressures are increasing even there, as operators tackle more difficult resources. Information
about costs in specific countries is patchy. BP announced in 2009 that it planned to invest,
with its partner China National Petroleum Corporation, around $15 billion over the next
20 years in order to increase production from Irag’s Rumaila oilfield from about 1 mb/d to
2.85 mb/d, implying a capital cost of around $8 000 per barrel of daily capacity (/b/d) added.
This would be close to the lowest cost anywhere in the world for a development project. The
capital cost of increasing production from the Upper Zakum oilfield in offshore Abu Dhabi
from about 500 kb/d to 750 kb/d, which is being undertaken by ExxonMobil, is expected
to be about the same per barrel of daily capacity. In Saudi Arabia, the development of the
heavy and sour Manifa field, the capacity of which is planned to reach a plateau of around
900 kb/d in 2014, is expected to cost about $15 000/b/d. The cost per daily barrel of capacity
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of developing the giant heavy Wafra oilfield in the Partitioned Neutral Zone, with capacity
due to reach 600 kb/d, is expected to be similar; the field, which is being developed by
Chevron, requires thermal stimulation with steam injection. Capital costs for development
of deepwater oil are much higher, ranging from $40 000/b/d to $80 000/b/d.

The total cost of producing oil, including the amortisation of development costs but
excluding taxes and profit margins, is well below the current market price of oil, generating
significant economic rent that is captured by governments in taxes and royalties and by oil
companies in profits (Figure 3.21). The OPEC Middle East countries have by far the lowest
costs, followed by the main North African producers. However, to generate sufficient
revenue to balance government budgets in OPEC countries (the budget breakeven) requires
a much higher oil price and this figure has been rising in recent years. This is particularly the
case in the Middle East, where large, youthful populations are putting pressure on education
systems, housing and job creation schemes. In many of these countries, which rely heavily
on oil export revenues to fund government budgets, the budget breakeven oil price is now
above $80/barrel. This will become an increasingly important consideration in the formation
of future oil prices.

Figure 3.21 e Breakeven costs, budget breakeven and commercially
attractive prices for current oil production for selected
producers, mid-2011
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Notes: Only OPEC countries, Russia and the aggregation of the five super-majors (BP, Chevron, ExxonMobil, Shell and
Total) are included. The breakeven cost is the realised oil price at which all operating expenses (excluding taxes) and
capital costs (including a 10% capital discount rate), are fully recovered.

Sources: IEA databases and analysis based on industry sources: APICORP (2011), Deutsche Bank (2011), Credit Suisse
(2011), IMF (2011), PFC (2011) and CGES (2011).

For countries and companies where development and production is driven primarily
by commercial rather than fiscal motives, the key criterion for sustainable long-term
investment is for income from production to cover capital cost recovery, operating costs
and fiscal payments, together with a competitive commercial return. For developments in
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regions where international oil companies and other privately owned companies are the
primary project developers and operators, oil prices in a range from $70/barrel to $90/barrel
are currently needed to meet this criterion in most resource categories. This takes into
account taxes, royalties and the risk-adjusted required returns on investment. Breakeven
costs, which exclude taxes, vary by resource category and average around $40/barrel.

As development and production costs vary both regionally and by resource category,
the IEA oil and gas supply models include cost inflation factors (correlated to oil price),
regional cost inflation factors (to simulate cost increases as resources are depleted) and
technology learning curves to compute costs on an annual basis for all regions and resource
types over the projection period. Production costs then become input parameters of the
supply-modelling. The worldwide increase in average production cost (as measured by the
breakeven cost) for new oil and gas production is projected to exceed 16% (in real terms)
between 2011 and 2035 (Figure 3.22). The MENA region has the largest production increase
over this period and average breakeven costs there increase from just over $12 per barrel
of oil equivalent ($/boe) in 2011 to more than $15/boe in 2035, as production increases by
more than 17 Mboe/d. But costs increase by even more in most other regions. They increase
most in Latin America, to over $50/boe by 2035, because of the growing importance of high-
cost deepwater developments.

Figure 3.22 e Oil and gas production and breakeven costs
in the New Policies Scenario
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Global upstream oil and gas investment is set to continue to grow strongly in 2011, hitting a
new record of over $550 billion — 9% up on capital spending in 2010 (Table 3.8) and almost
10% higher than the previous peak in 2008.% These estimates are based on the announced
spending plans of 70 leading oil and gas companies. Total upstream spending is calculated
by adjusting upwards their announced spending, according to their estimated share of

16. Upstream investment is not always reported separately for oil and gas.
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world oil and gas production in each year. The increase in spending reflects both rising costs
(which are driving up the costs of current and newly launched projects) and higher prices
(which have enhanced potential investment returns before tax). The spending plans of
25 leading companies suggest that global spending in the downstream sector (which for
these companies represents over one-quarter of total oil and gas investment) may increase
even faster than in the upstream sector in 2011.

Table 3.8 e Oil and gas industry investment by company (nominal dollars)

Upstream
2010 2011 Change 2010 2011 Change
($ billion)  (Sbillion)  2010/2011  ($ billion) (S billion)  2010/2011

Petrochina 23.6 279 18% 427 533 25%
Petrobras 239 24.0 0% 434 523 21%
ExxonMobil 271.3 28.8 6% 32.2 34.0 6%
Gazprom 26.9 24.8 -8% 29.2 27.0 -8%
Royal Dutch Shell 212 19.4 9% 237 26.0 10%
Chevron 18.8 226 20% 19.6 26.0 33%
Pemex 17.4 18.9 9% 20.8 22.2 7%
BP 17.8 193 9% 18.4 20.0 9%
Total 14.8 16.0 8% 18.0 20.0 11%
Sinopec 82 83 1% 16.7 19.1 14%
Eni 12.9 12.9 0% 184 18.4 0%
Statoil 12.6 14.4 14% 14.0 16.0 14%
ConocoPhillips 85 12.0 41% 9.8 135 38%
Rosneft 6.1 8.0 31% 89 11.0 23%
Lukoil 49 6.9 41% 6.8 9.0 32%
CNOOC 5.1 838 73% 5.1 838 73%
BG Group 5.9 6.0 2% 7.1 84 9%
Apache 4.2 6.4 51% 5.4 8.1 51%
Repsol YPF 41 45 11% 6.8 75 11%
Suncor Energy Inc. 4.8 5.4 13% 5.8 6.8 17%
Occidental 3.1 49 56% 3.9 6.1 56%
Devon Energy Corp 5.9 5.5 -1% 6.5 6.0 -1%
Anadarko 4.7 5.2 12% 5.2 5.8 12%
Chesapeake 49 5.8 17% 4.7 5.8 22%
EnCana 45 44 2% 48 47 -2%
Sub-total 25 292.0 3209 10% 3783 435.6 15%
Total 70 companies 408.3 446.7 9% na. na. n.a.
World 505.1 552.6 9% na. n.a. na.

Notes: Only publically available data has been included, but estimates of upstream spending, as a share of the total,
have been made in cases where detailed breakdowns were unavailable (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.

Sources: Company reports and announcements; IEA analysis.
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Trends in upstream spending differ somewhat according to the size and type of operating
company. The 25 largest oil and gas companies plan to spend an estimated $320 billion in
2011, 10% more than in 2010. Their spending in 2010 turned out to be 8%, or $22 billion,
higher than had been budgeted in the middle of the year. The five leading international oil
companies (or super-majors) — BP, Chevron, ExxonMobil, Shell, and Total — spent a total of
$100 billion in 2010 and have reported a 6% increase in budgeted spending for 2011. The
super-majors’ share of world upstream spending will fall to 19% of the total, while national
oil company spending in 2011 is projected to rise by 8%, to over $220 billion, taking their
share of world upstream spending to 40% (Figure 3.23). Other independent companies plan
to increase capital spending by more than 12%, to more than $220 billion in 2011. There is a
marked difference in capital efficiency — defined as the annual capital spending required to
maintain output per barrel of oil equivalent produced — between the national companies,
particularly those in the Middle East and North Africa with preferential access to low-cost
reserves, and other companies.

Figure 3.23 e WWorldwide upstream oil and gas investment and capital
efficiency by company type
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Notes: Capital efficiency is defined as the capital spending to maintain output per barrel of oil equivalent produced, it is
not included for the group of smaller companies. 2011 data is based on company plans. The five super-majors are defined
as BP, Chevron, ExxonMobil, Shell and Total.

Source: IEA databases and analysis.

Annual upstream investment in nominal terms more than quadrupled between 2000 and
2011. In real terms, i.e. adjusted for cost inflation,?’ it increased by 120% over this period,
as investment shifted to more complex projects with higher costs per barrel per day of
capacity added. As indicated above, the unit cost for additional capacity added has risen
sharply. For example, over the last decade the aggregate production of the five super-majors
has fluctuated between 16 Mboe/d and 18 Mboe/d with little discernable trend, despite a
quadrupling of upstream investment in nominal terms.

17. Taking account of increases in input costs, such as drilling, equipment and material, and adjusted to remove the
effects of changes in spending on different types and locations of upstream projects.
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Based on the New Policies Scenario projections, upstream spending will need to continue to
rise in the medium and longer term, for three reasons: rising demand; rising costs, as a result
of both cost inflation and a need to develop more difficult resources; and a need to combat
rising decline rates at existing fields. However, there is at present no evidence that this will
occur, at least in the next five years. We have compiled data on the five-year upstream capital
spending plans of 16 of the largest companies, which represent about 30% of 2011 planned
spending and average over $10 billion annually. The average annual spending planned by these
companies to 2015 is slightly lower than the average spending planned for 2011 by the same
companies. The plans of only four of these companies show an increase in annual average
spending to 2015 compared with 2011, with seven remaining flat and five showing a fall.

In the longer term, the required increase in the rate of investment accelerates, although the
need to develop more costly resources and the high cost of unconventional oil, GTL and CTL
plants in non-OPEC regions will be offset to some degree by the shift in production towards
the Middle East and other regions, where development and production costs are much lower.
Cumulative investment over the period 2011 to 2035 worldwide in the oil and gas sector in total
is estimated to amount to $19.5 trillion in the New Policies Scenario (Table 3.9). Of this, upstream
investment accounts for about 80%, or nearly $620 billion per year. This is considerably more
than the average of $440 billion over 2010 to 2035 projected in last year’s WEO. The increase is
explained by faster growth in production in the near term and higher supply from more costly
unconventional sources in non-OPEC countries in the long term, as well as higher cost inflation.

Table 3.9 e Cumulative investment in oil and gas supply infrastructure by region
in the New Policies Scenario, 2011-2035 ($2010 billion)

Gas Annual average

Upstream  Re Total  Upstream  T&D* Total  upstream 0&G
OECD 2438 265 2703 2632 933 3565 203
Americas 1975 126 2100 1679 492 2172 146
United States 1330 96 1426 1287 n.a. n.a. 105
Europe 418 93 511 648 354 1002 43
Asia Oceania 45 46 91 305 87 391 14
Non-OECD 6282 745 7027 4126 1139 5265 416
E. Europe/Eurasia 1310 88 1398 1084 380 1464 96
Russia 738 49 787 733 246 979 59
Asia 526 438 963 1180 385 1564 68
China 300 210 510 408 182 590 28
India 63 140 203 175 62 238 10
Middle East 1010 127 1137 257 226 483 51
Africa 1522 35 1557 1121 58 1179 106
Latin America 1914 57 1971 483 91 574 96
Brazil 1350 29 1379 165 n.a. n.a. 61
World** 8720 1010 9997 6758 2072 9497 619

*T&D is transmission and distribution and is calculated on a regional basis. **World total oil includes an additional
$268 billion of investment in inter-regional transport infrastructure. World total gas includes an additional $587 billion of
investment in LNG infrastructure and $80 billion of investment in LNG carriers.
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Impact of deferred upstream investment
in the Middle East and North Africa

A time of great uncertainty

The outlook for global energy markets is clouded by considerable uncertainty, notably the
pace of economic recovery, the future of climate-change policies, the role of gas in global
energy supply following the unconventional gas “revolution”, the role of nuclear energy
in the aftermath of Fukushima Daiichi and the impact of political changes in the Middle
East and North Africa (MENA) region. The first four sources of uncertainty are examined
elsewhere in this Outlook: economic growth in Chapter 2, climate polices in Chapter 6,
the prospects for faster growth in gas use in Chapter 4 and the future of nuclear power in
Chapter 12. This section addresses the implications should there be a shortfall in investment
in the near term in upstream oil and gas investment in MENA.

In the New Policies Scenario — our central scenario — we project that MENA will contribute
more than 90% of the required growth in oil production to 2035 (Table 3.10). To achieve this
growth, upstream investment in MENA needs to average $100 billion per year from 2011 to
2020, and $115 billion per year from 2021 to 2035 (in year-2010 dollars). But it is far from
certain that all of this investment will be forthcoming, for many different reasons affecting
some or all of the countries in the region. The consequences for global energy markets could
be far-reaching. Potential causes of lower investment in one or more countries include:

m Deliberate government policies to develop production capacity more slowly in order to
hold back resources for future generations or to support the oil price in the near term.

m Constraints on capital flows to upstream development because priority is given to
spending on other public programmes.

m Restricted, or higher-cost, access to loans or other forms of capital.
m Delays due to legal changes or renegotiation of existing agreements.
m Increased political instability and conflicts.

®m Economic sanctions imposed by the international community.

m Higher perceived investment risks, whether political or stemming from uncertainties in
demand.

m Constraints on inward investment as a result of stronger resource nationalism,
particularly in regimes seeking to pre-empt popular uprisings.

m Delays due to physical damage to infrastructure during conflicts.

Similar kinds of risk exist in other major oil- and gas-producing countries and regions. Our
analysis of the MENA region does not focus on any particular country, but considers the
consequences of lower upstream investment across the region.
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Table 3.10 e The role of MENA in global oil and gas production
in the New Policies Scenario

MENA World Share of world
Conventional remaining recoverable oil resources (billion barrels) 1178 2401 49%
Remaining recoverable gas resources (tcm) 154 810 19%
Oil production 2010 (mb/d) 29.9 83.6 36%
Gas production 2010 (bcm) 632 3275 19%
Qil production growth to 2035 (mb/d)* 12 12.8 93%
Gas production growth to 2035 (bcm) 424 1474 29%
Upstream investment needed 2011-2035 (52010 billion) 2706 15478 17%

*Qil production in this table and section refers to total oil production (crude oil, NGLs and unconventional oil,
excluding biofuels).

Note: tcm = trillion cubic metres.

The Deferred Investment Case

The Deferred Investment Case analyses how global oil markets might evolve if investment
in the upstream industry of MENA countries were to fall short of that required in the New
Policies Scenario over the next few years. The key assumption for this case is that upstream
oil (and gas) investment is reduced by one-third in all MENA countries, compared with
that in the New Policies Scenario over the period 2011 to 2015. The assumed shortfall in
investment is then made good gradually after 2015 so that by 2020 the level of investment
is back to that provided for in the New Policies Scenario. In this way, the case illustrates
what could happen if there were an “orderly” shortage of investment, rather than a sudden
interruption resulting, for example, from a serious conflict in one or more of the major
producing countries of the region.*® The shortfall in upstream investment includes a shortfall
in gas investment, so would affect oil and gas markets directly and have knock-on effects for
other energy markets; but the prime focus of this analysis is on the oil market.

As a result of the assumed deferral in investment, MENA oil and gas production capacity
falls progressively short of that projected in the New Policies Scenario, reflecting the delay
in bringing new capacity on stream. We have assumed that the amount of capacity held
unused (spare capacity) remains constant as a percentage of total available capacity, so
the loss of capacity results directly in lower production. The shortfall in oil production in
MENA, compared with the New Policies Scenario, reaches over 6 mb/d in 2020 — large
enough to have a significant impact on global oil balances, so increasing oil and gas prices.
That prompts higher investment in developing resources in other countries, though higher
development costs there mean that the shortfall in MENA production is only partially made

18. The effects of the conflict in Libya are already included in all the scenarios.
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good by other regions. Higher oil and gas prices also lead to some loss of demand, such that
the reduced demand and increased non-MENA production compensate for the lower MENA
production to keep the market in balance.

Box 3.5 e Assumptions and methodology of the Deferred Investment Case

The assumptions on reduced investment in the upstream oil and gas industry in MENA
were fed into the oil supply module of the World Energy Model (WEM), generating
a lower level of output from already producing fields and fields to be developed in
each country in the region. The impact on international oil prices was derived through
several iterations of the WEM supply and demand modules to find the oil-price
trajectory that brings non-MENA supply and global demand into equilibrium in each
year of lower MENA supply.

With the exception of international fuel prices, assumptions about all the other factors
driving energy demand and supply in the MENA region and elsewhere were kept the
same as in the New Policies Scenario. End-user fuel subsidy policies in MENA and
other countries were assumed to remain as they are in the New Policies Scenario. The
terms of trade between consuming and producing nations would be likely to change
over the projection period, as oil-producing countries would benefit in the short
term from higher revenues from imports. However, our analysis shows that, over the
projection period as a whole, the cumulative net revenues of MENA do not change
significantly compared to the New Policies Scenario. The same holds true for import
bills in importing countries. For these reasons, and to avoid unduly complicating
comparisons with the New Policies Scenario, the GDP assumptions of the New Policies
Scenario have not been changed. In practice, reduced investment in MENA and higher
oil prices would be likely to affect the path of GDP growth to a different extent in
different regions.

Results of the Deferred Investment Case

Oil prices

The international crude oil price, for which the average IEA crude oil import price serves
as a proxy, increases rapidly in the short to medium term, as the investment shortfall
becomes apparent to the market. The price peaks at around $150/barrel in 2016/2017 (in
year-2010 dollars, equivalent to $176/barrel in nominal terms), when the investment
shortfall relative to the New Policies Scenario is starting to decline. The price then starts
to decrease gradually and converges with that of the New Policies Scenario by the end of
the projection period (Figure 3.24). As the oil prices are annual averages, they have smooth
trajectories; however the higher prices of the Deferred Investment Case would be likely to
be accompanied by significantly increased price volatility.
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Figure 3.24 e Average IEA crude oil import price in the New Policies Scenario
and Deferred Investment Case
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The upward part of the price trajectory in the Deferred Investment Case is similar to that
which occurred in the last decade, resulting in a spike in 2008 — also the result, at least in
part, of insufficient investment. The downward slope is comparable to the decline after
the second oil shock in 1979/1980, which saw the same kind of market response, involving
demand reduction through increased efficiency, fuel switching and increased investment
in exploration and production in other regions, as that now assumed in the Deferred
Investment Case (Figure 3.25).

Figure 3.25 e Change in average IEA crude oil import price after initial fall
in investment in the Deferred Investment Case, compared to
past price shocks
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Gas and coal prices react to the increased oil price and the reduction in investment in

gas supply capacity in MENA, though to a different extent across regions. In the period of
elevated oil prices, gas and coal prices decouple to some degree from oil prices, so that the
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ratios of gas and coal prices to oil prices are lower than in the New Policies Scenario. This is
because the loss of gas supply, as a proportion of global supply, is significantly less than that
of oil supply and because oil prices have only a moderate influence over coal prices.

Impact on oil demand

With sharply higher prices, global primary oil demand in the Deferred Investment Case
barely increases in the medium term, reaching only about 88 mb/d in 2015 — fractionally
higher than in 2010 and about 3.2 mb/d below the New Policies Scenario (Figure 3.26).
Thereafter, demand picks up steadily, reaching 89.3 mb/d in 2020 (3.1 mb/d lower than
in the New Policies Scenario) and 97.8 mb/d in 2035 (1.6 mb/d lower). The peak of the
demand reduction occurs in 2017, when demand is 3.9 mb/d lower than in the New Policies
Scenario. The change in demand is more pronounced in the near term, because oil prices
rise quickly as the market reacts to the shortfall in investment. The higher price encourages
energy conservation, notably via reduced driving distances. In the long term, higher oil prices
encourage switching to alternative fuels — notably conventional and advanced biofuels
and electric vehicles — and accelerate the commercialisation and sale of more efficient
technologies, including more fuel-efficient vehicles. Coal use also sees a modest increase in
demand, driven by increase in CTL production.

Figure 3.26 e \Xorld primary oil demand in the New Policies Scenario and
the Deferred Investment Case
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In the medium term, non-OECD countries account for most of the reduction in oil
consumption in the Deferred Investment Case — nearly 60% (or 1.8 mb/d) in 2020 — but their
share declines to less than 50% (or 0.8 mb/d) by 2035. Consumers in developing countries
respond to higher prices by delaying the acquisition of their first car or by driving less in
the cars they already own. The poorest consumers switch less rapidly to modern oil-based
fuels. Demand for oil products in OECD countries is less affected initially by the increase in
international prices than demand in non-OECD countries, mainly because end-user prices
are a smaller share of total OECD prices due to higher taxes and because the cost of oil
represents a smaller share of total disposable household income. However, sustained high
prices at the level expected in the Deferred Investment Case make the production of many
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types of biofuels competitive (IEA, 2010). This stimulates investment in additional biofuels
capacity — mostly in OECD countries — to replace a portion of oil demand throughout the
projection period. The two largest oil-consuming and importing countries — the United States
and China — play a key role in long-term demand reduction, their combined contribution
growing from 30% of global reductions in 2020 to 50% in 2035. In the United States, the
impact of higher prices on demand is marked, because taxes there are low compared
with most of the rest of the world; in China, higher prices spur vehicle manufacturers to
accelerate larger scale production of more efficient conventional and electric vehicles.

The transport sector is responsible for most of the reduction in oil demand, accounting for
nearly 70% of the fall in primary demand in 2020 and 95% in 2035. Initially, demand falls as
motorists drive less in response to higher prices. This effect disappears by 2035, as prices
converge with those in the New Policies Scenario (Figure 3.27). The increase in fuel prices
prompts consumers to purchase more efficient vehicles, but the effect on overall fleet
efficiency takes time to materialize. Similarly, switching to alternative fuels grows in the long
term as supplies increase and consumers modify and upgrade their vehicles. Biofuels use
grows from 1.3 mb/d in 2010 to 5.5 mb/d in 2035 - 1.2 m/d, or 26%, above the New Policies
Scenario.” In the longer term, persistently higher prices also accelerate the deployment of
light-duty electric vehicles (including plug-ins): sales reach 7 million vehicles, or 4.5% of total
passenger light-duty vehicles sales, in 2035 — one percentage point more than in the New
Policies Scenario. Sales of natural gas vehicles do not change significantly, as gas prices also
increase, even if not to the same extent as oil prices. Nonetheless, transport energy demand
is only slightly more diversified than in the New Policies Scenario, with oil still accounting for
86% of total transport fuel use in 2035 — a reduction of just two percentage points.

