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2008

Are world oil and gas supplies under threat? How could a new international accord on
stabilising greenhouse-gas emissions affect global energy markets? World Energy
Outlook 2008 answers these and other burning questions.

WEO0-2008 draws on the experience of another turbulent year in energy markets to
provide new energy projections to 2030, region by region and fuel by fuel. It
incorporates the latest data and policies.

WEO0-2008 focuses on two pressing issues facing the energy sector today:

m Prospects for oil and gas production: How much oil and gas exists and how much
can be produced? Will investment be adequate? Through field-by-field analysis
of production trends at 800 of the world's largest oilfields, an assessment of the
potential for finding and developing new reserves and a bottomup analysis of
upstream costs and investment, WE0-2008 takes a hard look at future global oil
and gas supply.

® Post-2012 climate scenarios: What emissions limits might emerge from current
international negotiations on climate change? What role could cap-and-trade and
sectoral approaches play in moving to a low-carbon energy future? Two different
scenarios are assessed, one in which the atmospheric concentration of emissions is
stabilised at 550 parts per million (ppm) in CO, equivalent terms and the second
at the still more ambitious level of 450 ppm. The implications for energy demand,
prices, investment, air pollution and energy security are fully spelt out. This ground-
breaking analysis will enable policy makers to distill the key choices as they strive
to agree in Copenhagen in 2009 on a post-Kyoto climate framework.

With extensive data, detailed projections and in-depth analysis, WEO-2008 provides
invaluable insights into the prospects for the global energy market and what they mean
for climate change.
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INTERNATIONAL ENERGY AGENCY

The International Energy Agency (IEA) is an autonomous body which was established in November
1974 within the framework of the Organisation for Economic Co-operation and Development
(OECD) to implement an international energy programme.

It carries out a comprehensive programme of energy co-operation among twenty-eight of the
OECD thirty member countries. The basic aims of the IEA are:

I To maintain and improve systems for coping with oil supply disruptions.

I To promote rational energy policies in a global context through co-operative relations with
non-member countries, industry and international organisations.

I Tooperate a permanent information system on the international oil market.

I To improve the world’s energy supply and demand structure by developing alternative
energy sources and increasing the efficiency of energy use.
I Topromote international collaboration on energy technology.

I Toassist in the integration of environmental and energy policies.

The IEA member countries are: Australia, Austria, Belgium, Canada, Czech Republic, Denmark,
Finland, France, Germany, Greece, Hungary, Ireland, Italy, Japan, Republic of Korea, Luxembourg,
Netherlands, New Zealand, Norway, Poland, Portugal, Slovak Republic, Spain, Sweden, Switzerland,
Turkey, United Kingdom and United States. The European Commission also participates in the
work of the |EA.

ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT

The OECD is a unique forum where the governments of thirty democracies work together to
address the economic, social and environmental challenges of globalisation. The OECD is also at
the forefront of efforts to understand and to help governments respond to new developments
and concerns, such as corporate governance, the information economy and the challenges of an
ageing population. The Organisation provides a setting where governments can compare policy
experiences, seek answers to common problems, identify good practice and work to co-ordinate
domestic and international policies.

The OECD member countries are: Australia, Austria, Belgium, Canada, Czech Republic, Denmark,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Republic of Korea,
Luxembourg, Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Slovak Republic,
Spain, Sweden, Switzerland, Turkey, United Kingdom and United States.

The European Commission takes part in the work of the OECD.
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Out of the turmoil of the energy markets of the last 12 months and our evaluation of
future influences on the sector has emerged a new underlying price assumption for the
World Energy Outlook — an oil price through to 2030 which nudges twice the level in
WEOQ-2007. The era of cheap oil is over.

This alone should be enough to make policy makers sit up. But so should the results
set out in this volume. On present trends, just to replace the oil reserves that will be
exhausted and to meet the growth in demand, between now and 2030 we will need
64 mb/d of new oil-production capacity, six times the size of Saudi Arabia’s capacity
today. The big resources lie, increasingly, in a few countries, whose share of the world
market climbs inexorably. The international oil companies have diminishing access to
these reserves. Investment per barrel of oil produced has shot up. But big producers are
becoming so wealthy that they are losing the incentive to invest. Though the resources
are there, the world will struggle to satisfy its thirst for oil, even at today’s prices.

Consumers and producers are not at loggerheads. Producers have a sovereign right to
determine what pace of development of their resources is in their national interest.
Consumers respect this, though they also expect commitments to be met. But in any
case, demand is booming in Middle East countries, too: they account for 20% of oil
demand growth over the period to 2030. If prices rise still higher, they will drive even
faster the search for non-oil solutions in OECD countries and oil-importing countries
elsewhere.

High oil prices do, over time, serve one purpose now almost unanimously accepted
worldwide: to cut greenhouse-gas emissions to levels which will not cause irreparable
damage to the world’s climate. Relative to WEQ-2007, this year’s figures show lower
global fossil-fuel energy use and greenhouse-gas emissions. But, despite the price
changes, the reduction is nowhere near enough. Global energy-related greenhouse-gas
emissions still increase by 45% by 2030.

This situation can be changed. Negotiators at Copenhagen in 2009 will seek to do that.
Energy is a big part of the total climate change picture — over 60% of greenhouse-gas
emissions come from energy production and use — but still only part. We show here
how energy relates to the total picture and, in detail, how to go about making the
energy future sustainable as part of a global climate solution. All nations would need
to be involved, in a fair and proportionate manner.

We have two options. We can accept as broadly inevitable the outcome portrayed here
in the first part of our analysis, which shows the destination of the course on which we
are now set; and prepare ourselves to adapt to that uncertain even alarming, future.
This path would lead to possible energy-related conflict and social disruption. Or we
can plan and implement a new course, drawing on a united determination on the part
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of governments and action by committed citizens across the globe. The International
Energy Agency sets out here what needs to be done to arrive at a supportable and
sustainable future. The IEA will work with all nations, member countries and non-
member countries alike, to help effect the necessary changes. For those who wish to
see, this WEO points the way.

As last year, | pay tribute to Fatih Birol, who has conceived and directed this analysis,
his team and the many others who have contributed. The calibre of their work matches,
in depth, the profundity of the problems.

Nobuo Tanaka
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

The world’s energy system is at a crossroads. Current global trends in energy supply
and consumption are patently unsustainable — environmentally, economically,
socially. But that can — and must — be altered; there’s still time to change the
road we’re on. It is not an exaggeration to claim that the future of human prosperity
depends on how successfully we tackle the two central energy challenges facing us
today: securing the supply of reliable and affordable energy; and effecting a rapid
transformation to a low-carbon, efficient and environmentally benign system of energy
supply. What is needed is nothing short of an energy revolution. This World Energy
Outlook demonstrates how that might be achieved through decisive policy action and
at what cost. It also describes the consequences of failure.

Oil is the world’s vital source of energy and will remain so for many years to come,
even under the most optimistic of assumptions about the pace of development
and deployment of alternative technology. But the sources of oil to meet rising
demand, the cost of producing it and the prices that consumers will need to pay for
it are extremely uncertain, perhaps more than ever. The surge in prices in recent
years culminating in the price spike of 2008, coupled with much greater short-term
price volatility, have highlighted just how sensitive prices are to short-term market
imbalances. They have also alerted people to the ultimately finite nature of oil (and
natural gas) resources. In fact, the immediate risk to supply is not one of a lack of global
resources, but rather a lack of investment where it is needed. Upstream investment
has been rising rapidly in nominal terms, but much of the increase is due to surging
costs and the need to combat rising decline rates — especially in higher-cost provinces
outside of OPEC. Today, most capital goes to exploring for and developing high-cost
reserves, partly because of limitations on international oil company access to the
cheapest resources. Expanding production in the lowest-cost countries will be central
to meeting the world’s needs at reasonable cost in the face of dwindling resources in
most parts of the world and accelerating decline rates everywhere.

Preventing catastrophic and irreversible damage to the global climate ultimately
requires a major decarbonisation of the world energy sources. On current trends,
energy-related emissions of carbon-dioxide (CO,) and other greenhouse gases will rise
inexorably, pushing up average global temperature by as much as 6°C in the long term.
Strong, urgent action is needed to curb these trends. The 15th Conference of the
Parties, to be held in Copenhagen in November 2009, provides a vital opportunity to
negotiate a new global climate-change policy regime for beyond 2012 (the final year
of coverage of the first commitment period of the Kyoto Protocol). The conference
will need to put in place a framework for long-term co-operative action to bring the
world onto a well-defined policy path towards a clear, quantified global goal for the
stabilisation of greenhouse gases in the atmosphere. It will also need to ensure broad
participation and put in place robust policy mechanisms to achieve the agreed objective.
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The energy sector will have to play the central role in curbing emissions — through
major improvements in efficiency and rapid switching to renewables and other low-
carbon technologies, such as carbon capture and storage (CCS).

Securing energy supplies and speeding up the transition to a low-carbon energy
system both call for radical action by governments — at national and local levels,
and through participation in co-ordinated international mechanisms. Households,
businesses and motorists will have to change the way they use energy, while
energy suppliers will need to invest in developing and commercialising low-carbon
technologies. To make this happen, governments have to put in place appropriate
financial incentives and regulatory frameworks that support both energy-security and
climate-policy goals in an integrated way. Removing subsidies on energy consumption,
which amounted to a staggering $310 billion in the 20 largest non-OECD countries in
2007, could make a major contribution to curbing demand and emissions growth. High
international oil prices, by deterring consumption and encouraging more efficient
demand-side technologies, push in the same direction, but only at the expense of
economic growth and of living standards in consuming countries, both rich and poor.
And some of the alternatives to conventional oil that high prices encourage are
even more carbon-intensive. Many countries have made progress in crafting national
responses, but much more needs to be done. A new international climate agreement
is but a first essential step on the road towards a sustainable energy system; effective
implementation is just as crucial. Delay in doing either would increase the eventual
cost of meeting any given global climate target.

More of the same: a vision of a laisser-faire fossil-energy future

In our Reference Scenario, world primary energy demand grows by 1.6% per year on
average in 2006-2030, from 11 730 Mtoe to just over 17 010 Mtoe — an increase of
45%. To illustrate the course on which we are set, this scenario embodies the effects of
those government policies and measures that were enacted or adopted up to mid-2008,
but not new ones. This provides a baseline against which we can quantify the extent
to which we need to change course. Demand grows at a slower rate than projected in
WEO-2007, mainly due to higher energy prices and slower economic growth, especially
in OECD countries. Fossil fuels account for 80% of the world’s primary energy mix in
2030 — down slightly on today. Oil remains the dominant fuel, though demand for coal
rises more than demand for any other fuel in absolute terms. The share of the world’s
energy consumed in cities — an estimated 7 900 Mtoe in 2006 — grows from two-thirds
to almost three-quarters in 2030.

Due to continuing strong economic growth, China and India account for just over half
of the increase in world primary energy demand between 2006 and 2030. Middle
East countries strengthen their position as an important demand centre, contributing
a further 11% to incremental world demand. Collectively, non-OECD countries account
for 87% of the increase. As a result, their share of world primary energy demand rises
from 51% to 62%. Their energy consumption overtook that of the OECD in 2005.

Global primary demand for oil (excluding biofuels) rises by 1% per year on average,
from 85 million barrels per day in 2007 to 106 mb/d in 2030. However, its share
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of world energy use drops, from 34% to 30%. Oil demand in 2030 has been revised
downwards by 10 mb/d since last year’s Outlook, reflecting mainly the impact of
much higher prices and slightly slower GDP growth, as well as new government policies
introduced in the past year. All of the projected increase in world oil demand comes
from non-OECD countries (over four-fifths from China, India and the Middle East);
OECD oil demand falls slightly, due largely to declining non-transport oil demand.
Global demand for natural gas grows more quickly, by 1.8% per year, its share in total
energy demand rising marginally, to 22%. Most of the growth in gas use comes from the
power-generation sector. World demand for coal advances by 2% a year on average,
its share in global energy demand climbing from 26% in 2006 to 29% in 2030. Some
85% of the increase in global coal consumption comes from the power sector in China
and India. The share of nuclear power in primary energy demand edges down over
the Outlook period, from 6% today to 5% in 2030 (its share of electricity output drops
from 15% to 10%), reflecting the consistency of our rule not to anticipate changes
in national policies — notwithstanding a recent revival of interest in nuclear power.
Nuclear output nonetheless increases in absolute terms in all major regions except
OECD Europe.

Modern renewable technologies grow most rapidly, overtaking gas to become the
second-largest source of electricity, behind coal, soon after 2010. Falling costs as
renewable technologies mature, assumed higher fossil-fuel prices and strong policy
support provide an opportunity for the renewable industry to eliminate its reliance on
subsidies and to bring emerging technologies into the mainstream. Excluding biomass,
non-hydro renewable energy sources — wind, solar, geothermal, tide and wave energy
— together grow faster than any other source worldwide, at an average rate of 7.2%
per year over the projection period. Most of the increase occurs in the power sector.
The share of non-hydro renewables in total power generation grows from 1% in 2006
to 4% in 2030. Hydropower output increases, though its share of electricity drops
two percentage points to 14%. In the OECD, the increase in renewables-based power
generation exceeds that in fossil-based and nuclear power generation combined.

