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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-

Executive summary 45

© OECDY/IEA, 2008



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