Figure 3.27 e Reduction in global oil demand in the transport sector by
source in the Deferred Investment Case relative to the
New Policies Scenario
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19. Much of the increase in biofuels use results from an increase in the volumes blended into conventional gasoline
and diesel. Higher oil prices increase the incentive to invest in biofuels production facilities, which boosts supply and
displaces demand for oil-based fuels.
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0il demand falls much less in volume terms, compared with the New Policies Scenario, in
non-transport sectors. The share of buildings in oil use remains relatively constant at around
8%. Demand in industry and in non-energy use reacts more in the near term as a result of
energy savings, but recovers briskly in the longer term, as prices converge with those in the
New Policies Scenario, because the potential for energy-efficiency gains is more limited than
in other sectors.

Impact on oil production

In the Deferred Investment Case, lower investment in MENA countries reduces global oil
production by 3.8 mb/d in 2017 (at its peak) and 1.5 mb/d in 2035, compared with the New
Policies Scenario. MENA production falls by 3.4 mb/d in 2015 (Figure 3.28). Between 2015
and 2020, the shortfall in MENA production increases further, to peak at around 6.2 mb/d
in 2020, but this is partially offset by an increase in production of 3.2 mb/d in other regions.
MENA investment is assumed to recover gradually after 2015 but, due to the decline in
production from existing fields, total MENA production continues to fall until 2020. After
2020, MENA production begins to increase, attaining its 2010 level by 2023. Moreover,
a combination of some permanent demand destruction and the long lifetime of the
production capacity brought online in non-MENA countries (particularly unconventional oil
projects) means that MENA production never returns to the production levels projected in
the New Policies Scenario; in 2035, MENA production is still about 1.2 mb/d lower.

Figure 3.28 e Changes in global oil production and demand in the Deferred
Investment Case relative to the New Policies Scenario

2 87 Impact of reduced demand
& 6 — M MENA production change
7 Non-MENA production change:
21 I M Unconventional oil
0 OPEC conventional oil
-2 Non-OPEC conventional oil
4 4
_6 -
-8 -
2015 2020 2035

The recovery of production in the MENA region after 2015 is comparable to that observed
after past supply disruptions, though in the Deferred Investment Case the loss of production
is initially smaller, but then becomes larger in the longer term (Figure 3.29). Although the
circumstances of the reduction in production are markedly different from those of an
abrupt supply disruption, the comparison suggests that the projected rate of such recovery
is plausible.
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Initially, production in other regions struggles to increase because of the time involved in
bringing new production online. Compared with the New Policies Scenario, the increase
in non-MENA production is equivalent to about half of the shortfall in MENA production
in 2020; lower demand makes good the difference. In the near to medium term, increased
non-MENA production comes mainly from outside OPEC. The main contributors are Russia,
Canada (with increased unconventional production) and Brazil, but smaller production
increases come from many other countries. Nonetheless, towards the end of the projection
period, non-MENA production of conventional oil is actually lower than in the New
Policies Scenario, due to a combination of faster resource depletion, competition from
unconventional capacity built-up earlier and competition from the resurging, lower cost,
MENA production. Unconventional oil production — oil sands, extra-heavy oil, CTL, GTL and
kerogen oil — accelerates over the projection period, relative to the New Policies Scenario. By
2035, it is 0.9 mb/d higher, compensating for three-quarters of the fall in MENA production.

Figure 3.29 e Profile of oil production recovery after disruption
in Deferred Investment Case and past events
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Overall upstream investment for the period 2011 to 2035 in the Deferred Investment Case,
at around $15.3 trillion (in year-2010 dollars), is almost the same as in the New Policies
Scenario — despite lower production over the entire period. This is because the capital costs
per unit of production capacity in other regions are generally significantly higher than in
MENA.

Impact on trade

In the Deferred Investment Case, MENA oil and gas exports are reduced by a volume similar
to the decrease in production, in comparison with the New Policies Scenario (the fall is
slightly less, as MENA oil and gas demand is also reduced marginally because of higher
prices). In the first eight years of the projection period, when oil prices are highest, MENA
cash flows from oil and gas exports (the value of exports, net of lifting costs and investment
costs) are higher than in New Policies Scenario, because lower export volumes are more
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than offset by higher oil prices (and the call on the cash flow for investment is also lower).
The difference in annual cash-flow gradually grows, reaching 23% in 2015, before dropping
back to near zero in 2019. However, because MENA countries lose market share throughout
the whole projection period, their total cumulative cash flow between 2011 and 2035
is lower in the Deferred Investment Case than in the New Policies Scenario: cash flow is
$16.7 trillion, versus $17 trillion (in year-2010 dollars) (Figure 3.30). Gains in cash flow in
the period to 2018 are more than offset by the loss in the period from 2019 to 2035, due to
lower MENA production and declining prices; % this loss in annual cash-flow reaches 15% in
2023, before falling back to 5% in the 2030s.

Figure 3.30 e Oil and gas export cash flows and import costs by region in
the New Policies Scenario and Deferred Investment Case,
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Note: Cash flows and cumulative import bills are shown undiscounted.

Other exporting countries obviously enjoy higher revenues in the Deferred Investment
Case, as they replace some of the lost MENA production and benefit from higher oil prices.
Non-MENA export cash flow is 60% higher than in the New Policies Scenario, at $8.8 trillion.
Oil and gas import bills for importing countries increase in both the medium and long term,
as the reduction in demand and increase in domestic production do not fully offset the effect
of price increases, relative to the New Policies Scenario. Total import bills increase 10% to
more than $46 trillion in the Deferred Investment Case; but oil supplies are more diversified,
as MENA’s share of inter-regional exports falls.

20. Discounting the value of these cash flows at a rate equal to the rate of growth of GDP per capita — as a proxy —
reduces the loss of cash flow to about $70 billion.
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CHAPTER 4

NATURAL GAS MARKET OUTLOOK
Nothing but blue skies?

H 1 S H L 1 S H T S

® Natural gas is projected to play an increasingly important role in the global energy
economy. It is the only fossil fuel for which demand rises in all three Outlook
scenarios. In the New Policies Scenario, world demand increases to 4.75 tcm in 2035
at an average rate of 1.7% per year. Global gas consumption catches up with coal
consumption. Gas demand growth in the Current Policies Scenario is 2% per year,
pulled up by higher total energy demand, but is only 0.9% in the 450 Scenario as
demand peaks around 2030, before falling in favour of zero-carbon energy sources.

® Economic growth and energy policies in non-OECD countries will be the key
determinant of future gas consumption: non-OECD countries account for 81% of
demand growth in the New Policies Scenario. A major expansion of gas use in China
pushes domestic demand above 500 bcm by 2035, from 110 bcm in 2010. Power
generation takes the largest share of global consumption, increasing at 1.8% per year
inthe New Policies Scenario; but there is a broad-based rise in gas use across industry,
buildings and (from a much lower base) also the transportation sectors.

@ The world’s remaining resources of natural gas can comfortably meet the projections
of global demand to 2035 and well beyond. Unconventional gas accounts for roughly
half the estimated resource base of over 800 tcm; its share in output rises in the New
Policies Scenario from 13% in 2009 to above 20% in 2035, although the pace of this
development varies considerably by region. Growth in unconventional output will
depend on the industry dealing successfully with the environmental challenges.

@ Russia is the largest gas producer in 2035 (reaching nearly 860 bcm) and makes the
largest contribution to supply growth over the projection period. China emerges as
a major producer in Asia (290 bcm in 2035), while output from the Middle East and
Africa also increases rapidly. Europe remains the largest import market — EU imports
reach 540 bcm in 2035 — but imports into China increase fastest. Supply and demand
in North America remain broadly in balance throughout the Outlook period.

@ Although based on somewhat different assumptions, the projections in this Outlook
reinforce the main conclusions of a special report released earlier in 2011 which
examined whether the world is entering a “Golden Age of Gas”. Fundamental factors
on both the supply and demand side point to an increased share of gas in the global
energy mix. Although gas is the cleanest of the fossil fuels, increased use of gas in itself
(without CCS) will not be enough to put us on a carbon emissions path consistent with
limiting the rise in average global temperatures to 2°C.
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Demand

Primary gas demand trends

In last year’s Outlook, we asked whether the prospects for natural gas are now so bright that
we are entering a “golden age” of natural gas. A special WEO report, released in June 2011,
examined the prospects for, and implications of, higher gas use by developing a “Golden Age
of Gas Scenario” (IEA, 2011); the key findings from this special WEQ report are summarised
at the end of this chapter. The modelling results presented below incorporate the insights
from this special report, but not all its assumptions (which intentionally constituted a
particularly favourable set of conditions for natural gas to 2035). We revert here to the
assumptions of the three WEO scenarios as described in Chapter 1.

This year’s Outlook nonetheless highlights the increasingly important role that natural gas is
expected to play in the global energy mix. It is the only fossil fuel for which demand rises in
all three scenarios, underlining one of the chief attractions of gas: it is a fuel that does well
under a wide range of future policy directions. Moreover, gas demand in all scenarios in
2035 is higher than the WEO-2010 projections. This reflects the impact on the years to 2015
of the 12 Five-Year Plan, announced by China in 2011, which envisages a major expansion
of domestic use of natural gas. The global consequences of the damage to the Fukushima
nuclear plant in Japan push up projections of future gas consumption, as natural gas is the
fuel which benefits most readily from any switch away from nuclear power (see Chapters 5
and 12). Higher projected output of unconventional gas also acts to keep increases in the
price of natural gas below the level envisaged in WEO-2010, increasing its competitiveness
against other fuels. There is, nonetheless, still a large variation in the trajectories of gas
demand between the three scenarios (Table 4.1).

Table 4.1 e Primary natural gas demand by region and scenario (bcm)

New Policies Current Policies 450
Scenario Scenario Scenario
2020 2035 2020 2035
OECD 959 1518 1705 1841 1714 1927 1597 1476
Non-OECD 557 1558 2183 2909 2215 3160 2068 2400
World 1516 3076 3888 4750 3929 5087 3665 3876
Share of non-OECD 37% 51% 56% 61% 56% 62% 56% 62%

In the New Policies Scenario, demand for natural gas grows from 3.1 trillion cubic metres
(tcm) in 2009* to 4.75 tcm in 2035, an increase of 55%. The pace of annual demand growth
averages 1.7% per year over the entire period 2009 to 2035, but the rate of growth

1. Estimated global gas demand in 2010 rebounded to 3.3 tcm.
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decreases through the projection period. The share of gas in the global energy mix rises from
21%in 2009 to 23% in 2035, catching up with the share of coal. Demand grows more quickly
in the Current Policies Scenario, at an average of 2% per year, and reaches almost 5.1 tcm in
2035. In the 450 Scenario, however, demand growth is slower, at 0.9% per year, and tails off
after 2030 as the market penetration of renewables increases. In this scenario, the share of
gas in the global energy mix increases only slightly from 21% to 22%.

The projection of gas consumption in the Current Policies Scenario reflects higher overall
energy demand in this scenario, which drives up demand for all fuels (Figure 4.1). Gas
demand in the New Policies Scenario, which is within 7% of that in the Current Policies
Scenario in 2035, is pushed higher by new measures that favour gas use relative to other
fossil fuels, such as stricter regulation of emissions and pollutants (see Chapter 1 and
Annex B). Demand in the 450 Scenario is 24% below the Current Policies Scenario in 2035
and 18% below the New Policies Scenario, due in part to lower demand for electricity in
this scenario and to strong additional policy action to reach the goal of limiting the rise in
greenhouse-gas emissions.

Natural gas demand has bounced back strongly from the decline seen in 2009; according
to preliminary data, global gas demand rose by an estimated 6.6% in 2010, more than
compensating for the earlier fall. An unusually cold winter in Europe and a hot summer
in the Pacific region accounted for half of the 6% rise in OECD demand; data adjusted for
average temperatures would put gas demand in Europe close to the levels seen in late 2007.
However, non-OECD demand has jumped ahead: gas use in China, for example, rose by
19% in 2010, making it the fourth-largest gas consumer in the world (after the United
States, Russia and Iran). Looking further ahead, our projections show demand for gas
increasing in both OECD and non-OECD regions in all periods and all scenarios, with
the exception of OECD gas demand after 2020 in the 450 Scenario, which contracts by
0.5% per year. Overall, economic growth and energy policies in non-OECD markets, China in
particular, will be the key determinants of the overall increase in global gas demand.

Figure 4.1 e World primary natural gas demand by scenario
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Regional and sectoral trends

Total demand from non-OECD countries overtook OECD demand in 2008 and is projected
to grow at 2.4% per year over the period to 2035 in the New Policies Scenario, compared
with 0.7% in the OECD. A disaggregated analysis of the projections confirms that the
fastest growing individual gas markets across the world are all outside the OECD (where
the markets are sizeable, but more mature) (Figure 4.2). The largest increments in demand
in 2035, compared to 2009, are in China and the Middle East. Among the major non-OECD
markets, only in Russia — where natural gas already accounts for more than 50% of primary
energy use —is the growth in consumption more modest (see Chapter 7).

Figure 4.2 o Natural gas demand by selected region in the New Policies
Scenario, 20092 and 2035
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Notes: 2009 is the base year for gas projections. Rates of growth would be lower if 2010 figures were used as base year
due to the impact of the economic crisis on gas demand in 2009.

Among the major countries and regions, China is the fastest growing, with annual average
growth of 6.7%. Over the projection period as a whole, China accounts for a quarter of global
gas demand growth (Figure 4.2 and Table 4.2). Only around 10% of residential households
in China presently have access to natural gas, well below the global average of 40%, and
national policies are increasingly supportive of an expanded role for gas in China’s energy
consumption as a way to diversify the energy mix and reduce local pollution. Our projection
for China’s demand for gas in 2015 is nearly 200 bcm, rising to 500 bem in 2035, 11% of
China’s energy mix. Increases are spread across all of the main consuming sectors, with the
largest increment in power generation.

Gas demand also expands quickly in other parts of Asia and in the Middle East: gas is
a particularly attractive fuel for countries that are seeking to satisfy rapid growth in fast-
growing cities. As in China, the Indian government plans to increase the share of gas in
its energy mix. The domestic gas market is projected to grow from 59 bcm in 2009 to
190 becm in 2035, 11% of total primary energy demand. In the Middle East, gas has become
the preferred fuel for power generation, substituting for oil in many cases and freeing up
the more valuable product for export. Consumption in gas to-liquids (GTL) plants in the
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Middle East (included in “other energy sector” in Figure 4.3) also adds to the increase. Overall,
gas use in the Middle East rises from 340 bcm in 2009 to 620 bcm in 2035, a growth rate of
2.3% per year. Demand in Russia grows more slowly, at an average of 0.8% per year, mainly
because of continuing improvements in energy efficiency as the capital stock is renewed and
end-user gas prices increase.

Table 4.2 o Primary natural gas demand by region in the New Policies
Scenario (bcm)

1980 2009 2015 2020 2025 2030 2035 2009-2035*
OECD 959 1518 1654 1705 1746 1804 1841 0.7%
Americas 660 811 852 877 900 928 951 0.6%
United States 581 652 680 685 692 703 710 0.3%
Europe 264 537 604 627 644 666 671 0.9%
Asia Oceania 35 170 198 201 202 210 219 1.0%
Japan 25 97 118 122 122 125 126 1.0%
Non-OECD 557 1558 1911 2183 2417 2668 2909 2.4%
E. Europe/Eurasia 438 627 698 723 763 797 830 1.1%
Caspian n.a. 107 124 131 143 151 161 1.6%
Russia n.a. 426 467 478 495 513 530 0.8%
Asia 36 357 531 686 79 921 1063 4.3%
China 14 93 197 301 366 435 502 6.7%
India 2 59 76 99 120 150 186 4.5%
Middle East 35 343 402 450 509 578 622 2.3%
Africa 13 99 112 129 142 153 161 1.9%
Latin America 35 133 168 196 208 220 233 2.2%
Brazil 1 20 41 60 70 80 91 5.9%
World 1516 3076 3565 3888 4164 4473 4750 1.7%
European Union n.a. 508 572 593 608 626 629 0.8%

*Compound average annual growth rate.

In OECD countries, gas for the power sector accounts for the largest share of demand
growth over the projection period; the share of gas in the OECD electricity mix rises by one
percentage point to 24% in 2035. This continues a trend to gas as the predominant choice for
new generation over the last ten years, albeit at a slower pace. Economic uncertainty, policy
choices (including carbon pricing in Europe) and the addition of more variable renewables have
all contributed to the attraction of gas-fired power, which has lower capital costs and shorter
construction times than the main alternatives. Compared with WEO-2010, gas demand for
power generation is higher because of decisions in some OECD countries in 2011, notably in
Germany, to reduce or rule out the role of nuclear power in their energy mix. Consumption
of natural gas in the European Union increases by an average of 0.8% per year from
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2009 to 2035 in the New Policies Scenario and reaches 630 bcm in 2035, 30 bem higher than
the corresponding figure for 2035 in WEO-2010.

Figure 4.3 e Incremental primary natural gas demand by region and sector
in the New Policies Scenario, 2009-2035
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The largest share of global gas demand comes from the power sector, where gas use
for electricity generation rises to more than 1.9 tcm by 2035, at an annual rate of 1.8%
(Figure 4.4). The share of gas in global electricity generation increases slightly from 21%
today to 22% in 2035, while the share of coal declines from 40% in 2009 to 33% in 2035 and
the share of oil falls from 5% to 1% over the same period. After power generation, the next
largest consumption of gas in 2035 is in buildings, primarily for space and water heating;
70% of gas demand in the buildings sector currently comes from OECD countries. Global
consumption of gas in buildings grows more slowly over the projection period than in other
major end-use sectors. Demand growth is quicker in industry, where gas is used mainly for
the production of steam for mechanical energy and supplying the heat needed to produce
materials and commodities. If available, gas can be an attractive choice for industrial
processes, since it is easy to handle, more efficient and has fewer adverse environmental
impacts than other fossil fuels. Gas use in industry grows from 535 bcm in 2009 to 890 bcm
in 2035, with petrochemicals, iron and steel, and non-metallic minerals sub-sectors such as
cement, taking the largest shares.

At a global level, gas does not currently compete strongly in all markets or in all sectors, but
it is making inroads. From a low base, gas use in road transportation is projected to increase
more quickly than in any other sector, at an average rate of 5.3% per year in the New Policies
Scenario. This is at present a relatively under-developed market for natural gas: more than
70% of the world stock of natural gas vehicles is in only five countries: Pakistan, Argentina,
Iran, Brazil and India. Although natural gas in transportation typically brings considerable
fuel-cost savings and emissions reductions, greater use has usually been held back by the
limited availability of refuelling infrastructure. We project natural gas consumption in road
transportation will quadruple to more than 80 bcm by 2035; even so, this is still only 3% of
the total energy used for road transportation.
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Figure 4.4 e Primary natural gas demand by sector in the New Policies
Scenario, 2009 and 2035
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Supply
Resources and reserves

The world’s remaining resources of natural gas can comfortably meet the projections of
global demand growth in this Outlook to 2035 and well beyond. This conclusion has been
reinforced over the last few years as our understanding of the recoverable resource base
has expanded, particularly of the size of unconventional gas resources — from coal beds
(coalbed methane), low-permeability reservoirs (tight gas) and shale formations (shale gas).2
Conventional recoverable resources of just over 400 tcm are equal to around 120 years
of production at 2010 levels; adding unconventional recoverable resources (which are of
similar size) brings this figure to nearly 250 years (Figure 4.5).

The fact that unconventional resources are more widely dispersed than conventional
resources has implications for gas security since all major regions now have total
recoverable gas resources equal to at least 75 years of current consumption. This does
not mean that gas is readily available in each region; resources require substantial
investment — sometimes over decades — before they can be produced and marketed.
But it does imply that countries and regions have the option, if they so wish, to develop
alternative, more diversified sources of gas supply; our analysis (IEA, 2011) suggests that
plentiful volumes of unconventional gas can be produced at costs similar to those of
North America (between $3 per million British thermal units [MBtu] and $7/MBtu). It is
worth comparing the outlook for gas with that for oil where, even with growing output of
unconventional oil, the trend is towards greater reliance on a small number of producers,
with oil delivered to markets along a limited number of potentially vulnerable supply routes
(see Chapter 3).

2. For example, the recent assessment of worldwide shale gas resources from the US Energy Information Administration
(US DOE/EIA, 2011).
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Proven gas reserves of 190 tcm are estimated based on operators’ public filings or
government records, and are only a relatively small proportion of the total resources
(Cedigaz, 2010). Most of the proven reserves are conventional. Unconventional proven
reserves account for a significant share of the total only in the United States and Canada.
Overall, 130 tcm out of the total proven reserves, a 70% share, are in Eastern Europe/Eurasia
(mainly Russia) and the Middle East (Iran and Qatar); however, these regions account for a
much smaller share (46%) of the total estimated recoverable resources.

Figure 4.5 e Recoverable gas resources and production by region and type,
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Notes: Cumulative production to date is shown as a negative number, so that the total of the bars to the right indicates
remaining recoverable resources. Russian reserves are discussed in detail in Chapter 8.

Sources: Cedigaz (2010); USGS (2000 and 2008); BGR (2010); US DOE/EIA (2011); IEA estimates and analysis.

Production prospects

Gas production of between 3.9 tcm and 5.1 tcm is required to meet projected levels of
consumption in 2035, depending on the scenario (Table 4.3). Gas prices are the main
mechanism bringing demand and supply into balance. Higher prices in the Current Policies
Scenario stimulate the production necessary to meet demand; on the other hand, lower
prices in the 450 Scenario, brought about by far-reaching policy measures that weaken
demand, result in lower investment and, consequently, lower output (see discussion of retail
and end-user fuel prices in Chapter 1). In all scenarios, most of the increase in output comes
from countries outside the OECD.
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Table 4.3 o Primary natural gas production by region, type and scenario (bcm)

New Policies Current Policies 450
Scenario Scenario Scenario
2020 2035 2020 2035 2020 2035
OECD 890 1145 1223 1296 1221 1308 1161 1157
Non-OECD 639 1906 2666 3454 2708 3780 2504 2719
World 1528 3051 3888 4750 3929 5087 3665 3876
% unconventional 0% 13% 15% 22% na. n.a. n.a. n.a.

Notes: Definitions and reporting of tight gas vary across countries and regions, so the split between conventional and
unconventional gas production is approximate (and reported only for the New Policies Scenario). Differences between
historical supply and demand volumes are due to changes in stocks.