Massive investments in energy infrastructure will be needed

The Reference Scenario projections call for cumulative investment of over
$26 trillion (in year-2007 dollars) in 2007-2030, over $4 trillion more than posited
in WEO-2007. The power sector accounts for $13.6 trillion, or 52% of the total. Most
of the rest goes to oil and gas, mainly for exploration and development and mostly
in non-OECD regions. Unit capital costs, especially in the oil and gas industry, have
continued to surge in the last year, leading to an upward revision in our assumed costs
for the projection period. That increase outweighs the slower projected expansion of
the world energy system. The current financial crisis is not expected to affect long-
term investment, but could lead to delays in bringing current projects to completion,
particularly in the power sector. Just over half of projected global energy investment
in 2007-2030 goes simply to maintain the current level of supply capacity: much of the
world’s current infrastructure for supplying oil, gas, coal and electricity will need to
be replaced by 2030. To provide adequate assurances about the circumstances that
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will govern future investment in energy-supply infrastructure, negotiations need to be
concluded urgently on an international agreement on combating climate change and
the implications for national policies quickly assessed.

These projections are based on the assumption that the IEA crude oil import price
averages $100 per barrel (in real year-2007 dollars) over the period 2008-2015,
rising to over $120 in 2030. This represents a major upward adjustment from last
year’s Outlook, reflecting the higher prices for near-term physical delivery and for
futures contracts, as well as a reassessment of the prospects for the cost of oil supply
and the outlook for demand. In nominal terms, prices double to just over $200 per
barrel in 2030. However, pronounced short-term swings in prices are likely to remain
the norm and temporary price spikes or sharp falls cannot be ruled out. Prices are
likely to remain highly volatile, especially in the next year or two. A worsening of the
current financial crisis would most likely depress economic activity and, therefore, oil
demand, exerting downward pressure on prices. Beyond 2015, we assume that rising
marginal costs of supply exert upward pressure on prices through to the end of the
projection period.

Combined with our oil-demand projections, these assumptions point to persistently
high levels of consumer spending on oil in both OECD and non-OECD countries. As a
share of world GDP at market exchange rates, spending soared from 1% in 1998 to around
4% in 2007, with serious adverse implications for the economies of consuming countries.
That share is projected to stabilise at more than 5% over much of the Outlook period. For
non-OECD countries, the share averages 6% to 7%. The only time the world has ever spent
so much of its income on oil was in the early 1980s, when it exceeded 6%. On the other
hand, OPEC oil and gas export revenues jump from under $700 billion in 2006 to over
$2 trillion in 2030, with their share of world GDP rising from 1.2% to 2%.

Most incremental oil and gas will come from OPEC - if they invest
enough

World oil supply is projected to rise from 84 mb/d in 2007 to 106 mb/d in 2030 in
the Reference Scenario. Netting out processing gains in refining, global production
reaches 104 mb/d. Although global oil production in total is not expected to peak
before 2030, production of conventional oil — crude oil, natural gas liquids (NGLs)
and enhanced oil recovery (EOR) — is projected to level off towards the end of the
projection period. Conventional crude oil production alone increases only modestly
over 2007-2030 — by 5 mb/d — as almost all the additional capacity from new oilfields
is offset by declines in output at existing fields. The bulk of the net increase in total
oil production comes from NGLs (driven by the relatively rapid expansion in gas supply)
and from non-conventional resources and technologies, including Canadian oil sands.

The bulk of the increase in world oil output is expected to come from OPEC countries,
their collective share rising from 44% in 2007 to 51% in 2030. Their reserves are, in
principle, large enough (and development costs low enough) for output to grow faster
than this. But investment by these countries is assumed to be constrained by several
factors, including conservative depletion policies and geopolitics. Saudi Arabia remains
the world’s largest producer throughout the projection period, its output climbing
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from 10.2 mb/d in 2007 to 15.6 mb/d in 2030. Non-OPEC conventional oil production is
already at plateau and is projected to start to decline by around the middle of the next
decade, accelerating through to the end of the projection period. Production has already
peaked in most non-OPEC countries and will peak in most others before 2030. Falling
crude oil and NGLs production is largely offset by rising non-conventional output, which
keeps total non-OPEC output broadly flat over the second half of the projection period.
Conventional capacity, net of natural production declines at existing fields, is set to grow
in the near term, but dwindling new discoveries and a fall in the size of new fields are
expected to drive up marginal development costs, leading to a drop in output.

The projected increase in global oil output hinges on adequate and timely
investment. Some 64 mb/d of additional gross capacity — the equivalent of almost
six times that of Saudi Arabia today — needs to be brought on stream between
2007 and 2030. Some 30 mb/d of new capacity is needed by 2015. There remains a
real risk that under-investment will cause an oil-supply crunch in that timeframe. The
current wave of upstream investment looks set to boost net oil-production capacity in
the next two to three years, pushing up spare capacity modestly. However, capacity
additions from current projects tail off after 2010. This largely reflects the upstream
development cycle: many new projects will undoubtedly be sanctioned in the near
term as oil companies complete existing projects and move on to new ones. But the
gap now evident between what is currently being built and what will be needed to
keep pace with demand is set to widen sharply after 2010. Around 7 mb/d of additional
capacity (over and above that from all current projects) needs to be brought on stream
by 2015, most of which will need to be sanctioned within the next two years, to avoid
a fall in spare capacity towards the middle of the next decade.

Production of natural gas is also set to become more concentrated in the most
resource-rich regions. Some 46% of the projected growth in world gas production in
2006-2030 comes from the Middle East, its output tripling to around 1 trillion cubic
metres (tcm) by 2030. About 60% of the region’s incremental output is consumed
locally, mainly in power stations. Most of the remaining increase in world output is
provided by Africa and Russia. If investments in these countries falter, lower gas supply
could lead to greater reliance on coal and higher CO, emissions.

The world is not running short of oil or gas just yet

The world’s total endowment of oil is large enough to support the projected rise in
production beyond 2030 in the Reference Scenario. Estimates of remaining proven
reserves of oil and NGLs range from about 1.2 to 1.3 trillion barrels (including about
0.2 trillion barrels of non-conventional oil). They have almost doubled since 1980. This
is enough to supply the world with oil for over 40 years at current rates of consumption.
Though most of the increase in reserves has come from revisions made in the 1980s in
OPEC countries rather than from new discoveries, modest increases have continued
since 1990, despite rising consumption. The volume of oil discovered each year on
average has been higher since 2000 than in the 1990s, thanks to increased exploration
activity and improvements in technology, though production continues to outstrip
discoveries (despite some big recent finds, such as in deepwater offshore Brazil).
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Ultimately recoverable conventional oil resources, which include initial proven and
probable reserves from discovered fields, reserves growth and oil that has yet to
be found, are estimated at 3.5 trillion barrels. Only a third of this total, or 1.1 trillion
barrels, has been produced up to now. Undiscovered resources account for about a third
of the remaining recoverable oil, the largest volumes of which are thought to lie in the
Middle East, Russia and the Caspian region. Non-conventional oil resources, which have
been barely developed to date, are also very large. Between 1 and 2 trillion barrels of oil
sands and extra-heavy oil may be ultimately recoverable economically. These resources
are largely concentrated in Canada (mainly in Alberta province) and Venezuela (in the
Orinoco Belt). The total long-term potentially recoverable oil-resource base, including
extra-heavy oil, oil sands and oil shales (another largely undeveloped, though costly
resource), is estimated at around 6.5 trillion barrels. Adding coal-to-liquids and gas-to-
liquids increases this potential to about 9 trillion barrels.

Globally, natural gas resources are large, but, like oil, are highly concentrated in a
small number of countries and fields. Remaining proven reserves amount to 180 tcm
— equal to around 60 years of current production. Three countries — Russia, Iran and
Qatar — hold 56% of the world’s reserves, while just 25 fields worldwide hold almost
half. OPEC countries also hold about half. Remaining reserves have more than doubled
since 1980, with the biggest increases coming from the Middle East. Although the size
of gas discoveries has been steadily declining in recent decades in the same way as
for oil, discoveries continue to exceed production. Ultimately recoverable remaining
resources of conventional natural gas, including remaining proven reserves, reserves
growth and undiscovered resources, could amount to well over 400 tcm. Cumulative
production to 2007 amounts to less than one-sixth of total initial resources. Non-
conventional gas resources — including coalbed methane, tight gas sands and gas shales
— are much larger, amounting perhaps to over 900 tcm, with 25% in the United States
and Canada combined.

But field-by-field declines in oil production are accelerating...

Globally, oil resources might be plentiful, but there can be no guarantee that
they will be exploited quickly enough to meet the level of demand projected in
our Reference Scenario. One major uncertainty concerns the rate at which output
from producing oilfields declines as they mature. This is a critical determinant of the
amount of new capacity and investment that will be needed globally to meet projected
demand. The findings of a detailed field-by-field analysis of the historical production
trends of 800 fields, set out in Part B of this Outlook, indicate that observed decline
rates (the observable fall in production) are likely to accelerate in the long term in
each major world region. This results from a fall in the average size of field and, in
some regions, an increase in the share of production that is expected to come from
offshore fields. Our analysis demonstrates that, in general, the larger a field’s reserves,
the lower the peak relative to reserves and the slower the decline once the field has
passed its peak. Rates are also lower for onshore than offshore (especially deepwater)
fields. Investment and production policies also affect decline rates.
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We estimate that the average production-weighted observed decline rate worldwide
is currently 6.7% for fields that have passed their production peak. In our Reference
Scenario, this rate increases to 8.6% in 2030. The current figure is derived from our
analysis of production at 800 fields, including all 54 super-giants (holding more than 5
billion barrels) in production today. For this sample, the observed post-peak decline
rate averaged across all fields, weighted by their production over their whole lives, was
found to be 5.1%. Decline rates are lowest for the biggest fields: they average 3.4% for
super-giant fields, 6.5% for giant fields and 10.4% for large fields. Observed decline rates
vary markedly by region; they are lowest in the Middle East and highest in the North Sea.
This reflects, to a large extent, differences in the average size of fields, which in turn is
related to the extent to which overall reserves are depleted and whether they are located
onshore or offshore. Adjusting for the higher decline rates of smaller fields explains the
higher estimated decline rate for the world, compared with that based on our dataset.

Natural, or underlying, decline rates are about a third higher on average than observed
decline rates, though the difference varies across regions reflecting differences
in investment. (The natural decline rate strips out the effects of ongoing and periodic
investment.) For the world as a whole, it is estimated at 9% for post-peak fields. In other
words, the decline in production from existing fields would have been around one-third
faster had there been no capital spending on those fields once they had passed their peak.
Our Reference Scenario projections imply an increase in the global average natural decline
rate to around 10.5% per year by 2030 (almost two percentage points higher than the
observed rate), as all regions experience a drop in average field size and most see a shift
in production to offshore fields over the projection period. This means that total upstream
investment in some countries will need to rise, in some cases significantly, just to offset this
faster decline. The implications are far-reaching: investment in 1 mb/d of additional capacity
— equal to the entire capacity of Algeria today — is needed each year by the end of the
projection period just to offset the projected acceleration in the natural decline rate.

...and barriers to upstream investment could constrain global oil supply

Faster natural decline rates will mean a need for more upstream investment, both
in existing fields (to combat natural decline) and in new fields (to offset falling
production from existing fields and to meet rising demand). In fact, total upstream
investment (in oil and gas fields) has been rising rapidly in recent years, more than tripling
between 2000 and 2007 to $390 billion in nominal terms. Most of this increase was to
meet higher unit costs: in cost-inflation adjusted terms, investment in 2007 was 70% higher
than in 2000. Worldwide, upstream costs rose on average by an estimated 90% between
2000 and 2007 and by a further 5% in the first half of 2008, according to the IEA Index of
Upstream Capital Costs. Most of the increase occurred in 2004-2007. Based on the plans of
50 of the world’s largest companies surveyed for this Outlook (accounting for more than
three-quarters of world oil and gas production), global upstream oil and gas investment
is expected to continue to rise, to just over $600 billion in nominal terms by 2012 — an
increase of more than half over 2007. If costs level off, as assumed, real spending in the
five years to 2012 would grow by 9% per year — about the same rate as in the previous
seven years.
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The Reference Scenario projections imply a need for cumulative investment in
the upstream oil and gas sector of around $8.4 trillion (in year-2007 dollars) over
2007-2030, or $350 billion per year on average. That is significantly less than is
currently being spent. This is due to a major shift in where that investment is needed.
Much more capital needs to go to the resource-rich regions, notably the Middle East,
where unit costs are lowest. In short, the opportunities for international companies
to invest in non-OPEC regions will diminish as the resource base contracts, eventually
leaving the countries holding the bulk of the world’s remaining oil and gas reserves to
take on a larger burden of investment, either directly through their national companies
or indirectly, in partnership with foreign investors. It cannot be taken for granted
that these countries will be willing to make this investment themselves or to attract
sufficient foreign capital to keep up the necessary pace of investment.

Stronger oil company partnerships could bring mutual benefits

Major structural changes are underway in the upstream oil and gas industry, with
the national companies playing an increasingly dominant role. In the Reference
Scenario, they account for about 80% of total incremental production of both oil and gas
between 2007 and 2030. In most of the countries with the largest oil and gas reserves,
national companies dominate the upstream industry and foreign companies are either
not allowed to own and develop reserves or are subject to tight restrictions. Higher
oil prices and a growing conviction among political leaders that national companies
serve the nation’s interests better than private and foreign oil companies have boosted
the confidence and aspirations of national companies, some of them rivalling the
international companies for technical capability and efficiency. The international oil
companies, which have traditionally dominated the global oil and gas industry, are
increasingly being squeezed by the growing power of the national companies and by
dwindling reserves and production in accessible mature basins outside OPEC countries.
The super-majors have been struggling to replace their proven reserves and expand
production, while the share of their cash earnings that is returned to shareholders has
been growing.