Conventional gas will still account for the bulk of global gas production in 2035, but the
share of unconventional gas rises from 13% in 2009 to 22% in 2035 and it provides 39% of
incremental production over this period in the New Policies Scenario. Most of the increase
in unconventional output in this scenario comes from shale gas and from coalbed methane,
both of which reach a 9% share of global production in 2035. Tight gas has a lower share (4%).

Mergers, acquisitions and partnerships, reflecting confidence in the potential for
unconventional output growth outside North America, are spreading expertise in its
production. However, production projections are subject to a large degree of uncertainty,
particularly in regions where little or no such production has been undertaken to date. Even
where production is already taking place, environmental concerns could hold back or reduce
output (Box 4.1). A range of factors needs to be positively aligned before unconventional
production can make headway, including suitable geology, public acceptance, well-adapted
regulatory and fiscal regimes and widespread access to experience and technology. For
a relatively new industry, this points to a future in which the pace of unconventional
development will vary considerably by country and by region.

Sources of incremental gas production in OECD Europe are increased conventional gas
output from Norway and, later in the Outlook period, some unconventional gas production,
most likely led by Poland. However, production from these sources is not enough to offset
declines elsewhere so the overall output trend is down; production falls from nearly
300 bcm in 2009 to just above 200 bem in 2035. The figures for the European Union (without
Norway) are even more striking, with gas production declining from the 2009 level of nearly
200 bem to less than 90 bem in 2035, a 55% drop.

The share of unconventional gas production in North America is projected to increase steadily.
It was already 56% in 2009 and rises to 64% in 2035, meaning that, in this market at least, it
should no longer be strictly considered as “unconventional”. After briefly overtaking Russia as
the world’s largest gas producer, the United States returns to being the second-largest global
gas producer, a position that it retains throughout the projection period. Among other OECD
producers, Australia increases gas output substantially, from 47 becm in 2009 to almost 160 bcm
in 2035, production being both conventional and unconventional (mainly coalbed methane).
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Box 4.1 e Environmental impact of unconventional gas

Although used as a production enhancement technique for many years, the rapid
expansion of hydraulic fracturing to produce unconventional gas in the United States
has put a spotlight on the environmental impact of shale gas production. Hydraulic
fracturing involves pumping large volumes of water, mixed with sand and chemicals,
into shale formations. Fracturing the rock is essential to stimulate the flow of gas into
shale gas wells. The total volume of water injected ranges from 7 500 to 20 000 cubic
metres per well. Given that each shale gas development requires drilling a large
number of wells, concerns have been raised about the availability of water for
hydraulic fracturing and the possible contamination of freshwater aquifers. Questions
have also been raised about the level of greenhouse-gas emissions from shale gas
production, compared with conventional production.

Best practice for shale gas production, backed up by effective regulation and monitoring,
can mitigate the environmental risks, reducing the potential effects to a level similar to that
for conventional gas production. The most important measures ensure that the well and
the shale formation itself remain hydraulically isolated from other geological formations,
especially freshwater aquifers. There is also the need to minimise water use, including by
recycling it, and to ensure appropriate treatment and disposal of the water that is used.

Combustion is the main source of greenhouse-gas emissions from gas and combustion
of shale gas is no different from combustion of natural gas from any other source.
Nonetheless, shale gas produced to proper environmental standards has slightly higher
well-to-burner emissions than conventional gas. The main incremental source of
emissions is from the gas released during the process of completing wells, when some
gas returns to the surface, together with the fracturing fluids. Depending on how these
additional volumes are treated, whether they are vented or flared, the result overall is
well-to-burner emissions for shale gas that are 3.5% to 12% higher than the equivalent
for conventional gas (IEA, 2011). In most cases it is possible, using specialised equipment,
to capture, treat and market the gas produced during the completion phase. Doing so
brings overall emissions even closer to the levels of conventional gas production; while
entailing a slight increase in costs, it also makes additional gas available for sale.

Gas production in Eastern Europe/Eurasia, from Russia and the Caspian countries, is greater than
in any other WEO region over the period to 2035 (Table 4.4). The prospects for Russian gas, with
output increasing from 570 bcm in 2009 to almost 860 bem in 2035, are discussed in detail in
Chapter 8. The development of Caspian resources is held back by the long distance to market and an
uncertain investment climate in some countries. Turkmenistan is expected to continue its recovery
from the collapse in its gas production in 2009, the rise in Turkmenistan output being driven by
the super-giant South Yolotan field, which becomes the main source for export to China along the
expanded Central Asia Gas Pipeline. Azerbaijan’s gas production is projected to rise to over 55 bcm
in 2035, more than three times current output, as incentives for upstream development improve
with the anticipated opening of a southern gas corridor to European markets.
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Table 4.4 e Primary natural gas production by region in the New Policies
Scenario (bcm)

1980 2009 2015 2020 2025 2030 2035 2009-2035*

OECD 890 1148 1181 1227 1242 1275 1297 0.5%
Americas 658 796 814 840 865 905 932 0.6%
Canada 78 164 161 176 178 172 172 0.2%
Mexico 25 48 45 46 51 59 60 0.9%
United States 554 583 606 616 633 669 696 0.7%
Europe 219 294 279 259 240 222 204 -1.4%
Netherlands 96 79 83 67 54 41 28 -3.8%
Norway 26 106 109 117 122 124 120 0.5%
United Kingdom 37 62 37 27 17 12 10 -6.9%
Asia Oceania 12 55 84 124 134 146 159 4.2%
Australia 9 47 78 120 131 144 158 4.8%
Non-OECD 639 1903 2384 2661 2921 3197 3452 2.3%
E. Europe/Eurasia 485 753 909 957 1069 1138 1197 1.8%
Russia n.a. 572 679 692 779 822 858 1.6%
Turkmenistan n.a. 38 71 89 98 109 120 4.5%
Azerbaijan n.a. 16 22 39 48 55 56 4.8%
Asia 59 393 502 581 642 708 773 2.6%
China 14 85 135 176 212 252 290 4.8%
India 2 46 63 78 91 105 120 3.7%
Indonesia 17 77 95 102 106 112 119 1.7%
Malaysia 2 60 69 71 72 73 74 0.8%
Middle East 38 412 527 580 614 701 773 2.5%
Qatar 3 89 160 174 180 205 219 3.5%
Iran 4 137 137 151 165 195 225 1.9%
Iraq 1 1 9 28 41 57 70 17.1%
Saudi Arabia 11 75 89 95 97 108 116 1.7%
UAE 8 49 50 52 52 56 60 0.8%
Africa 22 196 260 320 361 399 442 3.2%
Algeria 13 78 107 134 147 160 171 3.1%
Nigeria 2 23 40 56 75 91 110 6.2%
Libya 5 16 15 20 25 35 49 4.4%
Latin America 35 152 190 228 238 253 269 2.2%
Brazil 1 12 24 55 73 88 99 8.5%
Venezuela 15 22 25 31 40 56 73 4.8%
Argentina 10 44 48 54 52 45 41 -0.3%
World 1528 3051 3565 3888 4164 4473 4750 1.7%
European Union n.a. 196 174 145 122 103 89 -3.0%

*Compound average annual growth rate.
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In Asia, the most significant development is the emergence of China as a major gas producer
(even though it continues to rely on imports to meet domestic demand) as national
companies step up their efforts to increase output (Figure 4.6). China’s gas production rises
from 85 bcm in 2009 to 290 bem in 2035. The bulk of this increase is expected to come from
tight gas deposits, coalbed methane and shale gas (China’s first licensing round for shale
gas acreage took place in mid-2011.) Domestic production in India is estimated at more
than 50 bcm in 2010 and output is projected to rise to 120 bem in 2035. As in China, there
is increased interest in unconventional gas: a fifth coalbed methane licensing round and a
shale gas licensing round are scheduled for 2012.

Figure 4.6 ® Change in annual natural gas production in selected countries
in the New Policies Scenario
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Gas production in the Middle East expands rapidly, rising at an average rate of 2.5 % per year
throughout the projection period, to more than 770 bcm in 2035. The initial boost comes
from Qatar, as newly built liquefied natural gas (LNG) plants increase their throughput and
the Pearl GTL project ramps up. Production jumps from about 90 becm in 2009 to more than
160 becm in 2015, but then rises more slowly, under the influence of the moratorium on
new development projects which has been put in place pending the outcome of a study
of the effects of current projects on the world’s largest gas field, the North Field. Sizeable
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production growth in Iran is likely only after 2020, as short-term prospects are held back
by international sanctions that limit investment and technology transfer. The resource
base in Iraq could support a substantial rise in gas output, but average annual increases of
17% come from a very low base. Rising production costs and generally low domestic price
present a challenge to many countries across the region, particularly as gas starts to be
produced from gas condensate fields rather than produced as low-cost gas together with oil
production (associated gas).

The outlook for North African producers has been affected by the political upheavals in the
region in 2011 but, even before this, there were signs of difficulty in maintaining production
in some countries, notably Egypt, at the pace necessary to satisfy domestic demand and
export commitments. We project that output from Egypt will peak around 2020, before
falling back to slightly less than 60 bcm in 2035. Projections for Libya in the period to
2015 have been cut back substantially, compared to WEO-2010, as a result of the conflict.
Elsewhere, Algeria remains the continent’s largest producer, with output expected to rise to
more than 170 bcm in 2035. But, overall, we expect the traditional predominance of North
African producers to be challenged by a number of sub-Saharan developments, with Nigeria
and Angola leading the increases in output. Production for the African continent as a whole
rises to over 440 bem in 2035, a 9% share of global supply. In Latin America, production of
conventional gas continues to predominate. The main source of supply growth is Brazil,
where development of the pre-salt fields is expected to boost production from 12 bcm in
2009 to 100 bcm in 2035. Brazil overtakes Argentina as the region’s largest producer and
becomes a net gas exporter before 2025.

Inter-regional trade

The volume of gas traded internationally (between WEO regions) is set to increase, with
both pipeline gas and LNG playing important roles. The main growth in pipeline supply
occurs in Eurasia, with the expansion of Russian and Caspian capacity for export, both to
Europe and to China. LNG trade has expanded at an unprecedented rate in recent years,
with global liquefaction capacity in mid-2011 estimated at 370 bcm, compared with 250 bcm
in 2007. The pace of capacity additions is slowing down, but LNG still accounts for 42% of the
projected growth in inter-regional gas trade during the period to 2035.

Rising exports from Russia, supplemented by increasing trade out of the Caspian region,
mean that Eastern Europe/Eurasia strengthens its position as the largest net exporting
region (Figure 4.7). An important shift over the projection period — and a major driver for
production increases in this region — is that Russian and Caspian resources start to meet a
much larger share of China’s growing import needs, as well as supplying traditional markets
in Europe (see Chapter 9). Overall, China accounts for 35% of the total growth in inter-
regional trade, as its import requirement grows from less than 10 bcm in 2009 to 125 bcm
in 2020 and over 210 bcm in 2035. China becomes the second-largest import market in the
world after Europe. China’s imports come from a variety of sources, by pipeline from Central
Asia, Russia and also from Myanmar, and as LNG from a suite of global suppliers.
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Figure 4.7 o Net gas trade by major region in the New Policies Scenario
(bcm)
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Australia (included in OECD Oceania) becomes a major gas exporter over the projection
period, with net exports increasing from 14 bcm in 2009 to 85 bcm in 2020 and 115 bem
in 2035. Six major LNG export projects are underway, including the giant Gorgon project
in Western Australia and three projects in Queensland that are the first in the world to
be based on coalbed methane. Based on currently operating and sanctioned projects,
Australian LNG export capacity could exceed 70 bcm soon after 2015, making it the second-
largest global LNG exporter after Qatar.

Even though gas consumption in the Middle East grows rapidly, gas production growth
exceeds domestic demand, meaning that the region, led by Qatar, bolsters its standing as
a major supplier to global markets. Likewise, net exports from Africa increase rapidly, from
just below 100 bcm in 2009 to 280 becm in 2035, through a mixture of pipeline gas (primarily
from North Africa) and LNG. Latin America remains a marginal net exporter.

Europe’s requirement for gas imports has increased, compared with last year’s Outlook,
because of the higher projection for natural gas consumption. OECD Europe is projected
to import 470 bcm of gas in 2035, almost double the 2009 figure, and the requirement for
the European Union rises to 450 bcm in 2020 and 540 bem in 2035 (86% of total EU gas
consumption), up from 310 bcm in 2009. However, the expectation, from a few years ago,
that North America would also be a major importer of LNG, has been turned on its head
by the increase in regional production of unconventional gas. This means that the North
American market does not need to depend on inter-regional imports and has even led to
LNG export projects (from North America) moving forward. Our projections suggest that
supply and demand of natural gas in North America will be roughly equal over the coming
decades (Box 4.2).

The spectre of a gas-supply glut which loomed over the gas market for the past three
years has been considerably dissipated with the recovery of demand in 2010. The
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projections of the New Policies Scenario suggest that the rate of utilisation of inter-
regional transportation capacity will be back to pre-crisis levels before 2015.° The
market is tightening first in the Asia-Pacific region (notably in China and Japan) and the
effects could be quickly transmitted to the European market as competition increases
for available LNG.

Box 4.2 e North America: net gas importer or exporter?

Gas production and demand in North America are currently both some 800 bcm per
year. Both are projected to increase to above 900 bcm in 2035. The net trade position,
therefore, depends on the balance between two very large numbers. Small shifts on
either the supply or the demand side could quickly have relatively large implications
for imports into the region or exports from it.

In all three Outlook scenarios, the North American market remains broadly in balance
throughout the period to 2035 (with the region as a whole a marginal net importer).
One of the reasons this balance is maintained is that unconventional supply in the
United States is expected to become more responsive to fluctuations in demand, thus
helping to maintain a regional equilibrium. Moreover, while higher prevailing prices in
Asia and Europe create incentives for export, there may be competitive options within
North America, for example, to supply natural gas vehicles or GTL projects. Some LNG
export projects are expected to go ahead — for example, the involvement of Asian
companies, such as KOGAS, in Canadian gas production could lead to trans-Pacific LNG
trade —but our projections do not suggest that North America will assume a major role
in global gas trade.

Investment

Projected trends in gas demand and supply call for total cumulative investment of around
$9.5 trillion (in year-2010 dollars) in supply infrastructure in the New Policies Scenario for
the period 2011 to 2035 (Figure 4.8). Output from currently producing conventional gas
fields declines to 1.1 tcm in 2035, supplying less than a third of projected conventional
output in 2035. The gross upstream investment requirement for conventional gas
production capacity over the projection period is $5 trillion, around three-quarters of
which arises in non-OECD countries. Investment needs for unconventional gas production
come to $1.8 trillion, but here the regional split is reversed, with three-quarters of this
sum being spent within the OECD. Total investment in LNG supply infrastructure over
the projection period is estimated at $590 billion, and a further $2.1 trillion is needed
for pipeline transmission and distribution systems. A detailed discussion of oil and gas
investment and costs is included in Chapter 3.

3. Some of the incremental pipeline capacity being built to serve the European market is designed to substitute for,
rather than supplement, existing routes to market (and, therefore, is not an indicator of excess supply capacity).
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Figure 4.8 e Cumulative investment in natural gas supply infrastructure by
region and activity in the New Policies Scenario, 2011-2035
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Note: The estimated $80 billion of investment needed worldwide in LNG carriers is not included.

Are we entering a Golden Age of Gas?

The WEO special report “Are We Entering a Golden Age of Gas?”, released in June 2011,
examined the proposition that natural gas might play a significantly greater role in the
future global energy mix. It did this on the basis of a Golden Age of Gas Scenario (GAS
Scenario) which incorporated plausible but deliberately favourable assumptions about
policy, prices and other drivers that positively affect gas demand and supply projections.
This section briefly re-caps the main assumptions and findings of this special report and
compares the projections of the GAS Scenario with those of the New Policies Scenario in
this Outlook.

The starting point for the GAS Scenario was the New Policies Scenario from WEO0-2010.*
Four major new assumptions were adopted:

®m A more ambitious policy for gas use in China, driven principally by the policy of expanding
gas use included in China’s 12*" Five-Year Plan. China’s gas demand in this scenario is also
influenced by the assumption of lower gas prices (making gas more competitive versus
coal) and of slower growth in nuclear power capacity.

In the WEO-2011 New Policies Scenario, we recognise the impact of the 12' Five-Year
Plan but adopt a slightly more cautious view of China’s gas demand growth, which
averages 6.7% per year over the period 2009 to 2035, as opposed to 7.6% in the GAS
Scenario (Figure 4.9).

® Changing supply and demand fundamentals, the GAS Scenario incorporates a more
optimistic assumption about future gas supply — primarily as a result of the availability

4. The GAS Scenario adopted the same assumptions for population and economic growth as the scenarios in WEO-2010.
However, these have subsequently been updated for the projections in this year’s Outlook (see Chapter 1).
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of additional unconventional gas supplies at relatively low cost —and, accordingly, lower
price assumptions. Prices are assumed to be $1.5/MBtu to $2.5/MBtu lower than in the
WEO-2010 New Policies Scenario and around $1/MBtu to $1.5/MBtu lower than in the
WEO-2011 New Policies Scenario.® The effect of lower gas prices, both in absolute terms
and also relative to other fuels, is to increase gas demand across the board.

The WEO-2011 New Policies Scenario sees unconventional gas supply rising to over
1.05 tcm in 2035, 22% of total gas production. In the GAS Scenario this supply rises to
1.2 tcmin 2035, or 24% of total output.

m Greater use of natural gas for transportation: the GAS Scenario assumes that
governments in some countries act vigorously to encourage greater introduction of
natural gas vehicles (NGVs); penetration of NGVs is also encouraged by a favourable
price differential between natural gas and oil. As a result, the GAS Scenario projects that
there will be over 70 million NGVs by 2035 (up from 12 million currently) and that the
share of natural gas in the fuel mix for road transportation rises from the current 1% to
5% in 2035.

In the WEO-2011 New Policies Scenario, the rise in the number of NGVs is less dramatic,
reaching only around 35 million vehicles by 2035, with the share of natural gas in road
transportation rising to around 3% at the end of the projection period. This is the main
reason for the lower average annual increase in gas use in the transportation sector in
WEOQ-2011, at 2.5%, than the 3.6% seen in the GAS Scenario (Figure 4.9).

m Slower growth of nuclear power capacity: in the aftermath of Fukushima, the GAS
Scenario assumes that the licenses of fewer existing plants are extended and fewer new
plants are built, compared with the WEO-2010 baseline. As a result, the share of nuclear
power in primary energy demand rises (from 6% today to 7% in 2035), but more slowly
than had previously been projected.

In the WEO-2011 New Policies Scenario, we assume a less significant constraint on the
growth in nuclear capacity. Whereas the GAS Scenario (developed in early 2011) limited
worldwide nuclear generation capacity to a total of 610 GW in 2035, the New Policies
Scenario in this year’s Outlook sees nuclear capacity expanding to over 630 GW (see
Chapter 12 for a discussion of the implications of lower nuclear capacity growth).

Taken overall, gas demand growth in the GAS Scenario is 2% per year for 2009 to
2035, compared with 1.7% in the WEO-2011 New Policies Scenario. Despite the variations
arising from different underlying assumptions, the results of our WEO-2011 New Policies
Scenario reinforce the main conclusion of the GAS Scenario — that fundamental factors
on both the supply and demand side point to an increased share of gas in the global
energy mix. Natural gas resources are abundant, well spread across all regions and recent

5. Despite the observed trend of increasing globalisation of natural gas, we assume in both the GAS scenario and in
WEQ-2011 that the gas price differentials between the United States, Europe and Japan remain broadly constant. The
magnitude of the differences is similar to the costs of transportation between the regions.
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technological advances have facilitated increased global trade. Gas is a flexible fuel that is
used extensively in power generation, competes increasingly in most end-use sectors and
offers environmental benefits when compared to other fossil fuels.

Figure 4.9 e Comparison of average annual natural gas demand growth
between the New Policies Scenario and the GAS Scenario,
2009-2035
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Notes: GAS Scenario growth rates for 2009 to 2035 differ from the figures for 2008 to 2035 that were included in the
Golden Age of Gas report (IEA, 2011), due to the change in base year. This change permits direct comparison with the
WEO-2011 New Policies Scenario.

This is not to say that a “Golden Age of Gas” is inevitable (Spotlight). Nor should it be
thought that increased use of natural gas, in itself, is enough to put the world on a carbon
emissions path that is consistent with limiting the average global temperature rise to no
more than 2°C. On its own, this is far from enough: CO, emissions of around 35 Gt in 2035
in the GAS Scenario put emissions on a long-term trajectory consistent with stabilising
the concentration of greenhouse-gas emissions in the atmosphere at around 650 ppm,
suggesting a long-term temperature rise of over 3.5°C (this is similar to the trajectory in the
WEO-2011 New Policies Scenario, see Chapter 2).

Ultimately, the extent of the expansion of gas use hinges on the interaction between
economic and environmental factors, and policy interventions in the market. In the absence
of a price for CO,, coal is likely to remain cheaper than gas for generating electricity in many
regions. However, a cost comparison alone does not reflect the full range of benefits that
gas can provide, such as reinforcing the diversity of energy supply, providing flexibility and
back-up capability as more intermittent renewable capacity comes online and reducing local
pollutants and emissions (when substituting for coal). Natural gas alone cannot provide
the answer to the challenge of climate change. Addressing the effects of climate change
will require a large shift to low-carbon energy sources, in both the short and long term,
increasing energy efficiency and deploying innovative technologies, like carbon capture and
storage. But natural gas can play an important part in the transition.
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Do all roads lead to a Golden Age of Gas?

There are powerful arguments in favour of a bright future for natural gas. In all the
scenarios examined in this Outlook (including the GAS Scenario released in June
2011), natural gas has a higher share of the global energy mix in 2035 than it does
today. But a golden age of gas could nonetheless be tarnished or cut short by policy
decisions or by technological or other developments that reduce the attractiveness
of gas relative to other energy sources. While some of these are unlikely or
unforeseeable, it is nonetheless worth considering circumstances in which the rise of
natural gas might be held back.

A first consideration is that much of the momentum behind the rapid growth of
natural gas comes from supportive government policies in non-OECD countries. In
China, India and other countries, governments are targeting an increased role for
natural gas and are intervening in the market in order to promote the infrastructure
and end-uses that will allow this to happen. But if market economics became an
absolute priority in choosing the fuel and technology for deployment in power
generation in China, for example, gas would have little impact on the power mix,
except in regions where transport costs raise coal prices considerably (IEA, 2011).
This could, in theory, lead to a reversal or weakening of support for natural gas,
leaving it as a niche fuel, rather than a mainstream contributor to non-OECD energy
demand growth.