How the structure of the global oil and gas industry evolves in the coming decades
will have important implications for investment, production capacity and prices.
The increasing dominance of national companies may make it less certain that the
investment projected in this Outlook will actually be made. The long-term policies
of some major resource-rich countries in support of national goals may lead to slower
depletion of their resources. Although some national companies, like Saudi Aramco,
perform strongly in most areas, others may be less well placed to address the financing,
technical and managerial challenges of bringing new upstream capacity on stream.
Partnerships between the national and international companies could help address
these challenges. The mutual benefits that could accrue are compelling: the national
companies control most of the world’s remaining reserves, but some lack the technology
and skilled personnel to do much more than simply maintain existing producing assets;
the international companies are opportunity-constrained, but have the management
skills and technology to help national companies develop their reserves.
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Oil-rich African countries have no excuse for their citizens’ energy
poverty

A number of sub-Saharan African countries hold large oil and gas resources, which are
expected to underpin strong growth in their production and exports in the coming
two decades or so. Conventional oil production in the ten largest hydrocarbon-producing
countries in sub-Saharan Africa reached 5.6 mb/d in 2007, of which 5.1 mb/d was
exported. In the Reference Scenario, output rises to 7.4 mb/d and oil exports to 6.4 mb/d
in 2030. Gas production in these countries increases more than four-fold, from 36 billion
cubic metres in 2006 to 163 bcm in 2030, with most of the increase going to export.
These projections hinge on a reduction in gas flaring, adequate investment and avoiding
disruptions to supplies through civil unrest. Cumulative government revenues from oil and
gas output (from royalties and taxes) in these ten countries are projected, in aggregate,
to total $4 trillion over 2007-2030. Nigeria and Angola remain the largest exporters, with
combined cumulative government revenues of about $3.5 trillion. Taxes on oil and gas
production account for more than 50% of total government revenues in most of the oil- and
gas-rich sub-Saharan African countries.

Despite the vast hydrocarbon wealth of these ten countries, most of their citizens
remain poor. As a result, household use of modern energy services is very limited. Two-
thirds of households do not have access to electricity and three-quarters do not have
access to clean fuels for cooking, relying instead on fuelwood and charcoal. Unless there
are major government initiatives to address this problem, the number of electricity-
deprived people is projected to increase over the projection period, as the population
grows. And more than half of the total population of these countries still relies on
fuelwood and charcoal for cooking in 2030.

Tackling energy poverty is well within these countries’ means, but major
institutional reforms are needed. We estimate the capital cost of providing minimal
energy services (electricity and liquefied petroleum gas stoves and cylinders) to these
households over the Outlook period to be about $18 billion. This is equivalent to only
0.4% of cumulative government revenues from oil and gas. An improvement in the
efficiency and transparency of revenue allocation and the accountability of governments
in the use of public funds would improve the likelihood that oil and gas revenues are
actually used to alleviate poverty generally and energy poverty specifically.

The consequences for the global climate of policy inaction
are shocking

The projected rise in emissions of greenhouse gases in the Reference Scenario puts
us on a course of doubling the concentration of those gases in the atmosphere by
the end of this century, entailing an eventual global average temperature increase
of up to 6°C. The Reference Scenario trends point to continuing growth in emissions of
CO, and other greenhouse gases. Global energy-related CO, emissions rise from 28 Gt
in 2006 to 41 Gt in 2030 — an increase of 45%. The 2030 projection is only 1 Gt lower
than that projected in last year’s Outlook, even though we assume much higher prices
and slightly lower world GDP growth. World greenhouse-gas emissions, including non-
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energy CO, and all other gases, are projected to grow from 44 Gt CO,-equivalent in
2005 to 60 Gt CO,-eq in 2030, an increase of 35% over 2005.

Three-quarters of the projected increase in energy-related CO, emissions in the
Reference Scenario arises in China, India and the Middle East, and 97% in non-OECD
countries as a whole. On average, however, non-OECD per-capita emissions remain
far lower than those in the OECD. Emissions in the OECD reach a peak after 2020 and
then decline. Only in Europe and Japan are emissions in 2030 lower than today. The
bulk of the increase in global energy-related CO, emissions is expected to come from
cities, their share rising from 71% in 2006 to 76% in 2030 as a result of urbanisation. City
residents tend to consume more energy than rural residents, so they therefore emit
more CO, per capita.

The road from Copenhagen must be paved with more than good
intentions

Strong, co-ordinated action is needed urgently to curb the growth in greenhouse-
gas emissions and the resulting rise in global temperatures. The post-2012 global
climate-change policy regime that is expected to be established at the Copenhagen
conference in 2009 will provide the international framework for that action. With
energy-related CO, accounting for 61% of global greenhouse-gas emissions, the energy
sector will have to be at the heart of discussions on what level of concentration to
aim for and how to achieve it. The target that is set for the long-term stabilisation of
greenhouse-gas concentration will determine the pace of the required transformation
of the global energy system, as well as how stringent the policy responses will need
to be. Successfully meeting that target will hinge on effective implementation.

The choice of global emissions trajectory will need to take into account technological
requirements and costs in the energy sector. The normal cycle of capital replacement
is a key constraint on the speed with which low-carbon technologies can enter into use
without incurring disproportionate cost. The energy sector has a relatively slow rate
of capital replacement in general, due to the long lifetime of much of its capital — for
producing, supply and using energy. As a result, more efficient technologies normally
take many years to spread through the energy sector. It will be necessary to face up to
the reality of the cost of early capital retirement if radical measures are to be taken to
speed up this process so as to deliver deep cuts in emissions. The rate of capital-stock
turnover is particularly slow in the power sector, where large up-front costs and long
operating lifetimes mean that plants that have already been built — and their associated
emissions — are effectively “locked-in”. In the Reference Scenario, three-quarters of the
projected output of electricity worldwide in 2020 (and more than half in 2030) comes
from power stations that are already operating today. As a result, even if all power plants
built from now onwards were carbon-free, CO, emissions from the power sector would
still be only 25%, or 4 Gt, lower in 2020 relative to the Reference Scenario.

Any agreement will need to take into account the importance of a handful of major
emitters. The five largest emitters of energy-related CO, — China, the United States,
the European Union, India and Russia — together account for almost two thirds of
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global CO, emissions; in the Reference Scenario, this proportion is expected to remain
similar in 2020. The contributions to emissions reduction made by China and the United
States will be critical to reaching a stabilisation goal. The scale of the reduction in
energy-related emissions by country or region varies markedly with different levels of
international participation.

The stabilisation goal will determine the scale of the energy
challenge

This Outlook considers two climate-policy scenarios corresponding to long-term
stabilisation of greenhouse-gas concentration at 550 and 450 parts per million of
CO, equivalent. The 550 Policy Scenario equates to an increase in global temperature
of approximately 3°C, the 450 Policy Scenario to a rise of around 2°C. The 550 Policy
Scenario involves a plateauing of greenhouse-gas emissions by 2020 and reductions soon
after. The 450 Policy Scenarios involves much more substantial reductions after 2020.
Even then, emissions overshoot the trajectory needed to meet the 450 ppm CO,-eq
target, requiring greater emissions reductions after 2030. In both scenarios, total
emissions are significantly lower in 2030 in all major emitting countries. To reach either
of these outcomes, hundreds of millions of households and businesses around the world
would need to be encouraged to change the way they use energy. This will require
innovative policies, an appropriate regulatory framework, the rapid development of a
global carbon market and increased investment in energy research, development and
demonstration.

There is a wide range of international policy mechanisms that could be adopted
to meet an agreed climate objective. However, as current political debate shows,
and given practical issues in the energy sector, the reality is that nations adopt the
approach or approaches that best reflect their varied interests and capabilities. This
Outlook analyses the implications for the energy sector of a hybrid policy framework
involving one particular combination of cap-and-trade systems, sectoral agreements
(in the transport and industry sectors) and national policies and measures. Cap-and-
trade systems are assumed to play an important role in the OECD regions. The carbon
price there reaches $90/tonne of CO, in 2030 in the 550 Policy Scenario and $180/tonne
in the 450 Policy Scenario.

In the 550 Policy Scenario, world primary energy demand expands by about 32%
between 2006 and 2030 with the share of fossil fuels falling markedly. Demand
grows on average by 1.2% per year, compared with 1.6% in the Reference Scenario. By
2030, demand is 9% lower than in the Reference Scenario, mainly as a result of efficiency
gains. Global energy-related CO, emissions peak in 2025 and then decline slightly to
33 Gt in 2030, while greenhouse-gas emissions plateau by 2020 and are broadly flat
through to 2030. Both total greenhouse-gas and energy-related CO, emissions are
19% lower in 2030 than in the Reference Scenario. The energy mix in this scenario is
markedly different to that of the Reference Scenario, with fossil fuels losing market
share to renewables and nuclear power. Oil demand rises to 98 mb/d in 2030 — almost
9 mb/d less than in the Reference Scenario. More than half of the oil savings occur
in the transport sector in OECD countries and other major economies, as a result of
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sectoral agreements to reduce emissions from light-duty vehicles and aviation. Oil
prices are around $100 per barrel (in year-2007 dollars) in 2030, 18% lower than in the
Reference Scenario, due to lower demand. OPEC production still increases, to 49 mb/d
in 2030, almost 13 mb/d higher than today (but 4 mb/d less than in the Reference
Scenario). CCS is also deployed more quickly. In 2030, the installed capacity of CCS
plants amounts to over 160 GW worldwide, of which about 70% is in OECD countries.
CCS capacity is negligible in the Reference Scenario.

The 450 Policy Scenario assumes much stronger and broader policy action from
2020 onwards, inducing quicker development and deployment of low-carbon
technologies. Global energy-related CO, emissions are assumed to follow broadly the
same trajectory as in the 550 Policy Scenario until 2020, and then to fall more quickly.
They peak in 2020 at 32.5 Gt and then decline to 25.7 Gt in 2030. This scenario requires
emissions in OECD countries to be reduced by almost 40% in 2030, compared with 2006
levels. Other major economies are required to limit their emissions growth to 20%.
Participation in an international cap-and-trade system is assumed to be broader than
in the 550 Policy Scenario, covering all major emitting countries from 2020 onwards.
Hydropower, biomass, wind and other renewables see faster deployment in power
generation, accounting for 40% of total generation worldwide in 2030. An additional
190 GW of CCS is deployed in the last decade of the projection period compared with
the 550 Policy Scenario.

The scale of the challenge in the 450 Policy Scenario is immense: the 2030
emissions level for the world as a whole in this scenario is less than the level of
projected emissions for non-OECD countries alone in the Reference Scenario. In
other words, the OECD countries alone cannot put the world onto the path to 450-ppm
trajectory, even if they were to reduce their emissions to zero. Even leaving aside any
debate about the political feasibility of the 450 Policy Scenario, it is uncertain whether
the scale of the transformation envisaged is even technically achievable, as the
scenario assumes broad deployment of technologies that have not yet been proven. The
technology shift, if achievable, would certainly be unprecedented in scale and speed of
deployment. Increased public and private spending on research and development in the
near term would be essential to develop the advanced technologies needed to make
the 450 Policy Scenario a reality.

Tackling climate change will require big shifts in spending

The profound shifts in energy demand and supply in the two climate-policy
scenarios call for huge increases in spending on new capital stock, especially in
power plants and in more energy-efficient equipment and appliances. The 550
Policy Scenario requires $4.1 trillion more investment in total between 2010 and 2030
than in the Reference Scenario — equal on average to 0.24% of annual world GDP. Most
of this goes to deploying and improving existing technologies. Investment in power
plants is $1.2 trillion higher, with close to three-quarters of this additional capital
going to OECD countries. Additional expenditures on the demand side are even bigger.
Most of the extra spending is by individuals, who have to pay more for more efficient
cars, appliances and buildings. This extra cost amounts to $17 per person per year
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on average throughout the world. But these investments are accompanied by large
savings on energy bills. Improved energy efficiency lowers fossil-fuel consumption by
a cumulative amount of 22 billion tonnes of oil equivalent over 2010-2030, yielding
cumulative savings of over $7 trillion.

The additional up front expenditures on energy-related capital are, unsurprisingly,
considerably larger in the 450 Policy Scenario. An additional $2.4 trillion needs
to be invested in low- or zero-carbon power-generation capacity and an additional
$2.7 trillion invested in more energy-efficient equipment, appliances and buildings
than in the 550 Policy Scenario. Together, these costs equal on average 0.55% of
annual world GDP. These expenditures are particularly great during the last decade
of the projection period, when CO, emissions fall most rapidly and the marginal cost
of abatement options rises sharply. Galvanising these investments would require clear
price signals (including through a broad-based, efficient carbon market), appropriate
fiscal incentives and well-targeted regulation. At $5.8 trillion, the cumulative savings
on fuel bills are smaller than in the 550 Policy Scenario, because higher electricity
prices offset the bigger energy savings.

The energy future will be very different

For all the uncertainties highlighted in this report, we can be certain that the
energy world will look a lot different in 2030 than it does today. The world energy
system will be transformed, but not necessarily in the way we would like to see. We
can be confident of some of the trends highlighted in this report: the growing weight
of China, India, the Middle East and other non-OECD regions in energy markets and in
CO, emissions; the rapidly increasing dominance of national oil companies; and the
emergence of low-carbon energy technologies. And while market imbalances could
temporarily cause prices to fall back, it is becoming increasingly apparent that the era
of cheap oil is over. But many of the key policy drivers (not to mention other, external
factors) remain in doubt. It is within the power of all governments, of producing and
consuming countries alike, acting alone or together, to steer the world towards a
cleaner, cleverer and more competitive energy system. Time is running out and the
time to act is now.
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INTRODUCTION

Global energy at a crossroads

Purpose and scope of the study

It is not an exaggeration to say that the future of human prosperity hinges on finding a
way of supplying the world’s growing energy needs in a way that does not irreparably
harm the environment. Until recently, it looked as if we had plenty of time to meet
that challenge. No longer. Surging oil and gas prices have drawn attention to the
physical and political constraints on raising production — and the vital importance of
affordable supplies to the world economy. And the latest scientific evidence suggests
that the pace of climate change resulting from man-made emissions of greenhouse
gases — the bulk of which come from burning fossil fuels — is faster than predicted.
The urgent need for a veritable energy revolution, involving a wholesale global shift to
low-carbon technologies, is now widely recognised.

This year’s World Energy Outlook, as in all even-numbered years, provides a
comprehensive update of long-term energy demand and supply projections to 2030,
fuel by fuel and region by region. As a special feature this year, it examines how energy
is used in cities and the implications for the future. The Outlook also takes a detailed
look at the two headline issues that emerge from these projections: the prospects for
oil and gas production, and the policy options for tackling climate change after 2012,
when a new global agreement is due to take effect. The results of these analyses are
intended to provide policy makers, investors and end users with a rigorous quantitative
framework for assessing likely future trends in energy markets and the cost-
effectiveness of new policies to tackle energy-security and environmental concerns.

Last year’s Outlook drew attention to the risk of an oil-supply crunch by the middle of
the next decade, were upstream investment to fall short of requirements, triggering
a jump in prices. The surge in oil prices over the past year reflects, in large part,
market expectations that such a scenario is set to become reality. A growing number
of oil companies and analysts have suggested that oil production may peak within
the next two decades, as a result of limits on the amount of investment that can be
mobilised, rising costs and political and geological factors. Limited exploration activity
is increasing the uncertainties about finding new oilfields; and the rate of decline in
production at existing fields — especially the large, mature fields that have been the
mainstay of global output for several decades — is faster than many believe. How
decline rates at these fields evolve — with or without the deployment of enhanced
recovery techniques — will have major implications for the need to invest in new fields,
which are typically smaller, more complex and more costly to develop.

To shed light on these issues, this Outlook takes an in-depth look at the drivers of oil
production, based on a detailed field-by-field analysis of production trends, investment
and costs, and considers the opportunities for expanding capacity and the possible
constraints and risks — both above and below ground. The aim is to support the cause of
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more transparency in data on oil and gas reserves and production; and provide valuable
insights into the adequacy of current investment plans and the prospects for expanding
output in the longer term.

Worries about oil-supply shortages are matched by long-term concerns about the
threat of rising fossil-energy use on the global climate. In most countries, climate-
change has risen to the top of the political agenda — the result of a growing body of
evidence of actual global warming and ever-more startling predictions of the ecological
consequences. Action in the energy sector, the major source of man-made greenhouse-
gas emissions, will be fundamental to meeting the climate-change challenge. Much
depends on government responses. Past editions of the Outlook showed that even
if all the government policies and measures under discussion at that time had been
implemented, the world would still not be on a sustainable path. Since the last
Outlook, governments have adopted significant new measures. But limiting global
warming to a maximum of 2°C will require a much bigger and co-ordinated global
effort. Negotiations on an international agreement to succeed the Kyoto Protocol are
scheduled to end in 2009 with a meeting of the Conference of the Parties of the UN
Framework Convention on Climate Change in Copenhagen. This year’s report aims to
inform and support the climate negotiations by presenting information and analysis of
a combination of policy options and approaches available to policy makers and their
implications for the energy sector.

Methodology

As in previous Outlooks, a scenario approach is used to examine future energy trends.
The projection period runs to 2030. The projections are derived from a large-scale
mathematical model, the World Energy Model (WEM), which has been completely
overhauled and updated, drawing on the most recent historical data and revised
assumptions. The core projections, the Reference Scenario, indicate what would
happen if, among other things, there were to be no new energy-policy interventions
by governments beyond those already adopted by mid-2008. This will not happen and
the Reference Scenario is not a forecast: it is a baseline picture of how global energy
markets would evolve if the underlying trends in energy demand and supply are not
changed. This allows us to test alternative assumptions about future government
policies. Additional scenarios and cases are included in the analyses of oil-production
prospects and climate-policy options, as described below.

Oil and gas supply prospects

A central pillar of our analysis of the prospects for oil production to 2030 is a detailed
field-by-field assessment of the production outlook for the world’s largest oilfields
currently in production, the biggest of which, in most cases, have been in operation
for many years. The analysis covers around 800 oilfields. To our knowledge, this is the
most detailed and comprehensive study of its kind that has ever been made public.
The work also involved a bottom-up assessment of near-term investment plans and
capacity additions at existing and new oil and gas fields, based on the compilation
of detailed project-by-project and company-by-company data. In recognition of the
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uncertainties surrounding the outlook for sustaining oil production at existing fields
and fields that will be developed in the future, we have modelled the sensitivity of
production to different production-decline rates and drawn out the implications for
upstream investment and international oil markets.

This analysis also considers the prospects for further advances in upstream
technologies, the potential for improved and enhanced recovery techniques to bolster
conventional oil and gas output and recovery rates, and the prospects for producing
oil and gas from non-conventional sources. It also looks at the factors that may hinder
capital flows to the upstream industry and capacity additions — including limitations on
the opportunities for the international oil companies to invest in developing reserves
in many key resource-rich countries and the willingness and ability of the resource-rich
countries and their national companies to expand capacity. Higher prices have driven
up the revenues earned by oil and gas exporters, which may paradoxically reduce the
incentive for some countries to expand capacity in the medium term — partly because
of limits on the rate at which they can absorb the additional earnings. The implications
for the relationships between international oil companies, national companies and oil
services providers are also assessed.

As a special focus, we also look at the outlook for oil and gas production in ten oil- and
gas-exporting sub-Saharan African countries, the revenues it will generate and the
prospects for energy poverty. It is well established that the reasons for the persistence
of poverty in resource-exporting countries are mismanagement of hydrocarbon
revenues, poor governance and a lack of transparency. This study shows what could
be achieved to end reliance on traditional biomass and provide general access to
electricity by calculating the investment costs associated with increasing energy access
and comparing them with total government revenues from hydrocarbon exploitation.

Climate change scenarios

We examine in detail, through scenario analysis, how different international
agreements and national/regional commitments on climate change could affect the
evolution of energy markets after 2012. The analysis focuses on three of the most
commonly discussed elements of a post-2012 climate framework, namely cap-and-
trade, international sectoral agreements and national policies and measures. A
plausible combination of these mechanisms, or hybrid approach, is modelled, using
the WEM, in two scenarios: one in which it is agreed to limit the greenhouse-gas
concentration in the atmosphere to 550 ppm (in CO,-equivalent terms) and another in
which the concentration is held to 450 ppm.

The mix of approaches differs between three groups of countries: "OECD+” countries
(a group that includes the OECD and non-OECD EU countries), “Other Major Economies”
(including China, Russia, India, Indonesia, Brazil and Middle East) and “Other
Countries”. A cap-and-trade system, similar in concept to the Emissions Trading Scheme
that is currently operating in the European Union, is assumed to be implemented by
the OECD+ countries in the 550 Policy Scenario and in the Other Major Economies
too in the 450 Policy Scenario. The system is assumed to cover power generation and
the industrial sector. The Other Major Economies are assumed to introduce national
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policies and measures covering power generation and industry, aimed generally at
improving energy security and mitigating local pollution, as well as helping to reduce
CO, emissions. In addition, to limit the risk of carbon leakage from countries covered
by the cap-and-trade system, sector-specific energy-efficiency standards are assumed
to be introduced in a number of industrial sectors. Achieving abatement of emissions in
these countries is essential to meet ambitious climate targets, so these countries must
have strong incentives to act, even for the 550 ppm objective to be met.

We have assumed that international sectoral agreements are adopted and implemented
in the transport and industry sectors in OECD+ and Other Major Economies. Such an
approach is already being taken by the European Union, which currently excludes road
transport from its emissions-trading scheme and is instead negotiating vehicle fuel-
efficiency standards and renewable fuel mandates. In the buildings sector, it is assumed
that all countries undertake national policies and measures tailored to the national
potential for energy savings. These could require formal international approval. It
is assumed that the least-developed countries with low per-capita emissions are not
required to play any part in a cap-and-trade system or adopt sectoral agreements.
Nonetheless, they do act to limit emissions through national policies and measures, and
have opportunities to earn emission credits under the Clean Development Mechanism
and gain access to global technology or financing programmes.
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PART A
GLOBAL ENERGY
TRENDS TO 2030
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Higher energy prices and slower economic growth have left their mark on the
assumptions for this year’s World Energy Outlook. As a result, energy growth to 2030
is slower than in WEO-2007, though other trends are broadly unchanged - persistent
dominance of fossil fuels in the energy mix (despite additional action taken in the last
twelve months to mitigate climate change), an inexorable rise in CO, emissions and a
strongly rising share for developing countries in global energy consumption: almost all
the increase in fossil fuel consumption over the period occurs in non-OECD countries.

Following the pattern which will be familiar to regular WEO readers, this first part
of the book, Part A, sets out in detail this year’s world energy projections in the
Reference Scenario. The main assumptions underpinning these projections are set out
in Chapter 1. Chapter 2 summarises the global trends in energy demand and supply,
as well as the implications for investment. The detailed projections for oil, gas, coal,
electricity and renewables are then set out in Chapters 3-7.

In an innovation this year, Chapter 8 examines the special place of urban energy
consumption in global usage. By 2030, urban use accounts for nearly three-quarters of
total energy use worldwide.
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CHAPTER 1

CONTEXT AND PRINCIPAL ASSUMPTIONS

H 1 S H L 1 S H o S

e The Reference Scenario embodies the effects of those government policies and
measures that were enacted or adopted by mid-2008, even though many of them
have not yet been fully implemented. Possible, potential or even likely future
policy actions are not taken into account. Many countries subsidise energy, in
some cases heavily. Most have policies to phase out subsidies, and are accordingly
assumed to reduce them progressively.

e World population is assumed to grow at an annual average rate of 1%, from an
estimated 6.5 billion in 2006 to 8.2 billion in 2030. Population growth slows
progressively over the projection period, in line with past trends: population
expanded by 1.4% per year from 1990 to 2006. The population of non-OECD
countries as a group continues to grow most rapidly.

e The rate of growth in world GDP — the main driver of energy demand in all
regions — is assumed to average 3.3% per year over the period 2006-2030. It
averaged 3.2% from 1990 to 2006. The increase reflects the rising weight in the
world economy of the non-OECD countries, where growth will remain fastest. The
average growth rate nonetheless falls progressively over the projection period,
from 4.2% in 2006-2015 to 2.8% in 2015-2030. Growth remains highest in China,
India and the Middle East.

e The IEA crude oil import price, a proxy for international prices, is assumed to
average $100 per barrel in real year-2007 dollars over the period 2008-2015 and
then to rise in a broadly linear manner to over $120 in 2030. This represents a
major upward adjustment from last year’s Outlook, reflecting higher prices for
near-term physical delivery and for futures contracts, as well as a reassessment
of the prospects for the cost of oil supply and the outlook for demand. In nominal
terms, prices double to just over $200 per barrel in 2030.

e Natural gas prices are assumed to rise in 2008 and then to fall back slightly
through to 2010 in lagged adjustment to oil prices. Gas prices begin to rise after
2015 in line with oil prices. Coal prices, which have also risen sharply in recent
years, are assumed to settle at around $120 per tonne in 2010, remaining flat
through to 2015 and then falling back slightly to $110 in 2030.

e The average energy efficiency of equipment currently in use is generally assumed
to improve progressively over the projection period, though at varying rates
according to the type of equipment and the rate of retirement and replacement
of the stock of capital. Some major new supply-side technologies, including
carbon capture and storage, second-generation biofuels and coal-to-liquids,
are assumed to be deployed on a small scale before the end of the projection
period.
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Government policies and measures

As in previous editions of the World Energy Outlook, the Reference Scenario, the results
of which are set out in Part A, takes into consideration all government policies and
measures that were enacted or adopted by the middle of the current year, including
those that have not yet been fully implemented. The policies considered cover a wide
array of sectors and a variety of instruments. Some measures not directly addressed at
the energy sector nonetheless have important consequences for energy markets and
have been taken into account. Most recent policy initiatives directed at the energy
sector, in both OECD and non-OECD countries, are designed to improve energy security,
combat climate change and address other environmental problems through improved
energy efficiency, switching to lower carbon fuels and enhanced indigenous energy
production. They include the Energy Independence and Security Act in the United
States and the European Commission’s climate action plan (the provisions of which
are taken into account in the Reference Scenario), which includes a binding target to
raise the share of renewable energy in the European Union’s primary consumption
to 20% by 2030 (Table 1.1). The impact on energy demand and supply of recently
adopted measures does not show up in historical market data, which are available only
up to 2006 for all countries (preliminary data for 2007 is to hand for OECD countries).
Some policies adopted earlier are not yet fully implemented but have been taken into
account in the Reference Scenario.

Table 1.1 e Major new energy-related policy initiatives adopted between
mid-2007 and mid-2008

Country/region Policy/measure Implementation in the Reference Scenario
European Union European Commission integrated $30/t CO, price (in year-2007 prices) in the EU
energy and climate action plan trading scheme sectors is assumed

Increased use of renewable energy
Improved energy efficiency
Increased use of biofuels in transport

United States Energy Independence and Tightened corporate average fuel-economy
Security Act standards, resulting in lower transport-fuel
intensity

Increase in biofuels consumption
Tougher appliance standards and incentives
result in lower energy intensity in buildings and

industry
Japan Revision of Act on the Rational Use  Improved energy efficiency and reduced CO,
of Energy emissions in the residential/services and other

sectors (both measures)
Revision of Law on Global Warming

Countermeasures
China Renewable Energy Development Plan  Increased use of renewable energy
Revision of Law on Energy Improved energy efficiency

Conservation

Note: More details about the policies in the Reference Scenario can be found at the WEO website
www.worldenergyoutlook.org.
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Importantly, the Reference Scenario does not include possible, potential or even
likely future policy initiatives. For that reason, the projections in this scenario cannot
be considered forecasts of what is likely to happen. Rather, they should be seen
as a baseline vision of how energy markets are likely to develop should government
policy making develop no further. Major new energy-policy initiatives will inevitably
be implemented during the projection period, but it is impossible to predict exactly
which measures will eventually be adopted in each country and how they will be
implemented, especially towards the end of the projection period. The climate-policy
scenarios set out in Part C analyse the impact of a range of possible future policy
interventions.