From another angle, a dramatic reduction in the cost of a major renewable
technology could have a large impact, as could a significant improvement in the
efficiency of carbon capture and storage — although this would have to be somehow
weighted in favour of CO, capture from coal-fired combustion if it were to tip the
scales against natural gas. The role of gas as a back-up to variable renewables would
be affected if cost-effective electricity storage were to be developed.

On the supply side, there is already public and political concern about the
environmental impact of unconventional gas; if not adequately addressed through
the adoption of best practices in gas production, these concerns could become a
major constraint in some countries on the expansion of gas output. In markets where
alternative supplies are limited, further experience of disruptions to deliveries from
an established supplier —as happened in Europe in 2006 and 2009 during the Russia-
Ukraine disputes — can quickly raise concerns about gas security that could, in turn,
lead to action to temper increased reliance on natural gas consumption.

Asetback to a golden age of gas could also come from concerted policy action on CO,
emissions and efficiency, particularly if deployment of carbon capture and storage
is delayed. This could make a reality of the trend that is visible in the 450 Scenario,
where gas consumption flattens towards 2030 and then starts a gradual decline.
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CHAPTER 5

POWER AND RENEWABLES OUTLOOK

Electrifying solutions?

H 1 S H L 1 S H T S

® World electricity demand in the New Policies Scenario is projected to increase from
17 200 TWh in 2009 to over 31 700 TWh in 2035, an annual growth rate of 2.4%,
driven by economic and population growth. China and India account for over half of
the increase, with OECD countries making up less than one-fifth. Globally, industry
remains the largest consuming sector, followed by the residential and services sectors.

® Over the Outlook period, 5 900 GW of new capacity is added worldwide in the New
Policies Scenario to meet demand growth and replace retired power plants, at an
investment cost of nearly $10 trillion (in year-2010 dollars). Renewable energy
technologies account for half of cumulative additional capacity and 60% of the
investment. Gas and coal each provide one-fifth of new capacity additions. China adds
more coal, gas, nuclear, hydro, biomass, wind, and solar capacity than any other country.

® From 2009 to 2035, 44% of the increase in electricity generation comes from
renewables. Mainly driven by government policies, generation from non-hydro
renewables increases from 3% of the total in 2009 to over 15% in 2035. Coal use
increases by almost 50% over the Outlook period, remaining the largest source of
electricity, but its share of total generation falls by seven percentage points over the
Outlook period. Gas and hydro broadly maintain their shares in the generation mix.
Despite recent announced policy changes, nuclear also retains its share of global
electricity generation through 2035, buoyed by expansion in China.

@ In the New Policies Scenario, over two-fifths of global investment in the power
sector goes to transmission and distribution (T&D), with almost three-quarters
of this for distribution networks. Nearly two-thirds of the investment is made in
non-OECD countries, to meet growing demand. Two-fifths is to replace ageing
infrastructure currently in use. Reinforcing and expanding T&D networks is necessary
to integrate more renewables-based generation, accounting for just below 10% of the
transmission investment (excluding distribution). Grid integration costs of renewables
can be higher for certain regions such as the European Union, where it is 25% of
transmission investment. In the 450 Scenario, global grid integration costs rise to over
18% of total investment in transmission.

@ Worldwide CO, emissions from the power sector in the New Policies Scenario increase
by one-fourth between 2009 and 2035, growing more slowly than demand. This is
mainly the result of the increased use of renewables and improved plant efficiency that
reduce the CO, intensity of the power sector by about 30% over the Outlook period.
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Electricity demand

Demand for electricity grows steadily in each of the three scenarios presented in this year’s
Outlook, continuing the long-term upward trend. In the wake of the economic recession,
electricity demand fell by 0.7% in 2009, the first fall since IEA records began in the early 1970s;
but it recovered strongly in 2010, growing by 6%. In the New Policies Scenario, global
electricity demand is projected to grow by more than four-fifths between 2009 and 2035,
from 17 200 terawatt-hours (TWh) to over 31 700 TWh, at an annual growth rate of 2.4%
(Table 5.1). It doubles in the Current Policies Scenario, and increases by almost two-thirds in
the 450 Scenario. The variation in demand growth across the three scenarios is primarily due
to the extent to which more energy-efficient technologies are adopted in end-use sectors in
response to changing electricity prices and government measures, and, in the 450 Scenario,
to the increased demand from the transport sector, due to the higher penetration of electric
vehicles. Differences between scenarios in end-user prices of electricity emerge because of
the different mix of fossil-fuel plants, changes in fossil-fuel prices, the impact of carbon pricing
in regions where this is introduced, differences in subsidies to renewables and differing
assumptions about the phase-out of subsidies over time. Much of the growth in each scenario
occurs in countries outside the OECD, driven by their faster economic and population growth,
expanding access to electricity and rising per-capita consumption.

Table 5.1 e Electricity demand* by region and scenario (TWh)

New Policies Current Policies 450
Scenario Scenario Scenario
5 A0 a0 B s W
OECD 6593 9193 12 005 1.0% 12554 1.2% 11343 0.8%
Americas 3255 4477 5940 1.1% 6119 1.2% 5612 0.9%
United States 2713 3725 4787 1.0% 4898 1.1% 4505 0.7%
Europe 2321 3088 4028 1.0% 4244 1.2% 3802 0.8%
Asia Oceania 1017 1628 2037 0.9% 2191 1.1% 1930 0.7%
Japan 759 950 1158 0.8% 1225 1.0% 1075 0.5%
Non-OECD 3492 8024 19717 3.5% 21798 3.9% 16978 2.9%
E. Europe/ Eurasia 1585 1280 1934 1.6% 2238 2.2% 1742 1.2%
Russia 909 791 1198 1.6% 1401 2.2% 1057 1.1%
Asia 1049 4796 13876 4.2% 15334 4.6% 11666 3.5%
China 559 3263 9070 4.0% 10201 4.5% 7447 3.2%
India 212 632 2465 5.4% 2590 5.6% 2117 4.8%
Middle East 190 600 1393 3.3% 1525 3.7% 1264 2.9%
Africa 263 532 1084 2.8% 1152 3.0% 1000 2.5%
Latin America 404 816 1430 2.2% 1550 2.5% 1306 1.8%
Brazil 211 408 750 2.4% 792 2.6% 675 2.0%
World 10084 17217 31722 2.4% 34352 2.7% 28321 1.9%
European Union 2227 2793 3530 0.9% 3716 1.1% 3351 0.7%

*Electricity demand is calculated as the total gross electricity generated less own use in the production of electricity and
transmission and distribution losses. **Compound average annual growth rate.
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Around 80% of the growth in electricity demand over the projection period occurs in
non-OECD countries, with China and India accounting for nearly two-thirds of it. Although
non-OECD annual per-capita electricity consumption increases from 1450 kilowatt-hours
(kWh) in 2009 to 2750 kWh in 2035, it remains far below the OECD annual average of
around 7 500 kWh in 2009. In addition to the lower rates of economic and population
expansion, slower growth in OECD electricity demand stems from faster energy efficiency
improvements and conservation, prompted in part by higher fuel prices and the adoption of
measures such as carbon pricing.

In the New Policies Scenario, industry remains the largest electricity-consuming sector
throughout the Outlook period, accounting for more than one-third of total electricity demand
throughout (Figure 5.1). Electricity demand in the residential sector rises by 88% between
2009 and 2035, outpacing population growth by a factor of over three as access to electricity
increases and the use of modern electrical appliances expands. Nevertheless, the residential
sector’s share remains fairly stable, at slightly over a quarter, over the period. The services
sector’s electricity consumption also increases steadily, at 2% per year on average throughout
the Outlook period, though this rate is slower than the 2.5% growth rate in the residential
sector, primarily due to energy efficiency measures in OECD countries and an increase in the
direct use of renewables for heat both in OECD and non-OECD countries. With an average
growth rate of 3.6% per year, transport is the fastest-growing sector, as demand from rail
almost triples, though transport still accounts for only 2% of total electricity demand in 2035.

Figure 5.1 e World electricity supply and demand by sector in the New
Policies Scenario
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Electricity supply

Global electricity generation is projected to increase by 2.3% per year on average over
the Outlook period in the New Policies Scenario, from 20 000 TWh in 2009 to more than
36 000 TWh in 2035 (Table 5.2). It grows at an average rate of 2.6% per year in the Current
Policies Scenario and 1.8% per year in the 450 Scenario. Supply grows at a slower rate than
demand, due to the falling shares of own use and transmission and distribution losses.
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Table 5.2 e Electricity generation by plant type and scenario (TWh)

New Policies Current Policies 450
Scenario Scenario Scenario
2020 2035 2020 2035 2020

OECD 7629 10394 11997 13304 12143 13939 11743 12541
Fossil fuels 4561 6306 6649 6165 6993 7713 6133 3285
Nuclear 1729 2242 2445 2779 2389 2472 2495 3463
Hydro 1182 1321 1476 1592 1461 1547 1505 1683
Non-hydro 157 525 1427 2768 1300 2208 1610 4110
renewables

Non-OECD 4190 9649 15884 22946 16 426 25429 15092 19683
Fossil fuels 2929 7139 10 944 14327 11764 18 463 9702 7481
Nuclear 283 454 1130 1879 1105 1582 1246 2932
Hydro 962 1931 2904 3926 2793 3597 3042 4369
Non-hydro 15 125 905 2814 764 1787 1102 4900
renewables

World 11819 20043 27881 36250 28 569 39368 26 835 32224
Fossil fuels 7490 13445 17593 20492 18757 26176 15835 10765
Nuclear 2013 2697 3576 4658 3495 4053 3741 6396
Hydro 2144 3252 4380 5518 4254 5144 4547 6052
Non-hydro 173 650 2332 5582 2063 3995 2712 9011
renewables

Inthe New Policies Scenario, coal remains the largest source of electricity generation globally
throughout the Outlook period, with coal-generated output growing by 48% between 2009
and 2035. Nonetheless, its share of generation falls from 41% to 33% (Figure 5.2). The
proportion of electricity produced from oil also drops, from 5% in 2009 to 1.5% in 2035.
A marked increase in electricity generation from renewable sources offsets the fall in the
shares of coal and oil. The share of generation from non-hydro renewables grows from 3% in
2009 to 15% in 2035, with almost 90% of this increase coming from wind, biomass, and solar
photovoltaics (PV). Natural gas, hydro and nuclear all maintain relatively constant shares
of electricity generation throughout the period of 22%, about 16% and 13% respectively.
In the 450 Scenario, generation from non-hydro renewables rises to 28% of total electricity
output in 2035, as a result of policies to enhance energy security and to curb greenhouse-
gas emissions.

The change in the mix of technologies and fuels used to produce electricity is driven mainly
by their relative costs, which are influenced by government policies. Government targets to
reduce greenhouse-gas emissions and local energy-related pollution and, in some countries,
the power sector’s dependence on imported fuels have a significant impact on technology
choices. In the New Policies Scenario, two types of measure have the most significant impact
on the generation mix over time: carbon pricing and subsidies to renewables.
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Figure 5.2 e Share of world electricity generation by fuel in the New
Policies Scenario
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Many countries have introduced or are considering the introduction of some form of
carbon price, typically through an emissions-trading scheme, whereby overall emissions
are capped and the price that must be paid to emit a tonne of carbon dioxide (CO,) is set
by the market, or through a fixed-rate carbon tax. The carbon price encourages investment
in technologies that emit less carbon, such as renewables or nuclear (Figure 5.3), and
increases the operating costs of fossil-fuel plants. Both effects increase the cost of electricity
to consumers, which lowers overall demand. Carbon pricing increases the absolute cost
of gas-fired generation, but as the emissions intensity of gas is lower than that of coal and
gas combined-cycle gas turbine plants are more efficient than coal plants, the impact of
the carbon price on the cost of gas-fired generation is approximately half that of coal-fired
generation. Fossil-fuel plants fitted with carbon capture and storage (CCS) emit significantly
fewer carbon emissions, but the relatively high costs of CCS means that its deployment
remains limited in the New Policies Scenario. The use of CCS is much more significant in the
450 Scenario (see Chapter 6).

In the New Policies Scenario, it is assumed that carbon pricing, explicit or implicit, is adopted
in several OECD countries and in China (see Chapter 1 for details). In the 450 Scenario, the
use of carbon pricing is more widespread (all OECD countries, China, Russia, Brazil and
South Africa are assumed to adopt it) and prices are higher, resulting in a stronger shift to
low-carbon technologies.

Carbon pricing alone does not account for all the growth in renewable electricity generation
over the Outlook period. A large number of governments have adopted additional policies,
including subsidies, designed specifically to stimulate investment in renewable energy
technologies. As the cost of renewable energy technologies falls over time, some become
fully competitive during the Outlook period — particularly in regions where there is a carbon
price (see Chapter 14). As is the case for all generation technologies, the economic viability
of renewable energy technologies is determined not just by the direct costs of generation,
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but also by the costs of integrating the capacity into the system. These include the associated
grid infrastructure costs (see implications of increasing renewables-based capacity in this
chapter) and the particular contribution of each technology to system adequacy.

Figure 5.3 e Typical levelised cost by plant type and carbon price* in the
OECD in the New Policies Scenario, 2020
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*Levelised cost is cost per unit of electricity generation, taking into account all the costs over the lifetime of the asset,
including construction, operation and maintenance, fuel inputs and the cost of capital. In the New Policies Scenario, CO,
prices range from zero to $30/tonne.

Coal

Electricity output from coal-fired plants worldwide increases from just over 8 100 TWh in
2009 to around 12 000 TWh by 2035 in the New Policies Scenario, though the share of coal
in total electricity generation falls from 41% to 33%. Strong growth in non-OECD countries,
where coal-fired generation doubles, far outweighs the fall in OECD countries (Figure 5.4).
The European Union accounts for almost two-thirds of the fall in coal-fired generation in
the OECD, largely as a result of the impact of the European Union Emissions Trading System
on the competitiveness of coal relative to other technologies. In the United States, where
only a shadow carbon price is assumed in the New Policies Scenario, the use of coal remains
comparatively stable, declining by 3% between 2009 and 2035. The biggest growth in coal
generation in a single country is in China, but the share of coal in total generation there falls
over time. Government targets to reduce local pollution and to increase the deployment of
other generation technologies, such as nuclear and wind, reduce the share of coal in China
from 79% in 2009 to 65% in 2020. The continuation of these trends further reduces the
share of coal to 56% in 2035. In India, coal use is projected to almost triple over the forecast
period, eventually displacing the United States as the world’s second-largest consumer of
coal for power generation. India’s increased use of coal for power is driven by strong growth
of electricity demand, due to rapid population and economic growth, and coal’s strong
competitive position (see Chapter 10).
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Figure 5.4 e Incremental global coal-fired electricity generation relative
to 2009 by region in the New Policies Scenario
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In the New Policies Scenario, the mix of coal-fired generation technologies changes over
the Outlook period as older plants are retired and more efficient new plants are built,
including ultra-supercritical designs and integrated gasification combined-cycle (IGCC) plants
(Figure 5.5).! Increases in the price of coal, reductions in the capital costs of advanced coal
technologies and the introduction of carbon prices all contribute to the shift towards higher-
efficiency coal plants. As a result, the average global thermal efficiency of coal plants increases
by four percentage points, from 38% in 2009 to 42% in 2035. These more efficient technologies
entail higher capital costs than the subcritical and supercritical plant designs that make up
most of the current fleet of coal-fired plants, but they use less fuel and, therefore, emit less
CO, and other emissions for each unit of electricity they generate. Lower fuel use due to higher
efficiency plants also helps to moderate import dependence for importing countries.

Figure 5.5 e World coal-fired electricity generation by plant type in the New
Policies Scenario
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*Advanced coal plants include ultra-supercritical and IGCC plants.

1. See Chapter 10 for a detailed discussion of coal-fired generation technologies.
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The deployment of CCS in coal plants is limited in the New Policies Scenario. The cost of
CCS falls over the Outlook period, but it only becomes competitive with other generation
technologies towards the end of the period, in those regions that have adopted a carbon
price. In 2035, there are 65 gigawatts (GW) of coal capacity equipped with CCS, contributing
only 3% of coal-fired generation and 1% of total electricity generation. In the 450 Scenario,
in 2035, generation from coal capacity equipped with CCS accounts for 60% of coal-fired
generation and 9% of total electricity generation (see Chapter 6).

Natural gas

Natural gas-fired power plants continue to play an important role in the electricity
generation mix in the New Policies Scenario, accounting for a stable 22% of global
generation throughout the Outlook period. Gas-fired generation grows from around
4300 TWh in 2009 to a little over 7900 TWh in 2035. Over three-quarters of the
global increase in gas-fired generation over the period occurs in non-OECD countries;
China and the Middle East account for one-fifth of the global increase each and
one-tenth occurs in India (Figure 5.6). There is also significant growth in generation from
gas within the OECD, as further efficiency improvements and carbon pricing enhance the
competitiveness of gas-fired plants, relative to coal.

Figure 5.6 ® Gas-fired electricity generation in selected countries and regions
in the New Policies Scenario
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CCGT plants remain the dominant gas-fired generation technology. In the New Policies
Scenario, generation from CCGT plants grows from a little under 2600 TWh in 2009 to
almost 4 900 TWh in 2035, accounting for over 60% of the growth in gas-fired generation.
Generation from open-cycle gas turbine (OCGT) plants more than doubles, increasing
from 370 TWh in 2009 to over 800 TWh. OCGT plants generally operate for relatively few
hours each year, generating at periods of particularly high demand. One of the factors
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driving the growth in this technology is the need for peaking plants, such as these, as the
penetration of variable renewables increases. Given their relatively high costs and the
nature of the government policies assumed in the New Policies Scenario, deployment
of CCS in gas-fired plants is limited; such plants provide less than 1% of the electricity
generated from gas in 2035.

Nuclear power

In the wake of the accident at the Fukushima Daiichi nuclear plant in March 2011, several
governments are reviewing their policies towards nuclear power (see Chapter 12).
Announced changes in policy are taken into account in all the scenarios presented in this
year’s Outlook: early retirement of all nuclear plants in Germany by the end of 2022; no
lifetime extensions or new plants in Switzerland; decommissioning of units one to four
and no construction of new units at the Fukushima Daiichi site; and delays in capacity
additions in China, due to the temporary suspension there of approval for new projects.
Due to increased uncertainty, financing may become more difficult to secure, leading
to increased cost of capital for nuclear projects. Compared to WEO-2010, the expected
construction costs of new plants have risen by 5% to 10%. Although the prospects
for nuclear power in the New Policies Scenario are weaker in some regions than in
last year’s projections, nuclear power continues to play an important role, providing
baseload electricity. Most non-OECD countries and many OECD countries are expected
to press ahead with plans to install additional nuclear power plants, though there may be
short-term delays as the safety standards of existing and new plants are reviewed.
Globally, nuclear power capacity is projected to rise in the New Policies Scenario from
393 GW in 2009 to 630 GW in 2035,> around 20 GW lower than projected last year.?
Therefore, the share of nuclear in cumulative gross additions is 6% over the Outlook
period, compared to 7% in WEO-2010. In several OECD countries, capacity is projected
to grow much less than previously expected, but this is partially offset by an increase in
projected non-OECD capacity, which is 8 GW higher than projected last year by 2035,
mainly due to improved prospects in China.

In the New Policies Scenario, generation from nuclear power plants worldwide
increases by almost 2000 TWh over the Outlook period, more than the nuclear output in
North America and OECD Europe combined in 2010. This increase comes predominantly
from non-OECD countries, with China alone accounting for over two-fifths of the global
increase (Figure 5.7). In India, nuclear power generation grows almost ten-fold. In Russia,
it grows by two-thirds. About 60% of the nuclear capacity added in the OECD replaces
ageing nuclear plants that are retired in the Outlook period; in total, capacity increases by
only 16%.

2. Capacity figures for all technologies are provided in gross terms, therefore including own use. For nuclear, the
difference between net and gross capacity figures is generally 5% to 6%.

3. Including units 5 and 6 of the Fukushima Daiichi plant and the Fukushima Daini plant, which are not retired, but are
not being used.
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Figure 5.7 e Additions and retirements of nuclear power capacity by region
in the New Policies Scenario
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Renewables

The use of renewable energy sources to generate electricity expands significantly in all three
scenarios. In the New Policies Scenario, renewables-based electricity generation worldwide
almost triples, from 3 900 TWh in 2009 to 11 100 TWh in 2035. This expansion is driven
largely by government policies, including subsidies (see Chapter 14), and represents 44%
of the growth in total electricity generation over the period. The bulk of this growth comes
from four sources: wind and hydro provide approximately one-third each, biomass accounts
for about one-sixth and solar PV for one-tenth (Figure 5.8).

Figure 5.8 o Incremental global renewables-based electricity generation
relative to 2009 by technology in the New Policies Scenario
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In the New Policies Scenario, over three-quarters of the growth in installed wind capacity
and 70% of the growth in solar PV capacity occurs in the United States, European Union,
China and India (Figure 5.9). Rapid capacity expansion in China has already seen onshore
wind electricity generation increases from just 2 TWh in 2005 to 27 TWh by 2009, and it
is projected to reach almost 590 TWh by 2035, making China the world’s leading onshore
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wind power producer. Generation from installed onshore wind capacity increases more
than three-fold in the European Union, from 133 TWh in 2009 to 480 TWh in 2035, and
more than five-fold in the United States, from 74 TWh to 390 TWh. A steady improvement
in the economics of offshore wind power encourages widespread increases in the installed
capacity of this technology, which contributes one-fourth of total wind power generation
by 2035; output increases from less than 1 TWh in 2009 to 670 TWh in 2035, almost level
with generation from solar PV. As with onshore wind, the majority of the growth in offshore
wind generation occurs in China, the European Union and the United States.

Figure 5.9 e Solar PV and wind power capacity by region in the New
Policies Scenario
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Solar PV electricity generation increases substantially over the Outlook period, from
20 TWh in 2009 to 740 TWh in 2035 in the New Policies Scenario, growing at an average
rate of 15% per year. The European Union accounted for three-quarters of global solar PV
generation in 2010. This has been driven by strong government programmes, particularly
in Germany where there has been rapid growth in recent years. Over the early years of the
Outlook period, Europe continues to exhibit very strong growth in solar PV but, between
2020 and 2035, the increase in solar PV generation in each of China, the United States and
India is larger than that in the European Union.

Hydropower has already been developed extensively in many OECD countries and there
is limited remaining potential, given the costs and environmental constraints. By contrast,
large developments of hydro are expected to take place in many non-OECD countries. These
countries account for 85% of total hydro capacity additions in the New Policies Scenario,
with China, India and Brazil making up almost 60% of non-OECD hydro additions. In several
cases, these resources are located far away from load centres and require significant
investment in transmission lines.
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Electricity supply from biomass power plants grows at an average annual rate of 6.5%, which
results in a five-fold growth in output over the Outlook period, from 288 TWh in 2009 to
1500 TWh in 2035. The bulk of the growth comes from non-OECD countries: the combined
growth in demand in China and India is more than one-third of the global total. Other
sources of renewable energy — geothermal, concentrating solar power and marine power —
gain a small foothold in the power sector by the end of the Outlook period.

CO, emissions

In the New Policies Scenario, CO, emissions from the power sector grow from 11.8 gigatonnes
(Gt) in 2009 to 14.8 Gt in 2035 — a rise of 25%. Growth in electricity generation is more than
three times larger than this, reflecting a 30% reduction in the CO, intensity of the power
sector over the Outlook period — the amount of CO, released into the atmosphere for
each unit of electrical energy produced — from 530 grammes of CO, per kWh in 2009 to
375 grammes in 2035. This reduction arises mainly from the shift away from coal and oil as
fuel sources for electricity generation towards lower-carbon nuclear and renewables-based
technologies. Efficiency improvements within the coal and gas generation fleets also make
a considerable contribution to improving the carbon intensity of the sector, as older less
efficient plants are retired and more efficient plants are installed. The introduction of CCS
technology, though only on a relatively small scale, also contributes to driving down the CO,
intensity of the power sector. These factors yield annual emissions savings of around 7.8 Gt
by 2035, compared with the emissions that would have been generated for the projected
level of electricity generation had there been no change in the mix of fuels and technologies
and no change in the efficiency of thermal generating plants (Figure 5.10). The largest
share of these savings comes from more efficient plants (36% of the cumulative reduction),
followed by savings attributed to wind, nuclear and hydro, each of which accounts for
around 15% of the abatement.

Figure 5.10 e Global CO, emission savings in power generation relative to
the 2009 fuel mix* in the New Policies Scenario
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*The emissions savings compared with the emissions that would have been generated for the projected level of
electricity generation were there no change in the mix of fuels and technologies, and no change in the efficiency of
thermal generating plants after 2009.
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In OECD countries, the reduction in carbon intensity of the electricity sector outweighs the
growth in generation in the New Policies Scenario, so that CO, emissions are more than 20%
lower in 2035 than in 2009. In non-OECD countries, demand growth is much stronger and,
as a result, emissions increase by more than 50% by 2035.

New capacity additions and retirements

In order to meet growing demand in the New Policies Scenario, global installed electricity
generation capacity increases from 5 143 GW in 2010 to over 9 000 GW in 2035 (Figure 5.11).
About 2 000 GW of capacity of all types are retired throughout the Outlook period (Table 5.3),
while 60% of power plants in service or under construction today are still in operation in 2035.
This means that 59% of power sector emissions in 2035 are already “locked in”, unless future
policy changes force early retirement of existing plants or their retrofitting with CCS (see
Chapter 6). In the New Policies Scenario, gross capacity additions are about 5 900 GW over the
Outlook period, equivalent to more than five-times the installed capacity of the United States
in 2010 (Table 5.4). Renewable energy technologies account for half the capacity additions, gas
and coal for one-fifth each and nuclear power for 6%. Cumulative oil-fired capacity additions,
one-third of which are in the Middle East, are less than 2% of total additions.

Figure 5.11 e Global installed power generation capacity and additions
by technology in the New Policies Scenario
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Over the past decade, global capacity additions have been fairly similar across coal, gas
and renewables, with comparatively few additions of nuclear and oil-fired power plants.
Since 2000, nearly four-fifths of the additional coal-fired power plants have been built in
China, while more than half of the gas-fired capacity additions were built in the United
States and European Union. Globally, the share of renewables in capacity additions has
steadily increased in recent years, reaching about 50% of total additions in 2010. However,
as renewables often generate less electricity per unit of capacity installed each year than
thermal plants, their contribution to incremental electricity output has been less than their
share of incremental capacity.
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. Table 5.3 e Cumulative capacity retirements by region and source in the New Policies Scenario, 2011-2035 (GW)
(-]
Nuclear T ER Hydro Wind Geo- Solar PV csp* Marine Total
thermal
OECD 380 212 178 71 42 31 246 1 72 1 0 1235
Americas 195 129 77 3 16 15 85 1 7 1 0 527
United States 182 120 61 2 12 7 73 0 6 1 0 464
Europe 148 40 53 60 22 14 151 0 55 1 0 544
Asia Oceania 37 43 48 8 5 3 9 0 10 0 0 163
Japan 13 35 44 7 4 2 4 0 9 0 0 117
Non-OECD 206 177 114 36 14 49 151 0 19 0 0 766
§ E. Europe/Eurasia 80 105 19 32 1 8 4 0 1 0 0 249
§ Russia 43 84 6 20 1 4 1 0 0 0 0 159
é Asia 103 18 30 2 7 26 139 0 15 0 0 340
EJ China 68 1 6 0 1 18 114 0 9 0 0 217
é: India 27 3 2 1 2 3 23 0 4 0 0 65
§ Middle East 0 30 39 0 0 1 1 0 1 0 0 72
IQ Africa 20 14 10 0 1 2 3 0 1 0 0 52
% Latin America 3 10 16 1 5 12 4 0 2 0 0 52
E Brazil 1 1 2 1 3 7 2 0 1 0 0 18
% World 586 388 292 107 56 80 397 1 92 1 0 2001
r%J: European Union 154 42 53 58 22 10 150 0 55 1 0 545
E *CSP = concentrating solar power.
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Table 5.4 e Cumulative gross capacity additions by region and source in the New Policies Scenario, 2011-2035 (GW)

a)
oy
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he)
@
wul
i . Geo- * "
S Nuclear T ER Hydro Solar PV CSP Marine Total
S thermal
Q
§ OECD 260 468 42 125 106 104 686 12 278 31 17 2129
% Americas 166 226 10 28 51 41 257 8 77 14 2 880
é United States 159 163 8 20 42 20 209 6 68 11 1 708
g Europe 67 139 15 48 44 50 390 3 153 15 14 938
% Asia Oceania 27 103 16 50 11 12 39 2 48 3 1 311
el
~ Japan 5 75 16 22 8 7 22 1 36 0 1 193
Non-OECD 1031 767 n 221 138 578 618 18 275 49 1 3767
E. Europe/Eurasia 53 146 1 53 11 30 28 3 6 0 0 331
Russia 32 96 0 33 8 18 13 3 2 0 0 204
Asia 923 348 14 148 103 401 525 12 206 21 1 2700
China 555 170 3 114 58 213 384 2 89 16 0 1605
India 251 91 2 24 20 79 95 0 89 4 0 657
Middle East 0 148 40 7 4 14 23 0 21 15 0 271
Africa 47 56 4 6 8 45 19 2 22 11 0 222
Latin America 8 70 11 7 12 88 22 2 20 3 0 243
Brazil 3 40 4 5 7 40 12 0 13 1 0 125
World 1291 1235 112 346 244 682 1304 30 553 81 17 5896
European Union 61 127 13 50 43 32 373 2 152 15 13 882
Average economic 30 25 25 35 25 50 20 25 20 20 20
lifetime (years)

681

*CSP = concentrating solar power.
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In the OECD, renewables account for about 60% of cumulative capacity additions between
2011 and 2035 in the New Policies Scenario. Wind and solar PV cumulative capacity
additions are greater than the sum of additions from gas, coal and nuclear power, though
their share of incremental output is generally far lower. In North America, capacity additions
of wind and gas are similar (slightly more than 25% each of total additions), with about
220 GW of additional gas capacity (in part because of relatively low gas prices). In OECD
Europe, government policies drive wind power capacity additions to nearly three-times
those of gas, almost six-times those of coal additions and eight-times those of nuclear power
between 2011 and 2035. In Japan, nuclear capacity additions are much lower than both gas
and solar PV, and similar to added wind capacity of 22 GW.

In non-OECD countries, fossil-fuel capacity additions (coal, gas and oil) are roughly equal to
non-fossil-fuel capacity additions (wind, hydro, solar PV, nuclear, biomass and other
renewables) in the New Policies Scenario between 2011 and 2035. Almost all of the coal-fired
capacity built in non-OECD countries (and three-quarters worldwide) occurs in Asia. China and
India combined account for over 60% of all the coal-fired capacity built during the Outlook
period. The additional wind and hydro capacity built in non-OECD Asia is also extremely
large, greater than that of all OECD countries combined. In Russia and the rest of Eastern
Europe/Eurasia, gas-fired plants dominate capacity additions, followed by nuclear, coal and
hydro. In Africa, gas, coal, and hydro make the biggest contributions to additional capacity.
Latin America relies mainly on hydro and gas for new capacity, but solar PV and wind capacity
additions are also significant. In the Middle East, gas and oil account for 70% of new capacity.

Implications of increasing renewables-based capacity

The increasing contribution of renewables to meeting rising electricity demand has
important implications for the design of electricity systems, because of the variable
nature of the output of several renewables-based technologies, such as wind, solar PV
or concentrating solar power (CSP) without storage (see Chapter 10 in WEOQ-2010 for
further discussion). The integration of these variable renewables into the system results in
additional costs for electricity systems to ensure security of supply (Box 5.1).

Our analysis provides a global estimate of the quantity of flexible capacity needed to
ensure system adequacy — the ability of the electricity system to meet electricity demand
at all times with an acceptably high probability — due to the increasing share of variable
renewables in the system in the New Policies Scenario.* We find that for every 5 megawatts
(MW) of variable renewable capacity installed, about 1 MW of other (flexible) capacity is
needed to maintain system adequacy. In 2035 in the New Policies Scenario, this corresponds
to around 300 GW, or about 8% of the non-variable capacity additions over the Outlook
period.® This level of additional capacity leads to system adequacy costs ranging from $3 per
megawatt-hour (MWh) to $5/MWh of variable renewables generation, depending on the region.

4. While ample data are available for the United States and Europe, resources of variable renewables and the hourly
electricity demand are not covered with the same quality in all WEO regions. The impact of increased penetration of
renewables on the rest of the generation mix is an emerging area of research requiring further investigation (IPCC, 2011)
5. Full details of the methodology used by the IEA in this analysis are available at:
www.worldenergyoutlook.org/methodology_sub.asp.
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Box 5.1 e Costs of integrating variable renewables into the electricity system

Total system integration costs range from S5/MWh to $25/MWh of variable
renewables-based generation. This is made up of three components: adequacy costs,
balancing costs and grid integration costs (IEA, forthcoming).

® Adequacy costs: Electricity systems must have enough generating capacity
available to meet system demand even at peak times. This is known as system
adequacy. Variable renewables make a relatively low contribution to system
adequacy, because only a small proportion of their potential output is certain
to be available at times of peak demand. As a result, other plants are needed on
the system to compensate for this variability. Based on our estimates, the costs
associated with this additional capacity ranges from $3/MWh to $5/MWh of
variable renewables generation.

® Balancing costs: The variable nature of supply requires more flexibility from the
rest of the power system, typically on short time-scales. Additional services are
needed in order to perfectly match supply and demand and to maintain system
stability. Balancing services can be supplied by flexible generation, smart grids,
strong interconnections between grids or energy storage technologies, such as
pumped hydro, compressed-air and large-scale batteries. The costs are largely
operational (rather than capital) and range between $1/MWh and $7/MWh of
variable generation, depending on the region (IEA, 2011a).

® Grid integration costs: Once renewables capacity is built, it must be linked to the
existing power grid and existing transmission and distribution (T&D) networks may
need to be reinforced to transport the generated electricity to consumers. The
costs range from $2/MWh to $13/MWh for variable renewables and are discussed
in detail in the T&D section in this chapter.

The additional 300 GW of capacity is required to compensate for the difference between the
average power output of variable renewables and the amount of power they can reliably be
expected to produce at the times when demand for electricity is highest (the latter measure
is known as the capacity credit).® This capacity is added to contribute to system adequacy,
but runs for significantly fewer hours each year than would be the case in the absence of
variable renewables (IEA, forthcoming).

The average power output of variable renewables is higher in most cases than their
capacity credit. By the end of the Outlook period, globally, wind and solar combined have
an average power output of 25% in the New Policies Scenario, higher than their combined

6. The capacity credit of variable renewables depends mainly on the time of day (or season) at which the output is
available and how well that matches with the time of peak demand. It also depends on the characteristics of the resource
(e.g. the strength and consistency of the wind), and on the level of deployment of each type of variable renewable.
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average capacity credit of 9%.” The global capacity credit estimate masks considerable
regional variations. In 2035, the combined global capacity credit of wind, solar PV and
CSP (without storage) plants in the New Policies Scenario ranges from 5% to 20% among
the different regions modelled. It is relatively low in OECD Europe, largely due to the
expansion of solar PV in central European countries, such as Germany, where energy
output is zero or near zero during times of peak demand, which are generally on cold winter
evenings. It is highest in Japan as there is a higher correspondence between the peaks in
demand — which are driven in part by air conditioning requirements on sunny afternoons —
and the output of solar PV, which make up about 60% of the variable renewables capacity
in operation in Japan by 2035.

In the New Policies Scenario, OECD Europe and the United States account for over 40%
of the gross capacity additions of wind and solar capacity over the Outlook period. In
the United States in 2035, installed capacity of wind and solar PV combined is 240 GW,
with an average utilisation rate of 27%, resulting in an average power output of around
65 GW. Given their 8% capacity credit, only about 20 GW of this is reliably available
at times of peak demand. To compensate for this difference, 45 GW of other types of
capacity is required to maintain system adequacy. In OECD Europe, which has a lower
capacity credit (5%) and higher variable renewables capacity in 2035 (about 450 GW),
the amount of additional capacity required in the system is higher, at around 90 GW
(Figure 5.12).

Figure 5.12 e Capacity of wind and solar PV and their system effects for the
United States and OECD Europe, 2035
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The capacity credit of variable renewables, and therefore the additional capacity required to
maintain system adequacy, can be increased in several ways, including wider interconnection
between regional grids, which can smooth the variability of wind and solar resources, and
may improve alignment between generation and peak demand. Using a more diverse mix

7. Based on data from Heide et al. (2010), NREL (2010, 2011a, 2011b), and World Wind Atlas (2011).
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of renewables can also improve capacity credit because their outputs, being diverse, are
more constant overall. Using energy storage technologies that are directly linked to variable
renewables is another way to improve reliability in meeting demand.

Investment

In the New Policies Scenario, cumulative global investment in the power sector is
$16.9 trillion (in year-2010 dollars) over the Outlook period, an average of $675 billion per
year (Figure 5.13). New generating capacity accounts for 58% of the total investment, with
transmission and distribution (T&D) making up the remaining 42%. Renewables make up
60% of investment in new power plants, led by wind, solar PV and hydro, even though they
represent only half of the capacity additions; their larger share of investment reflects their
higher capital costs, relative to fossil-fuel power plants. Investment in coal-fired power
plants, which account for the largest share of total investment other than renewables as a
group, is relatively constant over time. Investment in nuclear power, which is much more
capital-intensive, is slightly less than in coal-fired plants while cumulative capacity additions
are only half those of coal. Investment in gas-fired plants is lower than coal or nuclear while
additional capacity is substantially higher, reflecting far lower capital costs per MW of
capacity.

Figure 5.13 e Investment in new power plants and infrastructure in the New
Policies Scenario
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Investment in new power plants in non-OECD countries increasingly outpaces investment in
the OECD over time. In the 2011 to 2020 period, the levels of investment in the OECD and
non-OECD are similar (less than 20% apart) for all three scenarios. Asia accounts for most
of non-OECD investment. In the 2021 to 2035 period, non-OECD investment in new power
plants is over 30% beyond the level in the OECD in the New Policies Scenario, with Asia
accounting for almost 70% of the investment in non-OECD countries (Table 5.5).
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° Table 5.5 e Investment in new power plants in the New Policies Scenario, 2011-2035 ($2010 billion)
[
. . Geo- :
Nuclear T ER Hydro Wind Solar PV csp* Marine Total
thermal
OECD 634 372 27 540 359 272 1210 28 701 129 64 4336
Americas 416 174 7 143 174 105 451 16 189 54 8 1738
United States 405 131 6 111 157 51 372 11 170 45 5 1463
Europe 155 115 10 207 155 136 690 8 386 65 51 1976
Asia Oceania 63 83 10 191 30 31 69 3 126 10 5 621
Japan 12 60 10 94 20 18 39 1 97 0 2 354
Non-OECD 1151 545 59 585 305 1134 932 42 544 156 2 5456
E. Europe/Eurasia 117 128 1 186 29 62 43 7 15 0 0 588
§ Russia 75 84 0 116 20 37 19 6 5 0 0 362
ﬁ Asia 943 206 8 331 227 758 794 27 391 66 2 3752
>
g China 430 87 2 228 137 336 590 7 170 50 1 2037
<
(CJ India 347 59 1 68 38 167 138 1 165 14 1 999
§ Middle East 0 130 39 22 8 29 34 0 43 46 0 352
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> Africa 80 34 4 20 17 90 28 5 48 34 0 360
n Latin America 11 47 6 25 24 196 34 4 48 10 0 404
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Focus on T&D infrastructure

Robust networks are vital to delivering electricity reliably to consumers. Reinforcement
and expansion of network capacity will be needed in the future to accommodate demand
growth, integrate greater renewables-based generation, improve access to electricity in
developing countries, facilitate the use of electricity in road transport and increase electricity
trade across borders. Indeed, transmission and distribution (T&D) infrastructure accounts
for 42% of all power sector investment over the Outlook period (though it is often under-
represented in discussions about the power sector).?

Electricity networks can be broadly divided into two types. Transmission grids comprise
high-voltage lines and support structures that transport power over large distances from
power plants to demand centres and large industrial facilities. Distribution grids deliver
power from the transmission level to individual households and businesses. They are denser
than transmission grids and account for 90% of the total length of T&D grids worldwide.
In 2009, there were about 70 million kilometres (km) of T&D lines globally — more than
1 500 times the circumference of the planet and equivalent to the length of all the world’s
roads. Most of the features of the technology have remained fundamentally unchanged
since the early days of the industry a century ago, but there has been considerable
innovation in some areas, including the introduction of digital communication and control
technologies. The evolution of such “smart-grids” is expected to continue in coming decades.

Grid expansion

The structure and size of national grids is determined by geographic, political and economic
conditions. In industrialised countries, large parts of the electricity grid were built in the 1960s
and 1970s. In emerging economies, rapid growth of grids started more recently and is continuing
(Figure 5.14). The total length of all grids combined almost tripled between 1970 and 2009.

Since 1970, grid growth has been largest in Asia, led by China. Asia accounted for 60% of the
growth in this period, resulting in a more than six-fold increase in the continent’s grid length.
Grid length in the United States and Europe doubled, but from a higher starting point. One-third
of investment in T&D infrastructure in 2009 was made in China, where $62 billion (in year-2010
dollars) was spent on T&D, more than OECD Europe and the United States combined.

T&D assets last on average for about 40 years, but can operate for much longer in some
cases. Lifetime varies considerably according to the asset type: poles and lines routinely
last longer, while control centres and substations need more frequent refurbishment. The
conditions under which the assets are used and the way in which they are maintained are
also important determinants of equipment life. For example, poor maintenance during the
economic downturn of the early 1990s is expected to shorten considerably the operating
lifetimes of network assets in Eastern Europe/Eurasia. By 2035, half of the grid infrastructure
in place globally in 2009 will have reached 40 years of age (Figure 5.15).

8. Full details of the methodology used by the IEA in this analysis are available at
www.worldenergyoutlook.org/methodology_sub.asp.
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Figure 5.14 e Expansion of T&D grids,1970-2009, and regional shares of
global grid investment in 2009
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The length of the electricity grid per square kilometre (km?) of land area and generation
per-capita provide two measures of the maturity of a power system (Figure 5.16). Both tend
to increase quickly initially and then begin to level off, reflecting saturation effects. In the
early stages of system development, the length of electricity grids usually grows faster than
per-capita generation, as distribution networks are expanded to connect more end-users.
More advanced stages tend to require only incremental grid extensions, with investment
shifting towards strengthening grids to support relatively gradual increases in demand.

Figure 5.15 e Share of T&D infrastructure in place in 2009 reaching
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Increases in grid density in the coming decades will occur primarily in less developed regions.
Africa has seen a marked increase in the length of the electricity grid per km? over recent
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years and this is set to continue. In the New Policies Scenario, Africa’s T&D grid per km?
increases from 10% of the OECD average in 2009 to 14% in 2035. Per-capita generation
growth is slower. In 2009, per-capita generation in Africa amounted to around 600 kWh,
only 7% of the OECD average (about 7 500 kWh). In the New Policies Scenario, per-capita
generation in Africa rises, but is still only 8% of the OECD average by 2035. In the highly
industrialised OECD, grid density and per-capita generation are fairly stable over the Outlook
period, due to the power system becoming more efficient and to saturation effects.

Figure 5.16 e T&D grid length and per-capita generation for selected regions
in the New Policies Scenario
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In Asia, both grid density and per-capita generation grow significantly. In India and China,
which have experienced rapid T&D growth in the past, grid density begins to saturate over
the Outlook period while per-capita generation continues to grow. The average grid density
in non-OECD Asia is about two-thirds of the OECD value in 2035, compared with 15% in 1970
and 50% in 20009.

T&D investment needs

In the New Policies Scenario, a total of $7.1 trillion (in year-2010 dollars) is invested in T&D
infrastructure over 2011 to 2035. $2.6 trillion, or 36%, of this investment is in the OECD
and $4.5 trillion in non-OECD countries. There are three components of this investment:
additional capacity to meet higher demand, refurbishment and replacement of existing
assets as they reach the end of their technical lifetime and increases due to the integration
of renewables. Additional capacity accounts for 57% of total T&D investment globally,
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refurbishment of existing assets for 40%, and grid integration of renewables for 3%. Almost
three-quarters of global T&D investment is in distribution lines, which represent about 90%
of the total length of T&D networks.