Box 1.1 e Improvements to the modelling framework in WEO-2008

The IEA’s World Energy Model (WEM) — a large-scale mathematical construct
designed to replicate how energy markets function — is the main tool used to
generate the sector-by-sector and fuel-by-fuel projections by region or country
for all the scenarios in this Outlook." The model, which has been developed
over several years, comprises five main modules: final energy demand, power
generation, refining and other transformation, investment and carbon-dioxide
(CO,) emissions, all of which are modelled on a country or regional basis; and
fossil-fuel and biofuels supply, which is modelled by major producer. This year,
all the WEM modules were overhauled and major new elements were introduced,
including the following:

® The demand module for all regions was completely rebuilt, involving
re-estimating parameters using more recent time-series data and introducing
more detailed coverage of demand by sector and fuel.

e The oil and gas production and trade models were expanded to take better
account of economic variables and to reflect the recent surge in cost inflation
and the fall in the value of the US dollar against most other currencies.

o OQilfield decline rates were analysed in detail on a field-by-field basis in order
to assess the prospects for future decline rates (see Chapter 10).

e Biofuels demand was modelled in more detail, taking account of technical and
economic factors.

® Power-generation capital and operating costs were assessed in detail and
the cost assumptions in the WEM were revised to take account of recent cost
inflation (see Chapter 6).

In addition, the integration of the WEM into a general equilibrium model, started
in 2007, was taken a step further, in order to model more precisely the feedback
links between energy markets and the macro-economy.

1. Adetailed description of the WEM can be found at www.worldenergyoutlook.org.
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Although the Reference Scenario assumes the implementation of currently adopted
energy and environmental policies during the projection period, how those policies are
implemented in practice is nonetheless assumed to vary by fuel and by country. For
example, while nuclear energy is assumed to remain an option for power generation in
those countries that have not officially banned it or decided to phase it out (though not
for others), the pace of construction of new plants differs among countries, reflecting
differences in the degree of commitment to that energy source.

Pricing and other market reforms are also assumed to be implemented at different rates.
In most non-OECD countries, at least one fuel or form of energy continues to be subsidised,
most often through price controls that hold the retail or wholesale price below the true
market level. Other forms of direct financial intervention by government, such as grants,
tax rebates or deductions and soft loans, are commonplace. Indirect interventions also
occur, such as the free provision of energy infrastructure and services. Some of these
interventions are more justified than others; for example, support to overcome market
obstacles to the development and deployment of new technology. According to our
calculations,? energy-related consumption subsidies, which encourage consumption by
pricing energy below market levels, amounted in 20 non-OECD countries (accounting
for over 80% of total non-OECD primary energy demand) to about $310 billion in 2007
(Figure 1.1). Oil products account for one-half, or $150 billion. Most of these countries
do have policies eventually to phase out consumption subsidies and we accordingly
assume that these subsidies are gradually reduced, though at varying rates across regions.
Consumption subsidies are minimal in OECD countries. In all cases, the rates of ad valorem
taxes and excise duties on fuels are assumed to remain unchanged.

Figure 1.1 e Energy subsidies by fuel in non-OECD countries, 2007
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Source: |EA analysis.

2. See World Energy Outlook 2006 (Box 11.2) for a discussion of the price-gap methodology used to estimate
subsidies (IEA, 2006). The IEA plans to publish a special report on subsidies in 2009.
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Population

Population growth affects the size and composition of energy demand, directly and
through its impact on economic growth and development. Our population assumptions
are drawn from the most recent United Nations projections (UNPD, 2007a). World
population is projected to grow from an estimated 6.5 billion in 2006 to around
8.2 billion in 2030 — an average rate of increase of 1% per year (Figure 1.2). By
2030, 52% of the world’s population will be in non-OECD Asia, down slightly from 53%
today. China will remain the world’s most heavily populated country, with more than
1.46 billion people, though India’s population all but reaches China’s by 2030. The
OECD’s share of global population is set to slide further, from 18% today to less than
16% in 2030.

Figure 1.2 e Population by major region

Africa 2006
China | 2030

India

Other Asia

Latin America

OECD Europe

OECD North America
E. Europe/Eurasia
Middle East

OECD Pacific

T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600
Million

The emerging economies will continue to experience the fastest rate of population
growth. The population of non-OECD countries in total is projected to grow by 1.1%
per year, against 0.4% per year in the OECD (Table 1.2). The population of all regions
expands, with the exception of OECD Pacific, largely due to Japan, where population is
projected to fall by 0.3% per year, and Eastern Europe/Eurasia, largely due to Russia,
where population slides by 0.6% per year. By 2030, Russia’s population is expected to
be 13% smaller than today. Most of the growth in the OECD population comes from
North America. Several European countries, including Germany and Italy, are expected
to experience significant population declines. All regions will experience continued
ageing in the coming decades as fertility and mortality rates decline. Worldwide, the
proportion of people over 60 years old is projected to rise from 11% now to about 15%
by 2030 (UNPD, 2007b). This will have far-reaching economic and social consequences,
which will inevitably affect both the level and pattern of energy use. Older people, for
example, tend to travel less for work and leisure.

All of the increase in world population in aggregate will occur in urban areas: the rural
population is expected to start to decline in about a decade. In 2008, for the first time
in history, the urban population will equal the rural population of the world; from

Chapter 1 - Context and principal assumptions 63

© OECDY/IEA, 2008




then on, the greater part of the world population will be urban (UNPD, 2007c). Major
parts of the world, particularly in Africa, will remain largely rural. Continuing rapid
urbanisation in non-OECD countries will have a major impact on demand for modern
energy, the bulk of which is consumed in or close to towns and cities (see Chapter 8).

Table 1.2 e Population growth by region (average annual growth rates)

1980-1990 1990-2006 2006-2015 2006-2030
OECD 0.8% 0.8% 0.5% 0.4%
North America 1.2% 1.2% 0.9% 0.8%
United States 0.9% 1.1% 0.9% 0.8%
Europe 0.5% 0.5% 0.3% 0.2%
Pacific 0.8% 0.5% 0.1% -0.1%
Japan 0.6% 0.2% -0.1% -0.3%
Non-OECD 2.0% 1.5% 1.3% 1.1%
E. Europe/Eurasia 0.8% -0.2% -0.2% -0.2%
Russia n.a. -0.3% -0.5% -0.6%
Asia 1.8% 1.4% 1.1% 0.9%
China 1.5% 0.9% 0.6% 0.4%
India 2.1% 1.7% 1.4% 1.1%
Middle East 3.6% 2.3% 1.9% 1.7%
Africa 2.9% 2.4% 2.2% 2.0%
Latin America 2.0% 1.5% 1.2% 1.0%
Brazil 2.1% 1.5% 1.2% 0.9%
World 1.7% 1.4% 1.1% 1.0%
European Union n.a. 0.3% 0.1% 0.0%

Note: These assumptions also apply to the climate-change scenarios described in Part C.

Economic growth

Economic growth is by far the most important determinant of the overall demand
for energy services. The pattern of economic development also affects the fuel mix.
As a result, the energy projections in the Outlook are highly sensitive to underlying
assumptions about rates and patterns of economic growth. Extremely rapid economic
expansion in many countries outside the OECD — especially in Asia - is the main reason
why energy demand has accelerated in recent years. Nonetheless, over the long
term, the income elasticity of energy demand — the change in demand relative to the
change in GDP - has fallen in most parts of the world, though it has picked up since the
start of the current decade. Between 1971 and 1990, each 1% increase in global GDP
(in purchasing power parity, or PPP, terms) was accompanied by a 0.66% increase in
primary energy consumption.* Between 1990 and 2000, the corresponding increase in
demand dropped to only 0.44%, but it rebounded to 0.68% in 2000-2006, largely due to
an increase in the energy intensity of China’s economic growth.

3. All GDP data cited in this report are expressed in year-2007 dollars using purchasing power parities (PPP)
(Box 1.2).
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There are strong signs that the global economy, which has expanded briskly in recent
years, is slowing, partly as a consequence of higher energy and other commaodity prices
and the financial crisis that began in 2007. GDP growth has already fallen in most OECD
economies, particularly in the United States, where a slump in the housing market has
contributed to the credit squeeze, the consequences of which are being felt throughout
the global financial system. Many OECD countries are now on the verge of recession.
Most non-OECD countries have so far been less affected by financial market turbulence
and have continued to grow rapidly, led by China, India and the Middle East (where
growth has been boosted by surging oil-export revenues). This momentum is provided
by strong productivity gains as these countries progressively integrate into the global
economy, by improved terms of trade for commodity producers on the back of soaring
prices for oil and other raw materials and by policy improvements. But there are signs
that activity in developing Asian countries, too, is now beginning to slow. Headline
inflation has increased around the world, especially in the emerging economies, with
surging food and energy prices.

The International Monetary Fund (IMF) projects world GDP in PPP terms to drop sharply
from an above-trend 5% in 2006 and 2007 to 4.1% in 2008 and 3.9% in 2009.4 It projects
inflation to rise from 2.2% in 2007 to 3.4% in 2008 in the advanced economies (essentially
those of the OECD) and from 6.4% to 9.1% in the emerging economies. Trade in goods
and services is expected to slow. GDP growth in all regions is expected to fall, though
non-OECD countries will continue to outpace the remainder of the world. In the United
States, growth is projected to fall from 2.2% in 2007 to only 1.3% in 2008 and 0.8% in
2009, while China’s growth falls from 11.9% to 9.7% in 2008 and 9.8% in 2009.

The continued housing-market correction in the United States, similar indications
in Europe and other parts of the world, and the fall-out from the financial crisis are
among the most obvious uncertainties surrounding the near-term economic outlook
(IMF, 2008b). Further steep declines in asset prices and an abrupt reduction in the
lending capacity of the banking system could lead to a global credit crunch, with
potentially severe consequences for growth. Although the IMF judges the risks to its
projections to be greater on the downside, there is some potential for an unexpectedly
rapid recovery among the rich industrialised economies in 2009 if conditions in financial
markets improve, lowering the current high price of credit (OECD, 2008).

This Outlook assumes that economic growth will recover to around 4.5% per year by the
turn of the decade, but will slow progressively through to 2030. World GDP is assumed
to grow by an average of 3.3% per year over the period 2006-2030 compared with 3.2%
from 1990 to 2006 (Table 1.3). The increase reflects the rising weight in the world
economy of the non-OECD countries, where growth will remain fastest. GDP growth is
assumed to average 4.2% per year in 2006-2015 and 2.8% per year in 2015-2030. Growth
is nonetheless somewhat lower than assumed in last year’s Outlook, especially in OECD
countries, in part because of the impact of higher energy prices and weaker prospects
for global economic growth in the near term.

4. Taken from the July update of the projections in IMF (2008a), available at: www.imf.org/external/pubs/
ft/weo/2008/update/02/index.htm.
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Table 1.3 @ Real GDP growth by region (average annual growth rates)

1980-1990 1990-2006 2006-2015 2006-2030
OECD 3.0% 2.5% 2.3% 2.0%
North America 3.1% 2.9% 2.3% 2.2%
United States 3.3% 2.9% 2.1% 2.1%
Europe 2.4% 2.3% 2.3% 1.9%
Pacific 4.2% 2.2% 2.1% 1.6%
Japan 3.9% 1.3% 1.3% 1.2%
Non-OECD 2.5% 4.4% 6.7% 4.8%
E. Europe/Eurasia 0.0% 0.0% 5.6% 3.7%
Russia n.a. -0.2% 5.7% 3.6%
Asia 6.7% 7.2% 7.9% 5.7%
China 8.8% 9.8% 9.2% 6.1%
India 5.8% 6.1% 7.8% 6.4%
Middle East 1.3% 4.3% 5.4% 4.3%
Africa 2.4% 3.6% 5.8% 4.1%
Latin America 1.2% 3.2% 4.3% 3.1%
Brazil 1.5% 2.7% 4.0% 3.0%
World 2.8% 3.2% 4.2% 3.3%
European Union n.a. 2.1% 2.2% 1.8%

Note: The regional aggregate growth rates are calculated based on GDP expressed in purchasing-power parity
terms. These assumptions also apply to the climate-policy scenarios described in Part C.

These GDP assumptions take account of recent major revisions to PPPs, which lower
the weight of China and other developing countries in global GDP, and explain in part
the reduction in average GDP growth for the world over the projection period (Box 1.2).
The economies of many regions are expected to shift away from energy-intensive heavy
manufacturing towards lighter industries and services, though the pace of this process,
which is well advanced in the OECD and some emerging economies, varies. Industrial
production continues to grow in volume terms.