In the OECD, three-fifths of T&D investments are needed for the replacement and
refurbishment of existing infrastructure (Figure 5.17). This is due to the age structure of
the assets, but also reflects relatively stable electricity demand. Renewables integration
costs reach 5% of T&D investments in 2035 in the New Policies Scenario, due to increased
renewables deployment. In non-OECD countries, strong growth in electricity demand calls
for new transmission and distribution lines to connect many new customers and power
plants, with less than one-third of total investment for replacement and refurbishment.
Eastern Europe/Eurasia, and Russia in particular, is an exception, as large shares of the
infrastructure there need to be refurbished (Table 5.6). In non-OECD countries, the costs
of renewables integration amount to about the same as in the OECD in absolute terms, but
generally represent only about 3% of the overall investment in 2035.

Figure 5.17 e Annual average investment in T&D infrastructure in the New
Policies Scenario
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Table 5.6 e Investment in T&D infrastructure in the New Policies Scenario, 2011-2035 ($2010 billion)
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?D New Refurbishment  Renewables Total New Refurbishment  Renewables Share from
N renewables
431 OECD 2561 626 212 326 87 1936 709 1208 18 4.1%
0]
§ Americas 1271 402 147 217 38 869 283 578 9 3.7%
?’!D United States 1009 312 109 172 31 696 203 486 7 3.8%
e Europe 915 179 49 87 8 737 297 431 8 5.5%
g Asia Oceania 375 45 16 23 7 330 129 200 1 2.1%
Japan 219 24 6 15 4 195 66 128 1 2.0%
Non-OECD 4530 1214 852 273 89 3316 2288 1008 21 2.4%
E. Europe/Eurasia 442 133 47 83 4 308 120 188 1 1.0%
Russia 252 95 29 65 2 157 54 103 0 1.0%
Asia 3267 850 644 137 69 2417 1728 673 16 2.6%
China 1931 623 477 97 49 1308 910 387 11 3.1%
India 632 111 76 22 13 521 327 190 3 2.6%
Middle East 231 59 40 13 6 172 137 34 1 3.1%
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Latin America 313 93 61 27 5 220 148 71 1 2.1%
Brazil 193 63 42 19 3 130 89 40 1 2.1%
World 7092 1839 1064 599 176 5252 2997 2216 39 3.0%
European Union 809 160 38 82 40 649 236 406 8 5.9%
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The costs of refurbishing or expanding grids must be recouped by grid operators
through their tariffs. Based on global investments in T&D in the New Policies Scenario
totalling $7.1 trillion, residential customers around the world will pay between $10/MWh
and $20/MWh in 2035 to cover these infrastructure costs, with an average of $12/MWHh.®
The weight of the tariff in the residential end-user price varies across regions (Figure 5.18).

Figure 5.18 e T&D infrastructure costs as a share of residential end-user
price in the New Policies Scenario, 2035
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Because T&D infrastructure is considered a natural monopoly,'® T&D tariffs are normally
regulated by public authorities to prevent abuse of monopoly power and excess profits.
Grid regulation is crucial to avoid cross-subsidisation, set appropriate tariffs and ensure
grid-access rights for new market entrants, an issue especially relevant for renewables
generators. Regulations are a key determinant in the efficiency and reliability of T&D
infrastructure. Additionally, planning and building new transmission and distribution can
take up to ten years or longer and often exceeds the time to build new power plants.
Therefore, providing a stable investment framework for grid operators is an important task
for regulators.

Grid integration of renewables

The best sites for producing renewables-based electricity are not always located close to
centres of demand. To exploit remote renewable energy sources, additional high-voltage
transmission lines have to be built and some aspects of existing T&D networks reinforced.
The associated capital costs are known as grid integration costs and make up one part of the

9. Our estimates exclude other charges such as system services, losses, congestion and regulatory charges that are often
included in, and can add significantly to, transmission tariffs (ENTSO-E, 2011).

10. A natural monopoly in this case means that the economies of scale achieved by a single electricity transmission and
distribution network in any territory are so large that it is not feasible for two or more grids to co-exist competitively.
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total system integration costs (see Box 5.1). In the New Policies Scenario, over the period
2011 to 2035, grid integration costs of renewables make up 10% of total transmission
investment costs worldwide (excluding investment in distribution), 14% of transmission
investment in the OECD and 25% of transmission investment in the European Union. The
share in global T&D investment costs taken together is 3%.

The grid integration costs of renewables vary considerably by region, driven in part by the
proximity of renewable resources to population centres. In the United States, for instance,
the areas with the greatest wind potential are located in the middle of the country, far
away from the main load centres on the east and west coasts. The situation is similar
in China, where high wind speeds can be found close to Mongolia and in the northwest
province, while the load centres are located along the coast. In the Europe Union, T&D
grids are already well-developed, but the distances between the windiest regions in and
around the North Sea and the main centres of demand are still significant, resulting in the
cost of grid integration of renewables accounting for 25% of total transmission investment
there.

Grid integration costs also vary by technology. Solar PV and CSP entail grid integration
costs per unit of capacity similar to those of wind. The location of solar PV, CSP and wind
plants is influenced by where sunlight or wind is the strongest and most constant, which
can be distant from demand centres. Costs for other renewable energy technologies,
such as biomass, are generally lower as they tend to be located closer to existing
networks and demand centres. Hydro and geothermal grid integration costs vary
greatly across countries, as they are determined by geography. Grid integration costs
per unit of output for variable renewables are also higher than those of other types
of generators (renewables-based or otherwise) because their average power output
is generally lower, making it necessary to spread costs over fewer units of generated
power. Due to the variation in the average power output between technologies and their
proximity to demand centres, grid integration costs for variable renewables range from
$2/MWh to $13/MWh in the New Policies Scenario.

The cumulative global investment in T&D related to the grid integration of renewables is
$220 billion (in year-2010 dollars) in the New Policies Scenario, assuming an average cost
of $150/kW of renewables capacity.* The share of renewables grid integration costs in
total transmission investment is above 18% in the 450 Scenario, where significantly more
renewables are deployed, or nearly 6% of cumulative T&D investment (Figure 5.19). Higher
assumed grid integration costs of $250/kW would increase cumulative investment from
2011 to 2035 to $360 billion in the New Policies Scenario. Even with higher integration
costs and significantly more deployment of renewables in the 450 Scenario, the share in
global T&D investment costs remains below 10%.

11. See Figure 5.19 note.
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Figure 5.19 e Renewables grid integration costs as a share of global T&D
investment costs in the New Policies Scenario by integration
cost, 2011-2035
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Notes: Grid integration costs are $150/kW in the New Policies Scenario, and are denoted above as “typical”. Additional
illustrative examples are provided using a higher grid integration cost of $250/kW. These figures are drawn from detailed studies
for Europe and the United States, showing a range from $60/kW to $320/kW (NREL, 2010 and 2011a; ECF, 2010).

Smart grids

A smart grid is an electricity grid that uses digital and other advanced technologies to
monitor and manage the transport of electricity from generation sources to meet the
varying electricity demands of end-users (IEA, 2011b). Such technologies are expected to
play an important role in boosting the flexibility of the system to deal with the challenges
of rising demand, shifting load patterns, new sources of supply and the variability of some
sources of renewables-based supply.

Smart grids enable electricity generators, end-users and grid operators to co-ordinate their
needs and capabilities. This can improve efficiency, reliability and flexibility; lower the cost of
electricity supply; and reduce the environmental impacts. Compared with today’s systems,
smart grids will involve the exchange of more information on all levels. Furthermore,
information flows (including the availability of real-time pricing) become bi-directional. With
distributed generation and electric vehicles, the consumer can, in principle, feed electricity
into the grid. But, for this to occur efficiently, market participants will need access to
real-time information about the power system. The potential bi-directional flow of
information has created some concerns about data protection and privacy, which will have
to be addressed if smart grid technology is to be widely adopted.

Smart grid technologies can increase network efficiency by providing more timely
information to operators through wide-area monitoring and integrated communications
systems (e.g. radio networks, internet, cellular and cable); reducing outage times and
maintenance as a result of improved sensing and automation on low-voltage distribution
grids; and reducing transmission losses through transmission enhancements (e.g. dynamic
line rating systems). With the deployment of smart meters and advanced communications
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systems, smart grids can also increase the flexibility of the power system by enabling end-
users (motivated by a suitable financial incentive) to vary their demand according to the
needs of the system. Potential areas for such demand-side response include heating and
cooling loads in the industrial, commercial and residential sectors. In the future, it could
also include supply to the grid from electric vehicles. This enhanced flexibility could alleviate
some of the challenges of integrating renewables generation and reduce balancing costs.

Smart grid technologies could facilitate the integration of electricity grids over larger
geographic areas. Conceptually, regional electricity grids could be combined and reinforced
to interconnect larger regions or even continents, allowing significantly more electricity
transport across large areas (known as “super-grids”). There are two main drivers of this
potential development: the advantages of physical interconnection of electricity markets,
enabling more efficient use to be made of power plants, with higher reliability of supply to
consumers, and the need to integrate variable renewables.

Alarger grid can facilitate the integration of variable renewable energies by allowing them to
serve demand that best matches their variable output, even if the demand is geographically
remote. It can also reduce balancing costs by smoothing the cumulative output of variable
renewables, because the strength of sunshine or wind is less correlated over longer
distances. Based on a simulation of a super-grid spanning the entirety of the United States
and another extending across OECD Europe, we estimate that the development of super-grids
could reduce system adequacy costs related to variable renewables by up to 25%. System
adequacy costs fall because the super-grids facilitate a significant increase in the capacity
credit of variable renewables (Figure 5.20). The actual deployment of super-grids will
depend on the extent of the other economic benefits that they might provide to the system
and their cost relative to other means of managing variability, such as energy storage or the
increased installation of flexible generation capacity. They will also be contingent on political
and public acceptance of additional transmission lines.

Figure 5.20 e Effect of a super-grid on the capacity credit for wind and
solar PV for the United States and OECD Europe, 2035
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Sources: Capacity credit calculated based on Heide et al. (2010), NREL (2010, 2011a, 2011b) and World Wind Atlas (2011).
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CHAPTER 6

CLIMATE CHANGE AND THE 450 SCENARIO

The door is closing, but when will we be “locked-in"?

H 1 S H L 1 S H T S

® Global energy-related carbon-dioxide (CO,) emissions reached 30.4 Gt in 2010, 5.3%
above 2009, representing almost unprecedented annual growth. In the New Policies
Scenario, our central scenario, CO, emissions continue to increase, reaching 36.4 Gt
in 2035, and leading to an emissions trajectory consistent with a long-term global
temperature increase of more than 3.5°C.

® The 450 Scenario prescribes strong policy action to limit climate change, and results in global
CO, emissions peaking before 2020 and then declining to reach 21.6 Gt in 2035. The share of
fossil fuels in the global energy mix falls from 81% in 2009 to 62% in 2035. Global demand for
both coal and oil peak before 2020, and then decline by 30% and 8% respectively by 2035,
relative to their 2009 level. Natural gas demand grows by 26%. The 450 Scenario requires
additional cumulative investment of $15.2 trillion relative to the New Policies Scenario,
but delivers lower fossil-fuel import bills, reduced pollution and health benefits.

@ New country-by-country analysis reveals that 80% of the total CO, emitted over the
Outlook period in the 450 Scenario is already “locked-in” by our existing capital stock
(e.g. power plants, buildings, factories), leaving little additional room for manoeuvre.
If internationally co-ordinated action is not implemented by 2017, we project that
all permissible CO, emissions in the 450 Scenario will come from the infrastructure
then existing, so that all new infrastructure from then until 2035 would need to be
zero-carbon. This would theoretically be possible at very high cost, but probably not
practicable in political terms.

@ The long lifetime of capital stock in the power sector means that the sector accounts
for half of the emissions locked-in to 2035. This lock-in exceeds the projected
emissions for the sector in the 450 Scenario. Delaying action until 2015 would call for
early retirement or retrofitting of plants emitting 5.7 Gt in 2035, around 45% of the
global installed fossil-fuel capacity. Delaying action is a false economy, because for
every $1 of investment avoided before 2020, an additional $4.3 would need to be
spent after 2020 to compensate for the increased emissions.

® Carbon capture and storage (CCS) is a key abatement option, accounting for 18% of
emissions savings in the 450 Scenario, relative to the New Policies Scenario, but it
faces regulatory, policy and technical barriers that make its deployment uncertain.
In the Delayed CCS 450 Case, adoption is delayed by ten years, compared with the
450 Scenario, meaning it is widely deployed only after 2030. This increases the cost
of the 450 Scenario by $1.14 trillion (8%) and puts unprecedented pressure on other
low-carbon technologies, supporting the economic case to invest now in CCS.
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Introduction

The last year has not been a good one for those concerned about the contribution of
energy-related carbon-dioxide (CO,) emissions to climate change. Energy-related CO,
emissions in 2010 increased by 5.3%. Developing countries have continued to play a key
role in powering global economic growth, providing modern energy to tens of millions of
additional people, but they are doing so, to varying degrees, by using fossil fuels. Many
countries have continued to move forward with plans to address climate change but, in
many cases, those plans have yet to be implemented and their effectiveness proven. Policy
intentions have come under pressure as budgets tighten and priorities change in the face of
the uncertain economic outlook. Small steps were taken towards a global climate agreement
at the United Nations Framework Convention on Climate Change (UNFCCC) 16™ Conference
of the Parties (COP-16) in Cancun, Mexico, when a heroic leap was needed to set the world
on an emissions trajectory compatible with the stated long-term target of limiting the
average global temperature increase to 2°C. Heightened awareness of the vulnerability of
oil supply could help or hinder efforts to combat climate change, depending on whether
countries see it as a reason to move away from fossil fuels or to invest further in domestic
fossil-fuel supply. The events at Fukushima Daiichi in Japan make it more difficult to envisage
a substantial and growing component of low-carbon nuclear power in the future energy mix.
What do these, and other, developments mean for our efforts to tackle climate change?
To what extent are energy-related emissions to 2035 already locked-in, setting the future
climate trajectory?

This chapter seeks to reappraise the climate implications of the projected energy future,
primarily in terms of our 450 Scenario. Unlike other scenarios presented in this Outlook,
the 450 Scenario is an output-driven scenario: the constraint set is that the global energy
pathway must be compatible with a 50% chance of meeting the goal of limiting the global
increase in average temperature to 2°C, compared to pre-industrial levels (Box 6.1). This
requires the long-term concentration of greenhouse gases in the atmosphere to be limited
to about 450 parts per million of carbon-dioxide equivalent (ppm CO,-eq). Within the
framework of the policy assumptions made in this scenario, in the 450 Scenario an energy
future is constructed which produces a level of energy-related emissions compatible with
this objective, at the lowest achievable cost to the energy sector. The cost constraint is
important: it recognises that there are other ways to achieve such an emissions trajectory,
but also that they are likely to be more costly. Where appropriate, comparisons are made
between the results of our 450 Scenario and those of our other WEO-2011 scenarios, in
order to demonstrate the divergence between the projected future paths and, particularly,
what more needs to be done to achieve the climate goal.

This chapter begins by examining major developments of the last year that have, or may have,
a significant impact on global efforts to tackle climate change. It sets out the projections of our
450 Scenario on global energy demand and the consequences for emissions of greenhouse
gases and local pollutants, broken down by region and by sector. It then considers the
implications of delay in making commitments to the necessary trajectory, in terms of the
“lock-in" to a high-carbon infrastructure that would then make meeting the climate targets
much more difficult and expensive, or even, in terms of practical politics, impossible.
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Box 6.1 e \Xhat is special about 2°C?

The expected warming of more than 3.5°C in the New Policies Scenario would have
severe consequences: a sea level rise of up to 2 metres, causing dislocation of human
settlements and changes to rainfall patterns, drought, flood, and heat-wave incidence
that would severely affect food production, human disease and mortality.

Alarmingly, research published since the International Panel on Climate Change’s Fourth
Assessment Report in 2007 suggests that this level of temperature change could result
from lower emissions than those of the New Policies Scenario, due to climate feedbacks
(IPCC, 2007a). For example, drying of the Amazon would release CO, that would then
lead to further warming (Lewis et al., 2011) and rising arctic temperatures would lead
to extra emissions from melting permafrost (Schaefer et al., 2011). These feedbacks
have not yet been characterised with certainty, but they are expected to be triggered
by temperature rises between 2°C and 5°C (Smith et al., 2009). The threshold for large-
scale sea level rise may be similar, between 1.8°Cand 2.8°C (Lenton et al., 2008; Hansen
etal., 2008).

From the perspective of emission scenarios, these feedbacks imply that an increase
in emissions can no longer be assumed to result in a pro-rata incremental increase
in impacts. Put another way, a decision to relax climate policy and aim for a higher
temperature target, such as 2.5°C or 3°C, may not actually allow much room for an
increase in emissions, given the likelihood of further emissions and warming being
triggered by feedbacks. For example, Schaefer et al. (2011) calculate that under
conditions similar to the New Policies Scenario (which stabilises the atmospheric
concentration at around 650 ppm CO,-eq), emissions from melting permafrost would
lead to a further increase of 58 to 116 ppm in CO, concentrations, resulting in further
warming and more feedbacks.

The 450 Scenario, by definition, achieves a long-term atmospheric concentration of
450 ppm CO,-eq (resulting in average warming of 2°C). Such a temperature increase
(even without allowance for additional feedback effects) would still have negative
impacts, including a sea-level rise, increased floods, storms and droughts.

The new evidence has led some researchers to conclude that even keeping the
temperature rise to 2°C may risk dangerous climate change, and that an even lower
temperature threshold and corresponding stabilisation target (such as 350 ppm)
should be set (Anderson and Bows, 2011; Hansen et al., 2008; Rockstrom et al., 2009;
Smith et al., 2009). The uncomfortable message from the scientific community is that
although the difficulty of achieving 450 ppm stabilisation is increasing sharply with every
passing year, so too are the predicted consequences of failing to do so.

Recent developments

In many ways, the pattern of global energy-related CO, emissions — the main contributor
to global warming — mirrored that of the global economic recovery overall. The anticipated
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decline in 2009, due to the economic downturn, was only 1.7% compared with 2008, lower
than expected. Emissions in almost all OECD* countries fell, but increased demand for
fossil fuels (and the corresponding increase in emissions) in non-OECD countries partially
compensated for this (Figure 6.1). The biggest component of the increase in non-OECD
countries was demand for coal, especially in China, where it grew by almost 8% in 2009.
India also saw strong growth in emissions due to increasing coal demand — 7% growth in
2009 compared with 2008 — and oil demand, which grew by 9% compared with 2008. In
2010, global emissions returned to growth, reaching 30.4 gigatonnes (Gt). This is despite the
fact that OECD emissions remained below their 2008 levels in many cases, including in the
United States and European Union.

Figure 6.1 ® Energy-related CO, emissions by country, 2008-2010
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In contrast to the OECD, energy-related emissions in non-OECD countries as a group were
higher in 2010 than ever before, having grown in both 2009 and 2010. China, which became
the largest source of energy-related emissions in 2007, continued in this position, with
estimated energy-related emissions of 7.5 Gt in 2010. This is 40% higher than the United
States, a very significant change over the four years since 2006, when the two countries
had virtually the same level of energy-related emissions. Per-capita emissions in China are
at 5.6 tonnes, one-third those of the United States. Emissions in India reached just over
1.6 Gt in 2010, India becoming the third-largest emitter on a global level, though per-capita
emissions in India remain very low, at just 14% of the OECD average. Russia was one of the
few large non-OECD countries to see a drop in emissions in 2009, but strong growth in 2010
meant that energy-related emissions rose slightly higher than pre-crisis levels, approaching
levels last seen in the early 1990s (see Chapter 9). Coal was the biggest source of emissions
growth in 2010, primarily driven by use in China and India. Natural-gas emissions also
increased strongly in 2010, but from a relatively low base. While the increase in emissions

1. In this chapter, references to the OECD also include countries that are members of the European Union, but not of
the OECD.
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was driven by economic growth as the global economy began to recover from the financial
crisis, emissions growth was stronger than GDP growth, implying a slight increase in the
global CO, intensity of GDP.

The substantial rise in emissions was not accompanied by widespread intensification of action
to combat climate change. The COP-16 meeting in Cancun resulted in some progress, recorded
in two documents, but not the comprehensive, legally binding, global agreement that some
still hoped for. The 2°C goal has been made explicit and is for the first time formally agreed;
second, the individual emissions reduction pledges made by the countries are made official;
and third, there is explicit acknowledgement that in order to limit long-term temperature
increase to below 2°C, greater ambition is necessary. The COP explicitly urged countries to
go beyond these pledges, opening the door to tighter restrictions on emissions before 2020.
Since the COP-16 meeting in 2010, implementation of climate policies across the globe has
developed in different directions. Some countries, such as Australia, China and the European
Union, seem to be moving forward. Australia has developed plans to tax carbon emissions
from the country’s largest emitters, starting at 23 Australian dollars per tonne in 2012 before
moving to a market-based trading scheme in 2015. This scheme aims to cut national emissions
by 5%, compared with 2000 levels, by 2020. A parliamentary vote on the scheme is expected
before the end of 2011. China’s 12" Five-Year Plan (see Chapter 2) has introduced pilot cap-
and-trade schemes, as a lead in to one of the means to achieve China’s pledge of 40% to 45%
reductions in CO, intensity below 2005 levels by 2020. An emissions trading system covering
the entire economy and entering into force before 2020 is also under discussion. The European
Union is discussing post-2020 targets and policies designed to give investors clear signals of
requirements beyond the third trading period of the EU Emissions Trading System. On the
other hand, the Arab Spring and the consequences of the Japanese tsunami have switched the
attention of energy policy makers away from climate change, with energy security concerns
climbing higher up the agenda of many countries.

In any case, the pledges made in association with the Copenhagen Accord and Cancun
Agreements are not sufficient to put the world on a climate-sustainable path. Even if country
pledges are interpreted in the most stringent possible way, and other policy commitments,
such as removal of inefficient fossil-fuel subsidies, are implemented by 2020, action would
need to be very significantly stepped-up after 2020 in order to achieve the 450 trajectory
described in this chapter. This path differs very little from that set out in the World Energy
Outlook-2010, which outlined in detail the scale of the effort required after 2020 in order to
achieve a 450 trajectory given the lack of ambition of climate pledges for 2020. For instance,
WEO-2010 found that the weakness of the pledges for 2020 would increase the cost of
achieving the 450 Scenario by $1 trillion over the period 2010 to 2030, compared with
WEO-2009's 450 Scenario, which assumed earlier strong action (IEA, 2010a). Supporting
our conclusions, the United Nations Environment Programme (UNEP) emissions gap report
found that the level of emissions expected as a result of the Copenhagen pledges is higher
than would be consistent with either a “likely” or “medium” chance of staying below 2°C or
1.5°C (UNEP, 2010). Momentum may rise again in the preparation for COP-17 in late 2011,
and we make the assumption that action will not cease with the expiry of the Kyoto Protocol
first commitment period in 2012; however, very little time is left to get the appropriate
policies in place.
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Overview of trends in the 450 Scenario

Before examining the main trends and implications of the 450 Scenario, it is important to
highlight briefly why the scenario is needed. It is because (as illustrated in Figure 6.2) neither
the New Policies Scenario, our central scenario, nor the Current Policies Scenario puts us on
a future trajectory for greenhouse-gas emissions that is consistent with limiting the increase
in global temperature to no more than 2°C, the level climate scientists say is likely to avoid
catastrophic climate change. The 450 Scenario illustrates one plausible path to that objective.

Figure 6.2 e \World energy-related CO, emissions by scenario?
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Note: There is also some abatement of inter-regional (bunker) emissions which, at less than 2% of the difference between
scenarios, is not visible in the 2035 shares.

In line with practice in previous World Energy Outlooks, we have estimated greenhouse-gas
emissions from all sources and for all scenarios (Table 6.1). We have then assessed the consequences
for long-term concentrations and temperature increases of such emissions trajectories.

The New Policies Scenario, which takes account of both existing government policies and
declared policy intentions (including cautious implementation of the Copenhagen Accord and
Cancun Agreements), would result in a level of emissions that is consistent with a long-term
average temperature increase of more than 3.5°C (see Chapter 2 for energy trends in the New
Policies Scenario). The outlook in the Current Policies Scenario, which assumes no change in
government policies and measures beyond those that were enacted or adopted by mid-2011,
is considerably worse, and is consistent with a long term temperature increase of 6°C or more.

The trends and implications of the 450 Scenario, a scenario based on achieving an emissions
trajectory consistent with an average temperature increase of 2°C, are sometimes presented
here against the baseline of the New Policies Scenario to help demonstrate what more
needs to be done, particularly in terms of carbon abatement. The main changes to the
450 Scenario in WEO-2011 relate to the policy assumptions, which reflect changes in
domestic and international energy and climate policies (Box 6.2). Non-policy assumptions
relating to energy and CO, prices, GDP and population are presented in Chapter 1.

2. In 2009, energy-related CO, emissions contributed 61% to total greenhouse-gas emissions.
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Table 6.1 e \World anthropogenic greenhouse-gas emissions by scenario

(Gt CO,-eq)
New Policies Scenario Current Policies Scenario 450 Scenario

2020 2035 2020 2035 2020 2035
CO,-energy 28.8 34.4 36.4 36.1 433 319 21.6
CO,-other 14 1.2 11 17 19 1.0 0.8
CH, 7.1 7.2 7.1 9.3 10.7 6.4 5.1
N,0 3.2 3.2 3.2 3.8 4.2 3.0 2.7
F-gases 0.7 0.7 0.9 14 23 0.5 0.5
LULUCF® 5.2 43 19 43 19 43 19
Total 47.1 50.9 50.6 56.5 64.4 47.1 32.6

Notes: F-gases include hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride (SF) from several
sectors, mainly industry. CO,-other = CO, from industrial processes; LULUCF = land use, land-use change and forestry.
Peat emissions are not included.

Source: |[EA-OECD analysis using OECD Env-Linkages model.

Box 6.2 e Updates to the 450 Scenario policy framework

To reflect developments over the last year, we have updated the policy framework for
the 450 Scenario in the following ways:

® OECD countries: In addition to the emissions trading schemes already in place in
the European Union and New Zealand, we assume that Australia introduces a CO,
price from mid-2012 and an emissions trading scheme from 2015, while Japan
and Korea introduce CO, pricing in 2020. All other OECD countries are assumed to
introduce CO, pricing by 2025, either through cap-and-trade schemes or carbon
taxes. We assume that trading schemes are linked at a regional level from 2025,
when CO, prices start to converge (see Chapter 1 for CO, price assumptions).

@ Non-OECD countries: In addition to China (where a CO, price covering all sectors
is in place in 2020), Brazil, Russia and South Africa are also assumed to implement
domestic CO, pricing from 2020, either through cap-and-trade schemes or carbon
taxes. All trading schemes have access to carbon offsets.

Under these assumptions, 51% of global energy-related CO, emissions are covered by a
CO, price in 2020 in the 450 Scenario and 36% in 2035.

As in WEO-2010, we assume that fossil-fuel subsidies are removed in all net-importing
regions by 2020 (at the latest) and in all net-exporting regions by 2035 (at the latest),
except for the Middle East where it is assumed that the average subsidisation
rate declines to 20% by 2035. We also assume that fuel economy standards are
implemented in the transport sector, strict energy efficiency measures are adopted in
the buildings sector and that support for CCS and renewables is available.

3. Emissions from land use, land-use change and forestry are assumed to remain unchanged in all scenarios. In
practice, actions to reduce deforestation and land-use change will reduce these emissions to varying degrees in different
scenarios, while increased use of biomass and biofuels will increase them. We assume that these two factors cancel one
another out in all scenarios.
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Primary energy demand in the 450 Scenario

In the 450 Scenario, global primary energy demand increases by 23% from 2009 to reach
nearly 14 900 million tonnes of oil equivalent (Mtoe) in 2035 (Table 6.2). Energy demand
increases by an average of 1.4% per year to 2020, but this growth slows to 0.3% per year
from 2020 to 2035. This represents a significantly lower level of energy demand growth
than in other WEO-2011 scenarios and principally reflects greater efforts to improve energy
efficiency.

The composition of energy demand changes considerably in the 450 Scenario, with the share
of fossil fuels in the energy mix declining from 81% in 2009 to 62% in 2035. Global demand for
coal peaks around 2016 and then declines by 2.7% per year on average, to reach 3 310 million
tonnes of coal equivalent (Mtce) in 2035, 30% lower than 2009. In the 450 Scenario, global
demand for oil also reaches a peak around 2016 before declining to 78.3 million barrels per
day (mb/d) in 2035, 6.9% lower than 2009. This peak in global oil demand is brought about
by additional policy intervention, such as stringent fuel economy standards for passenger
vehicles and strong support for alternative fuels. While oil continues to hold the largest
share of the energy mix throughout the Outlook period, its share drops from 33% in 2009 to
25% in 2035. Natural gas demand grows steadily, at 1.2% per year through 2030, stabilising
thereafter and reaching almost 3 900 billion cubic metres (bcm) in 2035.

Table 6.2 o \World primary energy demand by fuel in the 450 Scenario

Demand (Mtoe)

2009 2020 2035
Coal 329% 3716 2316 27% 26% 16%
Ol 3987 4182 3671 33% 29% 25%
Gas 2539 3030 3208 21% 21% 22%
Nuclear 703 973 1664 6% 7% 11%
Hydro 280 391 520 2% 3% 3%
Biomass and waste 1230 1554 2329 10% 11% 16%
Other renewables 99 339 1161 1% 2% 8%
Total 12132 14 185 14 870 100 % 100 % 100 %

In the 450 Scenario, the overall share of low-carbon fuels in the energy mix doubles from
19% in 2009 to 38% in 2035. Demand for all low-carbon fuels grows strongly. Electricity
generated from nuclear power increases by around 140% over the Outlook period, with
almost 70% of this increase being in non-OECD countries (for the implications of a slower
nuclear expansion for the achievability of the 450 Scenario, see Chapter 12 and Box 6.4).
China, in particular, sees strong growth in nuclear power, its share of primary energy
demand growing from 1% in 2009 to 13% in 2035. Electricity generated from hydropower
increases globally by an average of 2.4% per year over the Outlook period, to stand at just
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over 6 000 terawatt hours (TWh) in 2035. In 2035, hydropower accounts for nearly 70% of
the electricity generated in Latin America, almost 25% in Africa and nearly 20% in developing
Asia. Global demand for biomass nearly doubles, reaching 2 330 Mtoe in 2035. Biomass
for power generation and biofuels in transport account for 44% and 29% of the growth
respectively. Other renewables, including wind, solar, geothermal and marine power, grow
more than ten-fold over the Outlook period, albeit from a low base, and their share of the
energy mix grows from 1% in 2009 to 8% in 2035. Electricity generation from wind power
experiences a large increase, going from 1% of global electricity generation in 2009 to 13%
in 2035, with China, the European Union and the United States being the largest markets.
Solar, meanwhile, increases its share from less than 1% in 2009 to nearly 7% in 2035. The
largest proportional increases are seen in India, where solar reaches 8% of total electricity
generation, and North Africa, where solar reaches almost a quarter of total generation.

Energy-related emissions and abatement*

In the 450 Scenario, energy-related CO, emissions peak at around 32.6 Gt before 2020 and
then decline to 21.6 Gt by 2035, almost back to 1990 levels. Global CO, emissions from coal
peak around 2016 and then decline at an ever more rapid pace to reach 5.4 Gt in 2035,
about 40% of the level of 2010 (Figure 6.3). Global CO, emissions from oil peak at 11.3 Gt
around 2016, before declining to 9.6 Gt in 2035. In contrast, CO, emissions from natural gas,
which emits the lowest level of CO, of all fossil fuels when combusted, peak around 2025,
after which they stabilise and then fall slightly as carbon capture and storage (CCS) for gas is
more widely deployed, reaching around 6.6 Gt in 2035, 8% higher than 2010. CO, intensity
—the amount of emissions per unit of GDP — declines at a rate of 3.5% per year from 2010
to 2020, and 5.5% per year from 2020 to 2035. This rate is more than six-and-a-half times
greater than the annual intensity improvements achieved in the last ten years.

Figure 6.3 o \World energy-related CO, emissions by fossil fuel
in the 450 Scenario
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4. Abatement analysis in the 450 Scenario is calculated against a baseline of the New Policies Scenario, our central
scenario.
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Energy efficiency measures account for half the cumulative CO, abatement achieved in the
450 Scenario, relative to the New Policies Scenario, over the Outlook period (Figure 6.4).
The scale of this reduction underlines the importance of strong policy action to ensure
that potential efficiency gains are realised, in such forms as building standards, vehicle fuel
economy mandates and insistence on widespread use in industry of the best-available
technologies (Box 6.3). After the cheaper energy efficiency measures are exploited early in
the Outlook period, more expensive abatement options take a larger share, and the annual
share in abatement of efficiency measures falls to 44% in 2035. The increased adoption of
renewable energy (including biofuels) is the second-most important source of CO, abatement,
relative to the New Policies Scenario, growing from a combined 19% in 2020 to 25% in 2035, or
a cumulative 24% over the period as a whole. Nuclear power grows rapidly in importance and
accounts for a cumulative 9%, while CCS also accounts for an increasing share, growing from
only 3% of total abatement in 2020 to 22% in 2035, or a cumulative 18%.

Figure 6.4 ® \World energy-related CO, emissions abatement in the
450 Scenario relative to the New Policies Scenario
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Box 6.3 ® Reaping abatement through efficiency in the 450 Scenario

In the 450 Scenario, energy efficiency policies and measures are the cheapest
abatement option available and the most important source of abatement. Efficiency
is responsible for half of cumulative global abatement relative to the New Policies
Scenario, or 73 Gt, between 2011 and 2035. The role of energy efficiency varies by
country, according to the remaining potential and energy pricing. In OECD countries,
despite the strong efficiency improvements already occurring in the New Policies
Scenario, efficiency in the 450 Scenario is responsible for almost 42% of abatement
relative to the New Policies Scenario. This share rises to 54% in non-OECD countries,
where efficient energy-producing and -using technologies are in general less widely
deployed. This is due to both their higher costs relative to less efficient technologies,
and because energy subsidies often present in these countries do not encourage
energy efficiency.
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Efficiency policies are by far the largest source of abatement in end-use sectors relative
to the New Policies Scenario. They are responsible for 91% of buildings sector direct
abatement. To reap this abatement, we assume that strict energy efficiency standards
are set for new buildings, incentives are put in place for refurbishment of existing
buildings, and increasingly high efficiency standards are set for appliances, alongside
higher electricity prices due to pricing of CO, in many countries. In the transport sector,
where efficiency measures are responsible for 64% of cumulative abatement relative
to the New Policies Scenario over the projection period, we assume the widespread
implementation of fuel economy standards for cars. We also assume that the level of
fuel taxes is adjusted to maintain the price of oil-based fuels for vehicles (which would
otherwise fall as demand falls) at a level similar to the Current Policies Scenario, so as
to avoid a rebound effect which would lead to more energy use. Efficiency gains in the
industry sector, which are responsible for 59% of abatement in this sector, are driven
by the implementation of CO, pricing in OECD countries, China, Russia, Brazil and
South Africa. In order to avoid international relocation (referred to as carbon leakage)
in those sectors that could face it, we have assumed that countries not introducing CO,
pricing would enter into international sectoral agreements setting minimum efficiency
standards.

Full energy efficiency potential will not be realised while end-user prices are too low.
Fossil-fuel subsidies are a major barrier to energy efficiency, as the artificial reduction
in energy costs leads to higher than optimal demand for energy (see Chapter 14).
Removal of fossil fuel subsidies in the 450 Scenario accounts for a cumulative 7.9 Gt
of abatement from 2010 to 2035, relative to the New Policies Scenario.

Energy efficiency measures have associated benefits, in terms of energy security and
reduced local pollution. Despite this, and their sound economic rationale, energy
efficiency measures are more difficult to implement than one might suppose. For
example, landlords may not be willing to invest in double-glazed windows, as they do not
reap the benefits of reduced energy bills or a driver may prefer the experience of driving
a more powerful car than a more efficient one. To help governments overcome such
obstacles, the IEA has made recommendations to the G-8 in 2006 and subsequent years
to improve energy efficiency. The IEA estimates that if these were implemented globally
without delay, they would result in annual CO, savings of as much as 7.6 Gt by 2030 (or
70% of the savings between the New Policies and 450 Scenarios in that year). In 2011, the
IEA published a progress report on the implementation of these recommendations by IEA
countries, which found that 70% of the recommendations can be categorised as fully or
partially implemented, or that implementation is underway (IEA, 2011). To conform with
the 450 trajectory, full implementation of those recommendations would be required in
all countries, coupled with subsidies removal.

Policies aimed at reducing energy-related CO, emissions in the 450 Scenario also have the
effect of reducing emissions of other air pollutants that have a negative impact on human
health and the environment, such as sulphur dioxide (SO,), nitrogen oxides (NO,) and
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particulate matter (PM, ;) (Figure 6.5). By 2035, SO, emissions are almost 42% lower than
2009 levels in the 450 Scenario, a reduction of 38 million tonnes (Mt). Most OECD countries
already have sulphur control measures in place, so the majority of these reductions (25 Mt)
occur in other countries and result mainly from reduced fossil-fuel consumption. Global
emissions of NO,, which causes acidification of rain and ground-water and contributes to
ground-level ozone formation, are 27% lower in the 450 Scenario in 2035 than in 2009, as a
result of reduced use of coal and oil. Emissions of PM, ¢, which together with NO, is the main
cause of smog formation and the subsequent deterioration of urban air quality, are 10%
lower globally by the end of the Outlook period. In OECD countries, PM,  emissions in 2035
are almost identical to 2009 levels, as a result of greater use of biomass in the residential
sector; but emissions of PM, . in non-OECD countries decrease by 4 Mt over the Outlook
period, with the largest reductions occurring in China and India.

Figure 6.5 ® Emissions of major air pollutants by region in the 450 Scenario
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Note: The base year of these projections is 2005; 2009 is estimated by IIASA.
Source: IIASA (2011).

Regional energy-related CO, emissions and abatement

Energy-related CO, emissions in the OECD decline by 50% between 2009 and 2035 in the
450 Scenario, to reach 6 Gt, and their share of global emissions falls from 42% in 2009 to
28% in 2035. In 2035, the OECD accounts for 31% of global CO, abatement, relative to
the New Policies Scenario, equal to 4.6 Gt. CO, emissions in non-OECD countries fall by a
much smaller 9% over the Outlook period, to reach 14.3 Gt in 2035, though this is still a
substantial 10.0 Gt of CO, abatement, relative to the New Policies Scenario, in 2035. Around
three-quarters of the global abatement of CO, emissions in the 450 Scenario, relative to the
New Policies Scenario, occurs in six countries or regions, highlighting their importance in
achieving an emissions trajectory consistent with 2°C (Figure 6.6).

China’s energy-related CO, emissions peak at around 9.1 Gt just before 2020 and then decline to
just under 5.0 Gt in 2035, 28% lower than 2009. Despite this decline, China remains the largest
CO, emitter throughout the Outlook period (although in cumulative terms from 1900 to 2035,
China’s energy-related emissions remain below those of both the United States and European

216 World Energy Outlook 2011 - GLOBAL ENERGY TRENDS



© OECDI/IEA, 2011

Union in the 450 Scenario). China achieves cumulative CO, abatement in the 450 Scenario relative
to the New Policies Scenario of 49.5 Gt over the Outlook period, more than any other country,
and accounts for 34% of the global cumulative abatement. China’s CO, abatement comes mainly
from efficiency measures, which are responsible for half of the total, and from fuel-switching to
renewables (including biofuels), which accounts for 18% of the total. Adoption of CCS also plays
animportant role, but is more prominent towards the end of the Outlook period. In 2035, China is
by far the largest market for renewables and electric vehicles (EVs). China’s per-capita emissions
increase to exceed those of the European Union before 2020, but by the end of the projection
period strong policy action means that they have fallen again and, at 3.6 tonnes per person, are
only marginally higher than those of the European Union, and well below the level of Japan, the
Middle East, Russia and the United States (Figure 6.7).

Figure 6.6 ® Energy-related CO, emissions in the 450 Scenario and
abatement relative to the New Policies Scenario by region,
2009 and 2035
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In the 450 Scenario, energy-related CO, emissions in the United States decline by 56%
from 2009 to reach 2.3 Gt in 2035. A shift away from coal in favour of natural gas in
power generation is central to achieving these reductions. Demand for renewables grows
throughout the projection period, with generation from renewables increasing from around
11% of total generation in 2009 to 17% in 2020 and then more sharply to 38% by 2035. In
the transport sector, strong improvements in fuel economy, increased use of biofuels and
a shift to electric, hybrid and plug-in hybrid electric vehicles (PHEVs) are also important. By
2035, biofuels account for a quarter of fuel use in transport and electric vehicles and PHEVs
account for 54% of passenger light-duty vehicle (PLDV) sales.

India’s energy-related CO, emissions grow steadily to 2.2 Gt in 2035, 39% above the 2009
level. India’s emissions-intensity target of improvements of 20% to 25% by 2020, compared
with 2005, is exceeded in the 450 Scenario, mostly thanks to investment to generate offset
credits (either from domestic sources for sale to other countries seeking to meet their own
emissions-reductions targets or by foreign companies and governments seeking to meet
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their own obligations) and direct financial transfers from developed countries (without
offset credits). Efficiency and renewables play a big role in abatement. Government policies
such as the new trading scheme for energy-efficiency or ‘white’ certificates in industry
and feed-in tariffs for renewables (assumed to be implemented in all scenarios, but with
the most stringent targets in the 450 Scenario) are expected to be key instruments in the
transformation. India’s per-capita emissions remain very low at only 1.4 tonnes by 2035,
43% below the global average, as lack of access to modern energy persists (Spotlight).

Figure 6.7 ® Energy-related CO, emissions per capita in the 450 Scenario
by region
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In the European Union, energy-related CO, emissions are 1.8 Gt in 2035, 49% below the
level in 2009. Renewables account for 23% of primary energy demand in 2020, exceeding
the target of 20%.° Discussion is ongoing in the European Union to define objectives for 2030
and beyond on the path to an 80% cut in emissions by 2050, relative to 1990 levels, and
strong action is expected to continue in the region. Renewables continue to grow strongly
across the period, reaching a share in the total energy mix of 35% in 2030 and 43% by 2035.
Biomass represents 60% of renewables use in the European Union in 2035, being widely
used for heating, power generation and transport. By 2035, wind represents the largest
single share of installed electricity generating capacity, 29% higher than that of natural gas.
CO, emissions from new PLDVs reach on-road levels of 50 gCO,/km in 2035, 70% below
current levels.

Russia’s energy-related CO, emissions peak before 2015 in the 450 Scenario, falling from
their 2009 level of 1.5 Gt to 1.1 Gt in 2035. Russia’s target of reducing emissions by 25%,
relative to 1990 levels, is exceeded in the energy sector in the 450 Scenario, where emissions
in 2020 are 29% below their 1990 level. This is partly due to the sharp decline which
occurred in Russia’s emissions after the collapse of the Soviet Union, but policies to improve
energy efficiency and support the deployment of renewables and nuclear power also play
a role. Later in the period, the implementation of a CO, price encourages efficiency and

5. The European Union uses a slightly different methodology to calculate energy statistics than that of the IEA. These figures
are calculated using the EU methodology.
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The International Year of Sustainable Energy for All: can universal
access be achieved without increasing CO, emissions?

2012 has been named the “International Year of Sustainable Energy for All” by the
United Nations General Assembly. This year’s Outlook, again addresses the issue of
energy poverty, focussing on financing in the Energy for All Case (Chapter 13). But the
analysis in that chapter is seen in the context of the New Policies Scenario: it is valuable
also to examine the additional costs imposed by attempting to meet as much as possible
of the electricity needs of the poor through low-carbon sources.® Today 1.3 billion people
lack access to electricity, 84% of whom live in rural areas. Electrification of the urban
poor through low-carbon sources would be extremely difficult, as, broadly speaking,
generation for the national grids in poor countries is largely high-carbon throughout
our projection period, and it is unrealistic to assume all new electrification would come
entirely from low-carbon options due to the high cost. In fact, it is also unnecessary, as
climate goals can be achieved through abatement in countries other than the poorest.

However, rural electrification offers more scope for low-carbon solutions and
they are indeed often more suitable than conventional sources to meet off-grid
demand (due, for example, to cost-effectiveness at small scale). Achieving universal
rural electrification by 2030 with only low-carbon off-grid options, such as solar
photovoltaics, small and mini-hydro, biomass, and wind, would require additional
generation from these sources of 670 TWh in 2030.

The cumulative investment needed to bring this low-carbon electricity to all rural
populations is estimated to be $586 billion between 2010 and 2030. About 60% of
this investment is needed in sub-Saharan Africa and over 20% in India. In our Energy
for All Case, we estimate the costs of rural electrification with a mix of fossil-fuel-
based grid connection and off-grid options to be around $480 billion between 2010
and 2030. In that case, total additional CO, emissions amount to 240 Mt in 2030, with
rural electrification accounting for around 38% of those additional CO, emissions.
For an extra $5 billion a year, rural electrification could be achieved while saving over
90 Mt of CO, emissions in 2030.

strengthened support for low-carbon technologies also contributes. Per-capita emissions fall
only gradually across the period and, at 8.3 tonnes per person in 2035, they are among the
highest of any country, over three-times the global average (see Chapter 9).