China and India are expected to continue to grow faster than other regions, followed
by the Middle East. China is assumed to grow at 6.1% per year between 2006 and 2030,
the second-highest rate in the world. India, which grows fastest at 6.4% per year on
average, overtakes China as the fastest-growing major country in the 2020s, reflecting
its more rapid population growth and its earlier stage in the development process.
The growth rates of the economies of China, India and other emerging economies are
expected to slow as they mature. Middle East countries also grow relatively quickly,
supported by buoyant oil revenues. GDP growth is assumed to temper gradually in all
three OECD regions in response to acute competition from the emerging economies
and to the ageing and stabilisation or fall of the population (which will reduce the
active labour force in most countries). North America is expected to remain the
fastest growing OECD economy, partly due to its more rapidly expanding and relatively
young population, though the rate of GDP growth is assumed to drop from an annual
average of 2.9% in 1990-2006 to 2.2% per year over the Outlook period. Europe and
the Pacific are expected to see the lowest GDP growth of any major region. Based on
our population and GDP-growth assumptions, per-capita incomes grow most rapidly in
China and India (Figure 1.3).
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Box 1.2 e Implications of new estimates of purchasing power parity a

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 can, in principle, provide a more reliable indicator
than market exchange rates of the true level of economic activity globally or
regionally. Conversions based on market exchange rates typically underestimate
the value of domestic economic activity and the output of developing countries
relative to the industrialised economies. PPP rates can deviate by a large amount
from the market exchange rate between two currencies. It is important to take
account of the true level of economic activity in analysing the main drivers of
energy demand or comparing energy intensities among countries.

In 2007, the World Bank released the results of a major update of PPP exchange
rates, carried out under its International Comparison Program (World Bank,
2008). As a result, the PPP differences with market exchange rates were
reduced for a number of countries, most importantly China and India, thus
reducing their weights in global GDP. The PPP rates were increased for some
other emerging countries, including oil exporters. Overall, the average annual
rate of global GDP growth between 2000 and 2007 was revised downwards by
around one-half of a percentage point. China still ranks as the world’s second-
largest economy, accounting for about 11% of world GDP in 2007, compared
with about 16% using the old PPP rate. The share of the United States in global
GDP has been revised up from 19% to 21%. In spite of these changes, it remains
true that the emerging economies have recently been the main driver of global
growth in PPP terms, led by China, which contributed nearly 27% to global
growth in 2007 (IMF, 2008a).

Figure 1.3 e Rate of growth of per-capita income by region
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Energy prices

Energy prices are an exogenous determinant of the demand for and supply of each
fuel and energy carrier in the WEM. The assumed trajectories for international energy
prices in the Reference Scenario, summarised in Table 1.4, are based on a top-down
assessment of the prices that would be needed to encourage sufficient investment in
supply to meet projected demand over the Outlook period. In other words, they are
derived iteratively to ensure their consistency with the overall global balance of supply
and demand. They should not be interpreted as forecasts. Although the price paths
follow smooth trends, this should not be taken as a prediction of stable energy markets:
prices will, in reality, certainly deviate widely at times from these assumed trends.
International prices are used to derive average end-user pre-tax prices for oil, gas and
coal in each WEQ region. Tax rates and subsidies are taken into account in calculating
final post-tax prices, which help to determine final energy demand. Final electricity
prices are derived from changes in marginal power-generation costs. All prices are
expressed in US dollars and assume no change in exchange rates.

Table 1.4 e Fossil-fuel price assumptions (dollars per unit)

Unit 2000 2007 2010 2015 2020 2025 2030
Real terms (2007 prices)

IEA crude oil imports barrel 33.33 69.33  100.00  100.00  110.00  116.00  122.00
Natural gas
US imports MBtu 4.61 6.75 12.78 13.20 14.57 15.35 16.13
European imports MBtu 3.35 7.03 11.15 11.50 12.71 13.45 14.19
Japan LNG MBtu 5.63 7.80 12.70 13.16 14.52 15.28 16.05
OECD steam coal imports tonne 40.06 72.84  120.00 120.00 116.67  113.33  110.00
Nominal terms
IEA crude oil imports barrel 28.00 69.33  107.34  120.27 148.23 17513  206.37
Natural gas
US imports MBtu 3.87 6.75 13.72 15.88 19.64 23.18 27.28
European imports MBtu 2.82 7.03 11.97 13.83 17.13 20.31 24.00
Japan LNG MBtu 4.73 7.80 13.63 15.83 19.56 23.08 27.16

OECD steam coal imports tonne 33.65 72.84  128.81 14432 157.21 17111 186.07

Note: Prices in the first two columns represent historical data. Gas prices are expressed on a gross calorific-
value basis. All prices are for bulk supplies exclusive of tax. Nominal prices assume inflation of 2.3% per year
from 2008.

Oil prices

The average IEA crude oil import price, a proxy for international prices, is assumed in the
Reference Scenario to average $100 per barrel in real year-2007 dollars over the period
2008-2015 and then to rise in a broadly linear manner to $122 in 2030 (Figure 1.4).° This

5. In 2007, the average IEA crude oil import price was $2.87 per barrel lower than first-month forward West
Texas Intermediate (WTI) and $3.06 lower than dated Brent.
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represents a major upward adjustment from WEO-2007, reflecting to a large degree
higher prices for near-term physical delivery and for futures contracts out to the middle
of the next decade.® It also reflects a reassessment of the prospective marginal cost of oil
supply, discussed in detail in Part B, and the outlook for demand, described in Chapter 3.
In nominal terms, prices double to just over $200 per barrel in 2030.”

Figure 1.4 e Average IEA crude oil import price (annual data)
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The surge in oil prices since the end of 2003, and especially since the beginning of 2007,
can legitimately be described as an oil shock, albeit a slow-motion one. The price of
West Texas Intermediate (WTI) — a leading benchmark crude — rose steadily from a low
of $28 per barrel on average in September 2003 to $74 in July 2006, before falling back
to $54 in January 2007. The price then resumed its upward path, hitting an intra-day
peak of over $145 in July 2008 — an all-time record in both nominal and real terms.
Prices rose on average in 41 of the 59 months between September 2003 and August
2008, and in all but four of the 17 months since February 2007. Prices have, however,
since fallen back substantially, to around $100 in mid-September 2008.

A crucial difference with the price shocks of the 1970s is that the latter were caused
by supply disruptions, whereas the recent shock has resulted largely from a tightening
of market conditions, as demand (particularly for middle distillates) outstripped the
growth in installed crude-production and oil-refining capacity, and from growing
expectations of continuing supply-side constraints in the future — a risk highlighted in
the Deferred Investment Scenario of past WEOs. Geopolitical factors, including civil
strife in Nigeria and worries over Iran’s nuclear programme, have magnified these
upward pressures on prices. The role of speculation and the emergence of oil as an
"asset class” for investors, especially in index commodity funds, remains unclear —
partly because of a lack of information on real financial flows into the oil market

6. Other organisations, including the US Department of Energy and the Organization of the Petroleum
Exporting Countries, have also recently revised their oil-price assumptions.

7. The dollar exchange rates used were those prevailing in mid-2008 (€0.64 and ¥106), which were assumed
to remain unchanged over the projection period.
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(see the Spotlight below).® In contrast, there is widespread agreement among analysts
that oil prices have been bid up partly to hedge against the fall in the value of the US
dollar — especially since 2007. Stripping out the currency impact since 2007 shows a
close fit between oil prices and global balances.® The sudden drop in oil prices in August
and early September 2008 - in the absence of any obvious major shift in demand or
supply — lends support to the argument that financial investors have been playing a
significant role in amplifying the impact of tighter market fundamentals on prices.

Rarely has the outlook for oil prices been more uncertain than now, in mid-September
2008. We assume in our Reference Scenario that the prices reached in mid-2008 are, to
some extent, the result of transient factors and that a downward correction in prices
that began in August continues through to the end of the year - in part thanks to some
easing of market fundamentals. Our near-term analysis of investment and new capacity
additions (set out in Chapter 13) points to little change in the balance in oil supply
and demand through to the middle of the next decade; that is, projected increases in
installed capacity are likely to be broadly matched by rising demand in the Reference
Scenario, assuming investment is sustained beyond the end of the current decade.
However, pronounced short-term swings in prices are likely to remain the norm and
temporary price spikes or collapses cannot be ruled out. Prices are likely to remain
highly volatile, especially in the next year or two. A worsening of the current financial
crisis would most likely depress economic activity and, therefore, oil demand, exerting
downward pressure on prices. On the other hand, any weakening of the dollar would
help support prices. Beyond 2015, we assume that rising marginal costs of supply exert
upward pressure on prices through to the end of the projection period.

There are acute risks to these assumptions on both sides: a continuing surge in demand,
under-investment in oil-production or refining capacity, or a large and sustained
supply disruption could result in higher prices. A further slide in the dollar could also
push prices up in dollar terms (assuming no change in exchange rates). Yet a slump in
demand — possibly caused by recession and more rapid oil-price subsidy reform than we
assume — together with faster than expected growth in investment could drive prices
down below our assumed level.

The assumption that governments implement policies to reduce subsidies (see above)
has important implications for final oil prices to end users.' In 2007, most of the growth
in world oil demand came from countries where oil-product prices are subsidised. In
many countries, subsidies have risen sharply when governments have failed to increase
regulated retail and wholesale prices as quickly as international prices. Iran, where
retail oil prices are far below international levels, is an extreme example: the cost of
those subsidies is estimated at $36 billion in 2007. Some countries, especially in Asia,

8. An IEA Expert Roundtable in March 2008 discussed the many influences on the current oil price. A wide
range of views on the effects of money flows on the oil market was expressed, but no agreement was
reached on the extent to which those flows affect prices. In the IEA’s opinion, the limited information
available makes it impossible to account meaningfully for the cross-market interactions that routinely take
place between different futures exchanges and over-the-counter (OTC) markets. Gaps in market as well as
financial data obscure the real drivers of prices.

9. IEA, Oil Market Report, May 2008.

10. The impact of a phase-out of oil subsidies is discussed in Chapter 3.
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are now starting to rein in subsidies in the face of the mounting burden on government
budgets, worries about their impact on incentives for refiners and importers to supply
local markets and the prospect of persistently high prices in the medium term. Several
countries, including China, India, Malaysia and Indonesia, increased prices in the
first half of 2008, but some are now considering cutting them again, with the drop in
international prices.

Are speculators to blame for soaring oil prices?

As is often the case when the price of any commodity jumps, the finger of blame
for the recent surge in oil prices has been pointed squarely at speculators. The
amount of money invested in commodity funds has certainly risen strongly in recent
years -20-fold since 2003 to more than $250 billion on some estimates. A growing
number of analysts believe that this represents a speculative bubble rather than
the outcome of market fundamentals. Several governments, including that of India,
have called for restrictions on speculation to be imposed.

But it is far from certain that the flow of money into oil trading has, in itself,
driven up prices. Speculators, or financial investors, play both sides of the
market, and what they buy, they eventually must sell (unless they take delivery
and store physical oil, which is rare) and vice versa. Each barrel of oil that is
bought for future delivery on the futures market must be sold on before the
contract expires. Whatever the volume of futures trading (and there is no limit
to the number of “paper” barrels that can be bought and sold), no oil is actually
kept off the market. The amount of money currently invested in index funds is
large in absolute terms, but pales beside the estimated $50 trillion-worth of
contracts of all types traded on futures exchanges and over-the-counter spot
markets in 2007.

Indeed, more speculative money left the regulated oil market than entered it
over the first half of 2008. By mid-year, the scale of net long positions (that
is, a commitment to buy at some point in the future) held by non-commercial
participants in futures exchanges was roughly the same as it was in July 2007,
when prices were little more than half as high. Moreover, the recent tightening
of credit conditions has reduced liquidity in the world’s financial system, which
arguably helped fuel the speculative inflows into oil futures in previous years.

In the end, virtually the only buyers of physical crude oil are refiners, and
their needs have continued to rise with robust end-use demand, especially for
middle distillates. The fact that in recent months stocks have barely risen above
average levels of the past five years suggests that supply has only just managed
to keep pace with demand. Thus, physical market fundamentals appear to have
played the leading role in driving up prices, though financial investors may have
amplified the impact.
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Natural gas prices

Natural gas prices have remained strongly linked to oil prices, either directly through
indexation clauses in long-term supply contracts or indirectly through competition
between gas and oil products in power generation and end-use markets. Thus, the
prices of gas traded internationally and locally on open markets around the world have
risen sharply in recent years with oil prices, though price differentials can fluctuate
sharply." Although only a small share of world gas is traded between regions, the links
between oil and gas markets mean that regional gas prices tend to move in parallel.
Lags in long-term contracts, which still account for a large share of the gas traded
outside North America, mean that gas prices have not yet fully reflected the increase in
oil prices. That is the main reason why gas prices have generally risen less rapidly than
oil prices since the beginning of the current decade (Figure 1.5). Gas prices on average
in early 2008 were highest in North America, where most gas is traded on short-term
markets and few lags exist, but prices had fallen back sharply by mid-year, reflecting
a surge in production, weak demand and rising stocks.

In our Reference Scenario, gas prices jump in all three regions in 2008 and then fall
back slightly through to 2010 in lagged response to the fall in oil prices from their mid-
2008 peaks. Prices begin to rise after 2015 in line with oil prices. Although the gradual
development of gas-to-gas competition is expected to weaken the contractual links
between oil and gas prices over the projection period, gas prices are not expected to fall
relative to oil prices. Competition would be expected to exert some downward pressure
on the prices of gas relative to those of oil. This is assumed to be offset by rising marginal
supply costs for gas as the distances over which gas has to be transported, by pipeline or
as liquefied natural gas (LNG) increase. The growing share of LNG in global gas supply and
increasing opportunities for short-term trading of LNG are expected to contribute to a
modest degree of convergence in regional prices over the projection period.

Figure 1.5 ® Assumed natural gas and coal prices relative to crude oil*
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* Calculated on an energy-equivalent basis using real-2007 dollars.