Japanese energy-related CO, emissions reach around 520 Mt in 2035 in the 450 Scenario,
less than half the 2009 level and 43% below the level in the New Policies Scenario. Measures
to drive efficiency improvements are the biggest source of this abatement, delivering nearly

6. Since much of the population without access to modern energy sources relies on kerosene for lighting and cooking at
present, the baseline against which the change in emissions as a result of switching to electricity use is not zero-emissions.
Although we cannot quantify this effect, the net result is to reduce the additional emissions resulting from additional grid
connections.
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40% of cumulative abatement, relative to the New Policies Scenario. Renewables account
for almost a quarter of abatement, as their share in generation increases to 31% by 2035,
and CCSis also important, at 19% of cumulative abatement. Despite a fall in its share in the
early years of the period, nuclear power remains very significant in the Japanese energy mix,
accounting for 17% of abatement relative to the New Policies Scenario and reaching 46% of
electricity generation by 2035.

Ten policies account for 42% of abatement, relative to the New Policies Scenario, in 2020 and
54% in 2035 (Table 6.3). These policies are implemented in just five regions —the United States,
the European Union, China, India and Russia. Rapid and stringent implementation of policies
in these countries is vital to the success of the 450 Scenario. Chinese power generation is, due
toits sheer scale and reliance on coal, the largest source of abatement in both 2020 and 2035,
with Chinese industry not far behind. Abatement in these sectors partly reflects government
policies to rebalance the economy, but also ambitious capacity targets for low-carbon energy
sources. Economy-wide CO, pricing, coming into effect from 2020, drives further abatement
later in the period. CO, pricing in the United States, European Union and Russia also plays an
important role by 2035, with reductions achieved in the power and industry sectors, both
domestically and through the purchase of international offset credits.

Sectoral emissions and abatement

The power sector, currently the source of 41% of global energy-related CO, emissions, is
the biggest source of abatement, in the 450 Scenario relative to the New Policies Scenario.
Emission reductions due to fuel-switching to less carbon-intensive generation, power
sector efficiency and reduced electricity demand reach a cumulative 99.0 Gt by 2035, or
two-thirds of total abatement from all sectors (Figure 6.8). Abatement from power generation
is so substantial that by 2035 transport, which currently emits only just over half of the amount
that is emitted by power generation, becomes the largest sectoral source of emissions.
Abatement from buildings and industry, where there is generally less low-cost abatement
potential, accounts for 5% and 10% each of total cumulative abatement from all sectors.

Figure 6.8 o \Xorld energy-related CO, abatement by sector in the
450 Scenario compared with the New Policies Scenario
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The power generation sector plays a crucial role in the 450 Scenario, with emissions declining
by 60% from 2009 levels to reach 4.8 Gt in 2035. The sector’s share of total energy-related
emissions falls from 41% in 2009 to 22% by the end of the Outlook period. The 450 Scenario
reflects a strong policy push towards low-carbon technologies in power generation,
resulting in their share of global electricity generation increasing from one-third in 2009 to
three-quarters in 2035. This transformation occurs mainly thanks to a combination of:

® The introduction of CO, pricing in all OECD countries and several major non-OECD countries.
m Enabling policies for deployment of low-emissions technologies, including nuclear and CCS.
m Higher support for renewables-based electricity generation technologies.

Of the total cumulative global abatement in power generation, relative to the New
Policies Scenario, around 66 Gt comes from power plant efficiency and fuel-switching to

lower-carbon energy sources and technologies, while the remaining 33 Gt of savings are
attributable to reduced demand for electricity from final end-use sectors (Figure 6.9).

Figure 6.9 ® Change in world energy-related CO, emissions from the power
generation sector in the 450 Scenario compared with the New
Policies Scenario

2010 2015 2020 2025 2030 2035
07 M Reduced demand
Renewables
27 Nuclear
4 I CCs
More efficient use of

fossil-fuel plants

&

In the 450 Scenario, emissions from transport peak before 2020 at around 7.3 Gt and then
gradually decline to reach 6.6 Gt in 2035. Improved fuel efficiency is the most significant
factor in reducing emissions, accounting for more than half of the reduction observed in
2035, relative to the New Policies Scenario. In the 450 Scenario, electric vehicles and plug-in
hybrids account for 6% of total light-duty vehicles sales in 2020 (up from less than 0.01%
today) and this share increases to 37% by 2035 (see Chapter 3 for more on electric vehicles
and hybrids). Cumulatively, electric vehicles and plug-in hybrids constitute 14% of all vehicle
sales during the Outlook period. Biofuels are the second-largest contributor to transport
emissions savings in the 450 Scenario, with their share in total transport fuels increasing
from about 2% in 2009 to 13% by 2035, or 7.8 mb/d. In 2035, more than 60% of all biofuels
consumed are advanced biofuels derived from ligno-cellulosic or other non-food crops,
highlighting the need for early investment in research and development to bring these fuels
to commercial viability.
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Table 6.3 o Top ten sources of abatement in the 450 Scenario relative to the New Policies Scenario by policy area
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appliances stock meets highest-available
efficiency standards.
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regulation for more efficient coal.
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buildings as of 2018.
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implementation of standards. Mandatory energy

efficiency labels. 100% of buildings stock has
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International offset projects.
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Table 6.3 o Top ten sources of abatement in the 450 Scenario relative to the New Policies Scenario by policy area (continued)
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In the industry sector, energy demand in the 450 Scenario continues to increase throughout
the Outlook period, with average growth of 1.2% per year. This slowdown relative to the
New Policies Scenario is accompanied by fuel-switching away from coal and oil and towards
electricity (generated in an increasingly decarbonised power sector) and renewables. As a
result, direct emissions from the industry sector decline by 0.2% per year over the Outlook
period, to reach 4.7 Gtin 2035.

Global direct emissions from the buildings sector peak in the 450 Scenario at 3.0 Gt around
2012 and then decline gradually to 2.6 Gt in 2035. The emissions profile in the buildings
sector is influenced heavily by developments in OECD countries, where emissions are
expected to peak in 2010 and decline by 1.1% per year thereafter. In non-OECD countries,
emissions do not start to decline in this sector until around 2020, and then fall on average by
0.2% per year. This is because energy demand in the sector in non-OECD countries is under
countervailing upward pressure from increasing population, increasing average incomes
(driving residential energy demand) and the shift towards tertiary sectors in the growing
economies (driving up services sector demand).

Investment in the 450 Scenario

The global energy sector will require very substantial investment over the next 25 years,
regardless of the path followed; the total investment differs by scenario, but total
investment in energy supply is much larger than the differences between scenarios. In the
450 Scenario, investment in energy supply, including in coal, oil and gas extraction and
transportation, biofuels production and electricity generation, transmission and distribution,
amounts to a cumulative total of $36.5 trillion (in year-2010 dollars) from 2011 to 2035.
This is around 4% less than is required in the New Policies Scenario, with investment in
fossil-fuel supply in the 450 Scenario falling by around $4.6 trillion in total compared with
the New Policies Scenario. This supply-side reduction in investment relative to the New
Policies Scenario is, however, more than offset by an increase in investment in low-carbon
technologies and efficiency measures, both on the supply side and on the demand side. This
includes additional investment by consumers in more energy-efficient and lower-emitting
vehicles and appliances. Overall, additional investment in low-carbon technologies and
energy efficiency in the 450 Scenario, relative to the New Policies Scenario, amounts to a
cumulative $15.2 trillion over the period (Figure 6.10).

Average annual investment in the 450 Scenario, over and above that needed in the New
Policies Scenario, grows fast over time, from just over $160 billion per year in the decade
2011 to 2020 to $1.1 trillion annually by the end of the Outlook period. The increase is due
to the fact that the abatement achieved in 450 Scenario up to 2020, even with action arising
from the Cancun Agreements, leaves much to be accomplished in the later period and at
a higher capital cost per unit of CO, saved. As a result, only 11% (or $1.6 trillion) of total
additional investment is incurred before 2020.

Of the cumulative additional investment in the 450 Scenario relative to the New Policies
Scenario, $6.3 trillion, or over 40%, is needed in the transport sector. Most of this is directed
towards the purchase of more efficient or alternative vehicles. The building sector is the
second-largest recipient of additional investment, amounting to $4.1 trillion (or 27% of
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the total).” Refurbishment of buildings in OECD countries and solar PV installations account
for most of the investment. The decarbonisation of the power sector requires a net additional
$3.1 trillion. About two-thirds of total investment in electricity generation goes to renewable-
based technologies, 14% to nuclear, 8% to plants fitted with CCS and 12% to fossil-fuel plants
not fitted with CCS. Industry invests an additional $1.1 trillion, almost a third of it directed to CCS.

Figure 6.10 e Cumulative energy sector investment by scenario, 2011-2035
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Notes: Investment in solar PV in buildings is attributed to power plants in supply-side investment. Elsewhere, it is
attributed to the buildings sector. T&D = transmission and distribution.

Within power generation, there is some avoided investment in electricity transmission and
distribution lines, totalling about $930 billion. The lower level of electricity demand in the
450 Scenario — achieved through the $2.7 trillion investment made in buildings and industry in
improving efficiency of electricity end-use —leads to a reduction in grid infrastructure investment
of around $1.1 trillion. The increased usage of renewable energy, which requires greater
investment in transmission and distribution than other energy sources (see Chapter 5), adds
nearly $165 billion in the 450 Scenario, partially offsetting the savings due to lower demand.

Mirroring their importance in global abatement relative to the New Policies Scenario, China
and the United States need the largest additional investment — $3.2 trillion and $2.8 trillion
respectively. Non-OECD countries account for almost half of the total cumulative additional
investment relative to the New Policies Scenario, with their share increasing towards the
end of the period in line with their share of abatement.

Other spending in the 450 Scenario: fuel costs and subsidies

The changes in the energy sector to achieve the 450 Scenario have an impact on fuel
expenditure, relative to the New Policies Scenario, as lower international fuel prices interact

7. ltisimportant to note that this investment finances not only the direct abatement from the buildings sector reported
in Figure 6.8, but also a proportion of the indirect abatement through electricity demand reduction due to investment in
more efficient end-use equipment.
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with policies aimed at addressing climate change, such as carbon pricing, fossil-fuel subsidy
removal and support for low-carbon energy sources, and the resulting changes in the structure
of demand. These various forces act together to varying degrees to produce differing effects on
consumer fuel expenditure in different regions. At the global level, the net effect is a reduction
in consumers’ expenditure on energy, with total cumulative savings, relative to the New
Policies Scenario, of $690 billion (in year-2010 dollars) over the period 2011 to 2035.

However, not all regions see savings. Lower international fuel prices and lower demand
might be expected, other things being equal, to lead to lower fuel expenditure by
consumers. But, a number of factors cut across this. We assume that end-use fuel-prices
in the transport sector are kept at a level similar to the Current Policies Scenario through
taxation, in order to avoid a rebound effect, as lower demand would otherwise drive end-
use prices down, thus discouraging efficient behavior. This reduces potential savings to
consumers (although increasing importing countries’ governments’ revenues). Pricing of
CO,, which is intended to reduce demand for carbon-intensive technologies, is assumed
to be passed onto consumers, increasing fuel costs relative to the New Policies Scenario.
At the same time, removal of fossil-fuel subsidies also increases expenditure by end-users
(although simultaneously reducing expenditure by governments). In the Middle East, for
example, expenditure on energy is a cumulative $2.5 trillion higher in the 450 Scenario
than in the New Policies Scenario — subsidies on fossil fuels amount to $4 trillion across the
period, around $2 trillion less than in the New Policies Scenario. China and India, on the
other hand, see total combined savings on energy costs of more than $1.4 trillion over the
Outlook period, $840 billion in China and $600 billion in India.

Global spending on fossil-fuel subsidies is a cumulative $6.3 trillion over the period 2011 to
2035 in the 450 Scenario, $4.1 trillion lower than in the New Policies Scenario. Subsidies for
renewables, meanwhile, are a cumulative $550 billion higher in the 450 Scenario than in the
New Policies Scenario. Again, there is significant regional variation, with China spending a
cumulative $366 billion more on renewable-energy subsidies in the 450 Scenario, compared
with the New Policies Scenario, and making around $62 billion in savings on fossil-fuel
subsidies, while Russia spends around $28 billion more on renewables subsidies over the
period and saves just over $340 billion on fossil-fuel subsidies. As mentioned, the greatest
change is in the Middle East, with an additional $39 billion spent on renewables subsidies,
far outweighed by the $2 trillion reduction in fossil-fuel subsidies.

Benefits of the 450 Scenario

The 450 Scenario, apart from leading to lower adaptation costs than the other scenarios
presented in WEQ-2011 (see, for example, Parry et al., 2009; IPCC, 2007b; Stern, 2006), gives
rise to a number of other benefits, notably in terms of import bills, local pollutants and health
impacts. In the 450 Scenario, crude oil, steam coal and natural gas import prices are much
lower than in the other scenarios, reflecting lower demand. In real terms, the IEA crude oil
import price needed to balance supply and demand reaches $97/barrel (in year-2010 dollars)
in 2020 and remains stable at that level thereafter. The oil price in 2035 is $23/barrel lower
than in the New Policies Scenario. Likewise coal and natural gas prices are much lower in the
450 Scenario than in the New Policies Scenario, with the greatest change being to coal prices,
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which by 2035 are $42/tonne, or 38%, lower in the 450 Scenario (Table 6.4). Lower demand
for oil and gas are also likely to reduce uncertainty in upstream investment and diminish the
volatility in oil and gas markets compared with the New Policies Scenario® (see Chapter 3
for the implications of deferring investment in oil and gas), while energy security is also
enhanced by diversification of the energy mix which reduces import dependence.

Table 6.4 o Fossil-fuel import prices in the 450 Scenario (2010 dollars per unit)

Unit 2010 2020 2035 cp:]::f:zf(r,?:
IEA crude oil imports barrel 78.1 97.0 97.0 -19%
OECD steam coal imports tonne 99.2 93.3 67.7 -38%
Natural gas - Europe MBtu 75 9.8 9.4 -22%
Natural gas - Pacific MBtu 11.0 12.0 12.1 -15%
Natural gas - North America MBtu 44 6.5 7.8 -8%

Note: NPS = New Policies Scenario.

Lower oil-import requirements and lower international oil prices significantly reduce import
dependence, and reduce oil-import bills in the 450 Scenario, compared with the New
Policies Scenario. Over the whole period, the five-largest importers — China, the European
Union, the United States, India and Japan — collectively spend around $7.4 trillion, or more
than one-fifth, less than in the New Policies Scenario, while all importing countries as a
group spend $9.1 trillion less. These savings increase over time as the impact of efficiency
and diversification measures grows and as the difference between oil prices in the different
scenarios increases.

In some OECD importing countries, oil-import bills are actually lower in 2035 than in 2010.
The oil-import bill in the United States peaks in 2014, at around $350 billion, and declines to
some $130 billion in 2035, less than half 2010 levels. The savings for the United States are
also very large relative to the import bill in the New Policies Scenario — more than $140 billion
in 2035. Among OECD countries, the proportionate impact on the import bill is highest in
the United States, but the reduction in other countries is also marked (Figure 6.11). In the
European Union, import bills peak around 2015, at $340 billion, and decline steadily to just
over $230 billion in 2035, again lower than the 2010 level, while import bills in Japan in the
450 Scenario are also well below their 2010 level by 2035. Nonetheless, the revenues of oil-
exporting countries are projected to grow in the 450 Scenario: and OPEC countries’ revenues
are projected to be almost three-times higher in the period 2011 to 2035 than they were
in the period 1985 to 2010, at a cumulative $25 trillion over the period 2011 to 2035. This
compares to cumulative revenues of $32 trillion in the New Policies Scenario.

8. Lower levels of international fossil-fuel prices do not always imply lower end-user prices compared to the New Policies
Scenario. Subsidies removal, the introduction of CO, prices, and the shift towards more costly electricity generation
options tend to increase end-user prices, cancelling or tempering the decline in international prices at the end-user level.

Chapter 6 - Climate change and the 450 Scenario 227




© OECDI/IEA, 2011

Figure 6.11 e Oil-import bills in selected regions by scenario
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Lower fossil-fuel consumption in the 450 Scenario reduces local pollution. Noxious emissions
from the burning of fossil fuels, and particularly fine particles (or particulate matter) have
a significant health impact — exposure to these emissions induces increased respiratory
disease and shortens life expectancy. A commonly used measure is the number of years
of life lost, obtained by multiplying the number of people exposed to the pollutants by
its impact in terms of the reduced life expectancy, measured in years. On this basis, fine
particles caused the loss of about 1.3 billion life years in China and 570 million in India in
2009. In the 450 Scenario, by 2035 this number drops by 18% in China. In India it increases
by 81%, but is still 21% lower than in the New Policies Scenario. This has implications
for health-related costs, often borne by government sources, as well as for productivity
(IIASA, 2011). The global cost of pollution control, including of particulate matter, reaches
around $430 billion in 2035, or just over $125 billion lower than the cost in the same year
in the New Policies Scenario. Over the period as a whole, this represents a saving of almost
$1.3 trillion, relative to the New Policies Scenario (Table 6.5).

Table 6.5 e Cost of pollution control by region and scenario ($2010 billion)

New Policies Scenario Current Policies Scenario 450 Scenario

2020 2035 2020 2035
United States 68 86 91 90 100 85 67
European Union 77 107 109 110 121 103 92
Other OECD 51 66 69 67 75 63 52
Russia 7 13 17 13 18 12 13
China 39 87 115 90 133 82 86
India 5 11 28 12 31 11 21
Middle East 10 20 29 21 34 19 22
Other non-OECD 40 74 98 76 106 69 75
World 296 465 555 479 617 443 428

Source: IIASA (2011).

228 World Energy Outlook 2011 - GLOBAL ENERGY TRENDS



© OECDI/IEA, 2011

Implications of delayed action

This section discusses the implications for the energy sector if action to intensify policy
measures and deploy low-carbon technology is delayed, despite adherence to the long-term
objective of limiting temperature increase to 2°C. The present slow pace of international
negotiations towards a global architecture to tackle emissions makes it important to
understand the implications of each year of delay. Most important is the way investment
in the built-in infrastructure of energy assets locks in the situation for years to come.
Lock-in is a problem that is widely discussed, but not yet widely understood, although
increasing attention is being paid to quantification of this issue.® Through a sector-by-sector
analysis, covering power generation, industry, transport and buildings, we have quantified
the emissions projected to come from the energy infrastructure now existing and that
under construction — the lock-in.?® For the first time, we present a quantification of the
costs and implications of delaying action. We then analyse the implications for achieving
a 450 Scenario of a ten-year delay in the roll-out of CCS. Both analyses point to a clear
conclusion: actions being currently taken are insufficient, costs are rising and time is running
out very fast.

Lock-in in the energy sector

In the 450 Scenario presented so far, we assume that an international climate agreement
is reached quickly and that governments vigorously enact policies — such as CO, pricing and
support for low-carbon technologies — which are strong enough to steer the energy sector
onto a steep decarbonisation path. This new, intensive action is implemented as early as
2013 in all OECD countries and within this decade for other large emitters. Pricing emissions,
as in the 450 Scenario, leads to rapid transformation across all sectors and, in some sectors —
like the power and industry sectors —the CO, price leads to actions such as early retirement,
refurbishment, or retrofitting, which are economic under the new circumstances.

The current pace of international negotiations is unlikely to produce an early international
agreement, and only a few countries have put in place a clear framework adequate to
incentivise investment in low-carbon infrastructure. In this situation, investment decisions
will tend to reinforce a carbon-intensive infrastructure which, when CO, and other negative
externalities are not priced, is often cheaper. The result will be a higher level of emissions
from existing infrastructure over a longer period than the 450 Scenario suggests.

Emissions that will come from the infrastructure that is currently in place or under
construction can be thought of as “locked-in”, because they cannot be avoided without
stringent policy intervention to force premature retirements, costly refurbishment and
retrofitting or letting capacity lie idle to become economic. They are not unavoidable, but
avoiding them does not make economic sense in the current policy context. To examine
the consequences, we pose the following questions, sector-by-sector: What quantity of

9. A quantification of the extent of lock-in in the energy sector (but over a different time period and under differing
assumptions) has been undertaken by Davis et al., (2010).

10. The analysis also covers emissions from fossil-fuel combustion in the agriculture, non-energy use and other energy
sectors.

Chapter 6 - Climate change and the 450 Scenario 229




© OECDI/IEA, 2011

emissions is currently locked-in by existing infrastructure? What quantity of additional
emissions will be locked-in for every year of delay in agreeing to an international climate
framework? What are the additional costs of this delay?

A country-by-country and sector-by-sector analysis of the capital stock in place and under
construction shows that energy-related CO, emissions of 23.9 Gt in 2020 (or nearly 80%
of 2010 emissions) come from power plants, buildings, factories and vehicles already in
place or under construction today (Figure 6.12). Looking further out, the options are, of
course, more open, but still notably constrained: by 2035, this figure is 16.1 Gt (or 53% of
2010 emissions). This is under the assumption that over the Outlook period the existing
infrastructure is allowed to operate as in the New Policies Scenario, i.e. in the absence of
strong new government interventions stemming from an international climate agreement.!
That is, once built, infrastructure is allowed to operate for the term of its economic life
according to the conditions prevailing in place in the New Policies Scenario.

Cumulative emissions over the Outlook period from infrastructure in place and under
construction amount to more than 590 Gt. This is 80% of the total emissions from the energy
sector over the Outlook period consistent with a 450 trajectory. Installations in non-OECD
countries account for 57% of these locked-in emissions.

Figure 6.12 o \Xorld energy-related CO, emissions from locked-in infrastructure
in 2010 and room for manoeuvre to achieve the 450 Scenario
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If infrastructure investments continue in line with the New Policies Scenario beyond today,
the picture would look even bleaker. If strong action to move away from the New Policies
Scenario trajectory were not implemented until 2015, and all infrastructure in place or
under construction in the New Policies Scenario at that point were allowed to operate as in
that scenario, emissions from locked-in infrastructure would represent almost 95% of the

11. This means that policy interventions going beyond what is assumed in the New Policies Scenario could reduce these
emissions. For instance, changes in CO, prices, early retirements, retrofitting, refurbishment, mothballing, fuel-switching (e.g.
from coal to biomass), among others, would reduce the actual emissions below the projected level. Some of these act