11. The lags have nonetheless shortened, as more recent long-term contracts have generally been based on
oil prices in the previous 3 to 6 months, rather than 6 to 12 months as in older contracts.
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Steam coal prices

International steam coal prices have surged in recent years. The average price of coal
imported by OECD countries jumped from $42 per tonne in 2003 to $73 in 2007 (in year-
2007 dollars) and soared to well over $100 in the first half of 2008." Rising industrial
production and electricity demand, especially in China, have boosted coal use. Higher
gas prices have also encouraged some power stations and industrial end users to switch
to coal and to invest in new coal-fired equipment. These factors have added to the
upward pressure on coal demand and prices.

Coal prices are assumed to settle at around $120 per tonne in real terms in 2010.
Thereafter, prices are assumed to remain flat through to 2015 and then to fall back
slightly to $110 in 2030 as new mining and transportation capacity becomes available.
As oil and gas prices are assumed to rise steadily after 2015, coal becomes increasingly
competitive - at least in countries not actively seeking to limit CO, emissions. In reality,
the possibility of a carbon value being introduced or increasing where it already exists,
together with a tightening of other environmental regulations, is likely to affect the use
of coal in all regions, or to increase the cost of using it, counterbalancing the impact on
coal demand of relatively lower prices.

Technology

Technological innovation and the rate of deployment of new technologies for supplying
or using energy have a major impact on energy balances, both in terms of the
overall amount of energy used and the fuel mix. Our projections are, therefore, very
sensitive to assumptions about technological developments. In general, it is assumed
in the Reference Scenario that the performance of currently available technologies
improves on various operational criteria, including energy efficiency. High energy
prices are expected to contribute to this. However, our assumptions about the pace of
technological advance vary for each fuel and each sector, depending on our assessment
of the potential for efficiency improvements and the stage of technology development
and commercialisation. Crucially, no altogether new technologies on the demand or
supply side, beyond those known about today, are assumed to be deployed before
the end of the projection period, since it cannot be known whether or when such
breakthroughs might occur and how quickly they may be commercialised.

The average energy efficiency of equipment currently in use and the overall intensity of
energy consumption are typically assumed to improve progressively over the projection
period. However, the rate of improvement varies considerably among different types
of equipment, primarily according to the rate of retirement and replacement of the
capital stock. Since much of the energy-using capital stock in use today will be replaced
only gradually, most of the impact of recent and future technological developments
that improve energy efficiency will not be felt until near the end of the projection

12. In mid-2008, prices approached $200 per tonne for certain qualities of coal in some European markets
and $150 in the United States.
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period. Rates of capital-stock turnover differ greatly (Figure 1.6). Most of today’s cars
and trucks, heating and cooling systems, and industrial boilers will be replaced by
2030. But most existing buildings, roads, railways and airports, as well as many power
stations and refineries, will still be in use then, barring strong government action to
encourage or force early retirement (which is not assumed in the Reference Scenario).
Despite slow capital stock turnover, refurbishment could, in some cases, significantly
improve energy efficiency at acceptable economic cost.

On the supply side, technological advances are assumed to improve the technical
and economic efficiency of producing and supplying energy. In some cases, they are
expected to reduce unit costs and to lead to new and cleaner ways of producing and
delivering energy services. For example, power-generation thermal efficiencies - as
measured by the amount of useful electricity and heat energy produced, divided by
the amount of energy contained in the fuel input - are assumed to improve over the
projection period, but at different rates for different technologies. Exploration and
production techniques for oil and gas are also expected to improve, boosting exploration
success rates, raising recovery rates and opening up new opportunities for developing
hard-to-exploit resources. Upstream technology research and development spending by
the oil and gas industry has been rising rapidly in recent years (see Part B).

Some major new supply-side technologies that are approaching the commercialisation
phase are assumed to become available and to be deployed to some degree before the
end of the projection period. These include:

m Carbon capture and storage (CCS): This is a promising option for mitigating
emissions of CO, from power plants and other industrial facilities, though it has not
yet been deployed on a significant scale (IEA, 2008). The basic technology already
exists to capture the gas and to transport and store it permanently in geological
formations. There are at present four large-scale CCS projects in operation
around the world, each involving the separation of around 1 Mt of CO, per year
from produced natural gas: Sleipner and Snohvit in Norway, Weyburn in Canada
(with the CO, sourced in the United States) and In Salah in Algeria. The captured
CO, is used for enhanced oil recovery in the latter two projects. Yet there are a
number of technical, economic and legal barriers to the more widespread and
rapid deployment of CCS. In particular, it is very energy-intensive and expensive.
Considerable research and development effort is currently going into CCS in power
generation. Around 20 demonstration projects are already under construction or are
planned, which are expected to lead to lower unit costs and improved operational
performance. We assume that CCS will become commercially available after 2020 in
countries where adequate financial incentives and/or regulatory measures to reduce
CO, emissions are already in place.

m Second-generation biofuels: New biofuels technologies being developed today,
notably hydrolysis and gasification of woody ligno-cellulosic feedstock to produce
ethanol, are assumed to reach commercialisation by around 2020. Although the
technology already exists, more research is needed to improve process efficiencies,
especially enzymatic hydrolysis to extract fermentable sugar from the ligno-
cellulosic material contained in plant material and to produce a fermented broth
with a higher concentration of ethanol. There is virtually no commercial production
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Figure 1.6 e Typical lifetimes of energy-related capital stock
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of ethanol yet from cellulosic biomass, but there is substantial research going on in
this area in several OECD countries. The US Energy Independence and Security Act
mandated investment in advanced biofuels. Commercial-scale demonstration plants
are under construction in the United States and several others are planned in Europe
and other parts of the world.

Coal-to-liquids (CTL): The indirect conversion of coal to oil products through
gasification and Fischer-Tropsch synthesis processes - much like gas-to-liquids
production - has been carried out commercially for many decades. Yet global
production remains limited as CTL production has in most cases been uneconomic
up to now, mainly because of the large amounts of energy and water used in
the process, the high cost of building CTL plants and volatile oil and coal prices.
Recently, research has been focused on direct liquefaction, which is much less
energy-intensive than the indirect CTL method, though the liquids produced require
further refining to meet applicable fuel standards, increasing unit costs. The
Chinese coal company Shenhua is commissioning in 2008 a 20 000-b/d demonstration
plant at Erdos in Inner Mongolia and more plants are planned in China and the United
States. The full commercialisation of direct liquefaction technologies is expected
to develop over the Outlook period, boosting their deployment in countries with
abundant low-cost coal and freshwater resources (see Chapter 11 for detailed
projections of CTL production).
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CHAPTER 2

GLOBAL ENERGY TRENDS
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e World energy use continues to increase steadily in the Reference Scenario, but at
a slower rate than projected in WEO-2007, mainly due to higher energy prices and
slower economic growth. Global primary energy demand grows by 1.6% per year
on average in 2006-2030. Oil demand increases progressively, though more slowly
than in WEO-2007, particularly in the second half of the Outlook period.

e Fossil fuels account for 80% of the world’s primary energy mix in 2030 — down
slightly on today. Oil remains the dominant fuel, though demand for coal rises
more than demand for any other fuel in absolute terms. The share of natural gas
in total energy demand rises marginally, with most of the growth coming from the
power-generation sector. Coal continues to account for about half of fuel needs
for power generation. The contribution of non-hydro renewables to meeting
primary energy needs inches up from 11% now to 12% in 2030.

@ Due to strong economic growth, China and India account for 51% of incremental
world primary energy demand in 2006-2030. Middle East countries emerge as an
important demand centre. Of the global increase in oil demand, 43% comes from
China, 20% from the Middle East and 19% from India. Over a quarter of the growth
in world gas demand comes from the Middle East. Non-OECD countries account
for 87% of the increase in global demand between 2006 and 2030. As a result,
their share of world primary energy demand rises from 51% to 62%.

® Industry overtakes transport before 2010 to become the second-largest
final energy-consuming sector, after the combined residential, services and
agricultural sector. Among all final energy forms, electricity consumption grows
fastest, nearly doubling in 2006-2030, boosting its share in total final energy
consumption from 17% to 21%. Oil remains the single largest end-use fuel, though
its share drops from 43% in 2006 to 40% in 2030.

e Almost all of the increase in fossil-fuel production over the Outlook period occurs
in non-OECD countries. The Middle East and Africa are the biggest contributors
to increased exports. As a result, the reliance on imported oil and gas of the
main consuming regions, including the OECD and Asian economies, increases
substantially, particularly in the second half of the projection period.

e Cumulative investment needs amount to $26.3 trillion (in year-2007 dollars) in
2007-2030, over $4 trillion more than posited in WEO-2007. The power sector
accounts for $13.6 trillion, or 52% of the total. To provide adequate assurance
for future investment in energy-supply infrastructure, negotiations need to be
concluded on an international agreement on combating climate change and the
implications for national policies quickly assessed.
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Demand
Primary energy mix

Projected world primary energy demand in the Reference Scenario increases by 45%
between 2006 and 2030 - an average annual rate of growth of 1.6% (Table 2.1)." This is
0.2 percentage points slower than the rate projected in last year’s Outlook, largely due
to changes in our assumptions for energy prices and economic growth, as well as new
government policies introduced since last year (Box 2.1). It is also slower than the average
growth of 1.9% per year from 1980 to 2006. World energy intensity — primary energy
demand per unit of real GDP (in purchasing power parity, or PPP, terms) — is expected to
decline over the projection period by 1.7% a year, 0.6 percentage points faster than over
the past three decades. Lower energy intensity is primarily the result of acceleration in
the transition to a service economy in many major non-OECD countries and more rapid
efficiency improvements in the power and end-use sectors in the OECD.

Table 2.1 e World primary energy demand by fuel in the Reference
Scenario (Mtoe)

1980 2000 2006 2015 2030 2006-

2030*

Coal 1788 2295 3053 4023 4908 2.0%
0il 3107 3649 4029 4525 5109 1.0%
Gas 1235 2088 2407 2903 3670 1.8%
Nuclear 186 675 728 817 901 0.9%
Hydro 148 225 261 321 414 1.9%
Biomass and waste** 748 1045 1186 1375 1662 1.4%
Other renewables 12 55 66 158 350 7.2%
Total 7223 10034 11730 14121 17 014 1.6%

* Average annual rate of growth.
** Includes traditional and modern uses.

World demand for coal advances by 2% a year on average, its share in global energy
demand climbing from 26% in 2006 to 29% in 2030. Most of the increase in demand for
coal comes from the power-generation sector. China and India together contribute
85% to the increase in world coal demand over the projection period. Oil remains the
dominant fuel in the primary energy mix, but its share drops to 30% in 2030, from
34% in 2006. Oil demand grows far more slowly than demand for other fossil fuels,
mainly because of high final prices. Gas demand increases at 1.8% per annum over the
projection period and its share in world primary energy moves up slightly, to 22% in
2030. New power plants, using high-efficiency gas turbine technology for the most part,
meet the bulk of incremental gas demand. The Middle East, developing Asian countries
and the OECD see the biggest increases in gas demand.

The share of nuclear power in primary energy demand edges down over the Outlook
period, from 6% today to 5% in 2030, reflecting the assumption of unchanging national

1. Projections of energy-related CO, emissions and local pollutants are covered in Chapter 16.
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policies towards nuclear power. Nuclear output nonetheless increases in absolute
terms in all major regions except OECD Europe. The largest increases will take place
in developing Asia. There is considerable uncertainty about the prospects for nuclear
power, given a recent revival of interest in re-evaluating the role of nuclear power in
order to combat climate change. A change in policy could lead to a significantly higher
share of nuclear power in the energy mix than assumed here (see Chapter 6).

Box 2.1 ® How do the new WEO assumptions affect global energy trends
compared with last year?

Higher energy prices and slower economic growth than assumed last year are
the main reasons why demand grows more slowly in this year’s Outlook. World
GDP is assumed to grow on average by 3.3% per year in 2006-2030, compared
with 3.6% in WEO-2007. The IEA crude oil import price reaches $122 per barrel in
real terms in 2030 in this year’s WEO, very nearly twice the level in WEO-2007.
Lower economic growth reduces the overall demand for energy services. Higher
prices encourage consumers and businesses to conserve energy and to buy more
efficient appliances and equipment. They also encourage manufacturers to
develop more energy-efficient equipment.

Assumptions about policy and technology have also changed. A number of
countries, mostly in the OECD, have adopted during the past year new policies
that substantially affect energy-demand prospects. These are taken into account
in the Reference Scenario. One example is the US Energy Independence and
Security Act, which mandates vehicle fuel-economy improvements and higher
production of biofuels (see Chapter 1). This year’s WEO also assumes that
carbon capture and storage (CCS) will be introduced in the power-generation
and industry sectors towards the end of the projection period, although only a
few plants are assumed to be in operation in 2030 (nearly all of them in OECD
countries and China). By 2030, coal plants with CCS consume about 0.2% of all
the coal used worldwide. This year’s supply-side projections also reflect higher
marginal costs and faster decline rate assumptions in the oil and gas sector in key
producing countries.

As a result of these changes, demand for each fossil fuel grows less rapidly than
projected last year. Global demand for coal is 86 Mtoe lower in 2030 than in
WEO-2007, while gas demand is 278 Mtoe lower. The biggest change, however,
is in global oil demand. In 2030, world primary oil consumption is 5 109 Mtoe in
this year’s Outlook, compared with 5 585 Mtoe last year. Higher oil prices and
vehicle fuel-efficiency improvements are the main drivers of this change. Faster
growth in the use of biofuels for transport, aided by the penetration of second-
generation biofuel technologies towards the end of the Outlook period, also
contributes. Excluding hydropower and biomass and waste, other renewables
grow more quickly in this WEO, by 284 Mtoe in 2006-2030, compared with
247 Mtoe in 2005-2030 in last year’s WEO.
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Hydropower has long been a major source of electricity production and its relative
importance does not change in the Reference Scenario. While most of the OECD’s low-
cost, hydro-electric resources have already been exploited, several large-scale projects
in non-OECD countries are expected to be launched over the Outlook period (see
Chapter 7). World hydropower production grows by an average 1.9% a year, its share
of primary demand remaining constant at 2%. Hydropower’s share in global electricity
generation, however, drops two percentage points to 14% in 2030.

Figure 2.1 e World primary energy demand by fuel in the Reference
Scenario
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The use of biomass and waste for energy increases by 1.4% per year.? This figure masks
considerable differences among countries in how this energy source is used: the use of
biomass in modern applications such as biofuels and power generation rises quickly,
while the use of traditional biomass in inefficient cooking stoves in poor households in
less developed parts of the world grows at a much slower pace. The use of biomass and
waste for power generation, mainly in OECD countries, grows at 5.4% per year, albeit
from a low base. Other renewables, a category that includes wind, solar, geothermal,
tidal and wave energy, grow faster than any other energy source, at an average rate of
7.2% per year over the projection period. Most of the increase is in the power sector.
The share of other renewables in total power generation grows from 1% in 2006 to 4%
in 2030.

Regional trends

Energy demand in non-OECD countries exceeded that in OECD countries in 2005 for
the first time ever (Figure 2.2). The faster pace of demand growth outside the OECD is
set to continue. Driven mainly by brisk growth in China and India, non-OECD countries
account for 87% of the increase in global demand between 2006 and 2030. As a result,
the non-OECD share of world primary energy demand rises from 51% in 2006 to 62% by

2. See Chapter 7 for a discussion of traditional biomass.
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2030. Steady economic growth and industrial expansion, population increase and higher
urbanisation rates drive demand growth in non-OECD countries. The replacement
of fuelwood and charcoal with oil and gas also plays a major role. Growth in energy
demand is fastest in the Middle East and Asia (Table 2.2).

Figure 2.2 e World primary energy demand by region in the Reference

Scenario
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Table 2.2 o World primary energy demand by region in the Reference

Scenario (Mtoe)

1980 2000 2006 2015 2030 2006-2030*
OECD 4072 5325 5536 5 854 6180 0.5%
North America 2100 2705 2768 2914 3180 0.6%
United States 1809 2300 2319 239% 2566 0.4%
Europe 1504 1775 1884 1980 2005 0.3%
Pacific 467 845 884 960 995 0.5%
Non-OECD 3043 4563 6011 8067 10 604 2.4%
E. Europe/Eurasia 1267 1015 1118 1317 1454 1.1%
Russia n.a. 615 668 798 859 1.1%
Asia 1072 2191 3227 4598 6325 2.8%
China 604 1122 1898 2906 3885 3.0%
India 209 460 566 771 1280 3.5%
Middle East 133 389 522 760 1106 3.2%
Africa 278 507 614 1 857 1.4%
Latin America 294 460 530 671 862 2.0%
World** 7223 10034 11730 14121 17014 1.6%
European Union n.a. 1722 1821 1897 1903 0.2%
* Average annual rate of growth.
** World includes international marine bunkers.
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The volumetric increase in China’s energy demand in 2006-2030 dwarfs that of all other
countries and regions, the result of its rapid economic and population growth. The
almost 2 000-Mtoe increase in demand in 2006-2030 is nearly four times bigger than
the combined increase in all of the countries in Latin America and Africa, and more
than three times as large as the increase in the OECD (Figure 2.3). China’s contribution
to incremental global oil demand is 43%. India accounts for 19%. The countries of the
Middle East, most of them key oil and/or gas producers, emerge as a major oil- and
gas-consuming region. It sees the second-largest increase in global oil demand, after
China. This increase in the Middle East is underpinned by rapid economic growth and
by persistent subsidies on oil products.? In the case of coal, China accounts for 66% of
the global increase in demand. By 2030, OECD countries account for less than a quarter
of global coal use. In contrast, OECD countries account for 46% of the global increase
in the use of renewables.

Figure 2.3 e Incremental primary energy demand by fuel in the Reference
Scenario, 2006-2030
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Changes in the fuel mix vary considerably across regions. In the OECD, where overall
demand grows very slowly over the projection period, oil demand falls slightly, while
gas and non-hydro renewables make up most of the increase in energy demand.
Demand in Eastern Europe and Eurasian countries (including Russia) grows by only
336 Mtoe between 2006 and 2030, with nearly 60% of this increase taking the form
of natural gas and oil. While China and India continue to rely predominately on coal,
incremental energy demand in other Asian countries and in Latin America is remarkably
diverse. Despite having the highest regional rate of increase in coal consumption, the
Middle East countries rely almost entirely on oil and gas to meet additional energy
needs over the projection period. Incremental gas demand in this region is equal to 26%
of the world total. The Middle East becomes the third-largest gas consumer, after OECD
North America and OECD Europe, surpassing projected demand in the entire European

3. See Chapter 1 for a detailed discussion of subsidies.
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Union in 2030. Under the assumptions of the Reference Scenario, the only region where
nuclear power expands significantly is Asia, with most of the increase occurring in
China. Biomass and waste and other renewables account for nearly 40% of incremental
energy demand in Africa, consumed mostly as fuelwood, crop residues and charcoal for
cooking and heating. By contrast, the 61% contribution of biomass and other non-hydro
renewables to incremental energy demand in OECD countries is in the form of modern
technologies, mostly wind.

In 2030, disparities in per-capita energy consumption among regions remain stark
(Figure 2.4). Middle East countries see a rapid increase in per-capita consumption, over-
taking OECD Europe by 2030. Despite the relatively small increase in energy demand
over the Outlook period, Russia still has the highest per-capita energy consumption,
at 7.0 toe, in 2030. Per-capita consumption increases rapidly from 1.4 toe in 2006 to
2.7 toe in 2030 in China, thanks to a booming economy and slower population growth
compared with African and other Asian countries. India’s per-capita energy use is only
0.9 toe in 2030, but up from 0.5 toe in 2006. On average across countries, per-capita
consumption in sub-Saharan Africa is only 0.5 toe in 2030 — about a third of the level
in Latin America and one-ninth of that in OECD countries.

Figure 2.4 e Per-capita primary energy demand by region, 2030
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Sectoral trends

The combined power-generation and heat sector absorbs a growing share of global
primary energy demand over the projection period. Its share reaches over 42%
in 2030, compared with 38% in 2006. Coal remains the leading input for power-
generation and heat, its share of total inputs holding steady at about 47% over the
Outlook period. Oil’s share falls from 6% in 2006 to 3% in 2030, while the share of gas
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rises from 21% to 23%. Nuclear power’s contribution falls from 16% in 2006 to 13% in
2030. Hydropower’s share remains steady at 6%. Inputs from non-hydro renewables,
mostly wind and biomass and waste, grow worldwide at an average rate of 6.2% per
year between 2006 and 2030, the fastest rate of all energy sources, with their share
rising to 8% in 2030.

Aggregate demand in final-use sectors (industry, transport, residential, services,
agriculture and non-energy use) is projected to grow by 1.4% per year from 2006 to
2030 — slightly more slowly than primary energy demand (Table 2.3). Industry demand
grows most rapidly, at 1.8% per annum, overtaking transport before 2010 as the second-
largest final-use sector, after the combined residential, services and agriculture sector.
Industry demand increases everywhere, but fastest in the Middle East and non-OECD
Asia. The rate of growth in global transport energy demand slows considerably over
the Outlook period. It averages 1.5% per year on average in 2006-2030 compared with
2.3% in 1980-2006, largely as a result of improved fuel efficiency of the vehicle fleet
(see Chapter 3). Residential, services and agriculture consumption grows at an average
annual rate of 1.2%, slower than the rate of growth of 1.5% per year in 1980-2006, due
to efficiency improvements and fuel switching.

Table 2.3 o World final energy consumption by sector in the Reference
Scenario (Mtoe)

1980 2000 2006 2015 2030 2006-
2030*
Industry 1779 1879 2181 2735 3322 1.8%
Coal LAl 405 550 "3 838 1.8%
0il 474 325 329 366 385 0.7%
Gas 0 0 434 508 604 1.4%
Electricity 297 455 560 789 1060 2.7%
Other 165 272 307 359 436 1.5%
Transport 1245 1936 2227 2637 3171 1.5%
0il 1187 1844 2105 2450 2915 1.4%
Biofuels 2 10 24 74 118 6.8%
Other 57 82 98 13 137 1.4%
Residential, services and 2006 2635 2937 3310 3918 1.2%
agriculture
Coal 244 108 114 118 100 -0.5%
0il 481 462 47 493 560 0.7%
Gas 346 542 592 660 791 1.2%
Electricity 273 613 764 967 1322 2.3%
Other 661 910 995 1073 1144 0.6%
Non-energy use 348 598 740 876 994 1.2%
Total 5378 7048 8086 9560 11 405 1.4%

* Average annual rate of growth.
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Among all end-use sources of energy except other renewables, electricity is projected
to grow most rapidly worldwide, by 2.5% per year from 2006 to 2030.* Electricity
consumption nearly doubles over that period, pushing up its share in total final energy
consumption from 17% to 21%. Electricity use expands most rapidly in non-OECD
countries, by 3.8% per year; it increases by 1.1% per year in the OECD.

The share of coal in world final consumption remains broadly constant at about 9%.
Coal use expands in industry, but only in non-OECD countries. The share of gas in
world final consumption does not change. Final gas demand rises by 1.3% per year on
average, with most of the increase in non-OECD countries. Oil demand grows by 1.2%
per year, with almost three-quarters of the increase coming from transport. Biofuels
for transport, nearly all of which are produced from first-generation technologies,
account for 4% of total transport energy demand in 2030, a significant increase over
the 1% share in 2006.

The use of biomass and waste rises in absolute terms in the residential, services and
agriculture sector, but its share of total final energy use in these sectors combined
drops from 28% in 2006 to 22% in 2030. The share of electricity in this sector rises
to 34% in 2030 from 26% in 2006. Despite rapid growth in some countries, per-capita
electricity consumption, particularly in Africa, remains far below that of OECD
countries in 2030 (see Chapter 6). Per-capita annual electricity demand in the
residential sector in OECD countries averages 2 835 kWh in 2030, compared with
565 kWh in non-OECD countries. In sub-Saharan Africa, it is only 132 kWh per capita
in 2030.5 Other renewables, mostly photovoltaic, achieve some penetration in the
combined residential, services and agriculture sectors, but still meet only about 2%
of this sector’s global energy needs in 2030.

Energy production and trade

Resources and production prospects

We judge that the world’s overall energy resources are adequate to meet the projected
growth in energy demand to 2030. The key to tapping the available resources is
mobilising investment in a timely manner. Restrictions on oil and gas investment
in many of the most prospective areas mean that investment does not always go to
developing the cheapest reserves. Increasingly, fossil-energy supplies will have to come
from deposits that are more difficult and costly to exploit, including deepwater and
non-conventional oil and gas resources. Yet technologies for extracting such resources
are constantly improving. We expect non-conventional and frontier resources to carve
out a growing share of global oil and gas supplies by 2030 (see Part B). The related costs

4. Other renewables, mostly solar heating and cooling, grow from a very low base and account for only 1%
of global final energy demand in 2030.

5. See Chapter 15 for a discussion of electricity access in oil- and gas-rich countries of sub-Saharan
Africa.
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will undoubtedly be higher than in the past, with the technical challenge enhanced by
higher raw material and equipment costs across the board. This is one reason why we
are assuming higher prices in this year’s Outlook.

Proven and probable reserves of natural gas are much larger than for oil. However, as
for oil, some factors — such as geopolitical and technical risks, investment restrictions
and national policy constraints in resource-rich countries — cast doubt over the extent
to which the long-term potential can be converted to actual supply capacity. Concerns
about the potential to expand coal supplies are less pronounced, though the associated
costs are uncertain. There is a large quantity of uranium resources that could be mined
for nuclear power production. Although location-specific, renewable energy sources
are also abundant.

Most of the increase in oil production over the projection period is expected to come
from a small number of countries where remaining resources are concentrated. These
include several OPEC countries, mainly in the Middle East, and a handful of non-OPEC
countries, notably Canada (with vast oil-sands reserves), the Caspian countries and
Brazil. The majority of oil-producing countries will see their output drop. The OPEC
share in total production in the Reference Scenario rises from 44% today to 51% in 2030,
on the assumption that the requisite investment is forthcoming, which over the past
decade has not always been the case. Natural gas liquids and non-conventional sources
— mainly Canadian oil sands — make a growing contribution to world oil supplies over
the Outlook period.

Production of natural gas resources, which are more widely dispersed than oil, increases
in all regions except OECD Europe (see Chapter 4). The biggest increases are projected
to occur in the Middle East and Africa, where large, low-cost reserves are found. Gas
production triples in the Middle East and more than doubles in Africa. Supply costs
have been rising quickly as a result of both the cost inflation that has afflicted all parts
of the energy sector and the increased length of supply chains as consuming regions
become more reliant on more distant sources.

Although there are abundant coal reserves in most regions, increases in coal
production are likely to be concentrated where extraction, processing and
transportation costs are lowest. China is set to reinforce its position as the world’s
leading coal producer, accounting for close to two-thirds of the increase in global
output over the projection period in the Reference Scenario (though this is not
sufficient to meet domestic demand growth). The United States, India and Australia
remain the next biggest producers. Most of the increase in world coal production
takes the form of steam coal.

The shift in the geographical sources of incremental energy supplies over the Outlook
period is pronounced. Gas production in the OECD as a whole declines by 31 bcm,
due to a 88-bcm decline in production in OECD Europe. Oil production increases in
the OECD, but only by 1.4 mb/d (Figure 2.5). The increase in oil production in non-
OECD countries